CHAPTER 1
INTRODUCTION
CHAPTER CONTENTS

Page
PURPOSE AND USE OF THE MANUAL
Introduction ........................................................................................................ 1-1
Organization of Manual ..................................................................................... 1-2
OPERATOR AND MANAGERIAL RESPONSIBILITY
General ............................................................................................................... 1-3
Operator Responsibilities ................................................................................. 1-3
Managerial Responsibilities.............................................................................. 1-4
TYPE OF TREATMENT AND TREATMENT REQUIREMENTS/
EFFLUENT LIMITATIONS
Plant History ....................................................................................................... 1-6
Service Area and Collection System................................................................ 1-7
Type of Treatment ............................................................................................ 1-11
Plant Objectives ............................................................................................... 1-11
Design Criteria ................................................................................................. 1-12
Plant Effluent Limits ........................................................................................ 1-13
PLANT WASTEWATER PATTERN
Introduction ...................................................................................................... 1-15
Plant Influent .................................................................................................... 1-15
Raw Wastewater Pumping Station/Plant Headworks ................................... 1-15
Flow Equalization Facilities ............................................................................ 1-18
Primary Sedimentation Tanks ........................................................................ 1-19
Activated Sludge Systems .............................................................................. 1-21
Disinfection Systems....................................................................................... 1-26
Air Flotation Thickeners .................................................................................. 1-30
Anaerobic Digestion ........................................................................................ 1-32
Sludge Dewatering........................................................................................... 1-33
Incineration ...................................................................................................... 1-34

i

CHAPTER 1
INTRODUCTION
1.1

PURPOSE AND USE OF THE MANUAL

1.1.1

Introduction

Instructions in this manual cover the operation and maintenance information relating to specific
design features of the Metropolitan (Metro) Wastewater Treatment Plant, which is owned and
operated by the City of Columbia. The procedures and discussions throughout this manual are
intended to be as concise as possible without resorting to excessively technical language. Any
operations which are strictly mechanical are described in the numerical order of the
recommended sequence of operation.
The treatment processes are described and explained in general terms and specific examples
of operating situations are discussed. These examples should be sufficient for the operating
personnel to adapt to any occurring condition and make the necessary adjustments to maintain
proper and economical control of the process. These examples are intended only as guides,
definite operating values must be determined by the specific conditions of loading and flow
present at any time.
An attempt has been made to cover the most probable operating conditions. However, it must
be realized that all conditions cannot be foreseen. Therefore, it will be necessary to amend
these procedures as different conditions arise. For this reason, the manual is bound in such a
manner that supplemental operating instructions and procedures can be readily added. Also,
the manual has been provided to City of Columbia in electronic format so changes can be made
and sections of the bound version replaced, if necessary. It is impossible to provide an
Operator with one manual that will give all the solutions to the problems that might be
encountered. However, most problems can be corrected with experience.
All equipment should be operated in accordance with the manufacturer’s instructions. This
manual, which contains somewhat shortened and amended instructions, does not suggest any
deviation from the equipment manufacturer’s instructions. If differences in operating instructions
seem apparent, the manufacturer’s instructions must be considered the final authority.
If an Employee (Operator and/or Maintenance) has a basic understanding of the equipment,
controls, and process variations within the system, the Employee will be able to cope with most
problems as they may occur. However, there will be times when the Employee will have to use
outside references such as the magazines and Manuals of Practices published by the Water
Environment Federation, short courses, and other literature and references available in order to
develop the treatment processes into the most efficient and effective operation.
For additional specific information which is pertinent to the Metro Wastewater Treatment Plant,
reference should be made to the record plans, shop drawings, and equipment manufacturer’s
instruction manuals.
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1.1.2

Organization of Manual

The format adopted in the preparation of the manual is arranged to provide a working document
which can be readily understood and easily followed by the Staff. The manual focuses on the
key operating points of the facility.
The manual is divided into twelve (12) chapters as follows:


Chapter 1 – Introduction



Chapter 2 – Preliminary Treatment



Chapter 3 – Primary Treatment



Chapter 4 – Secondary Treatment



Chapter 5 – Disinfection



Chapter 6 – Dissolved Air Flotation Thickening



Chapter 7 – Anaerobic Digestion



Chapter 8 – Sludge Dewatering



Chapter 9 – Incineration



Chapter 10 – Odor Control



Chapter 11 – Electrical System



Chapter 12 – Instrumentation System

Chapter 1, Introduction, provides an overview of the Metro Wastewater Treatment Plant. This
chapter provides the plant’s design criteria, effluent limits, and a brief description of the various
treatment processes. The remaining chapters of the manual focus on specific treatment areas
of the facility. These chapters describe the flow pattern through that area of the facility,
equipment operation, process theory, troubleshooting, design and equipment summary,
operational checklists, preliminary maintenance information, Standard Operating Procedures,
and valve indices.
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1.2

OPERATOR AND MANAGERIAL RESPONSIBILITY

1.2.1

General

A wastewater treatment plant is provided to treat the wastewater from a community to such a
degree that it can be released to the environment without causing offensive and unhealthy
conditions. A treatment plant represents a considerable investment by the community;
therefore, it is the responsibility of both the operational and management personnel to maintain
the equipment in operating condition and to provide an effluent which will meet water quality
standards.
The plant personnel must become thoroughly familiar with the operation of each piece of
equipment in the plant. They must expect trouble and must know the remedy. A preventative
maintenance program, such as the one used at the Metro Wastewater Treatment Plant, that is
carefully planned and executed will help to reduce major breakdowns of equipment. Because of
the nature of wastewater treatment, it is extremely important to keep equipment clean and to
practice good housekeeping at the treatment plant. The public opinion of the wastewater
treatment plant will be greatly influenced by its outward appearance.
The installation of equipment in a wastewater treatment plant is only the first step in treatment
and is no guarantee of good results. The treatment plant personnel must have a thorough
knowledge of the treatment process and the necessary controls to maintain effective treatment.
In a conventional treatment plant in which primary and secondary treatment is employed, the
Operators must have knowledge of all the physical and biological processes used. Efficient
operation of the process must be coordinated with an effective laboratory program. Laboratory
analysis provides a means for the Operator to determine the effectiveness of treatment. From
this information, adjustments can be made to improve treatment.
1.2.2

Operator Responsibilities

Each Operator should be aware of his or her responsibilities as well as the importance of his or
her continued efforts for improvement. Specifically the Operator should:
1.

Know proper operational and maintenance procedures.

2.

Operate the treatment system effectively.

3.

Remain continuously informed of the best operating and maintenance practices.

4.

Participate in short courses and schools when available.

5.

Subscribe to, and regularly read several of the periodicals related to municipal
wastewater treatment.

6.

Maintain accurate and neat system operation and maintenance records.

7.

Use sound judgment in the expenditures of operating funds.
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8.

Keep management advised of potential major problems in operation and
maintenance of the system.

9.

Assist Supervisors in preparing an adequate budget.

10.

Be aware of safety hazards connected with wastewater treatment.

11.

Be prepared to discuss plant operation with plant visitors.

12.

Know expected efficiencies of all unit operations and processes in the treatment
system and how to monitor these units.

1.2.3

Managerial Responsibilities

Managerial responsibilities include the encouragement and motivation of Operators as well as
the overall supervision of the plant. Specifically Managerial Personnel should:
1.

Maintain efficient plant operation and maintenance.

2.

Maintain adequate treatment system operational and management records.

3.

Establish staff requirements, prepare job descriptions, develop organizational charts
and assign personnel.

4.

Provide operational personnel with sufficient funds to properly operate and maintain
the treatment facility.

5.

Ensure operational personnel are paid a salary commensurate with their level of
responsibility.

6.

Provide good working conditions, safety equipment, and proper tools for the
operational personnel.

7.

Establish a harmonious relationship with operational personnel.

8.

Provide operational personnel with job security and career ladder.

9.

Establish Operator training programs.

10.

Provide incentives for employees.

11.

Motivate personnel to achieve maximum efficiency of operation.

12.

Make employees aware of the importance of proper plant performance.

13.

Make periodic inspections of the treatment system to discuss mutual problems with
the operational personnel and to observe operational practices.

14.

Create an atmosphere that will make operational personnel feel that they can bring
special problems to management’s attention.
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15.

Maintain good public relations.

16.

Prepare budgets and reports.

17.

Plan for future facility needs.
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1.3

TYPE OF TREATMENT AND TREATMENT REQUIREMENTS/EFFLUENT
LIMITATIONS

1.3.1

Plant History

The Metropolitan Wastewater Treatment Plant for the City of Columbia was originally
constructed in 1970 and it has been through three major expansions since the original
construction project. After the completion of the 1996 plant expansion the plant capacity was
increased to an average design flow rate of 60 mgd. During this construction project the Metro
Wastewater Treatment Plant was divided into two treatment trains referred to as Train No. 1
(Old Side or South Plant) and Train No. 2 (New Side or North Plant), as shown in Figure No. 11, Site Plan.
Train No. 1 was the original treatment train constructed in 1970. The original treatment train
consisted of preliminary treatment and secondary treatment. The original treatment process
consisted of preliminary treatment with mechanically cleaned bar screens and grit tanks. After
preliminary treatment the wastewater was lifted to a higher elevation by screw pumps where it
flowed into oxidation type aeration tanks and then to final clarifiers.
In 1971 Treatment Train No. 1 was modified to include primary sedimentation tanks and trickling
filters prior to the oxidation type aeration tanks and final clarifiers.
During a 1979 improvement project, which was completed in 1982, the trickling filters in Train
No. 1 were converted to activated sludge tanks (aeration tanks) that utilized seven (7) surface
aerators per tank to provide tank aeration. Also, as part of this construction project, additional
primary sedimentation tanks, secondary clarifier and a chlorine contact tank were constructed.
This treatment train was originally designed for an average flow of 40 mgd, a maximum flow rate
of 60 mgd, and a peak flow rate of 80 mgd. The plant was designed for a plant influent BOD
concentration of 200 mg/L, and an influent suspended solids concentration of 225 mg/L.
In 1996, Treatment Train No. 2 was constructed and this train consisted of preliminary
treatment, primary treatment and secondary treatment. The secondary treatment process in
this treatment train is an activated sludge process that utilizes aeration tanks with fine bubble
diffusers. In addition, another set of chlorine contact tanks were constructed along with a
dechlorination facility.
Treatment Train No. 2 was designed for an average flow of 20 mgd and a maximum flow rate of
40 mgd. This treatment train was designed for a BOD concentration of 376 mg/L and a
suspended solids concentration of 346 mg/L. It should be pointed out that no reports were
found to clarify what the overall (final) plant design data would be for the entire plant. The high
BOD and suspended solids loadings presented in the 1996 design would indicate that the
Treatment Train No. 1 capacity should have been de-rated.
In 2010, construction started on a new Plant Headworks that consists of influent screw pumps,
mechanically cleaned bar screens and vortex type grit tanks. Once this project is completed,
the Raw Wastewater Pumping Station, Raw Wastewater Standby Pumping Station, the 1970’s
Plant Headworks structure, Primary Pumping Station, Primary Standby Pumping Station and
existing Septage Receiving Station will be demolished.
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Another construction project to be started in 2010 is the new Disinfection Facilities. This project
involves removing the chlorine and sulfur dioxide systems and constructing new sodium
hypochlorite and sodium bisulfite systems for disinfection process.
1.3.2

Service Area and Collection System

In year 2010, the current Service Area for the Metropolitan (Metro) Wastewater Treatment Plant
spans Richland County and part of Lexington County and encompasses the entire City of
Columbia. A recent Columbia Sanitary Sewer Evaluation Study (SSES) demonstrates that
seven (7) Sanitary Sewer Basins are served by the Metro Wastewater Treatment Plant. These
seven (7) Sanitary Sewer Basins are shown in Figure No. 1-2. The seven (7) Sanitary Sewer
Basins within the City of Columbia Service Area are as follows:








Broad River Basin
Crane Creek Basin
Gill Creek Basin
Mill Creek Basin
Rocky Branch Basin
Saluda River Basin
West Columbia Basin

The Metro Wastewater Treatment Plant is located on the southern boundary of the Rocky
Branch Basin, as shown on Figure No. 1-2. The recent Columbia Sanitary Sewer Evaluation
Study (SSES) has identified that the Metro Wastewater Treatment Plant Service area consists
of approximately 5.9 million lineal feet of sanitary sewers, 203,000 feet of forcemains, 25,833
manholes and 67 lift stations. The study also identified that the total service population for the
treatment facility is 310,000 people.
The following discussion is a summary of the inventory of pipes and lift stations from the
Columbia Sanitary Sewer Evaluation Study (SSES). If further information of the Columbia
Collection System is required, then refer to the Columbia Sanitary Sewer Evaluation Study.
The City of Columbia sanitary sewer system consists of an extensive quantity of gravity sewers
ranging in size from 8-inch to 60-inches in diameter. Table No. 1-1 shows the various lengths of
pipes based on pipe size.
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TABLE NO. 1-1
CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
GRAVITY SEWER PIPES

Diameter (inches)
8
10
12
15
18
24
27
30
36
42
48
54
60

LF By Pipe Dia.
5,606,433
2,034
6,851
16,165
31,350
35,603
47,267
40,333
13,908
16,475
28,510
19,730
18,840

The Service Area for the Metro Wastewater Treatment Plant consists of 67 lift stations in which
there are 46 submersible type lift stations, 11 above grade (suction lift) lift stations, 5 flooded
suction (dry pit/wet pit) and 5 can (package) type lift stations. A listing of the collection system
lift stations is shown in Table No. 1-2, Sanitary Lift Stations.
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TABLE NO. 1-2
CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
SANITARY SEWER LIFT STATIONS

No.

Name

Pump
Type

Capacity
(gpm)

TDH
(Feet)

010
005
230
325
330
235
240

Woodlands
Atlas Road
Bendale Park
Blythewood Crossing
Bookert Heights
Bradford Park
Brookhaven

Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible

525
300
50
735
85
300
450

48
40
N/A
35
68
93
105

015
020
115
245
125
030
130
035
040
045
135
050

Burnside #1
Burnside #2
Clearwater
Crescent Lake
Crockett Road
East Bluff
Edventure
Emerald Lakes
Garners Ferry Rd.
Galaxy
Georgetown
Green Lakes

Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible

900
420
128
440
185
450
50
125
184
250
88
550

44.2
85.4
N/A
68
92
92
50
44
73
95
126
261

150
340
055
155
160
255
165
225
270

Harbour Pointe
Hawkins Creek
Heathwood Hall
Hillcreek 1
Hillcreek 2
Holly Ridge
Homeless Shelter
Lake Murray WTPa.
Ivy Square

Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible

81
202
83
750
162
190
80
50
1,883

N/A
78.5
14.3
135
88
N/A
60
N/A
85

060
170
070
300
075
305
250
180
185
190
085
310
100
105
320

Mallard Point
Meadowlands
Myers Creek
North Crossing
Owens Field
Prescott Manor
Food Lion @ Two Notch Rd
Regatta Point 1
Regatta Point 2
Regatta Point 3
Retreat
Shady Lane
Versch Lock
Village Pond
Farrow Pointe

Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible
Submersible

50
125
185
50
960
172
20
80
180
80
113
300
190
46
360

N/A
N/A
110
N/A
46
N/A
N/A
41.5
123
22
47
51
94
N/A
45

Force
Main
Dia.
(inches)
8
6
4
10
4
6
6
8
12
6
6
6
3
8
3
4
6
6
4
8
4
6
4
4
4
4
4
4
6
12
4
8
4
4
4
4
1.5
4
6
4
4
6
6
6
8

Force Main
Length
(LF)

Backup
Power

2,500
1,820
1,570
2,290
1,605
4,400
520
110
5,500
2,300
2,350
2,240
1,660
1,750
1,290
480
2,620
2,920
660
10,510
7,580
3,290
3,141
1,070
1,330
1,510
820
1,920
3,230
1,980
2,070
2,070
6,180
2,020
1,840
1,400
470
310
580
9,080
110
1,330
1,400
4,580
390
900

No
No
No
Yes
No
No
No
Yes
No
No
No
No
No
No
No
No
No
Yes
Yes
No
Yes
No
No
No
No
No
No
Yes
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
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TABLE NO. 1-2 (Cont.)
CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
SANITARY SEWER LIFT STATIONS

No.

Name

Pump
Type

Capacity
(gpm)

TDH
(Feet)

Force
Main
Dia.
(inches)
8
4
12
6

Force Main
Length
(LF)

Backup
Power

2,980
860
1,990
3,320

Yes
Yes
No
No

205
210
275
215

Wexford
Wexhurst
Killian Crossing
Windsong

Submersible
Submersible
Submersible
Submersible

425
150
80
175

90
68
66
85

120
025
140
260
265
280
285
290
175
080
200

Colonial Life
Dog Pound
Harbison 2
Industrial Park 1
Industrial Park 2
Long Creek 1
Long Creek 2
Long Creek 3
Piney Grove
Quail Creek
Three Rivers

Above Grade
Above Grade
Above Grade
Above Grade
Above Grade
Above Grade
Above Grade
Above Grade
Above Grade
Above Grade
Above Grade

225
144
150
180
700
200
97
917
225
238
300

97
27
32
39
87
82
N/A
165
N/A
98.5
32

6
4
4
8
12
12
6
12
4
6
4
8

3,710
790
530
3,240
6,550
780
1,670
9,800
680
6,680
100
2,350

Yes
Yes
No
No
No
No
No
No
No
No
Yes

335

Broad River

Flooded
Suction

3,500

88-100

16

3,830

Yes

065

Mill Creek

4,000

90

20
24

4,730
14,550

Yes

295

North Columbia

20,800

N/A

24

1,200

Yes

195

Saluda River

8,200

66,89,87

30

21,650

Yes

110

West Columbia

Flooded
Suction
Flooded
Suction
Flooded
Suction
Flooded
Suction

14,600

35

30

70

Yes

145
315
090
095
220

Harbison 4
Spring Valley
Starlite
Swandale
Yacht Cove

370
50
200
102
300

107.3
N/A
N/A
80
90

6
6
8
4
6

3,440
100
1,650
2,410
1,360

No
No
No
No
No

a.

Can
Can
Can
Can
Can

Lake Murray P.S. is controlled by the personnel at the Lake Murray WTP.

As seen on Table No. 1-2 the force mains from the various lift stations range in size from 1.5
inches to 30-inches. Table No. 1-3 provides a summary of the force main sizes from the various
lift stations.
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TABLE NO. 1-3
CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
SANITARY SYSTEM FORCE MAIN SUMMARY

1.3.3

Force Main Diameter
(inches)

Force Main Length
(LF)

1.5

310

3

2,950

4

31,070

6

56,880

8

32,170

10

7,580

12

25,910

16

3,830

20

4,730

24

15,750

30

21,720

Type of Treatment

The Metro Wastewater Treatment Plant is designed to provide preliminary treatment, primary
treatment, secondary treatment and disinfection prior to discharge into the Congaree River.
During excess flow conditions, a portion of the flow is diverted to a 153 million gallon flow
equalization basin located at the north end of the plant site. After the rain event the diverted
flow is returned to the treatment plant for processing.
The solids generated in the primary tanks and secondary treatment process are first blended
and then thickened in dissolved air flotation thickeners. The thickened sludge is then
transferred to anaerobic digesters for sludge stabilization. After sludge stabilization the digested
sludge is dewatered using centrifuges and then incinerated to reduce the quantity solids before
disposal off-site. The dewatered solids can also be transferred directly to trucks for off-site
disposal.
1.3.4

Plant Objectives

The objective of wastewater treatment plant operation is to produce the best quality effluent
possible at the lowest possible cost. The ultimate responsibility for attaining this goal is with the
plant operating personnel, and the final results depend upon their skill in utilizing the facilities
provided.
1-11
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In addition to the specific objectives for effective effluent quality control, the treatment plant is
intended to achieve efficient operation without developing nuisance characteristics, such as
odors and noise, which may disturb the residents of the community. A knowledge of laboratory
techniques and the application of analytical results to process operation, as well as good
maintenance of equipment, structures, and work areas are necessary for meeting the plant
objectives. The plant must be kept neat in appearance, odor free, and a source of good public
relations and community pride.
1.3.5

Design Criteria

The Metropolitan Wastewater Treatment Plant design conditions for the construction projects in
1970/1979 and 1996 are shown in Table No. 1-4. Design criteria specific to each unit process is
provided later in the manual.

TABLE NO. 1-4
METRO WASTEWATER TREATMENT PLANT
EXISTING PLANT DESIGN DATA

Parameter

Raw Wastewater
Current Conditions

Train No. 1
(1970/1979)

Train No. 2
(1996)

Flow, mgd
60
40
20
 Average
80
60
30
 Maximum
120
80
40
 Peak
BOD
200
376
400a
 mg/L
200,160 (Ave.)
66,720
62,717
 pounds/day
Suspended Solids
225
346
500a
 mg/L
250,200 (Ave)
75,060
57,713
 pounds/day
Ammonia Nitrogen
15
 mg/L
2,502
 pounds/day
Total Keldjal Nitrogen
 mg/L
 pounds/day
Alkalinity
128a
 mg/L
64,050
 pounds/day
Total Phosphorus
 mg/L
 pounds/day
a.
Based on 2009-2010 plant data.
b.
The original plant designs were based on a peaking factor of 2.0. The current SCDHEC requirement is
for WWTP’s to use peaking factors of 2.5. Therefore, this manual will show the conditions through the
plant with a 2.5 peaking factor.
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1.3.6

Plant Effluent Limits

In 2009 the City of Columbia received their recent draft National Pollutant Discharge Elimination
System (NPDES) Permit from the South Carolina Department of Health and Environmental
Control (SCDHEC). Currently in 2010 the draft NPDES is going through further edits and the
final permit will be issued by the fall of 2010. The Metro Wastewater Treatment Plant’s NPDES
Permit Number is SC0020940 and a complete copy of this Permit is located in Appendix A of
this report.
The NPDES Permit not only stipulates the limits of pollutants that can be discharged into the
Congaree River it also sets forth numerous other requirements. The other requirements
stipulated in the NPDES Permit include such items a Whole Effluent Toxicity, Acute and Chronic
Testing, Groundwater Monitoring, Incinerator Testing, Grit and Screenings Removal
Requirements, Incinerator Ash Removal and Transportation, Reporting Procedures and
numerous other mandatory conditions that make up the complete NPDES Permit.
The current NPDES Permit requires that the Metro Wastewater Treatment Plant maintain the
effluent discharge limits shown in Table No. 1-5.

TABLE NO. 1-5
METRO WASTEWATER TREATMENT PLANT
PLANT EFFLUENT REQUIREMENTS
Effluent
Characteristics

Discharge Limitations
Pounds Per Day

Other Units

Monthly
Average

Weekly
Average

Monthly
Average

Weekly
Average

Daily
Maximum

-

-

MR mgd

MR mgd

-

Biochemical Oxygen
Demand

15,012 ppd

22,518 ppd

30 mg/L

45 mg/L

-

Total Suspended Solids

15,012 ppd

22,518 ppd

30 mg/L

45 mg/L

-

Ammonia Nitrogen (MarOct)

8,382 ppd

12,573 ppd

16.75 mg/L

25.13 mg/L

-

Ammonia Nitrogen (NovFeb)

10,008 ppd

15,012 ppd

20 mg/L

30 mg/L

-

Nitrate/Nitrite as N

MR

MR

MR

MR

-

Total Kjeldahl Nitrogen
(TKN) as N

MR

MR

MR

MR

-

Flow

1-13
L:\Columbia Operations Manual\Chap 1

Total Nitrogen

MR

MR

MR

MR

Total Phosphorus

MR

MR

MR

MR

-

57,914 ppd

86,871 ppd

-

-

-

-

-

200/100 mL

-

400/100 mL

50.04 ppd

-

0.1 mg/L

-

(85.07 ppd)

Dissolved Oxygen

-

-

5 mg/L Minimum at all times

pH

-

-

6.0 – 8.5 standard units

22.52 ppd

-

0.045 mg/L

-

(29.02 ppd)

MR

MR

-

MR

UOD
Fecal Coliform
Total Residual Chlorine

Total Copper (Cu)

Total Mercury
MR
MR – Monitor and Report
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1.4

PLANT WASTEWATER PATTERN

1.4.1

Introduction

The following descriptions provide a brief overview of the treatment plant processes, pumping
schemes and flow patterns. Figure No. 1–3, Process Flow Schematic, has been included to
provide the Operators an overview of the flow pattern through the treatment plant.
1.4.2

Plant Influent

The Metro Wastewater Treatment Plant receives domestic, commercial, and industrial
wastewater from the facility’s service area. As stated earlier, the service area for the Metro
Wastewater Treatment Plant includes the City of Columbia, Richland County and parts of
Lexington County.
The raw wastewater that travels to the treatment plant enters through a 60-inch sewer and a 54inch sewer. The 54-inch sewer is referred to as the Gills Creek Sewer and the 60-inch sewer is
referred to as the Mill Creek sewer. The two influent sewer lines converge at the Influent
Channel of the Raw Wastewater Pumping Station/Plant Headworks located in the northeast
corner of the wastewater treatment plant.
1.4.3

Raw Wastewater Pumping Station/Plant Headworks

The raw wastewater that enters the Raw Wastewater Pumping/Plant Headworks is lifted to a
higher elevation by eight (8) screw pumps, as shown in Figure No. 1-4. There are four (4) sets
of screw pumps and a spot for a fifth set of screw pumps in the future. The screw pumps are
designed so one set of screw pumps (lower pumps) raises the raw wastewater approximately
27 ft. and then a second set of screw pumps (upper pumps) raises the raw wastewater another
28.5 ft. Therefore, between the two sets of screw pumps the raw wastewater is raised
approximately 55.5 ft. from the plant influent chamber to the bar screen elevation. Each screw
pump is 118-inches in diameter and rated at 50 mgd (34,725 gpm).
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Figure No. 1-4 – Plant Influent Screw Pumps
Once the wastewater is raised to the higher elevation, it flows to three (3) mechanically cleaned
fine screens, as shown in Figure No. 1-5. There is also one (1) manually cleaned bar screen
that is used as a standby unit. Each mechanically cleaned bar screen is 6 ft. wide and rated at
a maximum flow of 50 mgd. The bar screens have clear openings on the horizontal coarse
filtration portion of the screen of 14 mm and 6 mm openings on the fine horizontal portion of the
screen. The manually cleaned bar screen has a clear opening between bars of 1-inch. The
screenings that are removed from the mechanically cleaned bar screens are deposited into
screening presses to remove excess water from the screenings. The dewatered screenings are
deposited onto a conveyor where the screenings are transported to a dumpster for off-site
disposal to a landfill.
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Figure No. 1-5 – Mechanically Cleaned Bar Screens
After the coarse solids are screened from raw wastewater it then flows by gravity to three (3)
vortex type grit tanks, as shown in Figure No. 1-6. Each grit tank is 24 ft. in diameter and rated
at 70 mgd. The raw wastewater is maintained at a velocity of 1 fps as it passes through the grit
tank. At a velocity of 1 fps the grit will settle to the bottom of the tank and lighter solids will
travel to primary treatment areas for further treatment.
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Figure No. 1-6 – Grit Tanks
After the raw wastewater passes through the grit tanks it is directed to a Distribution Chamber
where the wastewater can be directed to Treatment Train No. 1, Treatment Train No. 2 and/or
the Equalization Basin.
The grit that settles to the bottom of the grit tanks is removed by centrifugal, non-clog type
pumps. There are six (6) pumps each rated at 250 gpm at a total dynamic head of 70 ft. The
grit is pumped to six (6) grit cyclones where the water is separated from the grit. The dewatered
grit falls into three (3) grit classifiers. At this point the grit is removed from the grit classifiers by
an inclined screw. As the grit travels up the incline conveyor the grit is washed and dewatered.
The dewatered grit that is discharged from the incline screw falls into a dumpster for off-site
disposal at a landfill.
1.4.4

Flow Equalization Facilities

During an excessive storm event the raw wastewater can be diverted via a 54-inch pipe to the
Equalization Basin from the Plant Headworks (Preliminary Treatment Area) after the grit
removal process. In addition, there is a 42-inch pipe that can divert primary effluent from the
Distribution Box after the primary tanks at Treatment Train No. 2 to the Equalization Basin.
There is also a 60-inch overflow pipe in the Plant Influent Channel that extends to the
Equalization Basin. The Equalization Basin is an earthen type structure that has a storage
capacity of approximately 153 million gallons.
After the storm event has finished the wastewater that was stored in the Equalization Basin is
returned to the treatment plant for processing. The wastewater stored in the Equalization Basin
is removed by a 24-inch pipe and sent to the 60-inch plant influent sewer. The flow from the
Equalization Basin is then returned by gravity to the Plant Influent Channel.
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1.4.5

Primary Sedimentation Tanks

The Metro Wastewater Treatment Plant has eighteen (18) rectangular Primary Sedimentation
Tanks. The Primary Sedimentation Tanks are designed to remove a portion of the biochemical
oxygen demand (BOD) and suspended solids (SS) from the wastewater before it enters the
secondary treatment processes. Typically, Primary Sedimentation Tanks will reduce the BOD
by 30 to 35% and the SS between 40 to 60%. These values can be higher or lower depending
on the wastewater characteristics, hydraulic conditions, temperature and other such factors.
The raw wastewater from the plant headworks flows by gravity through an 84-inch pipe to the
primary sedimentation tanks at Treatment Train No. 1. The raw wastewater enters the primary
influent channels where it is distributed to three (3) sets of primary tanks. At Train No. 1 there
are twelve (12) rectangular Primary Sedimentation Tanks each 78 ft. long, by 41 ft. wide, with a
sidewater depth of 10.5 ft., as shown in Figure No. 1-7. Each primary tank has a surface area
of 3,198 ft2 and the total surface area for all twelve (12) tanks is 38,376 ft2. The volume of each
primary tank is 33,579 ft3 (251,171 gallons). The total primary sedimentation tank volume for
the twelve (12) primary tanks in Treatment Train No. 1 is 402,948 ft3 (3,014,052 gallons). At
the average design flow rate of 40 mgd the surface overflow rate for these tanks is 1,042 gpd/ft2
and the detention time through the primary tanks is 1.8 hours. At the peak design flow rate of
100 mgd the surface overflow rate is 2,606 gpd/ft2 and the detention time is 0.72 hours (43
minutes).

Figure No. 1-7 – Primary Tanks (Train No. 1)
The solids that settle in the Primary Sedimentation Tanks are collected by chain and flight
collector mechanisms known as longitudinal collector mechanisms. These collectors move the
settled solids to the influent end of the tank while at the same time these collectors move the
floating scum and grease to the effluent end of the tank. At the influent end of tank there is a
cross collector that moves the settled solids to a sludge hopper located in the corner of the tank.
The sludge that falls into the hopper of each tank is removed by sludge pumps and transferred
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to the Air Flotation Thickeners where the primary sludge is combined with the waste activated
sludge from the secondary treatment processes. The primary sludge can also be pumped
directly to the anaerobic digesters from the primary sedimentation tanks. There are six (6)
positive displacement, progressive cavity type primary sludge pumps each rated at 300 gpm
against a total dynamic head of 70 ft. There are three (3) Primary Sludge Pumping Stations
located at Treatment Train No. 1 in which there are two (2) primary pumps located in each
station. The average total solids concentration of the primary sludge is 1.5 to 2%.
The scum and floating debris collected on the surface of each primary tank is removed by an
electrically operated scum trough at the effluent end of each primary tank. The tank skimmings
flow through a 10-inch pipe to a Scum Chamber at the influent end of the primary tanks. The
skimmings flow through the Scum Chambers and then travel to the Air Flotation Thickeners.
The effluent from the Primary Sedimentation Tanks at Train No. 1 flows over weirs at the
effluent end of each tank and travels to the Aeration Tanks for secondary treatment.
At Train No. 2 the raw wastewater flows by gravity from the plant headworks through a 54-inch
pipe to a Distribution Chamber ahead of the Primary Sedimentation Tanks. At the Distribution
Chamber the wastewater is distributed through individual channels to six (6) rectangular Primary
Sedimentation Tanks, as shown in Figure No. 1-8. The six primary sedimentation tanks are
each 78 ft. long, by 41 ft. wide, with a sidewater depth of 10.5 ft. Each primary tank has a
surface area of 3,198 ft2 and the total surface area for all six (6) tanks is 19,188/ft2. The volume
of each primary tank is 33,579 ft3 (251,170 gallons). The total primary sedimentation tank
volume for the six (6) primary tanks in Treatment Train No. 2 is 201,474 ft3 (1,507,026 gallons).
At the average design flow of 20 mgd the surface overflow for these tanks is 1,042 gpd/ft2 and
the detention time through the primary tanks is 1.8 hours. At the peak design flow rate of 50
mgd the surface overflow rate is 2,606 gpd/ft2 and the detention time is 0.72 hours (43 minutes).

Figure No. 1-8 – Primary Tanks (Train No. 2)
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The solids that settle in the Primary Sedimentation Tanks are collected by chain and flight
collector mechanisms known as longitudinal collector mechanisms. These collectors move the
solids to the influent end of the tank while at the same time these collectors move the floating
scum and grease to the effluent end of the tank. At the influent end of the tank a cross collector
moves the settled solids to a sludge hopper located in the corner of the tank. The sludge that
falls into the hopper of each tank is removed by sludge pumps and transferred to the Air
Flotation Thickeners where it is combined with the waste activated sludge. There are six (6) dry
pit submersible type primary sludge pumps. The average solids concentration of the primary
sludge from the Train No. 2 primary settling tanks is 1.5 to 2%.
The primary sludge pumps in Treatment Train No. 2 are rated as follows:

Pump Number

Capacity
(gpm)

Total Dynamic
Head, (ft.)

1
2
3
4
5
6

200
340
180
180
200
180

43.5
35
45
45
43.5
45

The scum and floating debris collected on the surface of each primary tank is removed by a
manually operated scum trough. The tank skimmings flow through a 10-inch pipe to the Mixed
Sludge Well in Air Flotation Thickener Building No. 2.
The effluent from the Primary Sedimentation Tanks at Train No. 2 flows over weirs and travels
to a Distribution Box where the return activated sludge is blended with the primary effluent.
The primary effluent and return activated sludge flows from the Distribution Box to four (4)
Aeration Tanks for secondary treatment.
1.4.6

Activated Sludge Systems

The primary effluent from the Train No. 1 Primary Sedimentation Tanks enters a Distribution
Chamber where the return activated sludge is also added. The primary effluent from six (6)
primary tanks enters the Aeration Tank Distribution Chamber through a 60-inch pipe and the
primary effluent from the remaining six (6) primary tanks enters the chamber through a second
60-inch pipe. The return activated sludge is also introduced into the Aeration Tank Distribution
Chamber via a 36-inch force main that comes from the Sludge Recirculation Pumping Station.
The return activated sludge and primary effluent are mixed and travel through 84-inch
prestressed concrete pipes into each Aeration Tank. Each 84-inch influent pipe extends from
the Distribution Chamber and travels under the Aeration Tank until it turns upward through the
tank floor at the center. The Distribution Chamber also contains a 54-inch pipe that extends
west from the influent chamber to the Aeration Tank Effluent Junction Box. This pipeline serves
as a bypass around the Aeration Tanks.
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The Train No. 1 Aeration Tanks were originally Trickling Filters in 1970 and then were converted
to Aeration Tanks during the 1979 plant improvements project. Each Aeration Tank is 206 ft. in
diameter with a sidewater depth of approximately 13.5 ft.
Each aeration tank has a volume of 449,716 ft3 (3,363,876 gallons) and the total volume for
both tanks is 899,432 ft3 (6,727,751 gallons). At the average design flow rate of 40 mgd the
detention time through the aeration tanks is 4.0 hours (based on forward flow only).
Oxygen is supplied to the two (2) Aeration Tanks by seven (7) surface aerators per tank
mounted on concrete platforms, as shown in Figure No. 1-9. Each aerator is driven by a 75 Hp
motor. Plant personnel try to maintain an average dissolved oxygen concentration within these
basins between 1 to 3 mg/L.

Figure No. 1-9 – Aeration Tanks (Train No. 1)
The mixed liquor flows out of the aeration tanks over a weir around the periphery of each tank.
The mixed liquor from the two aeration tanks enters a Junction Box located on the west side of
the aeration tanks. The mixed liquor flows from this Junction Box through an 84-inch pipe to the
Secondary Clarifier Splitter Box. At the Splitter Box the mixed liquor is divided between six (6)
secondary clarifiers. Secondary Clarifier Nos. 1-4 are 125 ft. in diameter with a sidewater depth
of 14 ft., as shown in Figure No. 1-10. Secondary Clarifier Nos. 5 and 6 are 125 ft. in diameter
with a sidewater depth of 10 ft. Each secondary clarifier (final tank) has a surface area of
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12,266 ft2. The total volume of the six (6) secondary clarifiers is 932,188 ft3 (6,972,766 gallons).
The detention time through these clarifiers at the average design flow of 40 mgd is 4.6 hours for
Secondary Clarifier Nos. 1-4 and 3.3 hours for Secondary Clarifier Nos. 5 and 6. At the average
design flow of 40 mgd the surface overflow rate is 544 gpd/ft2; at 60 mgd the surface overflow
rate is 815 gpd/ft2 and at the peak flow condition of 100 mgd, the surface overflow is 1,359
gpd/ft2. The solids loading rate on these clarifiers at the average design flow is approximately
17 lbs SS/ft2/day. This is based on a 40 mgd forward flow, a 2,500 mg/L MLSS concentration
and a return activated sludge flow rate of 50% of the forward flow.
The solids that settle to the bottom of each secondary clarifier are collected by rapid withdrawal
mechanisms and drawn to the return activated sludge pumps located in the Sludge
Recirculation Pumping Station at Treatment Train No. 1. There are seven (7) vertically
mounted, centrifugal, non-clog type pumps each rated at 6,944 gpm at a total dynamic head of
24 ft.

Figure No. 1-10 – Secondary Clarifier (Train No. 1)

The effluent that leaves the Primary Sedimentation Tanks at Train No. 2 flows to a Distribution
Box where the return activated sludge is also sent. The return activated sludge and primary
effluent are mixed together at this Distribution Box and then distributed to four (4) Aeration
Tanks. Each Aeration Tank is 200 ft. long by 56 ft. wide with a sidewater depth of 18 ft. as
shown in Figure No. 1-11. The volume of one aeration tank is 201,600 ft3 (1,507,968 gallons)
and the total volume of all four tanks is 806,400 ft3 (6,031,872 gallons). Based on the design
data the aeration tanks are designed for an organic loading of 50.5 lbs. BOD5/1,000 ft3/day and
a detention time of approximately 7.2 hours at the average design flow of 20 mgd.
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Figure No. 1-11 – Aeration Tanks (Train No. 2)

The Aeration Tanks at Train No. 2 are supplied oxygen through fine bubble diffusers located on
the bottom of each tank. The diffusers are membrane type diffusers that are 12-inches in
diameter and were manufactured by Envirex (Siemens). There are a total of 2,264 diffusers or
566 diffusers per basin.
The diffusers are supplied air from four (4) multiple stage, centrifugal type blowers located in the
Blower Building next to the Aeration Tanks. Each blower is designed for an air flow rate 4,260
cfm at a discharge pressure of 9 psig.
The mixed liquor from the aeration tanks flows to a Distribution Structure located next to the
Sludge Recirculation Pumping Station. At the Distribution Structure the mixed liquor is divided
between four (4) Secondary Clarifiers each 125 ft. in diameter with a sidewater depth of 14 ft.
Each Secondary Clarifier is a periphery feed and periphery discharge type unit with a surface
area of 12,266 ft2 and a volume of 171,724 ft3 (1,284,496 gallons), as shown in Figure No. 1-12.
The total surface area and total volume are 49,064 ft2 and 686,896 ft3 (5,137,982 gallons),
respectively.

1-24
L:\Columbia Operations Manual\Chap 1

Figure No. 1-12 – Secondary Clarifiers (Train No. 2)
At the average design flow rate of 20 mgd the surface overflow rate for the Secondary Clarifiers
is 408 gpd/ft2 and at the peak flow rate of 40 mgd the surface overflow rate is 816 gpd/ft2.
Based on a forward flow of 20 mgd, a MLSS concentration of 3,500 mg/L and a return activated
sludge flow rate at 50% of the forward flow the solids loading rate on the Secondary Clarifiers is
17.85 lbs/ft2/day.
The solids that settle to the bottom of each secondary clarifier are collected by rapid withdrawal
mechanisms and drawn to the return sludge pumps located in the Sludge Recirculation
Pumping Station at Treatment Train No. 2. There are five (5) vertically mounted, centrifugal,
non-clog type pumps each rated at 4,000 gpm against a total dynamic head of 28 feet.
The effluent from the Secondary Clarifiers at both Train Nos. 1 and 2 flows over weirs and
travels to chlorine contact tanks to be disinfected.
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1.4.7

Disinfection Systems

The effluent from the Secondary Clarifiers flows to two (2) sets of Chlorine Contact Tanks where
sodium hypochlorite is added to disinfect the wastewater before it is discharged into the
Congaree River. The Metro Wastewater Treatment Plant has six (6) Chlorine Contact Tanks in
which four (4) tanks serve Treatment Train No. 1 and two (2) chlorine contact tanks serve
Treatment Train No. 2. The total volume of the four chlorine contact tanks at Treatment Train
No. 1 is 111,100 ft3 (831,028 gallons) as shown in Figure No. 1-13. At the average design flow
of 40 mgd the detention time through the basins is 30 minutes. At the peak design flow rate of
100 mgd the detention time through the basins is 12 minutes.

Figure No. 1-13 - Chlorine Contact Tanks (Train No. 1)

At Treatment Train No. 2 there are two (2) Chlorine Contact Tanks each having the overall
dimensions of 27 ft. wide by 89 ft. long with a liquid depth of 12 ft., as shown in Figure No. 1-14.
The total effective volume of the two (2) Chlorine Contact Tanks is approximately 57,672 ft3
(431,387 gallons). At the average design flow of 20 mgd, the detention time through Train No. 1
Chlorine Contact Tanks is 31 minutes and at the peak flow of 50 mgd the detention time through
the basins is 12 minutes. The liquid sodium hypochlorite is dispersed into the wastewater by
mechanical induction units.
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Figure No. 1-14 – Chlorine Contact Tanks (Train No. 2)

The normal chlorine dosage rate for chlorine at a wastewater treatment plant with secondary
treatment is 2 to 8 mg/L. At the Metro Wastewater Treatment Plant the average chlorine
dosage rate is 4 mg/L.
After the wastewater is disinfected in the various Chlorine Contact Tanks the plant effluent
comes together and is dechlorinated with sodium bisulfite. Dechlorination with sodium bisulfite
is almost instantaneous. Dechlorination does not require a minimum detention time of 15
minutes. Typically, a dechlorination basin is designed with a detention time of 5 minutes even
though the chemical reaction may occur in less than a minute. Liquid sodium bisulfite is fed at a
dosage rate of 1 to 3 mg/L over the chorine residual. At the Metro Wastewater Treatment Plant
the typical sodium bisulfite dosage rate is 2 mg/L. The sodium bisulfite is thoroughly mixed with
the wastewater by mechanical type mixers.
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The sodium hypochlorite and the sodium bisulfite are stored in three (3) fiberglass storage tanks
located in the Disinfection Storage Facility, as shown in Figure 1-15. There are two (2) storage
tanks for sodium hypochlorite with a 12.5% solution strength and one (1) storage tank for
sodium bisulfite at a 38% solution strength. Each storage tank is 12 ft. in diameter with a
maximum liquid depth of 17.7 ft. Each storage tank has a maximum capacity of 15,000 gallons.

Figure No. 1-15 – Disinfection Storage Tanks

The sodium hypochlorite is fed through four (4) liquid type feeding units located in the
Disinfection Feed Building, as shown in Figure No. 1-16. Each sodium hypochlorite chemical
feed unit is rated at 9.4 to 34 gph. The sodium hypochlorite is fed to the Chlorine Splitter Box
Influent No. 1 (Train No. 1), Chlorine Splitter Box Influent No. 2 (Train No. 1) and the Chlorine
Flash Mix Influent No. 1 (Train No. 2).
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Figure No. 1-16 – Sodium Hypochlorite Feed Units

The sodium bisulfite is fed through two (2) liquid type feeding units located in the Disinfection
Feed Building, as shown in Figure No. 1-17. One (1) sodium bisulfite feed unit is rated at 2.5 to
15 gph and the second unit is rated at 10 to 56 gph. The sodium bisulfite is drawn through the
chemical feed units by a chemical induction unit located at the Dechlorination Chamber.
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Figure No. 1-17 – Sodium Bisulfite Feed Units

After the plant effluent is dechlorinated it flows by gravity through a 60-inch outfall to the
Congaree River.
1.4.8

Air Flotation Thickeners

The primary sludge from the primary sedimentation tanks at Treatment Train Nos. 1 and 2 and
waste activated sludge from the two activated sludge systems are pumped to the Mixed Sludge
Wet Wells located in the two (2) Air Flotation Thickener Buildings. Located in each Air Flotation
Thickener Building there are four (4) air flotation thickeners for concentrating the combined
primary sludge and waste activated sludge, as shown in Figure No. 1-18. Typically, the primary
sludge at the Metro Wastewater Treatment Plant has a 2 to 3% total solids concentration and
the waste activated sludge has a concentration of 0.5 to 0.8% solids. The thickened sludge
removed from the air flotation thickeners has a total solids concentration of 3-5%.
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Figure No. 1-18 – Air Flotation Thickener

Thickener Building No. 1 contains four (4) air flotation thickeners each 70 ft. long (effective
length) by 20 ft. wide with a sidewater depth of 12 ft. The surface area of each air flotation
thickener is 1,400 ft2. The total surface area of all four (4) air flotation thickeners is 5,600 ft2.
The air flotation thickeners are designed so they can be operated without polymer. When the
units are operated without polymer, the typical solids loading rate on the units is between 0.5 to
1.0 lbs. of solids/ft2/hour. Assuming one (1) unit is used as a standby unit and three (3) units
are in service, then they can be fed at a maximum rate of 4,200 lbs. of solids/hour or 90,800 lbs.
of solids/day.
Thickener Building No. 2 contains four (4) air flotation thickeners each 70 ft. long (effective
length) by 20 ft. wide with a sidewater depth of 12 ft. These units are similar to the thickeners in
Thickener Building No. 1, therefore, the thickeners in Thickener Building No. 2 each have the
same square footage (1,400 ft2) and solids loading rates as the thickeners in Thickener Building
No. 1. In essence, the air flotation thickeners in Thickener Building No. 2 can be fed 90,800 lbs.
of solids/day assuming three (3) units are in service and one (1) unit is used as a standby unit.
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The subnatant (thickener effluent) that is removed from the air flotation thickeners is returned to
the 54-inch Gills Creek Influent Sewer where it flows to the Plant Influent Pumping Station to be
reprocessed in the treatment plant. The thickened sludge is pumped to the anaerobic digesters
for sludge stabilization.
1.4.9

Anaerobic Digestion

The thickened sludge from the eight (8) air flotation thickeners is pumped to five (5) anaerobic
digesters for sludge stabilization, as shown in Figure No. 1-19. The digesters are operated at
95ºF, so they are operated in the mesophilic digestion phase. Each anaerobic digester is 100 ft.
in diameter with a side water depth of 23 ft. The cone depth of Anaerobic Digester Nos. 1 and 2
is 14.83 ft. and the cone depth of Anaerobic Digester Nos. 3, 4 and 5 is 12.5 ft. The volume of
Anaerobic Digester Nos. 1 and 2 is 219,355 ft3 (1,640,775 gallons) each. The volume of
Anaerobic Digester Nos. 3, 4 and 5 is 213,258 ft3 (1,595,170 gallons) each. Assuming
Anaerobic Digester Nos. 2, 3, 4 and 5 are operated as primary digesters and Anaerobic
Digester No. 1 is operated as a secondary digester, then the retention time in the digesters
would be approximately 22 days. This is based on the primary digesters only and at a sludge
flow rate of 289,000 gpd. Each digester can be operated as primary digester since all digesters
are heated and mixed. Each digester is heated by a combination boiler, hot water bath type
heat exchanger rated at a minimum of 2,000,000 BTU/hr. Each digester utilizes a floating type
cover. The digested sludge is transferred from the digesters to the centrifuges for dewatering.

Figure No. 1-19 – Anaerobic Digestion
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The digester gas (methane gas) produced in the digesters is removed and transferred to several
locations. A portion of the digester gas is utilized in the Digester Gas Mixing System (Pearth
Gas Mixing System) located at each digester. The digester gas mixing equipment for Anaerobic
Digester Nos. 1 and 2 are located in Digester Control Building No. 3 (Digester Headhouse C).
The digester gas mixing system for Anaerobic Digester Nos. 3, 4 and 5 are located on the roof
of each digester.
The digester gas not used for gas mixing travels into the Low Pressure Gas System where the
gas is sent to the Sludge Heater/Heat Exchangers as a fuel source for the burners and/or it is
stored in four (4) Low Pressure Gas Displacement Holders. Each gas holder contains a piston
inside that travels up and down based on the volume of gas produced. Each Low Pressure Gas
Displacement Holder has a maximum gas storage capacity of 500 ft3.
There are two (2) positive displacement, rotary lobe Digester Gas Blowers located in Digester
Control Building No. 3 (Digester Headhouse C) that remove the digester gas from the two Gas
Displacement Holders located outside on the south side of Sludge Thickener Building No. 1.
There are also three (3) positive displacement, rotary lobe Digester Gas Blowers located in
Digester Control Building No. 2 (Digester Headhouse B) that remove the digester gas from the
two Gas Displacement Holders located outside on the north side of Digester Headhouse B.
These five (5) Digester Gas Blowers remove the digester gas from the Low Pressure Gas
System, compress the gas and send it to the High Pressure Gas System. Each Digester Gas
Blower is rated at 293 cfm at a discharge pressure of 13 psig.
The Digester Gas Blowers send the compressed digester gas to the Gas Storage Sphere
located outside on the south side of Sludge Thickener Building No. 1. The Digester Gas
Storage Sphere is 32 ft. in diameter and has a capacity of 17,125 ft3 at an operating pressure of
10-25 psig. The gas in the Digester Gas Storage Sphere is then sent to the burners located on
the multiple hearth incinerators.
Any excess digester gas not used in the process is transferred to three (3) Waste Gas Burners.
One (1) Waste Gas Burner is located outside on the south side of Sludge Thickener Building
No. 1 and two (2) Waste Gas Burners are located outside on the north side of Digester
Headhouse B. Each Waste Gas Burner uses propane gas as the pilot gas and each burner
uses an electronic ignitor to start the gas burner. Each Waste Gas Burner has a capacity of
20,000 cf3/hr.
1.4.10

Sludge Dewatering

The digested sludge from the anaerobic digesters is pumped to two (2) solid bowl centrifuges
for dewatering, as shown in Figure No. 1-20. The two (2) centrifuges were installed in 1994 and
they are located in the Sludge Dewatering Building. In 2012, the centrifuges were refurbished
which increased their capacity from 2,200 lbs/hr to 2,750 lbs/hr. Each centrifuge is designed for
a flow rate of 275 gpm at a total solids concentration of 2%. At these conditions each centrifuge
is designed to process a maximum of 2,750 lbs of solids/hr which equates to 33 dry tons of
solids per day per unit. The centrifuges will produce a dewatered sludge concentration of 2528% total solids. Originally the dewatered sludge was transferred to the sludge incinerators or
to the truck loading station where it was transported off-site to a landfill. The present operation
is to transport all of the dewatered sludge to the landfill. The centrate from the centrifuges flows
back into the 54-inch Gills Creek Influent Sewer where it flows to the Plant Influent Pumping
Station to be reprocessed in the treatment plant.
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Figure No. 1-20 – Centrifuges
1.4.11

Incineration

The Metro Wastewater Treatment plant utilizes two (2) multiple hearth incinerators each 16.75
ft. in diameter and seven (7) refractory hearths.
These incinerators were originally
commissioned in 1972 when the treatment facility was a trickling filter plant with a design flow of
20 mgd. In 1994, modifications and upgrades were started on the incinerators. These
improvements were completed in 1996. Each incinerator is currently designed to process 8,025
lbs. of wet solids/hour (2,166 lbs dry solids/hr) at a solids concentration of 27%. The ash is
removed from the bottom of the incinerators and transported to trucks or dumpsters where it is
sent to a landfill for off-site disposal.
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CHAPTER 2
PRELIMINARY TREATMENT
2.1

GENERAL DESCRIPTION

2.1.1

Introduction

Wastewater that enters the treatment plant can contain a wide variety of objects, such as
sand, rocks, cans, bottles, sticks, toys, rags, etc. All of these materials can cause
problems in various ways. Sand and other abrasive types of materials can cause
excessive wear on pumps and could clog pipes. Rocks, cans, rags and sticks could
cause pump blockages, pipe blockages, and jam sludge collectors. These problems
could, in turn, reduce the plant efficiency. It is for these reasons that this material must
be removed early in the treatment process. The equipment used to remove these
materials at the Metro Wastewater Treatment Plant is fine screens and vortex type grit
tanks.
2.1.2

Plant Influent Pumping Station

Raw wastewater enters the Metro Wastewater Treatment Plant through two (2) main
sewers, referred to as the Gills Creek Sewer and the Mill Creek Sewer also called the
Congaree Sewer. The Gills Creek Sewer is 54-inches in diameter and the Mill Creek
Sewer is 60-inches in diameter. The two influent sewer lines converge at the Plant
Influent Channel of the Raw Wastewater Pumping Station located in the northeast
corner of the wastewater treatment plant. Also, located at the Plant Influent Channel
there is a 60-inch pipe that serves as an overflow pipe from the Plant Influent Channel to
the Flow Equalization Basin if there is a problem with plant influent pumps or another
emergency.
The raw wastewater that enters the Raw Wastewater Pumping Station/Plant Headworks
is lifted to a higher elevation by eight (8) screw pumps, as shown on Figure No. 2-1.
There are four (4) sets of screw pumps and a spot for a fifth set of screw pumps in the
future. The screw pumps are designed so one set of screw (lower pumps) raises the
raw wastewater approximately 27 ft. and then a second set of screw pumps (upper
pumps) raises the raw wastewater another 28.5 ft. Therefore, between the two sets of
screw pumps the raw wastewater is raised approximately 55.5 ft. from the Plant Influent
Channel to the bar screen elevation. Each screw pump is 118-inches in diameter and
rated at a capacity of 50 mgd (34,725 gpm).
2.1.3

Plant Influent Screening

Once the raw wastewater is raised to the higher elevation by the plant influent screw
pumps, it flows to three (3) mechanically cleaned screens, as shown in Figure No. 2-2.
There is also one (1) 6 ft. wide manually cleaned bar screen located in a fourth channel
that is used as a standby unit. The manually cleaned bar screen has a clear opening
between the bars of 1-inch. Each mechanically cleaned bar screen is 6 ft. wide and
rated at a maximum capacity of 50 mgd. The mechanically cleaned bar screens (fine
screens) have clear openings on the horizontal coarse filtration portion of the screen of
14 mm and 6 mm openings on the horizontal fine filtration portion of the screen.
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The screenings that are removed from the mechanically cleaned screens are deposited
into screening presses to remove excess water from the screenings. The dewatered
screenings are pushed through pipes, one per screen press, where the dewatered
screenings are deposited into dumpsters for off-site disposal to a landfill.
2.1.4

Grit Removal

After the raw wastewater passes through the plant influent screens it then flows by
gravity to three (3) vortex type grit tanks, as shown in Figure No. 2-2. Each grit tank is
24 ft. in diameter and is rated at 70 mgd. The raw wastewater is maintained at a velocity
of 1 fps as it passes through the grit tank. At a velocity of 1 fps the grit will settle to the
bottom of the tank and the lighter solids will travel to the primary sedimentation tanks for
further treatment.
The grit that settles to the bottom of the grit tanks is removed by centrifugal, non-clog
torque flow type pumps. There are six (6) grit pumps, two per grit tank, that pump the
settled grit from the grit tanks to six (6) grit cyclones, as shown in Figure No. 2-3. Each
grit pump is rated at 250 gpm at a total dynamic head of 70 ft.
The grit cyclones are designed to separate the grit from the water. The grit that is
pumped into the cyclones is maintained at a pressure of approximately 10 psig. The
dewatered grit from the cyclones falls into three (3) grit classifiers. At this point the grit is
removed from the grit classifiers by an inclined screen conveyor. As the grit travels up
the incline screw conveyor the grit is washed and further dewatered. The dewatered grit
that is discharged from the incline screw conveyors falls into dumpsters for off-site
disposal at a landfill.
After the raw wastewater passes through the grit tanks, it is directed to a Distribution
Chamber where the wastewater can be directed to Treatment Train No. 1 via a 84-inch
pipe, Treatment Train No. 2 via a 54-inch pipe, and/or the Equalization Basin via a 54inch pipe, as shown in Figure 2-2. There is a fourth pipe connected to the west end of
the Distribution Chamber. This pipe is 54-inches in diameter and currently blinded
flange off for future use. This pipe is designed to serve Treatment Train No. 3 if it is
constructed.
2.1.5

Flow Equalization Basin

During an excessive rain storm event the raw wastewater can be diverted to the Flow
Equalization Basin through a 54-inch pipe located after the Grit Tanks. In addition, there
is a 30-inch pipe that can divert primary effluent from the Distribution Box after the
primary sedimentation tanks at Treatment Train No. 2 to the Flow Equalization Basin.
The Flow Equalization Basin is an earthen type structure located on the north end of the
treatment plant site. The Flow Equalization Basin has a maximum storage capacity of
approximately 153 million gallons.
After the storm event has finished, the wastewater that is stored in the Equalization
Basin is returned to the treatment plant for processing. The wastewater stored in the
Flow Equalization Basin is removed from the basin through a 24-inch pipe located on the
west end of the basin. The 24-inch pipe terminates at a manhole where the basin return
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falls into the 60-inch Mill Creek Influent Sewer. From that point the flow from the Flow
Equalization Basin flows by gravity to the Plant Influent Channel at the Plant Influent
Pumping Station.
2.1.6

Odor Control System

Wastewater that enters a wastewater treatment plant can be very odorous especially
during the summer months due to the hotter temperatures and longer travel times in the
collection system. When wastewater becomes septic it forms hydrogen sulfide which
can be dangerous at high concentrations to Operators and result in corrosion problems
to equipment and structures. Hydrogen sulfide can be very odorous which could result
in complaints from neighbors near the treatment facility. In order to protect the safety of
plant personnel, reduce equipment and structural damage, and reduce odor complaints,
odor control equipment has been installed at the plant influent pumping station and
preliminary treatment area.
The odor control systems at the Plant Influent Pumping Station and Preliminary
Treatment Area of the Metro Wastewater Treatment Plant, consists of duct work and
Odor Control Exhaust Fans, as shown in Figure Nos. 2-4 and 2-5. The Plant Influent
Pumping Station is served by two separate Odor Control Systems. One Odor Control
System serves the lower screw pump area and the second Odor Control System serves
the upper screw pump area. In the lower screw ump area the odorous air is drawn out
of this area by a 8,710 cfm exhaust fan (Exhaust Fan 1A) located on the east side of the
Plant Influent Pumping Station. Fresh air is drawn into the structure through four (4) 16inch diameter supply air lines located on the lower end of the structure. The air is then
drawn out of the Plant Influent Channel and from each Screw Pump Chamber through a
series of dampers and ductwork.
The upper portion of the Plant Influent Pumping Station uses a similar system to the
lower pump area. Fresh air is drawn in through four (4) 16-inch pipes located at the
lower end of the upper screw pumps. The odorous air is then drawn out of the Lower
Distribution Channel and from each Screw Pump Chamber through a series of dampers
and ductwork. The air is drawn from the upper screw pump area to an exhaust fan
located on the east side of the Plant Influent Pumping Station. This odor control exhaust
fan (Exhaust Fan 1B) is rated at 7,825 cfm.
The third odor control system is located in the Preliminary Treatment Area, as shown on
Figure No. 2-5. This odor control system removes the odorous air from the various
channels in this area, the grit tanks, grit classifiers, grit and screening dumpsters, and
other areas in this portion of the treatment facility. The odorous air is drawn through a
series of dampers and ductwork by an exhaust fan located on the west side of the
Preliminary Treatment Area. This Odor Control Exhaust Fan (Exhaust Fan 2) is rated at
24,000 cfm. Fresh air (supply) air is drawn into the channels and structures through
various ducts located throughout this treatment area.
The three odor control systems do not use chemicals or carbon to treat the odorous air.
The odorous air is diluted with large quantities of fresh air before it is exhausted into the
atmosphere.
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2.1.7

Plant Process Drainage Pumping Station

A Plant Process Drainage Pumping Station is located on the west side Secondary
Clarifier Nos. 8 and 9. The Drainage Pumping Station collects drainage from Secondary
Clarifier Nos. 1-10 and other areas of the treatment facility, as shown in Figure No. 2-6.
In the Tank Drainage Pumping Station there is a submersible pump that is rated at 1,000
gpm at a total dynamic head of 65.5 ft. The pump starts and stops automatically based
on the liquid level in the station wet well. The pump discharges into a 10-inch pipe that
extends to the Aeration Tank Distribution Box for Treatment Train No. 1 and the Aeration
Tank Distribution Box for Treatment Train No. 2, as shown in Figure No. 2-6. Just west
of the Plant Operators Laboratory at the edge of the road there are two plug valves
where the flow can be directed to Treatment Train No. 1 and/or Treatment Train No. 2.
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2.2

EQUIPMENT OPERATION

2.2.1

Introduction

This section describes the operation of the preliminary treatment process. It includes the
operation of the plant influent screw pumps, mechanical fine screens, grit tanks, grit
pumps, grit classifiers, channel mixers, odor control fans and the controls, meters, etc.,
associated with this system. The operation as described here involves only normal
operation and control of the equipment. For further information regarding the internal
operation and maintenance of a particular piece of equipment, consult the equipment
manufacturer’s operation and maintenance manual and shop drawings on file at the
treatment plant.
Most electric motors are equipped with a “Lock-Out-Stop” or “Emergency Stop” switch
located at the unit. These switches are provided as a safety measure for emergency
shutdown of the motor or for “locking-out” the motor to prevent accidental starting while
maintenance or repair is in progress. When a piece of equipment is locked out, the
Employees must follow the City’s Lockout/Tagout Program. A copy of the City’s
Lockout/Tagout requirements are provided in Appendix B of this manual. The switches
are normally in the “Start” or “On” position so that control of the motors is from the motor
control center, selector switches at the motor, remote control panels or on the
Supervisory Control and Data Acquisition (SCADA) system.
Operators must be aware that there are multiple ways to navigate through the SCADA
screens and the following write-ups discuss only one method of maneuvering through
these screens. Operators must find a method that makes them feel comfortable and
enables them to control the equipment efficiently. Please note that depending upon the
control location within the plant the equipment can be controlled by different procedures
on SCADA. For example, if the Operator is controlling equipment in the Air Flotation
Thickener Building, the Operator would use function buttons (F) to step through the
screens and control the equipment. The equipment controlled at the Operator Interface
Panel in a Digester Control Building would touch the icons on the screen to step through
the screens and set the equipment controls. However, if the equipment is being
controlled from a computer in a remote location, then the Operator must use the cursor
and mouse to select and control equipment. The basic controls are the same but how
an Operator pulls up that equipment at the various SCADA screens is different.
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2.3

PROCESS THEORY

2.3.1

Grit Chambers

Grit is comprised of sand, stones, cinders and other dense inorganic material. If efficient
removal is practiced, grit should contain only a small amount of organic material. Grit
varies over a rather wide range in size and general physical characteristics, depending
on the source of material. Coarse sand may be admitted to the collection system in
substantial amounts where sewer joints permit it or where the groundwater level is
above the pipe.
The early removal of this material prevents abrasive action on mechanical equipment
such as pump impellers and packing glands. It also reduces the hazards of clogging inplant units such as pipelines, tanks, or hoppers, and simplifies solids handling and
disposal.
Wastewater treatment plants use several types of grit removal systems. The types of
grit removal systems used at wastewater treatment plants are:


Gravity



Aerated



Vortex

Gravity grit removal systems are typically used in small to medium size wastewater
treatment facilities. These grit removal systems rely on maintaining a velocity through
the unit between 0.7-1.2 fps. The grit tanks either use a proportional type gate at the
effluent end of the tank or a series of adjustable gates at the effluent end of the tank
depending upon tank design.
The second common type of grit tank used at a wastewater treatment plant is an aerated
type grit tank. In this type of grit tank air is introduced along the bottom length of the grit
tank at a controlled rate. Typically, aerated tanks use between 1-8 cfm/ft of tank length
with the average being approximately 1-5 cfm/ft.
The wastewater containing the grit and organic matter enters the grit chamber where
aeration provides the mixing action necessary for the grit separation process. Aerating
the wastewater in the grit tank also freshens the wastewater and helps with grease
separation. The constant mixing of the tank contents keeps the lighter organic matter in
suspension while the denser material settles to the bottom of the tank. By regulating the
aeration rate, the amount of mixing is controlled and hence the settling velocity is
controlled. It is important to ensure that the mixing rate is properly adjusted. A mixing
rate that is too low will cause organic material to settle with the grit, allowing septic
conditions to develop in the collected grit. A mixing rate that is too high will cause grit to
be carried over the effluent weir. The proper aeration rate must be determined by trial
and error adjustments of the aeration rate based on laboratory analysis of the overflow
and underflow from the grit tank. The percent volatile matter in the settled grit will
provide an indication of how the process is operating.
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The last common grit removal system used at wastewater treatment plants are the
vortex type grit tanks. There are several different manufacturers of these type of grit
systems but basically they all perform in a similar manner by providing a horizontal swirl
motion that causes the inorganic solids to settle to the bottom of the tank. Some vortex
grit tanks contain a mechanical mixer with angled mixer blades. These blades creates
currents to assist in keeping organics in suspension without disrupting the removal of
grit. The Metro Wastewater Treatment Plant uses vortex type grit tanks with mechanical
mixers. The grit in these tanks settle to a lower chamber of each tank. The grit is
removed from each tank by torque flow type grit pumps. The pumps transfer the grit to
grit cyclones and then grit classifiers. The grit cyclones and grit classifiers dewater and
wash the grit before depositing it into the grit dumpster for off-site disposal.
2.3.2

Odor Control

2.3.2.1

Introduction

Wastewater that remains in the collection system too long can become septic. When
wastewater becomes septic it forms hydrogen sulfide which can be dangerous at high
concentrations to Operators and result in corrosion problems to equipment and
structures. Hydrogen sulfide has a rotten egg odor at low concentrations. Hydrogen
sulfide production is created in the collection system when one or a combination of the
following conditions occur:
a)

Low dissolved oxygen

b)

pH decreases

c)

Temperature increases

d)

BOD concentration increases

Wastewater that enters a treatment plant with a good dissolved oxygen concentration
and has not spent a long time in the collection system will be fresh with very little odors.
A fresh wastewater will be grey in color and a septic wastewater will be black in color.
If hydrogen sulfide is a problem, then steps must be taken to correct the situation
because in a high concentration it can be dangerous and corrosive.
In low
concentrations it can be offensive.
The use of chemicals to control hydrogen sulfide release can be expensive. Making
process changes, such as, adjustments in the lift station wet well may be all that is
necessary to correct the problem. For example, changing the pump settings and
reducing the wet well level in the summer time will allow the raw wastewater to be
pumped to the treatment plant faster. If the raw wastewater remains in the wet well too
long, then it could become septic and produce hydrogen sulfide. Septic conditions are
more likely to occur during the summer months when the wastewater is warmer.
There are several methods of controlling odors and hydrogen sulfide production in
collection systems and at treatment plants. In collection systems hydrogen sulfide can
be controlled by:
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a)

Injecting air, oxygen, or ozone into the sewer.

b)

Adding a chemical into the sewer to oxidize the hydrogen sulfide or
suppress the hydrogen sulfide by altering the wastewater pH. The
common chemicals used are as follows:


Chlorine



Ferric Sulfate or other iron compounds



Hydrogen Peroxide



Potassium Permanganate



Sodium Hydroxide

c)

Biological Control (adding microorganisms)

d)

Ventilating the sewer and treating the air at the outlet with ozone, carbon
towers, or other odor control systems.

At wastewater treatment plants, the hydrogen sulfide is stripped from the wastewater,
and/or the atmospheric hydrogen sulfide is treated by an odor control system.
Freshening the wastewater by aerating it with air will release (or strip) the hydrogen
sulfide from the wastewater into the atmosphere. Methods of reducing atmospheric
hydrogen sulfide and odors at treatment plants include:
a)

Adding air or oxygen to freshen the wastewater.

b)

Treatment of the air with:


Packed Towers



Carbon Towers



Mist Scrubbers

The Metro Wastewater Treatment Plant uses a large centrifugal fans to dilute odorous
air with large quantities of fresh air at the Plant Influent Pumping Station and Preliminary
Treatment Area in order to reduce atmospheric hydrogen sulfide concentrations.
2.3.3

Formulas

The following formulas and definitions are to help the Operators better understand and
control the preliminary treatment area of the plant. The following problems are
concerned with computing:
1)

Grit Tank Detention Time

2)

Grit Removal
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Below is a list of assumed conditions for the purpose of the examples. As an Operator,
you should be taking the actual conditions as they exist at your plant.
Assumed:
Wastewater Flow
Number of Grit Tanks
Dimensions per Grit Tank
Diameter (upper)
Depth (upper)
Volume per Grit Tank
Total Grit Tank Volume
2.3.3.1

=
=

60 mgd
2 (in service)

=
=
=
=

24 ft.
6 ft.
2,713 ft3 (20,293 gallons)
5,426 ft.3 (40,586 gallons)

Grit Tank Detention Time

Detention time is the time required for a given flow of wastewater to pass through the
tank. If the detention time is too short, then the grit may be carried out of the tank into
the effluent. If the detention time is too long, then organic matter may have a chance to
settle with the grit. In a vortex grit tank the detention times are shorter because of their
effective design to swirl the grit effectively.
Assume: 2 tanks in service
Detention Time

=

Tank Volume (ft3) x 7.48 gals/ft3 x 24 hr/day
Flow (gpd)

=

5,426 ft3 x 7.48 gals/ft3 x 24 hr/day
60,000,000 gpd
0.016 hrs. or approximately 1 minute

=
2.3.3.2

Grit Removal

Sanitary wastewater systems normally average 4 to 15 ft3 of grit per million gallons of
flow. This range may increase during periods of heavy rains when infiltration could
occur. On new collection systems, the amount of grit entering the facility may be lower
than 4 ft3 of grit per million gallons of flow. If the treatment facility is accepting septic
haulers, the quantity of grit may be quite high from these haulers. The following formula
is to help the Operator in determining the amount of grit being pumped to the grit
dewatering cyclones and classifiers.
NOTE: In this problem it was assumed that the grit removed from the flow is 5 ft3/mgd.
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For the example flow, the grit was calculated as follows:
5 ft3/mgd x 60 mgd = 300 ft3 of grit/day
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2.4

TROUBLESHOOTING

2.4.1

Introduction

The following Troubleshooting Guides indicate some of the problems that may occur to
the screening and grit removal processes. The first two (2) Troubleshooting Guides
outline general problems that could occur for the screening and grit removal processes.
Operators should use these two troubleshooting guides for correcting basic problems.
The other Troubleshooting Guides in this section include specific guides for the
equipment in the Plant Headworks Building (Station A).
These equipment
Troubleshooting Guides are for the Filter Screens, Screenings Belt Conveyor, Raw
Sewage Pumps, Grit Pumps, Grit Tank Blowers, and Odor Control Unit. It would be
impossible to mention every problem that could occur in this area of treatment, however,
through experience the Operators should write down his or her observations, the causes
of the problem and the solutions so all employees could be aware of this problem if it
occurred again.
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TROUBLESHOOTING GUIDE
INDICATORS/OBSERVATIONS

SCREENING
PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

1. Obnoxious odors, flies and other
insects.

1a. Accumulation of rags and
debris.

1a. Method and frequency of
debris removal.

1a. Increase frequency of removal
and disposal.

2. Excessive grit in bar screen
chamber.

2a. Flow velocity too low.

2a. Flow velocity.

2a. Increase flow velocity in
chamber or flush regularly with a
hose.

3. Excessive screen clogging.

3a. Screen size and velocity of
wastewater through screen.

3a. Screen size and velocity of
wastewater through screen.

3a. Identify source of waste causing
the problem so its discharge into
the system can be stopped.

4. Mechanical rake inoperable, circuit
breaker will not reset.

4a. Jammed mechanism.

4a. Screen channel.

4a. Remove obstruction.

5. Rake inoperative, but motor runs.

5a. Broken chain or cable.

5a. Inspect chain.

5a. Replace chain or cable.

5b. Broken limit switch.

5b. Inspect switch.

5b. Replace limit switch.

6a. Defective remote control circuit.

6a. Check switching circuits.

6a. Replace circuit.

6b. Defective motor.

6b. Check motor operation.

6b. Replace motor.

6. Rake inoperative, no visible
problem.
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TROUBLESHOOTING GUIDE
INDICATORS/OBSERVATIONS
1. Grit packed in pumps.

2.

3.

Too much vibration of cyclone
degritter.
Rotten egg odor in grit chamber.

GRIT REMOVAL
PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

1a. Not operating frequently
enough.

1a. Check pump sequence.

1a. Increase withdrawal sequence.

1b. Debris caught in the pump.

1b. Inspect pump.

1b. Clean pump.

2a. Obstruction in the lower port.

2a. Lower port.

2a. Remove obstruction.

2b. Obstruction in the upper port.

2b. Too much flow in lower end.

2b. Reduce flow.

3a. Hydrogen sulfide formation.

3a. Sample for total and dissolved
sulfides.

3a. Wash chamber and dose with
hypochlorite.

3b. Submerged debris.

3b. Inspect chamber for debris.

3b. Wash chamber daily.

3c. Low dissolved oxygen.

3c. Check air pattern.

3c. Increase low pressure air.

4.

Corrosion of metal and concrete.

4a. Inadequate ventilation.

4a. Ventilation.

4a. Increase ventilation.

5.

Removed grit is grey in color,
smells and feels greasy.

5a. Improper pressure on cyclone
degritter.

5a. Discharge pressure on cyclone
degritter.

5a. Keep pressure between 4 and 6
psi by governing pump speed.

5b. Inadequate air flow rate.

5b. Check air flow rate.

5b. Increase air flow rate.

5c. Grit removal system velocity
too low.

5c. Use dye releases to check
velocity.

5c. Increase velocity in grit chamber.
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TROUBLESHOOTING GUIDE
INDICATORS/OBSERVATIONS
6.

Surface turbulence in aerated grit
chamber is reduced.

7. Low recovery rate of grit.

GRIT REMOVAL (cont.)
PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

6a. Diffusers covered by rags or
grit.

6a. Diffusers.

6a. Clean diffusers.

6b. Valves is properly open.

6b. Check valves.

6b. Adjust valves.

7a. Bottom scour.

7a. Velocity.

7a. Maintain velocity near 1 ft/sec.

7b. Too much aeration.

7b. Aeration.

7b. Reduce aeration.

7c. Not enough retention time.

7c. Retention period.

7c. Increase retention time.
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Screw Pumps

TO BE ADDED AT A LATER DATE
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TROUBLESHOOTING GUIDE
PRELIMINARY TREATMENT FINE SCREENS
(Aqua Guard®Filter Screen)

DANGER
REVIEW ALL SAFETY PRACTICES LISTED IN SECTION ONE
BEFORE PROCEEDING.
THIS EQUIPMENT MUST BE OPERATED AND MAINTAINED
ONLY BY AUTHORIZED PERSONNEL WHO HAVE READ AND
UNDERSTAND THE OPERATOR’S MANUAL, HAVE BEEN
TRAINED IN ITS USE, AND ARE FOLLOWING ANY AND ALL
APPLICABLE SAFETY PROCEDURES.
PROBLEM
1. Screen does not start.

PROBABLE CAUSE

REMEDY

1a. No power at the motor or
at the control panel.

1a. Confirm that power is
available. Turn
disconnect switch and
screen selector switch to
ON position. Restart
screen.
1b. Turn selector switch to
HAND mode to confirm
that motor is functioning.
Turn selector switch to
AUTO mode. Confirm
that all remote permissive
contacts are made.
Restart screen.
1c. Check functioning of level
measuring device.
Repair or replace devices
as required. Restart
screen.

1b. Screen selector switch
not in AUTO Mode.

1c. Control devices (level
sensor, timers,
thermostat, etc.) used to
initiate screen are
malfunctioning.

Check time clock and
associated timer settings.
Adjust if necessary.
Check functioning of
thermostat switch. Repair
or replace device as
required. Restart screen.
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PROBLEM

PROBABLE CAUSE

1. Screen does not start.
(cont’d)

.

1d. Screen motor overloaded
(blown fuses, tripped
overloads, tripped current
monitor, tripped
thermostats or auto
thermals).

REMEDY
Check for screen belt
jamming. Remove
obstruction, check for
screen belt damage,
reset controls, and restart
screen.
1d. Check for screen belt
binding and damage.
Adjust screen belt, reset
controls, and reset
screen.
Motor malfunctioning.
Repair or replace, rest
controls, and restart
screen.

1e. Screen Protection
switches are tripped (estop, zero speed).

2. Solids larger than screen
opening passing through
screen.

3. Excess headloss across
the screen.

2a. Side channel seals not
contacting channel walls,
allowing bypass around
the sides of the screen
frame.
2b. Front seal is damaged or
worn, allowing bypass
underneath the screen
belt.
2c. Screen elements are
damaged.

2d. Side plates are damaged.
3a. Screen initiation settings
not set properly.

Gear reducer malfunctioning. Repair or
replace, reset controls,
and restart screen.
1e. Check for obstructions or
screen malfunctions.
Reset e-stop and restart
after confirming that
screen is ready to run.
2a. Replace seals. Confirm
full contact with channel
wall before restarting.

2b. Replace seal. Confirm
full contact with screen
belt before restarting.
2c. Replace screen elements
and check condition of
drive chains. Replace
chain links, if necessary.
2d. Replace side plates.
3a. Adjust time clock and
timer settings to allow the
screen to run more often
(frequency), and for a
longer period of time
(duration).
Adjust actuation point of
level measuring devices.
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PROBLEM
3. Excess headloss across
the screen (cont’d)

4. Excess headloss across
the screen.

5. Screen tracking to one
side.

6. Reduced screenings
volume being discharged
out of screen.

PROBABLE CAUSE
3b. Screen not being cleaned
properly.

REMEDY
2b. Check operating
condition of brush.
Adjust position of brush,
or replace brush core.

4a. Screen openings clogged.

4a.

4b. Flow conditions have
changed.

4b.

5a. Object has wedged
screen to one side.
5b. Flow in channel is not
uniform across width of
channel.

5a.

6a. Screenings accumulation
in discharge chute /
hopper.
6b. Collection device backing
up screenings.

6a.

6c. Screen elements are
damaged.

5b.

Check operating
condition of spray
systems. Confirm correct
position of spray pattern.
Unclog or replace
nozzles. Confirm
adequate supply and flow
rate.
Clean screen with
pressure water.
Confirm actual flow
conditions and compare
to design conditions.
Remove excess flow or
solids loading conditions.
Remove object and
check tracking.
Install baffle in channel in
front of screen to make
flow uniform across width
of channel.
Wash down discharge
chute or hopper.

6b. Empty receptacle or
repair solids handling
equipment, clear backlog
of screenings.
6c. Replace screen elements
and check condition of
drive chains. Replace
chain links, if necessary.
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Grit Tanks

TO BE ADDED AT A LATER DATE
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TROUBLESHOOTING GUIDE
GRIT PUMPS (MORRIS PUMPS MODEL 6100)

PROBLEM
1. Conditions causing
insufficient or no
discharge.

PROBABLE CAUSE
1a. Pump not primed
completely.

1b. Excessive system head.

1c. Insufficient NPSG
available.

1d. Worn pump components.

1e. Insufficient pump speed.
1f. Pipeline clogged or partially
clogged.
1g. Wrong hand of rotation.

2. Conditions causing
excessive power
consumption.

REMEDY
1a. Air in the pump casing will
dramatically reduce the
pump’s performance. The
pump generally cannot be
primed while the shaft is
turning. Air leaks may
cause the pump to lose its
prime especially at low flow
rates while the discharge
valve is being opened.
1b. Extra pipeline length and
increases in the static head
of the pipe system require
the pump to develop more
head to deliver the same
flow.
1c. Extra suction pipe lengths,
obstructions in the suction
pipe, or low liquid levels on
the suction side of the pump
reduce the NPSH available
to the pump.
1d. Wear at the impeller vanes
increases the internal
leakage of the pump and
reduces the pump
performance.
1e. Belt slippage.
1f.

Unclog pipeline.

1h. Viscosity of the pumpage
too high.
2a. Pump speed too high.

2b. Pump not operating at its
design point.
2c. Mechanical binding or
rubbing of rotating parts.

2c. Rubbing at the impeller can
cause considerable power
consumption. The
equivalent power loss in a
bearing would cause high
temperatures.
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TROUBLESHOOTING GUIDE
GRIT PUMPS (MORRIS PUMPS MODEL 6100) (cont.)

PROBLEM

3. Conditions causing
excessive bearing
temperatures.

PROBABLE CAUSE
2d. Viscosity or specific gravity
of the pumpage is too high.
3a. This should be checked
first if the problem
developed immediately
after a rebuild.
3b. Insufficient amount of
lubricant.
3c. Excessive amount of
lubricant.
3d. Deteriorated lubricant.

REMEDY

3d. A gradual temperature rise,
over a period of days,
indicates a deterioration of
the lubricant around the
rolling elements. This is not
usually accompanied by an
increase in bearing noise.

3e. Excessive belt tension.

4. Partial clogging of pump
or air binding.

3f. Bearing falling.
Bearing noise usually
increases as failure
approaches.
4a. Partial clogging of pump or
air binding.
4b. Misalignment.
4c. Foundation deterioration.

5. Conditions causing water
hammer.

4d. Mechanical defects. Failed
bearings, bent shaft,
impeller out of balance, bad
belts.
5a. Water hammer is a high
pressure surge resulting
from an event that causes
the velocity of the liquid in
the pipeline to change
rapidly.
5b. Rapid valve closure.
5c. Lack of a vacuum breaker
in pipeline going over a hill.
5d. High speed filling of an
empty pipeline that has a
sudden restriction down
stream from the pump.
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TROUBLESHOOTING GUIDE
PROBLEM
1. Spiral does not turn.

CONVEYOR CLASSIFIER
CAUSE

REMEDY

1a. No power to motor.

1a. Check circuit breakers. Check connections.

1b. Current motor O.L. turns off power.

1b. Find obstruction or overload condition. Clear machine,
restart.

1c. Control problems.
1c. Check manual control. Verify that pump signal is working
properly.
1d. Spiral blocked with large foreign
material.

1d. Remove foreign material.

2a. Unit overload.

2a. Clear machine. Review system process.

2b. Broken gear.

2b. Check reducer output shaft. Repair gear reducer.

3. Excessive dewatering of solids.

3a. Discharge timers set too long.

3a. Reset timers.

4. Settleable solids in overflow.

4a. Settling timer set too short.

4a. Reset settling timer.

5. Discharge grit is too wet.

5a. Discharge timers set too short.

5a. Reset discharge timers.

6. Grit accumulating in tank.

6a. Discharge timers set too short.

6a. Reset discharge timers.

7. Abnormal loud noises.

7a. Gravel entered the machine.

7a. Allow machine to clear itself.

7b. Wear bars worn.

7b. Replace wear bars.

8a. Large foreign material entered the
unit.

8a. Disassemble machine and clean as necessary.

8b. Extremely high solids load.

8b. Check motor power consumption.

8c. Flange connections loose.

8c. Check all flange connections and tighten fasteners as
necessary.

2. Spiral turns erratically.

8. Erratic operations, variations.
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TROUBLESHOOTING GUIDE

GRIT CLASSIFIER MOTOR

PROBLEM
1. Motor fails to start.

CAUSE

REMEDY

1a. Circuit breakers tripped.

1a. Reset breakers. Should be at least 125% of nameplate
amperes.

1b. Overload Trips.

1b. Check and reset overload in starter.

1c. Improper power supply.

1c. Check to see that power supplied agrees with motor
nameplates and load factor.

1d. Improper line connections.

1d. Check connections with diagram supplied with motor.

1e. Open circuit in winding.

1e. Indicated by humming sound when starter is closed. Check
for loose wiring connections.

1f.

1f.

Mechanical failure.

Check to see if motor and drive turn freely. Check bearings
and lubrication.

1g. Short circuited stator.

1g. Indicated by blown fuses, tripped circuit breakers or heaters.
Motor must be rewound.

1h. If 3 phase, one phase may be open.

1h. Check lines for open phase.

1i.

1i.

Low motor voltage.

See that nameplate voltage is maintained. Check connection.

2. Motor runs and then stops.

2a. Power failure.

2a. Check for loose connections to line, to fuses and to control.

3. Motor does not come up to speed.

3a. Voltage too low at motor terminals
because of line drop.

3a. Verify proper electrical wire size for power draw.

3b. Open primary circuit.

3b. Locate fault with testing device and repair.

4a. Poor circuit.

4a. Check for high resistance.

4b. Applied voltage too low.

4b. Get power company to increase power tap.

4. Motor takes too long to accelerate.
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TROUBLESHOOTING GUIDE

GRIT CLASSIFIER MOTOR (cont.)

PROBLEM

CAUSE

REMEDY

5. Wrong rotation.

5a. Wrong sequence of phases.

5a. Reverse any two line connections at motor or at the control
panel.

6. Motor takes too long to accelerate.

6a. Frame or bracket vents may be
clogged with dirt and prevent proper
ventilation of motor.

6a. Open vent holes and check for a continuous stream of air
from the motor.

6b. Ambient temperature too hot.

6b. Provide local cooling of ambient air.

6c. Insufficient cooling.

6c. Clean fan blades, motor fins and fan cover.

6d. Motor may have one phase open.

6d. Check for voltage and make sure that all leads are well
connected.

6e. Unbalanced terminal voltage.

6e. Check for faulty leads, connections and transformers.

6f.

6f.

7. Motor overheats while running under
load (cont'd).

8. Motor vibrates after corrections have
been made.

Shorted stator.

Rewind or replace stator.

6g. Faulty connection.

6g. Indicated by high resistance.

7a. High voltage. Exceeds +10% of
nameplate volts.

7a. Check terminals of motor with a voltmeter.

7b. Low voltage. Exceeds -10% of
nameplate volts.

7b. Check terminals of motor with a voltmeter.

7c.
Rotor rubs stator bore.
8a. Motor misaligned.

7c. If not poor machining on brackets, replace worn bearings.
8a. Realign.

8b. Loose at flange.

8b. Tighten bolts.

8c. Coupling out of balance.

8c. Balance coupling.
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TROUBLESHOOTING GUIDE

GRIT CLASSIFIER MOTOR (cont.)

PROBLEM
8. Motor vibrates after corrections have
been made (cont.)

CAUSE

REMEDY

8d. Defective bearing.

8d. Replace bearing.

8e. Bearings not in line.

8e. Line up properly.

8f.

8f.

Excessive end play.

Adjust bearing or add washer.

9. Unbalanced line current on poly-phase
motors during normal operation.

9a. Unequal terminal volts.

9a. Check leads and connections.

10. Scraping noise.

10a. Fan rubbing.

10a. Remove interference.

11. Noisy operations.

11a. Air gap not uniform.

11a. Check and correct bracket or bearing.

12. Hot bearings general.

11b. Rotor unbalance.
12a. Insufficient grease.

11b. Rebalance.
12a. Replace bearings.

12b. Deterioration of grease or lubricant
contaminated.

12b. Replace bearings.

12c. Overloaded bearing.

12c. Check alignment, side & end thrust.

12d. Badly worn bearing.

12d. Replace bearing.

12e. Broken ball or rough races.

12e. Replace bearing, first clean housing thoroughly.

12f. Bent or sprung shaft.

12f. Straighten or replace shaft.

12g. Misalignment.

12g. Correct by alignment of drive.
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TROUBLESHOOTING GUIDE
ODOR CONTROL FANS (VERANTIS)

PROBLEM
1. Capacity or Pressure
Below Rating.

PROBABLE CAUSE
1a. Total resistance of system
higher than anticipated.
1b. Speed too low.

2. Vibration and Noise.

1a. Open damper or speed up
fan. Make sure you do not
overload motor.
1b. See above.

1c. Dampers not properly
adjusted.
1d. Poor fan inlet or outlet
conditions.
1e. Air leaks in system.

1c. Reset.

1f. Damaged impeller.

1f.

1g. Incorrect direction of
rotation.
2a. Misalignment of bearings,
couplings, wheel or V-belt
drive.
2b. Unstable foundation.

1g. Reverse motor leads.

1d. Contact Factory for
assistance.
1e. Locate and seal.
Replace impeller.

2a. Check Alignment.

2b. Shim/strengthen.

2c. Foreign material in fan
causing unbalance.
2d. Worn bearings.

2d. Replace bearings.

2e. Damaged wheel or motor.

2e. Replace.

2f. Broken or loose bolts and
set screws.
2g. Bent Shaft.

2f.

2h. Fan wheel or driver
unbalanced.
2i. Fan delivering more than
rated capacity.
2j. Speed too high or fan
rotating in wrong direction.
2k. Vibration transmitted to fan
from some other source.
3. Overheated Bearings.

REMEDY

2c. Clean out.

Replace or Tighten.

2g. Replace shaft.
2h. Return to factory for
rebalance.
2i. Increase system resistance.
2j.

3a. Too much grease in ball
bearings.
3b. Poor alignment.

Change sheaves or reverse
motor leads.
2k. Isolate fan with flex
connectors and vibration
isolators.
3a. Remove alimite fittings and
run to reduce grease.
3b. Realign.

3c. Damaged wheel or driver.

3c. Replace.

3d. Bent shaft.

3d. Replace shaft.

3e. Dirt in bearings.

3e. Replace.
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TROUBLESHOOTING GUIDE
ODOR CONTROL FANS (VERANTIS) (cont.)

PROBLEM
3. Overheated Bearings
(cond’t)
4. Overload on Driver.

PROBABLE CAUSE

REMEDY

3f. Excessive belt tension.

3f.

3g. Excessive belt tension.

3g. Loosen.

4a. Speed too high.

4a. Slow down by sheave
change.
4b. Increase resistance.

4b. Discharging over capacity
due to existing system
resistance being lower than
original rating.
4c. Specific gravity or density
of gas above design value.
4d. Packing too tight on fans
with stuffing box.
4e. Wrong direction of rotation.

Loosen.

4c. Consult Factory.
4d. Loosen.
4e. Change motor leads.

4f. Shaft bent.

4f.

4g. Poor alignment.

4g. Realign.

4h. Wheel wedging or binding
on inlet bell.
4i. Bearings improperly
lubricated.
4j. Motor improperly wire.

4h. Align.
4i.
4j.

Replace.

Consult bearing
manufacturer.
Consult motor manufacturer.
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Channel Mixers

TO BE ADDED AT A LATER DATE

2-29
L:\Columbia Operations Manual\Chap 2

2.5

DESIGN AND EQUIPMENT SUMMARY

2.5.1

Plant Influent Design Parameters

Plant Influent Flows, mgd
Ave. Daily

60

Max. Day

90

Peak Hourly

150

Influent BOD, mg/L

250

Influent SS, mg/L

250

Ammonia Nitrogen, mg/L
TKN, mg/L
2.5.2

Plant Influent Screw Pumps

Manufacturer

Siemens

Number of Pumps

8 (2 Future)

Model
Serial Numbers
Location

At the Plant Influent Pumping
Station

Function

To raise the plant influent
wastewater to a higher
elevation

Type of Pump

Screw pump

Diameter per Pump, inches

118

Capacity per Pump, gpm (mgd)

34,722 (50)

Total Lift per Pump, ft
Gear Reducer Manufacturer

Siemens

Gear Reducer Model

3002871097-40-1

Gear Reducer Type

B35H16

Gear Reducer Torque
Gear Reducer Ratio

48.341:1

Motor Manufacturer

Siemens

Motor Horsepower

400

Motor Speed, rpm

1785
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Motor Voltage

460

Type of Drive

Constant speed motor,
variable flow

Grease System Manufacturer

Malco Products

Number of Units

8

Model

MPLGP-17

Serial Numbers

1740 through 1747

Location

Next to each screw pump
motor

Function

To supply grease to the
lower pump bearing.

Type of Pump
Capacity per Pump, gpm
Total Dynamic Head, ft
Motor Manufacturer
Motor Horsepower

1/3

Motor Speed, rpm

1725

Motor Voltage

460

Type of Drive

Constant Speed

2.5.3

Mechanical Fine Screen Nos. 1-3

Manufacturer

Parkson

Number of Units

3

Type of Screens

Aqua-Guard

Model

AG-S-A75

Serial Number

20113602 (603) (604)

Location

In the Preliminary Treatment
Area

Function

To remove coarse solids
from the wastewater

Channel Width, ft

6

Effective Screen Width, ft

6

Height to Discharge, ft

16.5

Channel Depth, ft

10

Peak Instantaneous Capacity per Unit
(30% blinded), mgd

50
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Screen Angle of Inclination, degrees

75

Screen Velocity, fps
@ Peak Hourly Flow, 50 mgd/screen
Capacity of Screen Handling, cy/hr

1.92
6.1

Screen Openings, mm
Vertical

59

Horizontal

6

Spray Wash Capacity, gpm @ 40 psig

33

Gear Reducer Manufacturer

Sumitomo

Gear Reducer Type

SM-Cyclo (6000)

Gear Reducer Model

CHHJS-6185DBY-731

Gear Reducer Ratio

731:1

Gear Reducer Input, rpm

1800

Gear Reducer Output, rpm

2.46

Gear Reducer Torque, in-lbs

34,553

Gear Reducer Serial Numbers

IL0210821 (22) (23)

Motor Manufacturer

Baldor/Reliance

Motor Horsepower

1.5

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed

2.5.4

Mechanical Septage Fine Screen No. 1

Manufacturer

Parkson

Number of Units

1

Type of Screens

Aqua-Guard

Model

AG-S-A75

Serial Number

20111402

Location

In the Preliminary Treatment
Area

Function

To remove coarse solids
from the septage flow

Channel Width, ft

2.5

Effective Screen Width, ft

2.5
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Height to Discharge, ft

11.5

Channel Depth, ft

5.6

Peak Instantaneous Capacity per Unit
(30% blinded), mgd

2.16

Screen Angle of Inclination, degrees

75

Screen Velocity, fps
@ Peak Hourly Flow, 2.16 mgd/screen
Capacity of Screen Handling, cy/hr

0.53
6.1

Screen Openings, mm
Vertical

30

Horizontal

6

Spray Wash Capacity, gpm @ 40 psig

33

Gear Reducer Manufacturer

Sumitomo

Gear Reducer Type

SM-Cyclo (6000)

Gear Reducer Model

CHHJS-6185DBY-731

Gear Reducer Ratio

731:1

Gear Reducer Input, rpm

1800

Gear Reducer Output, rpm

2.46

Gear Reducer Torque, in-lbs

34,553

Gear Reducer Serial Numbers

IL0210824

Motor Manufacturer

Baldor/Reliance

Motor Horsepower

1.5

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed

2.5.5

Vortex Grit Tank Nos. 1-3

Manufacturer

Smith & Loveless

Number of Units

3

Model

70.0A

S&L Job /Service Numbers

03-02388-P, 03-02389-P,
and 03-02390-P

Location

In the Preliminary Treatment
Area
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Function

To remove grit and other
inorganic solids

Capacity per Unit, mgd

70

Diameter per Unit, ft
Upper Chamber

24

Lower Chamber

6

Chamber Depth, ft
Upper Chamber

14

Lower Chamber

7.75

Paddle Diameter, ft

6.5

Gear Reducer Manufacturer

Flender Tubinge

Gear Reducer Model

Motox-N

Gear Reducer Type

Z.68 (V1)

Gear Reducer Ratio
Gear Reducer Torque, ft-lbs

7.376 (10 Nm)

Motor Manufacturer

Baldor/Reliance

Motor Horsepower

2

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed
(Explosion proof)

2.5.6

Grit Pump Nos. 1-6 (1A, 1B, 2A, 2B, 3A, 3B)

Manufacturer

Morris Pumps

Number of Pumps

6

Type

Series 6100

Model

3 x 4-16

Serial Numbers

7517000088A, B, C, D, E, F

Type of Pump

Horizontal recessed impeller

Location

In the lower level of the Grit
Building

Function

To remove grit from grit
tanks and pump it up to the
grit cyclones

Capacity per Pump, gpm

250
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Total Dynamic Head, ft

70

Motor Manufacturer

US Electric

Motor Horsepower

25

Motor Speed, rpm

1775

Motor Voltage

460

Type of Drive

Constant Speed, Belt Driven

2.5.7

Grit Cyclones & Classifier Nos. 1-3

Manufacturer
Number of Cyclones

6

Number of Classifiers

3

Model
Serial Numbers
Type of Unit

Grit cyclones and inclined
screw conveyors

Location

In the Preliminary Treatment
Area on the upper level

Function

To dewater the grit before
disposal into the dumpster

Capacity per Cyclone, ft3/hr
Operating Pressure per Cyclone, psig
Grit Classifier Screw Diameter, inches
Grit Classifier Screw Capacity, ft3/hr
Grit Classifier Motor Manufacturer
Grit Classifier Motor Horsepower
Grit Classifier Motor Speed, rpm
Grit Classifier Motor Voltage

460

Type of Drive

Constant Speed

2.5.8

Odor Control Fan Nos. 1A, 1B and 2

Manufacturer

Verantis

Number of Fans

3

Model

2 @ CLUB - 3000
1 @ CLUB - 4850

PO Number

7049
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Corp Order Number

2955-01 (02) (03)

Serial Numbers

X1202

Type of Fans

Fiberglass centrifugal type
fans

Location

In the Preliminary Treatment
Area on the upper level

Function

To draw fresh air through the
Preliminary Treatment Area
to reduce the hydrogen
sulfide concentration

Capacity per Fan, acfm
Fan No. 1A (CLUB-3000)

8,710

Fan No. 1B (CLUB-3000)

7,815

Fan No. 2 (CLUB-4850)

24,030

Fan Speed, rpm
Fan No. 1A

1,037

Fan No. 1B

998

Fan No. 2

775

Static Pressure, inches W.C.
Fan No. 1A

3

Fan No. 1B

3

Fan No. 2

5

Motor Manufacturer

Baldor/Reliance

Motor Horsepower
Fan Nos. 1A and 1B

10

Fan No. 2

50

Motor Speed, rpm
Fan Nos. 1A and 1B

1760

Fan No. 2

1765

Motor Voltage

460

Type of Drive

Constant speed, belt driven

2.5.9

Channel Mixer Nos. 1, 2, and 3

Manufacturer

Verantis

Number of Units

3
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Model
Serial Numbers
Location

In the Channel after the Grit
Tanks.

Function

To keep the solids in the
wastewater in suspension.

Impeller Diameter, ft

Fiberglass centrifugal type
fans

Gear Reducer Manufacturer
Gear Reducer Type
Gear Reducer Model
Gear Reducer Ratio
Gear Reducer Input, rpm
Gear Reducer Output, rpm
Gear Reducer Torque, in-lbs
Gear Reducer Serial Numbers
Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage

460

Type of Drive

Constant Speed

2.5.10

Process Drainage Pump

Manufacturer

Flygt (ITT)

Number of Pumps

1 installed / 1 standby

Type of Pump

Submersible, non-clog pump
NP-3171.091

Model
Serial Number

3171.09-1110001 (3171.091110002)

Location

On the west side of
Secondary Clarifier Nos. 8
and 9

Function

To drain Secondary Clarifier
Nos. 1-10, and other process
units in that area of the plant
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Capacity of Pump, gpm

1000

Total Dynamic Head, ft

65.6

Impeller Type

435

Motor Manufacturer

Flygt

Motor Horsepower

25

Motor Speed, rpm

1750

Motor Voltage

460

Type of Drive

Constant speed
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2.6

OPERATIONAL CHECKLISTS

It is imperative that Operators make rounds throughout the treatment plant to ensure that
the process and the equipment are operating properly and efficiently. Making a round
through an area does not mean the Operator should just walk through the area without
observing the equipment or process. When an Operator makes a round through an area
they should note the following major aspects:
a)

Is the process operating properly?
odors, appearance, noises, etc.

This can be seen by liquid color,

b)

Is the equipment operating properly? This can be determined when the
equipment is running, so listen for any unusual noises, are there coupling
shavings under a pump, is the correct equipment in service, what
equipment is out of service, etc.

c)

Are there any major maintenance needs that need to be reported to the
Maintenance Department?

d)

Are there any housekeeping tasks that need to be performed, such as
picking up trash, cleaning up spills, stopping leaks, etc? If there
housekeeping needs, then do not just walk by it. As an Operator you
need to take care of the situation.

The following tables provided in this section are a listing of items that must be checked
while making rounds through this particular area of the treatment plant. These checklists
can be copied from this manual and either posted in the treatment area or carried by the
Operator.
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CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
PLANT INFLUENT PUMP STATION AND PRELIMINARY TREATMENT AREA
OPERATIONAL CHECKLIST

Area
1.

Yes

No

Remarks

Plant Influent Pump Station


Any unusual build-up of scum and
debris in the influent channel?



Any unusual noises from the screw
pumps?



Any unusual odors?



Are the grease pumps operating
properly?



Is there grease in the grease reservoir?



Are the belts in good shape and not
squealing?



Any problems around the motors and
gearboxes?



Any maintenance needs?



Any safety issues?



Any housekeeping needs?

2. Septage Receiving Area


Are the fine screens operating properly?



Are there any unusual noises?



Are there any spray water leaks?



Any problems with the screening press?
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Area
3.

Yes

No

Remarks

Screening Area


Are the fine screens operating properly?



Are there any unusual noises?



Are there any spray water leaks?



Are the grease pumps operating
properly?



Any problems with the screening press?



Is the screening tube functioning
properly?



Does the screening dumpster need
changing or raking?



Any odors in the screening area?



Any maintenance needs?



Any housekeeping needs?

4. Grit Area


Are the grit tanks operating?



Is the area on top of the grit tanks
clean?



Any oil leaks?



Any unusual noises?



Are the grit tank effluent channel mixers
operating?



Are the grit pumps operating properly?
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Area

Yes



Are there any problems with the pump
belts?



Any leaks on or around the pumps?



Are the check valves opening when
pumps are operating?



Are the grit cyclones and grit classifier
operating properly?



Does the grit dumpsters need to be
changed or does the grit need to be
raked?



Any there any maintenance needs?



Are there any odors?



Are there any housekeeping needs?

No

Remarks

5. Odor Control System


Is there any odor in the various
pretreatment area?



Are the dampers properly set?



Are the odor control fans operating
properly?



Are the odor control fan belts properly
set?



Are there any unusual noises?



Are there any maintenance needs?



Are there any housekeeping needs?
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2.7

MAINTENANCE

For detailed maintenance aspects for individual pieces of equipment, consult the
Operations and Maintenance Manuals provided by the equipment manufacturers. Hard
copies of the manufacturer’s Operation and Maintenance Manuals are located in the
Maintenance Building and in the Administration Building at the Metro Wastewater
Treatment Plant. In the future these manuals will also be provided electronically on the
plant’s Supervisory Control and Data Acquisition System (SCADA).
This section of the manual contains the Maintenance Schedules from the different
manufacturer’s Operation and Maintenance Manuals. This section of the manual will
provide plant personnel with a quick reference of the Daily, Weekly, Monthly and Yearly
maintenance needs of the equipment. Further information concerning equipment
maintenance can be located in the manufacturer’s manual

2-43
L:\Columbia Operations Manual\Chap 2

2.8

STANDARD OPERATING PROCEDURES

This section of the manual provides Standard Operating Procedures (SOP’s) for the
different equipment and/or processes in this area of the treatment facility. A Standard
Operating Procedure is a procedure created to provide specific documentation for
various processes. A Standard Operating Procedure provides a written document that
plant personnel can follow in order to ensure that all personnel are following similar
operating task or routines. At a wastewater treatment plant, if plant personnel on
different shifts are using different methods to control a process, then this type of control
could result in a reduction of process efficiency which may lead to a compliance issue.
Also, Standard Operating Procedures can provide guidance on how to operate
complicated equipment so equipment damage and/or Operator injuries do not occur.
Any SOP must provide the procedure name and a description of what the goal or intent
is for this procedure. The SOP’s in this section focus on direct approaches to operate a
piece of equipment, process or system. For further details, such as step by step control
settings, then refer to the Equipment Operating section of this chapter. The SOP’s in
this section provide abbreviated steps for starting, normal operating, shutdown
procedures, and alternate operation of a particular piece of equipment or process.
SOP’s must be periodically reviewed and updated in order to refine operating
procedures for the plant personnel. SOP’s must be amended if a piece of equipment,
such as a pump, is replaced with a different vendor or style of pump. It is recommended
that SOP’s be reviewed and/or updated on a yearly basis.
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2.9

VALVE INDICES

The valve indices are provided to show the valve size, type of valve, type of operator,
type of line, normal position, and the purpose of explanation of all major valves. The
valve indices are labeled to correspond to the flow diagrams in the preceding sections.
The valve numbers shown on the valve indices are shown on the corresponding flow
diagrams. The size of the pipeline in which the valve is located is shown in the
corresponding column. The type of valve is self-explanatory.
The type of operator indicates how the valve is controlled. In most cases, the valves are
controlled manually and are indicated as "Manual". Other valve operators include motor,
pneumatic, solenoid, etc. which are indicated as "Automatic". The type of line indicates
what liquid or gas is being conveyed. In most cases, only one type of liquid is carried in
a pipe.
The normal position indicates, as the title implies, the position in which the valve will
usually be placed. Generally, the valve position is classified into three positions: open,
closed, or varied. The operator must use his or her best judgment after studying the flow
diagrams to determine how the valve should be regulated. Some valves require that
they be continuously opened or closed depending on the mode of operation or flow rate.
These valves can be regulated by hand or automatically.
The purpose or explanation is to define briefly why the valve is used. The explanation
does not necessarily explain the normal position. For example, a normally open valve is
provided ahead of each pump so that the pump can be isolated for maintenance or
repairs.
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FIGURE NO. 2-1
PRELIMINARY TREATMENT AREA (Plant Influent Pumping Station)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-1

96x148

Stop Log

Manual

Wastewater

Open

Close for channel
maintenance

PT-WW-2

96x148

Stop Log

Manual

Wastewater

Open

Close for channel
maintenance

PT-WW-3

96x148

Stop Log

Manual

Wastewater

Open

Close for channel
maintenance

PT-WW-4

96x148

Stop Log

Manual

Wastewater

Open

Close for channel
maintenance

PT-WW-5

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
1A out of service for
maintenance or repairs

PT-WW-6

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
2A out of service for
maintenance or repairs

PT-WW-7

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
3A out of service for
maintenance or repairs

FIGURE 2-1
PRELIMINARY TREATMENT AREA (Plant Influent Pumping Station) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-8

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
4A out of service for
maintenance or repairs

PT-WW-9

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
4A out of service for
maintenance or repairs

PT-OF-1

60x60

Sluice Gate

Automatic

Wastewater

Closed

Open to direct wastewater to
the Equalization Basin

PT-SP-1

36x36

Sluice Gate

Automatic

Septage

Open

Close for Septage Receiving
Station maintenance or
repairs

PT-WW-10

96x148

Stop Log

Manual

Wastewater

Open

Close to take Influent Pumps
1A and 1B out of service for
maintenance or repairs

PT-WW-11

96x148

Stop Log

Manual

Wastewater

Open

Close to take Influent Pumps
2A and 2B out of service for
maintenance or repairs

FIGURE NO. 2-1
PRELIMINARY TREATMENT AREA (Plant Influent Pumping Station) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-12

96x148

Stop Log

Manual

Wastewater

Open

PT-WW-13

-

-

-

-

Closed

PT-WW-14

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
No. 1B out of service for
maintenance or repairs

PT-WW-15

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
2B out of service for
maintenance or repairs

PT-WW-16

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
3B out of service for
maintenance or repairs

PT-WW-17

84x84

Sluice Gate

Automatic

Wastewater

Open

Close to take Influent Pump
4B out of service for
maintenance or repairs

PT-WW-18

-

-

-

-

-

Close to take Influent Pumps
3A and 3B out of service for
maintenance or repairs
Future

Future

FIGURE NO. 2-1
PRELIMINARY TREATMENT AREA (Plant Influent Pumping Station) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-19

72x96

Weir Gate

Automatic

Wastewater

Varied

1. Adjust regulate flow to bar
screen area.
2. Close for maintenance or
repairs.

PT-WW-20

96x148

Stop Log

Manual

Wastewater

Open

Close for channel
maintenance

PT-WW-21

96x148

Stop Log

Manual

Wastewater

Open

Close for channel
maintenance

PT-WW-22

72x96

Weir Gate

Manual

Wastewater

Varied

1. Adjust regulate flow to bar
screen area.
2. Close for maintenance or
repairs.

PT-WW-23

42

Plug

Manual

Wastewater

Closed

Future

2-WW-12

30x30

Sluice Gate

Manual

Wastewater

Closed

Open to direct Train No. 2
Primary Effluent to the
Equalization Basin.

FIGURE NO. 2-1
PRELIMINARY TREATMENT AREA (Plant Influent Pumping Station) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

FEV-EQ-1

14

Plug

Automatic

Equalization
Flow

Varied

1. Module to regulate smaller
flows from the Preliminary
Treatment Area to
Equalization Basin.
2. Close to stop flow to
Equalization Basin.

FEV-EQ-2

30

Plug

Automatic

Equalization
Flow

Varied

1. Module to regulate larger
flows from the Preliminary
Treatment Area.
2. Close to stop flow.

FEV-EQ-3

24

Plug

Automatic

Equalization
Flow

Varied

1. Module to regulate smaller
flows from the Train No. 2
Aeration Tank Splitter Box.
2. Close to stop flow from
Train No. 2 Aeration Tank
Splitter Box.

FEV-EQ-4

14

Plug

Automatic

Equalization
Flow

Varied

1. Module to regulate larger
flows from the Train No. 2
Aeration Tank Splitter Box.
2. Close to stop flow from
Train No. 2 Aeration Tank
Splitter Box.

FIGURE NO. 2-1
PRELIMINARY TREATMENT AREA (Plant Influent Pumping Station) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

OS-TD-1

8

Plug

Manual

Tank
Drainage

Closed

Open to drain Equalization
Splitter Box Basin line from the
Preliminary Treatment Area.

OS-TD-2

8

Plug

Manual

Tank
Drainage

Closed

Open to drain Equalization
Basin line from the Train No. 2
Aeration Tank Splitter Box.

PT-TD-1

8

Plug

Manual

Tank
Drainage

Closed

Open to drain drop structure at
Plant Influent Pumping Station.

PT-TD-2

8

Plug

Manual

Tank
Drainage

Closed

Open to drain drop structure at
Plant Influent Pumping Station.

FIGURE NO. 2-2
PRELIMINARY TREATMENT AREA (Screen and Grit Area)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-25

42

Plug

Manual

Wastewater

Closed

Future Use

PT-WW-26

60x60

Sluice Gate

Manual

Wastewater

Closed

Open to redirect flow from
Plant Influent Pumping
Station.

PT-WW-27

72x96

Weir Gate

Automatic

Wastewater

Varied

1.
2.

Adjust to regulate flow to
Mechanical Screen No. 1.
Close to take Mechanical
Screen No. 1 out of
service for maintenance
or repairs.

PT-WW-28

72x60

Slide Gate

Manual

Wastewater

Open

Close to take Mechanical
Screen No. 1 out of service for
maintenance or repairs.

PT-WW-29

72x96

Weir Gate

Automatic

Wastewater

Varied

1.
2.

Adjust to regulate flow to
Mechanical Screen No. 3.
Close to take Mechanical
Screen No. 3 out of
service for maintenance
or repairs.

FIGURE 2-2
PRELIMINARY TREATMENT AREA (Screen and Grit Area) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-30

72x60

Slide Gate

Manual

Wastewater

Open

Close to take Mechanical
Screen No. 2 out of service for
maintenance or repairs.

PT-WW-31

60x60

Sluice Gate

Manual

Wastewater

Closed

Open to redirect flow from
Plant Influent Pumping
Station.

PT-WW-32

72x60

Weir Gate

Automatic

Wastewater

Varied

1.
2.

PT-WW-33

72x60

Slide Gate

Manual

Wastewater

Open

PT-WW-34

72x96

Weir Gate

Automatic

Wastewater

Closed

Adjust to regulate flow to
Mechanical Screen No. 3.
Close to take Mechanical
Screen No. 3 out of
service for maintenance
or repairs.

Close to take Mechanical
Screen No. 3 out of service for
maintenance or repairs.
1.
2.

Adjust to regulate flow to
Manually Clean Screen.
Open to place Manually
Clean Screen in service.

FIGURE NO. 2-2
PRELIMINARY TREATMENT AREA (Screen and Grit Area) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-35

72x60

Slide Gate

Manual

Wastewater

Closed

PT-WW-36

48x60

Slide Gate

Manual

Wastewater

Open

Close to take Grit Tank No. 1
out of service for maintenance
or repairs.

PT-WW-37

72x60

Slide Gate

Manual

Wastewater

Open

Close to take Grit Tank No. 1
out of service for maintenance
or repairs.

PT-WW-38

48x60

Slide Gate

Manual

Wastewater

Open

Close to take Grit Tank No. 2
out of service for maintenance
or repairs.

PT-WW-39

72x60

Slide Gate

Manual

Wastewater

Open

Close to take Grit Tank No. 2
out of service for maintenance
or repairs.

PT-WW-40

48x60

Slide Gate

Manual

Wastewater

Open

Close to take Grit Tank No. 3
out of service for maintenance
or repairs.

PT-WW-41

72x60

Slide Gate

Manual

Wastewater

Open

Close to take Grit Tank No. 3
out of service for maintenance
or repairs.

Open to place the Manually
Clean Screen in service.

FIGURE NO. 2-2
PRELIMINARY TREATMENT AREA (Screen and Grit Area) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-42

84x123

Stop Logs

Manual

Wastewater

Open

Close for channel
maintenance or repairs.

PT-WW-43

84x123

Stop Logs

Manual

Wastewater

Open

Close for channel
maintenance or repairs.

PT-WW-44

96x276

Stop Logs

Manual

Wastewater

Open

Close for mixer or channel
maintenance or repairs.

PT-WW-45

96x276

Stop Logs

Manual

Wastewater

Open

Close for mixer or channel
maintenance or repairs.

PT-WW-46

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-47

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-48

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-49

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

FIGURE NO. 2-2
PRELIMINARY TREATMENT AREA (Screen and Grit Area) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-WW-50

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-51

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-52

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-53

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-54

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-55

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-56

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

PT-WW-57

60x78

Slide Gate

Manual

Wastewater

Open

Regulate or close to adjust
flow rates and patterns.

FIGURE NO. 2-2
PRELIMINARY TREATMENT AREA (Screen and Grit Area) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

PT-WW-58

60x66

Slide Gate

Manual

Wastewater

Open

Purpose and
Explanation
1.

2.

PT-WW-59

60x66

Slide Gate

Manual

Wastewater

Open

1.

2.

Adjust to regulate flows to
Treatment Train No. 2
and Future Treatment
Train No. 2.
Close to stop flows to
Treatment Train No. 2
and Future Treatment
Train No. 3.
Close to isolate flow
between the Treatment
Train No. 1 and Flow
Equalization Basin side
and Treatment Train Nos.
2 and 3 side.
Close to stop flows to
Treatment Train No. 2
and Future Treatment
Train No. 3.

FIGURE NO. 2-2
PRELIMINARY TREATMENT AREA (Screen and Grit Area) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

PT-WW-60

60x66

Slide Gate

Manual

Wastewater

Open

Purpose and
Explanation
1.
2.

PT-WW-61

54x54

Sluice Gate

Manual

Wastewater

Closed

Adjust to regulate flows to
Treatment Train No. 1.
Close to stop flow to
Treatment Train No. 1
and Equalization Basin.

Close to stop flow to
Treatment Train No. 1 and
Equalization Basin.

FIGURE NO. 2-3
PRELIMINARY TREATMENT AREA (Grit Removal and Channel Drainage Systems)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

PT-GR-1

6

Plug

Manual

Grit

Open

Purpose and
Explanation
1.

2.

Close to take Grit Tank
No.1 out of service for
maintenance of repairs.
Close when draining Bar
Screen Channel Nos. 1 or
2.

PT-GR-2

4

Plug

Manual

Grit

Open

Close to take Grit Pump 1A
out of service for maintenance
or repairs.

PT-GR-3

4

Plug

Manual

Grit

Open

Close to take Grit Pump 1A
out of service for maintenance
or repairs.

PT-GR-4

4

Plug

Manual

Grit

Open

Close to take Grit Pump 1B
out of service for maintenance
or repairs.

PT-GR-5

4

Plug

Manual

Grit

Open

Close to take Grit Pump 1B
out of service for maintenance
or repairs.

FIGURE 2-3
PRELIMINARY TREATMENT AREA (Grit Removal and Channel Drainage Systems) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

PT-GR-6

6

Plug

Manual

Grit

Open

Purpose and
Explanation
1.

2.

Close to take Grit Tank
No. 2 out of service for
maintenance of repairs.
Close when draining Bar
Screen Channel Nos. 1,
2, 3 or 4.

PT-GR-7

4

Plug

Manual

Grit

Open

Close to take Grit Pump 2A
out of service for maintenance
or repairs.

PT-GR-8

4

Plug

Manual

Grit

Open

Close to take Grit Pump 2A
out of service for maintenance
or repairs.

PT-GR-9

4

Plug

Manual

Grit

Open

Close to take Grit Pump 2B
out of service for maintenance
or repairs.

PT-GR-10

4

Plug

Manual

Grit

Open

Close to take Grit Pump 2B
out of service for maintenance
or repairs.

FIGURE NO. 2-3
PRELIMINARY TREATMENT AREA (Grit Removal and Channel Drainage Systems) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

PT-GR-11

6

Plug

Manual

Grit

Open

Purpose and
Explanation
1.

2.

Close to take Grit Tank
No. 3 out of service for
maintenance of repairs.
Close when draining Bar
Screen Channel No. 3.

PT-GR-12

4

Plug

Manual

Grit

Open

Close to take Grit Pump 3A
out of service for maintenance
or repairs.

PT-GR-13

4

Plug

Manual

Grit

Open

Close to take Grit Pump 3A
out of service for maintenance
or repairs.

PT-GR-14

4

Plug

Manual

Grit

Open

Close to take Grit Pump 3B
out of service for maintenance
or repairs.

PT-GR-15

4

Plug

Manual

Grit

Open

Close to take Grit Pump 3B
out of service for maintenance
or repairs.

PT-GR-16

4

Plug

Manual

Grit

Open

Close to take Grit Cyclone No.
1 out of service for
maintenance or repairs.

FIGURE NO. 2-3
PRELIMINARY TREATMENT AREA (Grit Removal and Channel Drainage Systems) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-GR-17

4

Plug

Manual

Grit

Open

Close to take Grit Cyclone No.
2 out of service for
maintenance or repairs.

PT-GR-18

4

Plug

Manual

Grit

Open

Close to take Grit Cyclone No.
3 out of service for
maintenance or repairs.

PT-GR-19

4

Plug

Manual

Grit

Open

Close to take Grit Cyclone No.
4 out of service for
maintenance or repairs.

PT-GR-20

4

Plug

Manual

Grit

Open

Close to take Grit Cyclone No.
5 out of service for
maintenance or repairs.

PT-GR-21

4

Plug

Manual

Grit

Open

Close to take Grit Cyclone No.
6 out of service for
maintenance or repairs.

PT-TD-3

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Channel No. 1.

PT-TD-4

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Channel No. 2.

FIGURE NO. 2-3
PRELIMINARY TREATMENT AREA (Grit Removal and Channel Drainage Systems) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-TD-5

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Channel No. 3.

PT-TD-6

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Channel No. 4.

PT-TD-7

6

Plug

Manual

Tank
Drainage

Closed

Open to use Grit Pump Nos.
1A and 1B to drain
Mechanical Screen Channel
Nos. 1 and 2.

PT-TD-8

6

Plug

Manual

Tank
Drainage

Closed

Open to use Grit Pump Nos.
2A and 2B to drain
Mechanical Screen Channel
Nos. 1, 2, 3 and 4.

PT-TD-9

6

Plug

Manual

Tank
Drainage

Closed

Open to use Grit Pump Nos.
3A and 3B to drain
Mechanical Screen Channel
Nos. 3 and 4.

PT-TD-10

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Chanel No. 1.

FIGURE NO. 2-3
PRELIMINARY TREATMENT AREA (Grit Removal and Channel Drainage Systems) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PT-TD-11

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Channel No. 2.

PT-TD-12

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Channel No. 3.

PT-TD-13

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Mechanical
Screen Channel No. 4.

FIGURE NO. 2-6
PLANT TANK DRAINAGE SYSTEM

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

PL-TD-1

6

Plug

Manual

Tank
Drainage

Open

Close to take Tank Drainage
Pump out of service for
maintenance or repairs

PL-TD-2

10

Plug

Manual

Tank
Drainage

Open

Close to stop tank drainage
flow to Train No. 1 Aeration
Tank Splitter Box

PL-TD-3

10

Plug

Manual

Tank
Drainage

Open

Close to stop tank drainage
flow to Train No. 2 Aeration
Tank Splitter Box
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CHAPTER 3
PRIMARY TREATMENT
3.1

GENERAL DESCRIPTION

3.1.1

Introduction

After the raw wastewater is processed through the preliminary treatment area it flows by
gravity to the primary tanks (primary basins) at Treatment Train Nos. 1 and 2. The
purpose of primary sedimentation is to remove approximately 90-95% of settleable
solids, 40-60% of the suspended solids, and 25-35% of the biochemical oxygen demand
(BOD). This is accomplished by providing tanks in which the velocity is reduced to allow
the particles to settle. Primary sedimentation tank operation is important to provide
consistent and efficient operation of the secondary treatment process by reducing the
raw wastewater BOD and suspended solids. A high carry-over of suspended solids and
BOD from the primary sedimentation tanks could upset the secondary treatment system,
which in turn, could result in a poor plant effluent quality.
The raw wastewater is treated in eighteen (18) rectangular primary sedimentation tanks
(basins). The primary sedimentation tanks are divided into two (2) areas referred to as
Treatment Train No. 1 (Old Plant) and Treatment Train No. 2 (New Plant). Treatment
Train No. 1 utilizes twelve (12) primary sedimentation tanks and Treatment Train No. 2
utilizes six (6) primary sedimentation tanks.
3.1.2

Primary Sedimentation Tank Nos. 1-12
(Treatment Train No. 1)

After the raw wastewater passes through the fine screens and grit tanks, it flows by
gravity through a 84-inch pipe to the primary sedimentation tanks at Treatment Train No.
1. The wastewater flow enters a 7 ft. wide channel and then a Distribution Chamber, as
shown in Figure No. 3-1. At the Distribution Chamber the raw wastewater flow is divided
into three (3) flow streams. The first flow stream travels to Primary Sedimentation Tank
Nos. 1-4, the second flow stream travels to Primary Sedimentation Tank Nos. 5-8 and
the third flow stream travels to Primary Sedimentation Tank Nos. 9-12.
The wastewater is then distributed into each primary sedimentation tank. After the
wastewater enters the sedimentation tank the velocity of the wastewater is slowed down
to below 1 fps. At this velocity the solids in the wastewater will settle to the bottom of the
tank and the lighter material such as grease will float to the tank surface. Each primary
tank contains two (2) longitudinal collector mechanisms and one (1) cross collector. The
longitudinal collector mechanisms are designed to move the settled solids to the influent
end of the tank and the floating solids towards the effluent end of the tank. At the
influent end of each tank the cross collector moves the settled solids to a hopper located
in one (1) corner of the tank. The floating solids (skimmings) are removed from the
effluent end of the tank by a scum trough.
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Each primary tank is 78 ft. long by 41 ft. wide with a liquid depth of 10.5 ft. The surface
area of each primary tank is 3,198 ft2. The volume of each primary tank is 33,579 ft3
(251,170 gallons). The total volume of the twelve (12) primary tanks is 402,948 ft3
(3,014,051 gallons). The surface overflow rate of the primary sedimentation tanks at the
average design flow of 40 mgd is 1,042 gpd/ft2. At the maximum design flow of 60 mgd
and the peak design flow of 80 mgd, the surface overflow rate is 1,563 gpd/ft2 and 2,085
gpd/ft3, respectively. The detention time of the primary tanks at the average design flow
of 40 mgd and the peak design flow of 80 mgd is 1.8 hours and 0.9 hours (54 minutes),
respectively. Please note that the primary sedimentation tanks were originally designed
with a peaking factor of 2.0. Current regulatory requirements stipulate that wastewater
treatment plants must be designed with a peaking factor of 2.5. Therefore, since
Treatment Train No. 1 has an average flow of 40 mgd, then the peak design flow must
be 100 mgd. At a peak design flow rate of 100 mgd, the detention time through these
tanks would be 0.72 hours (43 minutes), the surface overflow rate would be 2,606 gpd/ft2
and the weir overflow rate would be 32,051 gpd/ft.
The effluent leaves each primary sedimentation tank over weirs at the effluent end of the
tanks. Each primary sedimentation tank contains ten (10) weir troughs each 12 ft. long.
Each primary sedimentation tank contains 260 ft. of weirs. The primary effluent from the
primary tanks flows through four (4) sets of channels to junction chambers on the west
side of the tanks. There is one common effluent channel at the effluent end of Primary
Tank Nos. 1-4, Primary Tank Nos. 5 and 6, Nos. 7 and 8 and Primary Tank Nos. 9-12.
The primary effluent then flows through pipes to the Aeration Tank (Basin) Splitter Box
located on the west side of Primary Tank Nos. 5-8. At the Aeration Tank Splitter Box the
primary effluent is mixed with return activated sludge. From this splitter box the primary
effluent flows by gravity to the aeration tanks in Treatment Train No. 1.
3.1.3

Primary Sedimentation Tank Nos. 1-6
(Treatment Train No. 2)

Similar to Treatment Train No. 1, the raw wastewater first passes through the
mechanically cleaned fine screens and vortex grit tanks at the Plant Headworks before
being sent to the primary sedimentation tanks at Treatment Train No. 2. A 54-inch pipe
exits the Plant Headworks area after the grit tanks and connects to the Primary Tank
Splitter Box at Treatment Train No. 2. The raw wastewater leaves the Splitter Box over
six (6) manually operated weir gates, one per primary tank. The raw wastewater flows
through individual channels to each primary sedimentation tank, as shown in Figure No.
3-2. The wastewater is distributed equally across the width of each primary tank. The
wastewater enters each primary tank through thirteen (13) openings each 3-inches wide
by 68-inches high. Once the wastewater enters the primary sedimentation tanks the
velocity of the wastewater is reduced to below 1 fps. This allows heavier solids to settle
to the tank bottom and lighter solids to float to the tank surface. Each primary tank
contains two (2) longitudinal collector mechanisms and one (1) cross collector
mechanism. Similar to Treatment Train No. 1 the settled solids are moved to the influent
end of the tank and the floating solids are moved to the effluent end of the tank. At the
influent end of each tank the cross collector moves the settled solids to a hopper located
in one (1) corner of the tank. The floating solids (skimmings) are removed from the
effluent end of the tank by a scum trough.
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There are six (6) primary sedimentation tanks in Treatment Train No. 2. Each primary
tank is 78 ft. long by 41 ft. wide with a liquid depth of 10.5 ft. The surface area of each
primary tank is 3,198 ft2. The volume of each primary tank is 33,579 ft3 (251,170
gallons). The total volume of the six (6) primary tanks is 201,474 ft3 (1,507,026 gallons).
The surface overflow rate of the primary sedimentation tanks at the average design flow
of 20 mgd is 1,042 gpd/ft2. At the maximum design flow of 30 mgd and the peak design
flow of 40 mgd, the surface overflow rate is 1,564 gpd/ft2 and 2,085 gpd/ft2, respectively.
The detention time of the primary tanks at the average design flow of 20 mgd and the
peak design flow of 40 mgd is 1.8 hours and 0.9 hours (54 minutes), respectively.
Please note that the primary sedimentation tanks were originally designed with a
peaking factor of 2.0. Current regulatory requirements stipulate that wastewater
treatment plants must be designed with a peaking factor of 2.5. Therefore, since
Treatment Train No. 2 has an average design flow of 20 mgd, then the peak design flow
must be 50 mgd. At a peak design flow rate of 50 mgd, the detention time through these
tanks would be 0.72 hours (43 minutes), the surface overflow rate would be 2,606 gpd/ft2
and the weir overflow rate would be 32,051 gpd/ft.
The effluent leaves each primary sedimentation tank over weirs at the effluent end of the
tanks. Each primary sedimentation tank contains ten (10) weir troughs each 12 ft. long.
Each primary sedimentation tank contains 260 ft. of weirs. The primary effluent flows
through a channel to the Flow Distribution Structure located on the west side of the
primary sedimentation tanks. At the Flow Distribution Structure the primary effluent is
mixed with return activated sludge and then distributed to the four (4) aeration tanks for
secondary treatment.
3.1.4

Primary Sludge Pumping (Treatment Train No. 1)

The solids that settle in the primary sedimentation tanks at Treatment Train No. 1 are
moved to a hopper located on the influent end of each tank. The solids (primary sludge)
are removed from each primary tank by three (3) sets of primary sludge pumps located
in three (3) Primary Sludge Pumping Stations, as shown in Figure No. 3-3. Primary
Sludge Pumping Station No. 1 (South Primary Sludge Pumping Station) serves Primary
Sedimentation Tank Nos. 1-4, Primary Sludge Pumping Station No. 2 (Center Primary
Sludge Pumping Station) serves Primary Sedimentation Tank Nos. 5-8 and Primary
Sludge Pumping Station No. 3 (North Primary Sludge Pumping Station) serves Primary
Sedimentation Tank Nos. 9-12.
Each Primary Sludge Pumping Station is similar in design. Each station contains two (2)
macerators (in-line sludge grinders) and two (2) primary sludge pumps. The primary
sludge pumps are positive displacement, progressive cavity type pumps. Each primary
sludge pump is rated at 350 gpm against a total dynamic head of 70 ft. Each in-line
grinder is also rated at 350 gpm. The grinders and primary sludge pumps operate
automatically to remove sludge from the primary sedimentation tanks. The sludge
removed from the Train No. 1 Primary Sedimentation Tanks is pumped to the Mixed
Sludge Well located in Air Flotation Thickener Building No. 1. As an alternate mode of
operation the primary sludge can be pumped directly to the anaerobic digesters.
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3.1.5

Primary Sludge Pumping (Treatment Train No. 2)

The solids that settle in the six (6) primary sedimentation tanks at Treatment Train No. 2
are moved by collector mechanisms to a hopper located at the influent end of each tank.
The solids (primary sludge) is removed from each of these tanks by primary sludge
pumps located in a pumping station at the influent end of these tanks, as shown in
Figure No. 3-4. There are six (6) macerators (in-line sludge grinders) and six (6) dry pit,
submersible type pumps used in the primary sludge pumping system. There is an inline grinder on the suction side of each primary sludge pump. Each in-line grinder is
rated at 350 gpm. The primary sludge removed from each primary tank first passes
through the in-line grinder and then flows to the primary sludge pump. The primary
sludge pumps then discharge the primary sludge to the Mixed Sludge Tank in Air
Flotation Thickener Building No. 2. As an alternate mode of operation, the primary
sludge can also be pumped to the anaerobic digesters or Air Flotation Building No. 1.
The six (6) primary sludge pumps for Treatment Train No. 2 have different capacities, as
shown in Table No. 3-1.
TABLE NO. 3-1
PRIMARY SLUDGE PUMP CAPACITIES
TREATMENT TRAIN NO. 2

Pump Number

Capacity
gpm

Total Dynamic Head
ft.

1
2
3
4
5
6

200
340
180
180
200
180

43.5
35
45
45
43.5
45

The primary sludge pumps operate automatically per the daily Operator settings.
3.1.6

Primary Scum System (Treatment Train No. 1)

At the effluent end of each primary sedimentation tank in Treatment Train No. 1 there is
a scum baffle and scum trough. The scum (skimmings) and floating solids that collect
on the surface of the primary sedimentation tanks are pushed towards the effluent end of
each primary tank by the longitudinal collector mechanisms located in each tank. The
skimmings are gathered at the effluent end of the tank until the scum trough is tilted to
remove the skimmings. The scum troughs at Treatment Train No. 1 are motorized and
they can be operated automatically or manually. The scum troughs are automatically
controlled from their respective Primary Control Panel located in the three (3) Primary
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Sludge Pumping Stations. The troughs can also be operated manually from their
respective Primary Control Panels or at the scum trough drive motor.
The skimmings that are removed from the primary sedimentation tanks flow to a scum
well and then are pumped to Mixed Sludge Well in Air Flotation Thickener Building No. 1
by the primary sludge pumps, as previously shown in Figure No. 3-3. Typically,
skimmings are removed two (2) times per shift.
3.1.7

Primary Scum System (Treatment Train No. 2)

The primary tank scum collection system at Treatment Train No. 2 is similar to
Treatment Train No. 1. The scum (skimmings) and floating solids that collect on the
surface of the primary tanks are pushed back to the effluent end of the primary tanks by
the longitudinal collector mechanisms. At the effluent end of the primary tanks the
skimmings are prevented from leaving the tanks by a scum baffle. The skimmings that
gather at the effluent end of the primary sedimentation tanks are removed by manually
operated scum troughs. The skimmings are removed two (2) times per shift by the
Operator pushing down the scum trough handle. The skimmings removed from the
primary sedimentation tanks at Treatment Train No. 2 flow by gravity to the Mixed
Sludge Wet Well located in Air Flotation Thickener Building No. 2, as previously shown
in Figure No. 3-4.
3.1.8

Primary Tank Channel Aeration Blowers (Treatment Train No. 1)

A channel aeration system has been provided in the influent channel to the primary
sedimentation tanks in order to prevent solids from settling in the channels. Low
pressure air is piped through two air header systems where this air is distributed into the
influent channels through coarse bubble diffusers, as shown in Figure No. 3-5.
There are four (4) positive displacement rotary lobe blowers provided to supply air to the
channels. Two (2) channel aeration blowers are located in Primary Sludge Pumping
Station No.1 (South) and two (2) channel aeration blowers are located in Primary Sludge
Pumping Station No. 3 (North). Typically, only one (1) blower from each pumping station
is operating and the second blower is used as a standby unit. Each blower is rated at
860 cfm at a discharge pressure of 3.5 psig.
3.1.9

Primary Tank Channel Aeration Blowers (Treatment Train No. 2)

The raw wastewater that is directed to Treatment Train No. 2 first enters a Distribution
Chamber where it then is distributed through individual influent channels to the six (6)
primary sedimentation tanks. In order to prevent solids from settling in the primary tank
influent channels low pressure air is provided to these channels. The channel aeration
is provided by two single stage centrifugal type blowers located in the Primary Sludge
Pumping Station for Treatment Train No. 2. The two (2) blowers are connected by a
common 6-inch header that then branches off to the individual primary tank influent
channels, as shown in Figure No. 3-6. The air is introduced into each channel through
coarse bubble diffusers located on the aeration piping in the channels. Typically, one
blower serves as the “Duty” blower and the second blower serves as the “Standby”
blower. Each channel aeration blower is rated at 1,600 cfm at a discharge pressure of
3.5 psig.
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3.2

EQUIPMENT OPERATION

3.2.1

Introduction

This section covers the operation of the primary treatment process. It includes the
channel aeration blowers, primary tank collector mechanisms, primary sludge pumping,
primary scum removal, and the controls associated with this portion of the plant. The
operation as described here involves only normal operation and control of the
equipment. For further information regarding the internal operation and maintenance of
a particular piece of equipment, consult the equipment manufacturer’s operation and
maintenance manuals and shop drawings on file in the Record Room of the
Administration Building.
Most electric motors are equipped with a “Lock-Out-Stop” or “Emergency Stop” switch
located at the unit. These switches are provided as a safety measure for emergency
shutdown of the motor or for “locking-out” the motor to prevent accidental starting while
maintenance repair is in progress. When a piece of equipment is locked out, the
Employees must follow the City’s Lockout/Tagout Program. A copy of the City’s
Lockout/Tagout requirements are provided in Appendix B of this manual. The switches
are normally in the “Start” or “On” position so that control of the motors is from the motor
control center, selector switches at the motor, remote control panels or on the
Supervisory Control and Data Acquisition (SCADA) system.
Operators must be aware that there are multiple ways to navigate through the SCADA
screens and the following write-ups discuss only one method of maneuvering through
these screens. Operators must find a method that makes them feel comfortable and
enables them to control the equipment efficiently.
3.2.2

Channel Aeration Blower Nos. 1 and 2 (Treatment Train No. 1)

3.2.2.1

Introduction

There are four (4) channel aeration blowers located in Treatment Train No. 1. Two (2)
channel aeration blowers are located in Primary Sludge Pumping Station No. 1 (south)
and two (2) channel aeration blowers are located in Primary Sludge Pumping Station No.
3 (north). Each channel aeration blower is a positive displacement, rotary lobe type
blower. Each blower is rated at 860 cfm at a discharge pressure of 3.5 psig.
Each channel aeration blower is driven by a 40 Hp motor that receives three phase
electrical power from the motor control centers located in the Primary Sludge Pumping
Station Nos. 1 and 3. Channel Aeration Blower Nos. 1 and 2 (1S and 2S) receive 460
volt electrical power from Motor Control Center MCC-8 in Station No. 1 and Channel
Aeration Blower Nos. 3 and 4 (1N and 2N) receive 460 volt electrical power from Motor
Control Center MCC-7 located in Station No. 3.
3.2.2.2

Start-up Procedures
1.

Ensure that the valves on the discharge side of the blowers are “Open.”
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2.

Ensure that the safety guards are in place over the belts for the blower
and motor. Also, ensure there is nothing around the blowers that could
hinder the operation of the blowers.

3.

Place the “On-Off” circuit breaker located on the Motor Control Center for
the Channel Aeration Blower to the “On” position. Channel Aeration
Blower Nos. 1 and 2 (1S and 2S) receive electrical power from Motor
Center MCC-8 in Primary Pumping Station No. 1 (south) and Channel
Aeration Blower Nos. 3 and 4 (1N and 2N) receive electrical power from
Motor Control Center MCC-7 located in Primary Sludge Pumping Station
No. 3 (north). During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they
have not tripped.

4.

Place the “Hand-Off-Auto” selector switch located on the respective Motor
Control Center for the Channel Aeration Blowers to the “Hand” position.
In the “Off” position the Channel Aeration Blower will not operate. The
“Auto” position is not functional.

5.

At the Primary Control Panel (PCP) pull up the Main Menu. Please note
that there is one (1) PCP located in each Primary Sludge Pumping
Station serving their respective set of Primary Sedimentation Tanks. The
Channel Aeration Blowers are controlled from either PCP-S or PCP-N
depending on the blower location.

The remaining steps for controlling the Channel Aeration Blowers is
accomplished from the Primary Control Panels (PCP-S and PCP-N) located in
the Primary Sludge Pumping Station.
6.

Place all of the “Manual-Auto” and the “Forward-Auto-Reverse” selector
switches located inside each PCP to the “Automatic” position. Having
these switches in the “Automatic” positions allows the Operators to
control the equipment from the PCP touch screen.

7.

On the Main Menu located on the Primary Control Panel (PCP) press the
“F6-Air Blowers” for the Channel Aeration Blowers.

8.

The Channel Aeration Blower screen will now appear on the PCP, as
shown on Figure No. 3-7. At this point the Operator has two options in
which to operate the Channel Aeration Blowers. These options are as
follows:
a) Option No. 1 – Have the 24 Hour Alternation Enabled and then press
the “Start” button for each Channel Aeration Blower.
b) Option No. 2 – Have the 24 Hour Alternation Disabled and then press
the “Start” button for the “Duty Blower” and the “Stop” button for the
“Standby Blower.”
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FIGURE NO. 3-7 – CHANNEL AERATION BLOWER PCP DISPLAY SCREEN

During Option No. 1 the “Duty” and “Standby” blowers will automatically
alternate every 24 hours. During Option No. 2 the Operator must
manually select when the blowers will switch between the “Duty” and
“Standby” positions. The following start-up procedure will be written for
Option No. 1.
9.

Press the “24 Hour Alternation Enabled” on the PCP touch screen. The
wording will be highlighted in white and an arrow will appear on the left
side of the wording showing the mode of operation.

10.

Press the “Start” button (F1 or F3) for the “Duty” blower. The box under
the blower symbol will show which blower is “On” and which blower is
“Off.”

11.

Once the “Duty” blower is in service check the air pattern in the channel
to ensure that there is an even distribution of air throughout the channel.
Please note that since the primary influent channel is covered only a
couple of panels need to be removed occasionally to check the air
distribution.

3.2.2.3

Normal Operation

During normal operation, one (1) Channel Aeration Blower will serve as a “Duty” blower
and the second blower will serve as the “Standby” unit. Since there are two (2) sets of
blowers this means one (1) “Duty” blower and one (1) “Standby” blower in each location.
As previously shown in Figure No. 3-5, the Channel Aeration Blowers (1S and 2S) in
Primary Sludge Pumping Station No. 1 (south) supply air to the influent channel that
serves Primary Sedimentation Tank Nos. 1-4 and the Channel Aeration Blowers (1N and
2N) in Primary Sludge Pumping Station No. 3 supply air to the influent channel that
serves Primary Sedimentation Tank Nos. 9-12.
As long as wastewater is flowing in these primary influent channels, then air must be
supplied to these channels. The channel aeration serves several purposes, such as
a) Freshens the wastewater to improve settling in the primary tanks.
b) Freshens the wastewater to reduce hydrogen sulfide and reduce odors.
c) Maintains the solids in suspension so they do not settle in the channel.
Channel aeration does not require a large quantity of air. Typically, channel aeration
requires 1-5 cfm/ft of channel. Insufficient air will allow solids to settle in the channel and
too much air will result in the wasting of air and energy.
3.2.2.4

Shutdown Procedures
1.

For a short-term shutdown, pull up the Channel Aeration Blower screen
on the associated Primary Control Panel (PCP) and press the “Stop”
keypad (F2 or F4). The blower can also be stopped by placing the
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“Hand-Off-Auto” selector switch on the associated Motor Control Center
to the “Off” position.
2.

3.2.2.5

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on the associated Motor Control
Center to the “Off” position. Note: If one Channel Aeration Blower is
taken out of service for extended period of time due to maintenance or
repairs, then start the second blower so it serves as the duty blower. In
addition, if one (1) blower is out of service for maintenance or repair, then
ensure that the “24 Hour Alternation Disabled” mode on the PCP is
selected.
Alternate Operation

Since only one (1) blower is necessary for channel aeration in each primary tank effluent
section, then an alternate mode of operation would be to start the second blower if the
first blower is out of service for maintenance or repairs.
Another alternate mode of operation would be to operate the channel aeration blowers
using the “Manual-Auto” selector switches located inside their respective Primary Control
Panel (PCP). In this mode of operation the selector switch must be placed into the
“Manual” position. Please note that this mode of operation could be used if the touch
screen was out of service. This mode of operation should only be used as a temporary
control method or for maintenance purposes.
It should be noted that the Channel Aeration Blowers can be operated so they do not
automatically alternate between the “Duty” and “Standby” positions.
This is
accomplished by placing the blower controls into the “24 Hour Alternation Disabled”
mode on the PCP. In this mode of operation the “Duty” blower will not stop until the
Operator manually stops the blower on the PCP and starts the second blower.
3.2.2.6

Power Failure

If there is a power failure, the “Duty” Channel Aeration Blower will stop. After electrical
power is restored the “Duty” Channel Aeration Blower will automatically come back on
line.
3.2.2.7

Alarms

There are no alarms for the Channel Aeration Blowers. There is only a “Run” indication
light to inform the Operator of the operating status of the blower.
3.2.3

Primary Tank Collector Nos. 1-12 (Treatment Train No. 1)

3.2.3.1

Introduction

The solids that remain in the primary sedimentation tanks (primary clarifiers or primary
settling tanks) either settle to the bottom of the tank or float to the surface of the tank.
The solids that settle to the bottom of the tank are moved to the influent end of the tank
by the longitudinal collectors. At the same time the longitudinal collectors move the
floating solids to the effluent end of the tank. At the influent end of each tank there is a
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cross collector that moves the settled solids to a sludge hopper in one corner of the tank.
Each primary tank contains two (2) longitudinal collectors and one (1) cross collector all
driven by a single drive unit. The sludge collector mechanisms operate continuously to
move settled and floating solids within the tank.
Each primary tank collector mechanism is driven by a 0.5 Hp motor that receives 460
volt, three phase, electrical power from the Motor Control Centers located in the Primary
Sludge Pumping Stations. The collector mechanisms in Primary Sedimentation Tank
Nos. 1-4 receive electrical power from Motor Control Center MCC-8 located in Primary
Sludge Pumping Station No. 1 (South). The collector mechanisms in Primary
Sedimentation Tank Nos. 5-8 receive electrical power from Motor Control Center MCC-2
located in Primary Sludge Pumping Station No. 2 (Center). The collector mechanisms in
Primary Sedimentation Tank Nos. 9-12 receive electrical power from Motor Control
Center MCC-7 located in Primary Sludge Pumping Station No. 3 (North).
3.2.3.2

Start-up Procedures
1.

If the tank is empty, then first ensure that there is nothing in the tank that
would cause the collector to jam. Also, ensure that the collector
mechanism is in working order.

2.

Open the influent gate and fill the primary sedimentation tank with raw
wastewater. Once the tank is full, then the collector mechanism can be
started.

3.

Place the “On-Off” circuit breaker located on the respective Motor Control
Center for the required Primary Tank Collector Mechanism to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasional checking to ensure that they have
not tripped.

4.

Place the “Hand-Off-Auto” selector switch located on the respective Motor
Control Center for the Primary Tank Collector Mechanisms to the “Hand”
position. In the “Off” position, the collector mechanism will not operate.
The “Auto” position is used to control the collector mechanism from the
Primary Control Panels.

Please note that the Primary Tank Collector Mechanisms can be manually started and
stopped at Primary Control Panels (PCP). This is not the normal operating mode for the
Operators. The Operators typically place the “Hand-Off-Auto” selector switches on the
Motor Control Centers to the “Hand” position so the primary tank collector mechanisms
operate continuously. To operate the primary tank collector mechanisms from the
Primary Control Panels, the recommended control steps can be found in Section 3.2.3.5,
Alternate Operation in this section.
3.2.3.3

Normal Operation

During normal operation, as long as a primary tank is in service the collector mechanism
should also be operating. While a collector mechanism is in operation the Operators
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must be inspecting them two (2) times per shift. During this inspection the Operators
should:
1.

Check to ensure that the flights are moving through the water smoothly
and not jerking.

2.

Ensure that all of the flights are in place and that there are no broken
flights.

3.

Ensure that the wearing shoes towards both ends of the flights are in
place. Also check the shoes for wear and wear pattern.

Refer to Process Theory Section and Operational Section in this chapter for further
information concerning what information the Operators should be checking and
monitoring in the Primary Treatment area.
3.2.3.4

Shutdown Procedures
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch on
the associated Motor Control Center to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on the associated Motor Control
Center to the “Off” position. Also, place the sludge withdrawal valve for
the out of service tank in “Manual” on the PCP and “Close” the valve.

3.2.3.5

Alternate Operation

There are several alternate modes of operation for the primary tank collector
mechanisms. The first alternate mode of operation would be to re-route the wastewater
flow to another primary tank if a collector mechanism in a tank needs to be taken out of
service for maintenance of repairs.
A second alternate mode of operation would be to operate the Primary Tank Collector
Mechanisms from the Primary Control Panels (PCP) located in the Primary Sludge
Pumping Stations. To operate the sludge collectors from the PCP, the following steps
are recommended:
1.

Place the “On-Off” circuit breaker located on the respective Motor Control
Centers for each Primary Tank Collector Mechanism to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

2.

Place the “Hand-Off-Auto” selector switch located on the respective Motor
Control Centers for each Primary Tank Collector Mechanism to the “Auto”
position. In the “Off” position, the collector will not operate. In the “Hand”
position, the collector will not operate continuously.

The remaining steps for controlling the Primary Tank Collector Mechanisms are
accomplished from the Primary Control Panels (PCP-S, PCP-C and PCP-N) located in
the Primary Sludge Pumping Stations.
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3.

Place all of the “Manual-Auto” and the “Forward-Auto-Reverse” selector
switches located inside each PCP cabinet to the “Automatic” position.
Having these switches in the “Automatic” positions allows the Operators
to control the equipment from the PCP touch screen.

4.

At the Primary Control Panel (PCP) pull-up the Main Menu, as shown in
Figure No. 3-8.

5.

On the Main Menu start by pressing “F2-Primary Clarifier No. 1” on the
touch screen. Please note that the “F2” on PCP-S is for Primary Tank
No. 1, on PCP-C, is for Primary Tank No. 5 and on PCP-N, it is for
Primary Tank No. 9.
Please note you can also press the blue “F2” button on the lower portion
of the control panel.

6.

The Clarifier display will now appear on the screen, as shown on Figure
No. 3-9.

7.

On the Clarifier display, press the “F1-Clarifier Control” keypad on the
touch screen.

8.

After the “Clarifier Control” button is pressed, the “Clarifier Collector
Mechanism” display will appear on the screen, as shown in Figure No. 310.

9.

To start the collector mechanism, press the “Start” keypad for each
primary tank shown on the screen.

10.

To stop the collector mechanism, press the “Stop” keypad for each
primary tank shown on the screen.

11.

Repeat Step Nos. 3-9 at the other two Primary Control Panels for the
remaining Primary Tank Collector Mechanisms.

A third alternate mode of operation would be to operate the collector mechanisms using
the “Manual-Auto” selector switches located inside the Primary Control Panel. In this
mode of operation the selector switch must be placed into the “Manual” position. Please
note that this mode of operation could be used if the touch screen is out of service. This
mode of operation should only be used as a temporary control measure or for
maintenance purposes.
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FIGURE NO. 3-8 – PCP MAIN MENU SCREEN
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FIGURE NO. 3-9 – PRIMARY CLARIFIER PCP DISPLAY SCREEN
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FIGURE NO. 3-10 – PRIMARY TANK COLLECTOR MECHANISM PCP DISPLAY SCREEN

3.2.3.6

Alarms

There are several alarm conditions associated with the primary tank collector
mechanisms that will alert the Operators that there is a problem. The following alarms
will appear on SCADA (PCP).


Collector (Clarifier) High Torque



Collector (Clarifier) Common Alarm



Sludge Blanket High Level

If an alarm condition appears on SCADA, then investigate and correct immediately.
3.2.3.7

Power Failure

If there is a power failure the collector mechanisms will shutdown. After electrical power
is restored the primary tank collector mechanisms will automatically come back into
service.
3.2.4

Primary Sludge Withdrawal System (Treatment Train No. 1)

3.2.4.1

Introduction

The primary sludge withdrawal system for Primary Sedimentation Tank Nos. 1-12 at
Treatment Train No. 1 consists of twelve (12) motorized valves, six (6) in-line grinders
(macerators) and six (6) primary sludge pumps. There are two (2) in-line grinders and
two (2) primary sludge pumps located in each Primary Sludge Pumping Station. Each
primary sludge pump is a positive displacement, progressive cavity type pump. The inline grinders are rated at 350 gpm and the primary sludge pumps are rated at 300 gpm
at a total dynamic head of 70 ft.
The primary sludge pumps and in-line grinders start and stop automatically, as
controlled by the settings on the Primary Control Panels (PCP) located in the Primary
Sludge Pumping Stations. The primary sludge is typically removed from the primary
tanks and pumped to the Mixed Sludge Well located in Air Flotation Building No. 1. The
primary sludge from Treatment Train No. 1 can also be pumped to the anaerobic
digesters or to the sludge well in Air Flotation Building No. 2.
The in-line grinders are driven by 3 Hp motors that receive 460 volt, three phase
electrical power from the Motor Control Centers in the respective Primary Sludge
Pumping Stations, as follows:
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Equipment
In-line Grinder Nos. 1 and 2
Primary Sludge Pump Nos. 1 and 2
In-line Grinder Nos. 3 and 4
Primary Sludge Pump Nos. 3 and 4
In-line Grinder Nos. 5 and 6
Primary Sludge Pump Nos. 5 and 6

Primary Sludge
Pumping Station
1 (South)
1 (South)
2 (Center)
2 (Center)
3 (North)
3 (North)

Electrical
Power
MCC-8
MCC-8
MCC-2
MCC-2
MCC-7
MCC-7

Control

PCP-S
PCP-S
PCP-C
PCP-C
PCP-N
PCP-N

The primary sludge pumps are driven by 15 Hp motors that receive 460 volt, three phase
electrical power from the Motor Control Centers in their respective Primary Sludge
Pumping Stations. Refer to the previous table for information concerning the primary
sludge pumps.
3.2.4.2

Start-up Procedures
1.

Calculate the sludge to be removed from the primary tanks and then use
the sludge judge at the beginning of the morning shift to determine the
sludge blanket depth in each Primary Sedimentation Tank in order to
determine the sludge withdrawal times.

2.

Ensure that the primary tank collectors are in operation.

3.

Ensure that all of the manually operated valves on the inlet and discharge
side of the in-line grinders and primary sludge pumps are open.

4.

Place the “Local-Off-Remote” selector switches on each Primary Sludge
Withdrawal Valve to the “Remote” position. These valves are located
next to their respective primary sedimentation tank.

5.

Place the “On-Off” circuit breaker located on Motor Control Center MCC2, MCC-7 and MCC-8 for each Motorized Sludge Withdrawal Valve to the
“On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they
have not tripped.

6.

Place the “On-Off” circuit breaker located on Motor Control Centers MCC2, MCC-7 and MCC-8 for each In-line Grinder (Macerator) to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasional checking to ensure that they have
not tripped.

7.

Place the “On-Off” circuit breaker located on Motor Control Center MCC2, MCC-7 and MCC-8 for each Primary Sludge Pump to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.
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8.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC-2, MCC-7 and MCC-8 for each Primary Sludge Pump to the
“Auto” position. In the “Off” position, the pump will not operate. In the
“Hand” position, the pump will operate continuously.

The remaining steps for controlling the Primary Sludge Withdrawal System are
accomplished from the Primary Control Panels (PCP-S, PCP-C and PCP-N) located in
the Primary Sludge Pumping Stations.
9.

Place all of the “Manual-Auto” and the “Forward-Auto-Reverse” selector
switches located inside each PCP cabinet to the “Automatic” position.
Having these switches in the “Automatic” positions allows the Operators
to control the equipment from the PCP touch screen.

10.

At the Primary Control Panel (PCP) pull up the Main Menu.

11.

On the Main Menu press “F1-Primary Sludge Pump Station”, as
previously shown on Figure No. 3-8. Please note you must press the
blue “F1” button on the lower portion of the control panel.

12.

The Pumping Station flow diagram will appear on the screen, as shown in
Figure No. 3-11.

13.

Press the “Macerator (F2)” keypad on the touch screen on the Pumping
Station screen.

14.

The Macerator (Sludge Grinder) display will appear on the PCP screen,
as shown on Figure No. 3-12. On this screen press the “Auto” button. If
the “Manual” button is pressed, then sludge grinders can be controlled
form this screen using the “Start”, and “Stop”, buttons.

15.

Press the “F8-Return” button on the lower right hand side of the screen.

16.

The Primary Pumping Station flow diagram will appear on the screen. At
this time, press the “F3-Sludge Pumps” button.

17.

The Primary Sludge Pump display will appear on the PCP Screen, as
shown on Figure No. 3-13. On this screen press the “Auto” button for
each pump. If the “Manual” button is pressed, then the sludge pumps can
be controlled from this screen using the “Start” (F1) and “Stop” (F2)
buttons.

18.

On the Sludge Pump display set the High Pressure Setpoint. This is
accomplished by pressing the number in the box on the High Pressure
Setpoint line. Use the number pad to set the desired high pressure
setpoint and then press “Enter” which is the long turning arrow on the
lower right hand side of the number pad. The initial recommended High
Pressure Setpoint setting is 55 psig.
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FIGURE NO. 3-11 – PRIMARY PUMPING STATION FLOW DIAGRAM
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FIGURE NO. 3-12 – MACERATOR (SLUDGE GRINDER) PCP SCREEN
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FIGURE NO. 3-13 – PRIMARY SLUDGE PUMP PCP SCREEN

19.

On the Sludge Pump display select the pump mode of operation. The
pump selection modes are as follows:




Pump No. 1 in Service Only
Pump No. 2 in Service Only
Both Pumps in Service

The normal mode of operation is to select “Both Pumps in Service.”
20.

Press the “F8-Return” button on the lower right hand side of the screen.

21.

The Pumping Station Flow diagram will appear on the screen. At this
time, press the “F1-Scum Valve” button. IMPORTANT: Please note that
the valves on the Pumping Station flow diagram, the “F1” button on this
screen and Valve screen are labeled incorrectly. These areas call the
valves “Scum Valves”; however, they are “Sludge Valves.”

22.

After the “F1-Scum” valve button is pressed, then the Scum (Sludge)
Valve display will appear on the screen, as shown in Figure No. 3-14. On
this screen, press the “Auto” button for each Scum (Sludge) Valve. In the
“Remote” position, the Primary Sludge Withdrawal System is controlled
by the Air Flotation Thickener Sludge Wet Well liquid level. If the
“Manual” button is pressed, then the valves can be manually controlled
from this screen by using the “Open” (F1) and “Close” (F2) buttons. In
each valve display the valve status “Open” or “Close” is shown to alert the
Operator of the status of the valves.

23.

On the Scum (Sludge) Valve display set the Sludge Withdrawal “On” time
and the Sludge Withdrawal “Off” time. To set the Sludge Withdraw “On”
time, press the minute box on the Sludge Withdraw “On” Timer line. After
this is pressed, use the number keypad to set the desired “On” time.
After the desired “On” time is selected, press the “Enter” button on the
number keypad to confirm the number. The “Enter” pad is the long
turning arrow on the lower right hand side of the number pad. The initial
recommended setting is 10 minutes. Please note that this number is
adjusted daily to match the sludge blanket conditions in the Primary
Sedimentation Tanks.
Set the Sludge Withdrawal “Off” Timer using the same steps as the
“Sludge “On” Timer. The initial recommended setting for the “Off” time is
25 minutes. Please note that this value will change based on the daily
sludge blanket levels in the primary tanks.

24.

Press the “F16-Return” button on the lower right hand side of the screen
to return you to the Pumping Station Flow Diagram.
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FIGURE NO. 3-14 – SCUM (SLUDGE) VALVE PCP SCREEN

25.

Repeat Step Nos. 1-24 for all three (3) Primary Sludge Pumping Stations
at Treatment Train No. 1.
The Primary Sludge Withdrawal system is now in the “Automatic” mode of
operation.

3.2.4.3

Normal Operation

Before setting the primary sludge withdrawal system, as an Operator you must first
determine the quantity of sludge that must be removed from the primary sedimentation
tanks. The quantity of sludge to be removed from the primary is typically accomplished
by several methods. The first method is to determine the quantity of sludge to be
removed from the primary tanks using a formula based on the solids remaining in the
tank each day. The sludge withdrawal formula can be seen in the Process Theory
section of this chapter. The second method of determining the sludge withdrawal
quantity is by using a “sludge judge.” By inserting the sludge judge into each primary
sedimentation tank, the Operator can see where the sludge blanket level is in each tank
and set the withdrawal time approximately.
The “Sludge Judge” method is particularly important if the sludge blankets in the primary
tanks are not consistent due to hydraulic distribution issues into the tanks. Some
primary tanks may have consistently high sludge blankets, so additional time is
necessary to remove sludge from these tanks.
A third sludge withdrawal method would be to use a combination of both the calculations
and sludge judge method. The sludge withdrawal calculations would place the system in
the proper blanket range and the sludge judge would be used to fine tune the sludge
withdrawal sequence based on the actual field conditions. The sludge blankets in the
primary sedimentation tanks should be kept at 1 ft.
During normal operation, the Primary Sludge Withdrawal System at Treatment Train No.
1 is in the “Automatic” mode of operation. In this mode of operation the sludge from
each in-service primary tank is removed automatically based on the times set on the
“On” and “Off” Sludge Withdrawal Timers located on the Primary Control Panels
(PCP’s). For the purpose of the following explanation it is assumed that the Sludge
Withdrawal “On” Timer is set at 10 minutes and the Sludge Withdrawal “Off” Timer is set
at 25 minutes. The sludge withdrawal valves, macerators (In-line Sludge Grinders) and
primary sludge pumps are all in the “Automatic” mode of operation. As previously
stated, primary sludge withdrawal from Primary Sedimentation Tank Nos. 1-4 is
accomplished by the pumps and controls in Primary Sludge Pumping Station No. 1
(South). The primary sludge withdrawal system for Primary Sedimentation Tank Nos. 58 is accomplished by the pumps and controls in Primary Sludge Pumping Station No. 2
(Center) and the primary sludge withdrawal system for Primary Sedimentation Tank Nos.
9-12 is accomplished by the pumps and controls located in Primary Sludge Pumping
Station No. 3 (North).
The following primary sludge withdrawal sequence is based on sludge being removed
from Primary Sedimentation Tank Nos. 1-4. The same sludge withdrawal sequence is
followed for the other two (2) primary sludge withdrawal systems (Primary Tank Nos. 5-8
and Primary Tank Nos. 9-12).
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1.

The primary tank collector mechanisms are operational.

2.

The primary tank sludge withdrawal valves, macerator (In-line Sludge
Grinder) and primary Sludge pumps are in the “Automatic” mode of
operation.

3.

The wet well in Air Flotation Thickener Building No. 1 is at a normal liquid
level to accept sludge. Note: If the wet well in the Air Flotation Building is
at a “High Level”, then the primary sludge withdrawal system cannot be
started.

4.

When the Sludge Withdrawal “Off” timer times out, then the Primary
Sludge Withdrawal System will start. For this example, 25 minutes was
the time set on the “Off” timer. The Operator can see on the Primary
Sludge Valve display screen on the Primary Control Panel (PCP) how
much time is remaining until the Sludge Withdrawal Sequence starts.

5.

Once the Sludge Withdrawal “Off” timer times out, then the Sludge
Withdrawal Valve on Primary Sedimentation Tank No. 1 will “Open.”

6.

Once the signal is received that the sludge valve is “Open”, the macerator
(sludge grinder) will start immediately followed by the starting of the
primary sludge pump.

7.

Sludge removal from Primary Sedimentation Tank No. 1 will continue for
10 minutes. This is the time set on the Sludge Withdrawal “On” timer.

8.

After the 10 minutes has expired as determined by the setting on the
Sludge Withdrawal “On” timer, then the sludge withdrawal valve for
Primary Sedimentation Tank No. 2 will “Open” and the sludge withdrawal
valve on Primary Sedimentation Tank No. 1 will “Close.”

9.

After the 10 minute withdrawal cycle is completed in Primary
Sedimentation Tank No. 2, the cycle will repeat for Primary Sedimentation
Tank No. 3 and then Primary Sedimentation Tank No. 4.

10.

After the last tank has completed the sludge withdrawal cycle, the primary
sludge pump and macerator will stop and the primary sludge withdrawal
valve will “Close.”

11.

After the primary sludge withdrawal system has completed its cycle, then
the Sludge Withdrawal “Off” timer will start to time out. The next primary
sludge withdrawal cycle will start in 25 minutes.

12.

If the Primary Sludge Pumps were placed in the “Both Pumps In Service”
mode on the PCP, then on the next Primary Sludge Withdrawal cycle the
second macerator and primary sludge pump will start. For example, if
Macerator No. 1 and Primary Sludge Pump No. 1 were the duty
equipment on this latest withdrawal cycle, then Macerator No. 2 will start
on the next withdrawal cycle. In other words, the macerators and primary
sludge pumps will alternate for each pumping cycle.
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3.2.4.4

Shutdown Procedures

There are several shutdown options for the Primary Sludge Withdrawal System. These
shutdown options include:
a)

Individual piece of equipment is out of service (collector mechanism, sludge
withdrawal valve, macerator, or primary sludge pump).

b)

An individual primary tank is taken out of service.

c)

A set of primary tanks are taken out of service.

Macerator (Sludge Grinder)
If a Macerator is to be taken out of service or a short period of time, then the Operator
must pull up the display on the respective PCP. Once the equipment screen is on the
PCP, then place the Macerator in “Manual” by pressing the keypad and, in addition,
press the “Stop” keypad.
If a Macerator is taken out of service for an extended prior of time, then the Operator
must:
a)

Must insert a spool piece into the space where the macerator (sludge
grinder) is located or,

b)

Take the two primary tanks associated with that macerator out of service
or,

c)

Install a spare macerator in it’s’ place while the damaged unit is being
repaired.

When a Macerator is taken out of service for an extended period of time:
a)

Go to the PCP and pull up the Macerator screen.

b)

Place the Macerator in “Manual” and press the “Stop” keypad.

c)

At the PCP place the Primary Sludge Pump Selection on “Pump No. 1 or
2 In Service Only”. The Primary Sludge Pump Selection is on the Primary
Sludge screen.

d)

Go to Motor Control Center and place the “On-Off” circuit breaker for the
damaged unit to the “Off” position. Also, “Lock-out/Tag-out” the circuit
breaker.

e)

Ensure that the manual valves are properly set.

Primary Sludge Pumps
1.

If a Primary Sludge Pump is to be taken out of service for a short period
of time, then the Operator must pull up the display or the respective PCP.
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Once the equipment screen is on the PCP, then place the Primary Sludge
Pump in “Manual” by pressing the keypad, and, in addition, press the
“Stop” keypad. Another option would be to place the “Hand-Off-Auto”
selector switch on the Motor Control Center to the “Off” position.
2.

If a Primary Sludge Pump is taken out of service for an extended period
of time, then the Operator must switch the automatic sludge withdrawal
control to the second primary sludge pump located in the station. The
Operator must perform the following steps:
a)

Ensure that the manually operated valves in the pumping station
are properly set.

b)

Pull up the Primary Sludge Pump screen on the PCP and place
the out of service pump in “Manual” and press the “Stop” keypad.

c)

On the Primary Sludge Pump screen ensure that the second
Primary Sludge Pump is in “Automatic.”

d)

On the Primary Sludge Pump Screen take the Sludge Pump
Selection off of “Both Pumps In Service” and place it in “Pump No.
1 or 2 In Service Only” for the duty pump.

e)

On the PCP ensure that the Macerators are in “Automatic.”

f)

At the Motor Control Center, place the “Hand-Off-Auto” selector
switch for the out of service pump to the “Off” position.

g)

Place the “On-Off” circuit breaker for the out of service Primary
Sludge Pump to the “Off” position. Also, “Lock-out” and “Tag-out”
the circuit breaker.

Primary Tank Sludge Withdrawal Valve
1.

For a short-term shutdown of the Primary Tank Sludge Withdrawal Valve,
the Operator can pull up the Scum (Sludge) Valve screen on the PCP.
Place the valve to be taken out of service in “Manual” and press the
“close” keypad.
The valve can also be taken out of service at the valve by placing the
“Local-Off-Remote” selector switch to the “Off” position.

2.

For a long-term shutdown of the Primary Tank Sludge Withdrawal Valve,
repeat Step No. 1 above. In addition, since this valve will be out of
service for an extended period of time, then the primary tank collector
must be stopped and the associated primary sedimentation tank must be
drained and hosed down.
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Primary Tank Collector Mechanism
1.

For a short-term shutdown of a Primary Tank Collector Mechanism, place
the “Hand-off-Auto” selector switch on the associated Motor Control
Center to the “Off” position.

2.

For a long-term shutdown of a Primary Tank Collector Mechanism, repeat
Step No. 1 above. In addition, place the “On-Off” circuit breaker located
on the Motor Control Center to the “Off” position. Also, “Lock-out” and
“Tag-out” the circuit breaker.

Furthermore, if a collector mechanism is taken out of service for an extended
period of time, the Sludge Withdrawal Valve must be placed into “Manual” and
“Closed” at the PCP. The “Local-Off-Remote” selector switch on the valve
should be placed into the “Off” position. Placing the Sludge Withdrawal Valve in
“Manual” at the PCP will ensure that the valve is taken out of service during the
Sludge Withdrawal Cycle.
Lastly, the raw wastewater must be stopped to the out of service primary tank
and re-directed to the other in-service tanks.
3.2.4.5

Alternate Operation

The Primary Sludge Withdrawal System can be operated in several different alternate
modes of operation. The first alternate mode of operation would be to take the Primary
Sludge Pump Selection off of “Both Pumps In Service” and switch it to “Pump No. 1 or 2
In Service Only.” In this mode of operation, the primary sludge pumping system will not
automatically switch the “Duty” and “Standby” positions for the two primary sludge
pumps. For example, if the pump selection is in the “Pump No. 1 In Service Only”
position, then only Primary Sludge Pump No. 1 will start and stop during each sludge
withdrawal cycle. This mode of operation should only be used as a temporary
operational mode during maintenance.
A second alternate mode of operation would be to operate the primary tank sludge
withdrawal valve, macerator and primary sludge pump manually from the screens on the
PCP. In this mode of operation, the primary tank sludge withdrawal valve, macerator
and primary sludge pump must be placed in “Manual”, then they can be using the “Start”
and “Stop” or “Open” and “Close” keypads on the PCP. Please note that the primary
sludge pumps should never be operated dry. Therefore, in this mode of operation the
following equipment sequence must be used to avoid equipment damage:

Steps

Starting Sequence

Stopping Sequence

Step No. 1

Open Sludge Valve

Stop Sludge Pump

Step No. 2

Start Macerator

Stop Macerator

Step No. 2

Start Sludge Pump

Close Sludge Valve
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The second alternate mode of operation should only be as a temporary measure.
The third alternate mode of operation would be to operate the primary tank sludge
withdrawal valve, macerator, and primary sludge pump using the selector switches
located inside the PCP’s. The sludge valves can be “Opened” and “Closed” at this
location and the macerator sludge pumps can be “Started” and “Stopped” at this
location. This mode of operation should only be used as a temporary mode.
Lastly, the macerator (sludge grinder) will automatically reverse the grinding teeth in the
unit three (3) times before it shuts down and sends out an alarm signal. The macerator
can also be reversed manually by the Operator from the PCP. This is accomplished by
pulling up the Macerator screen on the PCP and pressing the “Reverse/Test” (FG)
keypad on the screen. Once the button is released the macerator grinding teeth will
return to the “Forward” cutting mode. The “Reverse/Test” button should only be used if
there is an immediate problem or for maintenance purposes.
3.2.4.6

Alarm Conditions

There are several alarms that will sound and be indicated on the PCP for the Primary
Sludge Withdrawal System. These alarms can be accessed by pressing the “F8-Alarm
History” keypad on the Main Menu of the PCP. Some of the alarms for this system are:





3.2.4.7

Sludge Pump Motor Overload
No flow
Macerator Jam
High Pump Discharge Pressure
Air Flotation Thickener Wet Well High
Power Failure

If there is a power failure, the sludge withdrawal valve will remain in its last location but
the macerator and primary sludge pump will stop if they were in operation. After
electrical power is restored, the sludge withdrawal system will automatically come back
on-line.
3.2.5

Scum Removal System (Treatment Train No. 1)

3.2.5.1

Introduction

After the raw wastewater enters the primary sedimentation tanks, the velocity is slowed
down to allow the heavier solids to settle to the tank bottom and the lighter solids to float
to the tank surface. The solids that float to the tank surface are grease, plastic, and
other light solids. The floating solids are pushed to the effluent end of the tank by the
primary tank collector mechanism. The floating solids that are collected and gathered at
the effluent end of the primary tanks are removed by motorized Scum Skimmers (scum
pipes). The floating solids (skimmings) that are removed from the primary tank flows by
gravity to the 18-inch sewer located on the east side of Treatment Train No. 1 primary
tanks.
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Each Scum Skimmer is driven by a 0.5 Hp motor that receives 480 volt, three phase,
electrical power form the Motor Control Center in the respective Primary Sludge
Pumping Station. The Scum Skimmer located in Primary Sedimentation Tank Nos. 1-4
receive electrical power from Motor Control Center MCC-8 located in Primary Sludge
Pumping Station No. 1 (South). The Scum Skimmers in Primary Sedimentation Tank
Nos. 5-8 receive electrical power from Motor Control Center MCC-2 located in Primary
Sludge Pumping Station No. 2 (Center) and the Scum Skimmers in Primary
Sedimentation Tank Nos. 9-12 receive electrical power from Motor Control Center MCC7 located in Primary Sludge Pumping Station No. 3 (North).
3.2.5.2

3.2.5.3

Start-up Procedures
1.

Place the “On-Off circuit breakers located on their respective Motor
Control Center Panel for each Scum Skimmer to the “On” positions.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

2.

Place the “Local-Off-Remote” selector switch located at each Scum
Skimmer operator to the “Local” position. In the “Off” position, the
skimmer will not operate. The “Remote” position does not function for
these skimmers.

3.

To operate the Scum Skimmer, press the “Open” button at the operator
(motor) until the skimmer opening lowers to approximately 1-1½-inches
below the water surface. At this point press the “Stop” button on the
operator (motor).
Normal Operation

Please note that the Scum Skimmers can also be operated “Automatically” or “Manually”
from their respective Primary Control Panel (PCP). This is not the normal operating
mode for the Operators. The Operators control the skimmers manually using the electric
operators at the Scum Skimmers. This mode of operation allows the Operators better
control of removing scum and floating solids from the tank surface because they can see
the actual skimmings being removed. By having the skimming removal controlled
automatically or remotely, the Operators cannot see if they are taking off too much water
or not enough skimmings. The “Automatic” and “Manual” control steps from the PCP
can be found in Section 3.2.5.5, Alternate Operation in this section.
The normal operating procedures for the primary tank scum skimming operations is to
remove the skimmings two times per shift.
The Operators must inspect the
accumulation of scum (skimmings) on each primary tank and remove the correct
quantity of skimmings from the tank. Do not skim off too much water because that will
only send excess water to the 18-inch sewer. If not enough skimmings are removed
from the primary tanks, then they could get under the scum baffle and leave with the
primary effluent.
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3.2.5.4

Shutdown Procedures
1.

After the skimmings are removed from a primary tank, the Scum Skimmer
is raised by pressing the “Close” button on the valve operator. Once the
Scum Skimmer is in the upper position, this will be the shutdown mode.

2.

For a long-term shutdown, raise the Scum Skimmer to the upper position.
Once the Scum Skimmer is in the upper position, place the “Local-OffRemote” selector switch on the valve operator to the “Off” position. In
addition, place the “On-Off” circuit breaker to the “Off” position.

At this point the Operator must decide if the Scum Skimmer can be operated manually
and, if that is possible, then the primary tank can remain in operation. If the scum
skimmer cannot be operated manually, then the primary tank must be taken out of
operation.
3.2.5.5

Alternate Operation

If there is a problem with the electric valve operator, then as an alternate mode of
operation the Scum Skimmer can be manually lowered and raised by using the manual
operating wheel on the operator. Move the manual operating level and then turn the
manual wheel to the proper lower level. After tank has been skimmed, then use the
manual wheel to raise the Scum Skimmer.
Another alternate mode of operation would be to operate the Scum Skimmers
“Automatically” or “Manually” from their respective PCP located in the Primary Sludge
Pumping Stations. To place the Scum Skimmers (Scum Pipes) in “Automatic”, the
following steps are recommended.
1.

Place the “On-Off” circuit breaker located on the respective Motor Control
Centers for each Scum Skimmer (Scum Pipes) to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

2.

Place the “Local-Off-Remote” selector switch located on each Scum
Skimmer electrical operator to the “Remote” position. The electric
operators are located next to each Scum Skimmer.

The remaining steps for controlling the Scum Skimmers (Scum Pipes) is accomplished
from the Primary Control Panels (PCP-S, PCP-C, and PCP-N) located in the Primary
Sludge Pumping Stations.
3.

At the Primary Control Panel (PCP) pull up the Main Menu.

4.

On the Main Menu start by pressing “F2-Primary Clarifier No. 1” on the
touch screen. Please note that the “F2” on PCP-S is for Primary Tank
No. 1, on PCP-C it is for Primary Tank No. 5 and on PCP-N it is for
Primary Tank No. 9.
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Please note you can also press the blue “F2” button on the lower portion of the
control panel.
5.

The Clarifier display will not appear on the screen, as previously shown in
Figure No. 3-9.

6.

Press the “F2-Skim Pipes” button to bring up the Skim Pipe (Scum
Skimmer) display, as shown on Figure No. 3-15.

7.

On the Skim Pipe display place the “Manual-Auto” button on “Auto” by
pressing the “Auto” keypad on the touch screen. Do this for Skim Pipe
“A” and “B”.

8.

Set the “Front Duration Timer” setpoint by pressing the duration box. Use
the number pad to select the time the Scum Skimmer is to be tilted
towards the influent end of the primary tank to remove scum. After the
setpoint number is typed in, then press the “Enter” keypad. This is the
long turning arrow on the lower right hand corner of the number pad. The
initial recommended setting is 120 seconds.

9.

Set the “Back Duration Timer” setpoint by pressing the duration box.
Under the number pad to select the time the Scum Skimmer is to be tilted
towards the effluent end of the primary tank to remove scum. After the
setpoint number is typed in, then press the “Enter” keypad. This is the
long turning arrow on the lower right hand corner of the number pad. The
initial recommended setting is 60 seconds.

10.

Set the “Clock time” to the actual time. The time will be in military time,
such as 0:700 for 7:00 a.m. or 13:00 for 1:00 p.m. Again, press the Clock
Time box and the use the number pad to set the time. Once the time is
set, press the “Enter” arrow on the number pad.

11.

Set the four (4) “Time Start” setpoints to initiate the skimming times.
Again, press the Time Start box and then use the number pad to set start
times. Once the start time is set, press the “Enter” arrow on the number
pad. Do all four start times. The initial recommended start times should
be set at 6 hour increments between each start time. Please note that
you may want to set each skimming start time slightly different, so all
primary tanks are not skimming at the same time.

12.

Press the “F8 Return” keypad in the lower right hand corner of the
touchpad.

13.

Repeat Step Nos. 3-12 for each primary sedimentation tank in Treatment
Train No. 1.
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FIGURE 3-15 – SKIM PIPE PCP SCREEN DISPLAY

In the “Automatic” mode of operation from the PCP, the Scum Troughs will remain in
their “Rest” position until the Start Time indicates that the skimming operation is to
start. At that time the Scum Skimmer will tilt forward and remain in this position for
the time set on the “Front Duration Timer.” For the initial recommended setting that
would be 120 seconds. After the “Front Duration Timer” times out, then the Scum
Skimmer will rotate to the back tilt position. It will remain in this position until the
“Back Duration Timer” times out. For the initial recommended setting that would be
60 seconds. After the “Back Duration Timer” times out, the Scum Skimmer will rotate
to the “Rest” position which is with the slots facing upward. The Scum Skimmer will
remain in this position until the next “Start Time” is initiated.
The Operators should check the scum layer everyday on each primary sedimentation
tank to determine if the skimming duration time needs to be increased or decreased.
For example, after a rain event the skimming duration may need to be increased and
then lowered during dry weather flows.
The Scum Skimmers can also be operated manually from each PCP. To operate a
Scum Skimmer “Manually” from a PCP, the following steps are recommended.
1.

Follow Step Nos. 1-6 in the previous PCP “Automatic” Scum Skimmer
control mode of operation.

2.

On the Skim Pipe display, place the “Manual-Auto” button on “Manual” by
pressing the “Manual” keypad on the touch screen. Do this for Skim
Pipes “A” and “B”.

3.

Press the “Front” (F1 and F4) keypads for Skim Pipes “A” and “B”.

4.

Wait 120 seconds (2 minutes) or any time the Operator deems necessary
to remove the skimmings from the primary tank. Do not go longer than 5
minutes.

5.

Once the “Front” skimming has been completed, press the “Back” (F3 and
F6) keypads for Skim Pipes “A” and “B”.

6.

Wait 60 seconds (1 minute) or any time the Operator deems necessary to
remove the skimmings from the back of the scum pipe toward the scum
baffle on the primary sedimentation tank. Do not go longer than 3
minutes.

7.

Once the “Back” skimming has been completed, press the “Rest” (F2 and
F5) keypads for Skim Pipes “A” and “B”. Please note that above the
“Manual-Auto” button there is a box that indicates whether the Scum Pipe
is at “Rest” or in the “Front” position or in the “Back” position.

8.

Repeat Step Nos. 2-7 in this mode of operation if another tank is to be
manually skimmed from the PCP. Please note that you must pull up that
primary tank on the PCP screen.
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This mode of operation should only be used as a temporary measure
because from the PCP you cannot see if you are removing too much
water or not enough skimmings.
Another alternate mode of operation would be to operate the Scum Skimmers using the
selector switches located inside the PCP’s. These switches should only be used as a
temporary measure or for maintenance purposes.
3.2.5.6

Power Failure

If there is a power failure this should not cause a problem since the Scum Skimmers are
not operated continuously. If the skimmer was lowered and then there was a power
failure, then the Scum Skimmer can be manually raised using the manual wheel.
3.2.6

Channel Aeration Blower Nos. 1 and 2 (Treatment Train No. 2)

3.2.6.1

Introduction

There are two (2) Channel Aeration Blowers located in the Primary Sludge Pumping
Station at Treatment Train No. 2. Typically, one blower serves as the “Duty” blower and
the second blower serves as the “Standby” blower. Each channel aeration blower is a
centrifugal blower rated at 1,600 cfm at a discharge pressure of 3.5 psig. The channel
aeration blowers supply low pressure air to the influent channels to the primary
sedimentation tanks in Treatment Train No. 2.
Each channel aeration blower is driven by a 40 Hp motor that receives 480 volt, three
phase, electrical power from Motor Control Center MCC-16 located in the Primary
Sludge Pumping Station at Treatment Train No. 2.
3.2.6.2

Start-up Procedures
1.

Ensure that the valves on the discharge side of the blowers are open.
Please note that the manually operated valves (2-CA-7 through 2-CA-12
that are outside above the Distribution Box for the individual influent
channels may need to be slightly adjusted to equalize the air distribution
each channel.

2.

Place the “On-Off” circuit breaker located on Motor Control Center MCC16 for each Channel Aeration Blower to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

3.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center Panel MCC-16 for each Channel Aeration Blower to the “Auto”
position. In the “Off” position, the Channel Aeration Blowers will not
operate. In the “Hand” position, the Channel Aeration Blowers will
operate continuously.

The remaining steps for controlling the Channel Aeration Blowers are accomplished from
the Primary Control Panel (PCP) located in the Primary Sludge Pumping Station at
Treatment Train No. 2.
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4.

Place all of the “Auto-Hand” and the “Forward-Auto-Reverse” selector
switches located inside the PCP cabinet to the “Automatic” position.
Having these switches in the “Automatic” positions allow the Operators to
control the equipment from the PCP touch screen.

5.

Pull up the Main Menu on the Primary Control Panel (PCP).

6.

Press the “F1-Weekday/Weekend Run Timer Setpoints” keypad on the
touch pad.

7.

The Weekday/Weekend display will appear on the screen. This screen
shows the following:

Weekday

Weekend

Day Starts on: Monday

Day Starts on: Saturday

Day-Time Start: 07 Hr: 00 min.

Day-Time Start: 07 Hr: 00 min.

Night-Time Start: 19 Hr: 00 min.

Night-Time Start: 19 Hr: 00 min.

PLEASE NOTE THAT NO CONTROL SETTINGS ON THIS PCP CAN BE
MADE BY THE OPERATORS. CONTROL SETTINGS CAN ONLY BE
CHANGED BY A SUPERVISOR WITH THE SECURITY PASSWORD.
8.

Press the “Page Back” keypad in the lower left hand corner of the touch
screen.

9.

The Main Menu will appear on the screen.

10.

Press the “F2-Blower auto On/Off Timer Setpoints” keypad on the touch
screen.

11.

The “Blower Auto Run Timer” display will appear on the touch screen.
This screen shows the following:

Blower No. 1

Blower No. 2

On Time: 074 min.

On Time: 000 min.

Off-Time: 012 min.

Off Time: 000 min.
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3.2.6.3

Normal Operation

Typically one Channel Aeration Blower is in service as the “Duty” blower and the second
blower serves as the “Standby” blower. In the “Automatic” mode of operation, the “Duty”
blower will start and operate for the period set on the PCP. As previously shown, the
“Duty” blower will operate for 74 minutes and will be off for 12 minutes. The “Duty”
blower will continue this “Off Cycle” of 12 minutes and “On Cycle” for 74 minutes until the
cycle is changed on the PCP, the blower is placed in “Manual” or the blower is stopped.
a)

Channel aeration serves several purposes, such as

b)

Freshens the wastewater to improve settling in the primary tanks.

c)

Freshens the wastewater to reduce hydrogen sulfide and reduce odors.

d)

Maintain the solids in suspension so they do not settle in the channel.

Channel aeration does not require a large quantity of air. Typically, channel aeration
requires 1-5 cfm/ft of channel. Insufficient air will allow solids to settle in the channel and
too much air will result in the wasting of air and energy.
3.2.6.4

Shutdown Procedures
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch
located on Motor Control Center MCC-16 to the “Off’ position.

2.

For a long-term shutdown, repeat Step No. 1. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC-16 to the “Off”
position.

3.2.6.5

Alternate Operation

There are several alternate modes of operation for the Channel Aeration Blowers. The
first alternate mode of operation is to place the second blower into service as the “Duty”
blower while the second blower is placed into the “Standby” position.
The second alternate mode of operation is to operate the “Duty” blower in the “Hand”
position. In this mode of operation, the blower will operate continuously.
3.2.6.6

Alarm Conditions

The Channel Aeration Blowers have several devices to sense a problem, such as


High Pressure



High Temperature



Motor Overload

If an alarm condition is detected, the blower will shutdown and an alarm “Fault” light will
appear on the panel next to the PCP touch screen.
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3.2.6.7

Power Failure

If there is a power failure and the blower was in operation, then it will shutdown. After
electrical power is restored, the blower comes back on-line automatically.
3.2.7

Primary Tank Collector Nos. 1-6 (Treatment Train No. 2)

3.2.7.1

Introduction

The solids that remain in the primary sedimentation tanks either settle to the bottom of
the tank or float to the surface of the tank. The solids that settle to the bottom of the tank
are moved to influent end of the tank by the longitudinal collectors. At the same time,
the longitudinal collectors move the floating solids to the effluent end of the tank. At the
effluent end of the tank there is a cross collector that moves the settled solids to a
sludge hopper in one corner of the tank. Each primary tank contains two (2) longitudinal
collectors and one (1) cross collector all driven by a single drive unit. The sludge
collector mechanism in the Treatment Train No. 2 Primary Sedimentation Tank can be
operated intermittently or continuously to move settled and floating solids within the tank.
Each primary tank collector mechanism is driven by a 0.5 Hp motor that receives 480
volt, three phase, electrical power from Motor Control Center MCC-16 located in the
Primary Sludge Pumping Station.
3.2.7.2

Start-up Procedures
1.

If the tank is empty, then first ensure that there is nothing in the tank that
would cause the collector to jam. Also, ensure that the collector
mechanism is in working order.

2.

Open the influent gate and fill the primary sedimentation tank with raw
wastewater. Once the tank is full, then the collector mechanism can be
started.

3.

Place the “On-Off” circuit breaker located on Motor Control Center MCC16 for each Primary Tank Collector Mechanism to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

4.

Place the “Off-Auto” selector switch located on Motor Control Center
MCC-16 for each Primary Tank Collector Mechanism to the “Auto”
position. In the “Off” position, the collector mechanism will not operate.\

5.

Place the “Reverse-Off-Forward” selector switch located next to each
Primary Sedimentation Tank motor to the “Forward” position. In the “Off”
position, the collector will not operate. In the “Reverse” position the
collector mechanism will run backwards. The “Reverse” position should
only be used as a temporary measure to remove a jam or for
maintenance purposes.

6.

Place the “On-Off” selector switch located next to each Primary
Sedimentation Tank motor to the “On” position.
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The remaining steps for controlling the Primary Tank Collector Mechanisms is
accomplished from the Primary Control Panel (PCP) in the Primary Sludge Pumping
Station at Treatment Train No. 2.
7.

Place all of the “Auto-Hand” and the “Forward-Auto-Reverse” selector
switches located inside the PCP cabinet to the “Automatic” position.
Having these switches in the “Automatic” positions allows the Operators
to control the equipment from the PCP touch screen.

8.

Pull up the Main Menu on the Primary Control Panel (PCP).

9.

Press the “F1-Weekday/Weekend Run Timer Setpoints” keypad on the
touch pad.

10.

The Weekday/Weekend display will appear on the screen. This screen
shows the following:

Weekday

Weekend

Day Starts on: Monday

Day Starts on: Saturday

Day-Time Start: 07 Hr: 00 min.

Day-Time Start: 07 Hr: 00 min.

Night-Time Start: 19 Hr: 00 min.

Night-Time Start: 19 Hr: 00 min.

PLEASE NOTE THAT NO CONTROL SETTINGS ON THIS PCP CAN BE
MADE BY THE OPERATORS. CONTROL SETTINGS CAN ONLY BE
CHANGED BY A SUPERVISOR WITH THE SECURITY PASSWORD.
11.

Press the “Page Back” keypad in the lower left hand corner of the touch
screen.

12.

The Main Menu will appear on the screen.

13.

Press the “F3-Weekday/Weekend “Run Timer” keypad on the touch
screen.

14.

The “Weekday/Weekend Run Timer” display will appear on the touch
screen. This screen shows the following:
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Day Time

Night Time

Sludge Pump On Time = 010 min.

Sludge Pump On Time = 010 min.

Sludge Pump Off Time = 008 min.

Sludge Pump Off Time = 008 min.

Clarifier Pre-run Time = 005 min.

Clarifier Pre-run Time = 005 min.

Clarifier On Time = 055 min.

Clarifier On Time = 055 min.

Clarifier Off Time = 005 min.

Clarifier Off Time = 005 min.

Check the settings for both the Weekend settings and Weekday settings.
If a control setting looks out of place, contact a Supervisor, so he/she can
make the necessary adjustments.
15.

Pull up the “Clarifier” display on the touch screen. There are “Hand-OffAuto” buttons on the screen. Press the “Auto” keypad. There are two (2)
primary tanks per screen so go through each screen until all in-service
primary tanks are in “Automatic”. In the “Off” position, the collector
mechanism will not operate. In the “Hand” position, the collector
mechanism will run continuously.

16.

Pull up the “Auto Sequencing” screen, press the “Start” sequencing.

3.2.7.3

Normal Operation

During normal operation, the primary tank collector mechanisms are in the “Automatic”
mode of operation. In this mode of operation, the following sequence:
1.

When the sludge withdrawal cycle is called for by the programmable logic
controller (PLC) to start. First the collector will start for 5 minutes (Pre-run
Timer) before the sludge withdrawal sequence starts in order to push the
solids to the sludge hopper.

2.

If the sludge withdrawal cycle is not called for, then the collector will be
“Off” for 5 minutes each hour and “On” for 55 minutes.

3.

During the sludge withdrawal cycle the collector mechanism will be
running.

During normal operation, as long as a primary tank is in service the collector mechanism
should also be operating. While a collector mechanism is in operation the Operators
must be inspecting them two (2) times per shift. During this inspection the Operators
should:
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1.

Check to ensure that the flights are moving through the water smoothly
and not jerking.

2.

Ensure that all of the flights are in place and that there are no broken
flights.

3.

Ensure that the wearing shoes towards both ends of the flights are in
place. Also check the shoes for wear and wear pattern.

Refer to Process Theory Section and Operational Section in this chapter for further
information concerning what information the Operators should be checking and
monitoring in the Primary Treatment area.
3.2.7.4

3.2.7.5

Shutdown Procedures
1.

For a short-term shutdown, place the “Hand-Off-Auto” buttons on the PCP
Clarifier display to the “Off’ position. The collector mechanism can also
be stopped by placing the “Off-Auto” selector switch on Motor Control
Center MCC-16 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC-16 to
the “Off” position.
Alternate Operation

There are several alternate modes of operation for the primary tank sludge collector
mechanisms. The first alternate mode of operation would be to re-route the wastewater
flow to another primary tank if a collector mechanism in a tank needs to be taken out of
service for maintenance or repairs.
The second alternate mode of operation would be to operate the primary tank collector
mechanism continuously from the PCP. To operate the collector mechanism from the
PCP touch screen, press the “Hand” keypad. The collector will operate continuously
until the “Off” button is pressed or the collector is returned to the “Auto” mode.
The third alternate mode of operation is to operate the collector mechanism continuously
by placing the “Auto-Hand” selector switch located inside the PCP cabinet to the “Hand”
position. Please note that this mode of operation could be used if the touch screen is
out of service. This mode of operation should only be used as a temporary measure or
for maintenance purposes.
3.2.7.6

Alarm Conditions

The primary tank collector mechanism is protected by an overload device. If a high
torque is sensed by the overload, the device will shutdown the primary tank collector
mechanism. Also, a “fault” light will illuminate on the panel next to the PCP cabinet.
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3.2.7.7

Power Failure

If there is a power failure, the primary tank collector mechanisms will shutdown. After
the electrical power is restored the collector mechanism will automatically come back online.
3.2.8

Primary Sludge Withdrawal System (Treatment Train No. 2)

3.2.8.1

Introduction

The primary sludge withdrawal system for Primary Sedimentation Tank Nos. 1-6 at
Treatment Train No. 2 consists of six (6) in-line grinders (macerators) and six (6) primary
sludge pumps. The in-line grinders are each rated at 350 gpm. The primary sludge
pumps are dry pit, submersible type pumps with cooling devices on the motor. The
primary sludge pumps are rated at


Pump No. 1

200 gpm @

53 ft. TDH



Pump No. 2

340 gpm @

35 ft. TDH



Pump No. 3

180 gpm @

55 ft. TDH



Pump No. 4

180 gpm @

55 ft. TDH



Pump No. 5

200 gpm @

53 ft. TDH



Pump No. 6

180 gpm @

55 ft. TDH

Each macerator (Sludge Grinder) is driven by a 3 Hp motor that receives 480 volt, three
phase, electrical power from Distribution Panel DP-2 located in the Primary Sludge
Pumping Station at Treatment Train No. 2. Each primary sludge pump is driven by a
5.35 Hp motor that receives 480 volt, three phase, electrical power from Motor Control
Center MCC-16 located in the Primary Sludge Pumping Station at Treatment Train No.
2.
3.2.8.2

Start-up Procedures
1.

Ensure that the primary sludge valves from the primary sedimentation
tanks to Air Flotation Thickener Building No. 2 or anaerobic digesters are
“Open” are properly set so the sludge flow is directed to the correct
location.

2.

Place the “On-Off” circuit breaker located on Distribution Panel DP-2 for
each Macerator (Sludge Grinders) to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

3.

Place the “On-Off” circuit breaker located on the Motor Control Center
MCC-16 for each Primary Sludge Pump to the “On” position. During
normal operation, these switches are always in the “On” position and only
requires occasional checking to ensure that they have not tripped.
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4.

Place the “Off-Auto” selector switch located on Motor Control Center
MCC-16 for each Primary Sludge Pump to the “Auto” position. In the
“Off” position, the Primary Sludge Pump will not operate.

The remaining steps for controlling the Primary Sludge Withdrawal System is
accomplished from the Primary Control Panel (PCP) located in the Primary Sludge
Pumping Station at Treatment Train No. 2.
5.

Place all of the “Auto-Hand” and “Forward-Auto-Reverse” selector
switches located inside the PCP cabinet to the “Automatic” position.
Having these switches in the “Automatic” position allows the Operators to
control the equipment from the PCP touch screen.

6.

Pull up the Main Menu on the Primary Control Panel (PCP).

7.

Press the “F1-Weekday/Weekend Run Timer Setpoints” keypad on the
touch pad.

8.

The Weekday/Weekend display will appear on the screen. This screen
shows the following:

Weekday

Weekend

Day Starts on: Monday

Day Starts on: Saturday

Day-Time Start: 07 Hr: 00 min.

Day-Time Start: 07 Hr: 00 min.

Night-Time Start: 19 Hr: 00 min.

Night-Time Start: 19 Hr: 00 min.

PLEASE NOTE THAT NO CONTROL SETTINGS ON THIS PCP CAN BE
MADE BY THE OPERATORS. CONTROL SETTINGS CAN ONLY BE
CHANGED BY A SUPERVISOR WITH THE SECURITY PASSWORD.
9.

Press the “Page Back” keypad in the lower left hand corner of the touch
screen.

10.

The Main Menu will appear on the screen.

11.

Press the “F3-Weekday/Weekend Run Timer” keypad on the touch
screen.

12.

The “Weekday/Weekend Run Timer” display will appear on the touch
screen. This screen shows the following:
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Day Time

Night Time

Sludge Pump On Time = 010 min.

Sludge Pump On Time = 010 min.

Sludge Pump Off Time = 008 min.

Sludge Pump Off Time = 008 min.

Clarifier Pre-run Time = 005 min.

Clarifier Pre-run Time = 005 min.

Clarifier On Time = 055 min.

Clarifier On Time = 055 min.

Clarifier Off Time = 005 min.

Clarifier Off Time = 005 min.

Check the settings for both the Weekend settings and Weekday settings.
If a control setting looks out of place, contact a Supervisor, so he/she can
make the necessary adjustments.
13.

Press the “F5-Auto Sequencing” keypad on the touch screen.

14.

On the “Auto Sequencing” display press the “Auto Sequencing Start”
keypad.

3.2.8.3

Normal Operation

During normal operation the macerators (sludge grinders) and primary sludge pumps are
in the “Automatic” mode of operation. In this mode of operation, the macerators and
primary sludge pumps start and stop automatically as controlled by the
“Weekday/Weekend Run Timer” on the PCP. The macerator is electrically interlocked
with the primary sludge pumps, so when the primary sludge pump starts its’ associated
macerator will start. There is one macerator and one primary sludge pump associated
with each primary sedimentation tank. When the primary sludge withdrawal sequence
starts the first primary sludge pump will start to remove sludge from Primary
Sedimentation Tank No. 1. After the first pump run timer times out, the sequence will go
to the second primary sedimentation tank, then to the third tank and so on through to
Primary Sedimentation Tank No. 6. If a primary sludge pump is out of service, then that
particular primary tank will be skipped and sludge withdrawal system will move to the
next “In Service” tank.
The primary sludge from the primary sedimentation tanks at Treatment Train No. 2 can
be pumped to the Mixed Sludge Wet Well in Air Flotation Thickener Building No. 2 or to
the anaerobic digesters. The normal mode of operation is to pump the primary sludge to
the Mixed Sludge Well in Air Flotation Thickener Building No. 2 where it is combined with
the waste activated sludge from the Treatment Train No. 2 activated sludge system.
3.2.8.4

Shutdown Procedures
1.

For a short-term shutdown, place the “Off-Auto” selector switch on Motor
Control Center MCC-16 for the Primary Sludge Pump to the “Off” position.
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2.

3.2.8.5

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker on Motor Control Center Panel MCC-16 for
the Primary Sludge Pump to the “Off” position. Also, place the “On-Off”
circuit breaker located on Distribution Panel DP-2 for the Macerator
(Sludge Grinder).
Alternate Operation

The primary sludge withdrawal system can be operated in several different alternate
modes of operation. The first alternate mode of operation would be to operate a primary
sludge pump in the manual mode of operation from the PCP.
A second mode of operation would be to withdraw sludge from one primary tank using a
different primary sludge pump. For example, by adjusting the valving the sludge from
Primary Sedimentation Tank No. 1 can be withdrawn using Primary Sludge Pump No. 2.
A third alternate mode of operation would be manually control the primary sludge
pumps/sludge grinders by using the selector switches located inside the PCP cabinet.
These switches would be used if the touch screen was out of service or for maintenance
purposes.
Currently the plant transfers the primary sludge from Treatment Train No. 2 to the Mixed
Sludge Well in Air Flotation Building No. 2 where it gets co-thickened in the air flotation
thickeners with the waste activated sludge from Treatment Train No. 2. As a fourth
alternate mode of operation, the primary sludge can be transferred to Air Flotation
Thickener Building No. 1 or to the anaerobic digesters for sludge stabilization.
3.2.8.6

Alarm Conditions

If a fault is sensed by a primary sludge pump, the pump will shut down and send a signal
to a “Fault” light located on the alarm panel next to the PCP. The primary sludge pump
can fault on a “Motor Overload” or “Over-temperature.” If the sludge grinder becomes
jammed, it will automatically reverse the times before it shuts down and sounds an
alarm. The grinder can also be reversed by placing the “Forward-Auto-Reverse”
selector switch to the “Reverse” position on the selector switch located in the PCP
control panel.
3.2.8.7

Power Failure

If there is a power failure and a primary sludge pump sludge grinder were operating,
then they will shutdown. After electrical power is restored, then the primary sludge pump
and sludge grinder will automatically come on-line.
3.2.9

Scum Removal System (Treatment Train No. 2)

3.2.9.1

Introduction

After the raw wastewater enters the primary sedimentation tanks, the velocity is slowed
down to allow the heavier solids to settle to the tank bottom and the lighter solids to float
to the tank surface. The solids that float to the tank surface are grease, plastic, and
other light solids. The floating solids are pushed to the effluent end of the tank by the
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primary tank collector mechanism. The floating solids that are collected and gathered at
the effluent end of the primary tanks are removed by manually operated Scum Skimmers
(Scum Pipes). The floating solids (skimmings) that are removed from the primary tanks
flows by gravity to the wet well in Air Flotation Building No. 2.
3.2.9.2

Start-up Procedures

Before a skimmings operation begins the Operator must check two items.

3.2.9.3

1.

Ensure that the wet well in Air Flotation Thickener Building No. 2 is at a
level where it can accept flow.

2.

Ensure that the valve on the south end of the primary sedimentation tanks
is “Open.” During normal operation, this valve should always be open.
Normal Operation

The normal operating procedures for the scum skimming operations is to remove the
skimmings two times per shift. The Operator must inspect the accumulation of scum
(skimmings) on each primary tank and remove the correct quantity of skimmings from
the tank. Do not skim off too much water because that will only put excess water into
the Thickener Building Mixed Sludge Wet Well. If not enough skimmings are removed
from the primary tanks, then they could get under the scum baffle and leave with the
primary effluent. Before the skimming operations are started, check the liquid level in
the Air Flotation Thickener Building Mixed Sludge Wet Well. If the liquid level in the
thickener building wet well is at a high liquid level, then defer the skimmings operation
until the liquid level in the wet well recedes to a normal liquid level.
To skim the primary tank surface push the arm on the skimmer until the opening in the
pipe is approximately 1-inch to 1½ -inch under the water. If the opening is too far down
below the surface, then excess water will enter the scum pipe and flow the Mixed Sludge
Wet Well in Air Flotation Thickener Building No. 2. When the surface of the tank is clear
of floating solids, then pull back on the lever arm until the openings of the pipe are at the
top of the pipe. Perform this operation until each primary tank has been cleaned.
3.2.9.4

Shutdown Procedures

The only shutdown procedure for this equipment is to pull the lever arm until the
openings are at the top of the pipe.
3.2.9.5

Alternate Operation

If a scum trough is damaged, then there are only two alternate modes of operation
available to the Operators. The first alternate mode of operation would be to re-direct
the wastewater flow to the other in-service tanks. Once the flow has been re-routed to
the other primary tanks, then the tank with damaged scum skimmer can be emptied and
the skimmer can be repaired.
The second alternate mode of operation would be to use a vacuum truck to remove the
skimmings from the tank until scum skimmer can be repaired.
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3.2.10

Primary Tank Drainage

3.2.10.1

Introduction

During the operation of the treatment plant, it will become necessary to drain a tank or
channel in order to inspect and repair it. If this is necessary, the flow through the plant
must be directed around the unit and then the unit drained. Draining tanks and placing
tanks into service is a common practice at the Metro Wastewater Treatment Plant
because of plant flow variations or equipment repairs.
Before any unit is taken out of service, serious consideration should be given to the
effect this will have on the other units. If a tank is drained during a peak flow period, it
will cause an increased loading on the other units in service. The necessity of draining a
tank or treatment unit should be weighed carefully. Some units can be checked and
serviced without dewatering.
When a tank has been dewatered, it should be thoroughly cleaned with a high pressure
hose. The Operators should take full advantage of the empty tank to perform all
required maintenance. After the tank is cleaned, the Operators should inspect for:
1. Structural Damage
2. Equipment Damage
3. Points of Unusual Collection (rags, solids, etc.)
4. Overall Appearance of the Unit
3.2.10.2

Primary Tank Drainage Procedures

The following procedure is recommended for draining a Primary Sedimentation Tank in
Treatment Train No. 1 or 2.
1.

Remove the scum from the tank surface.

2.

Close the influent gate to the tank being taken out of service.

3.

Operate the sludge collector and open the sludge withdrawal valve for the
tank being drained. Operate the primary sludge grinder and pump and
pump the primary sludge to the mixed sludge well in the Air Flotation
Thickener Building.

4.

When the primary sludge from the primary tank becomes thin and watery,
then stop the sludge pump and close the sludge withdrawal valve.
Remove this tank from the sludge withdrawal sequence on SCADA.

5.

Open the drain valve. Please note that the tank drain valves for the
primary tanks at Treatment Train No. 1 are in the valve pits next to the
tanks and the drain valves for the primary tanks at Treatment Train No. 2
are in the Primary Sludge Pumping Station. Primary Tank Nos. 1-12 at
Treatment Train No. 1 drain to the 54-inch Gill Creek Influent Sewer and
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Primary Tank Nos. 1-6 at Treatment Train No. 2 drain to the 60-inch
Congaree Influent Sewer.
6.

When the liquid level reaches approximately halfway down the tank, then
stop and lock-out the sludge collector mechanism.

7.

Once the tank is empty, then hose down the tank and inspect the
equipment and tank for damage. While the tank is empty make all
necessary repairs and perform all of the required maintenance before
placing the tank back into service.

8.

To place the tank back into service open the influent gate and close the
drain valve. Once the tank is full start the sludge collectors and place the
sludge withdrawal system back into the automatic mode of operation.
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3.3

PROCESS THEORY

3.3.1

Primary Sedimentation

Solid material present in wastewater is maintained in suspension by the velocity of the
flow. The objective of primary treatment is to provide a collection tank in which the
velocity is reduced and the solids can settle out of the wastewater. Obviously, it is
impossible to build a tank large enough to settle all the suspended solids, since both
economic and space factors are limiting values. The primary treatment tanks are
designed to remove the large suspended matter and the colloidal and non-settleable
solids will pass onto the secondary treatment process.
The removal efficiencies for primary treatment varies from plant to plant. The following
is a list of some typical percentages of primary sedimentation tank efficiencies:
Average Removal
Efficiencies

Characteristics
Total Solids
Settleable Solids
Suspended Solids
Biochemical Oxygen Demand (BOD)

10-15%
90-95%
40-60%
25-35%

A higher efficiency can be expected from fresh wastewater than from wastewater which
has become septic due to long travel times in the collection system. Septic wastewater
contains anaerobic bacteria which produce gas which in turn causes the solids to be
buoyed by the rising gas. Pre-aeration of the influent would help to reduce the action of
the anaerobic bacteria and increase the settleability of the waste.
The sludge collected in the primary sedimentation tanks should be removed on a regular
basis. The amount that is withdrawn is dependent on the influent flow and suspended
solids content of the influent. Sludge pumping should be for short durations at frequent
intervals rather than for long periods at infrequent intervals. The proper solids
concentration of the sludge pumped from the primary sedimentation tanks not being cosettled with waste activated sludge will vary from plant to plant, but will generally be from
4 to 6 percent. Wastewater treatment plants that co-settle their waste activated sludge
with the primary sludge in the primary sedimentation tank will typically have a primary
sludge concentration in the range of 2-3%. The primary sludge concentration without
co-settling of waste activated sludge at the Metro Wastewater Treatment Plant averages
approximately 1.5% total solids. This concentration is low compared to the standards
and average primary sludge concentrations at other facilities at other facilities throughout
the country.
Increased BOD and suspended solids loadings can indicate increased industrial waste
loadings. Domestic loadings will normally not vary drastically. Decreased BOD and
suspended solids concentration can indicate increased hydraulic loadings such as rain
water. A decrease in efficiency indicates the plant is overloaded or possibly the influent
waste has poor settling characteristics.

3-50
L:\Columbia Operations Manual\Chap 3

3.3.2

Miscellaneous Planned Maintenance and Housekeeping Practices

The following planned maintenance and housekeeping discussion was once presented
in the Water Environment Federation's Manual of Practice No. 11, "Operation of
Municipal Wastewater Treatment Plants".
Adoption of the following regular housekeeping practices will not only increase
efficiency, but provide better working conditions for the Operators:


Regularly remove accumulations from the inlet baffles and effluent weirs
with a hose or broom. Only experience will determine the necessary
frequency.



Clean scum removal equipment regularly, otherwise obnoxious odors and
an unsightly appearance will result.



Keep cover plates in place except when operations require their removal.



Immediately flush and remove all wastewater and sludge spills. Avoid
hosing down motors and enclosed control devices that are not designed
for direct spray.



Establish a housekeeping schedule for the primary treatment area
including pump rooms or galleries, stairwells, control rooms, and related
buildings and assign responsibility for each item to a specific employee.



Keep painted surfaces properly coated, as necessary, for surface
protection and appearance.

Primary sedimentation tanks represent a tremendous investment in machinery, including
equipment that normally operates under water. Protection of this investment requires at
least an annual inspection of the tanks and appurtenant equipment. A thorough
inspection includes the following procedures:


Inspect all mechanical equipment for wear and corrosion. Replace, as
necessary, or apply a protective coating to chains (if metal), sprockets,
guide rails, shaft bearings, bearing brackets, and other equipment parts.



Lubricate all metal parts including rails and bearings.



Check flights for chipping or breaking, missing or loose wear shoes, or
missing bolts. Replace these items as necessary.



Check baffle boards for warping or breakage and replace them as
required.



Adjust the tension of chains, both longitudinal and cross collectors. (Note
that plastic chain has tension and slack requirements different from those
of steel chain, and plastic chain stretches much more during its initial
break-in period, thus requiring frequent checks).
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Check all suction lines and sumps for debris collection and clogging.



Clean all lines before filling tanks.



Check all mechanical parts of the skimming unit for wear or corrosion.



Inspect all concrete above and below the waterline, particularly blind
areas such as sumps and anchorage areas for mechanical equipment.
Patch concrete and caulk and seal joints as necessary.

Management of a primary sedimentation tank is closely related in many ways with the
operation of other plant facilities. No other single unit provides as much opportunity for
detection of conditions which affect the performance of other plant processes. By early
detection of unusual characteristics, the operator frequently may adjust his/her normal
methods of management of this facility so that unexpected and harmful effects on the
later phases of treatment may be minimized.
3.3.3

Factors That Influence Settling

The most important function of a primary sedimentation tank is to remove as much
settleable and floatable materials as possible. Organic settleable solids removal is very
important because it causes a high demand for oxygen in the secondary treatment units.
The settling characteristics of the suspended particles in the water is probably the most
important factor. The heavier solids settle at the inlet end of the tank and the lighter
weight solids settle near the effluent end of the tank.
Generally, settling can be classified into the following major groups:
1.
2.
3.
4.

Discrete settling
Flocculation
Zone settling
Compression

Discrete settling, or free settling, is characterized by solids that settle by their own
weight. The particle size and water displacement is not affected by any other forces
than its own. This type of settling is what would be found in a typical primary settling
tank.
Flocculation settling is where particles by their surface charges attract one another. By
linking together they increase the relative weight and thus their settling characteristics.
This type of settling is normally found when chemical additives, and coagulants are
used.
Zone settling and compacting settling are found in primary sedimentation at the inlet end
of the tank as the sludge is moved toward the collection hopper. Zone settling occurs as
the solids are in contact with the surrounding solids and move downward together.
Compaction occurs as the solids by their weight force water from the surrounding areas
of the solids.

3-52
L:\Columbia Operations Manual\Chap 3

The Operators normally have very little control over the above settling characteristics,
unless chemical additives are used. However, the above characteristics are dramatically
affected if the sludge is not removed properly. Anaerobic (absence of oxygen) or septic
conditions develop if sludge is not removed regularly. The gas (methane and carbon
dioxide) released by this process floats upward through the solids and water. This
interferes with all four types of settling.
A second factor that influences settling is temperature. In general, as the water
temperature increases, the settling rate of the particles increases and as temperature
decreases, so does the settling rate.
Another effect of temperature is when warmer water enters the settling tank, it tends to
remain on the upper portion. This causes short-circuiting because the full depth of the
tank is not used. By not using the full depth of the tank, the velocity is high and the
solids do not settle. A similar but opposite effect is found if cold water enters the system.
The cold stream follows the bottom of the tank. High velocity causes poor settling.
Additional short-circuiting information is discussed below.
A third factor that effects settling would be the velocity in the tanks. An increased
velocity through the tank would not allow sufficient settling time for the solids. This
increased velocity could occur because of two reasons:
1.
2.

Inadequate detention time
Short-circuiting

There is a relationship between detention time and settling rate. Most engineers design
for a detention time of approximately 1.0 to 3.0 hours. The detention time of a primary
sedimentation tank could decrease because of heavy rains, or a new industry. If this
occurs, then the Operator may want to place another primary sedimentation tank into
service to increase the detention time to the proper requirements.
It should also be pointed out, that too long a detention time is also not desirable because
septic conditions may occur.
Short-circuiting is another way the velocity could increase in a sedimentation tank. The
wastewater entering the sedimentation tank should be evenly dispersed across the
entire cross section of the tank and flow at the same velocity in all areas of the tank
towards the discharge end. When the velocity is greater in some sections than in others,
serious "short-circuiting" may occur. This high velocity area may decrease the detention
time and cause solids to leave the primary tank. Short-circuiting may be caused by one
or a combination of problems as listed below:
1.
2.
3.
4.
5.

Inlet baffle missing
Effluent weirs not level
Weirs plugged with debris
Large accumulations of sludge
Wastewater temperature
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3.3.4

Start-Up

Before starting a new unit or one that has been out of service for cleaning or repair,
inspect the tank carefully. It is a good time to become familiar with the "internal
workings" of a primary sedimentation tank that is usually under water. Figure No. 3-16
shows a typical rectangular primary sedimentation tank.
The tank hopper, channels, control gates and weirs should be checked before placing a
tank in service.
Check items:
1.
2.
3.
4.
5.
6.
7.
8.

Control gates for proper operation
Clean tank of grit and debris
Collector drive mechanism for lubrication, oil level, drive alignment, and
complete assembly.
Gaskets, gears, drive chain sprockets and drive motor for proper
installation and rotation.
The longitudinal and cross collector flights should be properly aligned and
in good working order. Ensure that the chains have the proper tension.
All other mechanical items below the water line for proper installation and
operation.
Tank sumps or hoppers and sludge lines for debris and obstructions.
Tank structure for corrosion, cracks and other indications of structural
failure.

If everything checks out properly, then turn on the collector mechanisms if the
manufacturers’ operation and maintenance manual approves that the equipment can be
operated in a dry tank. Let the collector mechanisms operate for several minutes to
ensure that the equipment is running smoothly without jerks or jumps. Improper
movement may be caused by problems with the drive unit and could cause equipment
damage.
Fill the tank with water and check and RECORD the amperage draw of the motor. Let
the unit operate for several hours. If there are no problems, the unit can be placed back
into service.
Always be safety conscious, even during start-up.
1.

If you are working down in the tank, wear a hard hat for protection from
falling objects.

2.

Keep hands away from moving equipment.

3.

When working on equipment, be sure to red tag and use a lock-out device
on start-stop switches, circuit breakers and influent control gate controls to
prevent equipment from starting unexpectedly and causing equipment
damage and/or personal injury.
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The volume of sludge to be removed from any sedimentation tank may be estimated by
measuring the influent and effluent suspended solids, the total solids in the sludge
pumped and the wastewater flow. In the following equations, the method of computation
is shown:
1.

Dry Solids Removed (lbs/day) =
SS removed (mg/L) x Flow (MGD) x 8.34 (lbs/gal)

2.

Wet Sludge Removed (lbs/day) = Dry solids removal (lbs/day) x 100
% dry solids in sludge

3.

Wet Sludge Removed (gals/day) = Wet sludge removed (lbs/day)
8.34 lbs/gal

The following is given as an example of how to estimate the amount of sludge to be
removed daily:
Wastewater Flow
Primary Influent S.S.
Primary Effluent S.S.
Settled Solids
Dry Solids in Sludge

=
=
=
=
=

40 mgd
375 mg/L
206 mg/L (assume a 45% removal)
169 mg/L
1.5%

Substituting: Equation (1)
Dry Solids Removed (lbs/day)

= 169 mg/L x 40 mgd x 8.34 lbs/gal
= 56,378 lbs/day

Equation (2)
Wet Sludge Removed

=

56,378 lbs/day x 100
1.5

=

3,758,533 lbs/day

=

3,758,533 lbs/day
8.34 lbs/gal

=

450,663 gals/day

Equation (3)
Wet Sludge Removed
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From calculations such as these the Operator can determine the length of time required
for pumping with any pump(s) of known capacity.
Scum and floating debris which collects at the surface of the primary sedimentation
tanks are removed and pumped to the air flotation thickeners for further treatment.
There will be less carry-over of scum, floating debris, and grease if skimmings are
removed before any appreciable amounts are allowed to accumulate at the scum baffle
and troughs.
Excessive skimmings will result in too much water being pumped to disposal. Ideally,
small amounts of scum should be skimmed continuously. The operating staff will
determine by experience which pattern best suits the plant. The skimmer mechanism
(flight) on the sludge collector regulates the amount of scum and floating debris that is
pushed into the scum trough.
As stated previously, the objectives of primary treatment are the removal of solids from
the wastewater. Laboratory analysis of the influent and effluent flows will indicate the
efficiency of the primary treatment units. Determination of suspended solids, both total
and volatile solids and BOD in general will be the basic tests for measuring the efficiency
of the process. Testing of the sludge, especially the suspended solids, will be beneficial
in determining the loading on the solids handling equipment.
The frequency of testing must be determined at each plant. A daily check of suspended
solids and BOD is recommended. Composite samples of 24 hour flows provide the best
indication of primary treatment efficiency. While composite samples give the best
indication of overall efficiency, grab samples are recommended where shock loadings in
the system, particularly due to industrial waste, might occur. Sludge samples should be
collected as manually composite type samples where a sample is grabbed at the
beginning, middle and end of a sludge pumping cycle.
3.3.5

Formulas

The following formulas and definitions are to help the Operators better understand and
control the primary treatment process of the plant. The following problems are
concerned with computing:
1.

Primary sedimentation tank efficiency.

2.

BOD and suspended solids loading of the primary sedimentation tanks.

3.

Surface settling rate.

4.

Weir overflow rate.

5.

Detention time.

Below is a list of assumed conditions for the purpose of the examples. As an Operator,
you should be taking the actual conditions as they exist at your plant. The following
example will be based on the wastewater flow through Treatment Train No. 1 at the
Metro Wastewater Treatment Plant.
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Assumed:
Wastewater Flow
Primary Influent S.S.
Primary Effluent S.S.
Primary Influent BOD
Primary Effluent BOD
Primary Tank Dimensions
Length
Width
Liquid Depth
Length of Weirs per Tank
Number of Tanks
1.

=
=
=
=
=

40 MGD
375 mg/L
206 mg/L
400 mg/L
260 mg/L

=
=
=
=
=

78 ft
41 ft
10.5 ft
260 ft
12

Primary Sedimentation Tank Efficiency:

Primary sedimentation tank efficiency is the percentage of solids or BOD
removed during the sedimentation process. Although it aids in the overall evaluation of
the effectiveness of the sedimentation tank, it does not indicate what the problem is if the
efficiency is lower than standard. The efficiency may be affected by such factors as the
type of solids in the wastewater, the temperature of the liquid, the age of the solids and
other similar factors. The average removal efficiencies for a primary sedimentation tank
have been mentioned at the beginning of Section 3.3, Process Theory, of this chapter.
Efficiency Formula,%

=

In-Out x 100
In

BOD Efficiency

=

BOD In (mg/L) - BOD Out (mg/L) x 100
BOD In (mg/L)

=

400 mg/L - 260 mg/L x 100
400 mg/L

=

35%

=

SS In (mg/L) - SS Out (mg/L) x 100
SS In (mg/L)

=

375 mg/L - 206 mg/L x 100
375 mg/L

=

45%

SS Efficiency, %
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2.

BOD and Suspended Solids Loadings on the Primary
Sedimentation Tanks:

Milligrams per liter is a measure of concentrations that is used frequently in
treatment plant calculations. It is a measure of the concentration of a particular
constituent in the wastewater or solution but does not take into account the changes in
flow. It is for this reason that milligrams per liter must be converted into pounds per day
so the actual loadings can be determined for the treatment units.
Conversion Formula (mg/L to lbs/day)
=

Conc. (mg/L) x Flow (MGD) x 8.34 lbs/gal

BOD Conversions
BOD Loading

=

Influent BOD (mg/L) x Flow (MGD) x 8.34 lbs/gal

=

400 mg/L x 40 MGD x 8.34 lbs/gal

=

133,400 lbs/day

=

Influent SS (mg/L) x Flow (MGD) x 8.34 lbs/gal

=

375 mg/L x 40 MGD x 8.34 lbs/gal

=

125,100 lbs/day

SS Conversions
SS Loading

3.

Surface Settling Rate:

The surface settling rate (also referred to as the surface loading rate) is the
gallons of wastewater applied per day to each square foot of the sedimentation tank.
Engineers and Operators have indicated that the surface settling rate has a direct
relationship to the settleable solids and BOD removal efficiency in the sedimentation
process. The suggested settling rate varies from 300 gpd/ft2 to 1,200 gpd/ft2, depending
on the nature of the solids and the treatment requirements. Low loading rates are
frequently used at plants in cold climates. In warmer regions, lower surface settling
rates may cause excessive detention times which could lead to septicity. The South
Carolina Department of Environment and Conservation recommends that primary
sedimentation tanks be designed with an average surface settling rate of 800-1,200
gpd/ft2 and a peak of 2,000-3,000 gpd/ft2.
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Surface Settling Rate

a.

b.

c.

4.

=

Flow (gal/day)
Total Surface Area (sq. ft.)

Surface Area per Primary Tank
=

Length, ft. x Width, ft.

=

78 ft. x 41ft.

=

3,198 ft2

Total Surface Area
=

3,198 sq. ft./tank x 12 tanks

=

38,376 ft2

Surface Settling Rate
=

Flow (gal/day)
Total Surface Area (sq. ft.)

=

40,000,000 gal/day
38,376 ft2

=

1,042 gpd/ft2

Weir Overflow Rate:

The weir overflow rate is important in detecting high velocities near the effluent
weir which would affect the efficiency of the sedimentation tank. The number of feet of
weir in relation to the flow is important to prevent short-circuiting of high velocities near
the weirs which could pull solids into the effluent. The weir overflow rate is the number
of gallons of wastewater that will flow over one foot of weir per day. Most Engineers
recommend a weir overflow rate of 10,000-20,000 gpd/linear foot of weir. Secondary
sedimentation tanks and high effluent quality requirements generally need lower weir
overflow rates than primary sedimentation tanks.
Weir Overflow Rate =

Flow (gal/day)
Length of Weir (ft)
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a.

b.

5.

Total Length of Weirs
=

260 ft/tank x 12 tanks

=

3,120 ft

Weir Overflow Rate
=

Flow (gal/day)
Length of Weirs (ft)

=

40,000,000 gal/day
3,120 ft

=

12,821 gpd/ft

Detention Time:

Detention time is the time required for a given flow of wastewater to pass through
a tank. The detention time in a sedimentation tank is important because enough time
must be allowed for the solids to settle. If the detention time is too short then the solids
may be carried out of the tank into the effluent. If the detention time is too long, then a
septic condition may occur. The wastewater detention time in a sedimentation tank is
between 1 to 3 hours.
a.

b.

Volume per Primary Tank
=

Length, ft x width, ft x Depth, ft

=

78 ft x 41 ft x 10.5 ft

=

33,579 ft3/tank

Total Primary Tank Volume
=

33,579 ft3/tank x 12 tanks

=

402,948 ft3
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c.

Detention Time
=

Tank Volume (ft3) x 7.48 gal/ft3 x 24 hr/day
Flow (gal/day)

=

402,948 ft3 x 7.48 gal/ft3 x 24 hr/day
40,000,000 gal/day

=

1.81 hrs

The above examples are five mathematical methods of checking the performance of the
primary sedimentation tanks against the design values. However, laboratory analysis of
samples is the only reliable method of measuring the primary sedimentation tank
efficiency.
If laboratory results indicate a poorly operating system, then the
mathematical methods may help you to identify the problem. It should be pointed out
that a laboratory result is only as good as the sample, so proper sampling procedures
should be followed.
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3.4

TROUBLESHOOTING

3.4.1

Introduction

The following Troubleshooting Guides indicate some of the problems which may occur in
the primary treatment process. The following troubleshooting section also includes
manufacturer’s troubleshooting guides for individual pieces of equipment, such as the
primary tank collector mechanisms, primary sludge pumps, sludge grinders and channel
aeration blowers. It would be impossible to mention every problem that could occur in
this area; however, through experience, the Operator should write down his/her
observations, the causes, and the solutions so he/she and fellow workers could be
aware of this problem if it occurred again.
The design engineers have allowed for pump failures by providing spare pumps. If a
pump failure occurs, the Operator must re-route the flow to another pump on line. This
allows the pumping operation to continue while repairs are being made. Also, the
treatment plant has been designed to operate at a maximum flow and solids loading.
These parameters were designed to be met at some future date. Since the flows are
usually not at the design maximum, the Operator has the flexibility of placing a standby
tank in service, if necessary, when a mechanical failure occurs within a tank. If the
design maximum flow is reached because of high infiltration, the Operator still has the
ability:
1.

to place another tank in service to avoid a solids washout;

2.

to make adjustments at the plant for the wastewater influent flows by
directing it to the Equalization Basin;

3.

to make adjustments to the sludge flows and inplant flows to compensate
for the high incoming plant wastewater. For example, remove most of the
sludge from the primary tanks so the solids do not wash out to the
secondary treatment process.

Operator experience will dictate the correct mode of operation.
When a problem does occur, whether it is mechanical or process, the Plant Supervisors
and Shift Supervisor should be notified immediately, so that they can have the problem
corrected and also write any necessary reports.
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TROUBLESHOOTING GUIDE

PRIMARY TREATMENT

INDICATORS/OBSERVATIONS
1. Floating sludge.

PROBABLE CAUSE
1a.

1a.

Floating sludge.

1b.

Inspect scraper.

1c.

Sludge pump output.

1d.

Baffles

2a.

Inspect sludge
collectors.

2a.

Repair or replace as necessary.

2b.

Improper sludge removal
pumping cycles.

2b.

Sludge density.

2b.

2c.

Sewage decomposing
in collection system.

2c.

2c.

2d.

Sludge withdrawal
line plugged.
Broken shear pins, damaged
collectors.
Rags and debris entangled
around collector mechanism.
Excessive sludge
accumulation.
Frequency of removal
inadequate.
Heavy industrial waste
contributions.

2d.

Detention time, and
velocity in collection
lines.
Sludge pump output

Increase frequency and duration
of pumping cycles until sludge
density decreases to undesirably
low value.
Chlorinate in collection system.

2d.

Clean line by reversing flow.

3a.

Repair or replace damaged parts.

3b.

Shear pins and sludge
collector.
Sludge collector.

3b.

Remove debris.

3c.

Sound bottom of tank.

3c.

4a.

Scum removal rate.

4a.

Increase frequency of pumping sludge
from tank.
Remove scum more frequently.

4b.

Influent waste.

4c.

Limit industrial waste contributions.

1c.
1d.

3.

Erratic operation of sludge
collection mechanism.

2a.

3a.
3b.
3c.

4. Scum overflow.

SOLUTIONS

Sludge decomposing
in tank.
Scrapers worn or
damaged.
Sludge withdrawal
line plugged.
Damaged or missing
inlet baffles.
Sludge collectors
worn or damaged.

1b.

2. Black and odorous
septic wastewater

CHECK OR MONITOR

4a.
4b.

3a.

1a.

Remove sludge more frequently or at
a higher rate.

1b.

Repair or replace as necessary

1c.

Clear line by reversing flow.
Flush line with water.
1d. Repair or replace baffles.

TROUBLESHOOTING GUIDE

PRIMARY TREATMENT

INDICATORS/OBSERVATIONS
5. Broken scraper chains and
frequent shear pin failure.

PROBABLE CAUSE
5a.

5a.

6c.

Improper shear pin sizing and
flight alignment.
Ice formation on walls and
surfaces.
Excessive grit, clay and other
easily compacted material.
Low velocity in withdrawal
lines.
Pipe or pump clogged.

7a.

Hydraulic overload.

7a.

Influent flow rate.

7b.

Short circuiting of flow through
tanks.
Over-pumping of sludge.

7b.

Dye or other flow tracers.

7c.

Frequency and duration of
sludge pumping, SS
concentration.
Weir settings.
Damaged baffles.

5b.
6. Sludge hard to remove from hopper.

6a.
6b.

7. Undesirably low solids content in
sludge.

7c.

8. Short circuiting flow through tanks.

9. Surging flow.
10. Excessive sedimentation in inlet
channel.

CHECK OR MONITOR

8a.
8b.

Uneven weir settings.
Damaged or missing inlet line
baffles.
9a. Poor influent pump operation.
10a. Velocity too low.

5b.
6a.
6b.

8a.
8b.

Pin sizing and flight
alignment.
Inspect walls and
surfaces.
Operation of grit removal
system.
Low velocity in withdrawal
lines.

9a. Pump cycling.
10a. Velocity.

SOLUTIONS
5a.
5b.

Realign flights and change shear pin
size.
Remove or break up ice formation.

6a.

Improve operation of grit removal unit.

6b.

Increase velocity in sludge withdrawal
lines.
6c. Backflush clogged pipe lines and
pump sludge more frequently.
7a. Provide more even flow distribution in
all tanks.
7b. (See 8a and 8b).
7c.

Reduce frequency and duration of
pumping cycles.

8a.
8b.

Change weir settings.
Repair or replace baffles.

9a. Modify pumping cycle.
10a. Increase velocity or agitate with air or
water to prevent decomposition.

PRIMARY SEDIMENTATION TANK
(ENVIREX/SIEMENS) COLLECTOR MECHANISM
TROUBLESHOOTING TABLE

POSSIBLE CAUSE

REMEDY

1. EXCESSIVE TORQUE LIMITING DEVICE ACTIVATION
1a. Look through Troubleshooting section for
1a. Rectify.
cause.
1b. Undersized shear pins.
1b. Check General Arrangement drawing for
correct pin size – install correct pin. Contact
factory if correct pin still breaks frequently
for no apparent cause.
1c.
Improper adjustment.
1c. Check Vendor Literature.
2. FLIGHTS MOVING IN A PULSATING FASHION
2a. Chain too slack.
2a. Retension chain with take-ups or remove
links from both strands and then retension
chain.
2b. Flights hanging up on obstruction.
2b. Check flight ends for excessive wall contact.
Check the flight shoes for unusual wear. If
shoes are missing, replace.
Drain tank if necessary and hose down
thoroughly to find “hand-up point”. Check
shafts for level.
.

2c.

Sprockets on spool bearings binding from
overtightening of hardware.

2d.

UHMW wear strip loose or detached
entirely.

2e.

Foreign object in tank.

2f.

Deflector angles loose.

2g.

Track angles and shafts at incorrect
elevations relative to each other.

2c.

Check for uneven track angles or T-rail
splices. Check expansion joints in tank for
movement – chip tank wall or floor back.

Drain tank, hose down with high pressure
water. Loosen, then retorque band clamp
fasteners to proper value. Check that
sprockets rotate freely.
2d. Drain tank, hose down with high pressure
water. Replace missing section or replace
fastener.
2e. As the object is conveyed away, pulsating
may stop. If not, drain tank and remove
object.
2f. Drain tank enough to gain access to
fasteners and retighten.
2g. Reset to correct elevations per General
Arrangement Drawings.

POSSIBLE CAUSE

REMEDY

3. CHAIN JUMPING A TOOTH ON ONE COLLECTOR CHAIN SPROCKET
FLIGHTS SKEWED FROM PERPENDICULAR TO WALL
3a. Sprockets out of sync on spools due to
3a. Drain tank, hose down with high pressure
sizing.
water. Loosen, then retorque band clamp
fasteners to proper value. Check that
sprockets
3b. Sprocket bore(s) much enlarged.
3b. Replace sprocket(s).
3c.

Chain very slack.

3c.

3d.
3e.
3f.

Debris on sprocket teeth.
Missing sprocket teeth.
Sprocket loose on shaft.

3d.
3e.
3f.

3g.

Shafts not parallel or level.

3g.

3h.

Chain too tight.

3h.

3i.
Bent shaft.
4. FLIGHTS NOT SUBMERGED EVENLY
4a. Wear shoes missing.
4b. Return track angles loose on wall or other
support.
5. FLIGHT ENDS DAMAGED
5a. If lugged shoes supplied, lugs on wrong side
of track angle.
5b. Sprocket(s) loose on shaft.
5c.
5d.
5e.
5f.

Wall bearing loose on anchor bolts.
Wall bearing liner material worn excessively.
Shaft set collars loose.

3i.

Remove links from both strands and
retension chain.
Clean sprocket.
Replace sprocket.
Retorque band clamps and/or other sprocket
hardware.
Realign shafts as described in the manual –
retorque all hardware.
Check effluent cornershaft for excessive
bow. Relieve chain tension – add links to
both strands if necessary.
Replace shaft.

4a. Replace shoes.
4b. Drain tank to find loose angle. Relevel
angle.
5a. Should be on inside of track.
5b. Realign sprockets. Retorque sprocket
hardware.
5c. Retighten or replace wall bearing bolts.
5d. Replace bearing and/or liner material.
5e. Realign shaft. Retorque set collar
setscrews.
5f. Reset to correct elevation per General
Arrangement drawings.

Track angles and shafts at incorrect
elevations relative to each other.
6. COLLECTOR OR DRIVE CHAIN BREAKS, BUT
TORQUE LIMITING DEVICE DOES NOT ACTIVATE
6a. Shear pin sprocket shear faces “frozen”
6a. Drive out shear pin, rotate the sprocket to
together.
expose shear faces. Clean up faces and
grease faces before reassembling. Repair
any other damage.
6b. Improper shear pin installed.
6b. Same as above. Replace with correctly
sized pin.

POSSIBLE CAUSE

REMEDY

6. COLLECTOR OR DRIVE CHAIN BREAKS, BUT
TORQUE LIMITING DEVICE DOES NOT ACTIVATE (cont)
6c.
Shear pin installed improperly.
6c.
Same as above. Make sure necked-down
area of pin is at shear faces.
6d.
Chain worn through.
6d.
Replace chain.
6e.
Torque protection device malfunctions.
6e.
See Vendor Literature.
7. TORQUE LIMITING DEVICE ACTIVATES TO SHUT DOWN COLLECTOR,
BUT MOTOR CONTINUES TO RUN (IF LIMIT SWITCH IS FURNISHED)
7a.
Faulty limit switch.
7a.
Replace switch.
7b.
Limit trip dog not hitting switch correctly.
7b.
Realign switch to contact trip dog properly
(see manual).
8. FLIGHT CARRYING CHAIN WEARING ON INNER SURFACE OF SIDE BAR
8a.
Shaft(s) not level.
8a.
Relevel shafts. Check wall bearings for
heavy wear.
8b.
Shaft(s) not parallel.
8b.
Set shafts parallel.
8c.
Sprockets not aligned with each other, or
8c.
Align all sprockets per Installation section of
out position with respect to tank center.
this manual.
8d.
Sprockets loose on shaft.
8d.
Realign sprockets. Check location against
drawings. Check set collars. Check all
setscrews. Retorque all hardware.
8e.
Shafts shifting laterally.
8e.
Reposition shaft. Secure set collars at
bearings.
8f.
Chain too tight.
8f.
Check effluent cornershaft for excessive
bow. Relieve chain tension – add links to
both strands if needed.
8g.
Bent shaft.
8g.
Replace shaft.
9. FLIGHTS WEARING ON BOTTOM EDGE
9a.
Wear shoes worn out.
9a.
Replace or reverse shoes.
9b.
Tee rails worn flush with floor or below floor 9b.
Weld on wear bars or fasten on polymeric
level.
wear strip.
9c.
High spots on tank floor.
9c.
Level tank floor.
10. NOISY OR VIBRATING DRIVE ASSEMBLY
NOTE: Separate motor and reducer to see which is causing the undersirable noise or vibration.
(Also see the Vendor Literature for more information)
10a. Misalignment and/or insufficient lubrication
10a. Realign coupling – relubricate.
of coupling
10b. Bearings corroded – condensation present. 10b. Replace bearings, gears and seals.
Change oil more frequently.
10c. Motor vibration due to fan or motor
10c. Mud dauber wasps or other debris in fan.
imbalance.
Clean out carefully. Replace fan if
damaged.
10d. Loose mounting and/or assembly hardware. 10d. Retighten.
10e. Insufficient and/or improper lubricant in
10e. Fill to proper level with recommended
gear case.
lubricant.

POSSIBLE CAUSE

REMEDY

11. GEAR REDUCER LEAKING OIL THROUGH SEALS
11a. Too much oil in gear case.
11a. Drain to proper level.
11b. Water present in oil. (Result: foaming)
11b. Drain, flush, and refill. Drain more
frequently to eliminate condensation buildup.
11c. Air vent clogged.
11c. Clean or replace if necessary.
11d. Damaged seal.
11d. Replace (see Vendor Literature).
12. GEAR REDUCER WILL NOT ACCEPT USUAL AMOUNT OF OIL IN GEAR CASE
12a. Greasing of bearings has been too frequent 12a. Flush reducer with hot (140°F) 30W motor
or too much. Grease accumulates in
oil or flushing oil to remove excess grease.
housing.
Reduce number of ounces when regreasing
and/or extend intervals between regreasing
(see Vendor Literature). Use Caution when
Heating Oil).
12b. Condensate and/or sludge build-up.
12b. Drain, flush and refill with seasonal
lubricant. Change lubricant more
frequently.
13. GEAR LUBRICANT IS MILKY OR LUMPY
13a. Condensation or other water in oil.
13a. Drain, flush and refill. Change oil more
frequently.
14. WEAR ON DRIVE CHAIN SIDE BARS AND SIDE OF SPROCKET TEETH
14a. Misalignment of sprockets.
14a. Check alignment of drive and driven
sprockets and correct.
14b. Idler sprocket not aligned. (Chain tightener 14b. Realign and check setscrew for tightness.
sprocket)
14c. Chain too tight or too loose.
14c. Adjust chain tightener or adjust chain length
by adding or removing link(s).
14d. Chain or sprocket worn out.
14d. Replace chain and/or sprocket (some
sprockets can be reversed, chain can be
flopped).
14e. Reducer shaft not parallel to headshaft.
14e. Realign the shaft that is not level.
14f. Material build-up in sprocket tooth pockets. 14f. Remove material build-up – protect drive
from contact with foreign material.
15. DRIVE CHAIN: BROKEN PINS, BUSHINGS OR ROLLERS (IF APPLICABLE)
15a. Material build-up in sprocket tooth pockets. 15a. Remove material build-up.
15b. Chain or sprocket excessive corrosion.
15b. Replace.
15c. Poor fitting sprockets.
15c. Check sprockets for wear and correct
bottom diameter.
15d. Low pH (non-metallic chain only).
15d. Increase pH to 4 or more.
15e. Improper shear pin.
15d. Use correct shear pin.
15f. Shear pin hub faces frozen together.
15f. Free faces, clean and lubricate.

POSSIBLE CAUSE

REMEDY

16. COTTER PINS COME OUT (WHERE APPLICABLE)
16a. Too much oil in gear case.
16a. Eliminate obstruction or tap ends back until
cotter fits snugly against side bars.
16b. Water present in oil. (Result: foaming)
16b. Correct faulty installation.
17. EXCESSIVE NOISE IN DRIVE CHAIN
17a. Misalignment of sprockets.
17a. Check alignment of drive, driven and idler
(chain tightener) sprockets and correct.
17b. Too little or too much slack.
17b. Add or remove links or adjust chain
tightener for proper slack.
17c. Chain or sprocket worn out.
17c. Replace chain and/or sprocket (some
sprockets can be reversed).
18. DRIVE CHAIN CLIMBS SPROCKETS
18a. Chain worn out.
18a. Replace chain and/or sprockets (some
sprockets can be reversed).
18b. Excessive chain slack.
18b. Remove links or adjust chain tightener for
proper slack.
18c. Material build-up in sprocket tooth pockets. 18c. Remove material build-up – protect drive
from contact with foreign material.
19. BROKEN SPROCKET TEETH
19a. Improper shear pin used.
19a. Replace with proper pin. Check for cause
of overload.
19b. Obstructions or foreign material.
19b. Check chain and sprocket clearances –
remove foreign materials.
19c. Excessive shock loads.
19c. Reduce excessive shock loads.
19d. Chain climbing sprocket.
19d. Replace chain and sprockets.
Adjust centers, remove links or adjust chain
tightener for proper slack.
Remove material build-up.

TROUBLESHOOTING CHART
PRIMARY SLUDGE IN-LINE GRINDERS (MACERATORS)
(JWC ENVIRONMENTAL)

INDICATIONS/OBSERVATIONS
1.

2.

Muffin Monster Will Not Start when
Start Switch Is Pushed

Muffin Monster Will Not Stop When
Stop Switch Is Pushed

PROBABLE CAUSE

SOLUTION

1a.

Check electrical power.

1a.

Use voltmeter to verify correct 3 phase
input voltage is supplied to controller.
Check voltage balance.

1b.

Check start switch.

1b.

With power off make a continuity test
across the start switch. Check for
shorted wires.

1c.

Check Fuses.

1c.

Remove fuse and verify with continuity
test that fuse is good. Replace as
needed. Check for shorted wires.

1d.

Check solid state relay.

1d.

Refer to manufacturer’s manual.

1e.

Check logic block.

1e.

Refer to manufacturer’s manual.

1f.

Check contactors.

1f.

Refer to manufacturer’s manual.

1g.
2a.

Check power transformer.
Check stop switch.

1g.
2a.

Refer to manufacture’s manual.
Refer to 1b.

2b.

Check solid state relay.

2b.

Refer to manufacturer’s manual.

2c.

Check logic block.

2c.

Refer to manufacturer’s manual.

2d.

Check contactors.

2d.

Refer to manufacturer’s manual.

TROUBLESHOOTING CHART (cont.)
PRIMARY SLUDGE IN-LINE GRINDERS (MACERATORS)
(JWC ENVIRONMENTAL)

INDICATIONS/OBSERVATIONS
3.

Line Active Lamp Does Not Light
When Power is Applied

4.

Muffin Monster Will Start But Goes Off
In A Few Seconds

5.

Muffin Monster Will Start But Goes Off
After 2 Minutes

6.

Muffin Monster Does Not Reverse
When Jammed

PROBABLE CAUSE

SOLUTION

3a.

Check 24V bulb.

3a.

Check pilot light circuit. Replace bulb.

3b.

Check fuses.

3b.

Refer to 1c.

3c.

Check electrical power.

3c.

Refer to 1a.

3d.
4a.

Check power transformer.
Check current phase sensor.

3d.
4a.

Refer to manufacturer’s manual.
Check current phase sensor.

4b.
5a.

Check logic block.
Check electrical power.

4b.
5a.

Check logic block.
Refer to 1a.

5b.
6a.

Check current phase sensor.
Check current phase sensor.

5b.
6a.

Refer to 4a.
Refer to 4a.

6b.

Check solid state relay.

6b.

Refer to manufacturer’s manual.

6c.

Check contactors.

6c.

Refer to manufacturer’s manual.

6d.

Check logic block.

6d.

Refer to manufacturer’s manual.

TROUBLESHOOTING CHART (cont.)
PRIMARY SLUDGE IN-LINE GRINDERS (MACERATORS)
(JWC ENVIRONMENTAL)

INDICATIONS/OBSERVATIONS
7.

8.

9.
10.

Controller Will Not Reset After
Overload

Muffin Monster Starts When Power Is
Applied

Muffin Monster Jams to Easily
Controller Fuses F1 & F2 Are Blowing

PROBABLE CAUSE

SOLUTION

7a.

Check stop switch.

7a.

Refer to 1b.

7b.

Check solid state relay.

7b.

Refer to manufacturer’s manual.

7c.
8a.

Check logic block.
Check solid state relay.

7c.
8a.

Refer to manufacturer’s manual.
Refer to manufacturer’s manual.

8b.

Check start switch.

8b.

Refer to 1b.

8c.
9a.
10a.

Check logic block.
Check current phase sensor.
Check electrical power.

8c.
Refer to manufacturer’s manual.
9a. Refer to 4a.
10a. Refer to 1a.

10b.

Check V.D.R. or M.O.V.

11.

Fuse on Chassis Repeatedly Blowers

11a.

Check power transformer.

10b. Check V.D.R. or M.O.V. for shorts.
Inspect for physical damage. Replace
as needed.
11a. Refer to manufacturer’s manual.

12.

Contactors Operate Erratically

11b.
12a.

Check V.D.R. or M.O.V.
Check contactors.

11b. Refer to 10b.
12a. Refer to manufacturer’s manual.

12b.

Check solid state relay.

12b. Refer to manufacturer’s manual.

12c.

Check logic block.

12c. Refer to manufacturer’s manual.

TROUBLESHOOTING CHART (cont.)
PRIMARY SLUDGE IN-LINE GRINDERS (MACERATORS)
(JWC ENVIRONMENTAL)
Note: The Muffin Monster is designed to operate smoothly and quietly. If any
excessive noise is noted inspect and consult factory if necessary.
3.1

Reducer making noise:
1.
Needs grease
2.
Contaminated by influent

3.2

Grinder making noise:
1.
Cutter with burr on it
2.
Off centered cutter hitting side rail
3.
Broken cutter or spacer
4.
Seal failure
5.
Bearing failure
6.
Bent shaft
7.
Broken shaft

3.3

Driven shaft not turning:
1.
Gear key broken or missing
2.
Shaft broken

3.4

Drive shaft not turning:
1.
Shaft broken below gear

3.5

Neither shaft turns:
1.
Coupling key broken or missing
2.
Combination of 3.3 and 3.4

3.6

Shaft bobbing up and down:
1.
Bearing failure
2.
Retaining rings broken or not in groove
3.
Castle nut loose

3.7

Seal failure:
1.
Worn seal parts (i.e., races, rubbers, o-rings)
2.
Worn bushing
3.
Cutter and spacers worn thin
4.
Broken cutter or spacer

3.8

Hole worn through side rail:
1.
Bearing failure
2.
Bent shaft

TROUBLESHOOTING GUIDE
PRIMARY SLUDGE PUMPS (TREATMENT TRAIN NO. 1)
(MOYNO)

INDICATOR/OBSERVATION
1. Pump will not start.

PROBABLE CAUSE
1a. Driver.
1b. Rotor is initially tight in
stator from sitting idle.

1c. Belts could be slipping.
2. There is no flow.

2a. Obstruction in suction
line.

2b. There is no or too little
power to pump.

2c. A loss of vacuum in
lifting applications.

2d. A collection of debris in
suction housing.
2e. Key may be broken.
2f. Pump may be operating
in wrong rotation.
2g. An absence of fluid to be
pumped.

SOLUTION
1a. Checking driver wiring diagram.
1b. Turning pump manually two full
rotations. This can be done by
completing the following:
 disconnect power to driver
 disconnect couplings or
loosen belts
 grip drive shaft head with
large pipe wrench and turn.
1c. Tightening the belt and applying
belt dressing if necessary.
2a. Making sure all valves are open,
or reversing pump to clear any
obstructions in line. Be sure
pump does not run dry when
run in reverse.
2b. Check driver to be sure it is
operating properly. Check to
see that proper amount of
voltage is getting to the pump
motor.
2c. Check to see that air is not
leaking into suction housing via
packing gland. Inadequate
amount of grease or low water
pressures in water-flush
systems, will allow air to enter
suction housing. Also check the
piping system for problems.
2d. Stop pump, drain suction
housing, open inspection plates,
remove debris
2e. Disassemble pump and check.
Replace, if necessary
2f. Reverse rotation of the drive.
2g. Check fluid level controls.
Repair, if necessary.

TROUBLESHOOTING GUIDE
PRIMARY SLUDGE PUMPS (TREATMENT TRAIN NO. 1)
(MOYNO)

INDICATOR/OBSERVATION
3. There is excessive noise and
vibration.

PROBABLE CAUSE
3a. Driver and pump may
be out of alignment.

3c. Cavitation is occurring.

4. Bearing Housing becomes
hot (160°F).

SOLUTION
3a. Check to be sure all pulleys are
mounted and aligned onto
shafts, and belts properly
connected. Making sure
couplings are firmly connected.
3c. Remove obstructions in suction
line on housing through
cleaning or back-flushing, if
practical.

3d. Pump body and stator
support are loose.

Check application for excessive
solids content, speed, suction
lift on improperly sized suction
line.
3d. Tighten all loose belts on
supports.

3e. Bearing housing stator
and suction housing
may be out of alignment.

3e. Make sure all bolts on these
sections are tightened with
proper amounts of torque.

4a. The pump is new.

4a. Watch the pump for first few
days as a new pump will tend to
run warm.

4b. Bearings have been
over lubricated.

4b. Remove drain plugs in bearing
housing and run pump with
plugs removed for 20 minutes.
Replace plugs
4c. Add grease through fitting.
Pumps are lubricated at the
factory and should not need
additional lubrication unless
leakage has occurred. Total
capacity after bearings have
been packed is 12 ounces by
weight.

4c. Bearings need grease.

TROUBLESHOOTING GUIDE
PRIMARY SLUDGE PUMPS (TREATMENT TRAIN NO. 1)
(MOYNO)

INDICATOR/OBSERVATION

PROBABLE CAUSE
4d. Bearing grease has
become contaminated
with water or sludge.

5.

There is low flow.

4e. Pump and drive are not
aligned.
5a. Vicosity of fluid or
suction lift is higher than
expected.
5b. Solids have settled in
suction housing or line.

5c. Belts are slipping.
5d. Rotor or stator is worn
and inefficient.

SOLUTION
4d. Inspect grease by removal of
bearing cover plates. If
contaminated, replace grease
after removing shaft assembly
and cleaning bearings
4e. Realign pump and drive for
proper shaft alignment.
5a. Enlarge pipe size or increasing
speed of driver.
5b. Stop pump, drain suction
housing and through inspection
plates remove debris. Check
and clean inside pipe walls and
elbows
5c. Replace old and worn belts
5d. Replacing one or both. To
check wear on these items,
disassemble pump (See
Manufactures Operation
Manual. Measure the crest to
crest diameter of rotor stages.
This can be done with a
micrometer and ½” square bar
stock. (See chart in
Manufacturers Operation
Manual for specifications).

TROUBLESHOOTING GUIDE
PRIMARY SLUDGE PUMPS (TREATMENT TRAIN NO. 2)
(KSB PUMPS)

PROBLEM
1. Unit not pumping.

CAUSE

SOLUTION

1a. Pump and/or pipeline
are not completely
vented or primed.
1b. Pump inlet blocked by
deposits.
1c. Damaged discharge
pipe (pipe and gaskets).
1d. Motor not running due to
no voltage supply.
1e. Motor running on two
phases only.

1a. Vent pump by lifting off the
discharge elbow and lowering it
back again.
1b. Clean inlet, pump parts and non
return valve.
1c. Replace defective pipe.
Renew gaskets.
1d. Check electrical installation.
Inform electrical company.
1e. Replace defective fuses.
Check electric cable
connections.
1f. Replace by new original KSB
cabling or contact your nearest
authorized KSB agent.
1g. The motor will switch on
automatically after cooling
down.

1f. Motor winding or electric
cable defective.

2. Pump delivers insufficiently.

1g. Temperature monitor for
winding control has
actuated due to
excessively high winding
temperature.
1h. Moisture protection relay
has been released due
to moisture within the
motor.
2a. Pump delivers against
excessively high
discharge pressure.
2b. Valve in discharge pipe
not fully open.
2c. Inlet pipe or impeller
blocked.
2d. Wear of internal pump
parts.
2e. Damaged discharge
pipe (pipe and gaskets).
2f. Unacceptable air or gas
content within the
pumped media.
2g. Wrong direction of
rotation.

1h. Check the pump.

2a. Open discharge valve further
until duty point is reached, or
install larger impeller.
2b. Open valve completely.
2c. Remove deposits from within
the pump and/or pipelines.
2d. Replace worn parts.
2e. Replace defective pipe.
Renew gaskets.
2f. Contact your nearest authorized
KSP agent.
2g. Switch two phases of the circuit.

TROUBLESHOOTING GUIDE (cont.)
PRIMARY SLUDGE PUMPS (TREATMENT TRAIN NO. 2)
(KSB PUMPS)

PROBLEM

CAUSE
2h. Motor running on two
phases only.
2i.

3. Current/power consumption
too high.

3a.
3b.
3c.
3d.
3e.
3f.

4. Head too low.

With star/delta
connection – Motor only
running in star position.
Pump not running within
operating limits.
Blockage in impeller
ports.
Wear of internal pump
parts.
Wrong direction of
rotation.
Insufficient operating
voltage.
Motor winding or electric
cable defective.

3g. Radial bearing in the
motor defective.
4a. Inlet pipe or impeller
blocked.
4b. Wear of internal pump
parts.
4c. Damaged discharge
pipe (pipe and gaskets).
4d. Unacceptable air or gas
content within the
pumped media.
4e. Wrong direction of
rotation.
4f. Motor running on two
phases only.
4g. With star/delta
connection – Motor only
running in star position.

SOLUTION
2h. Replace defective fuses.
Check electric cable
connections.
2i. Check star/delta connection.

3a. Check operating data of the
pump.
3b. Check impeller - if necessary
clean pump impeller.
3c. Replace worn parts.
3d. Switch two phases of the circuit.
3e. Check electric supply.
Check cable connections.
3f. Replace by new original KSB
cabling or contact your nearest
authorized KSB agent.
3g. Contact your nearest authorized
KSB agent.
4a. Remove deposits from within
the pump and/or pipelines.
4b. Replace worn parts.
4c. Replace defective pipe.
Renew gaskets.
4d. Contact your nearest authorized
KSB agent.
4e. Switch two phases of the circuit.
4f.

Replace defective fuses.
Check electric cable
connections.
4g. Check star/delta connection.

TROUBLESHOOTING GUIDE (cont.)
PRIMARY SLUDGE PUMPS (TREATMENT TRAIN NO. 2)
(KSB PUMPS)

PROBLEM
5. Pump operation is uneven
and noisy.

CAUSE

SOLUTION

5a. Pump not running within
operating limits.
5b. Inlet pipe or impeller
blocked.
5c. Blockage in impeller
ports.
5d. Wear of internal pump
parts.
5e. Unacceptable air or gas
content within the
pumped media.
5f. Oscillations caused by
pipe system.

5a. Check operating data of the
pump.
5b. Remove deposits from within the
pump and/or pipelines.
5c. Check impeller – if necessary
clean pump impeller.
5d. Replace worn parts.

5g. Wrong direction of
rotation.
5h. Radial bearing in the
motor defective.

5g. Switch two phases of the circuit.

5e. Contact your nearest authorized
KSB agent.
5f.

Contact your nearest authorized
KSB agent

5h. Contact your nearest authorized
KSB agent.

Attention:
If working inside the pump is necessary while the pump is under warranty, contact your
nearest authorized KSB agent prior to commencement of work. Non-observance may invalidate any
warranty claims.
Prior to carrying out work to the pressure containing parts – release pressure from the pump!
Disconnect power supply to the pump!

3.5

DESIGN AND EQUIPMENT SUMMARY

3.5.1

Primary Treatment Design Data
Train
No. 1

Train
No. 2

Design Flows, mgd
Average Design Flow
Maximum Design Flow
Peak Design Flow

40
60
80

20
40
60

Primary Tank Conc., mg/L
Suspended Solids
Biochemical Oxygen Demand

225
200

346
376

75,060
66,720

57,713
62,717

Primary Tank Loading, lbs/day (Ave. Design)
Suspended Solids
Biochemical Oxygen Demand

3.5.2

Primary Sedimentation Tank Nos. 1-12 (Treatment Train No. 1)

Number of Units
Type of Tanks

12
Rectangular tanks with
longitudinal collector
mechanisms

Dimensions per Tank, ft.
Length
Width
Liquid Depth
Surface Area per Tank, ft2
Total Surface Area, ft2 (all 12 tanks)
Volume per Tank
Cubic Feet
Gallons
Total Volume (all 12 tanks)
Cubic Feet
Gallons
Detention Time, hrs.
Ave. Design Flow @ 40 mgd
Max. Design Flow @ 60 mgd

78
41
10.5
3,198
38,376
33,579
251,171
402,948
3,014,052
1.8
1.2
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Peak Design Flow @ 80 mgd (2.0 P.F.)
Peak Design Flow @ 100 mgd (2.5 P.F.)
Surface Settling Rate, gpd/ft2
Ave. Design Flow @ 40 mgd
Max. Design Flow @ 60 mgd
Peak Design Flow @ 80 mgd
Peak Design Flow @ 100 mgd (2.5 P.F.)
Weir Length per Tank, ft.
Total Weir Length, ft (all 12 tanks)
Weir Overflow Rate, gpd/ft
Ave. Design flow @ 40 mgd
Max. Design Flow @ 60 mgd
Peak Design Flow @ 80 mgd (2.0 P.F.)
Peak Design Flow @ 100 mgd (2.5 P.F.)

0.9a.
0.72b.
1,042
1,563
2,085a.
2,606b.
260
3,120
12,821
19,231
25,641a.
32,051b.

a.

The original plant design was based on a peaking factor of 2.0 average to peak
flow.
b.
Current regulations require plant to use a peaking factor of 2.5 average to peak
flow.
3.5.3

Primary Tank Collector Mechanism Nos. 1-12 (Treatment Train No. 1)

Manufacturer
Number of Units
Model
Order Numbers

Siemens (Envirex)
12
C&S Sludge Collector
VO2C2435 (South)
VOC2465 (Middle)
VO2C2435 (North)
720S
Longitudinal, continuous
chain type collector
mechanism.
To move settled sludge to
the influent end of the tank
and move floating solids to
the effluent end of the tank.
2
4
Foot Jones
SCD-C-842-02D0025
1.07/2.14
1639/820

Type of Chain
Type of Units

Function

Longitudinal Collector Speed, fpm
Cross Collector Speed, fpm
Gear Reducer Manufacturer
Gear Reducer Model
Output Speed, rpm
Gear Ratio
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Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage
Type of Drive
3.5.4

Reliance
0.5
1725
460
Constant Speed

Primary Sedimentation Tank Nos. 1-6 (Treatment Train No. 2)

Number of Units
Type of Tanks

6
Rectangular tanks with
longitudinal collector
mechanisms

Dimensions per Tank, ft.
Length
Width
Liquid Depth
Surface Area per Tank, ft2
Total Surface Area, ft2 (all 6 tanks)
Volume per Tank
Cubic Feet
Gallons
Total Volume (all 6 tanks)
Cubic Feet
Gallons
Detention Time, hrs.
Ave. Design Flow @ 20 mgd
Max. Design Flow @ 30 mgd
Peak Design Flow @ 40 mgd (2.0 P.F.)
Peak Design Flow @ 50 mgd (2.5 P.F.)
Surface Settling Rate, gpd/ft2
Ave. Design Flow @ 20 mgd
Max. Design Flow @ 30 mgd
Peak Design Flow @ 40 mgd (2.0 P.F.)
Peak Design Flow @ 50 mgd (2.5 P.F.)
Weir Length per Tank, ft.
Total Weir Length, ft (all 6 tanks)
Weir Overflow Rate, gpd/ft
Ave. Design flow @ 20 mgd
Max. Design Flow @ 30 mgd
Peak Design Flow @ 40 mgd (2.0 P.F.)
Peak Design Flow @ 50 mgd (2.5 P.F.)

78
41
10.5
3,198
19,188
33,579
251,171
201,474
1,507,026
1.8
1.2
0.9a.
0.72b.
1,042
1,563
2,085a.
2,606b.
260
1,560
12,821
19,231
25,641a32,051b.
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a.

The original plant design was based on a peaking factor of 2.0 average to peak
flow.
b.
Current regulations require plant to use a peaking factor of 2.5 average to peak
flow.
3.5.5

Primary Tank Collector Mechanism Nos. 1-6 (Treatment Train No. 2)

Manufacturer
Number of Units
Model
Order Number
Customer P. O.
Type of Units

Siemens (Envirex)
6
C & S Sludge Collector
11625
041-00001
Chain and flight type
collector mechanism

Function
Type of Chain
Longitudinal Collector speed, fpm
Cross Collector Speed, fpm
Gear Reducer Manufacturer
Gear Reducer Model
Output Speed, rpm
Service Rating, in-lbs
Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage
Type of Drive

3.5.6

720S
2
4
Koellmann

Reliance
0.5
1725
460
Constant Speed

Primary Sludge Grinder Nos. 1-6 (Treatment Train No. 1)

Manufacturer
Number of Units
Model
Pumping Station No. 1 (South)
Pumping Station No. 2 (Center)
Pumping Station No. 3 (North)
Service Order
Pumping Station No. 1 (South)
Pumping Station No. 2 (Center)

Waste Disposal (Muffin
Monster)
6
30004T-0012-DI
30004T-1204-DI
30004T-1204
G004818
33926
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Pumping Station No. 3 (North)
Serial Numbers
Pumping Station No. 1 (South)
Pumping Station No. 2 (Center)
Pumping Station No. 3 (North)
Location

Function

Capacity per Unit, gpm
Grinder Manufacturer
Gearbox Model
Pumping Station No. 1 (South)
Pumping Station No. 2 (Center)
Pumping Station No. 3 (North)
Gearbox Serial Number
Pumping Station No. 1 (South)
Pumping Station No. 2 (Center)
Pumping Station No. 3 (North)
Gearbox Ratio
Gearbox Service Factor
Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage
Type of Drive

3.5.7

33926
20909093 (92)
29027 (26)
29031 (30)
Two (2) grinders are
located in each Primary
Sludge Pump Station
(Station South, Station
Central, Station North)
To grind and shred solids
before entering the primary
sludge pumps
350
Waste Disposal
TDVCS601-1-182TC
TDVCS611-1-18210

21022020
29:1
1.8
Baldor
3
1750
460
Constant Speed

Primary Sludge Pump Nos. 1-6 (Treatment Train No. 1)

Manufacturer
Number of Pumps
Model
Pumping Station No. 1 (South)
Pumping Station No. 2 (Center)
Pumping Station No. 3 (North)
Serial Number
Pumping Station No. 1 (South)

Moyno
6
AS4043502-6-FB
AS1013502-6-FB

1F090G1-CSO
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Pumping Station No. 2 (Center)
Pumping Station No. 3 (North)
Type of Pump

Positive displacement,
progressive cavity type
pump
Two (2) pumps in each
Primary Pumping Station
(Station South, Station
Middle, Station North)
To pump primary sludge
from the primary tanks to
the air flotation thickeners

Location

Function

Capacity per Pump, gpm
Total Dynamic Head, ft
Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage
Type of Drive

3.5.8

1F090G1-CSO-SAX

Baldor
15
1765
460
Constant Speed

Primary Sludge Grinder Nos. 1-6 (Treatment Train No. 2)

Manufacturer

Waste Disposal (Muffin
Monster)
6
30001-8-4
22546
7171 (66-70)
In the Train No. 2 Primary
Tank Pipe Gallery
(Pumping Station)
To grind and shred solids
before entering the primary
sludge pumps
350
Waste Disposal

Number of Units
Model
Serial Order
Serial Number
Location

Function

Capacity per Unit, gpm
Gearbox Manufacturer
Gearbox Model
Gearbox Serial Number
Gearbox Ratio
Gearbox Service Factor
Motor Manufacturer
Motor Horsepower

Baldor
3
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Motor Speed, rpm
Motor Voltage
Type of Drive

3.5.9

1725
460
Constant Speed

Primary Sludge Pump Nos. 1-6 (Treatment Train No. 2)

Manufacturer
Number of Pumps
Model
Order Number
Pump No. 1
Pump No. 2
Pump No. 3
Pump No. 4
Pump No. 5
Pump No. 6
Type of Pumps

KSB
6
KRTBF-100-200/44-205
S-MO7-763-020/6
S-MO5-761-576
S-MO7-777-824/1
S-MO7-777-824/1
S-MO7-763-020/2
S-MO7-777-824/7
Dry pit, submersible type
pumps
In the Train No. 2 Primary
Tank Pipe Gallery
(Pumping Station)
To pump primary sludge
from the primary tanks to
the air flotation thickeners

Location

Function

Capacity per Unit, gpm
Pump No. 1
Pump No. 2
Pump No. 3
Pump No. 4
Pump No. 5
Pump No. 6
Total Dynamic Head, ft
Pump No. 1
Pump No. 2
Pump No. 3
Pump No. 4
Pump No. 5
Pump No. 6
Motor Manufacturer
Motor Horsepower
Motor Speed, rpm

25-200
340
0-180
0-180
25-200
0-180
43.5-53
35
45-55
45-55
43.5-53
45-55
KSB
5.35
1740
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Motor Voltage
Type of Drive

3.5.10

460
Constant Speed

Primary Influent Channel Aeration Blower Nos. 1-4
(Treatment Train No. 1)

Manufacturer
Number of Blowers
Blower Series
Size
Job Number
Blower Nos. 1 and 2 (South)
Blower Nos. 3 and 4 (North)
Model
Serial Numbers
Blower Nos. 1 and 2 (South)
Blower Nos. 3 and 4 (North)
Type of Blower

Gardner Denver (Carotek)
4
Legend Series
7LV
60-5474
GAGLBPA
S130640
S137195
Positive displacement,
rotary lob
Blower Nos. 1 and 2 are
located in the South
Primary Sludge P.S. and
Blower Nos. 3 and 4 are
located in the North
Primary Sludge P.S. at
Train No. 1
To supply air to the influent
channels of the Train No. 1
Primary Sedimentation
Tanks
860
3.5
Leeson Wattsaver
40
1780
460
Constant Speed

Location

Function

Capacity per Blower, cfm
Discharge Pressure, psig
Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage
Type of Drive
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3.5.11

Primary Influent Channel Aeration Blower Nos. 1-2
(Treatment Train No. 2)

Manufacturer
Number of Blowers
Size
Job Number
Equipment Number
Model
Serial Number
Type of Blower

Sunflo Blowers (Carotek)
2
B-3230
91-2254-1
92467875
D925H
92467875.2 (4.1)
Single stage centrifugal
type blower
In the pump/pipe gallery on
the influent end of the Train
No. 2 Primary
Sedimentation Tank
To supply air to the influent
channels of the Train No. 2
Primary Sedimentation
Tanks
1,600
3
U.S. Electric Motor
40
3545
460
Constant Speed

Location

Function

Capacity per Blower, cfm
Discharge Pressure, psig
Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage
Type of Drive
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3.6

OPERATIONAL CHECKLISTS

It is imperative that Operators make rounds throughout the treatment plant to ensure that
the process and the equipment are operating properly and efficiently. Making a round
through an area does not mean the Operator should just walk through the area without
observing the equipment or process. When an Operator makes a round through an area
they should note the following major aspects:
a)

Is the process operating properly?
odors, appearance, noises, etc.

This can be seen by liquid color,

b)

Is the equipment operating properly? This can be determined when the
equipment is running, so listen for any unusual noises, are there coupling
shavings under a pump, is the correct equipment in service, what
equipment is out of service, etc.

c)

Are there any major maintenance needs that need to be reported to the
Maintenance Department?

d)

Are there any housekeeping tasks that need to be performed, such as
picking up trash, cleaning up spills, stopping leaks, etc? If there
housekeeping needs, then do not just walk by it. As an Operator you
need to take care of the situation.

The following table provided in this section is a listing of items that must be checked
while making rounds through this particular area of the treatment plant. This checklist
can be copied from this manual and either posted in the treatment area or carried by the
Operator.
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CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
PRIMARY TREATMENT AREA
(TREATMENT TRAIN NO. 1)
Page 1 of 3

Area

Yes

No

Tank or Equipment
Number

A. Primary Tanks


Which tanks are in-service?



Are the collectors operating?



Are the collectors operating properly?



Which collector has problems?



Is collector mechanism jerking?



Is there flight or chain damage?



Is the wastewater in the primary tanks
the correct color?



Are there any excessive gas bubbles on
the tank surface?



Do the tanks need skimming? Which
tanks?



Is the scum trough in the proper
location?



Are the gates and valves properly set?
If not, then which ones are wrong?



Are the weir troughs clean?



Are the weir troughs level?
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Page 2 of 3

Area

Yes

No

Tank or Equipment
Number

B. Sludge Pumping Stations


Which equipment is in service?
Macerator
Primary Sludge Pump



Are the manual valves properly set?



Are the pumps and macerators in
“Automatic”?



Are primary tank collector mechanisms
in “Manual”?



Is a Channel Aeration Blower in
service?



Are controls on the PCP’s properly set?



Any unusual equipment noises? If so,
what equipment has problems?



Any leaks, spills, housekeeping needs
that need to be addressed?



Did you fix any leaks, clean any spills or
take care of the housekeeping needs?

C. Site Area


Are the gates properly set?



Channel aeration air distribution good?



Any housekeeping needs such as litter,
grass cutting, etc.?



Is the lighting good?
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Page 3 of 3

Area

Yes

No

Tank or Equipment
Number

D. General


Are there any maintenance needs that
need to be reported to the Maintenance
Department?



Are there any operational issues that
need to be reported to the Shift
Supervisor?



Are there any general housekeeping
needs that should be addressed?

Remarks:

3-92
L:\Columbia Operations Manual\Chap 3

CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
PRIMARY TREATMENT AREA
(TREATMENT TRAIN NO. 2)
Page 1 of 3

Area

Yes

No

Tank or Equipment
Number

A. Primary Tanks


Which tanks are in-service?



Are the collectors operating?



Are the collectors operating properly?



Which collector has problems?



Is collector mechanism jerking?



Is there flight or chain damage?



Is the wastewater in the primary tanks
the correct color?



Are there any excessive gas bubbles on
the tank surface?



Do the tanks need skimming? Which
tanks?



Is the scum trough in the proper
location?



Are the gates and valves properly set?
If not, then which ones are wrong?



Are the weir troughs clean?



Are the weir troughs level?
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Page 2 of 3

Area

Yes

No

Tank or Equipment
Number

B. Sludge Pumping Station


Which equipment is in service?
Macerator
Primary Sludge Pump



Are the manual valves properly set?



Are the pumps and macerators in
“Automatic”?



Are primary tank collector mechanisms
in “Hand”?



Is a Channel Aeration Blower in
service?



Are controls on the PCP properly set?



Any unusual equipment noises? If so,
what equipment has problems?



Any leaks, spills, housekeeping needs
that need to be addressed?



Did you fix any leaks, clean any spills or
take care of the housekeeping needs?

C. Site Area


Are the gates properly set?



Channel aeration air distribution good?



Any housekeeping needs such as litter,
grass cutting, etc.?



Is the lighting good?
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Page 3 of 3

Area

Yes

No

Tank or Equipment
Number

D. General


Are there any maintenance needs that
need to be reported to the Maintenance
Department?



Are there any operational issues that
need to be reported to the Shift
Supervisor?



Are there any general housekeeping
needs that should be addressed?

Remarks:
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3.7

MAINTENANCE

For detailed maintenance aspects for individual pieces of equipment, consult the
Operations and Maintenance Manuals provided by the equipment manufacturers. Hard
copies of the manufacturer’s Operation and Maintenance Manuals are located in the
Maintenance Building and in the Administration Building at the Metro Wastewater
Treatment Plant. In the future these manuals will also be provided electronically on the
plant’s Supervisory Control and Data Acquisition System (SCADA).
This section of the manual contains the Maintenance Schedules from the different
manufacturer’s Operation and Maintenance Manuals. This section of the manual will
provide plant personnel with a quick reference of the Daily, Weekly, Monthly and Yearly
maintenance needs of the equipment. Further information concerning equipment
maintenance can be located in the manufacturer’s manual.
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PRIMARY SEDIMENTATION TANK
COLLECTOR MECHANISM
MAINTENANCE SCHEDULE
(SIEMENS)

TROUBLESHOOTING GUIDE
ITEM DESCRIPTION

ITEM

1. Flights.

2. Collector chain.

MAINTENANCE

1a.

Check for any visible damage,
loose attaching bolts or missing
wear shoes – replace immediately.

1b.

Note: 3-shaft collectors or collectors
not having a skimming run must have
the water level dropped to inspect.

2a.

For start-up and the first 6 months of
operation, see the Operation section of
this manual.

2b.

Check for slack. This will be indicated
by the flights moving in a jerking
manner. Do not try to remove all slack;
some slack will be visible between the
first few flights on the skimming run.

FREQUENCY

Daily

Weekly

3. Other

3a.

All other items or components not
mentioned here – see Vendor
Literature section of this manual.

As Noted

4. Jaw clutch.

4a.

Remove old grease and regrease.

Monthly

4b.

When drive is shutdown, separate two
halves (Do not Use Excessive Force),
clean up shaft surfaces. Grease,
sliding halves both and forth to
distribute grease.

5a.

Check for loose hold-down bolts or set
collars. Regrease with #2 Lithium
grease.

5. Jackshaft bearings.

Monthly

PRIMARY SEDIMENTATION TANK
COLLECTOR MECHANISM
MAINTENANCE SCHEDULE
(SIEMENS)

TROUBLESHOOTING GUIDE
ITEM DESCRIPTION

ITEM

6. Drive chain and
tighteners.

7. Wall and take-up
bearings.

MAINTENANCE

6a.

Check for excessive slack. Remove
slack by adjusting the chain tighteners.

6b.

Check alignment of tightener sprocket
with drive and driven sprockets. Check
set-screw tightness; lubricate hub.

7a.

If bearings are served by a flexline or
are not normally submerged, purge
with #2 Lithium grease.

FREQUENCY

Daily

Monthly

Monthly

8. Shear pin limit switch.

8a.

Remove shear pin. Start drive and
check that the switch activates.

Semiannually

9. Jackshaft bearings.

9a,

Check alignment.

Semiannually

10. Right angle gear box.

10a.

Check for loose fasteners.

Semiannually

10b.

Check lubricant level; refill if necessary.

Semiannually

10c.

Check lubricant quality; drain, flush and
refill if necessary.

Semiannually

10d.

Check alignment – check all couplings.
Semiannually

11. Drive chain and
tighteners.

11a.

Check chain side bars and barrels for
wear. The chain may be turned over to
provide extended life.

Semiannually

12. Motor reducer
couplings.

12a.

Refer to the manufacturer’s bulletin in
the Vendor Literature section.

Semiannually

PRIMARY SEDIMENTATION TANK
COLLECTOR MECHANISM
MAINTENANCE SCHEDULE
(SIEMENS)

TROUBLESHOOTING GUIDE

MAINTENANCE
ITEM DESCRIPTION

ITEM

FREQUENCY

13. Drive shear pin
sprocket.

13a.

Grease bore, check retaining plate for
loose screws. Remove shear pin,
rotate hub to expose shear faces.
Clean faces and swab with a major
brand of Lithium #2 grease. Note:
Sprockets with Teflon inserts do not
require lubrication of shear faces.
Observe teeth for wear. Replace as
necessary.

14. Collector chain (3shaft collector)

14a.

For start-up and the first 6 months of
operation, see the Operation section of
this manual.

14b.

When the tank has been drained, hose
down all submerged equipment and
check for wear. Check for chain
tightness. If links are replaced in one
strand, replace the same number in the
other strand.

15. Flights.

15a.

When the tank has been drained,
examine the track angle and/or the tee
rails and floor for bumps or loose joints.

Annually

16. Wear strips (when
furnished)

16a.

When the tank has been drained down,
examine the hold-down fasteners.
Replace if necessary. Examine the
strips for wear.

Annually

17. Collector sprockets.

17a.

When the tank has been drained,
examine the sprockets for wear.
Check the torques on all fasteners and
band clamps – see Installation section
of this manual for torque values.
Check spacing on shaft. Check timing.

Annually

Semiannually

PRIMARY SEDIMENTATION TANK
COLLECTOR MECHANISM
MAINTENANCE SCHEDULE
(SIEMENS)

TROUBLESHOOTING GUIDE

MAINTENANCE
ITEM DESCRIPTION

ITEM

FREQUENCY

18. Spool bearing.

18a.

When the tank has been drained,
examine spools for wear. Re-torque
band clamp nut if necessary.

Annually

19. Collector chain (4shaft collector)

19a.

When the tank has been drained, hose
down all submerged equipment and
check chain for wear. If links are
replaced in one strand, replace same
number in the other strand. Check
chain for excessive slack.

Annually

20. Driven sprocket (all
types)

20a.

Check for loose bolts and set-screws.
If necessary, retorque to the correct
torque value. Check for tooth wear.

Annually

21. Wall and take-up
bearings.

21a.

When tank is drained, check all
fasteners for looseness.

Annually

21b.

Lubricate with grease if fittings are
provided. If there are no fittings, spray
journal with penetrating lubricant.

21c.

If tank is to be drained down at any
time for more than 48 hours, lubricate
as above.

3.8

STANDARD OPERATING PROCEDURES

This section of the manual provides Standard Operating Procedures (SOP’s) for the
different equipment and/or processes in this area of the treatment facility. A Standard
Operating Procedure is a procedure created to provide specific documentation for
various processes. A Standard Operating Procedure provides a written document that
plant personnel can follow in order to ensure that all personnel are following similar
operating task or routines. At a wastewater treatment plant, if plant personnel on
different shifts are using different methods to control a process, then this type of control
could result in a reduction of process efficiency which may lead to a compliance issue.
Also, Standard Operating Procedures can provide guidance on how to operate
complicated equipment so equipment damage and/or Operator injuries do not occur.
Any SOP must provide the procedures name and a description of what the goal or
intention is for this procedure. The SOP’s in this section focus on direct approaches to
operate a piece of equipment, process or system. For further details, such as step by
step control settings, then refer to the Equipment Operating section of this chapter. The
SOP’s in this section provide abbreviated steps for starting, normal operating, shutdown
procedures, and alternate operation of a particular piece of equipment or process.
SOP’s must be periodically reviewed and updated in order to refine operating
procedures for the plant personnel. SOP’s must be amended if a piece of equipment,
such as a pump, is replaced with a different vendor or style of pump. It is recommended
that SOP’s be reviewed and/or updated on a yearly basis.
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Columbia Metro WWTP
Primary Sludge Withdrawal
Standard Operating Procedure
______________________________________________________________________________________

Primary Sludge Withdrawal System (Treatment Train No. 1)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

1-PT-2
Operation of the Primary Sludge Withdrawal System
To remove sludge from the Primary Tanks at Treatment Train to
DAFT’s or anaerobic digesters.
Monitored by the Operators
Automatic sludge withdrawal based on timers
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Macerators (Sludge Grinder), primary sludge pumps, and primary
control panels

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Columbia Metro WWTP
Primary Sludge Withdrawal
Standard Operating Procedure
______________________________________________________________________________________

Primary Sludge Withdrawal System (Treatment Train No. 1)
Safety Concerns: The in-line sludge grinders and primary sludge pumps start and stop
automatically, so Plant Personnel must be careful not to get accidentally injured by the
equipment.

NORMAL START-UP
1. First calculate the estimated sludge quantities to be removed from the primary
tanks. Refer to the formula in the process theory of Chapter 3, Primary
Treatment, of the plant Operations Manual.
2. Use a “Sludge Judge” to determine the actual sludge levels in order to make
slights adjustments from the calculation results.
3. Ensure all manual valves in the Primary Sludge Pumping Stations are open or
properly set.
4. Determine if the primary sludge is to be pumped to the Air Flotation Thickener
Building or anaerobic digesters. Walk the pipe line route to ensure all valves are
properly set.
5. Ensure that the “Local-Off-Remote” selector switches on the motor sludge valves
for all in-service primary tanks are in the “Remote” position.
6. In the Primary Sludge Pumping Stations ensure all of the circuit breakers located
on the Motor Control Centers (MCC-2, MCC-7 and MCC-8) for the in-service
equipment (motorized valves, macerators, pumps) are to the “On” positions.
7. Ensure that all of the “Hand-Off-Auto” selector switches located on the Motor
Control Centers (MCC-2, MCC-7 and MCC-8) for the in-service equipment
(macerators and pumps) are to the “Auto” positions.
8. Ensure all of the “Manual-Auto” and “Forward-Auto-Reverse” selector switches
located inside the Primary Control Panels (PCP’s) are to the “Auto” positions.
The PCP’s are located in the Primary Sludge Pumping Stations.
9. Using the PCP touch screen:
a) Start the Primary Tank Collector Mechanism.
b) Place the motorized Sludge Withdrawal Valves in the “Automatic” mode.
c) Place the Macerators (In-line Sludge Grinders) into the “Automatic” mode.
d) Place the Primary Sludge Pumps in the “Automatic” mode.
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Columbia Metro WWTP
Primary Sludge Withdrawal
Standard Operating Procedure
______________________________________________________________________________________

Primary Sludge Withdrawal System (Treatment Train No. 1)

NORMAL CONTROL OPERATION
Normal operation of the Primary Sludge Withdrawal System is controlled from the PCP’s
located in the Primary Sludge Pumping Stations.
1. The primary tank sludge collector mechanisms are operating continuously.
2. The Primary Sludge Withdrawal System is automatically controlled by timers.
There are “On” timers that are used to determine how long sludge will be
withdrawn from each tank and an “Off” timer to determine the time between
the stopping and starting of the next sludge withdrawal cycle.
3. The primary sludge is normally pumped to the Mixed Sludge Well in Air
Flotation Thickener Building No. 1 where it is mixed with waste activated
sludge from Treatment Train No. 1 before it is pumped to the dissolved air
flotation thickener for sludge thickening.
4. The sludge blanket in the primary sedimentation tanks should be maintained
at 1 ft.

DURING OPERATION
The Operators should be making rounds every two (2) hours through the primary
treatment area. They should be:
1. Ensure that the primary tank collector mechanism is operating smoothly and
that there are no broken flights or chains.
2. Ensure that the scum troughs are in the correct positions as they are not
skimming if they are not required.
3. Ensure that there are no excessive bubbles on the surface of the primary
tank. Excessive bubbles may indicate that sludge is turning septic.
4. Is the primary effluent a normal grey color? If the primary effluent looks
black, the sludge may be coming over the weirs due to high or septic
blankets.
5. Sludge judge the tanks two (2) times per shift to check blanket levels.
6. Ensure that the electrical controls are properly set.
7. Check the manual valves to ensure that they are properly set.
8. Check the liquid level of the Mixed Sludge Well in the Air Flotation Thickener
Building to ensure it is not high. If the Mixed Sludge Wet Well level is high,
then the sludge withdrawal system will stop.
9. Check the operation of the pumps and macerators (in-line sludge grinders)
and ensure they are operating properly.
10. Report any maintenance needs to the Maintenance Department.
11. Report any operational issues to the Shift Supervisor.
12. Perform any necessary housekeeping tasks, such as picking up litter,
cleaning spills, etc.
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Columbia Metro WWTP
Primary Sludge Withdrawal
Standard Operating Procedure
______________________________________________________________________________________

Primary Sludge Withdrawal System (Treatment Train No. 1)

NORMAL SHUTDOWN
There are different shutdown scenarios for the Primary Sludge Withdrawal system
These could be broken down into individual tanks or equipment to be taken out of
service or a complete system taken out of service.
If a primary tank is to be taken out of service, ensure that the motorized Sludge
Withdrawal Valve “Local-Off-Remote” selector switch at the valve is to the “Off” position
and the valve is taken out of service on the PCP. This will allow the sludge withdrawal
sequence to skip the out of service tank and move to the next in-service tank.
Normal shutdown of the system will occur after the sludge withdrawal system has
sequenced through all in-service tanks being controlled by the associated PCP. The
system will wait until the next start time is initiated.

ALTERNATIVE OPERATION
There are several alternate mode of operations for the Primary Sludge Withdrawal
System. These are:
1. Operate the Sludge Withdrawal System based on a preset sludge blanket depth
as controlled by the sludge blanket indicator.
2. Operate the Sludge Withdrawal System in “Hand” from the PCP touch screen.
3. Operate the Sludge Withdrawal System from the selector switches located inside
the PCP cabinet.
4. Alternate sludge pump operation or use one sludge pump if the second pump is
out of service for maintenance or repairs.
5. Send primary sludge to Air Flotation Thickener Building No. 2 rather than to Air
Flotation Thickener Building No. 1.
6. Send primary sludge directly to the anaerobic digesters for sludge stabilization.
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Primary Sludge Withdrawal
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Primary Sludge Withdrawal System (Treatment Train No. 2)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

2-PT-2
Operation of the Primary Sludge Withdrawal System
To remove sludge from the Primary Tanks at Treatment Train to
DAFT’s or anaerobic digesters.
Monitored by the Operators
Automatic sludge withdrawal based on timers
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Macerators (Sludge Grinder), primary sludge pumps, and primary
control panels

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made

1 of 4

Columbia Metro WWTP
Primary Sludge Withdrawal
Standard Operating Procedure
______________________________________________________________________________________

Primary Sludge Withdrawal System (Treatment Train No. 2)
Safety Concerns: The in-line sludge grinders and primary sludge pumps start and stop
automatically, so Plant Personnel must be careful not to get accidentally injured by the
equipment.

NORMAL START-UP
1. First calculate the estimated sludge quantities to be removed from the primary
tanks. Refer to the formula in the process theory of Chapter 3, Primary
Treatment, of the plant Operations Manual.
2. Use a “Sludge Judge” to determine the actual sludge levels in order to make
slights adjustments from the calculation results.
3. Ensure all manual valves in the Primary Sludge Pumping Stations are open or
properly set.
4. Determine if the primary sludge is to be pumped to the Air Flotation Thickener
Building or anaerobic digesters. Walk the pipe line route to ensure all valves are
properly set.
5. Ensure that the “Local-Off-Remote” selector switches on the motor sludge valves
for all in-service primary tanks are in the “Remote” position.
6. In the Primary Sludge Pumping Stations ensure all of the circuit breakers located
on the Motor Control Center (MCC-16 and in 480 volt Distribution Panel DP-2 for
the in-service equipment (motorized valves, macerators, pumps) are to the “On”
positions.
7. Ensure that all of the “Hand-Off-Auto” selector switches located on the Motor
Control Center (MCC-16) for the in-service equipment (pumps) are to the “Auto”
positions.
8. Ensure all of the “Auto-Hand” selector switches located inside the Primary
Control Panel (PCP) are to the “Auto” positions. The PCP is located near MCC16 in the Primary Sludge Pumping Stations.
9. Ensure that all “Reverse-Off-Forward” selector switches located at each Primary
Tank Collector Mechanism is in the “Forward” position.
10. Using the PCP touch screen:
a) Start the Primary Tank Collector Mechanism.
b) Place the motorized Sludge Withdrawal Valves in the “Automatic” mode.
c) Place the Macerators (In-line Sludge Grinders) into the “Automatic” mode.
d) Place the Primary Sludge Pumps in the “Automatic” mode.
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Primary Sludge Withdrawal
Standard Operating Procedure
______________________________________________________________________________________

Primary Sludge Withdrawal System (Treatment Train No. 2)

NORMAL CONTROL OPERATION
Normal operation of the Primary Sludge Withdrawal System is controlled from the PCP
located in the Primary Sludge Pumping Station.
1. The primary tank sludge collector mechanisms are to operate continuously.
2. The Primary Sludge Withdrawal System is automatically controlled by timers.
There are “On” timers that are used to determine how long sludge will be
withdrawn from each tank and an “Off” timer to determine the time between
the stopping and starting of the next sludge withdrawal cycle.
3. The primary sludge is normally pumped to the Mixed Sludge Well in Air
Flotation Thickener Building No. 2 where it is mixed with waste activated
sludge from Treatment Train No. 2 before it is pumped to the dissolved air
flotation thickener for sludge thickening.
4. The sludge blanket in the primary sedimentation tanks should be maintained
at 1 ft.

DURING OPERATION
The Operators should be making rounds every two (2) hours through the primary
treatment area. They should:
1. Ensure that the primary tank collector mechanism is operating smoothly and
that there are no broken flights or chains.
2. Ensure that the scum troughs are in the correct positions as they are not
skimming if they are not required.
3. Ensure that there are no excessive bubbles on the surface of the primary
tank. Excessive bubbles may indicate that sludge is turning septic.
4. Is the primary effluent a normal grey color? If the primary effluent looks
black, the sludge may be coming over the weirs due to high or septic
blankets.
5. Sludge judge the tanks two (2) times per shift to check blanket levels.
6. Ensure that the electrical controls are properly set.
7. Check the manual valves to ensure that they are properly set.
8. Check the liquid level of the Mixed Sludge Well in the Air Flotation Thickener
Building to ensure it is not high. If the Mixed Sludge Wet Well level is high,
then the sludge withdrawal system will stop.
9. Check the operation of the pumps and macerators (in-line sludge grinders)
and ensure they are operating properly.
10. Report any maintenance needs to the Maintenance Department.
11. Report any operational issues to the Shift Supervisor.
12. Perform any necessary housekeeping tasks, such as picking up litter,
cleaning spills, etc.
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Columbia Metro WWTP
Primary Sludge Withdrawal
Standard Operating Procedure
______________________________________________________________________________________

Primary Sludge Withdrawal System (Treatment Train No. 2)

NORMAL SHUTDOWN
There are different shutdown scenarios for the Primary Sludge Withdrawal system
These could be broken down into individual tanks or equipment to be taken out of
service or a complete system taken out of service.
If a primary tank is to be taken out of service, ensure that the motorized Sludge
Withdrawal Valve “Local-Off-Remote” selector switch at the valve is to the “Off” position
and the valve is taken out of service on the PCP. This will allow the sludge withdrawal
sequence to skip the out of service tank and move to the next in-service tank.
Normal shutdown of the system will occur after the sludge withdrawal system has
sequenced through all in-service tanks being controlled by the PCP. The system will
wait until the next start time is initiated.

ALTERNATIVE OPERATION
There are several alternate mode of operations for the Primary Sludge Withdrawal
System. These are:
1. Operate the Sludge Withdrawal System based on a preset sludge blanket depth
as controlled by the sludge blanket indicator.
2. Operate the Sludge Withdrawal System in “Hand” from the PCP touch screen.
3. Operate the Sludge Withdrawal System from the selector switches located inside
the PCP cabinet.
4. Alternate sludge pump operation or use one sludge pump if the second pump is
out of service for maintenance or repairs.
5. Send primary sludge directly to the anaerobic digesters for sludge stabilization.
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Primary Tank Operations
Standard Operating Procedure
______________________________________________________________________________________

Primary Tank Operations (Treatment Train No. 1)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

1-PT-1
Operation of the Primary Sedimentation Tanks
To allow solids to settle and fat oils and grease to collect on the tank
surface.
Monitored by the Operators.
Each shift two times per shift.

Primary tanks, collector mechanisms, scum troughs, and gates and
valves.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Columbia Metro WWTP
Primary Tank Operations
Standard Operating Procedure
______________________________________________________________________________________

Primary Tank Operations (Treatment Train No. 1)
Safety Concerns: Ensure all safety guards over collector drive couplings are in place.
Clean up all spills. Wrap up all hoses. Keep walkways clear.

NORMAL START-UP
1. Ensure that there is no debris, tools, ropes, etc. in a empty primary tank ready to
be placed into service.
2. Inspect and ensure that the collector mechanism is ready to be placed in-service.
Look at chain tension. Are all flights in place? Are all wear shoes on? Is the
shear pin in the drive unit? Are the safety guards over the coupling in place?
3. Open the influent gate to the tank and fill it up with raw wastewater.
4. Ensure that the scum trough is in the upright (non-skimming) position.
5. Once the tank is full energize the collector mechanism at the respective Motor
Control Center and start the collector mechanism.

NORMAL CONTROL OPERATION
1. The primary sedimentation tank sludge collector mechanism is controlled from
the PCP located in the Primary Sludge Pumping Station.
2. The primary sedimentation tank sludge collector mechanism torque is monitored
by SCADA. Alarms are provided upon a high torque and excessive torque
shutdown conditions.
3. The sludge blanket in the primary sedimentation tanks is monitored by sludge
blanket level detectors and the level communicated to SCADA.
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Primary Tank Operations
Standard Operating Procedure
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Primary Tank Operations (Treatment Train No. 1)

DURING OPERATION
The Operation of the primary sedimentation tanks is important because they help reduce
the organic loading on the aeration tanks by reducing suspended solids and biochemical
oxygen demand. During normal operation the Operators must observe and control the
operation of the primary sedimentation tanks during plant rounds by doing the following:
1. Make rounds twice per shift.
2. Observe the color of the primary effluent. It should be grey in color. If it is
black then this may indicate septic conditions may be occurring. If the septic
conditions are occurring, then check the tank flow balance and sludge
withdrawal system.
3. Inspect the tank surface and ensure that there is no excessive sludge buildup or excessive gas bubbles on the tank surface. If so, check the sludge
withdrawal system.
4. Observe the operation of the collector mechanism and ensure it is operating
smoothly.
5. Inspect the collector mechanism and ensure that all of the flights and wear
shoes are in place. If there is a problem, contact Maintenance.
6. Check the scum buildup and skim as necessary to remove the scum and
grease.
7. Check the weirs and clean, as necessary.
8. On a monthly basis, during the day shift collect influent and effluent samples
and calculate the primary tank efficiencies. The typical removal efficiency for
suspended solids removal in a primary tank is 40-60% and for BOD it is 2535% removal. The primary influent and effluent samples should be collected
over a 24 hour period using portable samplers.
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Primary Tank Operations (Treatment Train No. 1)

NORMAL SHUTDOWN
There are different shutdown scenarios for the primary sedimentation tanks at Treatment
Train No. 1. These shutdown scenarios are:




Shutdown a single tank.
Shutdown multiple tanks in different banks.
Shutdown a complete bank of primary tanks.

For any shutdown the Operator must evaluate the condition of the other primary tanks,
the plant flows, the plant performance and other factors before taking a primary tank or
tanks out of service.
1. A primary tank collector mechanism can be shutdown for a short period of time
by stopping the collector at the Motor Control Center or at the Primary Control
Panels.
2. If a primary tank collector mechanism must be removed from service for an
extended period of time, then the entire primary tank must be taken out of
service.
3. Before taking a primary tank out of service check the plant flows. If the plant
flows are high, then schedule the tank shutdown at a later date, if possible.
4. Before taking a tank out of service remove as much sludge as possible from the
tanks and skim the tank surface.
5. Close the influent gate and keep the collector operating for a period of time to
remove the remaining sludge from the tank.
6. Once the sludge is removed from the tank, then stop the collector mechanism
and drain the tank.
7. Once the tank is empty, then hose the tank and equipment down until it is clean
of sludge.
8. While the tank is empty perform all inspections and repair all damaged
equipment and/or repair structure.
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Primary Tank Operations (Treatment Train No. 1)

ALTERNATIVE OPERATION
Treatment Train No. 1 consists of twelve (12) primary sedimentation tanks. An alternate
mode of operation would be to divert flow to another primary tank if one tank needs to be
taken out of service for maintenance or repairs.
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Primary Tank Operations (Treatment Train No. 2)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

2-PT-1
Operation of the Primary Sedimentation Tanks
To allow solids to settle and fat oils and grease to collect on the tank
surface.
Monitored by the Operators.
Each shift two times per shift.
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Primary tanks, collector mechanisms, scum troughs, and gates and
valves.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Primary Tank Operations (Treatment Train No. 2)
Safety Concerns: Ensure all safety guards over collector drive couplings are in place.
Clean up all spills. Wrap up all hoses. Keep walkways clear.

NORMAL START-UP
1. Ensure that there is no debris, tools, ropes, etc. in an empty primary tank ready
to be placed into service.
2. Inspect and ensure that the collector mechanism is ready to be placed in-service.
Look at chain tension. Are all flights in place? Are all wear shoes on? Is the
shear pin in the drive unit? Are the safety guards over the coupling in place?
3. Open the influent gate to the tank and fill it up with raw wastewater.
4. Ensure that the scum trough is in the upright (non-skimming) position.
5. Once the tank is full energize the collector mechanism at the Motor Control
Center (MCC-16) and start the collector mechanism.

NORMAL CONTROL OPERATION
1. The primary sedimentation tank sludge collector mechanism is controlled from
the PCP located in the Primary Sludge Pumping Station.
2. The primary sedimentation tank sludge collector mechanism torque is monitored
by SCADA. Alarms are provided upon a high torque and excessive torque
shutdown conditions.
3. The sludge blanket in the primary sedimentation tanks is monitored by sludge
blanket level detectors and the level communicated to SCADA.
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Primary Tank Operations (Treatment Train No. 2)

DURING OPERATION
The Operation of the primary sedimentation tanks is important because they help reduce
the organic loading on the aeration tanks by reducing suspended solids and biochemical
oxygen demand. During normal operation the Operators must observe and control the
operation of the primary sedimentation tanks during plant rounds by doing the following:
1. Make rounds twice per shift.
2. Observe the color of the primary effluent. It should be grey in color. If it is
black then this may indicate septic conditions may be occurring. If the septic
conditions are occurring, then check the tank flow balance and sludge
withdrawal system.
3. Inspect the tank surface and ensure that there is no excessive sludge buildup or excessive gas bubbles on the tank surface. If so, check the sludge
withdrawal system.
4. Observe the operation of the collector mechanism and ensure it is operating
smoothly.
5. Inspect the collector mechanism and ensure that all of the flights and wear
shoes are in place. If there is a problem, contact Maintenance.
6. Check the scum buildup and skim as necessary to remove the scum and
grease.
7. Check the weirs and clean, as necessary.
8. On a monthly basis, during the day shift collect influent and effluent samples
and calculate the primary tank efficiencies. The typical removal efficiency for
suspended solids removal in a primary tank is 40-60% and for BOD it is 2535% removal. The primary influent and effluent samples should be collected
over a 24 hour period using portable samplers.
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Primary Tank Operations (Treatment Train No. 2)

NORMAL SHUTDOWN
There are different shutdown scenarios for the primary sedimentation tanks at Treatment
Train No. 2. These shutdown scenarios are:




Shutdown a single tank.
Shutdown multiple tanks in different banks.
Shutdown a complete bank of primary tanks.

For any shutdown the Operator must evaluate the condition of the other primary tanks,
the plant flows, the plant performance and other factors before taking a primary tank or
tanks out of service.
1. A primary tank collector mechanism can be shutdown for a short period of time
by stopping the collector at the Motor Control Center (MCC-16) at the Primary
Control Panel, or within the local “Forward-Off-Reverse” switch at the drive.
2. If a primary tank collector mechanism must be removed from service for an
extended period of time, then the entire primary tank must be taken out of
service.
3. Before taking a primary tank out of service check the plant flows. If the plant
flows are high, then schedule the tank shutdown at a later date, if possible.
4. Before taking a tank out of service remove as much sludge as possible from the
tanks and skim the tank surface.
5. Close the influent gate and keep the collector operating for a period of time to
remove the remaining sludge from the tank.
6. Once the sludge is removed from the tank, then stop the collector mechanism
and drain the tank.
7. Once the tank is empty, then hose the tank and equipment down until it is clean
of sludge.
8. While the tank is empty perform all inspections and repair all damaged
equipment and/or repair structure.
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Primary Tank Operations (Treatment Train No. 2)

ALTERNATIVE OPERATION
Treatment Train No. 2 consists of six (6) primary sedimentation tanks. An alternate
mode of operation would be to divert flow to another primary tank if one tank needs to be
taken out of service for maintenance or repairs.
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3.9

VALVE INDICES

The valve indices are provided to show the valve size, type of valve, type of Operator,
type of line, normal position, and the purpose of explanation of all major valves. The
valve indices are labeled to correspond to the flow diagrams in the preceding sections.
The valve numbers shown on the valve indices are shown on the corresponding flow
diagrams. The size of the pipeline in which the valve is located is shown in the
corresponding column. The type of valve is self-explanatory.
The type of Operator indicates how the valve is controlled. In most cases, the valves are
controlled manually and are indicated as "Manual". Other valve Operators include
motor, pneumatic, solenoid, etc. which are indicated as "Automatic". The type of line
indicates what liquid or gas is being conveyed. In most cases, only one type of liquid is
carried in a pipe.
The normal position indicates, as the title implies, the position in which the valve will
usually be placed. Generally, the valve position is classified into three positions: open,
closed, or varied. The Operator must use his or her best judgment after studying the
flow diagrams to determine how the valve should be regulated. Some valves require
that they be continuously opened or closed depending on the mode of operation or flow
rate. These valves can be regulated by hand or automatically.
The purpose or explanation is to define briefly why the valve is used. The explanation
does not necessarily explain the normal position. For example, a normally open valve is
provided ahead of each pump so that the pump can be isolated for maintenance or
repairs.
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FIGURE NO. 3-1
PRIMARY SEDIMENTATION TANKS
TREATMENT TRAIN NO. 1

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-WW-1

Slide Gate

Manual

Wastewater

Open

Close to take Group No. 1 Primary Tank
Nos. 1-4 out of service.

1-WW-2

Slide Gate

Manual

Wastewater

Open

Close to take Group No. 2 Primary Tank
Nos. 9-12 out of service.

1-WW-3

Slide Gate

Manual

Wastewater

Open

Close to take Group Nos. 2-3 Primary
Tank Nos. 5-8 out of service.

Valve No.

Size
Inches

1-WW-4

60 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank Nos. 1 & 2
out of service for maintenance or
repairs.

1-WW-5

40 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 1 out of
service for maintenance or repairs.

1-WW-6

60 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 3 & 4
out of service for maintenance or
repairs.

1-WW-7

40 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 4 out of
service for maintenance or repairs.

1-WW-8

30 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 5 out of
service for maintenance or repairs.

FIGURE NO. 3-1
PRIMARY SEDIMENTATION TANKS
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-WW-9

30 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 6 out of
service for maintenance or repairs.

1-WW-10

36

Sluice Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 6 out of
service for maintenance or repairs.

1-WW-11

30 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 7 out of
service for maintenance or repairs.

1-WW-12

30 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 8 out of
service for maintenance or repairs.

1-WW-13

36

Sluice Gate

Manual

Wastewater

Open

.

1-WW-14

60 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank Nos. 9 & 10
out of service for maintenance or
repairs.

1-WW-15

40 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 9 out of
service for maintenance or repairs.

1-WW-16

60 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank Nos. 11 &
12 out of service for maintenance or
repairs.

1-WW-17

40 x 42

Slide Gate

Manual

Wastewater

Open

Close to take Primary Tank No. 12 out
of service for maintenance or repairs.

FIGURE NO. 3-2
PRIMARY SEDIMENTATION TANKS
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-WW-1

36 X 60

Weir Gate

Manual

Wastewater

Varied

1. Open to send wastewater to
Primary Tank No. 1.
2. Adjust to regulate
wastewater to Primary
Tank No. 1.
3. Close to take Primary Tank
No. 1 out of service for
maintenance or repairs.

2-WW-2

36 X 60

Weir Gate

Manual

Wastewater

Varied

1. Open to send wastewater to
Primary Tank No. 2.
2. Adjust to regulate
wastewater to Primary
Tank No. 2.
3. Close to take Primary Tank
No. 2 out of service for
maintenance or repairs.

2-WW-3

36 X 60

Weir Gate

Manual

Wastewater

Varied

1. Open to send wastewater to
Primary Tank No. 3.
2. Adjust to regulate
wastewater to Primary
Tank No. 3.
3. Close to take Primary Tank
No. 3 out of service for
maintenance or repairs.

FIGURE NO. 3-2
PRIMARY SEDIMENTATION TANKS
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-WW-4

36 X 60

Weir Gate

Manual

Wastewater

Varied

1. Open to send wastewater to
Primary Tank No. 4.
2. Adjust to regulate
wastewater to Primary
Tank No. 4.
3. Close to take Primary Tank
No. 4 out of service for
maintenance or repairs.

2-WW-5

36 X 60

Weir Gate

Manual

Wastewater

Varied

1. Open to send wastewater to
Primary Tank No. 5.
2. Adjust to regulate
wastewater to Primary
Tank No. 5.
3. Close to take Primary Tank
No. 5 out of service for
maintenance or repairs.

2-WW-6

36 X 60

Weir Gate

Manual

Wastewater

Varied

1. Open to send wastewater to
Primary Tank No. 6.
2. Adjust to regulate
wastewater to Primary
Tank No. 6.
3. Close to take Primary Tank
No. 6 out of service for
maintenance or repairs.

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-1

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 1

1-PS-2

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 2

1-TD-1

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 1

1-TD-2

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 2

1-PS-3

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 3

1-PS-4

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 4

1-TD-3

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 3

1-TD-4

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 4

1-PS-5

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 1
(Macerator) out of service for
maintenance or repairs

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-6

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 2
(Macerator) out of service for
maintenance or repairs

1-PS-7

4

Plug

Manual

Primary
Sludge

Open

1)

2)

Close to isolate Primary
Tank Nos. 1 and 2 from
Primary Tank Nos. 3 and
4.
Close to dedicate Pump
1S with Primary Tank
Nos. 3 and 4 and Pump
2S with Primary Tank
Nos. 1 and 2.

1-PS-8

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2S out of service for
maintenance or repairs

1-PS-9

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2S out of service for
maintenance or repairs

1-PS-10

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1S out of service for
maintenance or repairs

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-11

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1S out of service for
maintenance or repairs

1-PS-12

6

Plug

Manual

Primary
Sludge

Closed

Open to send primary sludge
from Primary Tank Nos. 1-4 to
Digester Headhouse C

1-PS-13

6

Plug

Manual

Primary
Sludge

Open

Close to stop primary sludge
from Primary Tank Nos. 1-4 to
Sludge Thickening Building
No. 1

1-PS-14

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 5

1-PS-15

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 6

1-TD-5

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 5

1-TD-6

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 6

1-PS-16

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 7

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-17

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 8

1-TD-7

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 7

1-TD-8

6

Plug

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 8

1-PS-18

4

Plug

Manual

Primary
Sludge

Closed

Close to take Grinder No. 3
(Macerator) out of service for
maintenance or repairs

1-PS-19

4

Plug

Manual

Primary
Sludge

Closed

Close to take Grinder No. 3
(Macerator) out of service for
maintenance or repairs

1-PS-20

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 4
(Macerator) out of service for
maintenance or repairs

1-PS-21

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 4
(Macerator) out of service for
maintenance or repairs

1-PS-22

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 3
(Macerator) out of service for
maintenance or repairs

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-23

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 4
(Macerator) out of service for
maintenance or repairs

1-PS-24

4

Plug

Manual

Primary
Sludge

Open

1)

2)

Close to isolate Primary
Tank Nos. 5 and 6 from
Primary Tank Nos. 7 and
8.
Close to dedicate Pump
No. 2C with Primary Tank
Nos. 5 and 6 and Pump
1C with Primary Tank
Nos. 7 and 8.

1-PS-25

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1C out of service for
maintenance or repairs

1-PS-26

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1C out of service for
maintenance or repairs

1-PS-27

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2C out of service for
maintenance or repairs

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-28

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2C out of service for
maintenance or repairs

1-PS-29

6

Plug

Manual

Primary
Sludge

Open

Close to take magnetic flow
meter out of service for
maintenance or repairs

1-PS-30

6

Plug

Manual

Primary
Sludge

Closed

1-PS-31

6

Plug

Manual

Primary
Sludge

Open

Close for pipe maintenance or
repairs

1-PS-32

6

Plug

Manual

Primary
Sludge

Open

Close to stop primary sludge
from Primary Tank Nos. 5-8 to
Sludge Thickening Building
No. 1

1-PS-33

6

Plug

Manual

Primary
Sludge

Closed

Open to send primary sludge
from Primary Tank Nos. 5-8 to
Digester Headhouse C

1-PS-34

6

Plug

Manual

Primary
Sludge

Closed

Open to send primary sludge
from Primary Tank Nos. 5-8 to
Digester Nos. 3-5

This line is out of service

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-35

6

Plug

Manual

Primary
Sludge

Closed

1) Opens to pump primary
sludge to the Primary
Tank influent channel
from Primary Tank Nos.
5-8.
2) Open to drain the Primary
Tank Influent Channel.

1-PS-36

6

Plug

Manual

Primary
Sludge

Closed

Not in Service

1-PS-37

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 9

1-PS-38

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 10

1-PS-39

6

Plug

Automatic

Primary
Sludge

Open

Open to withdraw sludge from
Primary Tank No. 11

1-PS-40

6

Plug

Automatic

Primary
Sludge

Closed

Open to withdraw sludge from
Primary Tank No. 12

1-TD-9

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 12

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-TD-10

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 10

1-TD-11

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 11

1-TD-12

8

Mud

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 12

1-PS-41

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 5
(Macerator out of service for
maintenance or repairs

1-PS-42

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 6
(Macerator out of service for
maintenance or repairs

1-PS-43

4

Plug

Manual

Primary
Sludge

Open

1)

2)

Close to isolate Primary
Tank Nos. 9 and 10 from
Primary Tank Nos.11 and
12.
Close to dedicate Pump
No. 2N with Primary Tank
Nos. 9 and 10 and Pump
No. 1N with Primary Tank
Nos. 11 and 12.

FIGURE NO. 3-3
PRIMARY SLUDGE AND TANK DRAINAGE (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PS-44

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1N out of service for
maintenance or repairs

1-PS-45

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1N out of service for
maintenance or repairs

1-PS-46

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2N out of service for
maintenance or repairs

1-PS-47

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2N out of service for
maintenance or repairs

1-PS-48

4

Plug

Manual

Primary
Sludge

Open

Close to stop primary sludge
from Primary Tank Nos. 9-12
to Sludge Thickening Building
No. 1

1-PS-49

4

Plug

Manual

Primary
Sludge

Closed

Open to send primary sludge
from Primary Tank Nos. 9-12
to Digester Headhouse C

1-TD-13

6

Plug

Manual

Tank
Drainage

Open

Close for pipe maintenance or
repairs

1-TD-14

6

Plug

Manual

Tank
Drainage

Open

Close for pipe maintenance or
repairs

FIGURE NO. 3-4
PRIMARY SLUDGE AND SCUM
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PS-1

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Tank
No. 1 out of service for
maintenance or repairs

2-PS-2

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Tank
No. 2 out of service for
maintenance or repairs

2-TD-1

10

Plug

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 1

2-TD-2

10

Plug

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 2

2-PS-3

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Tank
No. 3 out of service for
maintenance or repairs

2-PS-4

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Tank
No. 4 out of service for
maintenance or repairs

2-TD-3

10

Plug

Manual

Tank
Drainage

Closed

Open to drain Primary Tank
No. 3

FIGURE NO. 3-4
PRIMARY SLUDGE AND SCUM
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-TD-4

10

Plug

Manual

Tank
Drainage

Closed

Open to drain in Primary Tank
No. 4

2-PS-5

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Tank
No. 5 out of service for
maintenance or repairs

2-PS-6

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Tank
No. 6 out of service for
maintenance or repairs

2-TD-5

10

Plug

Manual

Tank
Drainage

Closed

Open to drain in Primary Tank
No. 5

2-TD-6

10

Plug

Manual

Tank
Drainage

Closed

Open to drain in Primary Tank
No. 6

2-PS-7

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 1
out of service for maintenance
or repairs

2-PS-8

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1 out of service for
maintenance or repairs

FIGURE NO. 3-4
PRIMARY SLUDGE AND SCUM
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PS-9

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 1 out of service for
maintenance or repairs

2-PS-10

4

Plug

Manual

Primary
Sludge

Closed

Open to re-direct the primary
sludge to a different primary
sludge pump

2-PS-11

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 2
out of service for maintenance
or repairs

2-PS-12

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2 out of service for
maintenance or repairs

2-PS-13

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 2 out of service for
maintenance or repairs

2-PS-14

4

Plug

Manual

Primary
Sludge

Closed

Open to re-direct the primary
sludge to a different primary
sludge pump

2-PS-15

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 3
out of service for maintenance
or repairs

FIGURE NO. 3-4
PRIMARY SLUDGE AND SCUM
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PS-16

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 3 out of service for
maintenance or repairs

2-PS-17

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 3 out of service for
maintenance or repairs

2-PS-18

4

Plug

Manual

Primary
Sludge

Closed

Open to re-direct the primary
sludge to a different primary
sludge pump

2-PS-19

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 4
out of service for maintenance
or repairs

2-PS-20

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 4 out of service for
maintenance or repairs

2-PS-21

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 4 out of service for
maintenance or repairs

2-PS-22

4

Plug

Manual

Primary
Sludge

Closed

Open to re-direct the primary
sludge to a different primary
sludge pump

FIGURE NO. 3-4
PRIMARY SLUDGE AND SCUM
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PS-23

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 5
out of service for maintenance
or repairs

2-PS-24

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 5 out of service for
maintenance or repairs

2-PS-25

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 5 out of service for
maintenance or repairs

2-PS-26

4

Plug

Manual

Primary
Sludge

Closed

Open to re-direct the primary
sludge to a different primary
sludge pump

2-PS-27

4

Plug

Manual

Primary
Sludge

Open

Close to take Grinder No. 6
out of service for maintenance
or repairs

2-PS-28

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 6 out of service for
maintenance or repairs

2-PS-29

4

Plug

Manual

Primary
Sludge

Open

Close to take Primary Sludge
Pump No. 6 out of service for
maintenance or repairs

FIGURE NO. 3-4
PRIMARY SLUDGE AND SCUM
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PS-30

4

Plug

Manual

Primary
Sludge

Open

Open to re-direct the primary
sludge to a different primary
sludge pump

2-PS-31

8

Plug

Manual

Primary
Sludge

Varied

1) Close to re-direct the
primary sludge to the
anaerobic digesters.
2) Open to send primary
sludge to DAFT Building
No. 2 Mixed Sludge Wet
Well.

2-PS-32

8

Plug

Manual

Primary
Sludge

Varied

1) Close to re-direct the
primary sludge to the
anaerobic digesters.
2) Close to re-direct primary
sludge to DAFT Building
No. 2 Mixed Sludge Wet
Well.

2-SC-1

8

Plug

Manual

Primary
Scum

Open

Close to stop primary scum to
DAFT Building No. 2 Mixed
Sludge Wet Well

FIGURE NO. 3-5
PRIMARY TANK CHANNEL AERATION
TREATMENT TRAIN NO. 1

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-CA-1

8

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 1S out of
service for maintenance or
repairs

1-CA-2

8

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 2S out of
service for maintenance or
repairs

1-CA-3

10

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate air flow to
the primary tank influent
channel

1-CA-4

10

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate air flow to
the primary tank influent
channel

1-CA-5

8

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 1N out of
service for maintenance or
repairs

1-CA-6

8

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 2N out of
service for maintenance or
repairs

FIGURE NO. 3-5
PRIMARY TANK CHANNEL AERATION
TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-CA-7

10

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate air flow to
the primary tank influent
channel

1-CA-8

10

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate air flow to
the primary tank influent
channel

FIGURE NO. 3-6
PRIMARY TANK CHANNEL AERATION
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-CA-1

6

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 1 out of
service for maintenance or
repairs

2-CA-2

6

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 1 out of
service for maintenance or
repairs

2-CA-3

2

Ball

Automatic

Channel
Aeration

Varied

Opens when the blower starts
and closes when the blower is
operating

2-CA-4

6

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 2 out of
service for maintenance or
repairs

2-CA-5

6

Butterfly

Manual

Channel
Aeration

Open

Close to take Channel
Aeration Blower No. 2 out of
service for maintenance or
repairs

2-CA-6

2

Ball

Automatic

Channel
Aeration

Varied

Opens when the blower starts
and closes when the blower is
operating

FIGURE NO. 3-6
PRIMARY TANK CHANNEL AERATION
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-CA-7

6

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate the air flow
to the primary tank influent
channel

2-CA-8

6

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate the air flow
to the primary tank influent
channel

2-CA-9

6

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate the air flow
to the primary tank influent
channel

2-CA-10

6

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate the air flow
to the primary tank influent
channel

2-CA-11

6

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate the air flow
to the primary tank influent
channel

2-CA-12

6

Butterfly

Manual

Channel
Aeration

Varied

Adjust to regulate the air flow
to the primary tank influent
channel

2-CA-13

8

Butterfly

Manual

Channel
Aeration

Open

Close to isolate the air header
between the two channel
aeration blowers
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CHAPTER 4
SECONDARY TREATMENT
4.1

GENERAL DESCRIPTION

4.1.1

Introduction

The secondary treatment system a t the Metro Wastewater Treatment Plant consists of
the activated sludge process, which utilizes th e conventional activated sludge process.
The Metro Wastewater Treatment Plant is divided into two (2) separate activated sludge
systems referred to as Treatment Train No. 1 and Treatment Train No. 2. Treatment No.
1 consists of two (2) aeration ta nks, six (6) secondary clarifier s, seven (7) return
activated sludge pumps and the associated meters, valves, and p iping. The aer ation
tanks at Treatment Train No. 1 were originally trickling filters that were converted to
aeration tanks with surface aerators in 1979.
Treatment Train No. 2 was constru cted in 1996. Treatment Train No. 2 consists of four
(4) single pass aeration tanks with fine bubble diffusers, four (4) secondary clarifiers, five
(5) return activated sludge pumps, four (4) multiple stage centrifugal type blowers, and
the associated meters, valves and piping.
4.1.2

Aeration Tank Nos. 1 and 2 (Treatment Train No. 1)

The primary effluent fro m Primary Sedimentation Tank Nos. 1-12 leaves the differ ent
sets of primary tanks where it combines at the Aeration Basin Splitter Box. The primary
effluent from Primary Sedimentation Tank Nos. 1-6 enters the south side of the Splitter
Box through a 60-inch p ipe and the primary effluent from Primary Sedi mentation Tank
Nos. 7-12 enters the Splitter Box through a 60-inch pipe from the north side.
The
primary effluent from Primary Sedimentation Tank Nos. 5 and 6 flows through a 36-inch
pipe that connects into the 60-inch pipe from Primary Tank Nos. 1-4 to the Aeration Tank
Splitter Box. The same design is used on Primary Sedimentation Tank Nos. 7 and 8 but
these tanks connect into the 60-inch pipe from Primary Tank Nos. 9-1 2. The Aeration
Tank Splitter Box also receives the return activated sludge t hrough a 36-inch pipe. The
combined primary effluent and return activated sludge are divided into two 84-inch pipes
that travel to the center of each aeration tank, as shown in Figure No. 4-1.
There are two (2) aeration tanks each 206 ft. in diameter with a sidewater depth of 13.5
ft. The volume of eac h aeration tank is 449,716 ft 3 (3,363,876 gallons). The total
volume of both aeration tanks is 89 9,432 ft3 (6,727,751 gallons). The detention time
through the aeration tanks at the average design flow of 4 0 mgd and maximu m design
flow of 60 mgd is 4.0 hours and 2.7 hours, respectively. The original aeration
tank
organic loading in 1 979 was appr oximately 48 lbs BOD/1000 ft 3/day at the ave rage
design flow of 40 mgd. During the 1996 plant modifications the aeration tank org anic
loading went to 90 lbs VS/1000 ft3/day at the average design flow of 40 mgd.
Oxygen and mixing is p rovided in e ach aeration tank by surface aerat ors. There are
seven (7) surface aerators per aeration tank.
Each surface aerator provides 247 lbs
O2/Hp/hr. Each surface aerator has an impeller that is 77-inches in d iameter and each
aerator is driven by a 75 Hp motor.
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The mixed liquor from e ach aeration tank leave s through an 84-inch diameter pipe and
travels to th e Mixed Liquor Junction Box. Th e mixed liquor leaves t he junction box
through an 84-inch con crete pipe and travels to the Secondary Clarifier Distribu tion
Structure where the mixed liquor is then distributed to the six (6) Secondary Clarifiers in
Treatment Train No. 1.
4.1.3

Aeration Tank Nos. 1-4 (Treatment Train No. 2)

The primary effluent from Pri mary Sedimentation Tank Nos. 1-6 at Treatment Tra in No.
2 combines in the primary effluent channel and then enters the Aeration Flow Division
Box (Aeration Tank Splitter Box), a s shown in Figure No. 4-2. The primary effluent is
divided between the four (4) aeration tanks using manually operated “V” notched weir
gates. The Aeration Tank Splitter Box also receives return activated sludge where it is
divided between the four (4) aeration tan ks using manually operated “Square” notched
weir gates. The return activated sludge flows through proportional type gates where it
combines with the primary effluent. After the return activated sludge and primary
effluent are combined, then they travel thro
ugh individual 36-inch pipes to their
respective aeration tanks.
There are f our (4) sing le pass a eration tanks each 200 ft. long, by 56 ft. wide with a
liquid depth of 19.5 ft. th at were constructed in 1996. Each aeration tank has a volu me
of 218,400 ft3 (1,633,632 gallons). The total volume of the aeration tanks is 873,600 ft3
(6,534,528 gallons). T he detention time through these a eration tanks at the average
design flow of 20 mgd and the maximu m flow of 30 mgd is 7.8 hours and 5.2 hours,
respectively. The aeration tank organic loading rate at the average de sign flow of 20
mgd is 46 lbs VS/1000 ft3/day and 70 lbs VS/1000 ft3/day at the maximum design flow of
30 mgd.
There are four (4) multiple stage centrifugal type blowers that are used to supply the
oxygen to t hese aeration tanks.
The blowers are loca ted in the Blower Building
connected to the east wall of the aeration tanks, as shown in Figure No. 4-3. Each
multiple stage blower contains seven (7) stages. Each blower is rated at 5,680 cfm at a
discharge pressure of 9 psig.
The air fro m each blo wer is intro duced into the aeration tanks thro ugh fine b ubble
diffusers located along the bottom of each tank. The d iffusers are designed to provide
full floor coverage in each aeration tank. Each diffuser is a membrane type diffuser 18inches in diameter. There are 566 diffusers per aeration tank and a total 2,264 diffusers
in the aeration tanks.
The mixed liquor from each aeration tank flows over weirs o n the west end of the tanks.
The mixed liquor enters the Secondary Clarif ier Flow Division Structure where it is
divided into four (4) secondary clarifiers.
4.1.4

Secondary Clarifier Nos. 1-6 (Treatment Train No. 1)

The mixed liquor leaves the Secondary Clarifier Splitter Box throug h six (6) 4 8-inch
diameter pipes, as pre viously shown in Figur e No. 4-1. Each 48-inch pipe leaves the
splitter box and travels to a se
condary clarifier. Th ere are six (6) periphery
feed/periphery discharge type secondary clarifiers (final clarifiers) that serve Treatment
Train No. 1. Secondary Clarifier Nos. 1-4 are each 125 ft. in diameter with a
14 ft.
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sidewater depth. Secondary Clarifier Nos. 5 and 6 are each 125 ft. in d iameter with a 10
ft. sidewater depth.
Each secondary clarifier has a surface area of 12,266 ft 2 and the total surface area for
the six (6) s econdary clarifiers is 73 ,596 ft2. Secondary Clarifier Nos. 1-4 each have a
volume of 171,724 ft3 (1,284,496 gallons). The t otal volume of Secondary Clarifier Nos.
1-4 is 686,8 96 ft3 (5,137,984 gallon s). Secondary Clarifier Nos. 5 and 6 each have a
volume of 122,660 ft 3 (917,497 gallons). The total volume of Secondary Clarifier Nos. 5
and 6 is 245,320 ft 3 (1,834,994 gallons). The following table, Table No. 4-1, shows the
detention times and surface loading rates of the Treatment Train No. 1 Secondary
Clarifiers at the various design flow rates.
Table No. 4-1
Treatment Train No. 1
Secondary Clarifier Design Conditions

Detention Time
(hrs)

Surface Loading Rate
(gpd/ft2)

@40 mgd (6.67 mgd/clarifier)

4.6

544

@60 mgd (10 mgd/clarifier)

3.1

815

@80 mgd (13.33 mgd/clarifier)

2.3

1,087

@ 100 mgd (16.67 mgd/clarifier)

1.9

1,359

@40 mgd (6.67 mgd/clarifier)

3.3

544

@60 mgd (10 mgd/clarifier)

2.2

815

@80 mgd (13.33 mgd/clarifier)

1.7

1,087

@ 100 mgd (16.67 mgd/clarifier)

1.3

1,359

Flow

Secondary Clarifier Nos. 1-4

Secondary Clarifier Nos. 5 and 6

The solids that settle in the secondary clarifiers are removed by a rapid withdrawal type
collector mechanism lo cated in e ach tank. T he solids that are removed from e ach
clarifier travels through a 20-inch pipe to Return Activated Sludge Pumping Station No.
1.
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The effluent from the se condary clarifiers flows over weirs located near the periphery of
each tank. Secondary Clarifier N os. 1-4 ea ch have a to tal length of weirs 729 feet.
Secondary Clarifier Nos. 5 and 6 each have a weir length of 371 fee t. The secondary
effluent flows to the chlorine contact tanks where the wastewater is disinfected be fore
flowing to the Congaree River.
4.1.5

Secondary Clarifier Nos. 7-10 (Treatment Train No. 2)

The mixed liquor leaves the Secondary Clarifier Division Structure at Treatment
Train
No. 2 through four (4) 36-inch pipe s to four (4) secondary clarifiers. There are four (4)
periphery feed/periphery discharge type clarifiers that serve Treatmen t Train No. 2.
Each secondary clarifier is 125 ft. in diamete r with a 14 ft. sidewater depth. Each
secondary clarifier has a surface area of 12,266 ft2. The total surface area of the four (4)
secondary clarifiers is 4 9,064 ft2. The volume of each secondary clarifier is 171,724 ft3
(1,284,496 gallons) and the total volume of the four (4) secondary clarifiers is 686, 896
(5,137,984 gallons). The detention time through the secondary clarifiers at the average
design flow of 20 mgd and the ma ximum design flow of 30 mgd is 6. 2 hours and 4.1
hours, respectively. The surface overflow rate f or these clarifiers at the average design
flow of 20 mgd and the maximum design flow of 30 mgd is 408 gpd/ft 2 and 611 g pd/ft2,
respectively.
The solids that settle in the secondary clarifiers are removed by a rapid withdrawal type
collector mechanism lo cated in e ach tank. T he solids that are removed from e ach
clarifier travels through a 20-inch pipe to Return Activated Sludge Pumping Station No.
2.
The effluent from the se condary clarifiers flows over weirs located near the periphery of
each tank. Each secondary clarifier in Treatment Train No. 2 has 729 feet of weir length.
The secondary effluent flows to th e chlorine contact tanks where the wastewater is
disinfected before flowing to the Congaree River.
4.1.6

Return and Waste Activated Sludge System
(Treatment Train No. 1)

The solids that settle in the secondary clarifiers (final clarifiers) at Treatment Train No. 1
are collected and removed from the tanks by rapid withdr awal collector mechanisms
located in each tank. The solids removed from each se condary clarifier flows thr ough
20-inch individual pipes to the return activated sludge pumps located in Return Activated
Sludge Pumping Station No. 1, as shown in Figure No. 4-4. Th
ere are seven (7)
vertically mounted, centrifugal type pumps located in the pump station. The pumps are
referred to as Return Activated Sludge Pumps. Each pump is rated at 5,000 gpm at a
total dynamic head of 4 6 ft. The pi ping is designed so one (1) return activated sludge
pump serves an individual second ary clarifier. The pu mping station was originally
designed so there was one (1) standby pump; however, t he present design allo ws for
two (2) standby pump s since ther e are only five (5) secondary clarifiers. Inside
the
pumping station the suction pipin g is configu red so the standby pumps can remove
solids from any secondary clarifier. The return activated sludge pumps discharge into a
common 36-inch header pipe that extends to the Aeration Tank Splitter Box prior to the
aeration tanks in Treatment Train No. 1.
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Prior to reaching the Aeration Tank Splitter Box a 10-inch pipe branches off from the 36 inch return activated sludge pipe, as shown in Figure No. 4-4. The 10-inch pipe is the
waste activated sludge pipe that extends to Air Flotatio n Thickener Building No. 1.
Waste activated sludge from Treatment Train No. 1 typically is pumped to the mixed wet
well in Air Flotation Thickener Building No. 1. L ocated on the east sid e of the primary
tanks for Treatment Train No. 1 th ere is a meter vault tha t contains a magnetic flow
meter and motorized butterfly valve. On SCADA the Ope rator sets th e desired waste
activated sludge flow rate and the magnetic flow meter and motorized valve in the meter
vault are u sed to regulate the waste act ivated sludge flow rate to t he dissolved air
flotation thickeners.
During the 1996 plant expansion when Treat ment Train No. 2 was constructed, a 20inch return activated sludge transfer pipe was installed, a s shown on Figure No. 4-4.
The sludge transfer pipe is connect ed to the 36 -inch common Return Activated Sludge
Pump Discharge Header located in Return Activated Slu dge Pumping Station N o. 1.
The sludge transfer pipe connectio n is located in the southeast corner of the pu mping
station. The transfer pipe is 12-inches in diameter when it taps into the 36-inch pipe at
Return Activated Sludge Pumping Station No. 1. There is a 12-inch plug valve on this
line to isolate the transfer pipe from the main return sludge pipe. After the plug valve the
pipe increases in size t o 20-inches in di ameter. The 20-inch transfer pipe extends to
Return Activated Sludge Pumping St ation No. 2 at Treatment Train No. 2. The 20-inch
sludge transfer pipe con nects into a header on the suction side of the r eturn activated
sludge pumps. The tra nsfer pipe was initially installed in order to seed Treatment Train
No. 2 during start-up.
4.1.7

Return and Waste Activated Sludge Systems
(Treatment Train No. 2)

The solids that settle in the secondary clarifiers at Treatment Train No. 2 are colle cted
and removed from the t anks by rapid withdrawal collector mechanisms located in each
tank. The solids removed from eac h secondary clarifier flows through 20-inch individual
pipes to the return activated sludge pumps located in Return Activated Sludge Pumping
Station No. 2, as shown in Figure No. 4-5.
There are five (5) vertically mounted,
centrifugal type pumps located in the pump station. The pumps are referred to as
Return Activated Sludge Pumps. Each pump is rated at 3,800 gpm at a total dynamic
head of 30 ft. The piping is designe d so one (1) return activated sludge pump serves an
individual secondary clarifier. This leaves one (1) pump as a standby unit. Inside the
pumping station the suction piping is configur ed, so the standby pump can wit hdraw
sludge from any secondary clarifier, as shown in Figure No. 4-5.
The five (5) return act ivated sludge pumps discharge into a common 30-inch hea der
pipe that exits the north end of the pumping station. After t he 30-inch return activated
sludge pipe exits the pumping station it turns east where it travels to the Aeration Tank
Flow Division Structure (Aeration Tank Splitter Box) located between the Blower Building
and Primary Sedimentation Tanks. At the Aeration Tank Flow Splitter Box the return
activated sludge is divided through proportional type weir gates into chambers where it
mixes with the primary effluent and is sent to the aeration tanks.
At the Aera tion Tank Flow Splitter Box a
6-inch exits the south end of the return
activated sludge chamber. This 6-inch pipe extends to the Mixed Sludge Wet Well
located on the east side of the Air F lotation Thickener Building No. 2 (Sludge Thicke ner
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Building No. 2). This 6-inch pipe serves as the waste a ctivated sludge line for the
activated sludge system at Treatment Train No. 2. The waste activated sludge flow rate
is regulated to the slud ge thickener building by the use of a motorized knife gate and
magnetic flow meter. The Operator sets a desired waste a ctivated sludge flow rate on
SCADA and the motoriz ed gate valve will automatically adju st to maintain that flow rate
as measured by the magnetic flow meter. The waste act ivated sludge flow rate will
automatically stop if a high liquid level is measured in the Mixed Sludge Wet Well at Air
Flotation Thickener Building No. 2.
4.1.8

Secondary Clarifier Scum Removal Systems
(Treatment Train Nos. 1 and 2)

4.1.8.1

Secondary Clarifier Influent Channel Scum Removal System

The scum r emoval systems for all of the
secondary clarifiers are the same. E ach
secondary clarifier con tains two (2) scum removal systems. The first
scum removal
system at e ach secondary clarifier is located in the influe nt channel of each clarifier.
Scum that forms in the clarifier influent channel slowly moves to the end of the channel.
At the end of the chan nel there is a manually operated telescopic valve that must be
periodically lowered to remove the scum build-up in the channel. It is recommended that
the telescopic valve in e ach clarifier be lowered once per shift. Also, to help control the
scum in the influent ch annel is a spray water system. Th e spray wat er system s tarts
halfway in the influent channel and extends to the end of th e channel. The spray water
system serves three (3) purposes. First, the spray water system helps to redu ce the
thickness of the surface scum. Se condly, the spray water system is used to he lp move
the scum layer to the end of the c hannel. Lastly, the spray water system is used to
soften the scum layer, so it can flow better into the telescopic valve.
The scum that is removed from
the secondary clarifier influent channels by the
telescopic valve flows to a manhole located next to each clarifier. The scum then flows
by gravity to the plant influent sewer where it travels back to the plant influent pumping
station, as shown in Figure No. 4-6.
4.1.8.2

Secondary Clarifier Scum Removal System

The scum a nd floating solids that collect on the surface of each se condary clarifier is
gathered by the scum arms (skimming arms) attached t o each co llector mechanism.
The scum arms slowly direct the tank skimmings to a scum trough l
ocated in each
secondary clarifier. The skimmings that enter the scum trough flows by gravity out of the
clarifier to the manhole located ne xt to each secondary clarifier. T his is the same
manhole where the scum from inf luent channel is a lso sent. The scum leaves the
manhole and flows by gravity to the influent of the plant, as shown on Figure No. 4-6.
4.1.9

Seal Water Systems (Treatment Train Nos. 1 and 2)

Located in each Return Activated Sludge Pumping Station there is a Seal Water System.
Seal water is supplied t o the seals on each return activated sludge pump. Seal water is
used to keep the pump shafts cool, keep abrasive material away from the pump s haft
and other such reasons. The seal water systems located in each pumping station are
designed in a similar manner, as shown in Figure No. 4-7. Potable water is supplied to a
75 gallon seal water tank.
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The potable water supply pipe does not go in to the seal water tank. T he potable water
supply pipe terminates above the liquid level of the seal water tank. A float and valve at
the end of the potable water supply pipe reacts based on the liquid level of the seal tank.
When the liquid level in the seal tank reaches a preset liquid low leve
l the float valve
causes the supply valve to open. When the seal water tank liquid level reaches a preset
high level the float causes the potab le water supply valve to close. The air gap between
the potable water line and the seal tank liquid level is to protect the potable water from
cross contamination.
The water is removed from the sea l water t ank by two (2) turbine type pumps. E ach
pump is rated at 13 gpm at a total dynamic head of 60 ft. Typically, one pump serves as
the duty pump and the second pump serves as the standby pump. The seal water (nonpotable water) is pumped to each return activated sludge pump.
At each return
activated sludge pump there is a piping arrangement that allows a preset seal water flow
rate and pr essure to enter the pu mp seal ca vity. There is a lso a solenoid valve that
opens when the return activated sludge pump is running and closes when the return
activated sludge pump stops.
Typically, a pump seal requires bet ween 1-5 g pm of seal water (depending upon shaft
size) at a pr essure of 5-15 psig above the operating discha rge pressure of the pumps.
Some wastewater treatment plant personnel set their seal water pressures at 5 psig
above the pump shut-off head.
The manufacturers for the return activated sludge
pumps at t he Metro Wastewater Treatment Plant requ ire the follo wing seal water
parameters:

Location

Seal Water
Pressure
(psig)

Seal Water
Flow
(gpm)

RAS Pumping Station No. 1
(Morris Pump)

2 gpm

10-15 psig (Higher
than pump pressure)

RAS Pumping Station No. 2
(Goulds Pumps)

2 gpm

10-15 psig (Higher
than pump pressure)

4.1.10

Secondary Treatment Tank Drainage System

The secondary clarifiers in Treatment Train Nos. 1 and 2, the chlorine contact tanks in
Treatment Train Nos. 1 and 2, the aeration tan ks in Treat ment Train No. 2, and other
areas of the facility are drained to a Tank Drainage Pumping Station located on the west
side of the Chlorine Contact Tanks at Treatme nt Train No. 2. There is a submersible
pump located in the pumping station that is rated at 1,000 gpm against a total dyn amic
head of 65.5 ft. The pump starts and stops automatically as controlled by the liquid level
in the pump station. Th e contents from this pumping station can be discharged into the
Aeration Tank Splitter Box for Treat ment Train No. 2. The Tank Drainage Pump Station
was installed when the Plant Influe nt Pumping Station and Preliminary Treatment Area
were constructed in 2011. For further information concerning the operation of this pump
station refer to Chapter No. 2 in this manual.
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4.2

EQUIPMENT OPERATION

4.2.1

Introduction

This section covers the operation of the second ary treatment process. It includes the
surface aerators, blowers, secondary clarifier collector mechanisms, return a ctivated
sludge pumps, waste activated sludge control,
seal water systems, fl ow distribution
structures and the controls associat ed with this portion of t he plant. T he operation as
described here involves only normal operation a nd control of the equipment. For furt her
information regarding th e internal operation and maintenance of a particular piece of
equipment, consult the equipment manufacturer’s operation manuals and shop drawings
on file in the Record Room of the Administration Building or in the Maintenance Building.
Most electric motors ar e equipped with a “Lock-Out-Stop” or “Emerge ncy Stop” switch
located at the unit. These switche s are pr ovided as a safety measure for emerg ency
shutdown of the motor o r for “locking-out” the motor to prevent accident al starting while
maintenance or repair is in progress. When a
piece of e quipment is locked ou t, the
Employees must follow the City’s Lockout/T agout Program. A copy of the City’s
Lockout/Tagout requirements are p rovided in Appendix B o f this manual. The switches
are normally in the “Start” or “On” position so that control of the motors is from the motor
control center, selector switches at the motor, remote control pa
nels or on the
Supervisory Control and Data Acquisition (SCADA) system.
Operators must be aware that the re are multiple ways to navigate through the S CADA
screens and the following write-ups discuss only one method of man euvering through
these screens. Operators must fin d a method that makes them feel comfortable and
enables them to control the equipment efficiently.
4.2.2

Aeration Tank Splitter Box (Treatment Train No. 1)

4.2.2.1

Introduction

On the east side of the aeration tanks at Treatment Train No. 1 there is a splitter box that
divides the flow into Aeration Tank Nos. 1 and 2. The Aeration Tank Splitter Box is
divided into chambers, as shown in Figure No. 4-8. The splitter box receives primary
effluent through two (2) 60-inch pipes in which one (1) pipe enters the north end of the
structure and the second pipe enters the south end of the s tructure. The south primary
effluent pipe serves Primary Sedimentation Tank Nos. 1-6 and the north primary effluent
pipe serves Primary Sedimentation Tank Nos. 7 -12. The Aeration Tan k Splitter Box is
also connected to the 36-inch retur n activated sludge pipe that enters the splitter box on
the east side.
After the re turn activated sludge enters the Aeration Tank Splitter Box it enters a
chamber where the sludge flow is divided so it can be distrib uted to Aeration Tank Nos.
1 and 2. The return activated sludge leaves the chamber through four (4) 48-inch by 30inch slide g ates, two (2) per aeration tank. After the return activated sludge passes
through the slide gates it mixes with the primary effluent from the pri mary sedimentation
tanks. These combined liquids (mixed liquor) pass throug h two (2) 8 4-inch by 84-inch
sluice gates, one per aeration tank, into an 84-inch pipe th at extends into the center of
the aeration tanks.
4-8
L:\Columbia Operations Manual-Chap 4

Also, in the Aeration Tank Splitter B ox there are two (2) 60-inch by 60-in ch sluice gates
and one (1) 54-inch by 54-inch sluice gate. The two (2) 60-inch by 60-in ch sluice gates
(1-WW-20 and 1-WW-21) serve two purposes. The first purpose is to direct mixed liquor
to the 54-inch bypass pipe. The second purpose of these gates is to direct mixed liquor
from one si de of the splitter box to the other side in order to send mixed liquor to the
other aeration tank if one aeration tank is out of service for maintenance or repairs. The
54-inch by 54-inch slu ice gate (1-WW-22) is normally closed. This g ate would only be
opened if the two aeration tanks ne ed to be bypassed during an emergency situation.
The bypassed liquor would flow through the 5 4-inch pipe that travels between the two
aeration tanks. The 54-inch bypass pipe connects to the Mi xed Liquor Junction Box on
the west side of the aeration tanks.
4.2.2.2

Normal Operation

During normal operation, the primary effluent and return activated sludge
are
continuously entering th e Aeration Tank Splitter Box. The primary effluent and re turn
activated sludge are mixed and sent to the aera tion tanks for secondary treatment. The
60-inch by 60-inch diversion gates (1-WW-20 and 1-WW-21) and the 5 4-inch by 54-inch
bypass gate (1-WW-22) are all closed.
During normal operation, the Operator must collect samples of the mixe d liquor in e ach
aeration tank on a daily basis. The mixed
liquor concent ration in each aeration tank
must be fairly close within the two tanks. The mi
xed liquor suspended solid s
concentration (MLSS) in the aeration tanks must be maintained between 2,500 to 3 ,500
mg/L. If the mixed liquor suspende d solids concentration in the aeration tanks are not
fairly equal, then the Operator must adjust the 48-inch by 30-inch slide gates (1-RAS-29
and 1-RAS-30 or 1-RAS-31 and 1-RAS-32) in the Aeration Tank S
plitter Box. To
increase the mixed liq uor suspended solids in an aeration tank then open the return
sludge gates for the tank. If the mixed liquor suspended
solids in th e aeration tank
needs to be decreased, then close the return activated sludge gates. Please note only
make slight gate changes and then wait a couple of hours to determine the result of that
change. Do not make large gate adjustments because t hat could further upset the
balance of the aeration tank mixed liquor suspended solids.
The aeration tank dissolved oxygen concentration will also be affected by an imbalance
of the aeration tank mixed liquor suspended solids. The
Operators must maint ain a
dissolved oxygen concentration of 2-3 mg/L.
4.2.2.3

Alternate Operation

There are t wo (2) alternate modes of operatio n for the A eration Tank Splitter B ox, as
shown in Figure No. 4-9. The first alternate mode of operation would be to open the two
(2) 60-inch by 60-inch sluice gates (1-WW-20 and 1-WW-21) and kee p the 54-inch by
54-inch sluice gate (1-WW-22) clo sed. This mode of operation will allow the mixe d
liquor to be directed to either aeration tank if one aeration tank is out of service for
maintenance or repairs.
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The second alternate mode of oper ation for the Aeration Tank Splitter Box would be to
open Sluice Gate Nos. 1 -WW-20, 1-WW-21 and 1-WW-22 a nd closing Sluice Gate Nos.
1-WW-18 and 1-WW-19. During t his alternate mode of operation the two (2) aeration
tanks would be out of service and all flow wou ld be sent t o the 54-in ch bypass pipe.
This mode of operation should only be used du ring an emergency situation and only fo r
a temporary time.
4.2.3

Surface Aerator Nos. 1-14 (Treatment Train No. 1)

4.2.3.1

Introduction

There are seven (7) surface aerator s located in each aeration tank in Treatment Train
No. 1. These aerators are designed to mix the t ank contents and provide oxygen to the
mixed liquor. The aerators are designed to remove the mixed liquor from the tank and
sling it in the air so it can pick up oxygen. Each aerator is equipped with an impeller that
is 77-inches in diameter. Each aerator is design ed for a maximum oxygen rating of 247
lbs O2/Hp-hr. The aerators are designed to operate continuously.
Each aerator is driven by a 75 Hp motor that receives 480 volt, three phase, electrical
power from Motor Cont rol Centers MCC-9 and MCC-10 located in the Aeration Tank
Control Building located between the two Aeration Tanks.
4.2.3.2

Start-up Procedures
1.

Ensure that the surface aerators are ready to be started.
a)

Ensure there is oil in the gearbox.

b)

Ensure all greasing has been completed.

c)

Ensure that there is nothing wrapped around the impeller.

d)

Ensure that the liquid level in the aeration tank is at the correct
level.

2.

Place the “On-Off” disconnect switch located next to each surface aerator
on the platf orms to the “On” position. During normal operation, the se
switches are always in the “On” p osition and only requir e occasional
checking to ensure that they were not turned off.

3.

Place the “On-Off” circuit breakers located on
Motor Co ntrol Center
MCC9 and MCC10 for each Surface Aerator to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

4.

Place the “Hand-Off-Auto” selecto r switch lo cated on Motor Control
Centers MCC9 and MCC10 for each Surf
ace Aerator to the “Hand”
position. In the “Off” p osition the surface aerator will stop. The “Au to”
position is not in service. The “Auto ” position was to be a future control in
order to operate the surface aerators on dissolved oxygen control.
4-11
L:\Columbia Operations Manual-Chap 4

5.
4.2.3.3

Ensure that the dissolv ed oxygen meters in e ach aeration tank are in
good working order, calibrated and have electrical power and signals.
Normal Operation

During normal operation, all surfa ce aerators must be operational. A ll surface aerators
will be operated continuously, 24 hours/day and 7 days/week.
During rounds on each shift the Operators must observe the following.
1.

Are all the aerators in service?

2.

Are the aerators operating properly? Ensure t here is no unusual noises
or vibration.

3.

What is the dissolved oxygen of the aeration tanks? T he dissolved
oxygen in the aeration tanks must be kept at approximately 2-3 mg/L.

4.

Are there a ny foaming issues within the aeration tanks? Refer to th e
Process Theory and Troubleshooting section s in this cha pter for furt her
information concerning aeration tank foaming.

5.

Is the color of the mi xed liquor correct? Refer to the Process Theory an d
Troubleshooting sections in this chapter for further information concerning
mixed liquor color.

6.

Are there any unusual noises?

7.

Are the walkways clear of foam, debris, hoses, tools, etc.

8.

Any maintenance or housekeeping issues?

9.

Are the gates in the Aeration Tank Splitter Box properly set?

10.

Check the mixed liquor suspended solids and volatile suspended solids
concentrations through laboratory testing.

As Operators you must ensure that the aeration tanks are o perating properly because
this process will affect the condition of the plant effluent.
Each aeration tank is e quipped with three (3) dissolved o xygen meters. It is important
that these dissolved oxygen meters are properly maintained and calibrated. The signals
from these dissolved oxygen meters are trans mitted to the plant SCADA system. The
Operator can then moni tor each dissolved oxyg en meter reading or look at an average
dissolved oxygen meter reading. If a dissolved oxygen read ing appears to be incorrect,
then check out the probe and/or process conditions and correct immediately.
4.2.3.4

Shutdown Procedures
1.

For a short-term shutd own, place the “Hand-Off-Auto” s elector switch
located on Motor Control Center MCC9 or MCC10 for the aeration to be
taken out of service to the “Off” position.
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2.

4.2.3.5

For a long-term shutdown, repeat Step No. 1. In addition, place the “OnOff” circuit breaker on the Moto r Control Center and the “On-Off”
disconnect switch at the surface aerator to the “Off” positions.
Alternate Operation

There is basically no alternate mode of operation for the a eration tank surface aer ators.
These units are either “On” or “Off”. If the dissolved oxyge n is too high in the aeration
tanks, then an aerator may be turn ed “Off” as l ong as it does not affect the tank mi xing.
The liquid level in the aeration tanks cannot be changed so the dissolved oxygen cannot
be changed due to the submergence of the aerator impeller.
4.2.3.6

Alarm Conditions

The aerators are provided with a motor temperature overload. If the m otor temperature
becomes too high, the motor will shutdown and alert the Operator of the problem by
illuminating a blue “Overload” lig ht on the Motor Control Center.
After the alarm
condition has been corrected by Maintenance, then the Operator must press the “Reset”
button on the Motor Control Center.
4.2.3.7

Power Failure

If there is a power failure, the aeration tank su rface aerators will stop. After electrical
power is restored the aerators will automatically come back on line. The Operators must
go check t he aerators after an electrical pow er is restor ed to ensure that they are
operating properly.
4.2.4

Secondary Clarifier Splitter Box (Treatment Train No. 1)

4.2.4.1

Introduction

The mixed liquor from the two aera tion tanks in Treatment Train No. 1 combine and
travel through an 84-inch pipe to t he Secondary Clarifier (Final Clarifier Splitter Box).
The 84-inch mixed liquor pipe enters the center of the splitter box fro m the bottom, as
shown in Figure No. 4-10. The mixed liquor is then distr
ibuted to each second ary
clarifier. Th e mixed liquid travels through individual 48-inch pipes to each seco ndary
clarifier.
4.2.4.2

Normal Operation

During normal operation, the 48-inch by 48-inch sluice gates to each secondary clarifier
are open. Since the secondary clarifiers are at different distances from the Secondary
Clarifier Splitter Box, the piping configurations to each ta nk are different. Due t o the
different distances and piping configurations, the flow splitting to each secondary clarifier
can be an issue. Ther efore, as a normal operational procedure, the Operators must
evaluate the water coming over the weirs and t hen adjust t he appropriate gates in the
Secondary Clarifier Splitter Box to equalize o ut the clarifier flow split. The clarifier flow
split should be checked as a minimum once per shift.
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4.2.4.3

Alternate Operation

The only alternate operation for the Secondary Clarifier Box would be to close the 48inch sluice gate for a secondary clarifier to be taken out o f service for maintenance or
repairs. Aft er a sluice gate is closed and a secondary clarifier is out of service, the
Operators must evaluate the new flow conditio ns in the tanks. If the flow rates between
the secondary clarifiers are not correct, then the Operators must adjust the sluice gates
in the Secondary Clarifier Splitter b ox until the flow rates t o each clarifier appear t o be
equal.
4.2.5

Dissolved Oxygen Probes – Aeration Tank
Nos. 1 and 2 (Treatment Train No. 1)

4.2.5.1

Introduction

Maintaining the proper dissolved oxygen concentration in the aeration tanks is critical to
the performance of the activated sludge process. In ord er to monit or the dissolved
oxygen in t he aeration tanks in Tre atment Train No. 1 dissolved oxyg en meters were
permanently installed in each aeration tank.
There are three (3) dissolved oxyg en
probes installed in each aeration tank. These probes are designed to transmit a signal
to the plant SCADA s ystem showing the dissolved oxygen concen tration in each
aeration tank at different locations within the tank. The SCADA system is designed to
allow the individual dissolved oxyge n meter signals be read on SCADA or the three (3)
meters in e ach tank can be avera ged, so the overall aeration tank dissolved oxygen
concentration is transmitted to SCADA.
4.2.5.2

4.2.5.3

Start-up Procedures
1.

Place the “On-Off” circuit breaker located in the Lighting Panel in t
he
Aerator Control Building for aeration basin dissolved oxygen and meter to
the “On” position. During normal operation, th ese switches are always in
the “On” position and only require occasional checking to ensure that they
have not tripped.

2.

Ensure that the dissolved oxygen meter is zeroed and calibrated. Refe r
to the man ufacturer’s operation and mainten ance manual for these
instructions.

3.

Set the dissolved oxygen meter at the unit.
Normal Operation

At this time the dissolved oxygen meters are set up to only read the dissolved oxygen in
the aeration tanks a nd do not contr ol. Their or iginal design intent was to automatically
control and maintain the dissolved oxygen in the aeration tanks by adjusting the aerator
speeds and/or liquid level in the aeration tanks in order to change the submergence of
the aerator blade. These design features were not incorporated into the compl
eted
project, therefore, the dissolved oxygen meters only read the dissolved oxygen
concentrations in the aeration tanks and display these readings locally at the meter and
the signals are transmitted to SCADA.
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At SCADA the disso lved oxygen concentration s can be r ead individually from each
meter or the average tank dissolved oxygen concentratio
n can be r ead. This is
accomplished by taking the three (3) dissolved oxygen rea dings in ea ch aeration tank
and then averaging the results.
The minimum dissolved oxygen concentration fo r the aeration tanks in Treatment Train
No. 1 should be 2 mg/L.
It is important that the dissolved oxygen meter b e calibrated and well maintained. Refer
to the Equipment Man ufacturer Operation and Maintenance Manual for the calibration
instructions.
4.2.5.4

Shutdown Procedures
1.

For a short-term shutdown, turn off the meter at the unit using the keypad.

2.

For a long-term shutdown, repeat Step No. 1
and place the “On-Of f”
circuit breaker in Lighting Panel to the “Off” position.

Please note the manufacturer may require that the instrument has electrical whil
performing routine maintenance and/or instrument calibration.
4.2.5.5

e

Alternate Operation

If a dissolved oxygen meter is ta ken out of service for maintenance or repairs, this
should not pose a problem since there are two other meters within each aeration tank.
Therefore, the alternate mode of operation would be to use the other two meters for the
aeration tank dissolved oxygen tank readings. If the out of service meter is going to be
out for an extended period, then it is recommended that a portable dissolved oxygen
meter be used to take readings at t hat location. The portable meter should be used at
least once per day. If the dissolv ed oxygen in that part of the tan k remains above 2
mg/L, then the portable meter readings can be scaled back to once every couple of days
unless the Operator notices a problem.
4.2.5.6

Power Failure

If there is a power failure the dissolved oxygen meter will stop operating. After electrical
power is restored the meters will automat ically come back on lin e; however, the
Operators must check their operation during rounds.
4.2.5.7

Maintenance

Regular calibration and standardizing is r equired for the dissolved oxygen meters for
them to op erate properly and pro vide accurate results. It is recommended tha t the
probes be calibrated we ekly. Refer to the Manufacturer’s Operation and Maintenance
Manual for further information.
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4.2.6

Secondary Clarifier Nos. 1-6 Collector Mechanism
(Treatment Train No. 1)

4.2.6.1

Introduction

The mixed liquor flows by gravity from the aeration tanks through the Secondary Clarifier
Splitter Box to the secondary clarifiers. Once the mixed liquor enters the secondary
clarifiers the flow velocity is redu ced, so the solids can settle to the bottom of the
clarifiers. Each secondary clarifier contains a rapid withdrawal type collector
mechanism. The collector mechanisms are used to remove the solids from the bottom
of the clarifier and gather the scum (skimmings) from the tank surface. The solids on the
bottom of t he secondary clarifier are drawn into orifices and then into a sludge
withdrawal arm that extends along the entire radius of the clarifier. On the second
collector arm there are scrapers that move any heavy solids that are not drawn into the
rapid withdrawal arm to a central hopper. From the sludge hopper the heavier solids are
removed through a 12-inch pipe to a drain system that r uns next to the se condary
clarifier. The collector mechanism makes a complete revolution approximately every 30
minutes. T he solids are removed f rom each secondary clarifier and sent to the r eturn
activated sludge pumps through a 20-inch pip e. Each co llector mechanism operates
continuously while the secondary clarifier is in service.
Each secondary clarifier collector mechanism is driven by a 1 Hp motor that receives
480 volt, three phase, electrica l power from Motor Control Center MCC11 located in
Return Activated Sludge Pumping Station No. 1.
4.2.6.2

Start-up Procedures
1.

Ensure that there is n othing in t he tank, such as a ladder, that cou ld
obstruct the movement of the collector mechanism.

2.

Ensure that the 48-inch second effluent valve f or the seco ndary clarifier
being placed into service is “Open.”

3.

Ensure that the 12-inch heavy sl udge/drain valve for th e secondary
clarifier being placed into service is “Closed.”

4.

Open the influent gate to secondary clarifier being placed into service.

5.

Once the collector is submerged t hen the collector mechanism can be
started.

6.

Place the “ On-Off” disconnect switch located on the bridge of each
Secondary Clarifier to t he “On” position. Durin g normal operation, the se
switches are always in the “On” p osition and only requir e occasional
checking to ensure that it is not being turned off.

7.

Place the “On-Off” circuit breaker located on Motor Control Center MCC11 for each Secondary Clarifier Collector Mechanism to the “ On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.
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8.

Place the “Hand-Off-Auto” selecto r switch lo cated on Motor Control
Center MCC11 for each Secondary (Final) Clarifier Collect or Mechanism
to the “Auto” position. I n the “Off” p osition, the collector will not operate.
In the “Hand” position, the collector mechanism will be controlled from the
motor control center.

9.

Place the “On-Off” se lector switch located on the bridge of each
Secondary Clarifier to the “On” position. In the “Off” position, the collector
will not operate.

4.2.6.3

Normal Operation

During normal operation, the collector mechanism in the se condary clarifier is oper ated
continuously while the secondary clarifier is in operation. While the collector mechanism
is in operation the Operators must observe the operation o f the collector mechanism to
ensure it is running smoothly and not jerking. Also, while the Operat ors are ma king
rounds the Operators must check the torque reading on the collector drive to ensure it is
at a normal reading. If the torque is higher th an normal, then determine the problem,
such as, excessive sludge in the clarifier or mechanical problems.
4.2.6.4

4.2.6.5

Shutdown Procedures
1.

For a short-term shutd own, place the “Hand-Off-Auto” s elector switch
located on Motor Control Center MCC11 or pl ace the “On -Off” selector
switch located on the bridge near the drive to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 and, in addition, place t he
“On-Off” circuit breaker located on Motor Control Center MCC11 and t he
“On-Off” disconnect switch located at the drive to the “Off” positions.
Alternate Operation

As long as a second ary clarifier is in service the collector mechanism must be
operational so there is no alternate operational modes. If a secondary clarifier collector
mechanism is out of ser vice, then the flow must be re-directed to another clarifier th at is
in service.
The collector mechanism is typically contro lled from the drive unit when the “Hand -OffAuto” selector switch located on Motor Control Center MCC-11 is placed in the “Auto”
position. An alternate control mode would be to control the collector from Motor Control
Center MCC11 by placing the “Hand-Off-Auto” selector switch into the “Hand” position.
4.2.6.6

Alarm Conditions

The collector mechanisms are provided with safety devices that will protect the units if
excessive torque is detected on the collector arms. Each drive mechanism is provided
with a set of micro-switches and a shear pin. The alarm settings are set as follows:
Rated Torque
Alarm (micro-switch)

-

31,300 ft. lbs
-

31,300 ft. lbs.

(New Clarifiers)
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Motor Cut-off (micro-switch)

-

37,560 ft. lbs.

Shear Pin Rating

-

40,690 ft. lbs.

When a high torque is sensed at the clarifier mechanism, a red alarm light will illuminate
and an alar m will soun d at the dr ive unit. Excessive torqu e will cause the col lector to
shutdown. To silence the alarm, press the “Alarm Silence” pushbutto n near the drive
unit. In addition, an al arm signal will be sent to the plant SCADA system to alert the
Operator.
If a high torque is sensed at the collector, the Operator must determine and correct th e
problem before the unit can be restarted. Befo re starting the collector mechanism after
the problem has been corrected, t he Operator must press the “Reset” pushbutton on
Motor Control Center MCC11 and/or the “Reset” pushbutton next to the drive.
4.2.6.7

Power Failure

If there is a power failure, the seco ndary clarifier collector mechanisms will shutd own.
After electrical power is restored th e collector mechanisms will automatically come back
on line. O nce electrical power is restor ed the Operators must ch eck the collector
mechanisms to ensure that they are operating properly.
4.2.7

Scum Removal System for Secondary
(Final) Clarifier Nos. 1-6 (Treatment Train No. 1)

4.2.7.1

Introduction

Any scum or floating solids (skimmings) that gather on the surface of the secondary
clarifiers are collected by the scum skimmer on the collector mechanism and directed to
the scum trough. The skimmings are pushed up onto the scum trough where it falls into
a 6-inch pipe and then flows out of the tank. A mechanically operated flushing device is
located on the end of t he scum bo x opens wh en the scum arm passes over the scum
trough and then shuts when the scum arm lea ves the scum trough. Thi s water is used
to flush the skimmings out of the trough and through the 6-inch pipe out of the clarifier.
The skimmings that leave the final (secondary) clarifier sp ill into a manhole located next
to each clarifier. From that manhole the skimmings flow t hrough a pipe to the 6 0-inch
plant influent sewer where the skimmings are transported to the Plant Influent Pumping
Station.
4.2.7.2

Normal Operation

There are no electrical controls or components to the skimmings system except the
operation of the collector mechanism.
During normal operation, the Operators must:
1.

Ensure that the collector mechanism is operating properly.

2.

Ensure that the scum skimmer is not getting caught on anything and it is
moving smoothly.
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3.

Ensure that the scum trough is clean and th at the 6-in ch pipe is n ot
plugged. The scum trough should be hosed down and cleaned weekly.

4.

Ensure that scum trough flushing mechanism is operating properly.

4.2.8

Return Activated Sludge System (Treatment Train No. 1)

4.2.8.1

Introduction

The solids that settle in Final (Secondary) Clarifier Nos. 1-5 in Treatment Train No. 1 are
removed from each tank by a rapid withdrawal collector mechanism. Th e solids enter a
tube on the collector mechanism and are remo ved from the center of tank through a 20inch pipe. There is an individual 20-inch sludge withdrawal pipe that leaves from each
final clarifier and extends to a return activated sludge pump located in Return Activated
Sludge Pumping Stati on No. 1. There are seven (7) ret urn activated sludge pumps
located in Return Activated Sludge Pumping Station No. 1. There
is one (1) pump
dedicated to each final clarifier a nd two (2) standby pumps. Each return activated
sludge pump is a vertically mounte d, non-clog, centrifugal type pu mp. The pumps are
driven by variable speed drives located in the pumping station. Each pump
has a
maximum rating of 5,000 gpm at a total dynamic head of 46 ft.
The return activated sludge pump s discharge into a common header pipe inside the
pumping station. The 36-inch pipe exits the east end of the station and travels to the
Aeration Tank Splitter Box for Treatment Train No. 1.
Prior to leaving the return
activated sludge pumping station a 20-inch pipe branches off the header pipe. This 20inch pipe extends to Return Activated Slud ge Pumping Station No. 2 located at
Treatment Train No. 2. This pipe was originally installed to seed Treatment Train No. 2
when it was commissioned in the 19 90’s. At this time this pipe is normally out of ser vice
but could be used to re-seed Treatment Train No. 2, if required.
Prior to reaching the Aeration Tank Splitter Box a 10-inch pipe branches off the 36-i nch
return sludge line. The 10-inch pipe is the waste activated sludge pipe that travels to the
Mixed Sludge Wet Well at Air Flotation Thicken er Building No. 1. The waste activated
sludge is metered and automatically controlled by a motorized butterfly valve.
Each return activated sludge pump is driven by a 100 Hp motor that receives 480 volt,
three phase, electrical power from the Variable Frequ
ency Drives located in the
Electrical Room of Return Activated Sludge Pumping Sta tion No. 1. The Variable
Frequency Drives receive electrical power from Distribution Panels DP1 and DP2 also in
the Electrical Room.
4.2.8.2

Start-up Procedures
1.

Check final clarifier sludge blankets daily with sludge judge. This will help
determine the return activated sludge pump settings.

2.

Ensure that valves on the suct ion and discharge side
activated sludge pumps are open and/or properly set.

3.

Ensure that the seal w ater system is funct ioning, it is in the automatic
mode of operation, and that the valves are properly set at the pump.

of the ret urn

4-20
L:\Columbia Operations Manual-Chap 4

4.

Place the “On-Off” circuit breaker located in Distribution P anels DP1 and
DP2 for each Variable Frequency Drive Pan el to the “ On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

5.

Place the “ On-Off” circuit breaker located on each Variable Frequency
Drive Panel to the “On” position. During normal operation, these switches
are always in the “On” position and only require occasiona l checking t o
ensure that they have not tripped.

6.

Place the “ Hand-Off-Auto” selector switch lo cated on e ach Variable
Frequency Drive Panel (VFD) to the “Auto” position. In the “Off” position,
the pump will not operate. In the “Hand” position, the pump output i
s
controlled from the VFD Panel.

7.

On the programmable logic controller (PLC) located on e ach Variable
Frequency Drive Panel, place the controller in “Auto”. In the “Hand” mode
the pump output can be controlled from the unit.

The Operator can now control the Return Activated Sludge Pumps from the RAS
Control Panel locate d in the Electr ical Room of RAS Pumping Station No. 1 or
from any other Operator Interface Workstation located throughout the plant.
8.

Pull up the Main Menu on the RAS Control Panel, as sho wn on Figure
No. 4-11.

9.

Press the “Login” button and login so the Operator can control the pumps.

10.

In the VFD column press the first “V FD Control” (RAS Pump) that is to be
controlled. For example, if you press the “VFD 7 Control ” button, the
“RAS Pump 7 Control” control screen will appear on the Control Panel, as
shown in Figure No. 4-12.
At this point the Operators have several control options they can make on
how to control the return activated sludge pumps. The va rious control
modes of operation are:


Auto/Remote



Manual/Remote



Auto/Local



Manual/Local

These control options are describe d in more detail later in this sectio n.
The remaining procedu res will describe the current “Normal” mode
of
operation for the Return Activated Sludge Pumps as used by the Pl ant
Personnel.
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FIGURE NO. 4-11 - RAS PUMP CONTROL SCADA SCREEN MAIN MENU
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FIGURE NO. 4-12 – RAS PUMP CONTROL SCADA SCREEN

On the RAS Pump Control Screen, press the “Auto-Manual” button so th e
pump is in “Automatic”. In the “Ma nual” and “Local” mode of operation
the return a ctivated sludge pump can be star ted and sto pped and t he
pump output can be manually cont rolled from the RAS Pump Control
Panel. The pump outp ut is controlled by setting the man ual speed in
“Hertz”. In the “Manual” and “Remote” mod
e of operation the return
activated sludge pump can be ma nually controlled from other Operat or
Workstations located throughout the plant. In the “Automatic” and “Local”
mode of operation the return activated sludge pump will automatically
maintain a preset flow.

4.2.8.3

11.

On the RAS Pump Control Screen, press the “L ocal-Remote” button, so
the return a ctivated sludge pump is in “Remote”. Step No. 10 above
describes the various control options.

12.

Once the first pump is s et, then press the “Main Menu” butt on on the le ft
hand side of the RAS Pump Control Screen t o return ba ck to the Main
Menu. Once at the Main Menu repeat Step Nos. 10-12, ab ove to control
another RAS Pump.
Normal Operation

The typical return activated sludge rate for a co nventional activated sludge system is 40
to 60% of the influent flo w. The return activated sludge pu mps are maintained at a set
rate throughout the day as determined by the Operator. During normal operation, the
Operator will either set a preset flow rate from each return activated slud ge pump or set
a preset motor output in “Hertz”. If a preset Flow Rate Control mode of operation is
selected, the Operator would type in the desired flow rate at the “Enter Local Setpoint”
box located on the upper right h and side of the RAS Pump Cont rol screen. For
example, if 3.0 mgd is typed into the box as previously shown on Figure No. 4-12, then
the return a ctivated sludge pump output will automatically adjust to maintain that 3.0
mgd setpoint.
If the Manual Speed Control mode of operatio n is selected, the Operator would type in
the required “Hertz” they would like the motor to maintain. For example, if 20 Hz is typed
in the Manual Speed Box, as pre viously shown on Figure No. 4-12 , then the motor
output would go to 20 Hz and remain at that setpoint. Please note that the actual flow
rate from this pump may go higher o r lower depending upon the pump head conditio ns,
but the output setting (Hertz setting) will not change.
Each day the Operators must take a “sludge ju dge” reading of the fina l clarifiers sludge
blankets and adjust the return activated sludge pumps bas ed on those readings. The
sludge blankets should be maintained between 1-2 ft.
The Operators should also
monitor the aeration tank mixed liquor suspended solids (MLSS) concentration, aeration
tank dissolved oxygen concentration and the flow rate to the aeration tanks in Treatment
Train No. 1.
The return activated sludge is returned to the Aeration Tank Splitte
r Box where it is
distributed to the two (2 ) aeration tanks. It is important to monitor the return activated
sludge rate because Operators must ensure t hat the proper Food to Microorganis m
Ratio is maintained in the aeration tanks.
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When a return activated sludge st arts the sea l water sole noid valve will open se nding
non-potable water to the pump seal. When the pump stops the sea
l water sole noid
valve will close. For fur ther information on the pump seal water system, refer to Section
4.2.10 in this section of the chapter.
4.2.8.4

Shutdown Procedures
1.

For a short -term shutdown, pull u p the RAS Pump Control scre en on
SCADA and place the p ump controls in “Local” and “Manual.” Once the
pump is in this mode the pump can be stopped by pressing the “Stop”
button on the RAS Pump Control screen.

2.

For a long-term shutdown, repeat Step No. 1 above and, in addition, t urn
the pump off on the Variable Frequency Drive Panel. Also, place the “OnOff” circuit breaker located on the Variable Frequency Dri ve Panel a nd
the “On-Off” circuit breaker in the Distribution Panel to the “Off” positions.

Lastly, if the final (secondary) clarifier that was associa ted with the RAS pump
being that out of service is to remain in service , then re-route the retu rn sludge
from this clarifier to a standby return activated sludge pump.
4.2.8.5

Alternative Operation

There are several alternate modes of operatio n for the ret urn activated sludge pu mps.
As stated e arlier in this sectio n, the pumps ca n be contro lled in the following different
modes.


Auto/Remote



Manual/Remote



Auto/Local



Manual/Local

In the “Aut o/Remote” mode of op eration, the output of the return sl udge pumps will
automatically increase and decrease to maintain a preset setpoint, such as a total return
activated sludge flow. In this mode of operation all pumps will increase or decrease their
output together.
In the “Man ual/Remote” mode of o peration, the return activated sludge pumps can be
controlled manually from a remote workstation.
In the “Auto/Local” mode of operation, the return activated sludge pumps are controlled
from the RAS Pump Control Panel screen. In this mode of operation, the Operator types
in a pre set flow rate for each pump and the pump output a utomatically increases and
decreases to maintain the preset flow rate.
In the “Manual/Local” mode of operation, th e return activated slud ge pumps are
controlled from the RAS Pump Co ntrol Panel screen. In this mode of operation, the
Operator types in a preset hertz reading in the Manual Speed box. The pump output will
go to the preset hertz reading and remain at that setting.
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A final alternate mode of operation would be to control a r eturn activated sludge p ump
from its’ respective Variable Freque ncy Drive Panel. By placing the “Manual-Automatic”
selector switch located on the Variab le Frequency Drive Panel to the “Manual” position,
it can then be controlled from the Variable Frequency Drive Panel. In the “Manual”
mode of op eration the pump outpu t can be controlled from the PLC on the Vari able
Frequency Drive Panel.
4.2.8.6

Alarm Conditions

The return activated sludge pumps have several alarm conditions in ord er to protect the
pumps. These alarm conditions are as follows:


Motor Windings Temperature



Radial Bearing Temperature



Thrust Bearing Temperature



Vibration



VFD Fault

If any of the above alarm conditions occur, they will alarm and be indicated on SCADA.
In addition, the return activated slu dge pump will shutdown if any of the above al arm
conditions occur.
4.2.8.7

Power Failure

If there is a power failu re, the retur n activated sludge pumps will shutdown. After the
electrical power is resto red, the ret urn activated sludge pu mps will aut omatically come
on-line.
4.2.9

Waste Activated Sludge (Treatment Train No. 1)

4.2.9.1

Introduction

Waste activated sludge is remove d from the system in order to maintain the pr oper
biological level (F:M Ratio) in the activated sludge system. The waste activated sludge
is removed from the 36-inch return activated sludge pipe b efore it ente rs the Aerat ion
Tank Splitter Box. The waste activated sludge flows through a 10-inch pipe to the Mi xed
Sludge Wet Well located in Air Flotation Thickener Building No. 1. The waste activated
sludge flow rate is controlled by a flow meter and motorized butterfly valve.
The motorized waste a ctivated sludge valve receives 120 volt, sing le phase, e lectrical
power from Lighting Panel L3 located in the South Primary Tank Primary Sl
udge
Pumping Station.
4.2.9.2

Start-up Procedures
1.

Ensure that the Mixed Sludge Wet Well liquid level is at a level to acce pt
sludge.

2.

Place the “Local-Off-Remote” selector switch located on the Valve
Operator to the “Remote” position. In the “Off” position the valve will not
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operate. In the “Local” position, the valve is controlled at t he valve using
the “Open-Stop-Close” buttons on the valve operator.
3.

Place the “On-Off” circuit breaker located in Lighting Panel L3 to the “On”
position. During normal operation, this switch is alwa ys in the “On”
position and only requires occasional che cking to ensu re it has n ot
tripped.

4.

At the Operator Workst ation located in Air Flo tation Sludge Thickener
Building No. 1 pull up t he Waste Activated Sludge Valve o n the screen
and place t he valve in “Auto” by pressing the “ Auto” button. If the “Off”
position is pressed, the valve will not operate. If the “Hand” button is
pressed, the valve is placed into a predetermined position and valve will
remain in that position until the Operator changes the position.

5.

At the Operator Workst ation located in Air Flo tation Sludge Thickener
Building No. 1 type in t he desired waste activated sludge flow rate and
“Enter” that number. The waste activated sludg e flow rate is determined
each day b y calculating the Mean Cell Resid ence Time (MCRT) and
evaluating the plant condition. Further information concerning this can be
located in S ection 4.2.9.3, Normal Operation and in the Process Theo ry
section of this chapter.

4.2.9.3

Normal Operation

During normal operation, the motorized w
aste activated sludge valve is in the
“Automatic” mode of operation. In this mode of operation t he valve wil l automatically
modulate to maintain t he set flow rate that t he Operator typed in at the Operator
Workstation. For exa mple, if the Operator t yped in 200 gpm on SCADA, the waste
activated sludge flow meter will transmit signals to SCADA showing the actual flow rate
and the wa ste activated sludge va lve will ope n and close to maintain the preset flow
rate.
The waste activated sludge flow rate should be determined daily by calculating a desired
MCRT. For example, if the plant performs best at a 9 day sludge age (MCRT ), then the
waste rate needs to be adjusted to achieve th e desired MCRT. Refer to the Pro cess
Theory section of this chapter to see the formula on how to calculate a desired MCRT.
If the Mixed Sludge Wet Well in Air Flotation Thickener Building No. 1 reaches a preset
high level, the waste activated sludge valve will automatically close. The valve will open
again when the wet we ll recedes t o a preset liquid level, as programmed on SCADA.
This function was added to SCADA to ensure that the wet well will not overflow.
4.2.9.4

Shutdown Procedures
1.

For a short-term shutdown, type in “0” at the Operator Workstation for th e
Waste Activated Sludge Valve and press the “Off” button.

2.

For a long-t erm shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker locate d in Lighting Panel L3 to the “Of f”
position. N ote: The waste valve should be p laced back in service as
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quickly as possible or it must be operated man ually in order not to upset
the activated sludge system.
4.2.9.5

Alternate Operation

There are several alternate modes of operation for controlling the waste activated sludge
valve. The first alternate mode of o peration would be to place the valve in the “Hand”
position at the Operator Workstatio n (SCADA) and set the valve in a preset position. In
this mode of operation the valve position will no t change until the Operator changes the
setting. For example, in this mode of operation, say the valve was initially set at 38%, so
the Operator saw 250 gpm. If the Operator came back later in the day, the val ve would
still be on 38%, but the flow rate may not be 250 gpm because of the difference in head
conditions in the syste m. In this mode of
operation, the Operator must pay strict
attention to the waste rate and make adjustments accordingly.
The second alternate mode of op eration would be to place the “Local-Off-Remote”
selector switch at the valve to the “Local” position. In the
“Local” position, the va lve
cannot be controlled from SCADA. The valve can now be controlled by using the “OpenStop-Close” controls on the valve operator. Once the valve position is set, the valve will
not move until the Operator changes the position. Please note this should only be used
as a temporary measure because in order to get to the valve controls, the Operator must
go into the meter vault. All confined entry procedures must be followed before entering
and while inside the vault.
The third alternate mode of opera tion for th is valve woul d be to op erate the valve
manually using the han dwheel on t he valve operator. In t his mode of operation, the
“Local-Off-Remote” selector switch must be in the “Local” or “Off” mode of operation.
The valve will remain in the position set by the Operator until it is manually change d or
the valve is placed back into anothe r mode of operation. A s with the pr evious alternate
mode of operation, the Operator must go into the meter vault to operate this valve, so all
confined space entry procedures must be followed.
Another alternate mode of operation for sludge wasting for Treatment T rain No. 1 would
be to send the waste a ctivated sludge to Air Flotation Thickener Building No. 2 if the
thickeners in Building No. 1 are out of service for maintenance or repairs. Th
is is
accomplished by sending the waste activated sludge to Mixed Sludge Wet Well in Air
Flotation Thickener Building No. 1 and using the Mixed Sludg e Pumps to transfer it over
to the Mixed Sludge Wet Well in Air Flotation Thickener Building No. 2. Refer to Chapter
6, Dissolved air Flotation Thickening for further information.
The last a lternate mode of operation for sludg e wasting w ould be to slightly open the
valve on th e transfer line between Return Sludge Pumpin g Station No. 1 and Return
Sludge Pumping Station No. 2. The waste sludge could be remo ved from Tre atment
Train No. 2. The wasting rate at T reatment Train No. 2 w ould have to be increased to
accommodate the addit ional sludge from Train No. 1. This mode of o peration should
only be used as a temporary and emergency mode of operation.
4.2.9.6

Power Failure

If there is a power failure, the valve will remain i n the position it was at before the power
failure. After electrical power is restored, the valve will automatically come back on-line.
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4.2.10

Seal Water System (Treatment Train No. 1)

4.2.10.1

Introduction

Located in Return Activated Sludge Pumping Station No. 1 is a sea l water system. The
seal water system is used to supply water to seals on the return activated sludge pumps.
The seal w ater system consists of a 75 gallo n storage t ank with a f loat valve control
system that automatically adds and stops water to the seal water tank based on liquid
level. The seal water system also consist s of two (2) turbine type seal water pumps
each rated 13 gpm at total dynamic head of 60 ft.
Each seal water pump is driven b y a 2 Hp motor that re ceives 480 volt, three p hase,
electrical power from Motor Control Center MCC11 located in the Ele ctrical Room of
Return Activated sludge Pumping Station No. 1.
4.2.10.2

Start-up Procedures

1.

Ensure that the manual valves thr oughout the seal water system are
“Open” except bypass valves that should be “Closed.”

2.

Ensure that the float valve is working properly and that there is water in
the seal water tank.

3.

Place the “On-Off” circuit breaker
located on Motor Control Center
MCC11 for each Seal Water Pump to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

4.

Place the “Hand-Off-Auto” selecto r switch lo cated on Motor Control
Center MCC11 for the duty Seal Water Pump to the “Auto” position. The
selector switch for the second pump should re main in the “Off” position.
In the “Off” position, the pump will not operate. In the “Hand” position, the
pump will operate continuously.

4.2.10.3

Normal Operation

During normal operation, one sea l water pump will serve as the “Duty” pump an d the
second pump will serve as the “Standby” p ump. In this mode of operation, when a
return activated sludge pump starts, a so lenoid valve in the seal wat er line near the
pump will “Open” supplying water to the pump seal. Wh en a return activated sl udge
pump is stopped, the solenoid valve will “Clo se.” The seal water provides lubrication of
the sleeve-packing surfaces and prevents air from entering the pu mp through the
stuffing box.
Typically, it requires b etween 1-2 gpm of s eal water for a pump seal system. It is
important to check with the pump manufacturer to find o ut their requir ements for t heir
pump. The pressure of the seal w ater should be set a t 10-15 psig above the re turn
sludge operating pressure. There is a pressure regulator on the seal wa ter system that
will maintain a preset pressure within the system.
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As water is withdrawn from the seal water tank a float valve monitors t he liquid level.
When the liquid level recedes to a preset point the float valve will open t o allow the tank
to fill with potable water. Once the liquid level ri ses to a preset high level the float valve
will close, thus, stopping the water from entering the tank. There is air gap between the
discharge of the float valve and the liquid level of the tank. T he air gap is to avoid cross
contamination of the potable water with the non-potable water.
While making rounds the Operators must check the followin g when it comes to the seal
water system:
1.

The liquid level in the seal water tank.

2.

The seal water pressure.

3.

The seal water flow rate to each pump.

4.

Ensure that the pump solenoid valve is open
pump seal.

5.

Are there any piping leaks?

6.

Is the seal water pump operating smoothly?

and water is entering t he

If there is a problem wi th seal water getting to the return activated sludge pump seal,
then the return activated sludge pump will automatically shutdown and alarm on SCADA.
4.2.10.4

Shutdown Procedures

1.

For a short-term shutd own, place the “Hand-Off-Auto” s elector switch
located on Motor Control Center MCC11 to the “Off” position.

2.

For a long-t erm shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit brea ker located on Motor Control Center MCC11 t o
the “Off” position.

Please note always have the secon d seal water pump in op eration before stopping the
“Duty” pump. No seal water to the return activated sludge pumps will cause the RAS
pumps to shutdown.
4.2.10.5

Alternate Operation

There are several alternate modes of operatio n for the se al water system. The first
alternate mode of operation would be to operat e the second seal water pump if the first
pump is taken out of service for maintenance or repairs.
The second alternate mode of operation would be to
operate a seal water pump
manually by placing t he “Hand-Off-Auto” se lector switch on Motor Control Center
MCC11 to the “Hand” position. In this mod e of operat ion the pu mp will operate
continuously until it is placed in “Off” or “Auto” position.
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If a seal w ater solenoid valve is out of service at a ret
urn activated pump, then the
manual valves on the inlet and discharge side of the solenoid should be closed and the
valve in the bypass line must be opened.
4.2.10.6

Power Failure

If there is a power failu re, the sea l water pump will shu tdown. After utility pow er is
restored the seal water pump will automatically come back on-line.
4.2.11

Aeration Tank Splitter Box (Treatment Train No. 2)

4.2.11.1

Introduction

On the east side of the Blower Building at Trea tment Train No. 2 there is a splitter box
that divides the flow into Aeration Tank Nos. 1-4. The primary efflu
ent from Pri mary
Sedimentation Tank Nos. 1-6 enter s the Splitte r Box fro m the east sid e, as show n in
Figure No. 4-13. The primary effluent is then distributed to a middle chamber that is
divided for the four (4) Aeration T anks. The primary is distribute d into the middle
chambers through four (4) “V” notched weir gates, one per aeration tank.
On the wes t side of th e Aeration Tank Splitte r Box the return activated sludge f lows
through four (4) “Square” notched weir gates, one per a eration tank, to the middle
chambers where it mixes with the primary effluent. The combined primary effluent and
return activated sludge then flows by gravity to each aeration tank.
Located in the primary effluent chamber of the Aeration Tank Splitter Box there are two
sluice gates, as shown in Figure No . 4-13. One sluice gate is used for the 6-inch drain
line and the second sluice gate is used for t
he 16-inch primary effluent line to Ai r
Flotation Thickener Building No. 2. The 6-inch drain line is used to empty the primary
effluent side of the Aeration Tank Splitter Box to Mixed Sludge Wet Well at Air Flo tation
Thickener Building No. 2. The 16-inch primary effluent pipe is used to fill an air flotation
thickener and it is used to supply water to the pressurization system for the air flotation
thickeners in Air Flotation Thickener Building No. 2.
At the Aeration Tank Splitter Box th ere is a fourth chamber that is located on the west
side of the return activated sludge chamber, as shown in Figure No. 4-13. In this f ourth
chamber a 6-inch waste activated sludge line branches off the 30-inch return activated
sludge line prior to entering the return activated sludge cha mber. In the fourth chamber
the waste a ctivated sludge is mete red and con trolled by a motorized knife gate. The
waste activated sludge leaves this chamber via the 6-inch pipe to the Mixed Sludge Wet
Well located at Air Flotation Thickener Building No. 2.
4.2.11.2

Normal Operation

During normal operation, the primary effluent and return activated sludge
are
continuously entering th e Aeration Tank Splitter Box. The primary effluent and re turn
activated sludge are mixed and sent to the aeration tanks for secondary treatment.
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During normal operation, the Operators must collect sample s of the mixed liquor in each
aeration tank on a daily basis. The mixed
liquor concent ration in each aeration tank
must be eq ual in the four tanks. The mi xed liquor suspended solids concentr ation
(MLSS) in the aeration tanks must be maintained between 2,500 to 3, 500 mg/L. If the
mixed liquor suspended solids concentration in the aeration tanks are not fairly equal,
then the Op erator must adjust the primary effluent gate and/or return activated sludge
gate to the t ank(s) that are not correct. If the p rimary effluent flow over the “V” notched
weir gates appear to be balanced, then the first corrective measure to try is to adju st the
return activated sludge gate to add or reduce sludge to the tank. Please note only make
slight gate changes and then wait a couple o f hours to d etermine the results of that
change. Do not make large gate adjustments because t hat could further upset the
balance of the aeration tank mixed liquor suspended solids.
The aeration tank dissolved oxygen concentration will also be affected by an imbalance
of the aeration tank mixed liquor suspended
solids. At Treatment Train No. 2 the
aeration system is designed to automatically
adjust to maintain a preset dissolved
oxygen concentration within the aeration ta nks. The Operators must maint ain a
dissolved oxygen concentration of 2-3 mg/L.
4.2.11.3

Shutdown Procedures

To shutdown an aeration tank raise the primary effluent and return
gates for the tank being taken out of service.
4.2.11.4

activated sludge

Alternate Operation

The only alt ernate mode of operation for the Aeration Tank Splitter Box is concerned
with taking aeration tanks in and out of service. When this occurs the other gates must
adjusted to start or stop flow and to re-distribute flow to other aeration tanks.
4.2.12

Aeration System Operation (Treatment Train No. 2)

4.2.12.1

Introduction

At Treatment Train No. 2 low pressure air is supplied to t he aeration tanks by four (4)
multi-stage, centrifugal type blowers each with seven (7) sta ges. Each blower is rated
5,680 scfm at a discharge pressure of 9 psig.
The air is introduced into each aeration tank through fine bubble diffusers. The fine
bubble diffusers introduce oxygen into each tank and they provide mixing. The air that is
introduced into each aeration tank is autom atically controlled by dissolved oxygen
meters and automatic control valves.
Each aeration tank blo wer is driven by a 300 Hp that receives 480 volt, three ph ase,
electrical power from Motor Control Centers MCC15 A and MCC15B located in the
Blower Building at Treatment Train No. 2.

4-33
L:\Columbia Operations Manual-Chap 4

4.2.12.2

Start-up Procedures

1.

Ensure that the manual valves from the blowers to the aeration tan
droplegs are open.

k

2.

Place the “ On-Off” circuit breaker located in MCC15B for the outsid e
Motorized Valves to the “On” position. During normal op eration, these
switches are always in the “On” p osition and only requires occasiona l
checking to ensure that they have not tripped.

3.

Place the “Local-Off-Remote” selector switch lo cated on ea ch Motorized
Valve to “Remote” position. In
the “Off” posi tion, the va lve will not
operate. In the “Local” position, the valve will be controlled at the valve
operator.

4.

Place the “On-Off” circuit breaker
located on Motor Co ntrol Centers
MCC15A and MCC15B for each Aeration Tank Blower to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasiona l checking to ensure that they have
not tripped.

5.

Place the “Hand-Off-Auto” selecto r switch lo cated on Motor Control
Centers MCC15A and MCC15B for each Aeration Tank Blower to t he
“Auto” position. In the “ Off” position the Blower will not op erate. In th e
“Hand” position, the Bl ower will operate conti nuously and it will not be
controlled by the basin dissolved oxygen meters.

6.

At each Blower Surge Panel locat ed next to e ach Aeration Tank Blower,
check the blower surge settings.
Each blower may ha ve a slightly
different setting due to the differences in the machines.

7.

Ensure that the dissolved oxygen
calibrated.

analyzers have power and they are

The operators can now control the Aeration Tank Blowers and Aeration System from the
Blower/Aeration Building Control Panel display located in the Blower Building a
t
Treatment Train No. 2.
8.

At the Blower/Aeration Building Control Panel display pull up the Mai
Menu.

n

9.

Once the Main Menu is displayed on the scre en, the Ope rator will see
several buttons displaying several displays, su ch as System Overview,
Blower Details, etc.

10.

Press the “ Blower Setpoint (Inlet Valves)” button and en sure that the
settings for the Blower Inlet Valves are properly set. The initial
recommended settings are as follows:
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11.

Blower
Number

Maximum Valve
Position

Minimum Valve
Position

1

100

10

2

100

12

3

100

12

4

100

15

Press the “ Blower Start” button to pull up the display. Set the following
controls on this display.
1.

Blower Start Valve Position – 42%

2.

Blower Stop Valve Position – 30%

3.

Maximum Number of Blowers to Run – 3

4.

Minimum Number of Blowers to Run – 1

5.

Delay Time – 240 seconds

12.

On the “Blower alternate” display (Blower 1 or 4) set the alternate blower
mode of operation by pressing the “Auto-Manual” mode box and placing
the blower in “Auto.”

13.

On the “Inlet Valve Position Control” display set the mode for the blower
control. Use the “Select”, “Average” and “Minimum” arrows to select the
desired setpoints. Set the following:
Dissolved Oxygen (DO) – 2 mg/L (ppm)
Setpoint –
Deadband – 0-10 mg/L (ppm)
Delay Time – 60 seconds
Valve Steps – 0-1%
During normal operation, the setpoints established on this display should
not have to be changed but the Operators should check them to ensure
that they are at the correct settings.

14.

On the “Ba sin Setup” display, set the desired Basin Disso lved Oxygen.
The initial recommended dissolved oxygen setpoint is 2.2 mg/L (ppm).
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On this display also set the minimum and
maximum valve settings for
each aeration zone. The recommended settings are as follows:

15.
4.2.12.3

DO Select
For Blower

Zone

Maximum Valve
Position

Minimum Valve
Position

1

90%

5%



Select

2

90%

5%



Select

Select which aeration zone will con trol the Aeration Tank Blowers. The
controlling zone will be highlighted by the dot next to the word “Select.”
Normal Operation

During normal operation, the aer ation tank blowers, the aeration blower motorized
influent valves and the aeration tank motorized valves are all in the “Automatic mode of
operation. In this mode of operation, the aeration tank blower output will automatically
increase and decrease to maint ain the preset aeration tank dissolved oxygen
concentration. At the same time the motori zed valves at the aeration tanks are
modulating to maintain the preset dissolved oxygen concentration and also provide even
distribution of the air th roughout the aeration t anks. Typically, two (2) blowers are in
operation with a maxi mum of three (3) blowers during high o xygen demand times. This
leaves one (1) blower as a standby unit.
Basically, the following steps will o ccur when t he aeration system is in the “Automatic”
mode of operation.
1.

Ensure that the blower s and moto rized valves are in t he “Automatic”
mode of operation.

2.

Type in the desired dissolved oxyg en concentration to be maintained in
the aeration tanks. The initially recommended setting is 2.0 mg/L (ppm).

3.

Select which aeration zone within t he (Zone 1 or Zone 2) t hat will be t he
controlling zone. The dissolved oxygen probe (analyzer) for the selecte d
zone will be the contr olling analyzer and the other di ssolved oxygen
probe will be the standby unit.

4.

Once the system is set, the first blower will star t but the motorized in let
valve will be closed an d then open slowly to a preset position to ensure
that the blower does not go into surge.

5.

Once the blower is operational the inlet valve will modulate t o change the
blower output to maintain the desir ed dissolved oxygen concentration. If
the inlet valve reaches the maxi
mum open position a s set on t he
Blower/Aeration Building Control Panel display and ad ditional air is
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required, then a second blower will start after a short time delay and then
both blowers will go to the same output. If t he two blowers canno t
maintain the disso lved oxygen concentration and they go to the
ir
maximum output, then the third blower will start.
6.

At the aeration tanks, the motorized valves will modulate in order
provide even air distribution throughout each in-service aeration tank.

to

When the Operators are making their rounds through this area of the facility they need
to:
1.

Listen to the blowers to ensure that they are
making any unusual noises.

2.

Check the surge panels and ensure that the actual readings are not close
to the surge limits.

3.

On the surge panels ch eck the blower bearing temperatures and ensure
that they are within the normal range (165-235°F).

4.

At the Blower/Aeration Building Control Panel display in the Blower
Building, ensure that the “Actu
al” aeration tank dissolved oxyg
concentration meets the “Setpoint” dissolved oxygen concentration.

5.

At the aeration tanks ch eck the air distribution throughout the tanks an d
ensure that the air is evenly distributed within the tank. Also, look for any
damaged diffusers or piping. This will be evident by a large turbulence of
air in spots.

6.

While at the aeration tanks also check for process in dicators to en sure
that the activated sludge process is operating correctly. These process
indicators would be condition of the foam, color of the mi xed liquor, smell
and other indications.

4.2.12.4

not in surge or they a re

en

Shutdown Procedures

1.

For a short-term shutd own, place the “Hand-Off-Auto” s elector switch
located on Motor Co ntrol Center MCC15A or MCC15B to the “Off”
position.

2.

For a long-t erm shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit brea ker located on Motor Control Center MCC15A or
MCC15B to the “Off” p osition. Important: If a blower is taken out of
service for an extended period of t ime, ensure that the standby blower is
placed into operation and that the aeration tank controls are properly set.
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Please note that the Aeration Tank Blowers will automatically shutdown if:

4.2.12.5

a.

The oxygen demand in the aeratio n tanks is low and the blower
output reduces until th e motorized inlet valve goes to 1 0-15%
open.

b.

The blower goes into a surge condition.

c.

Alarm conditions occur, such as, high bearing temperature.

Alternate Operation

There are several alternate modes of operatio n for the blowers and aeration system.
The first alternate mode of operation would be to place a “Standby” blower into operation
if one of the “Duty” blowers is taken out of service for maintenance or repairs.
The second alternate mode of operation would be to place the blower into the man ual
mode of operation. This could be accomplished by placing the blower in “Manual” at the
Operator Interface Panel (Blower/Aeration Building Control Panel) or by placing the
“Hand-Off-Auto” selector switch located on Motor Control Center MCC15A or MCC15B
to the “Hand” position. The Operator must take extra care when operating in th is mode
of operation to ensure t hat the blo wer does not go into a surge cond ition. Also , the
Operators must monitor the dissolved oxygen c oncentration in the aeration tanks more
carefully.
A third alternate mode of operation would b e to take t he system off of automatic
dissolved oxygen control and control the aerat ion tank dissolved oxygen manually. This
mode of operation should only be used as a temporary measure.
4.2.12.6

Alarm Conditions

There are several alarm conditions for the bl ower in ord er to protect the blower fro m
damage. These alarm conditions are:
1.
2.
3.
4.

Surge protection
Vibration
Bearing temperature
Motor Winding temperature

If any of these alarm conditions occur, t he blower will shutdown and an alarm will sound
on the plant SCADA system.
4.2.12.7

Power Failure

If there i s a power failure, the blower will shutdown. After electrical power is restored,
the blowers will automatically come back on-line . Once electrical power is restored, the
Operators must check this area of the treatment facility to ensure everything is operating
properly.
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4.2.13

Secondary Clarifier Nos. 7-10 Collector Mechanisms
(Treatment Train No. 2)

4.2.13.1

Introduction

The mixed liquor from the four (4) aeration tanks flows by gra vity through a 54-inch pipe
to the Secondary Clarifi er Splitter Box (Flow Diversion Structure). At the Secondary
Clarifier Splitter Box the mixed liquor flows over four (4) weir gates
and then tr avels
through 36-inch pipe s to the four (4) secondar y clarifiers ( final clarifiers). Once t he
mixed liquor enters the secondary clarifiers, the flow velocity is reduced, so the so lids
can settle to the botto m of the clarifiers. Each secondary clarifier contains a rapid
withdrawal type collector mechanism. The collector mechanisms are used to remove
the solids from the bottom of the secondary clarifiers an d gather the scum (skimmings)
from the tank surface . The solids on the botto m of the se condary clarifiers are drawn
into orifices then into a sludge withdrawal arm th at extends along the entire radius of the
secondary clarifier. On the second collector
arm there are scrapers that mo ve any
heavy solids that are not drawn into the rapid withdrawal arm to a central hopper. From
the sludge hopper the heavier solids are removed throug h a 12-inch pipe to a drain
system that runs along the side of the secondary clarifiers. These heavier solids are set
to the plant headwork.
The collector mechanism makes a complete revolution approximate ly once eve ry 30
minutes. T he solids are removed f rom each secondary clarifier and sent to the r eturn
activated sludge pump s through 20-inch pipe s. Each collector mechanism operates
continuously while a secondary clarifier is in service.
Each secondary clarifier collector mechanism is driven by a 1 Hp motor that receives
480 volt, three phase, electrica l power from Motor Control Center MCC14 located in
Return Activated Sludge Pumping Station No. 2.
4.2.13.2

Start-up Procedures

1.

Ensure that there is n othing in t he tank, such as a ladder, that cou ld
obstruct the movement of the collector mechanism.

2.

Ensure that the 30-in ch by 30-inch second effluent sluice gate for th e
secondary clarifier being placed into service is “Open.”

3.

Ensure that the 12-inch heavy sl udge/drain valve for th e secondary
clarifier being placed into service is “Closed.”

4.

Open the influent gate to secondary clarifier being placed into service.

5.

Once the collector is submerged t hen the collector mechanism can be
started.

6.

Place the “ On-Off” disconnect switch located on the bridge of each
Secondary Clarifier to t he “On” position. Durin g normal operation, the se
switches are always in the “On” p osition and only requir e occasional
checking to ensure that it is not being turned off.
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7.

Place the “On-Off” circuit breaker located on Motor Control Center MCC14 for each Secondary Clarifier Collector Mechanism to the “ On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

8.

Place the “On-Off” se lector switch located on the bridge of each
Secondary Clarifier to the “On” position. In the “Off” position, the collector
will not operate.

4.2.13.3

Normal Operation

During normal operation, the collector mechanism in the se condary clarifier is oper ated
continuously while the secondary clarifier is in operation. While the collector mechanism
is in operation the Operators must observe the operation o f the collector mechanism to
ensure it is running smoothly and not jerking. Also, while the Operat ors are ma king
rounds, the Operators must check the torque reading on the collector
drive to en sure
that it is at a normal re ading. If the torque is higher than normal, then determine the
problem, such as, excessive sludge in the clarifier or mechanical problems.
4.2.13.4

Shutdown Procedures

1.

For a short-term shutdown, place th e “On-Off” selector switch located o n
the bridge near the drive to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 and, in addition, place t he
“On-Off” circuit breaker located on Motor Control Center MCC14 and t he
“On-Off” disconnect switch located at the drive to the “Off” positions.

4.2.13.5

Alternate Operation

As long as a second ary clarifier is in service the collector mechanism must be
operational, so there are no alternate operational modes. If a secondary clarifier
collector mechanism is out of ser vice, then t he flow must be re-dir ected to an other
clarifier that is in service.
4.2.13.6

Alarm Conditions

The collector mechanisms are provided with safety devices that will protect the units if
excessive torque is detected on the collector arms. Each drive mechanism is provided
with a set of micro-switches and a shear pin. The alarm settings are set as follows:
Rated Torque

-

Alarm (micro-switch)

31,300 ft. lbs
-

31,300 ft. lbs.

Motor Cut-off (micro-switch)

-

37,560 ft. lbs.

Shear Pin Rating

-

40,690 ft. lbs.

(New Clarifier
Settings)
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When a high torque is sensed at the clarifier mechanism, a red alarm light will illuminate
and an alar m will soun d at the dr ive unit. Excessive torqu e will cause the col lector to
shutdown. To silence the alarm, press the “Alarm Silence” pushbutto n near the drive
unit. In addition, an al arm signal will be sent to the plant SCADA system to alert the
Operator.
If a high torque is sensed at the collector, the Operator must determine and correct th e
problem before the unit can be restarted. Befo re starting the collector mechanism after
the problem has been corrected, t he Operator must press the “Reset” pushbutton on
Motor Control Center MCC14 and/or the “Reset” pushbutton next to the drive.
4.2.13.7

Power Failure

If there is a power failure, the seco ndary clarifier collector mechanisms will shutd own.
After electrical power is restored, the collector mechanisms will automatically come back
on line. O nce electrical power is restor ed, the Operators must ch eck the collector
mechanisms to ensure that they are operating properly.
4.2.14

Scum Removal System for Secondary (Final)
Clarifier Nos. 7-10 (Treatment Train No. 2)

4.2.14.1

Introduction

Any scum or floating solids (skimmings) that gather on the surface of the secondary
clarifiers are collected by the scum skimmer on the collector mechanism and directed to
the scum trough. The skimmings are pushed up onto the scum trough where it falls into
a 6-inch pipe and then flows out of the tank. A mechanically operated flushing device is
located on the end of the scum box opens when the scum arm passes over the scum
trough and then shuts when the scum arm leaves the scum trough. This water is used
to flush the skimmings out of the trough and through the 6-inch pipe out of the clarifier.
The skimmings that leave the final (secondary) clarifier spill into a manhole located next
to each clarifier. From that manhole the skimmings flow through a pipe to the 60-inch
plant influent sewer where the skimmings are transported to the Plant Influent Pumping
Station.
4.2.14.2

Normal Operation

There are n o electrical controls or components associated with the skimmings system
except the operation of the collector mechanism.
During normal operation, the Operators must:
1.

Ensure that the collector mechanism is operating properly.

2.

Ensure that the scum skimmer is not getting caught on anything and it is
moving smoothly.

3.

Ensure that the scum trough is clean and th at the 6-in ch pipe is n ot
plugged. The scum trough should be hosed down and cleaned weekly.
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4.

Ensure that scum trough flushing mechanism is operating properly.

4.2.15

Return Activated Sludge System (Treatment Train No. 2)

4.2.15.1

Introduction

The solids that settle in Final (Secondary) Clarifier Nos. 7-1 0 in Treatment Train No. 2
are removed from each tank by a rapid wi thdrawal collector mechanism. The solids
enter a tube on the collector mechanism and are remo
ved from th e center of tank
through a 20-inch pipe. There is an individual 20-inch sludge withdrawal pipe that
leaves from each final clarifier and extends to a return activated sludge pump located in
Return Activated Sludge Pumping Station No. 2. There
are five (5) return act ivated
sludge pumps located in Return Activated Sludge Pumping Station No. 2. There is one
(1) pump d edicated to each final clarifier an d one (1) standby pump. Each return
activated sludge pump is a vertica lly mounted, non-clog, centrifugal type pump. The
pumps are driven by variable speed drives located in the pu mping station. Each pu mp
has a maximum rating of 3,800 gpm at a total dynamic head of 30 ft.
The return activated sludge pumps discharge into a common 30-inch header pipe inside
the pumping station. The 30-inch pipe exits the north end of the stat ion and travels to
the Aeration Tank Splitter Box for Treatment Train No. 2.
Prior to reaching the Aeration Tank Splitter Box a 6-inch pipe branches off the 3 0-inch
return sludge line. The 6-inch pipe is the waste activated sludge pipe that travels to the
Mixed Sludge Wet Well at Air Flotation Thicken er Building No. 2. The waste activated
sludge is metered and automatically controlled by a motorized knife gate valve.
Each return activated sludge pump is driven by a 50 Hp motor that re ceives 480 volt,
three phase, electrical power from the Variable Frequency Drives lo cated in Re turn
Activated Sludge Pumping Statio n No. 2. The Variable Frequency Dri
ves receive
electrical power from Distribution Panel DP1 also located in the pumping station.
4.2.15.2

Start-up Procedures

1.

Check the final clarifier sludge blankets daily with sludge judge. This w ill
help determine the return activated sludge pump setting.

2.

Ensure that valves on the suct ion and discharge side
activated sludge pumps are open and/or properly set.

3.

Ensure that the seal w ater system is funct ioning, it is in the automatic
mode of op eration, and that the va lves are properly set at through the
seal water system.

4.

Place the “On-Off” circ uit breaker located in Distribution P anel DP1 fo r
each Variable Frequency Drive Panel to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

of the ret urn
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5.

Place the “ On-Off” circuit breaker located on each Variable Frequency
Drive Panel to the “On” position. During normal operation, these switches
are always in the “On” position and only require occasiona l checking t o
ensure that they have not tripped.

6.

Place the “ Hand-Off-Auto” selector switch lo cated on e ach Variable
Frequency Drive Panel (VFD) to the “Auto” position. In the “Off” position,
the pump will not operate. In the “Hand” position, the pump output i
s
controlled from the VFD Panel.

7.

On the programmable logic controller (PLC) located on e ach Variable
Frequency Drive Panel, place the controller in “Auto”. In the “Hand” mode
the pump output can be controlled from the unit.

The Operator can now control the Return Activated Sludge Pumps from the RAS
Control Panel located in Return Activated Sludge Pumping Station No. 2 or fro m
any other Operator Interface Workstation located throughout the plant.
8.

Pull up the Main Menu on the RAS Control Panel.

9.

Press the button for the Return Acti vated Sludge Pump to be controlled.
For example, if you wish to control Return Activated Sludge Pump No. 4,
then press the “F10” button.

10.

The Control Panels for Return Activated Sludge Pump No. 3 and Retur n
Activated Sludge Pump No. 4 will appear on the screen,
as shown i n
Figure No. 4-14.

11.

On the RAS Pump Cont rol Screen press the “Auto-Manual” button so th e
pump is in “Automatic.” In the “Ma nual” and “Local” mode of operation
the return a ctivated sludge pump can be star ted and sto pped and t he
pump output can be manually cont rolled from the RAS Pump Control
Panel. The pump output is co ntrolled by setting the Manual Speed in
“Hertz.” In the “Manual” and “Remote” mod
e of operation the return
activated sludge pump can be ma nually controlled from other Operat or
Workstations located throughout the plant. In the “Automatic” and “Local”
mode of operation, the return acti vated sludge pump will automatically
maintain a preset flow.

12.

On the RAS Pump Control Screen press the “Local-Remote” button, so
the return a ctivated sludge pump is in “Remote.” Step No. 11 above
describes the various control options.

13.

Once the first pump is s et, then press the “Main Menu” butt on on the le ft
hand side of the RAS Pump Control Screen t o return ba ck to the Main
Menu. Once at the Main Menu repeat Step Nos. 10-12, above.
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14.

On the scr een there are “Hand-Off-Auto” buttons. Pr ess the “A uto”
button. If th e “Off” button is pre ssed, then the p ump will not operate. I f
the “Hand” button is pressed, th en the pump is controlled from this
screen.

15.

On the screen, press the “Menu” (F16) button.

16.

The Menu display will appear on the screen.

17.

Press the RAS Flow Rate button (F6).

18.

The return activated sludge pump Controller will appear on the screen, as
shown in Figure No. 4-15.

19.

On the controller scree n press the blue Setpoint number. Type in the
desired pump output in percent (%). For example, if 50% is typed in, then
the pump will go t o 50% output and remain at point . The VFD wil l
increase and decrease the pump output to maintain the preset output.

4.2.15.3

Normal Operation

The typical return activated sludge rate for a co nventional activated sludge system is 25
to 60% of the influent flo w. The return activated sludge pu mps are maintained at a set
rate throughout the day as determined by the Operator. During normal operation, the
Operator will either set a preset flow rate from each return activated slud ge pump or set
a preset ou tput in “Percent”. If a
preset Flo w Rate Co ntrol mode of operation is
selected, the Operator would type in the desir ed flow rate on the “ RAS Pump Data
Display” screen by pres sing the flow rate in gal lons per minute located in the box in the
upper right hand side of the RAS Pump Data Display screen. For example, if 2,000 gpm
is typed int o the box, then the ret urn activated sludge pu mp output will automatically
adjust to maintain that 2,000 gpm setpoint.
If the Percent Output Control mode of operatio n is selected, the Operator would type in
the required Percentage on the pump controller display. For example, if 40% is typed on
the controller, then the pump output would go to 40% and remain at that setpoint.
Each day the Operators must take a “sludge ju dge” reading of the fina l clarifiers sludge
blankets and adjust the return activated sludge pumps bas ed on those readings. The
sludge blankets should be maintained between 1-2 ft. T
he Operators should also
monitor the aeration tank mixed liquor suspended solids (MLSS) concentration, aeration
tank dissolved oxygen concentration and the flow rate to the aeration tanks in Treatment
Train No. 2.
The return activated sludge is returned to the Aeration Tank Splitte
r Box where it is
distributed to the four (4) aeration tanks. It is important to monitor the return activated
sludge rate because Operators must ensure t hat the proper Food to Microorganis m
Ratio is maintained in the aeration tanks.
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FIGURE NO. 4-14 – RETURN ACTIVATED SLUDGE PUMP CONTROL PANEL
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FIGURE NO. 4-15 – RETURN ACTIVATED SLUDGE PUMP CONTROLLER

When a return activated sludge st arts, the seal water solenoid valve will open sending
non-potable water to th e pump sea l. When th e pump sto ps, the seal water solenoid
valve will close. For fur ther information on the pump seal water system, refer to Section
4.2.17 in this section of the chapter.
4.2.15.4

Shutdown Procedures

1.

For a short-term shutdo wn, pull up the RAS Pump Control Panel screen
on SCADA and press the “Off” button.

2.

For a long-term shutdown, repeat Step No. 1 above and, in addition, t urn
the pump off at the Variable Frequency Drive Panel. Also, place the “OnOff” circuit breaker located on the Variable Frequency Dri ve Panel a nd
the “On-Off” circuit bre aker in the Distribution Panel DP1 to the “Off ”
positions.

Lastly, if the final (secondary) clarifier that is associat ed with the pu mp being
taken out of service is to remain in service, then re-route the return sludge from
this clarifier to the standby return activated sludge pump.
4.2.15.5

Alternative Operation

There are several alternate modes of operatio n for the ret urn activated sludge pu mps.
The first alternate mode of operat ion would b e to operat e the return activated sludge
pump manually from the control pa nel. To a ccomplish this pull up, the Return Sludge
Pump Control Panel display at the Operator Workstation. On this display screen, press
the number in the “Han d Setpoint” box. Type in the desired pump speed in revolu tions
per minute (rpm). Therefore, if you type in 150 rpm, then the pump would go to t
hat
speed and remain th ere until th e Operator changed the output. In this mode of
operation, the actual pump output in gallons per minute will change if the re are changes
in head conditions; however, pump “rpm” will remain constant.
Another alternate mode of operation would be to control a return activated sludge pu mp
from its’ respective Variable Freque ncy Drive Panel. By placing the “Manual-Automatic”
selector switch located on the Variab le Frequency Drive Panel to the “Manual” position,
it can then be controlled from the Variable Frequency Drive Panel. In the “Manual”
mode of operation, the pump output can be controlled fro m the PLC on the Variable
Frequency Drive Panel.
4.2.15.6

Alarm Conditions

The return activated sludge pumps have several alarm conditions in ord er to protect the
pumps. These alarm conditions are as follows:


Motor Windings Temperature



Radial Bearing Temperature



Thrust Bearing Temperature



Vibration



VFD Fault
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If any of the above alarm conditions occur, they will alarm and be indicated on SCADA.
In addition, the return activated slu dge pump will shutdown if any of the above al arm
conditions occur.
4.2.15.7

Power Failure

If there is a power failu re, the retur n activated sludge pumps will shutdown. After the
electrical power is resto red, the ret urn activated sludge pu mps will aut omatically come
on-line.
4.2.16

Waste Activated Sludge (Treatment Train No. 2)

4.2.16.1

Introduction

Waste activated sludge is remove d from the system in order to maintain the pr oper
biological level (F:M Ratio) in the activated sludge system. The waste activated sludge
is removed from the 30-inch return activated sludge pipe b efore it ente rs the Aerat ion
Tank Splitter Box. The waste activated sludge flows through a 6-inch pipe to the Mixe d
Sludge Wet Well located at Air Flotat ion Thickener Building No. 2. The waste activated
sludge flow rate is controlled by a flow meter and motorized knife gate valve.
The motorized waste a ctivated sludge valve receives 120 volt, sing le phase, e lectrical
power from the Lighting Panel on Motor Control Center MCC15B loca ted in the Blower
Building.
4.2.16.2

Start-up Procedures

1.

Ensure that the Mixed Sludge Wet Well liquid level is at a level to acce pt
sludge.

2.

Place the “Local-Off-Remote” selector switch located on the Valve
Operator to the “Remote” position. In the “Off” position, the valve will not
operate. In the “Local” position, the valve is controlled at t he valve using
the “Open-Stop-Close” buttons on the valve.

3.

Place the “On-Off” circuit breaker located in the Lighting Panel on Mot or
Control Center MCC15 B to the “On” position. During normal operation,
this switch is always in the “On” position and only requires occasiona l
checking to ensure it has not tripped.

4.

At the Operator Workst ation located in Return Activated Sludge Pumping
Station No. 2, pull up the Waste Activated
Sludge Flow Rate on the
screen by pressing the WAS Flow Rate (F7) button on the menu display.

5.

Place the v alve in auto matic by pressing t he “Auto” button. If the “Off”
position is pressed, the valve will not operate. If the “Hand” button is
pressed, the valve is placed into a predetermined position and valve will
remain in that position until the operator changes the position.
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6.

4.2.16.3

At the Operator Workst ation located in Return Activated Sludge Pumping
Station No. 2, type in t he desired waste activated sludge flow rate a nd
“Enter” that number. The waste activated sludg e flow rate is determined
each day b y calculating the Mean Cell Resid ence Time (MCRT) and
evaluating the plant condition. Further information concerning this can be
located in S ection 4.2.9.3, Normal Operation and in the Process Theo ry
section of this chapter.
Normal Operation

During normal operation, the motorized w
aste activated sludge valve is in the
“Automatic” mode of op eration. In this m ode of operation, the valve wi ll automatically
modulate to maintain t he set flow rate that t he Operator typed in at the Operator
Workstation. For e xample, if the Operato r typed in 200 gpm o n the Operator
workstation (SCADA), the waste activated slu dge flow meter will transmit signal s to
SCADA showing the actual flow rate and the waste activate d sludge valve will open and
close to maintain the preset flow rate.
The waste activated sludge flow rate should be determined daily by calculating a desired
MCRT. For example, if the plant performs best at a 9 day sludge age (MCRT ), then the
waste rate needs to be adjusted to achieve th e desired MCRT. Refer to the Pro cess
Theory section of this chapter to see the formula on how to calculate a desired MCRT.
If the Mixed Sludge Wet Well in Air Flotation Thickener Building No. 2 reaches a preset
high level, the waste activated sludge valve will automatically close. The valve will open
again when the wet we ll recedes t o a preset liquid level, as programmed on SCADA.
This function was added to SCADA to ensure that the wet well will not overflow.
4.2.16.4

Shutdown Procedures

1.

For a short-term shutdown, type in “0” at the Operator Workstation for th e
Waste Activated Sludge Valve and press the “Off” button.

2.

For a long-t erm shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit brea ker located in the Lighting Panel on MCC15B t o
the “Off” position. Not e: The waste valve should be placed back
in
service as quickly as p ossible or it must be o perated manually in order
not to upset the activated sludge system.

4.2.16.5

Alternate Operation

There are several alternate modes of operation for controlling the waste activated sludge
valve. The first alternate mode of o peration would be to place the valve in the “Hand”
position at the Operator Workstatio n (SCADA) and set the valve in a preset position. In
this mode of operation the valve position will no t change until the Operator changes the
setting. For example, in this mode of operation, say the valve was initially set at 38%, so
the Operator saw 250 gpm. If the Operator came back later in the day, the val ve would
still be on 38%, but the flow rate may not be 250 gpm because of the difference in head
conditions in the syste m. In this mode of
operation, the Operator must pay strict
attention to the waste rate and make adjustments accordingly.
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The second alternate mode of op eration would be to place the “Local-Off-Remote”
selector switch at the valve to the “Local” position. In the
“Local” position, the va lve
cannot be controlled from SCADA. The valve can now be controlled by using the “OpenStop-Close” controls on the valve operator. Once the valve position is set, the valve will
not move until the Operator changes the position. Please note this should only be used
as a temporary measure because in order to get to the valve controls, the Operator must
go into the meter vault. All confined entry procedures must be followed before entering
and while inside the vault.
The third alternate mode of opera tion for th is valve woul d be to op erate the valve
manually using the han dwheel on t he valve operator. In t his mode of operation, the
“Local-Off-Remote” selector switch must be in the “Local” or “Off” mode of operation.
The valve will remain in the position set by the Operator until it is manually change d or
the valve is placed back into anothe r mode of operation. A s with the pr evious alternate
mode of operation, the Operator must go into the meter vault to operate this valve, so all
confined space entry procedures must be followed.
Another alternate mode of operation for sludge wasting for Treatment T rain No. 2 would
be to send the waste a ctivated sludge to Air Flotation Thickener Building No. 1 if the
thickeners in Building No. 2 are out of service for maintenance or repairs. Th
is is
accomplished by sending the waste activated sludge to Mixed Sludge Wet Well in Air
Flotation Thickener Building No. 2 and using the Mixed Sludg e Pumps to transfer it over
to the Mixed Sludge Wet Well in Air Flotation Thickener Building No. 1. Refer to Chapter
6, Dissolved air Flotation Thickening for further information.
4.2.16.6

Power Failure

If there is a power failure, the valve will remain i n the position it was at before the power
failure. After electrical power is restored, the valve will automatically come back on-line.
4.2.17

Seal Water System (Treatment Train No. 2)

4.2.17.1

Introduction

Located in Return Activated Sludge Pumping Station No. 2 is a sea l water system. The
seal water system is used to supply water to seals on the return activated sludge pumps.
The seal w ater system consists of a 75 gallo n storage t ank with a f loat valve control
system that automatically adds and stops water to the seal water tank based on liquid
level. The seal water system also consists of two (2) turbine type, centrifugal, seal water
pumps each rated 13 gpm at total dynamic head of 60 ft.
Each seal water pump is driven b y a 2 Hp motor that re ceives 480 volt, three p hase,
electrical power for Motor Control Center MCC14 located in the Electrica l Room o f
Return Activated sludge Pumping Station No. 2.
4.2.17.2
1.

Start-up Procedures
Ensure that the manual valves on the system are “Open” e xcept bypass
valves that should be “Closed.”

4-50
L:\Columbia Operations Manual-Chap 4

2.

Ensure that the float valve is working properly and that there is water in
the seal water tank.

3.

Place the “On-Off” circuit breaker
located on Motor Control Center
MCC14 for each sea l water pump to the “On” posit ion. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

4.

Place the “Hand-Off-Auto” selecto r switch lo cated on Motor Control
Center MCC14 for the Duty Seal Water Pump to the “Auto” position. The
selector switch for the second pump should re main in the “Off” position.
In the “Off” position, the pump will not operate. In the “Hand” position, the
pump will operate continuously.

4.2.17.3

Normal Operation

During normal operation, one sea l water pump will serve as the “Duty” pump an d the
second pump will serve as the “Standby” p ump. In this mode of operation, when a
return activated sludge pump starts, a so lenoid valve in the seal wat er line near the
pump will “Open” supplying water to the pump seal. Wh en a return activated sl udge
pump is stopped, the solenoid valve will “Clo se.” The seal water provides lubrication of
the sleeve-packing surfaces and prevents air from entering the pu mp through the
stuffing box.
Typically, it requires b etween 1-2 gpm of s eal water for a pump seal system. It is
important to check with the pump manufacturer to find o ut their requir ements for t heir
pump. The pressure of the seal w ater should be set a t 10-15 psig above the re turn
sludge operating pressure. There is a pressure regulator on the seal wa ter system that
will maintain a preset pressure within the system.
As water is withdrawn from the seal water tank a float valve monitors t he liquid level.
When the liquid level recedes to a preset point the float valve will open t o allow the tank
to fill with potable water. Once the liquid level ri ses to a preset high level the float valve
will close, thus, stopping the water from entering the tank. There is air gap between the
discharge of the float valve and the liquid level of the tank. The air gap is avoid cross
contamination of the potable water with the non-potable water.
While making rounds the Operators must check the followin g when it comes to the seal
water system:
1.

The liquid level in the seal water tank.

2.

The seal water pressure.

3.

The seal water flow rate to each pump.

4.

Ensure that the pump solenoid valve is open
pump seal.

5.

Are there any piping leaks?

and water is entering t he
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6.

Is the seal water pump operating smoothly?

If there is a problem wi th seal water getting to the return activated sludge pump seal,
then the return activated sludge pump will automatically shutdown and alarm on SCADA.
4.2.17.4

Shutdown Procedures

1.

For a short-term shutd own, place the “Hand-Off-Auto” s elector switch
located on Motor Control Center MCC14 to the “Off” position.

2.

For a long-t erm shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit brea ker located on Motor Control Center MCC14 t o
the “Off” position.

Please note always have the secon d seal water pump in op eration before stopping the
“Duty” pump. No sea l water to the return activated sludge pumps will cause the re turn
activated sludge pumps to shutdown.
4.2.17.5

Alternate Operation

There are several alternate modes of operatio n for the se al water system. The first
alternate mode of operation would be to operat e the second seal water pump if the first
pump is taken out of service for maintenance or repairs.
The second alternate mode of operation would be to
operate a seal water pump
manually by placing t he “Hand-Off-Auto” se lector switch on Motor Control Center
MCC11 to the “Hand” position. In this mod e of operat ion the pu mp will operate
continuously until it is placed in “Off” or “Auto” position.
If a seal w ater solenoid valve is out of service at a ret
urn activated pump, then the
manual valves on the inlet and discharge side of the solenoid should be closed and the
valve in the bypass valve must be opened.
4.2.17.6

Power Failure

If there is a power failu re, the sea l water pump will shu tdown. After utility pow er is
restored the seal water pump will automatically come back on-line.
4.2.18

Aeration Tank and Secondary Clarifier Drainage

4.2.18.1

Introduction

During the operation of the treatment plant, it will become necessary t o drain a ta nk or
channel in order to inspect and repair it. If this is necessar y, the flow t hrough the plant
must be directed around the unit a nd then the unit drained. Draining t anks and placing
tanks into service is a common practice at the Metro Wastewater Treatment Plant
because of plant flow variations or equipment repairs.
Before any unit is take n out of service, seriou s consideration should be given to the
effect this will have on the other units. If a tank is drained during a peak flow peri od, it
will cause an increased loading on the other units in service. The necessity of draining a
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tank or trea tment unit should be weighed care fully. Some units can b e checked and
serviced without dewatering.
When a tank has been dewatered, it should be thoroughly cleaned with a high pressure
hose. T he Operators should take full advantage of the empty tank to perform all
required maintenance. After the tank is cleaned, the Operators should inspect for:
1.

Structural Damage

2.

Equipment Damage

3.

Points of Unusual Collection (rags, solids, etc.)

4.

Overall Appearance of the Unit

4.2.18.2

Aeration Tank Drainage Procedures (Treatment Train No. 1)

The following procedure is recommended for draining the Aeration Tanks at Treat ment
Train No. 1.
1.

Close the r eturn activated sludge gate to the aeration tank being taken
out of service and make adjustme nts to the r eturn and w aste activated
sludge system so the in-service aeration tank does not become an issue.

2.

Keep the primary effluent entering the aeration tank until the mixed liquor
suspended solids concentration falls to approx imately 500 to 900 mg/ L.
Stop at a concentration that will not result in process problems.

3.

Once the mixed liquor suspended solids reach the reduced concentration,
then close the influent gate to the aeration tank being taken out of
service. Important: Open the gates in the Aeration Tank Splitter Box so
the primary effluent is directed to the in-service aeration tank.

4.

Insert a hose from a portable pump or lower a portable p
ump into the
aeration tank being taken out of service. Discharge the tank contents into
the Aeration Tank Splitter Box on the influent side of the aeration tank.

5.

When the level in the ae ration tank goes below the blades of the surface
aerators, then stop the aerators.

6.

Once the tank is empty, hose down and clean the tank.

7.

Inspect the tank and equipment while it is empty.
maintenance and make all repairs while the tank is empty.

8.

Placing the aeration tank back into service will require some care by the
Operator.
a)

Perform all

Partially open the influ ent gate to the aeration tank bein g placed
back into service and isolate the two aeration tanks once again.
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4.2.18.3

b)

Partially open the retur n activated sludge gate to the aera tion tank
being placed back into service.

c)

When the liquid level reaches the surface aerators start the
aerators.

d)

Open the a eration tank influent ga te 100% and adjust th e return
activated sludge gate.

e)

Balance the conditions between both aeration tanks.

Aeration Tank Drainage Procedures (Treatment Train No. 2)

1.

Close the r eturn activated sludge gate to the aeration tank being taken
out of service and make adjustments to the return activated sludge for the
other in-service aeration tanks.

2.

Keep the primary effluent entering the aeration tank until the mixed liquor
suspended solids concentration falls to approx imately 500 to 900 mg/ L.
Stop at a concentration that will not result in process problems.

3.

Once the mixed
liquor susp ended solids reache s the reduced
concentration, then close the prima ry effluent g ate to the aeration tank
being taken out of service.

4.

Open the tank drain valve. The tank contents will enter t he plant dra in
system and flow into the 60-inch Congaree influent sewer line.

5.

As the liquid level in
valve(s) to that tank.

6.

Once the tank is empty, hose down and clean the tank.

7.

Inspect the tank and equipment while it is empty.
maintenance and make all repairs while the tank is empty.

8.

Placing the aeration tank back into service will require some care by the
Operator.

the aeration is going down, throttle down the air

Perform all

a)

Close the drain valve.

b)

Partially open the influ ent gate to the aeration tank bein g placed
back into service and isolate the two aeration tanks once again.

c)

Partially open the retur n activated sludge gate to the aera tion tank
being placed back into service.

d)

Increase the opening of the aera tion valves as the
increases in the aeration tank.

liquid level

4-54
L:\Columbia Operations Manual-Chap 4

4.2.18.4

e)

Open the a eration tank influent ga te 100% and adjust th e return
activated sludge gate.

f)

Balance the conditions between both aeration tanks.

Secondary Clarifier Drainage Procedure
(Treatment Train Nos. 1 and 2)

Since the secondary (final) clarif iers in Treatm ent Train N os. 1 and 2 are similar, the
following procedure is recommended for draining these tanks.
1.

Close the influent gate to the tank being taken out of service. Please note
if Secondary Clarifier Nos. 1, 2, 3, 4, 5 or 6 are being taken out of service,
then also close the 48-inch effluent butterfly valve.

2.

Continue to withdraw sludge from the tank throu gh the sludge withdrawal
system.

3.

After sludge becomes thin, then st op the return activated sludge pump
and collector mechanism for the tank being taken out of service.

4.

Open the 1 2-inch heavy sludge/drain gate in the manhole next to the
secondary clarifier. T he tanks content will drai n into the p lant drainage
system and flow to the 60-inch Congaree Influent Sewer.

5.

After the tank is empty, hose it down and inspect the tank and equipment.
Make all of the repair s and perfor m all of the necessary maintenance
aspects.

6.

To place the secondary clarifier back into service.
a)

Close the drain gate.

b)

Partially open the influent gate. Important: For Secondary Clarifier
Nos. 1-6, open the 48-inch effluent butterfly valve 100%.

c)

When the tank is approximately three quarters full, start the collector
mechanism.

d)

After the ta nk is full, th en set t he influent gate and start the return
activated sludge pump and resume normal operation.
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4.3

PROCESS THEORY

4.3.1

General

The activated sludge process is a biological wastewater treatment system us ed to
reduce the organic pollutants present in the water. Wastewater is typically treated in the
primary settling tanks first to remove the settle able solids, a portion of the bioche mical
oxygen demand and su spended solids before it undergoes secondary treatment. The
suspended solids that are not readily settleable in the primary tanks, colloidal solids, and
dissolved substances are reduced in the activated sludge treatme nt process. The
reduction of this material is carried out by aerobic (active only in the presence of oxygen)
microorganisms. In o rder to pro vide the proper environment for these types of
microorganisms, it is necessary to mix air (oxygen) in the wastewater. Various methods
are used f or providing aeration in the activated sludge process, but re gardless of the
method used, it is essential to have free oxygen available for the microorganisms.
The basic activated sludge process is shown in Figure 4-16. The wastewater enters the
aeration tanks where it is aerated and mixed with the tan k contents. Microorganisms,
present in the aeration tanks, feed on the substance available in the influent flow. The
microorganisms form fl oc particles which are maintained in suspensio n by the mixing
action of t he aeration system. These suspended solids are calle d mixed liquor
suspended solids (MLSS). The microorganisms stabilize the organic material in the
aeration tanks and, in the process, form new cells (microorganisms).
The mixed liquor suspen ded solids from the aeration tanks enter the final settling tanks
(secondary clarifiers). The solids ( biological floc particles) settle to the bottom of the
tanks where the sludge is collected in the tank and pumpe d back to the aeration tanks.
This sludge is referred to as return activated sludge (RAS). It must be returned to the
aeration tanks continuously in order to maintain the biological solid s (MLSS) level in the
aeration tanks. This sludge, containing the active living microorganisms settled from the
aeration tank effluent, is termed "activated sludge" and, hence, the name of the process.
Because suspended solids are alw ays entering the system and because there is also
synthesis, or the production of new cells (solids) in the aeration tanks, sludge must be
removed or wasted from the system in order to maintain a constant solids level in the
aeration tanks. This sludge is called waste activated sludge (WAS).
There are many
methods for further treatment of the waste activated slu
dge, but regardless of the
method used, these solids must be removed on a regular basis.
There are various modifications of the act ivated sludge process which can be
incorporated into t he design of a wastewater treatment plant. These modifications
include different methods of feed ing the inf luent to the aeration tanks, t he methods of
returning the activated sludge, the detention time in the a eration tanks, the add ition or
removal of nutrients, types of treatment zones (anaerobic, anoxic, aerobic), etc. The
activated sludge system at the
Metro Wastewater Treatment Pla nt utilizes the
conventional activated sludge mode of operation.
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4.3.2

Microbiology

As previously mentione d, the activated sl udge process is a biologica l system. I n a
properly operating aeration tank t here is a wide variety of microbial activity. Th
e
biological floc formed in the activated sludge process consists of a diverse collection of
microorganisms including bacteria , fungi, pr otozoa, and rotifers. Each of these
populations has specific characteristics and nutritional requirements and each p lays
specific and interdependent roles in the biolog ical treatment process. The purpose of
this section is to provide a fundamental understanding
of the biolo gical processes
involved in activated sludge. The Operator should be aware of these basic pr inciples
and use them as a guide in making process co ntrol adjustments. The microorganisms,
or "bugs" a s they are commonl y referred to at treatment facilities, act as indicators for
the operating characteristics of the activa ted sludge system. (Refer to Figures 4-17 and
4-18).
Microorganisms can be classif ied into a numb er of group s based on several criteria.
Most commonly, with respect to
their requirement for oxygen, microorganisms are
classified as aerobic, anaerobic, and facultative. Aerobes require free dissolved oxygen
to live and multiply. Anaerobes ca n grow and multiply only in the complete absen ce of
dissolved oxygen. Fa cultative organisms grow either with or witho ut free dissolved
oxygen. Characteristics and requirements of the several common forms of
microorganisms are described in the next sections.
4.3.2.1

Bacteria

Bacteria, the simplest, yet most i mportant group of microorganisms in the activated
sludge, are responsible for the utilization and stabilization of organic matter and for floc
formation. Individual bacteria cells range in size from 0.5 to 5 m (1 m = 10 -6 m) and
exist as individuals, pairs, clusters, or chains.
Normally, in a domestic wastewater there is a balance of the nutritional requirements for
bacteria growth, and a wide variety of bacteri a will be pre sent. In an industrial waste,
there can be either an excess or a limitation of essential nu trients which can cause one
type of bacteria to predominate. T he predominance of one type of b acteria is n ot a
healthy situation, because the system is unstable a
nd any ch ange in waste
characteristics can upset the process.
Based on nutritional requirements, bacteria are classified as het erotrophic and
autotrophic. Heterotrophs use organic material as a carbon source for cell synthesis and
as a source of energy. The process through which heterot rophic bacteria convert the
organic matter to energy and produce new bacteria is similar to the conversion of energy
in humans. In the human body, fo od is ox idized to produce energy and replace cell
tissue, and in the proce ss, produces carbon dioxide (CO 2), which is e xpelled from our
system by breathing. Heterotrophic bacter ia utilize org anic matter and oxyge n to
produce energy, new bacteria, and carbon dioxide. The carbon dioxide is removed f rom
the aeration tanks through the mixing action of the aeration tank contents.
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Autotrophs utilize carbon dioxide (CO2) as a major carbon source for ce ll synthesis and
utilize sunlight (via photosynthesis) or inorganic compounds for energy. Hydrogen gas
(H2), ammonia (NH3), ferrous ion (FE2+), nitrite ion (NO2-), and hydrogen sulfide (H2S) are
examples of the inorganic food sources used by autotrophic bacteria.
Bacteria, generally, cannot be viewed directly with a compound microscope because
they are too small and visually transparent. Special microscopes or techniques, such as
staining, are used in the laboratory where observation of bacteria is necessary. It is not
important for all treatment plant Operators to view bacteria microscopically, but it is
highly recommended.
All Opera tors should be aware of their importance and
characteristics.
4.3.2.2

Fungi

Fungi are a group of non-photosynthetic multicellular orga nisms, including molds and
yeasts, which are able to exist in conditions of low temperature, low dissolved oxyg en,
low pH, an d low nitrogen content. Most are
saprophytic, feeding on dead organic
material, or parasitic, feeding on nutrients f rom other viable organisms. Large
concentrations of fungi are undesirable in the activated sludge process.
Molds are generally characterized b y branched, intertwined filamentous growths which
do not settle easily and which prevent floc for mation. These growths are from 5 to 10
microns wide.
Yeasts characteristically do not form filaments and can obtain energy thro
ugh
fermentation, a metabol ic process which produces alcoho l. Yeasts generally do not
predominate in the aerobic environment of activated sludge.
4.3.2.3

Protozoa

Protozoa are single-ce lled organisms that use solid organ ic matter as an energy and
carbon source. They are vital to the activated sludge process beca use they ingest
bacteria, converting the organic solids to carbon dioxide and water and forming a more
settleable mixed liquor. A predominance of protozoa in mixed liq
uor is a po sitive
indication of treatment efficiency. Protozoa are of a size that can be viewed with a
compound microscope. They are easily identified by their physical characteristics.
Sarcodina move and ingest food through the flowing action of th
e fluid material
(protoplasm) within the cell. The amoeba is the most common of the Sarcodina. They
may predominate during start-up periods of the activated sludge process or when it is
recovering from shock or unbalanced conditions.
Flagellates are round or elliptica l cells chara cterized by the presence of one or more
flagella. A flagellum is a whip-like organ that provides cell mobility. Flagellates occu r at
low treatment efficiencies or when the biochemical oxygen demand of the mixed liquor is
high. Their predominance may be associated with a lightly dispersed mixed liquor floc,
low bacteria population, and high organic loading.
Ciliates are characterized by the presence of small, hair-li ke cilia which line all or part of
the cell's outer surface. A predominance of c iliates generally provides an indicat ion of
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efficient treatment and good settling. Ciliates are classi fied into two general types, freeswimming and stalked.
Free-swimming ciliates actually use their m obility to actively search out and feed
bacteria.

on

Stalked ciliates are attached by a stalk to a sol id substrate and use their cilia to produ ce
a current to draw food toward them.
Suctoria have a two-ph ase life cycl e; a ciliat ed, free-swimming juvenile stage and an
adult, stalked stage. The stalked st age is identified by rigid tentacles w hich are used to
obtain free-swimming protozoa as food.
4.3.2.4

Rotifers

Rotifers are the simplest of the multicellular a nimals and are recognizable becau se of
the unique wheel-like cilia arrange ment at their anterior e nd. Rotifer s feed ch iefly on
bacteria and are generally found in mixed li quor low in biochemical oxygen de mand
(BOD).
4.3.2.5

Microorganism Metabolism in Activated Sludge Process

The food for the bacteria is the org anic matter present in the raw wastewater or primary
effluent to the aeration tanks. By recycling the activated sludge to the aeration tanks,
the bacteria population in the sludge has a fresh supply of food. The relationship of the
food (organic matter) to the microo rganisms is called the food to microorganism ratio
(F/M ratio). When an activated slu dge process is first started, there is a very high F/M
ratio. The bacterial growth rate is v ery fast during this per iod, and the MLSS increases.
During this period, the floc that is formed is difficult to settle in the final settling tanks. As
the MLSS continues to increase, the F/M ratio decreases, and the bacteria begin to form
a denser a nd more easily settled f loc. This is the optimum point of operation of the
activated sludge process. In order to maintain this condition, solids must be wasted from
the system to maintain the F/M ratio within a fairly consta nt range. If solids are not
wasted, the F/M ratio will decline to such a point that the bacteria and microorganisms
can no long er find sufficient food t o maintain themselves, and they must use the food
reserves in their bodies. (This is known as en dogenous respiration). They are a lso
unable to produce the slime layer which surroun ds the cell and promote s the formation
of a floc. This results in a less dense floc which does not settle and there is a carry-over
of "pinpoint" floc from the final settling tanks.
Microorganisms in any system must have the essential nutrients in o rder to live and
reproduce. Domestic wastewater contains all the nutrients required for microbial growth.
However, some industrial wastes, either trea ted separately or in combination wit h
domestic wastewater, may require that nutrients be added. The most common nutrient
deficiencies are phosphorus and nitrogen. The se deficiencies are commonly found in
canning wastes and pulp and pap er mill wast es. The general rule of thumb fo r the
requirements for these nutrients is 5 parts of nitrogen and 1 part of ph osphorus for each
100 parts of BOD. Other nutrient elements, such as potassium; calciu m; magnesium;
molybdenum; cobalt; and iron, a re required in trace q uantities. Normal process
contamination ensures that there will be sufficient trace elements to meet the needs of
the microorganisms.
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4.3.3

Control Parameters

4.3.3.1

Introduction

Continuous monitoring of the loadings on the t reatment tanks and the conditions in the
tanks is essential in the operation of the basic a ctivated sludge process. The two b asic
parameters are loadings (hydraulic and organic) on the tanks and the dissolved oxyg en
in the system. Various methods have been developed over the years f or relating these
factors to help the Operators run th e process efficiently. The following list includes the
most popular of these parameters.


Detention time



Surface settling rate



Mixed liquor suspended solids (MLSS)



Organic loading



Sludge volume index



Return activated sludge rate



Waste activated sludge rate



Dissolved oxygen (D.O.)



Mean Cell Residence Time (MCRT)



Oxygen uptake rate (OUR)

This is by n o means all the parameters that ha ve been used but is a list of those most
commonly used.
4.3.3.2

Detention Time

The detention time varies with the wastewater flow rate. T he range of detention time in
a plant can be controlled only if the re are multiple units pro vided. When starting a new
or expanded plant, it is not always advisable to place all the units int o operation. The
Operator should determine the f low and then place only th ose units in operation which
will provide the design detention t imes. For aeration, t he detention time will vary
depending on the modification of the activated sludge system bein g used. In the
conventional activated sludge process, 4-8 hours of detention time is required.
The secondary clarifier detention time is also a very i
mportant parameter. If the
detention time is too short, the solid s will not have time to settle. If the detention time is
too long, the critical po int becomes how fast the sludge is removed.
If the activated
sludge solids are removed fast eno ugh, there will not be a problem. If, however, the
sludge remains in the t ank too long, denitrification can occur. This r esults in nitrogen
gas being released by the anaerobic reduction of the sludge. The r ising gas causes
sludge to float to the surface. This condition is termed "ri sing sludge" as opposed to
"sludge bulking" which is a different condition. If the sludge is remove d fast enough to
prevent denitrification but the detention time is too long, the dissolved oxygen (DO) level
can be reduced in the secondary clarifier. This condition could affect the effluent DO
requirements. The general rule for secondary clarifier deten tion time is 2-3 hours at th e
average daily flow rate. However, detention times of 6-9 hours are not uncommon with
modern clarifier designs.
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4.3.3.3

Surface Settling Rate

Surface settling rate (surface overflow rate) in
the clarif ier is an imp ortant factor in
achieving a high degree of solids se paration. It varies little f rom one modification of the
process to the other. The typical surface settling rate should not exceed 800 gallons per
day per square foot (gpd/ft 2) of tank surface at average design flow and 1,200 gpd/ft 2 at
peak flow. The design surface settl ing rate of the clarifiers will vary from 400 - 1,200
gpd/ft2.
4.3.3.4

Mixed Liquor Suspended Solids

Mixed liquor suspended solids (MLSS) is a standard suspended solids test as defined in
Standard Methods. T he MLSS is an impor tant measurement which indicate s the
amount of a ctivated sludge (i.e. mi crobial mass) in the ae ration tank. Someti mes the
MLSS reading ma y not be able to i ndicate changes in the biologically active portion of
the suspended solids. However, the mixed li quor volatile suspended solids (MLVSS)
test will show the active biological fraction of mixed liquor solids an d the amount of the
inert solids. For example, MLVSS will typically be 70-80% of the total MLSS. However,
during times of heavy infiltration of the sewer system, th e carry ove r of silt into the
aeration basins may decrease the MLVSS to 55-60%. When the per cent of MLVSS
decreases, the total MLSS must be increased to maintain the same level of active
organisms.
4.3.3.5

Organic Loading

Organic loading on the aeration ta nks is one parameter which has been defined in
different ways. It may be defined by the amount of organics in comparison to th e mass
of microorganisms or by the amount of organics in comparison to the volume.
As was previously discu ssed, the food to micro organism ratio (F/M rati o) is important in
controlling the microbial population. The organ ic matter, or food, is measured by the
standard biochemical oxygen demand (BOD) test, and the microbial mass is measure d
by the MLSS test. Therefore, the F/M ratio is simply the amount of BOD contained in the
influent to the aeration tank divided by the a mount of MLVSS in the aeration tank a nd is
expressed as pounds of BOD/pounds of MLVSS. The MLVSS is important because this
is the portion of the MLSS
which is biodeg radable. T he normal F/M ratio of the
conventional activated sludge process is genera lly considered to be in t he range of 0.2
to 0.5 lbs of BOD/lb of MLVSS.
Another method of expressing the organic load is the pounds of BOD per 1,000 cubic
feet of volume. This is strictly an organic-to-volume ratio which says nothing about the
amount of solids carried. The organic loading, like the detention time, varies depen ding
on the modification of the activated sludge process used. The organic loading on a tank
volume basis for the conventional process is generally in the range of 30 to 40 pounds of
BOD/1,000 cubic feet. This loading can vary from 100 pou nds BOD/1,000 cubic feet for
the high rate process such as the complete mix process to a low of 1.25 pounds
BOD/1,000 cubic feet for the extended aeration process.
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4.3.3.6

Sludge Volume Index

One of the best control tests in the activated sludge proce ss is the 30 minute settling
test. This t est is good because the Operators have the results in 30 minutes, while the
standard BOD test requires 5 days before results are known. The 30 minute settling test
indicates the settling characteristics of the MLSS in the clarifier. By ob serving depth of
the sludge layer in a graduated cylinder, the Operator can deter mine the settling
characteristics of the sludge. By ob serving the clarity of the liquid above the sludge , an
indication of the effluent quality can be determi ned. An in crease in the sludge volume
may indicate that sludg e wasting should be in creased and, conversely, a decrease may
indicate that sludge wasting should be reduced.
An extension of the 30 minute settling test is the sludge volume index (SVI). This inde x
is a standard test as listed in Standard Methods, which is defined by:
mL/L settled sludge (30 minute test) x 1000

SVI =

mg/L suspended matter (MLSS)

Some Operators prefer to use the sludge density index (SDI) which is basically the same
thing only expressed slightly different. It is defined by:
mg/L suspended matter (MLSS)_______

SDI =

mL/L settled sludge (30 minute test) x 10

Therefore, to convert SVI to SDI, or vice versa:
SDI

=

100

and SVI

SVI

SDI

=

100

The SVI, or SDI, is a better determination of the settling characteristics of the sludge in
the clarifier than the 30 minute test by itself because it takes into account the MLSS
concentration. The t est is somewhat slower because the time required for runnin g the
MLSS will take several hours. A normal range for SVI of a properly operating activated
sludge system is 50 to 150. However, slightly higher or lo wer values do not nece ssarily
mean poor operation. A value of 250 and high er will indicate a poor settling sludge and
will probably result having solids flowing over the weirs.
If the sludge volume index remains fairly const ant over a p eriod of time, the 30 minute
settling test offers a q uick method of determining wheth er the wast e rate shou ld be
changed. With a constant index, any change in the settling test must be attributable to a
change in mixed liquor solids concentration. Adjustment for such a condition requires
only a chan ge in the waste rate to the extent required to maintain the normal se ttling
rate. Specifically, if the result of the 30 minute settling test is appreciably above normal,
increase the waste rate; if the test is below normal, decrease the rate.

4-65
L:\Columbia Operations Manual-Chap 4

4.3.3.7

Return Activated Sludge Rate

The required concentra tion of mixe d liquor solids is contro lled and maintained by the
return of th e proper volume of activated sludg e which is r emoved from the seco ndary
clarifiers. T he volume t o be returned is propor tional to the solids concentration of the
return sludge; the higher the concentration
in proportion to the mixed liq
uor
concentration, the less volume must be returned.
The extent to which the solids in the activated sludge will be concentrated as they settle
in the secondary clarifiers is dependent on:
1)

The solids concentration in the mixed liquor entering the clarifiers.

2)

The efficiency of the clarifiers and the sludge removal equipment.

3)

The settling characteristics of the sludge.

The higher the SVI is the poorer will be the settling characte ristics of the sludge and the
more difficult it will be to return sufficient solids to maintain the required concentrations of
mixed liquor. It can be expected that a return sludge conce ntration can be consistently
attained with a reasonably good SVI. If the slu dge settles to a concentration of 3 times
the mixed liquor concentration, the return rate must be approximately 50% of the raw
wastewater flow rate, as calculated by the following formula:
Return Ratio

=

MLSS___ x 100
RS-MLSS

MLSS = Mixed Liquor Suspended Solids in mg/L
RS = Return Sludge Solids in mg/L
In addition to the return sludge rate, the Operator must also consider the sludge blanket
or sludge level maintained in the cla rifiers. It is important to keep this blanket at a level
where a good concentr ation of solids can be obtained without creating unfavorable
conditions for the microorganisms. As soon as the MLSS leaves the aeration tank there
is no longer an oxygen supply. If the sludge blanket is allowed to become very thick and
the sludge becomes septic, it will float and the return concentration
will decrea se.
Depending on the thickening char acteristics of the sludge, the blanket should
be
maintained approximately 1 to 2 feet above the bottom of the secondary clarifier.
4.3.3.8

Waste Activated Sludge Rate

Waste activated sludge is the excess portion of the total activated sludge which mu st be
wasted to maintain the proper solids balance and the re quired concentration in the
mixed liquor. Excess solids may be wasted by removing a portion of the a ctivated
sludge withdrawn from the secondary clarifiers. In general, the variation in the volume of
sludge to be wasted is determined by the mixed liquor
concentration in the aerat ion
tanks. If t he concentration shows a steady rise, the waste rate shou ld be in creased,
and if the concentration falls, the w aste rate de creased. T he amount of sludge to be
wasted will depend on the type of process and the rate of synthesis or the creatio n of
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solids. A g eneral rule of thumb for determining the amount of sludge t o waste is a bout
0.55 to 0.8 pounds of sludge for each pound of BOD re moved in the a ctivated sludge
process. The best sludge wasting control method is to remove sludge based on a ta rget
Mean Cell Residence Time (MCRT).
4.3.3.9

Dissolved Oxygen

The dissolved oxygen concentration in the aer ation tanks is one of the most important
parameters to control in the activated sludge process. The oxygen concentration should
be checked at various points throughout the aeration tank and not just at the tank
influent and effluent. The oxygen demand is gre atest at the head of the tank; therefore,
samples should be checked at closer intervals near the head end of th e tank. As with
other parameters, the type of system used w ill dictate how the dissolve d oxygen will be
measured.
The dissolved oxygen concentrations should be maintained at a minimum of 2.0 mg/L
throughout the tank. Th e oxygen should be checked during the period of the day wh en
the organic load is the highest. If a satisfactory dissolved oxygen con centration cannot
be maintained, then additional oxygen should be provided.
4.3.3.10

Mean Cell Residence Time

The mean c ell residence time (MCRT) is the a verage length of time that the activated
sludge solids are kept in the system. The MCRT method of control relates solids in the
system to growth rate. It determines the amount of excess sludge
produced and
indirectly sets the sludge wasting rate to maintain the desire d solids retention time. The
formula to calculate MCRT is:
MCRT
4.3.3.11

=

MLSS in Aeration Tank (lbs)_+ Clarifier Solids (lbs/day)__
Solids Wasted (lbs/day) + Solids Lost in Effluent (lbs/day)

Oxygen Uptake Rate (OUR)

A good indication of the biological activity in the mixed liquor is the ox ygen uptake rate
(OUR). Thi s test is fair ly simple to run. A sample of the mixed liquor is colle cted and
aerated in the laboratory. (A short piece of rubber tubing connected to the lab air supply
and placed into a beaker holding the mixed liquor is all that is necessary). The sample is
aerated about 5 minutes. This should get the dissolved oxygen level to about saturation.
A sample is poured into a BOD bottle and a standard dissolved oxygen probe insert ed.
(The probe should have a stirring d evice). The dissolved oxygen drop in the BOD bottle
(uptake by the microorganisms) and the time
is noted. For exampl e, the disso lved
oxygen may drop from 7.0 mg/L to 4.0 mg/L in 5 minutes. This is rela ted to the drop
(uptake) for an hour period as follows:
OUR =
=

3 mg/L x 60 min/hr
5 minutes
36 mg/L/hr
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The OUR will be high at the head end of a long narrow aeration tank an d decrease to a
minimum at the effluent. In a conventional activated sludge process at the head end of a
tank, the OUR will probably be 40-50 mg/L/hr. At the efflu ent end, it w ill probably be 510 mg/L/hr. If the effluent OUR is high, more aeration tanks may need to be brought into
service. If it is low, a reduced number of tanks may be necessary.
A high oxygen
uptake rate at the head of the aeration tanks (i.e . greater than 50 mg/L/h r) may indicate
a very stron g waste that will require additional air or more tanks in-service. A sudden
decrease in the OUR from the normal may indicate a toxic waste entering the plant.
The respiration rate (RR) is also used in connection to the OUR. This number r elates
the mixed liquor suspended solids level to the OUR. It is calculated as follows:
RR =

OUR x 1,000
MLSS (mg/L)

The RR is expressed in mg/hr/gram. In the pr evious example, it was assumed that the
mixed liquor suspended solids was 2,000 mg/L. The RR would be calculated as follows:
RR =
=

36 mg/L/hr x 1,000
2,000 mg/L
18 mg/hr/gram

The RR at the head of the aeration will probably be in the range of 10-20 mg/hr/gram. At
the effluent end it may be 4-8 mg/L/hr/gram.
4.3.4

Process Modifications

The activated sludge process is a flexible p rocess and can have many different
variations. It is not the intent of this manual to state that one metho
d is better tha n
another. The operator must determine which method works best f
or the cond itions
encountered. The objective of seco ndary treatment at the Metro Wastewater Treatmen t
Plant is to reduce the BOD, suspended solids, and ammonia nitrogen in the wastewater.
At the Metro Wastewat er Treatment Plant, th e activated sludge system utilizes the
conventional activated sludge process. An e xplanation of this process and the various
control parameters is presented.
4.3.4.1

Conventional Activated Sludge Process

Basically the conventional activated sludge process has been described.
Settled
wastewater enters the aeration tank where it is mixed with return activated sludge, as
previously shown in Fig ure No. 4-16. Microorganisms in the mixed liquor consume the
organic matter and in t he process produce new cells (microorganisms). The
mixed
liquor passes from the aeration tank to the sett ling tank where the microbial flo c settles.
A portion is returned to the head of the aeration tank (
return activated sludge ) to
maintain a biological growth in the mixed liquor, and a portion is wasted (waste activated
sludge) to balance the solids level due to cell production.
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The Operator has several variables which he/she can use to control the process.
1.

The detention time should be 4-8 hours. Flexibility is obtain ed by placing
more aeration tanks in service or taking aeration tanks out of service.

2.

The organic loading (BOD) for the conventional activated sludge proce ss
is typically in the range of 30-40 lbs. BOD/1000 cu. ft/day of total aeration
tank capacity. Organic load is also r elated to the pounds of sludge solids
in the process. A commonly accepted F:M Ratio is 0.2-0.5.

3.

Sludge wasting is nece ssary to mai ntain the sludge conce ntration in the
mixed liquor at its de sirable level and to kee p the sludg e in the fin al
clarifier at as low a l evel as possible and still pump a reasonably
concentrated return sludge. Generally it has been found that each pound
of BOD removed will produce 0.5 5 - 0.8 lbs of suspended solids. In
addition, the suspended solids in the settled wastewater will contr ibute
solids.

4.

The dissolved oxygen is essential in the activated sludge process. As
mentioned previously t he bacteria present in the mi xed liquor require
oxygen in order to reduce the organic matter pre sent. A safe minimum of
0.5 mg/L near the influe nt end of th e aeration tanks and 2.0 mg/L at th e
effluent end of the tank.

5.

Closely related to disso lved oxygen is the air a pplied. Generally it has
been found that 1,000 – 1,500 cf m/lb of BOD re moved is required to
maintain the above dissolved oxyge n levels. T his will dep end upon th e
type of diffusers. Fine bubble diffusers would be less.

These variables are g iven only as a general ra nge of valu es which ha ve proven to be
acceptable at some locations. It is not implied that they should be follo wed to the letter.
The operator must accept the waste that is received at the p lant and adapt the process
accordingly. It is quite possible that much higher or lower figures can be used to obtain
the most effective and efficient operation.
4.3.5

Laboratory Control

Control of the activated sludge tr
eatment process is maintained b y continuously
analyzing the wastewater as it passes thr ough the system and makin g modifications
based on these analyses. The primary objective of waste treatment in a plant such as
this is to reduce the BOD and the suspended solids. Ther efore, these tests will provide
the Operator with an indication of overall treatment efficiency. The BOD and suspended
solids of the primary treatment effluent indicates the load b eing applied to the activ ated
sludge process. This provides information to the Operator upon which the Operator may
base decisions with re gard to ope rational controls such as variation in air application,
mixed liquor solids concentrations, o r return activated sludge flow rates. Tests for BOD
and suspended solids should be made on composite samples daily.
Solids determination should also be made on the aeration tank contents (MLSS) and the
return activated sludge. As mentioned, the sludge volume index or sludge density index
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is the best indication of the settling characteristics of the mixed liquo
should be run daily on samples collected at the units.

r. These t ests

Since dissolved oxygen is an important factor within the activated slu dge system, this
parameter must be monitored at least once per shift. The dissolved oxygen i n the
aeration tanks must be maintained at 1.0 to 2.0 mg/L. A dissolved oxygen test should
be made periodically to check the dissolved oxygen level in the system. Samples should
be collected from each of the se condary clarifiers and t he return activated slu dge
system. T he results of comparing the disso lved oxygen inside the weir in the final
settling will give a good indication of the condition of the activated sludge. For example,
a large dro p in dissolved oxygen would indicate that an unstable sludge is exert ing a
high oxygen demand while it is in contact with the water in the seconda ry clarifier and,
conversely, a small drop in dissolved oxygen would indicate a stabilized sludge.
Operators must also know the ammonia-nitrogen entering the aeration tanks and in the
secondary effluent. This will indi cate if the activated sludge process in converting
ammonia-nitrogen to nitr ate. At the Metro Wastewater Treatment Plant is designed to
achieve nitrification in the fixed film nitrification towers. The Operators should monitor if
nitrification is occurring in the aeration tanks. The nitrifying bacteria are very susceptible
to toxic loa dings, temperature, dissolved oxygen and other such p
arameters. So,
operators must ensure that the microorganisms are maintained in a favorable
environment. Incomplete nitrification could result in high chlorine demands which w ould
affect the fecal coliform results in the effluent.
Another important process monitoring test that operators should conduct is the Oxygen
Uptake Rate Test (OUR). This te st indicates how active the microorganisms are in the
activated sludge process. The OUR test
measures how much o xygen a sampl e of
microorganisms consume over a specific time period.
It is also important, in the activated sludge process, to kee p a watchful eye on sludge
quality with respect to relative pr edominance of microor ganisms. Sludge samples
should be examined under a compound microscope on a regular basis to determine the
health of th e bugs and to make a population count and comparison of the va rious
species present. In Figure No. 4-1 7, that was previously shown demonstrates how the
relative predominance of microorganisms in the sludge relate s to effective settling in the
secondary clarifiers.
Further information concerning lab oratory test procedures can be found in Standard
Methods.
4.3.6

Formulas and Calculations

The following formulas and calculations are to help the Operators better understand and
control the activated sludge process of the plant. The following parameters are covered:


Treatment Efficiencies.



BOD and Suspended Solids Loadings on the Aeration Tanks.



Aeration Tank Organic Loading.
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Food to Microorganism Ratio (F/M).



Return Activated Sludge Rate (RAS).



Waste Activated Sludge Rate (WAS).



Mean Cell Residence Time (MCRT).



Aeration Tank and Secondary Clarifier Detention Times.



Sludge Volume Index (SVI).



Secondary Clarifier Surface Settling Rate.



Secondary Clarifier Solids Loading Rate.



Secondary Clarifier Weir Overflow Rate

Below is a list of assumed conditions for the purpose of exa
mple. The follo wing
formulas are based on the aeration tank and secondary clarifier dimensions in Treatment
Train No. 2. As an Operator, you should be taking the actu al conditions as they exist a t
your plant.
Assumed:
Plant Flow

30 MGD

Plant Influent BOD

376 mg/L

Plant Influent SS

345 mg/L

Primary Effluent BOD

244 mg/L

Primary Effluent SS

173 mg/L

Secondary Effluent BOD

6 mg/L

Secondary Effluent SS

9 mg/L

Mixed Liquor Suspended Solids

3,500 mg/L

Mixed Liquor Volatile Suspended Solids

2,450 mg/L

Return Activated Sludge Concentration

0.8%

Number of Aeration Tanks In Service

4

Number of Passes per Tank

1

Total Aeration Tank Volume (Refer to Section 4.5)

873,600 ft3
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Number of Secondary Clarifiers in Service

4
12,266 ft2

Surface Area per Tank
Total Secondary Clarifier Volume (Refer to Section 4.5)

686,896 ft3

Weir Length per Clarifier

729 ft

30-Minute Settling Test Results

310 mL (31.0%)

The results obtained from the formulas, tak en on actual plant conditions, should be
compared to the desig n values a nd other lit erature in t he wastewater field for this
process. From the formulas and laboratory res ults, process changes can be made or
problems can be solved which can be used to optimize the process.
4.3.6.1

Treatment Plant Efficiencies

The efficiency of the activated sludge treatment process is the percentage of suspended
solids or BOD re moved during the process. Although it aids in the ove rall evaluation of
the effectiveness of the process, it does not indicate what the problem is if the eff iciency
is lower than the standard.
The efficiency of a treatment process may be affected by such factors as the efficiencies
of the previous treatment processes, the age of the solids, the hydraulic loads, and other
similar factors.
Efficiency Formula

=

Plant BOD Efficiency =
=
=
Plant SS Efficiency

BOD In (mg/L) - BOD Out (mg/L) x 100
BOD In (mg/L)
376 mg/L - 6 mg/L x 100
376 mg/L
98%

=

SS In (mg/L) - SS Out (mg/L) x 100
SS In (mg/L)

=

345 mg/L - 9 mg/L x 100
345 mg/L

=
4.3.6.2

IN-OUT x 100
IN

97%

Biochemical Oxygen Demand and Suspended Solids Loadings on
the Aeration Tanks

Milligrams per liter (mg/L) are a measure of
concentration that is u sed frequently in
treatment plant calculations. Parts per million (ppm) is also used. Parts per million and
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mg/L are equal (1 ppm = 1 mg/L) so the two ar e used interchangeably. The mg/L is a
measure of the concentration of a particular constituent in the wastewater or solution but
does not take into account the changes in flow. It is for that reason that milligrams per
liter must be converted into pound s per day (lbs/day) so the actual lo adings can be
determined for the treatment units.
Conversion Formula (mg/L to lbs/day)
Lbs/day

=

Conc. (mg/L) x Flow (MGD) x 8.34 lbs/gal

BOD Loading

=

Primary Eff. BOD (mg/L) x Flow (MGD) x 8.34 lbs/gal

=

244 mg/L x 30 MGD x 8.34 lbs/gal

=
SS Loading

61,049 lbs/day

=

Primary Effluent SS (mg/L) x Flow (MGD) x 8.34 lbs/gal

=

173 mg/L x 30 MGD x 8.34 lbs/gal

=
4.3.6.3

43,285 lbs/day

Aeration Tank Organic Loading

There are numerous variations in the flow and organic loadings to the treatment plant. A
well designed activated sludge plant has the capability of handling reasonable variations
in the organic load. In a conventional wastewater treatment plant, it is not unusu al for
the peak organic load to be 5 to 10 times the minimum hourly load. A plant that provides
an adequate sludge residence time, usually greater than 5 days, and a settling capacity
to meet the hydraulic peak can perform well within this range.
The microorganisms respond primarily to the or ganic loading rate and much less to the
hydraulic rate. Increasing the BOD loading to the aeration tank does not have the same
effect as increasing the hydraulic loading. (NOTE: The h ydraulic loading will lessen the
contact time between the food and microorganisms and may decrease the efficien cy of
the aeration tank). To a degree, in creasing the BOD loading appears to increase the
number of microorganisms. The organic loading for a conventional activated sludg e
plant is usually designed within the range of 20-40 lbs BOD per 1,000 cubic feet per day.
Organic Loading

=
=

BOD applied to Aeration (lbs/day)
Aeration Tank Volume (1000 ft3)
61,049 lbs/day
873.6 (1000 ft3)

=

69.9 lbs BOD/1000 ft3/day
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4.3.6.4

Food to Microorganism Ratio (F/M Ratio)

The Food t o Microorganism Ratio is the re lationship between the foo d entering t he
aeration tanks (as measured by the COD or BOD tests of th e aeration tank influent) and
the microorganisms in the aeration tanks.
This relationship is
important in the
satisfactory operation of the activated sludge process.
Constant F/M control is used to ensure that the activated sludge process is being loaded
at a rate tha t the microorganisms in the MLSS are able to utilize. With a constant F/M
control, most of the food supply in the wastewater is being treated. If too much or too
little food is applied for the amount of microorganisms, ope rating problems ma y occur.
An improper F/M Ratio may degrade the plant effluent quality. A typica l F/M Ratio for a
conventional activated sludge system is 0.2 to 0.5.
F/M Ratio

=

BOD applied to Aeration (lbs/day)
MLVSS under Aeration (lbs)

=

244 mg/L x 30 MGD x 8.34 lbs/gal
2,450 mg/L x 6.5 MG x 8.34 lbs/gal

=

61,049 lbs/day
132,815 lbs

=

0.46

Total Aeration Tank Vol., gals.
=

= Total Aeration Tank Vol. (ft3) x 7.48 gal/ft3
873,600 ft3 x 7.48 gal/ft3
= 6,534,528 gals = 6.5 MG

4.3.6.5

Return Activated Sludge Rate (RAS)

To properly operate the activated sludge process, a good settling mixed liquor must be
achieved and maintained. The MLSS settled in the secondary clarifiers and then
returned to the aeration tanks is kno wn as Return Activated Sludge (RAS). If the RAS
rate is too high, the activated sludge will not be given enough time (detention time) in the
aeration tank to reduce the organic matter in t he wastewater. The hi gh RAS rat e will
also not allow sufficien t time in the secondar y clarifiers f or solids co mpaction, thus
reducing RAS concentration. If, however, the RAS rate is too low, ot her problems will
develop such as:
1)

Septic sludge in the secondary clarifiers.

2)

Possibility of a solid s washout from the second ary clarifiers because of a
high sludge blanket.
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The RAS flow can be 25-75% of the daily plant influent flow when o
perating in the
conventional activated sludge mode, but it is usually within the range of 25-60%. A
higher RAS may be possible depe nding upon seasonal or industrial flow, entering the
plant.
There are numerous formulas to determine the return activated sludge r ate. Below are
only a couple of methods:
Method No. 1:
RAS (MGD)

RAS (%)

=

Plant Flow (MGD) x MLSS (mg/L)
RAS (mg/L) - MLSS (mg/L)

=

30 MGD x 3,500 mg/L
8,000 mg/L - 3,500 mg/L

=

23.3 MGD = 23,300,000 gpd = 16,181 gpm

=

RAS Flow (MGD) x 100
Plant Flow (MGD)

=

23.3 MGD x 100
30 MGD

=

78% of Influent Flow Rate

=

30 minute Settling Test Results x 100
1,000 - Settling Test Results

=

310 ML
x 100
1,000 - 310 ML

=

44.93 of Influent Flow Rate (Say 45%)

=

Return Rate (%) x Plant Flow (MGD)

=

0.45 x 30 MGD

Method No. 2:
RAS (%)

RAS (MGD)

=
4.3.6.6

13.5 MGD

Waste Activated Sludge Rate

There are numerous formulas to determine the waste activated sludge r ate. Below are
only a couple of methods:
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Method No. 1:
Assume:
a)

Desired sludge age of 8 days

b)

The average Secondary Clarifier sludge blanket is 0.5 feet deep.

First find the amount of solids at the bottom of the clarifiers.
Sludge Volume (ft3) = 3.14 (Diameter, ft)2 x Depth of Sludge, ft x No. of tanks
4
Sludge Volume (gals) = Sludge Volume, ft3 x 7.48 gal/ft3
Sludge Volume (lbs/day) = Sludge Volume, MG x RAS Conc., mg/L x 8.34 lbs/gal
Note: In order to simpl ify this problem, we will assume zero sludge bl ankets in
the secondary clarifiers.
Desired MCRT (Days) = Aeration Solids (lbs) + Secondary Clarifier Solids (lbs)
Solids Wasted (lbs/day) + Plant Eff. Solids (lbs/day)
8 Days =

(3,500 mg/L x 6.5 MG x 8.34 lbs/gal) + (0 lbs)
Solids Wasted (lbs/day) + 9 mg/L x 30 MGD x 8.34 lbs/gal

8 Days =
8 Days =

189,735 lbs + 0 lbs
Solids Wasted (lbs/day) + 2,252 lbs/day
189,735 lbs
Solids Wasted (lbs/day) + 2,252 lbs/day

Solids Wasted (lbs/day)

=

189,735 lbs - 2,252 lbs/day
8 days

Solids Wasted (lbs/day)

=

23,717 lbs/day – 2,252 lbs/day

Solids Wasted

21,465 lbs/day

=

Finding Flow Using the Pounds Formula:
4,874 lbs/day

=

8,000 mg/L x WAS Flow MGD x 8.34 lbs/gal

WAS Flow

=

21,465 lbs/day
8,000 mg/L x 8.34 lbs/gal

WAS Flow

=

0.322 MGD = 322,000 gpd = 224 gpm
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Method No. 2:
Some Operators waste sludge to maintain a constant MLSS level in their aer ation
basins. If the MLSS increases, then the WAS rate increases, a nd if the MLSS
decreases, then the WAS rate decreases. Wa sting rates should not be changed more
than 10% p er day. To avoid problems in t he activated sludge proce ss, the Operator
must not waste large quantities of sludge from the system at once. This method is not
as reliable as maintaining a constant MCRT.
4.3.6.7

Mean Cell Residence Time (MCRT)

The Mean Cell Reside nce Time (also referred to as the S olids Retention Time, or the
Sludge Residence Time) expresses the average time that a microorganism will spend in
the activated sludge pr ocess. A sludge resid ence time value should be selecte d to
provide the best effluent quality. This value should correspond to the F/M ratio for which
the process was designed. For example, a process designed to operate at conventional
F/M ratios may not produce a high quality effluent if it is operated at a low SRT because
the F/M ratio may be too high for its design. Therefore, the Operator must find th e best
MCRT for the process by relating it to the F/M ratio.
Assume the average clarifier sludge blanket is equal to 0.0 ft.
MCRT =

Aeration Solids (lbs) + Secondary Clarifier Solids (lbs)
=
Solids Wasted (lbs/day) + Secondary Eff. Solids (lbs/day)

__________________(3,500 mg/L x 6.5 MG x 8.34 lbs/gal) + (0)_________
(8,000 mg/L x 0.322 MGD x 8.34 lbs/gal) + (9 mg/L x 30 MGD x 8.34 lbs/gal)
=
=

189,735 lbs + 0 lbs
21,484 lbs/day + 2,252 lbs/day
8 days

If the MCRT was calculated with solids in th e sludge clarifiers, the MCRT wo uld be
higher. For example, if it was calculated that t he solids in the second ary clarifier was
equivalent to 26,000 lbs, then the MCRT wo
uld be 9.1 days. Accounting for the
secondary clarifier solids shows a slight time difference when the clarifier so lids are
considered.
4.3.6.8

Aeration Tank and Secondary Clarifier Detention Time

The detention time in t he aeration tanks is important be cause enough time must be
allowed for the microorganisms to stabilize the organic matter. If the detention time in
the aeration tank is too short, then inadequate t reatment of the wastewater could o ccur
which could result in sludge bulking in the secondary clarifier. If the detention time in the
aeration tank was too long, the agitation of the tank would begin to break up the fragile
floc. This, in turn, would form a light floc which would bulk in the secondary clarifier.
The detention time in the aeration tank should be in the range of 4 - 8 hours.
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The detention time in the secondary clarifier is important because enough time must be
allowed for the solids particles to settle. If the detention time is too short, then the solids
may be carried out of th e tank into t he effluent. If the deten tion time is t oo long, then a
septic condition may occur. The w astewater detention time in a secondary clarifier is
usually between 2 and 4 hours. However, modern clarifiers are designed with h igher
detention times with no effect to the settling properties.
Aeration tank detention time is based on wastewater flow only.
Aeration Tank
Detention Time

=

Tank Volume (ft3) x 7.48 gal/ft3 x 24 hr/day
Flow
(gpd)

=

873,600 ft3 x 7.48 gal/ft3 x 24 hr/day
30,000,000 gpd

=

5.2 hours

Secondary Clarifier
Detention time

=

Tank Volume (ft3) x 7.48 gal/ft3 x 24 hr/day
Flow (gpd)
= 686,896ft3 x 7.48 gal/ft3 x 24 hr/day
30,000,000 gpd
= 4.1 hours

4.3.6.9

Sludge Volume Index (SVI)

The sludge volume index is a variable used to measure the settling characteristics of
activated sludge. The SVI of activated sludge is defined as the volume in milliliters (mL)
occupied by 1 gram (g) of activate d sludge a fter settling for 30 minutes. From t his
definition, it may be observed that the lower the SVI, the better the settling quality of the
mixed liquor. Sludge w ith an SVI of 50-150 is considere d a good settling sludge. A
sludge with an SVI of 4 00 indicates that the sludge is very l ight and will not settle in the
secondary clarifiers.
SVI

=

30 Minute Settling Test (%) x 10,000
MLSS (mg/L)
or

SVI

=

30 Minute Settling Test (ML) x 1,000
MLSS (mg/L)

SVI

=

310 mL x 1,000
3,500 mg/L

=

89 mL/g
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4.3.6.10

Secondary Clarifier Surface Settling Rate

The surface settling rate (also referred to as th e surface overflow rate) is the volume of
wastewater applied per day to each square foot of the secondary clarifier surface. Some
designers and Operators have indicated that the surface settling rat e has a dir ect
relationship to the solids and BOD removal efficiency in the sedimentation process. The
suggested settling rate for secondary clarifiers receiving nitrified mixed liquor varies from
400 to 800 gallons/day/square foot.
The surface settling rate is based on the plant flow only.
SSR

=
=

30,000,000 gpd
49,064 (ft2)
611 gpd/ft2

=
4.3.6.11

Plant Flow (gpd)___________
Secondary Clarifier Surface Area (ft2)

Secondary Clarifier Solids Loading Rate

Final settling in the activated sludge process must be designed and operated not only for
the surface settling rates but also f or solids loading rates (SLR). This is due mainly fo r
settling and compaction of the Mixed Liquor Suspended Solids (MLSS) which enter the
secondary clarifier. When excessive MLSS concentr ations are maintained in the
process, the ability of the clarifier to compact the solids becomes the governing factor.
Therefore, solids loading rates o n the seco ndary clarifier becomes more critical,
especially during sudden changes in flow rates which result in a solids washout. For this
reason, the Operator should periodically check the solids loading rate on the secondary
clarifier. The SLR should not exceed 30 lbs SS/ft2/day.
The solids loading rate is based on the plant flow and the return activated sludge flow.
SLR

=

MLSS lbs/day______________
Total Secondary Clarifier Surface Area (ft2)

=

3,500 mg/L x (30 + 15 MGD) x 8.34 lbs/gal
49,064 ft2

=
4.3.6.12

26.8 lbs/ft2/day

Secondary Clarifier Weir Overflow Rate

The weir loading rate is the number of gallons of wastewater that will flow over one foot
of weir per day.
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The weir loading rate limits the water velocity approaching the effluent weir, thus
minimizing the carryove r of suspended solids. It is also important in preventing short
circuiting from density currents. It is recommen ded that the weir loading rate should not
exceed 15,000 gallons per day per linear foot.
WOR =
=

Plant Flow (gpd)
Total Length of Weirs (ft)
30,000,000 gpd
729 ft/tank x 4 tanks

=

30,000,000 gpd
2,916
ft

=

10,288 gpd/ft
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4.4

TROUBLESHOOTING GUIDE

4.4.1

Introduction

The following troubleshooting guide indicates some of the problems which may occur in
the activated sludge treatment process. It would be impossible to mention
every
problem that could occur in this a rea. Howe ver, through experience, the Operator
should write down his or her observations, the causes, and the solutions so he/she and
fellow workers could be aware of this problem if it occurred again.
4.4.2

Operational Problems

The activated sludge sy stem is the most difficult process to control in t he plant. T here
are many variables the Operator can em ploy to improve the performance of the
activated sludge system.
This section of the chapter has been divided into the following two sections:
1.

Operational Problems

2.

Troubleshooting Guide

The Troubleshooting Guides were obtained from the Process Control Manual for Aerobic
Biological Wastewater Treatment Facilit ies published by the United States
Environmental Protection Agency and the Water Environment Federation.
The following are definitions of operational problems commonl
y experienced in the
activated sludge proce ss. In gen eral, these problems can be classified by con ditions
which the Operator can see in the aeration tanks and final settling
tanks (secondary
clarifiers).
Aeration Tanks
1)

Aeration System

2)

Foaming Problems

Secondary Clarifiers
1)

Solids Washout

2)

Bulking Sludge

3)

Clumping/Rising Sludge

4)

Clouding Secondary Effluent

5)

Ashing

6)

Pinpoint Floc
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7)

Stragglers/Billowing Solids

8)

Denitrification

Correction of these pro blems can be approached in a lo gical manner by using sound
operational control practices an d by maintaining proper equipment operation.
Troubleshooting procedures covering these problems are provided in an easy to follow
format.
4.4.2.1

Aeration System Problems

Aeration and mixing of the MLSS is essential to maintain a healthy environment for the
microorganisms. In ad dition, mixing of the aer ation tank contents is n ecessary to bring
these microorganisms in contact w ith all t he organic matter in the w astewater being
treated. The appearance of a dark blackish color MLSS
may indicate an anaerobic
condition caused by low air or an improper activated sludge rate to th e aeration tanks.
Other unusual colors may indicate the presence of an industrial waste.
Mixing in the aeration tank can generally be checked by observing the turbulence on the
aeration tank surface. The surface turbulence should be reasonably uniform throughout
the tank. Dead spots a nd non-uniform mixing patterns all generally indicate a pro blem
with a plugged diffuser or improper air flow to the diffusers.
At the Metro Wastewater Treatment Plant, t he dissolved oxygen in the a eration tanks is
continuously monitored by dissolved oxygen meters. Si gnals from these dissolved
oxygen meters are transmitted to low pressure air system to maintain a preset dissolved
oxygen concentration in the aeratio n tanks. T he air distribution should be adjust ed to
maintain a D.O. of not less than 0.5 mg/L, preferably 1 to 3 mg/L throughout the aeration
tank.
4.4.2.2

Foaming Problems

The presence of foam on the aerat ion tank is normal for the activated sludge process.
Frequently, 10 to 25 percent of the aeration tank surface is covered with film or light froth
or foam.
During certain operating conditions the foam (or froth) can become excessive and can
affect the operation. Two types of problem foam are normally seen. These are a thick
brown greasy foam and a white foam.
If the foam is allowed to build up excessively, it can be blown by the wind onto sidewalks
and plant structures, causing hazardous working conditions. In addition, it can create an
unsightly appearance as well as ca use possible odors. If the foam is carried over with
the flow to the secondary clarifiers, it will tend to build up in the inlet channels and create
additional cleaning problems.
Billowing White Foam
Thick billows of white sudsy foam may indicate that the sludge age is too low and should
be increased by reducing the wast e activated sludge rate. It can also indicate the
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presence of non-biodegradable detergents or proteins which cannot
food by the young bacteria that grow in the MLSS at a high F/M ratio.

be converted to

Thick Brown Greasy Foam
A dense and somewhat greasy and scummy la yer of deep tan or brown foam covering
the aeration tank surface may indicate an o ld sludge or one that is over oxidized.
Nitrification and filamentous organisms, such as Nocardia, are often associated with this
type of foam. The app earance of this type of foam can re sult in additional proble ms in
the secondary clarifiers by building up in the inlet channel.
4.4.2.3

Solids Washout

Solids may be washing over the secondary clarifier weirs even though bulking
is not
occurring. In these in stances, the sludge b lanket may be several feet below the
secondary clarifier surface except near the weirs. Lab oratory settling tests w ould
indicate a good settling sludge.
Some probable causes of a solids washout are as follows:
1)

Equipment malfunction

2)

Hydraulic overload

3)

Solids overload

4)

Uneven outlet weirs

5)

Poor inlet baffling

4.4.2.4

Bulking Sludge

The presence of a clear supernatant above a poor settling sludge indicates th at the
settling is b eing hindered by eithe r the presence of filamentous mi croorganisms or
dispersed floc. The presence of filamentous microorganisms is corrected by imp roving
the treatment environment with the addition of nutrients such as nitrogen and
phosphorous and/or by correcting the dissolved oxygen c oncentration in the aeration
tanks. Th e presence of disper sed floc indicates either organic ov erloading, overaeration, or an industrial waste toxic loading.
Some probable causes of bulking sludge are as follows:
If filamentous microorganisms are present, check for the following:
1)

Low D.O. in aeration tank

2)

Insufficient nutrients

3)

Low pH

4)

Warm wastewater temperature
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5)

Industrial wastes

If no filamentous microorganisms are present, check for the following:
1)

Organic overloading (high F/M)

2)

Overaeration

4.4.2.5

Clumping/Rising Sludge (Denitrification)

At times, large masses of sludge , possibly 12-inches i n diameter, will rise t o the
secondary clarifier surf ace. When the sludg e initially settles durin g the 30 minute
settling test and then floats to the
surface aft er one or t wo hours, the problem is
generally that denitrification is occurring in the secondary clarifier.
Nitrate ions are
reduced to nitrogen gas and bubbles are formed in the MLSS floc as a result of
this
process. The bubbles attach to the biological flocs and float the flocs to the surface of
the secondary clarifier where they eventually flow over the weir.
Some probable causes of sludge clumping:

4.4.2.6

1)

The activated sludge process is being operated at a low F/M ratio a nd
consequently, the process ha s "slipped" s lightly or completely into th e
nitrification zone.

2)

The sludge is being held too lo ng in the secondary clarifier an
d
consequently, all the available dissolved oxyge n has been used by th e
microorganisms. The return sludg e should have a D.O. content of not
less than 0.2 mg/L.

3)

Higher than normal wastewater temp eratures resulting in a h igher rate of
microorganism activity which causes the process to nitrify at a higher F/M
ratio. A hig her rate of microorganism activity will also re sult in a fast er
depletion of the dissolv ed oxygen i n the sedimentation tan k sludge an d
therefore a greater potential of septicity and denitrification.
Clouding Secondary Effluent

During the periods of high effluen t suspended solids co ncentration, the settleability
testing should be run immediately and then followed up with additio
nal tests several
times a day until the pr oblem is identified and corrected. When the mixed liquor in the
settleability test settles poorly, leaving a cloudy supernatant, the next step is to perform a
microscopic examination of the mixed liquor. One of the important purposes of this
examination is to determine if protozoa are present and the status of their health.
If protozoa are present, their action s and appe arance should be obse rved. Whe n the
protozoa appear to be inactive, it fr equently indicates that a slug of to xic material has
recently entered the treatment system. The Operator sho uld reduce the sludge wasting
rate and maintain nor mal operation until the material p asses through the treat ment
system.
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If the protozoa appear normal and active, but the condition persists, the activated sludge
floc may be dispersed due to excessive turbulence (over-aeration) in the aeration tanks.
Generally, overaeration is chara cterized by D.O. concentrat ions above 3 mg/L in t he
aeration tank.
If no protozoa are present, there are two possibilitie s. First, the F/M ratio is too hig h and
the system is operating in an overloaded manner. Secondly, the F/M ratio may be lower
than or within the normal range. This condit ion is frequently associated with one of the
following:
1)

Low D.O. concentration in the aeration tank

2)

A toxic waste entered the treatment system

4.4.2.7

Ashing

The appearance of small, ash-like
sludge particles floa ting on the surface of
secondary clarifier is commonly referred to as "ashing".

the

Some probable causes of ashing are as follows:
1)

The beginning of denitrification occurring in the secondary clarifier

2)

The mixed liquor has an unusually high grease content

4.4.2.8

Pinpoint Floc

The appearance of small dense, pinpoint floc particles suspended in the seco ndary
clarifier is a common p roblem often seen in tr eatment plants operatin g near or in the
extended aeration range. The problem is generally related to an old slu dge that settles
rapidly but lacks good flocculation characteristics.
Some probable causes of pinpoint floc are as follows:

4.4.2.9

1)

The process is being operated at an F/M near or in the exten ded aeration
range resulting in an old sludge with poor floc formation characteristics.

2)

Excessive turbulence (overaeration) in the aeration tanks, breaking up the
floc formations.
Stragglers/Billowing

The appearance of sma ll, light, fluffy sludge particles rising (sometimes billowing) to the
surface and discharging over the o utlet weirs is a prob lem often seen when the MLSS
concentration is too low. This problem is generally related to a young sludge (high F/M)
which settles poorly. T he problem of light floc particles is generally worse in shallow
secondary clarifiers, par ticularly at high RAS flow rates. At some plant s, the flocs are
particularly noticeable during the early morning hours.
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Some probable causes of this problem are as follows:

4.4.3

1)

The aeration tanks are being oper ated at a MLSS concen tration that is
too low. Th is would normally occur during process commissioning until
the proper MLSS concentration is established. A sludge wasting rate that
is too high will result in low MLSS and a high F/M.

2)

The return sludge flow rate is high.
Troubleshooting Tables

The following troubleshooting guides are cat egorized between the biologica l reactor
(aeration tank) and se condary clarifiers. Tro ubleshooting begins b y knowing the
treatment system. Th e following seven areas from the Activated Sludge Manual of
Practice, published by t he Water Environment Federation, are keys to troubleshooting.
They are critical for narrowing the search for solutions to most problems:
1. Know thoroughly the process being evaluated.
2. Know all plant flow patterns, including forward flow and sidestreams.
3. Know the plant’s design parameters and how actual loading s compare to
design values.
4. Know all maintenance procedures, includin g equipment maintenance
considerations and staff responsibilities.
5. Know how to recognize an abnormal condition.
6. Know what alternatives are available when trouble develops.
7. Know the amounts and characteristics of any industrial waste that may be
discharged to the plant.
It cannot b e stressed enough that once a pr oblem has been recognized, corrective
actions should be kept to a minimum. This means not making too many chan
ges at
once because that may create additional proble ms. In addition, because the activatedsludge process is a biological process, adequ ate time must be allotted for corrective
actions to take effect. Do not make rapid changes after a corrective action is
implemented.
The Troubleshooting Guides are arranged in columns as explained below:
INDICATOR/OBSERVATIONS: What has been indicate d or observed by the
operator.
PROBABLE CAUSE: This shows the most likely causes of the indicated upset.
CHECK OR MONITOR: The Operator should p erform the listed monitoring until
the process has recovered. Usually no single indicator tells the whole story.
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SOLUTIONS: The O perator should perform any of the
available to him/her as indicated.

suggested solutions

Reading across the pag e, follow the numbers. As an example, the nu mber one in the
Solutions column refers to the number one in the Indicator column.
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TROUBLESHOOTING GUIDE NO. 4-1 - AERATION SYSTEM PROBLEMS
INDICATOR/ OBSERVATIONS

PROBABLE CAUSE

ACTIVATED SLUDGE PROCESS –AERATION TANK
CHECK OR MONITOR

SOLUTIONS

1. Boiling action, violent
turbulence throughout aeration
tank surface. Large air
bubbles, ½" or greater,
apparent.

1a. Overaeration resulting in high
D.O. and/or floc shearing.

1a. Generally, D.O. should be in
range of 1.0 to 3.0 mg/L
throughout tanks.

1. Reduce air SCFM rate to
maintain D.O. in proper
range.

2. Uneven surface aeration
pattern. Dead spots or
inadequate mixing in some
areas of tank.

2a. Plugged diffusers.

1. Check maintenance records
for last cleaning of diffusers.

1. If diffusers have not been
cleaned in the last 12 months,
do so.

2. Spot check diffusers in tank
for plugging.

2. If several are plugged, clean
all diffusers in tank.

1. Check D.O. , should be in
range of 1.0 to 3.0 mg/L
throughout tank.

1. Increase air SCFM rate to
maintain D.O. in proper
range.

2. Check for adequate mixing in
aeration tank.

2. Calculate SCFM of air per
lineal foot of diffuser header
pipe. Minimum requirement
is 3 SCFM/lineal ft. Adjust air
SCFM rate as necessary to
maintain adequate D.O. and
mixing.

3. Check RAS rates and sludge
blanket depth in clarifier.

3. Adjust RAS rate to maintain
blanket depth of 1 to 3 feet in
clarifier.

2b. Underaeration resulting in low
D.O. and/or septic odors.
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TROUBLESHOOTING GUIDE NO. 4-1 - AERATION SYSTEM PROBLEMS
INDICATOR/ OBSERVATIONS
3. Excessive air rates being used
with no apparent change in
organic or hydraulic loading.
Difficult to maintain adequate
D.O. level.

PROBABLE CAUSE

ACTIVATED SLUDGE PROCESS –AERATION TANK
CHECK OR MONITOR

SOLUTIONS

3a. Leaks in aeration system
piping.

1. Check air pipe and joint
connection; listen for air
leakage or soap test flanges
and watch for bubbling
caused by air leaking.

1. Tighten flange bolts and/or
replace flange gaskets.

3b. Plugged diffusers. Air
discharging from diffuser
header blow-off pipes causing
local boiling to occur on
surface near diffuser header
pipe.

1. Check maintenance record
for last cleaning of diffusers.

1. If diffusers have not been
cleaned in last 12 months, do
so.

2. Spot check diffusers in tank
for plugging.

2. If several are plugged, clean
all diffusers in tank.

3c. Insufficient or inadequate
oxygen transfer.

1. Check aeration system
performance.

1. Replace with more effective
diffusers.

2. Diffused aeration system
should provide between 800
to 1500 cu. ft. air per pound
BOD removed. Fine bubble
diffusers will use less air.

2. Add more diffusers.

1. Check to see if organic
loading from side stream
flows contributes significantly
to overall process loading.

1. If loads are greater than 25%,
optimize operational
performance or upgrading of
other in-plant processes will
be required.

3d. High organic loadings (BOD,
COD, and/or suspended
solids) from in-plant
sidestream flows.

4-89
L:\Columbia Operations Manual-Chap 4

TROUBLESHOOTING GUIDE NO. 4-2 - FOAMING PROBLEMS

ACTIVATED SLUDGE PROCESS –AERATION TANK

INDICATOR/ OBSERVATIONS

PROBABLE CAUSE

CHECK OR MONITOR

1. White, thick, billowing or sudsy
foam on aeration tank surface.

1a. Overloaded aeration tank (low
MLSS) due to process startup. Do not be alarmed, this
problem usually occurs during
process start-up.

1b. Excessive sludge wasting from
process causing overloaded
aeration tank (Low MLSS).

SOLUTIONS

1. Check aeration tank BOD
loading (lbs/day) and lbs
MLVSS in aeration tank.
Calculate F/M ratio to
determine lbs/day MLVSS
inventory for current BOD
loading.

1. After calculating the F/M and
lbs MLVSS needed, you will
find that the F/M ratio is high
and the lbs MLVSS inventory
is low. Therefore, do not
waste sludge from the
process or maintain the
minimum WAS rate possible if
wasting has already started.

2. Check secondary clarifier
effluent for solids carryover.
Effluent will look cloudy.

2. Maintain sufficient RAS rates
to minimize solids carryover
especially during peak flow
periods.

3. Check D.O. levels in aeration
tank.

3. Try to maintain D.O. levels
between 1.0 to 3.0 mg/L.
Also be sure that adequate
mixing is being provided in
the aeration tank while
attempting to maintain D.O.
levels.

1. Check and monitor for trend
changes which occur in the
following:

1. Reduce WAS rate by not
more than 10% per day until
process approaches normal
control parameters.

a.

Decrease in MLVSS
mg/L.

b.

Decrease in MCRT,
(Sludge Age).

c.

Increase in F/M ratio.

2. Increase RAS rate to
minimize effluent solids
carryover from secondary
clarifier. Maintain sludge
blanket depth of 1 to 3 feet
from clarifier floor.
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TROUBLESHOOTING GUIDE NO. 4-2 - FOAMING PROBLEMS
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS –AERATION TANK

PROBABLE CAUSE

CHECK OR MONITOR

1c. Highly toxic waste, such as
metals or bactericide, or colder
wastewater temperatures, or
severe temperature variations
resulting in reduction of MLSS.

d.

D.O. levels maintained
with less air rates.

e.

Increase in WAS rates.

SOLUTIONS

1. Take MLSS sample and test
for metals and bactericide,
and temperature.

1. Re-establish new culture of
activated sludge. If possible,
waste sludge from process
without returning to other inplant systems. Obtain seed
sludge from other plant, if
possible.

2. Monitor plant influent for
significant variations in
temperature.

2. Actively enforce industrial
Waste Ordinances.

1d. Hydraulic washout of solids
from secondary clarifier.

1. Check hydraulic detention
time in aeration tank and
surface overflow rate in
secondary clarifier.

1. Refer to Troubleshooting
Guide No. 3, Observation 1.

1e. Improper influent wastewater
and/or RAS flow distribution
causing foaming in one or
more aeration tanks.

1. Check and monitor for
significant differences in
MLSS concentrations
between multiple aeration
tanks.

1. MLSS and RAS
concentrations, and D.O.'s
between multiple tanks
should be reasonably
consistent.
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TROUBLESHOOTING GUIDE NO. 4-2 - FOAMING PROBLEMS
INDICATOR/ OBSERVATIONS

2. Shiny, dark-tan foam on
aeration tank surface.

3. Thick, scumming dark-tan
foam on aeration tank surface.

ACTIVATED SLUDGE PROCESS –AERATION TANK

PROBABLE CAUSE

2a. Aeration tank approaching
underloaded (high MLSS)
condition due to insufficient
sludge wasting from the
process.

3a. Aeration tank is critically
underloaded (MLSS too high)
due to improper WAS control
program.

CHECK OR MONITOR

SOLUTIONS

2. Check and monitor primary
effluent and/or RAS flow rates
to each to aeration basin.

2. Modify distribution facilities as
necessary to maintain equal
influent wastewater and/or
RAS flow rates to aeration
basins.

1. Check and monitor for trend
changes which occur in the
following:

1. Increase WAS rate by not
more than 10% per day until
process approaches normal
control parameters and a
modest amount of light-tan
foam is observed on aeration
tank surface.

a.

Increase in MLVSS mg/l.

b.

Increase in MCRT,
(Sludge Age).

c.

Decrease in F/M ratio.

d.

D.O. levels maintained
with increasing air rates.

e.

Decrease in WAS rates.

1. Check and monitor for trend
changes which occur in the
following:
a.

Increase in MLVSS mg/L.

b.

Increase in MCRT,
(Sludge Age).

2. For additional checks and
remedies refer to
Troubleshooting Guide No. 5
and 6.
3. For multiple tank operation
refer to Observation No. 1,
Probable Cause "E".
1. Increase WAS rate by not
more than 10% per day until
process approaches normal
control parameters and a
modest amount of light-tan
foam is observed on aeration
surface.
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TROUBLESHOOTING GUIDE NO. 4-2 - FOAMING PROBLEMS
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS –AERATION TANK

PROBABLE CAUSE

CHECK OR MONITOR
c.

Decrease in F/M ratio.

SOLUTIONS
2. For additional checks and
remedies refer to
Troubleshooting Guide No. 5
and 7.
3. For multiple tank operation
refer to Observation No. 1,
Probable Cause "E" of this
guide.

4. Dark-brown, almost blackish
sudsy foam on aeration tank
surface. Mixed liquor color is
very dark-brown to almost
black. Detection of septic or
sour odor from aeration tank.

4a. Anaerobic conditions occurring
in aeration tank.

1. Refer to Troubleshooting
Guide No. 1, Observation No.
2 and 3.

1. Reduce sludge age.
2. Aeration tank overloaded,
increase wasting.

4-93
L:\Columbia Operations Manual-Chap 4

TROUBLESHOOTING GUIDE NO. 4-3 – SOLIDS WASHOUT/
BILLOWING SOLIDS
INDICATOR/ OBSERVATIONS
1. Localized clouds of
homogenous sludge solids
rising in certain areas of
the clarifier. Mixed liquor
in settleability test settles
fairly well with a clear
supernatant.

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER
PROBABLE CAUSE

CHECK OR MONITOR

1a. Equipment malfunction.

SOLUTIONS

1. Refer to Troubleshooting
Guide No. 1, Observations 1A, 2-A, and 2-B.
2. Check the following
equipment for abnormal
operation.
a.

Calibration of flow
meters.

b.

Plugged or partially
plugged RAS or WAS
pumps and transfer lines.

c.

Sludge collection
mechanisms, such as
broken or worn out
flights, chains, sprockets,
squeegees, plugged
sludge withdrawal tubes.

3. Check sludge removal rate
and sludge blanket depth in
clarifier.

2. Repair or replace abnormal
operating equipment.

3

Adjust RAS rates and sludge
collector mechanism speed to
maintain sludge blanket depth
at 1 to 3 feet from clarifier
floor.
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TROUBLESHOOTING GUIDE NO. 4-3 – SOLIDS WASHOUT/
BILLOWING SOLIDS
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER
PROBABLE CAUSE

CHECK OR MONITOR

1b. Air or gas entrapment in
sludge floc or denitrification
occurring.

1c. Temperature currents.

SOLUTIONS

1. Perform sludge settleability
test and gently stir sludge
when settling to see if
bubbles are released.

1. If the process is not nitrifying,
refer to Probable Cause A
above, and Troubleshooting
Guide No. 7, Observation 2.

2. If bubbles are released, check
nitrate mg/l in secondary
effluent to see if the process
is nitrifying.

2. If the process is nitrifying,
refer to Troubleshooting
Guide No. 5, Probable Cause
A.

1. Perform temperature and
D.O. profiles in clarifier.

1. If temperatures exceed 1 to 2
degrees between top and
bottom of clarifier, use an
additional aeration tank and
clarifier if possible.

2. Check inlet and outlet baffling
for proper solids distribution in
clarifier.

2. Modify or install additional
baffling in clarifiers.

3. Refer to Probable Cause A-1,
and A-2 above.
1d. Solids washout due to
hydraulic overloading.

1. Check hydraulic detention
time in aeration tank and
clarifier, and surface overflow
rate in clarifier.

1. If hydraulic loadings exceed
design capability, use
additional aeration tanks and
clarifiers if possible.
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TROUBLESHOOTING GUIDE NO. 4-3 – SOLIDS WASHOUT/
BILLOWING SOLIDS
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER
PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS
2. Reduce RAS rate to maintain
high sludge blanket depth in
clarifier.
3. Refer to Probable Causes B1, B-2, and C-2 above.

2. Localized clouds of fluffy
homogenous sludge rising in
certain areas of the clarifier.
Mixed liquor in settleability test
settles slowly, leaving
stragglers in supernatant.

2a. Overloaded aeration tank (low
MLSS) resulting in a young,
low density sludge.

1. Check and monitor trend
changes which occur in the
following:
a.

Decrease in MLVSS,
mg/L.

b.

Decrease in MCRT,
(Sludge Age).

c.

Increase in F/M ratio.

d.

Lower air SCFM rate to
maintain D.O. level.

1. Decrease WAS rates by not
more than 10% per day to
bring process back to
optimum parameters.
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TROUBLESHOOTING GUIDE NO. 4-4 – BULKING SLUDGE
INDICATOR/ OBSERVATIONS
1. Clouds of billowing
homogenous sludge rising and
extending throughout the
clarifier tank. Mixed liquor
settles slowly and compacts
poorly in settleability test, but
supernatant is fairly clear.

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

PROBABLE CAUSE

CHECK OR MONITOR

1a. Improper organic loading or
D.O. level.

1. Check and monitor trend
changes which occur in the
following:

1b. Filamentous organisms.

a.

Decrease in MLVSS
mg/L.

b.

Decrease in MCRT,
(Sludge Age).

c.

Increase in F/M ratio.

d.

Change in D.O. levels.

e.

Sudden SVI increase
from normal, or decrease
in SDI.

1. Perform microscopic
examination of mixed liquor
and return sludge. If
possible, try to identify type of
filamentous organisms, either
fungal or bacterial.
2. If fungal is identified, check
industries for wastes which
may cause problems.

SOLUTIONS
1. Decrease WAS rates by not
more than 10% per day until
process approaches normal
operating parameters.
2. Temporarily increase RAS
rates to minimize solids
carryover from clarifier tank.
Continue until normal control
parameters are approached.
3. D.O. level throughout aeration
tank greater than 0.5 mg/L,
preferably 1 to 3 mg/L.

1. If no filamentous organisms
are observed, refer to
Probable Cause "A" above.
2. Enforce Industrial Waste
Ordinance to eliminate
wastes. Also, see Remedy 4
below.
3. Chlorinate influent
wastewater at 5 to 10 mg/L
dosages.
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TROUBLESHOOTING GUIDE NO. 4-4 – BULKING SLUDGE
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

PROBABLE CAUSE

CHECK OR MONITOR
3. If bacterial are identified,
check influent wastewater
and in-plant side stream flows
returning to process for
massive filamentous
organisms.

SOLUTIONS
If higher dosages of chlorine
are required, use extreme
caution. Increase dosage at
1 to 2 mg/L increments.
4. Chlorinate RAS at 2 to 3
lbs/day/1000 lbs MLVSS.
5. Optimized operational
performance or upgrading of
other in-plant unit processes
will be required if filamentous
organisms are found in side
stream flows.

1c. Wastewater nutrient
deficiencies.

1. Check nutrient levels in
influent wastewater. The
BOD to nutrient ratios should
be 100 parts BOD to 5 parts
total nitrogen to 1 part
phosphorus to 0.5 iron.

1. If nutrient levels are less than
average ratio, field tests
should be performed on the
influent wastewater for
addition of nitrogen in the
form anhydrous ammonia,
phosphorus in the form of
trisodium phosphate and/or
iron in the form of ferric
chloride.
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TROUBLESHOOTING GUIDE NO. 4-4 – BULKING SLUDGE
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

PROBABLE CAUSE

CHECK OR MONITOR

1d. Low D.O. in aeration tank.

SOLUTIONS

2. Perform hourly ML
Settleability tests.

2. Observe tests for
improvement in sludge
settling characteristics with
the addition of nutrients.

1. Check D.O. at various
locations throughout the tank.

1. If average D.O. is less than
0.5 mg/l, increase air SCFM
rate until the D.O. level
increases to between 1 and 3
mg/L throughout the tank.
2. If D.O. levels are nearly zero
in some parts of the tank, but
1 mg/l or more in other
locations, balance the air
distribution system or clean
diffusers. Refer to
Troubleshooting Guide No. 1,
Observation 2.
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TROUBLESHOOTING GUIDE NO. 4-4 – BULKING SLUDGE
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

PROBABLE CAUSE

CHECK OR MONITOR

1e. pH in aeration tank is less than
6.5.

1. Monitor plant influent pH.

SOLUTIONS
1. If pH is less than 6.5, conduct
industrial survey to identify
source. If possible, stop or
neutralize discharge at
source.
2. If the above is not possible,
raise pH by adding an
alkaline agent such as caustic
soda or lime to the aeration
influent.

2. Check if process is nitrifying
due to warm wastewater
temperature or low F/M
loading.

1. If nitrification is not required,
increase WAS rate by not
more than 10% per day to
stop nitrification.
2. If nitrification is required, raise
pH by adding an alkaline
agent such as caustic soda or
lime to the aeration influent.
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TROUBLESHOOTING GUIDE NO. 4-5 – SLUDGE CLUMPING

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

INDICATOR/ OBSERVATIONS

PROBABLE CAUSE

CHECK OR MONITOR

1. Sludge clumps (from size of a
golf ball to as large as a
basketball) rising to and
dispersing on clarifier surface.
Bubbles noticed on clarifier
surface. Mixed liquor in
settleability test settles fairly
well, however a portion of
and/or all of the settled sludge
rises to the surface within four
hours after test is started.

1a. Denitrification in clarifier.

1. Check for increase in
secondary effluent nitrate
level.

1. Increase WAS rate by not
more than 10% per day to
reduce or eliminate level of
nitrification. If nitrification is
required, reduce to allowable
minimum.

2. Check loading parameters.

2. Maintain WAS rates to keep
process within proper MCRT,
(Sludge Age), and F/M ratio.

3. Check D.O. and temperature
levels in the aeration tank.

3. Maintain D.O. at minimum
level (1.0 mg/L). Be sure
adequate mixing is provided
in the aeration tank.

4. Check RAS rates and sludge
blanket depth in clarifier.

4. Adjust RAS rate to maintain
sludge blanket depth of 1 to 3
feet in clarifier.

1b. Septicity occurring in clarifier.

SOLUTIONS

1. Refer to Troubleshooting
Guide No. 1, Observation No.
2.
2.

See 3 and 4 above.
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TROUBLESHOOTING GUIDE NO. 4-6 – CLOUDY SECONDARY EFFLUENT

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

INDICATOR/ OBSERVATIONS

PROBABLE CAUSE

CHECK OR MONITOR

1. Secondary effluent from
clarifier is cloudy and contains
suspended matter. Mixed
liquor in settleability test settles
poorly, leaving a cloudy
supernatant.

1a. MLSS in aeration tank low due
to process start-up.

1. Refer to Troubleshooting
Guide No. 2, Observation No.
1.

1b. Increase in organic loading.

1. Perform microscopic
examination on mixed liquor
and return sludge. Check for
presence of protozoa.

1. If no protozoa are present,
possible shock organic
loading has occurred.

2. Check organic loading on
process.

2. Reduce WAS rate by not
more than 10% per day to
bring process back to proper
loading parameters and
increase RAS rates to
maintain 1 to 3 foot sludge
blanket in clarifier.

3. Check D.O. level in aeration
tank.

3. Adjust air SCFM rate to
maintain D.O. level within 1.0
to 3.0 mg/L.

1. Perform microscopic
examination on mixed liquor
and return sludge. Check for
presence of inactive protozoa.

1. If protozoa are inactive,
possibility of recent toxic load
on process.

1c. Toxic shock loading.

SOLUTIONS

2. Refer to Troubleshooting
Guide No. 2, Observation No.
1-C.
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TROUBLESHOOTING GUIDE NO. 4-6 – CLOUDY SECONDARY EFFLUENT
INDICATOR/ OBSERVATIONS

PROBABLE CAUSE

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER
CHECK OR MONITOR

SOLUTIONS

1d. Overaeration causing mixed
liquor floc to shear.

1. Perform microscopic
examination on mixed liquor.
Check for dispersed or
fragmented floc and presence
of active protozoa.

1. Refer to Troubleshooting
Guide No. 1, Observation No.
1-A.

1e. Improper D.O. levels
maintained in aeration tank.

1. Refer to Troubleshooting
Guide No. 1, Observation No.
2.
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TROUBLESHOOTING GUIDE NO. 4-7 – ASHING AND
PINPOINT/STRAGGLER FLOC
INDICATOR/ OBSERVATIONS
1. Fine dispersed floc (about the
size of a pinhead) extending
throughout the clarifier with
little islands of sludge
accumulated on the surface
and discharging over the
weirs. Mixed liquor in
settleability test, settles fairly
well. Sludge is dense at
bottom with fine particles of
floc suspended in fairly clear
supernatant.

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

PROBABLE CAUSE

CHECK OR MONITOR

1a. Aeration tank approaching
underloaded conditions (High
MLSS) because of old sludge
in system.

1. Check and monitor trend
changes which occur in the
following:
a.

Increase in MLVSS mg/L.

b.

Increase in MCRT,
(Sludge Age).

c.

Decrease in F/M ratio.

d.

D.O. levels maintained
with increasing aeration
rates.

e.

Decrease in WAS rates.

f.

Decrease in organic
loading (BOD/COD in the
aeration tank influent).

2. Check for foaming in aeration
tank.

SOLUTIONS
1. Increase WAS rates by not
more than 10% per day to
bring process back to
optimum control parameters
for average organic loading.

2. Refer to Troubleshooting
Guide No. 2 for any foaming
which may be occurring in
aeration tank.
3. Adjust RAS rates to maintain
sludge blanket depth of 1 to 3
feet in clarifier.
4. Refer to Troubleshooting
Guide No. 1 for additional
observations.
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TROUBLESHOOTING GUIDE NO. 4-7 – ASHING AND
PINPOINT/STRAGGLER FLOC
INDICATOR/ OBSERVATIONS
2. Small particles of ash-like
material floating on clarifier
surface.

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

PROBABLE CAUSE
2a. Beginning of denitrification.

CHECK OR MONITOR

SOLUTIONS

1. Stir floating floc on surface of
30-minute settling test.

1. If floating floc releases
bubbles and settles, see
Troubleshooting Guide No. 5,
Probable Cause A.
2. If it does not settle, refer to
Probable Cause B, below.

3. Particles of straggler floc about
¼" or larger, extending
throughout the clarifier and
discharging over the weirs.
Mixed liquor in settleability
test, settles fairly well. Sludge
does not compact well at the
bottom with chunks of floc
suspended in fairly clear
supernatant.

3a. Aeration tank slightly
underloaded (Low MLSS) due
to organic load change.

1. Check and monitor trend
changes which occur in the
following:
a.

Decrease in MLVSS
mg/l.

b.

Decrease in MCRT,
(Sludge Age).

c.

Increase in F/M ratio.

d.

Less aeration rate used
to maintain D.O.

e.

Increase in WAS rates.

f.

Increase or decrease in
organic loading
(BOD/COD in the
aeration tank influent).

2. Check for foaming in aeration
tanks.

1. Decrease WAS rates by not
more than 10% per day to
bring process back to
optimum control parameters
for average organic loading.

2. Refer to Troubleshooting
Guide No. 2 for any foaming
which may be occurring in
aeration tank.
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TROUBLESHOOTING GUIDE NO. 4-7 – ASHING AND
PINPOINT/STRAGGLER FLOC
INDICATOR/ OBSERVATIONS

ACTIVATED SLUDGE PROCESS – SECONDARY CLARIFIER

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS
3. Adjust RAS rates to maintain
sludge blanket depth of 1 to 3
feet in clarifier.
4. Decrease aeration SCFM
rates to maintain minimum
D.O. of only 1.0 mg/L in
aeration tank. Refer to
Troubleshooting Guide No. 1
for additional observations.

3b. Excessive amounts of grease
in mixed liquor.

1. Perform a grease analysis on
MLSS, and check influent
scum concentration.

1. If the grease content exceeds
15 percent by weight of the
MLSS, fine source of scum
and correct.

2. Check grease content in raw
wastewater.

2. If grease content is
excessive, implement an
industrial waste monitoring
and enforcement program.

4-106
L:\Columbia Operations Manual-Chap 4

TROUBLESHOOTING GUIDE
RETURN ACTIVATED SLUDGE PUMPS
TREATMENT TRAIN NO. 2
(GOULDS PUMPS)

PROBLEM
1. Conditions Causing Insufficient or No
Discharge.

SOLUTION
1a.

Pump not completely primed.

1b.

Excessive head requirements.

1c.

Extra pipeline length and increases in
pipe elevation require the pump to
develop more head for the same flow
rate.
Insufficient NPSH available.

1d.

Extra suction pipe length and pump
elevation above the water level reduce
the NPSH available to the pump.
Worn pump components.

1g.
1h.
2a.

Wear at the impeller ring gap increases
the internal leakage and is correctable
without disassembly.
Insufficient pump speed.
Pipeline or pump clogged or partially
clogged.
Wrong direction of rotation.
Pumpage viscosity too high.
Pump speed too high.

2b.

Pump not operating at design capacity.

1e.
1f.

2. Conditions Causing Excessive Power
Consumption.

2c.

2d.
2e.
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Pump is operating at higher HP point of
its performance curve.
Mechanical rubbing or binding of
rotating parts.
Rubbing at the impeller can cause
considerable power loss in the pump.
The equivalent power loss in a bearing
or stuffing box would produce high
temperature.
Viscosity or specific gravity too high.
Wear ring adjustment or gap too wide.

PROBLEM

SOLUTION

3. Conditions Causing Excessive Bearing
Temperatures.

4. Conditions Causing Excessive Vibration.

3a.

Misalignment of the bearings.

3b.
3c.

This should be checked first if the
problem developed immediately after
any work was done that could have
changed the bearing alignment.
Insufficient amount of lubricant.
Excessive amount of lubricant.

3d.

The problem is noticed a short time after
lubricant is added to the bearings.
Deteriorated lubricant.

3e.

A gradual, over a period of days,
temperature rise above the ambient
temperature indicates a deterioration of
the lubricant around the rolling elements
provided the bearing is not generating
unusual noise.
Bearing failing.

4a.
4b.
4c.
4d.

5. Conditions Causing Water Hammer.
(Water hammer is a high pressure surge
through a pipeline resulting from an event
that forces all the liquid in the line to rapidly
change velocity)

5a.
5b.
5c.
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This will cause an increase in its noise.
Partially clogged impeller.
Foundation not properly supporting
pump.
Misalignment.
Mechanical defects.
Bent shaft, failed bearing, impeller out of
balance.
Rapid valve closing.
Lack of a vacuum breaker in pipeline
going over a hill.
Full speed filling a pipeline that has a
sudden pipe friction increasing section
down stream from the pump.

TROUBLESHOOTING GUIDE
FINAL CLARIFIER MECHANISMS
(SIEMENS/ENVIREX)

PROBLEM
1. Drive Overheating.

2. Broken Shear Pins or Alarm Being
Set Off.

POSSIBLE CAUSE

CORRECTIVE ACTION

1a.

Oil level too low.

1a. Fill to correct level.

1b.

Oil level too high.

1b. Check for condensation or water present in
oil reservoirs.

1c.

Low oil level in high speed gear
case.
Solids build-up in tank.

1c. Fill to proper level.

2a.

2f.

Large debris in tank.
Grout on tank floor raised.
Ball bearings in drive damaged.
Scraper making contact with tank
floor proper rotation of scraper for
correct clearance.
Bridge being locked down.

3a.

Blade not adjusted correctly.

3b.

Build up of material on beach.

2f. Loosen and check expansion slots for
movement.
3a. Adjust blade so it makes full contact with
beach.
3b. Clean and remove fibrous material.

4. High Sludge Build-up.

4a.

Header tube or sludge pit clogged.

4a. Drain and clean.

5. Low Concentration of Solids, Lower
than Normal

5a.

Bad manifold seals.

5a. Drain and replace seals.

3. Skimmer not Skimming Properly.

2b.
2c.
2d.
2e.

2a. Drain tank and clean.
2b.
2c.
2d.
2e.

Drain tank and remove.
Drain tank, repair floor and regrout.
Call sales rep. for service.
Drain tank and adjust properly. Check for
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4.5

DESIGN AND EQUIPMENT SUMMARY

4.5.1

Secondary System Design Parameters

Treatment Train No. 1
Design Flows, mgd
Average

40

Maximum

60

Peaka.

80

Primary Effluent BOD, mg/L
Year 1979

130

Year 1996

244

Primary Effluent SS, mg/L
Year 1979

100

Year 1996

173

Primary Effluent NH3, mg/L
Treatment Train No. 2
Design Flows, mgd
Average

20

Maximum

30

Peak

40

Primary Effluent BOD, mg/L

244

Primary Effluent SS, mg/L

173

Primary Effluent NHz, mg/L
a.

4.5.2

Original plant design Peaking Factor

2.0

Aeration Tank Nos. 1 and 2 (Treatment Train No. 1)

Number of Tanks

2

Dimensions per Tank, ft
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Diameter

206

Sidewater Depth

13.5

Volume per Tank
Cubic Feet

449,716

Gallons

3,363,876

Total Volume
Cubic Feet

899,432

Gallons

6,727,751

Organic Loading, lbs BOD/1000 ft3/daya
Original Design 1979

48 (@ ave. design)

Current Loading

90 (@ ave. design)

Mixed Liquor, mg/L
Average

2,500

Maximum

3,500

Detention Time, hrs
@ Ave. Flow, 40 mgd

4.0

@ Max. Flow, 60 mgd

2.7

@ Peak Flow, 80 mgd (2.0 P.F.)a

2.0

@ Peak Flow, 100 mgd (2.5 P.F.)a

1.6

a

P.F. = Peaking Factor

4.5.3

Aeration Tank Nos. 1-4 (Treatment Train No. 2)

Number of Tanks

4

Dimensions per Tank, ft
Length

200

Width

56

Sidewater Depth

19.5

Volume per Tank
Cubic Feet

218,400
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Gallons

1,633,632

Total Volume
Cubic Feet

873,600

Gallons

6,534,528

Organic Loading, lbs BOD/1000 ft3/daya
Ave. Flow, 20 mgd

47

Max. Flow, 30 mgd

70

Mixed Liquor Suspended Solids, mg/L

3,500

Detention Time, hrs
@ Ave. Flow, 20 mgd

7.8

@ Max. Flow, 30 mgd

5.2

@ Peak Flow, 40 mgd (2.0 P.F.)a

3.9

@ Peak Flow, 50 mgd (2.5 P.F.)a

3.1

a

P.F. = Peaking Factor

4.5.4

Secondary Clarifier Nos. 1-4 (Treatment Train No. 1)

Number of Units

4

Dimensions per Tank, ft
Diameter

125

Sidewater Depth

14

Surface Area per Tank, ft2

12,266

Total Surface Area, ft2

49,064

Volume per Tank
Cubic Feet

171,724

Gallons

1,284,496

Total Volume
Cubic Feet

686,896

Gallons

5,137,984
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Detention Time, hrs.
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

4.6

@ Max. Flow, 60 mgd (10 mgd/clarifier)

3.1

@ Peak Flow 80 mgd (2.0 P.F.)a (13.33 mgd/clarifier)

2.3

@ Peak Flow 100 mgd (2.5 P.F.) (16.67 mgd/clarifier)

1.9

Surface Overflow Rate, gpd/ft2
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

544

@ Max. Flow, 60 mgd (10 mgd/clarifier)

815

@ Peak Flow, 80 mgd (13.33 mgd/clarifier)

1,087

@ Peak Flow, 100 mgd (16.67 mgd/clarifier)

1,359

Solids Loading Rate, lbs SS/day/ft2 b
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

17

@ Max. Flow, 60 mgd (10 mgd/clarifier)

25.5

Weir Length per Tank, ft

729

Total Weir Length, ft

2,916

Weir Overflow Rate, gpd/ft
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

9,136

@ Max. Flow, 60 mgd (10 mgd/clarifier)

13,717

@ Peak Flow, 80 mgd (13.33 mgd/clarifier)

18,285

@ Peak Flow, 100 mgd (16.67 mgd/clarifier)

22,867

a

P.F. = Peaking Factor

b

Based on MLSS 2,500 mg/L and 50% RAS Rate

4.5.5

Secondary Clarifier Mechanism Nos. 1-4 (Treatment Train No. 1)

Manufacturer

Siemens (Envirex)

Number of Units

4

Model

H40A-HT

Project Number

1190/044679
4-113
L:\Columbia Operations Manual-Chap 4

Project Code Number

4003

Type of Units

Rapid withdrawal type units

Location

In Secondary Clarifier Nos.
1-4

Function

To remove settled solids
from the secondary
clarifiers

Clarifier Tip Speed, fpm

11.78

One Revolution Duration, minutes

33.3

Safety Device, ft-lb
Rated

31,300

Alarm

31,300

Motor Cut-off

37,560

Shear Pin Rating

40,690

Gear Reducer Manufacturer

Winsmith

Gear Reducer Model
Gear Reducer Frame Size

935CDTD

Gear Reducer Ratio

150:1

Motor Manufacturer

Baldor

Motor Horsepower

1.0

Motor Speed, rpm

1800

Motor Voltage

460

Type of Drive

Constant Speed

4.5.6

Secondary Clarifier Nos. 5 and 6 (Treatment Train No. 1)

Number of Units

2

Dimensions per Tank, ft
Diameter

125

Sidewater Depth

10

Surface Area per Tank, ft2

12,266
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Total Surface Area, ft2

24,532

Volume per Tank
Cubic Feet

122,660

Gallons

917,497

Total Volume
Cubic Feet

245,320

Gallons

1,834,994

Detention Time, hrs.
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

3.3

@ Max. Flow, 60 mgd (10 mgd/clarifier)

2.6

@ Peak Flow 80 mgd (2.0 P.F.)a (13.33
mgd/clarifier)

1.7

@ Peak Flow 100 mgd (2.5 P.F.) (16.67
mgd/clarifier)

1.3

Surface Overflow Rate, gpd/ft2
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

544

@ Max. Flow, 60 mgd (10 mgd/clarifier)

815

@ Peak Flow, 80 mgd (13.33 mgd/clarifier)

1,087

@ Peak Flow, 100 mgd (16.67 mgd/clarifier)

1,357

Solids Loading Rate, lbs SS/day/ft2 b
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

17

@ Max. Flow, 60 mgd (10 mgd/clarifier)

25.5

Weir Length per Tank, ft

371

Total Weir Length, ft

742

Weir Overflow Rate, gpd/ft
@ Ave. Flow, 40 mgd (6.66 mgd/clarifier)

17,951

@ Max. Flow, 60 mgd (10 mgd/clarifier)

26,954

@ Peak Flow, 80 mgd (13.33 mgd/clarifier)

35,930

@ Peak Flow, 100 mgd (16.67 mgd/clarifier

44,933
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a

P.F. = Peaking Factor

b

Based on MLSS 2,500 mg/L and 50% RAS Rate

4.5.7

Secondary Clarifier Mechanism Nos. 5 and 6 (Treatment Train No. 1)

Manufacturer

Siemens (Envirex)

Number of Units

2

Model

H40A-HT

Project Number

1190/044679

Project Code Number

4003

Type of Units

Rapid withdrawal type units

Location

In Secondary Clarifier Nos.
5 and 6

Function

To remove settled solids
from the secondary
clarifiers

Clarifier Tip Speed, fpm
One Revolution Duration, minutes

30

Safety Device, ft-lb

(Not available awaiting
shop drawing)

Rated
Alarm
Motor Cut-off
Shear Pin Rating
Gear Reducer Manufacturer

Winsmith

Gear Reducer Model
Gear Reducer Frame Size

935CDTD

Gear Reducer Ratio

150:1

Motor Manufacturer

Baldor

Motor Horsepower

1.0

Motor Speed, rpm

1800
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Motor Voltage

460

Type of Drive

Constant Speed

4.5.8

Secondary Clarifier Nos. 7-10 (Treatment Train No. 2)

Number of Units

4

Dimension per Tank, ft
Diameter

125

Sidewater Depth

14

Surface Area per Tank, ft2

12,266

Total Surface Area, ft2

49,064

Volume per Tank
Cubic Feet

171,724

Gallons

1,284,496

Total Volume
Cubic Feet

686,896

Gallons

5,137,984

Detention Time, hrs.
@ Ave. Flow, 20 mgd

6.2

@ Max. Flow, 30 mgd

4.1

@ Peak Flow, 40 mgd (2.0 P.F.)

a

3.1

a

2.5

@ Peak Flow, 50 mgd (2.5 P.F.)
Surface Overflow Rate, gpd/ft2
@ Ave. Flow, 20 mgd

408

@ Max. Flow, 30 mgd

611

@ Peak Flow, 40 mgd

815

@ Peak Flow, 50 mgd
Solids Loading Rate, lbs SS/day/ft

1,019
2 b

@ Ave. Flow, 20 mgd

18

@ Max. Flow, 30 mgd

27

Weir Length per Tank, ft

729

Total Weir Length, ft

2,916
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Weir Overflow Rate, gpd/ft
@ Ave. Flow, 20 mgd

6,859

@ Max. Flow, 30 mgd

10,288

@ Peak Flow, 40 mgd

13,717

@ Peak Flow, 50 mgd

17,147

a

P.F. = Peaking Factor

b

Based on MLSS 3,500 mg/L and 50% RAS Rate

4.5.9

Secondary Clarifier Mechanism Nos. 7-10 (Treatment Train No. 2)

Manufacturer

Siemens (Envirex)

Number of Units

4

Model

H40A-HT

Project Number

1190/044679

Code Number

4003

Type of Units

Rapid withdrawal type units

Location

In Secondary Clarifier Nos.
7-10

Clarifier Tip Speed, fpm

11.78

One Revolution Duration, minutes

33.3

Safety Device, ft-lbs.
Rated

31,300

Alarm

31,300

Motor Cut-off

37,560

Shear Pin Rating

40,690

Gear Reducer Manufacturer

Winsmith

Gear Reducer Model
Gear Reducer Frame Size

935CDTD

Gear Reducer Ratio

150:1

Motor Manufacturer

Baldor

Motor Horsepower

1.0
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Motor Speed, rpm

1800

Motor Voltage

460

Type of Drive

Constant Speed

4.5.10

Return Activated Sludge Pump Nos. 1-7 (Treatment Train No. 1)

Manufacturer

Morris Pump

Number of Units

7

Model
Serial Numbers

M-24391 (92) (93) (94) (95)
(96) (97)

Type of Pump

Vertically mounted
centrifugal type pump

Location

Sludge Recirculation
Pumping Station No. 1
(Treatment Train No. 1)

Function

To return sludge from the
secondary clarifiers to the
aeration tanks. These
pumps also send waste
activated sludge to Air
Flotation Thickener
Building No. 1

Capacity per Pump, gpm

5,000

Total Dynamic Head, ft

46

Motor Manufacturer

US Electric Motor

Motor Horsepower

100

Motor Speed, rpm

890

Motor Voltage

460

Type of Drive

Variable Speed

4.5.11

Return Activated Sludge Pump Nos. 1-5 (Treatment Train No. 2)

Manufacturer

Goulds

Number of Units

5
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Model

ECD 12X 14-20

Serial Number

M91040A(1)(2)(3)(4)(5)

Type of Pump

Vertically mounted,
centrifugal type pump

Location

Sludge Recirculation
Pumping Station No. 2
(Treatment Train No. 2)

Function

To return sludge from the
secondary clarifiers to the
aeration tanks. These
pumps also send waste
activated sludge to Air
Flotation Thickener
Building No. 2

Capacity per Pump, gpm

3,800

Total Dynamic Head, ft

30

Motor Manufacturer

US Electric

Motor Horsepower

50

Motor Speed, rpm

720

Motor Voltage

460

Type of Drive

Variable Speed

4.5.12

Surface Aerator Nos. 1-14 (Treatment Train No. 1)

Manufacturer

Lightnin

Number of Units

14

Model

780Q 7S

Serial Number

1000002511796(97)(98)

Type of Units

Surface aerator

Location

In each Treatment Train
No. 1 aeration tanks

Function

To supply oxygen and
mixing for the aerated
tanks

Impeller Size, inches

77
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Oxygen Rating, lbs O2/Hp/hr

247

Gear Reducer Manufacturer

Lightnin

Gear Reducer Model
Gear Reducer Frame Size

780RL

Gear Reducer Ratio

25.0

Gear Reducer Speed, rpm

69.5

Motor Manufacturer

Westinghouse

Motor Horsepower

75

Motor Speed, rpm

1775

Motor Voltage

460

Type of Drive

Variable Speed

4.5.13

Aeration Tank Blower Nos. 1-4 (Treatment Train No. 2)

Manufacturer

Lamson

Number of Units

4

Model

1407-0-0-0-0-0-7-AD

Serial Numbers

920436 (920433)
(920405)(920404)

Lamson Order Number

60595

Your Order Number

014-00012

Type of Blower

Multiple stage, centrifugal,
type blower

Location

Blower Building (Treatment
Train No. 2)

Function

To supply low pressure air
to the fine bubble diffusers
in the Treatment Train No.
2 aeration tanks

Capacity per Blower, cfm

5,680

Discharge Pressure, psig

9

Number of Stages

7

Motor Manufacturer

Toshiba
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Motor Horsepower

30

Motor Speed, rpm

3500

Motor Voltage

460

Type of Drive

Constant Speed

4.5.14

Seal Water Pump Nos. 1 and 2 (Treatment Train No. 1)

Manufacturer

Aurora Pump

Number of Units

2

Model

134

Size

D04

Purchase Order

16-0691-008

Factory Order

5A1-05195

Type of Pump

Centrifugal, turbine type
pump

Location

In Sludge Recirculation
Pumping Station No. 1

Function

To supply water to the
pump seals

Capacity per Pump, gpm

13

Total Dynamic Head, ft

60

Seal Water Tank Capacity, gals.

75

Motor Manufacturer

Marathon Electric Motor

Motor Horsepower

2

Motor Speed, rpm

3500

Motor Voltage

460

Type of Drive

Constant Speed

4.5.15

Seal Water Pump Nos. 1 and 2 (Treatment Train No. 2)

Manufacturer

Aurora Pump

Number of Units

2
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Model

134

Size

D04

Purchase Order

16-0691-008

Factory Order

5A1-05195

Type of Pump

Centrifugal, turbine type
pump

Location

In Sludge Recirculation
Pumping Station No. 2

Function

To supply water to the
pump seals

Capacity per Pump, gpm

13

Total Dynamic Head, ft

60

Seal Water Tank Capacity, gals.

75

Motor Manufacturer

Marathon Electric Motor

Motor Horsepower

2

Motor Speed, rpm

3500

Motor Voltage

460

Type of Drive

Constant Speed
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4.6

OPERATIONAL CHECKLISTS

It is imperative that Operators make rounds throughout the treatment plant to ensure that
the process and the equipment are operating properly and efficiently.
Making a round
through an area does not mean the Operator should just walk through the area wit hout
observing the equipment or process. When an Operator makes a round through an area
they should note the following major aspects:
a)

Is the process operating properly?
odors, appearance, noises, etc.

This can be seen by liquid color,

b)

Is the equipment operating properly? This can be determined when the
equipment is running, so listen for a ny unusual noises, are there coupling
shavings under a pump, is the correct eq
uipment in service, what
equipment is out of service, etc.

c)

Are there a ny major maintenance needs that need to be reported to the
Maintenance Department?

d)

Are there a ny housekeeping tasks that need to be performed, such as
picking up trash, cle aning up spills, stopping leaks, etc? If th ere
housekeeping needs, t hen do not just walk by it. As an Operator yo
u
need to take care of the situation.

The following table provided in this section is a listing of items that must be checked
while making rounds thr ough this p articular area of the treatment plant. This che cklist
can be copied from this manual and either poste d in the treatment area or carried by the
Operator.
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CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
SECONDARY TREATMENT AREA
(TREATMENT TRAIN NO. 1)
OPERATIONAL CHECKLIST
Page 1 of 3

Area

Yes

No

Tank or Equipment
Number

A. Aeration Tank Splitter Box


Are the gates properly set?



Are all the flows to the box correct?



Are there any housekeeping needs?



Are there any maintenance needs?

B. Aeration Tanks


Is the mixed liquor color good? If not,
then explain.



Any unusual odors?



Is there good mixing in the aeration
tanks?



Are any surface aerations out of
service? If so, then which aerators?



Is the dissolved oxygen concentration in
the tanks correct?



Is the foam on the tank surface the
correct color and consistency? If not,
then explain.



Are there any housekeeping needs?



Any there any maintenance needs?
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Page 2 of 3

Area

Yes

No

Tank or Equipment
Number

C. Secondary Clarifier Splitter Box


Are the gates properly set?



Are there any housekeeping needs?



Are there any maintenance needs?

D. Secondary Clarifiers


Are there any secondary clarifiers out of
service? If so, which ones?



Does the effluent look clear? If not,
explain and on which tanks?



Is there an excessive scum buildup on
the tank surface? If so, which tanks?



Is there a buildup of scum in the influent
channel? If so, was it corrected?



Is the influent channel spray water
system working properly?



Do the weirs need to be cleaned?



Is the collector mechanism operating
smoothly?



Are there any alarms?



Are there any housekeeping needs?



Are there any maintenance needs?
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Page 3 of 3

Area

Yes

No

Tank or Equipment
Number

E. Return Activated Sludge Pumps


Which pumps are in service?



Are there any unusual noises from the
pumps?



Are the pumps operating smoothly and
no vibrating?



Are the pumps receiving seal water?



Is the seal water pumping system
operating properly?



Are the return activated sludge pumps
in the automatic mode?



Are there any housekeeping needs?



Are there any maintenance needs?



Are there any leaks?



Is the waste activated sludge system set
properly?

Remarks:
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CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
SECONDARY TREATMENT AREA
(TREATMENT TRAIN NO. 2)
OPERATIONAL CHECKLIST
Page 1 of 3
Yes

Area

No

Tank or Equipment
Number

A. Aeration Tank Splitter Box


Are the gates properly set?



Are all the flows to the box correct?



Are there any housekeeping needs?



Are there any maintenance needs?

B. Aeration Tanks


Is the mixed liquor color good? If not,
then explain.



Any unusual odors?



Is the air evenly distributed throughout
the tanks?



Are there any damaged diffusers?



Is there good mixing in the aeration
tanks?



Is the foam on the tank surface the
correct color and consistency? If not,
then explain.



Is the dissolved oxygen concentration in
the tanks correct?



Are there any housekeeping needs?



Are there any maintenance needs?
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Page 2 of 3
Yes

Area

No

Tank or Equipment
Number

C. Blowers


What blowers are in service?



Are there any blowers in surge?



Are there any unusual noises?



Are the bearing temperatures in the
correct range?



Are the blowers producing the air flow?



Are there any maintenance needs?



Are there any maintenance needs?

D. Secondary Clarifiers


Are there any secondary clarifiers out of
service? If so, which ones?



Does the effluent look clear? If not,
explain and on which tanks?



Is there an excessive scum buildup on
the tank surface? If so, which tanks?



Is there a buildup of scum in the influent
channel? If so, was it corrected?



Is the influent channel spray water
system working properly?



Do the weirs need to be cleaned?



Is the collector mechanism operating
smoothly?



Are there any alarms?



Are there any housekeeping needs?



Are there any maintenance needs?
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Page 3 of 3

Area

Yes

No

Tank or Equipment
Number

E. Return Activated Sludge Pumps


Which pumps are in service?



Are there any unusual noises from the
pumps?



Are the pumps operating smoothly and
no vibrating?



Are the pumps receiving seal water?



Is the seal water pumping system
operating properly?



Are the return activated sludge pumps
in the automatic mode?



Are there any housekeeping needs



Are there any maintenance needs?



Are there any leaks?



Is the waste activated sludge system set
properly?

Remarks:
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4.7

MAINTENANCE

For detailed maintenance aspe cts for ind ividual pieces of equipment, consu lt the
Operations and Maintenance Manuals provided by the equipment manufacturers. Hard
copies of the manufacturer’s Operation and Maintenance Manuals are located in th e
Maintenance Building and in the Administration Buildin g at the M etro Wastewater
Treatment Plant. In the future these manuals will also be provided electronically on the
plant’s Supervisory Control and Data Acquisition System (SCADA).
This section of the manual conta ins the Maintenance Schedules fr om the diff erent
manufacturer’s Operation and Maintenance Manuals. This section of
the manual will
provide plant personnel with a quick reference o f the Daily, Weekly, Mo nthly and Yearly
maintenance needs o f the equip ment. Further information con cerning equipment
maintenance can be located in the manufacturer’s manual.
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4.8

STANDARD OPERATING PROCEDURES

This section of the manual provid es Standard Operating Procedure s (SOP’s) f or the
different equipment and/or processes in th is area of the treatment facility. A Standard
Operating Procedure is a pro cedure created to provide specific d ocumentation for
various processes. A S tandard Operating Procedure provides a written document that
plant personnel can follow in order to ens ure that all personnel are following similar
operating task or rout ines. At a wastewater treatment plant, if p lant personnel on
different shifts are using different methods to co ntrol a process, then t his type of co ntrol
could result in a reduction of process efficiency which may lead to a compliance issue.
Also, Standard Operating Procedures can pr
ovide guidance on ho w to operate
complicated equipment so equipment damage and/or Operator injuries do not occur.
Any SOP must provide the proce dures name and a de scription of what the g oal or
intention is for this procedure. The SOP’s in th is section focus on direct approaches to
operate a piece of equipment, process or syste m. For further details, such as step by
step control settings, then refer to the Equipmen t Operating section of this chapter. The
SOP’s in this section provide abbreviated steps for starting, normal operating, shutdown
procedures, and alternate operation of a particular piece of equipment or process.
SOP’s must be perio dically reviewed and updated in order to refine operating
procedures for the plant personnel. SOP’s must be amend ed if a piece of equipment,
such as a pump, is replaced with a different vendor or style of pump. It is recommended
that SOP’s be reviewed and/or updated on a yearly basis.
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Columbia Metro WWTP
Aeration Tanks/Surface Aerators
Standard Operating Procedure
______________________________________________________________________________________

Aeration Tanks/Surface Aerators
(Treatment Train No. 1)
SOP #
Scope
Purpose

Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

1-AS-1
Operation of the aeration air supply to activated sludge process
Supply air to Aeration Tank Nos. 1 and 2 to keep solids in
suspension and maintain the proper aerobic environment for the
microorganisms in the aeration tanks.
Monitored by the Operators.
Each shift two times per shift.
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Surface aerators, dissolved oxygen analyzers

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Columbia Metro WWTP
Aeration Tanks/Surface Aerators
Standard Operating Procedure
______________________________________________________________________________________

Aeration Tanks/Surface Aerators
(Treatment Train No. 1)
Safety Concerns: The surface aerators start and stop automatically, so Plant
Personnel must be careful not to get accidentally injured by the equipment.

NORMAL START-UP
1.

2.

3.

4.

5.
6.

Ensure that the surface aerators are ready to be started.
 Ensure there is oil in the gearbox.
 Ensure all greasing has been completed.
 Ensure that there is nothing wrapped around the impeller.
 Ensure that the liquid level in the aeration tank is at the correct
level.
Place the “On-Off” disconnect switch located next to each surface aerator
on the platf orms to the “On” position. During normal operation, the se
switches are always in the “On” p osition and only requir e occasional
checking to ensure that they were not turned off.
Place the “On-Off” circuit breakers located on
Motor Co ntrol Center
MCC9 and MCC10 for each Surface Aerator to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.
Place the “Hand-Off-Auto” selecto r switch lo cated on Motor Control
Centers MCC9 and MCC10 for each Surf
ace Aerator to the “Hand”
position. In the “Off” p osition the surface aerator will stop. The “Au to”
position is not in service. The “Auto ” position was to be a future control in
order to operate the surface aerators on dissolved oxygen control.
Ensure that the dissolv ed oxygen meters in e ach aeration tank are in
good working order, calibrated and have electrical power and signals.
Open Aeration Tank Splitter Box sluice gate to bring an aeration tank into
service. The tank sh ould be filled about 1-foot above the norma
l
operating level. When the level i n the tanks are above the surface
aerator impeller, the surface aerators can be placed in service.

NORMAL CONTROL OPERATION
During normal operation, all surfa ce aerators must be operational. A ll surface aerators
will be operated continuously, 24 hours/day and 7 days/week.
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Columbia Metro WWTP
Aeration Tanks/Surface Aerators
Standard Operating Procedure
______________________________________________________________________________________

Aeration Tanks/Surface Aerators
(Treatment Train No. 1)

The aeration tank dissolved oxyg en will also be affecte d with an i mbalance of the
aeration tank mixed liquor suspend ed solids. A dissolved oxygen co ncentration of 2-3
mg/L must be maintained. Each aeration tan k is equipp ed with three (3) dissolved
oxygen meters. It is important that these dissolved oxygen meters are prop erly
maintained and calibrat ed. The signals from these dissolved oxyg
en meters are
transmitted to the plant SCADA system. The Operator can then monitor each disso lved
oxygen meter reading or look at an average
dissolved oxygen meter reading. If a
dissolved oxygen reading appears to be inco rrect, then check out the probe a nd/or
process conditions and correct immediately.
During normal operation, the surface aerator ope ration and the dissolved oxygen meter
reading are displayed on the Aeration Building Control Panel.

DURING OPERATION
The Operators should be making rounds every two (2) hours through the aeration and
secondary treatment area. They should observe the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Ensure that the aeration basin is operating correctly.
Are the sluice gates in the Aeration Tank Splitter Box properly set?
What is the dissolved oxygen of the aeration tanks? The dissolved oxygen
in the aeration tanks must be kept at approximately 2-3 mg/L
Are there any foaming issues within the aeration tanks? Refer to the
Process Theory and Troubleshooting sections in this chapter for further
information concerning aeration tank foaming.
Is the color of the mixed liquor correct? Refer to the Process Theory and
Troubleshooting sections in this chapter for further information concerning
mixed liquor color.
Are the walkways clear of foam, debris, hoses, tools, etc.?
Check the mixed liquor suspended solids and volatile suspended solids
concentrations through laboratory testing.
Ensure that the electrical controls are properly set.
Check the operation of the surface aerators and ensure they are operating
properly.
What aerators are in service?
Are there any aeration alarms?
Ensure there is no unusual noises or vibration.
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Columbia Metro WWTP
Aeration Tanks/Surface Aerators
Standard Operating Procedure
______________________________________________________________________________________

Aeration Tanks/Surface Aerators
(Treatment Train No. 1)

10.
11.
12.
13.

Report any maintenance needs to the Maintenance Department
Report any operational issues to the Shift Supervisor.
Perform any necessary housekeeping tasks, such as picking up litter,
cleaning spills, etc.
Ensure that the dissolved oxygen meters in each aeration tank are in good
working order, calibrated and have electrical power and signals.

NORMAL SHUTDOWN
There are different shutdown scenarios for the aeration basin at Treatment Train No. 1.
These shutdown scenarios are:



Shutdown a single aeration tank.
Shutdown the complete Treatment Train.

For any shutdown the Operator must evaluate the condition of the other aeration basin,
the plant flows, the plant performance and other factors before taking an aeration basin
or basins out of service.
1. If an aeration basin is to be shutdown for a short period of time, the surface
aerators operation must be maintained in order to maintain the mixing of solids.
2. If an aeration basin must be removed from service for an extended period of
time, then the entire basin must be taken out of service.
3. Before taking an aeration basin out of service check the plant flows. If the plant
flows are high, then schedule the basin shutdown at a later date, if possible.
4. Close the influent gate and keep the surface aerators operating until the liquid
level in the basin is below the aerators while draining the tank.
5. Place the “Hand-Off-Auto” selector switch located on Motor Control Centers
MCC9 and MCC10 for each Surface Aerator to the “Off” position. The surface
aerator will stop.
6. Place the “On-Off” circuit breakers located on Motor Control Center MCC9 and
MCC10 for each Surface Aerator to the “Off” position.
7. Place the “On-Off” disconnect switch located next to each surface aerator on the
platforms to the “Off” position.
8. Once the basin is empty, then hose the tank and equipment down until it is clean
of sludge.
9. While the basin is empty perform all inspections and repair all damaged
equipment and/or repair structure.
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Columbia Metro WWTP
Aeration Tanks/Surface Aerators
Standard Operating Procedure
______________________________________________________________________________________

Aeration Tanks/Surface Aerators
(Treatment Train No. 1)

ALTERNATIVE OPERATION
There is basically no alternate mode of operation for the aeration system. If the
dissolved oxygen is too high in the aeration tanks, then a surface aerator may be turned
“Off” as long as it does not affect the tank mixing. The liquid level in the aeration tanks
cannot be changed so the dissolved oxygen cannot be changed due to the
submergence of the aerator impeller.
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Columbia Metro WWTP
Secondary Clarifier Collector Mechanism
Standard Operating Procedure
______________________________________________________________________________________

Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 1)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

1-AS-2
Operation of the Secondary (Final) Clarifiers
To allow solids to settle and fat oils and grease to collect on the tank
surface.
Monitored by the Operators.
Each shift two times per shift.
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Clarifier, collector mechanisms, scum troughs, spray water, and
gates and valves.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Columbia Metro WWTP
Secondary Clarifier Collector Mechanism
Standard Operating Procedure
______________________________________________________________________________________

Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 1)
Safety Concerns: Ensure all safety guards over collector drive couplings are in place.
Clean up all spills. Wrap up all hoses. Keep walkways clear.

NORMAL START-UP
1.
2.
3.
4.
5.
6.

7.

8.

9.

Ensure that there is n othing in t he tank, such as a ladder, that cou ld
obstruct the movement of the collector mechanism.
Ensure that the 48-inch second effluent valve f or the seco ndary clarifier
being placed into service is “Open.”
Ensure that the 12-inch heavy sl udge/drain valve for th e secondary
clarifier being placed into service is “Closed.”
Open the influent gate to secondary clarifier being placed into service.
Once the collector is submerged t hen the collector mechanism can be
started.
Place the “ On-Off” disconnect switch located on the bridge of each
Secondary Clarifier to t he “On” position. Durin g normal operation, the se
switches are always in the “On” p osition and only requir e occasional
checking to ensure that it is not being turned off.
Place the “On-Off” circuit breaker located on Motor Control Center MCC11 for each Secondary Clarifier Collector Mechanism to the “ On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.
Place the “Hand-Off-Auto” selecto r switch lo cated on Motor Control
Center MCC11 for each Secondary (Final) Clarifier Collect or Mechanism
to the “Auto” position. I n the “Off” p osition, the collector will not operate.
In the “Hand” position, the collector mechanism will be controlled from the
motor control center.
Place the “On-Off” se lector switch located on the bridge of each
Secondary Clarifier to the “On” position. In the “Off” position, the collector
will not operate.

NORMAL CONTROL OPERATION
Normal operation of the Secondary (Final) Clarif iers is controlled from the RAS Control
Panel located in the Return Sludge Pumping Station. During normal operation, the
collector mechanism in the seco ndary clarifier is opera ted continuously while the
secondary clarifier is in operation.
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Columbia Metro WWTP
Secondary Clarifier Collector Mechanism
Standard Operating Procedure
______________________________________________________________________________________

Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 1)

DURING OPERATION
The Operation of the secondary clarifiers is important because they help reduce the
suspended solids of the plant effluent. During normal operation the Operators must
observe and control the operation of the secondary clarifiers during plant rounds by
doing the following:
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

Make rounds twice per shift.
Observe the operation of the collector mechanism and ensure it is
operating smoothly.
Inspect the collector mechanism and ensure that all of the collector and
scum skimmer arms are in place. If there is a problem, contact
Maintenance.
Check the torque reading on the collector drive to ensure it is at a normal
reading. If the torque is higher than normal, then determine the problem,
such as, excessive sludge in the clarifier or mechanical problems.
Check the scum buildup and skim as necessary to remove the scum.
Check the weirs and clean, as necessary.
Operators must evaluate the water coming over the weirs and then adjust
the appropriate gates in the Secondary Clarifier Splitter Box to equalize out
the clarifier flow split. The clarifier flow split should be checked as a
minimum once per shift.
Ensure that the electrical controls are properly set.
Report any maintenance needs to the Maintenance Department.
Report any operational issues to the Shift Supervisor.
Perform any necessary housekeeping tasks, such as picking up litter,
cleaning spills, etc.
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Secondary Clarifier Collector Mechanism
Standard Operating Procedure
______________________________________________________________________________________

Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 1)

NORMAL SHUTDOWN
There are different shutdown scenarios for the secondary clarifiers at Treatment Train
No. 1. These shutdown scenarios are:



Shutdown a single clarifier.
Shutdown multiple clarifiers.

For any shutdown the Operator must evaluate the condition of the other secondary
clarifiers, the plant flows, the plant performance and other factors before taking a
secondary clarifier or clarifiers out of service.
1. A secondary clarifier collector mechanism can be shutdown for a short period of
time by stopping the collector at the Motor Control Center (MCC-11) or at the
RAS Control Panel.
2. If a secondary clarifier collector mechanism must be removed from service for an
extended period of time, then the entire clarifier must be taken out of service.
3. Before taking a secondary clarifier out of service check the plant flows. If the
plant flows are high, then schedule the tank shutdown at a later date, if possible.
4. Before taking a clarifier out of service remove as much sludge as possible from
the clarifiers and skim the tank surface.
5. Close the influent gate and keep the collector operating for a period of time to
remove the remaining sludge.
6. Once the sludge is removed, then stop the collector mechanism and drain the
clarifier.
7. Once the clarifier is empty, then hose the structure and equipment down until it is
clean of sludge.
8. While the secondary clarifier is empty, perform all inspections and repair all
damaged equipment and/or repair structure.
9. If the secondary clarifier is taken out of service, ensure that the VFD for the
Return Sludge Pump withdrawing sludge from the clarifier has its “Hand-OffAuto” selector in the “Off” position.
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Secondary Clarifier Collector Mechanism
Standard Operating Procedure
______________________________________________________________________________________

Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 1)

ALTERNATIVE OPERATION
Treatment Train No. 1 consists of five (5) Secondary (Final) Clarifiers. An alternate
mode of operation would be to divert flow to another clarifier if one clarifier needs to be
taken out of service for maintenance or repairs.
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Return Activated Sludge
Standard Operating Procedure
______________________________________________________________________________________

Return Activated Sludge System (Treatment Train No. 1)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

1-AS-3
Operation of the Return Activated Sludge System
To remove sludge from the Secondary (Final) Clarifiers at Treatment
Train to Aeration Tank Splitter Box.
Monitored by the Operators
Each shift, two times per shift.
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Return sludge pumps, and RAS control panel

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Columbia Metro WWTP
Return Activated Sludge
Standard Operating Procedure
______________________________________________________________________________________

Return Activated Sludge System (Treatment Train No. 1)
Safety Concerns: The return sludge pumps start and stop automatically, so Plant
Personnel must be careful not to get accidentally injured by the equipment.

NORMAL START-UP
To start operation of the return activated sludge system by doing the following:
1. Ensure that the valves on the suction and discharge side of the pumps are open.
2. Check the pump to determine if it is air binded by opening the bleed off valve in
the pump volute.
3. Place the “On-Off” circuit breakers located on 480 volt Distribution Panels DP-1
and DP-2 in the electrical room on the grade floor of the Return Sludge Pump
Station to the “On” position for each pump VFD. Under normal operation these
switches are always in the “On” position and only require occasional checking to
ensure that they have not tripped.
4. Place the “On-Off” disconnect switch located next to each Return Activated
Sludge Pump VFD to the “On” position. Under normal operation, this switch is
always in the “On” position and only requires occasional checking to ensure it
has not tripped.
5. Place the “Hand-Off-Auto” selector located on the pump’s Variable Frequency
Drive (VFD) Panel to the “Auto” position. The VFD Panels are located in the
electrical room on the grade floor of the Return Sludge Pump Station.
6. To start a return activated sludge pump, select “Start” for the pump using the
display of the RAS Control Panel located in the electrical room on the grade floor
of the Return Sludge Pump Station. The pump will start and ramp up to
minimum speed. To adjust the speed, enter a desired percentage for the pump
on the display on the RAW Control Panel. Please note that the keypads on the
VFD Panels are to be used by electrical maintenance personnel only.
7. Go down to the pump area and ensure that the pump is operated by observing
the check valve on the discharge side of the pump. The arm of the check valve
will be moving up and down indicating flow is being pumped through the check
valve.
8. Ensure that the seal water solenoid valve has opened and seal water is going to
the pump.
9. If pump is operating properly, select “Auto” for the pump on the RAS Control
Panel.
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Return Activated Sludge
Standard Operating Procedure
______________________________________________________________________________________

Return Activated Sludge System (Treatment Train No. 1)

NORMAL CONTROL OPERATION
The sludge is removed from Secondary (Final) Clarifiers by the Return Activated Sludge
Pumps located in the Return Sludge Pump Station. The piping is designed so that there
is one pump serving each clarifier. The pumping station design allows for two (2)
standby pumps since there are five (5) secondary clarifiers and seven (7) pumps. All
pumps are non-clog, centrifugal type pumps mounted vertically and are driven by
variable speed drives. The pump suction piping is configured so that the standby pumps
can remove solids from any secondary clarifier. The return activated sludge pumps
discharge into a common header that returns sludge to the Aeration Tank Splitter Box
prior to the aeration tanks for Treatment Train No. 1.
Normal operation of the Return Activated Sludge System is controlled from the RAS
Control Panel located in the Return Sludge Pumping Station.
1. The return sludge system is to operate continuously. Activated sludge that
settles to the bottom of each clarifier is pulled into the clarifier collection
mechanism and flows to a dedicated sludge pump. The sludge pump then
pumps the sludge through a new flow meter and to the aeration basins as
return activated sludge or to the flotation thickeners or digesters as waste
activated sludge.
2. The return sludge system is automatically controlled by the RAS Control
Panel. The RAS rate setpoint is adjustable from the RAS Control Panel or a
SCADA operator workstation. One pump will be pumping settled activated
sludge from one final clarifier in service. A total RAS flow setpoint may be
determined by either: percent of Plant Influent Flow; aeration basin MLSS;
sludge total suspended solids; or determined by an operator adjusted flow
setpoints. To keep the sludge blanket level equal in each clarifier the
operator may fine tune and adjust the percent rate drawn from each clarifier
based on a manual sludge judge level indicator. The pumps react in unison
to achieve the total sludge flow setpoint regardless of the number of clarifiers
or the adjusted percentage draw for each clarifier. The operator may adjust
the total flow setpoint manually or set an individual flow setpoint for each
clarifier.
3. When a Return Sludge Pump is started, the pump seal water solenoid is
automatically opened to provide clean water to the pump seals.
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Return Activated Sludge
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______________________________________________________________________________________

Return Activated Sludge System (Treatment Train No. 1)

DURING OPERATION
The Operators should be making rounds every two (2) hours through the primary
treatment area. They should:
1. Inspect the electrical controls and determine if all the switches are in the
proper positions or properly tagged out if the equipment is out of services.
2. Verify that the pumps are operating by inspecting the operation of the check
valve and looking to see if the pump shaft is turning.
3. Verify seal water is flowing to the in-service pumps.
4. Check for any leaks around the pumps and piping.
5. Check the flow rates at the meters.
6. Ensure that there is no excessive vibration or noise at the pumps.
7. Check the general condition of the station and area and ensure that there are
no safety issues such as hoses lying around, etc.
8. Check the sludge blankets in the secondary clarifiers and maintain a 1 ft. or
less blanket (12 ft. down from the surface). Adjusting the return activated
sludge will maintain the sludge blanket to a point, then the operators will have
to adjust the waste sludge rate to properly maintain the sludge blankets. The
sludge blankets in the secondary clarifier should be checked once per shift. If
there is a problem, then the sludge blankets should be checked more often.
The sludge detectors should not be placed in the water until it will be clear of
the sludge collector mechanism. In addition, the sludge should be measured
from the middle of the secondary clarifier bridge.
9. If the return activated sludge flow rate must be changed, then adjustments
must be made in 25 to 50 gpm increments. After an adjustment is made,
then wait 24 hours before making another adjustment.
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Return Activated Sludge System (Treatment Train No. 1)

NORMAL SHUTDOWN
There are different shutdown scenarios for the Return Activated Sludge System. These
could be broken down into individual tanks or equipment to be taken out of service or a
complete system taken out of service.
1. For a short-term system shutdown, place the “Hand-Off-Auto” selector switch on
the RAS Control Panel to the “Off” position.
2. For a short-term pump shutdown, place the “Hand-Off-Auto” selector switch on
the VFD Panel to the “Off” position.
3. For a long-term shutdown, perform the steps shown above. In addition, place the
“On-Off” circuit breaker located on the RAS Pump VFDs to the “Off” positions.
4. If all of the pumps in the Return Sludge Pump Station are out of service, such as
with a station electrical power is shutdown, then all five of the secondary clarifiers
would have to be out of service and the plant flow would have to be directed to
Treatment Train No. 2. This mode of operation should only be used as a
temporary measure because the plant needs both treatment trains to have full
hydraulic capacity.

ALTERNATIVE OPERATION
The alternate mode of operation for the return activated sludge system that serves
Secondary (Final) Clarifier Nos. 1 through 5 of Treatment Train No. 1 would be to start a
standby pump that serves the clarifier withdrawal. The second pump would be started if
the duty pump does not have enough capacity to meet the required return sludge rate or
if the duty pump is taken out of service for maintenance or repairs. If this pump is used,
the Operators must ensure that the valves are properly set on the suction and discharge
side of the pump.
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Blower/Aeration
Standard Operating Procedure
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Blower/Aeration System (Treatment Train No. 2)
SOP #
Scope
Purpose

Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

2-AS-1
Operation of the Aeration Air Supply System
Supply air to Aeration Basins Nos. 1, 2, 3, and 4 to keep solids in
suspension and maintain the proper aerobic environment for the
microorganisms in the aeration basins.
Monitored by the Operators
Each shift, two times per shift
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Fine bubble membrane air diffusers, low pressure air blowers,
motorized air flow control valves, dissolved oxygen meter, air flow
meters, and aeration/blower control panel

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Blower/Aeration
Standard Operating Procedure
______________________________________________________________________________________

Blower/Aeration System (Treatment Train No. 2)
Safety Concerns: The aeration air blowers start and stop and air flow control valves
position automatically, so Plant Personnel must be careful not to get accidentally injured
by the equipment.

NORMAL START-UP
1. Place the “Local-Remote” selector switch located on each aeration basin
motorized air flow control valves for the basin being filled to the “Local” position.
In the “Remote” position, the valves are controlled from the automatic
blower/aeration control system (SCADA).
2. Place the “On-Off” disconnect switch on Motor Control Centers (MCC-15A, MCC15B) for each blower to the “On” position. MCC-15A and MCC-15B are located
on the upper floor of the Blower Building. During normal operation, this switch
will always be in the “On” position and only requires occasional checking to
ensure that the blower has not been turned off.
3. Place the “Hand-Off-Auto” switch for each blower to be used on MCC-15A and
MCC-15B to the “Auto” position. During normal operation, this switch will be in
the “Auto” position and only requires occasional checking to ensure that it has
not been turned off.
4. Open Aeration Flow Division Box weir gate to bring an aeration tank into service.
The tank should be filled to about 1-foot above the diffusers. The air rate should
be gradually initiated by manually opening the butterfly valve that feeds each
grid. Visually observe the pattern over each diffuser for uniform air flow and to
check for any leaks or short-circuiting of air. If irregularities are apparent, drain
the tanks, check and adjust or repair diffusers, and fix any leaks.
5. Continue to fill the tanks to the normal operating level while continuing to
increase the air rates manually by adjusting the valves. When the tanks are full,
observe the air pattern at the surface again for any irregularities or shortcircuiting. When the patter appears uniform, the system can be placed in
automatic control by placing the aeration air flow valve motor operator in
“Remote”.
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Blower/Aeration
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Blower/Aeration System (Treatment Train No. 2)

NORMAL CONTROL OPERATION
The air flow rate is adjusted automatically by inlet guide vanes and a discharge diffuser
system from 100% down to 45% capacity. Two dissolved oxygen (D.O.) sensors are
located in each pass to enable the automatic regulation of the blower air rate based on a
target D.O. level determined by Operator setpoint.
The air that is supplied to the aeration tanks is delivered to the tanks through fine bubble
membrane disk diffusers are arranged in a grid pattern along the entire bottom of each
tank.
Normal operation of the Aeration Air Supply System is controlled from the
Aeration/Blower Control Panel located in the Blower Building. The control panel
provides the following:
1. Automatic operation of the four (4) centrifugal blowers, four (4) blower inlet
valves and eight (8) air flow control valves to maintain the adjustable operator
Dissolved Oxygen Level Setpoints for each of the four (4) basins with four (4)
control zones in each of the basins. The Aeration Control system operates
the blowers for maximum efficiency by controlling the number of blowers
required and the blower inlet valves to use only the amount of power required
to maintain the desired DO levels in all four zones in each of the basins.
2. Dissolved oxygen (DO) analyzer control scheme has the following options
selected by:
a) Using any individual DO measurement.
b) Using an average of all DO measurements selected.
c) Using the minimum reading of the DO measurements that are
selected.
3. If more than one blower is running, blower inlet valves will all operate in
unison to maintain the required air flow to all the basins to control to each
zones DO setpoint. Individual zone DO setpoints are controlled by the
associated zone flow control valve. The number of blowers required and the
position of the blower inlet valves maintain the DO setpoints for all four basins
and zones.
4. The control scheme takes into account:
a) Inlet Valves that will never close past a preset and adjustable limit to
prevent current surge.
b) Inlet Valves that will never open past preset and adjustable limit to
prevent air surge.
c) At least one of the eight Air Flow Control Valves 100% will always be
open while maintaining the DO setpoints.
d) Air Flow Control Valves are preset with minimum closure limits
setpoint regardless of the DO measurement to maintain proper mixing
and prevent settling.
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Blower/Aeration System (Treatment Train No. 2)

DURING OPERATION
The Operators should be making rounds every two (2) hours through the aeration and
secondary treatment area. They should observe the following:
1. Ensure that the aeration basin is operating correctly.
2. Are the gates in the Aeration Tank Splitter Box properly set?
3. What is the dissolved oxygen of the aeration tanks? The dissolved oxygen in
the aeration tanks must be kept at approximately 2-3 mg/L?
4. Are there any foaming issues within the aeration tanks? Refer to the Process
Theory and Troubleshooting sections in this chapter for further information
concerning aeration tank foaming.
5. Is the color of the mixed liquor correct? Refer to the Process Theory and
Troubleshooting sections in this chapter for further information concerning
mixed liquor color.
6. Are the walkways clear of foam, debris, hoses, tools, etc.
7. Check the mixed liquor suspended solids and volatile suspended solids
concentrations through laboratory testing.
8. Ensure that the electrical controls are properly set.
9. Check the manual valves to ensure that they are properly set.
10. Check the operation of the aeration blowers and ensure they are operating
properly.
1)
2)
3)
4)
5)

What blowers are in service?
Are there any blowers in surge?
Ensure there is no unusual noises or vibration.
Are the bearing temperatures in the correct range?
Are the blowers producing the air flow?

11. Report any maintenance needs to the Maintenance Department.
12. Report any operational issues to the Shift Supervisor.
13. Perform any necessary housekeeping tasks, such as picking up litter,
cleaning spills, etc.
14. Ensure that the dissolved oxygen meters in each aeration tank are in good
working order, calibrated and have electrical power and signals.
15. Check the mixed liquor suspended solids and volatile suspended solids
concentrations through laboratory testing.
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Blower/Aeration
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Blower/Aeration System (Treatment Train No. 2)

NORMAL SHUTDOWN
There are different shutdown scenarios for the aeration basin at Treatment Train No. 2.
These shutdown scenarios are:




Shutdown a single basin.
Shutdown multiple basins.
Shutdown the complete bank of aeration basins.

For any shutdown the Operator must evaluate the condition of the other aeration basins,
the plant flows, the plant performance and other factors before taking an aeration basin
or basins out of service.
1. If an aeration basin is to be shutdown for a short period of time, the air supply
must be maintained in order to maintain the mixing of solids.
2. If an aeration basin must be removed from service for an extended period of
time, then the entire basin must be taken out of service.
3. Before taking an aeration basin out of service check the plant flows. If the plant
flows are high, then schedule the basin shutdown at a later date, if possible.
4. Close the influent gate and keep the air supply operating until the liquid level in
the basin is 1 foot above the diffusers, while draining the tank.
5. Place “Local-Off-Remote” selector switch for each aeration air flow valve to the
basin in the “Local” position and close each valve. Place “Local-Off-Remote”
selector switch for each aeration air flow valve to the basin in the “Off” position.
This aeration air supply valve control will be taken out of service for the drained
basin.
6. Once the basin is empty, then hose the tank and equipment down until it is clean
of sludge.
7. While the basin is empty perform all inspections and repair all damaged
equipment and/or repair structure.

ALTERNATIVE OPERATION
There is basically no alternate mode of operation for the aeration air system. If the
dissolved oxygen is too high in the aeration tanks, then a blower may be turned “Off” as
long as it does not affect the tank mixing. The liquid level in the aeration tanks cannot
be changed so the dissolved oxygen cannot be changed due to the submergence of the
diffusers.
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Secondary Clarifier Collector Mechanism
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Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 2)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

2-AS-2
Operation of the Secondary (Final) Clarifiers
To allow solids to settle and fat oils and grease to collect on the tank
surface.
Monitored by the Operators.
Each shift two times per shift.
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Clarifier, collector mechanisms, scum troughs, spray water, and
gates and valves.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Secondary Clarifier Collector Mechanism
Standard Operating Procedure
______________________________________________________________________________________

Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 2)
Safety Concerns: Ensure all safety guards over collector drive couplings are in place.
Clean up all spills. Wrap up all hoses. Keep walkways clear.

NORMAL START-UP
1.
2.
3.
4.
5.
6.

7.

8.

Ensure that there is n othing in t he tank, such as a ladder, that cou ld
obstruct the movement of the collector mechanism.
Ensure that the 30-inch second effluent sluice gate for t
he secondary
clarifier being placed into service is “Open.”
Ensure that the 12-inch heavy sl udge/drain valve for th e secondary
clarifier being placed into service is “Closed.”
Open the 3 6-inch influent gate to secondary clarifier being placed into
service.
Once the collector is submerged t hen the collector mechanism can be
started.
Place the “On-Off” circuit breaker located on Motor Switchboard B f or
each Secondary Clarifier Collecto r Mechanism to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.
Place the “ On-Off” disconnect switch located on the bridge of each
Secondary Clarifier to t he “On” position. Durin g normal operation, the se
switches are always in the “On” p osition and only requir e occasional
checking to ensure that it is not being turned off.
Place the “ On-Off” selector switch on the loca l control pan el located on
the bridge o f each Seco ndary Clarifier to the “On” position. In the “Off”
position, the collector will not operate.

NORMAL CONTROL OPERATION
During normal operation, the collector mechanism in the se condary clarifier is oper ated
continuously while the secondary clarifier is in operation.
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Secondary Clarifier Collector Mechanism
Standard Operating Procedure
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Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 2)

DURING OPERATION
The Operation of the secondary clarifiers is important because they help reduce the
suspended solids of the plant effluent. During normal operation the Operators must
observe and control the operation of the secondary clarifiers during plant rounds by
doing the following:
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

Make rounds twice per shift.
Observe the operation of the collector mechanism and ensure it is
operating smoothly.
Inspect the collector mechanism and ensure that all of the collector and
scum skimmer arms are in place. If there is a problem, contact
Maintenance.
Check the torque reading on the collector drive to ensure it is at a normal
reading. If the torque is higher than normal, then determine the problem,
such as, excessive sludge in the clarifier or mechanical problems.
Check the scum buildup and skim as necessary to remove the scum.
Check the weirs and clean, as necessary.
Operators must evaluate the water coming over the weirs and then adjust
the appropriate gates in the Secondary Clarifier Splitter Box to equalize out
the clarifier flow split. The clarifier flow split should be checked as a
minimum once per shift.
Ensure that the electrical controls are properly set.
Report any maintenance needs to the Maintenance Department.
Report any operational issues to the Shift Supervisor.
Perform any necessary housekeeping tasks, such as picking up litter,
cleaning spills, etc.
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Secondary Clarifier Collector Mechanism
Standard Operating Procedure
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Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 2)

NORMAL SHUTDOWN
There are different shutdown scenarios for the secondary clarifiers at Treatment Train
No. 2. These shutdown scenarios are:



Shutdown a single clarifier.
Shutdown multiple clarifiers.

For any shutdown the Operator must evaluate the condition of the other secondary
clarifiers, the plant flows, the plant performance and other factors before taking a
secondary clarifier or clarifiers out of service.
1. A secondary clarifier collector mechanism can be shutdown for a short period of
time by stopping the collector at the clarifier local control panel.
2. If a secondary clarifier collector mechanism must be removed from service for an
extended period of time, then the entire clarifier must be taken out of service.
3. Before taking a secondary clarifier out of service check the plant flows. If the
plant flows are high, then schedule the tank shutdown at a later date, if possible.
4. Before taking a clarifier out of service remove as much sludge as possible from
the clarifiers and skim the tank surface.
5. Close the influent gate and keep the collector operating for a period of time to
remove the remaining sludge.
6. Once the sludge is removed, then stop the collector mechanism and drain the
clarifier.
7. Once the clarifier is empty, then hose the structure and equipment down until it is
clean of sludge.
8. While the secondary clarifier is empty, perform all inspections and repair all
damaged equipment and/or repair structure.
9. If the secondary clarifier is taken out of service, ensure that the VFD for the
Return Sludge Pump withdrawing sludge from the clarifier has its “Hand-OffAuto” selector in the “Off” position.
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Secondary Clarifier Collector Mechanism
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Secondary (Final) Clarifier Collector Mechanism
(Treatment Train No. 2)

ALTERNATIVE OPERATION
Treatment Train No. 2 consists of four (4) Secondary (Final) Clarifiers. An alternate
mode of operation would be to divert flow to another clarifier if one clarifier needs to be
taken out of service for maintenance or repairs.
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Return Activated Sludge
Standard Operating Procedure
______________________________________________________________________________________

Return Activated Sludge System (Treatment Train No. 2)
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

1-AS-3
Operation of the Return Activated Sludge System
To remove sludge from the Secondary (Final) Clarifiers at Treatment
Train to Aeration Tank Splitter Box.
Monitored by the Operators
Each shift, two times per shift.
a) Operator to Contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Return sludge pumps, and RAS control panel

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: November 1, 2010
Revision Date

Revisions Made
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Columbia Metro WWTP
Return Activated Sludge
Standard Operating Procedure
______________________________________________________________________________________

Return Activated Sludge System (Treatment Train No. 2)
Safety Concerns: The return sludge pumps start and stop automatically, so Plant
Personnel must be careful not to get accidentally injured by the equipment.

NORMAL START-UP
To start operation of the return activated sludge system by doing the following:
1. Ensure that the valves on the suction and discharge side of the pumps are open.
2. Check the pump to determine if it is air binded by opening the bleed off valve in
the pump volute.
3. Place the “On-Off” circuit breakers located on 480 volt Distribution Panels DP-1
on the grade floor of the Return Sludge Pump Station to the “On” position for
each pump VFD (AFC#1-#5). Under normal operation these switches are always
in the “On” position and only require occasional checking to ensure that they
have not tripped.
4. Place the “On-Off” disconnect switch located next to each Return Activated
Sludge Pump VFD to the “On” position. Under normal operation, this switch is
always in the “On” position and only requires occasional checking to ensure it
has not tripped.
5. Place the “Hand-Off-Auto” selector located on the pump’s Variable Frequency
Drive (VFD) Panel to the “Auto” position. The VFD Panels are located on the
grade floor of the Return Sludge Pump Station along the west wall.
6. To start a return activated sludge pump, select “Start” for the pump using the
display of the RAS Control Panel located on the grade floor of the Return Sludge
Pump Station along the west wall. The pump will start and ramp up to minimum
speed. To adjust the speed, enter a desired percentage for the pump on the
display on the RAS Control Panel. Please note that the keypads on the VFD
Panels are to be used by electrical maintenance personnel only.
7. Go down to the pump area and ensure that the pump is operated by observing
the check valve on the discharge side of the pump. The arm of the check valve
will be moving up and down indicating flow is being pumped through the check
valve.
8. Ensure that the seal water solenoid valve has opened and seal water is going to
the pump.
9. If pump is operating properly, select “Auto” for the pump on the RAS Control
Panel.
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Return Activated Sludge System (Treatment Train No. 2)

NORMAL CONTROL OPERATION
The sludge is removed from Secondary (Final) Clarifiers by the Return Activated Sludge
Pumps located in the Return Sludge Pump Station. The piping is designed so that there
is one pump serving each clarifier. The pumping station design allows for one (1)
standby pump since there are four (4) secondary clarifiers and five (5) pumps. All
pumps are non-clog, centrifugal type pumps mounted vertically and are driven by
variable speed drives. The pump suction piping is configured so that the standby pump
can remove solids from any secondary clarifier. The return activated sludge pumps
discharge into a common header that returns sludge to the Aeration Tank Splitter Box
prior to the aeration tanks for Treatment Train No. 2.
Normal operation of the Return Activated Sludge System is controlled from the RAS
Control Panel located in the Return Sludge Pumping Station.
1. The return sludge system is to operate continuously. Activated sludge that
settles to the bottom of each clarifier is pulled into the clarifier collection
mechanism and flows to a dedicated sludge pump. The sludge pump then
pumps the sludge through a new flow meter and to the aeration basins as
return activated sludge or to the flotation thickeners or digesters as waste
activated sludge.
2. The return sludge system is automatically controlled by the RAS Control
Panel. The RAS rate setpoint is adjustable from the RAS Control Panel or a
SCADA operator workstation. One pump will be pumping settled activated
sludge from one final clarifier in service. A total RAS flow setpoint may be
determined by either: percent of Plant Influent Flow; aeration basin MLSS;
sludge total suspended solids; or determined by an operator adjusted flow
setpoints. To keep the sludge blanket level equal in each clarifier the
operator may fine tune and adjust the percent rate drawn from each clarifier
based on a manual sludge judge level indicator. The pumps react in unison
to achieve the total sludge flow setpoint regardless of the number of clarifiers
or the adjusted percentage draw for each clarifier. The operator may adjust
the total flow setpoint manually or set an individual flow setpoint for each
clarifier.
3. When a Return Sludge Pump is started, the pump seal water solenoid is
automatically opened to provide clean water to the pump seals.

3 of 5

Columbia Metro WWTP
Return Activated Sludge
Standard Operating Procedure
______________________________________________________________________________________

Return Activated Sludge System (Treatment Train No. 2)

DURING OPERATION
The Operators should be making rounds every two (2) hours through the primary
treatment area. They should:
1. Inspect the electrical controls and determine if all the switches are in the
proper positions or properly tagged out if the equipment is out of services.
2. Verify that the pumps are operating by inspecting the operation of the check
valve and looking to see if the pump shaft is turning.
3. Verify seal water is flowing to the in-service pumps.
4. Check for any leaks around the pumps and piping.
5. Check the flow rates at the meters.
6. Ensure that there is no excessive vibration or noise at the pumps.
7. Check the general condition of the station and area and ensure that there are
no safety issues such as hoses lying around, etc.
8. Check the sludge blankets in the secondary clarifiers and maintain a 1 ft. or
less blanket (12 ft. down from the surface). Adjusting the return activated
sludge will maintain the sludge blanket to a point, then the operators will have
to adjust the waste sludge rate to properly maintain the sludge blankets. The
sludge blankets in the secondary clarifier should be checked once per shift. If
there is a problem, then the sludge blankets should be checked more often.
The sludge detectors should not be placed in the water until it will be clear of
the sludge collector mechanism. In addition, the sludge should be measured
from the middle of the secondary clarifier bridge.
9. If the return activated sludge flow rate must be changed, then adjustments
must be made in 25 to 50 gpm increments. After an adjustment is made,
then wait 24 hours before making another adjustment.
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Return Activated Sludge System (Treatment Train No. 2)

NORMAL SHUTDOWN
There are different shutdown scenarios for the Return Sludge Activated system. These
could be broken down into individual tanks or equipment to be taken out of service or a
complete system taken out of service.
1. For a short-term system shutdown, place the “Hand-Off-Auto” selector switch on
the RAS Control Panel to the “Off” position.
2. For a short-term pump shutdown, place the “Hand-Off-Auto” selector switch on
the VFD Panel to the “Off” position.
3. For a long-term shutdown, perform the steps shown above. In addition, place the
“On-Off” circuit breaker located on the RAS Pump VFDs to the “Off” positions.
4. If all of the pumps in the Return Sludge Pump Station are out of service, such as
with a station electrical power is shutdown, then all four of the secondary
clarifiers would have to be out of service and the plant flow would have to be
directed to Treatment Train No. 1. This mode of operation should only be used
as a temporary measure because the plant needs both treatment trains to have
full hydraulic capacity.

ALTERNATIVE OPERATION
The alternate mode of operation for the return activated sludge system that serves
Secondary (Final) Clarifier Nos. 7 through 10 of Treatment Train No. 2 would be to start
a standby pump that serves the clarifier withdrawal. The second pump would be started
if the duty pump does not have enough capacity to meet the required return sludge rate
or if the duty pump is taken out of service for maintenance or repairs. If this pump is
used, the Operators must ensure that the valves are properly set on the suction and
discharge side of the pump.
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4.9

VALVE INDICES

The valve indices are provided to show the va lve size, type of valve, type of Opera tor,
type of line, normal position, and th e purpose of explanation of all major valves.
The
valve indices are labele d to correspond to the flow diagrams in the preceding sect ions.
The valve n umbers shown on the valve indi ces are shown on the corr esponding flow
diagrams. The size of the pipelin e in which the valve is
located is shown in the
corresponding column. The type of valve is self-explanatory.
The type of Operator indicates how the valve is controlled. In most cases, the valves are
controlled manually and are indicated as " Manual". Other valve Operators includ e
motor, pneumatic, solen oid, etc. which are in dicated as "Au tomatic". T he type of line
indicates what liquid or gas is being conveyed. In most cases, only one type of liquid is
carried in a pipe.
The normal position in dicates, as the title implies, the position in which the valve will
usually be placed. Generally, the valve positio n is classified into three positions: open,
closed, or varied. The Operator must use h is or her best judgment after studying the
flow diagrams to determine how t he valve sh ould be regulated. Some valves require
that they be continuously opened or closed dep ending on the mode of operation or flow
rate. These valves can be regulated by hand or automatically.
The purpose or explanation is to define briefly why the valve is used. The explanation
does not necessarily explain the normal position. For example, a normally open valve is
provided ahead of each pump so that the pump can be isolated for maintenance or
repairs.
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FIGURE NO. 4-1
WASTEWATER FLOW
TREATMENT TRAIN NO. 1

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-RAS-29

48 x 30

Slide Gate

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate return sludge to
Aeration Tank No. 1.
2. Close to stop return sludge to
Aeration Tank No. 1.

1-RAS-30

48 x 30

Slide Gate

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate return sludge to
Aeration Tank No. 1.
2. Close to stop return sludge to
Aeration Tank No. 1.

1-RAS-31

48 x 30

Slide Gate

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate return sludge to
Aeration Tank No. 2.
2. Close to stop return sludge to
Aeration Tank No. 2.

1-RAS-32

48 x 30

Slide Gate

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate return sludge to
Aeration Tank No. 2.
2. Close to stop return sludge to
Aeration Tank No. 2.

1-WW-18

84 x 84

Sluice Gate

Manual

Wastewater

Open

Close to take Aeration Tank No. 1 out of
service for maintenance or repairs.

1-WW-19

84 x 84

Sluice Gate

Manual

Wastewater

Open

Close to take Aeration Tank No. 2 out of
service for maintenance or repairs.

1-WW-20

60 x 60

Sluice Gate

Manual

Wastewater

Closed

Open to divert flow to the Bypass Pipe
or to Aeration Tank No. 2.

FIGURE NO. 4-1
WASTEWATER FLOW
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-WW-21

60 x 60

Sluice Gate

Manual

Wastewater

Closed

Open to divert to the Bypass Pipe or to
Aeration Tank No. 1.

1-WW-22

54 x 54

Sluice Gate

Manual

Wastewater

Closed

Open to divert flow around Aeration
Tank Nos. 1 and 2.

1-ML-1

48 x 48

Sluice Gate

Manual

Mixed Liquor

Open

Close to take Final Clarifier No. 1 out of
service for maintenance or repairs.

1-ML-2

48 x 48

Sluice Gate

Manual

Mixed Liquor

Open

Close to take Final Clarifier No. 2 out of
service for maintenance or repairs.

1-ML-3

48 x 48

Sluice Gate

Manual

Mixed Liquor

Open

Close to take Final Clarifier No. 3 out of
service for maintenance or repairs.

1-ML-4

48 x 48

Sluice Gate

Manual

Mixed Liquor

Open

Close to take Final Clarifier No. 4 out of
service for maintenance or repairs.

1-ML-5

48 x 48

Sluice Gate

Manual

Mixed Liquor

Open

Close to take Final Clarifier No. 5 out of
service for maintenance or repairs.

1-ML-6

48 x 48

Sluice Gate

Manual

Mixed Liquor

Open

Close to take Final Clarifier No. 6 out of
service for maintenance or repairs.

1-SE-1

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 1 out of
service for maintenance or repairs.

1-SE-2

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 2 out of
service for maintenance or repairs.

FIGURE NO. 4-1
WASTEWATER FLOW
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-SE-3

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 3 out of
service for maintenance or repairs.

1-SE-4

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 4 out of
service for maintenance or repairs.

1-SE-5

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 5 out of
service for maintenance or repairs.

1-SE-6

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 6 out of
service for maintenance or repairs.

FIGURE NO. 4-2
WASTEWATER FLOW
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-WW-7

16 x 16

Sluice Gate

Manual

Wastewater

Open

2-WW-8

80 x 84

Weir Gate

Manual

Wastewater

Open

1. Adjust primary effluent to Aeration
Tank No. 1.
2. Close to take Aeration Tank No. 1
out of service for maintenance or
repairs.

2-WW-9

80 x 84

Weir Gate

Manual

Wastewater

Varied

1. Adjust primary effluent to Aeration
Tank No. 2.
2. Close to take Aeration Tank No. 2
out of service for maintenance or
repairs.

2-WW-10

80 x 84

Weir Gate

Manual

Wastewater

Varied

1. Adjust primary effluent to Aeration
Tank No. 3.
2. Close to take Aeration Tank No. 3
out of service for maintenance or
repairs.

2-WW-11

80 x 84

Weir Gate

Manual

Wastewater

Varied

1. Adjust primary effluent to Aeration
Tank No. 4.
2. Close to take Aeration Tank No. 4
out of service for maintenance or
repairs.

Close to stop primary effluent to
Dissolved Air Flotation Thickener
Building No. 2

FIGURE NO. 4-2
WASTEWATER FLOW
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-RAS-22

30

Weir Gate

Manual

Return
Activated
Sludge

Open

2-RAS-23

68 x 84

Weir Gate

Manual

Wastewater

Return
Activated
Sludge

1. Adjust primary effluent to Aeration
Tank No. 1.
2. Close to take Aeration Tank No. 1
out of service for maintenance or
repairs.

2-RAS-24

68 x 84

Weir Gate

Manual

Return
Activated
Sludge

Varied

1. Adjust primary effluent to Aeration
Tank No. 2.
2. Close to take Aeration Tank No. 2
out of service for maintenance or
repairs.

2-RAS-25

68 x 84

Weir Gate

Manual

Return
Activated
Sludge

Varied

1. Adjust primary effluent to Aeration
Tank No. 3.
2. Close to take Aeration Tank No. 3
out of service for maintenance or
repairs.

2-RAS-26

68 x 84

Weir Gate

Manual

Return
Activated
Sludge

Varied

1. Adjust primary effluent to Aeration
Tank No. 4.
2. Close to take Aeration Tank No. 4
out of service for maintenance or
repairs.

Close for maintenance.

FIGURE NO. 4-2
WASTEWATER FLOW
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-WAS-1

6

Plug

Manual

Waste
Activated
Sludge

Open

Close to take waste activated sludge
line out of service to do maintenance or
repairs on meter of automatic valve.

2-WAS-2

6

Knife

Automatic

Waste
Activated
Sludge

Varied

1. Adjust to regulate waste activated
sludge flow to mixed sludge wet well.
2. Close to stop waste activated sludge
to mixed sludge wet well.

2-ML-1

54 x 54

Sluice Gate

Manual

Mixed
Liquor

Closed

For future use

2-ML-2

54 x 54

Sluice Gate

Manual

Mixed
Liquor

Open

2-ML-3

18 x 36

Weir Gate

Manual

Mixed
Liquor

Closed

For future use

2-ML-4

12 x 12

Sluice Gate

Manual

Mixed
Liquor

Closed

For future use

2-ML-5

54 x 54

Sluice Gate

Manual

Mixed
Liquor

Closed

For future use

Close to stop mixed liquor to Final
Clarifier Nos. 7-10.

FIGURE NO. 4-2
WASTEWATER FLOW
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-ML-6

18 x 36

Weir Gate

Manual

Mixed
Liquor

Closed

For future use

2-ML-7

12 x 12

Sluice Gate

Manual

Mixed
Liquor

Closed

For future use

2-ML-8

98 x 66

Weir Gate

Manual

Mixed
Liquor

Varied

1. Close to take Final Clarifier No. 7 out
of service for maintenance or
repairs.
2. Adjust to regulate flow into Final
Clarifier No. 7.

2-ML-9

96 x 66

Weir Gate

Manual

Mixed
Liquor

Varied

1. Close to take Final Clarifier No. 8 out
of service for maintenance or
repairs.
2. Adjust to regulate flow into Final
Clarifier No. 8.

2-ML-10

96 x 66

Weir Gate

Manual

Mixed
Liquor

Varied

1. Close to take Final Clarifier No. 9 out
of service for maintenance or
repairs.
2. Adjust to regulate flow into Final
Clarifier No. 9.

2-SE-1

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 7 out of
service for maintenance or repairs.

FIGURE NO. 4-2
WASTEWATER FLOW
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-SE-2

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 9 out of
service for maintenance or repairs.

2-SE-3

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 8 out of
service for maintenance or repairs.

2-SE-4

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Final Clarifier No. 10 out
of service for maintenance or repairs.

FIGURE NO. 4-3
LOW PRESSURE AIR
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-LPA-1

18

Butterfly

Automatic

Low
Pressure
Air

Varied

1. Close to take Blower No. 1 out of
service for maintenance or repairs.
2. Adjust to maintain air flow conditions.

2-LPA-2

14

Butterfly

Manual

Low
Pressure
Air

Open

1. Close to take Blower No. 1 out of
service for maintenance or repairs.
2. Adjust to maintain air flow
conditions.

2-LPA-3

18

Butterfly

Automatic

Low
Pressure
Air

Varied

1. Close to take Blower No. 2 out of
service for maintenance or repairs.
2. Adjust to maintain air flow
conditions.

2-LPA-4

14

Butterfly

Manual

Low
Pressure
Air

Open

1. Close to take Blower No. 2 out of
service for maintenance or repairs.
2. Adjust to maintain air flow
conditions.

2-LPA-5

18

Butterfly

Automatic

Low
Pressure
Air

Varied

1. Close to take Blower No. 3 out of
service for maintenance or repairs.
2. Adjust to maintain air flow
conditions.

2-LPA-6

14

Butterfly

Manual

Low
Pressure
Air

Open

1. Close to take Blower No. 3 out of
service for maintenance or repairs.
2. Adjust to maintain air flow
conditions.

FIGURE NO. 4-3
LOW PRESSURE AIR
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-LPA-7

14

Butterfly

Automatic

Low
Pressure
Air

Varied

1. Close to take Blower No. 3 out of
service for maintenance or repairs.
2. Adjust to maintain air flow
conditions.

2-LPA-8

14

Butterfly

Manual

Open

Close to take Blower No. 4 out of
service for maintenance or repairs.

2-LPA-9

12

Butterfly

Manual

Low
Pressure
Air

Open

Close for automatic valve or meter
maintenance or repairs.

2-LPA-10

12

Butterfly

Automatic

Low
Pressure
Air

Varied

Adjust to maintain air flow to Aeration
Tank No. 2.

2-LPA-11

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-12

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-13

12

Butterfly

Manual

Low
Pressure
Air

Open

Close for automatic valve or meter
maintenance or repairs.

Low
Pressure
Air

Purpose and
Explanation

FIGURE NO. 4-3
LOW PRESSURE AIR
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-LPA-14

12

Butterfly

Automatic

Low
Pressure
Air

Varied

Adjust to maintain air flow to Aeration
Tank No. 1

2-LPA-15

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-16

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-17

12

Butterfly

Manual

Open

Close for automatic valve or meter
maintenance or repairs.

2-LPA-18

12

Butterfly

Automatic

Low
Pressure
Air

Varied

Adjust to maintain air flow to Aeration
Tank No. 1.

2-LPA-19

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-20

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

Low
Pressure
Air

Purpose and
Explanation

FIGURE NO. 4-3
LOW PRESSURE AIR
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-LPA-21

12

Butterfly

Manual

Low
Pressure
Air

Open

Close for automatic valve or meter
maintenance or repairs.

2-LPA-22

12

Butterfly

Automatic

Low
Pressure
Air

Varied

Adjust to maintain air flow to Aeration
Tank No. 2.

2-LPA-23

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-24

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-25

12

Butterfly

Manual

Low
Pressure
Air

Open

Close for automatic valve or meter
maintenance or repairs.

2-LPA-26

12

Butterfly

Automatic

Varied

Close for automatic valve or meter
maintenance or repairs.

2-LPA-27

10

Butterfly

Manual

Open

Close for diffuser maintenance or
repairs.

Low
Pressure
Air
Low
Pressure
Air

Purpose and
Explanation

FIGURE NO. 4-3
LOW PRESSURE AIR
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-LPA-28

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-29

12

Butterfly

Manual

Low
Pressure
Air

Open

Close for automatic valve or meter
maintenance or repairs.

2-LPA-30

12

Butterfly

Automatic

Low
Pressure
Air

Varied

Adjust to maintain air flow to Aeration
Tank No. 2.

2-LPA-31

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-32

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-33

12

Butterfly

Manual

Low
Pressure
Air

Open

Close for automatic valve or meter
maintenance or repairs.

2-LPA-34

12

Butterfly

Automatic

Low
Pressure
Air

Open

Adjust to maintain air flow to Aeration
Tank No. 2.

FIGURE NO. 4-3
LOW PRESSURE AIR
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

2-LPA-35

10

Butterfly

Manual

2-LPA-36

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-37

12

Butterfly

Manual

Low
Pressure
Air

Open

Close for automatic valve or meter
maintenance or repairs.

2-LPA-38

12

Butterfly

Automatic

Low
Pressure
Air

Varied

Adjust to maintain air flow to Aeration
Tank No. 2.

2-LPA-39

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

2-LPA-40

10

Butterfly

Manual

Low
Pressure
Air

Open

Close for diffuser maintenance or
repairs.

Low
Pressure
Air

Normal
Position
Open

Purpose and
Explanation
Close for diffuser maintenance or
repairs.

FIGURE NO. 4-4
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 1

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-RAS-1

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 1 out of
service for maintenance or repairs.

1-RAS-2

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 1 out of
service for maintenance or repairs.

1-RAS-3

12

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 1 out of
service for maintenance or repairs.

1-RAS-4

20

Plug

Manual

Return
Activated
Sludge

Closed

1-RAS-5

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 2 out of
service for maintenance or repairs.

1-RAS-6

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 2 out of
service for maintenance or repairs.

1-RAS-7

12

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 2 out of
service for maintenance or repairs.

Open to bypass RAS Pump No. 1.

FIGURE NO. 4-4
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-RAS-8

20

Plug

Manual

Return
Activated
Sludge

Closed

1-RAS-9

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 3 out of
service for maintenance or repairs.

1-RAS-10

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 3 out of
service for maintenance or repairs.

1-RAS-11

12

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 3 out of
service for maintenance or repairs.

1-RAS-12

20

Plug

Manual

Return
Activated
Sludge

Closed

1-RAS-13

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 4 out of
service for maintenance or repairs.

1-RAS-14

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 4 out of
service for maintenance or repairs.

Open to bypass RAS Pump No. 2.

Open to bypass RAS Pump No. 3.

FIGURE NO. 4-4
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-RAS-15

12

Plug

Manual

Return
Activated
Sludge

Open

1-RAS-16

20

Plug

Manual

Return
Activated
Sludge

Closed

1-RAS-17

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 5 out of
service for maintenance or repairs.

1-RAS-18

12

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 5 out of
service for maintenance or repairs.

1-RAS-19

12

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 5 out of
service for maintenance or repairs.

1-RAS-20

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to bypass RAS Pump No. 5.

1-RAS-21

20

Plug

Manual

Return
Activated
Sludge

Closed

Close to take Final Clarifier No. 6 out of
service for maintenance or repairs.

Close to take RAS Pump No. 4 out of
service for maintenance or repairs.
Open to bypass RAS Pump No. 4.

FIGURE NO. 4-4
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-RAS-22

20

Plug

Manual

Return
Activated
Sludge

Open

1-RAS-23

12

Plug

Manual

Return
Activated
Sludge

Open

1-RAS-24

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to bypass RAS Pump No. 6.

1-RAS-25

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to bypass RAS Pump No. 7.

1-RAS-26

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 7 out of
service for maintenance or repairs.

1-RAS-27

12

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 7 out of
service for maintenance or repairs.

1-RAS-28

12

Plug

Manual

Return
Activated
Sludge

Closed

Open to transfer sludge to Return
Activated Sludge Pumping Station No.
2.

Close to take RAS Pump No. 6 out of
service for maintenance or repairs.
Close to take RAS Pump No. 6 out of
service for maintenance or repairs.

FIGURE NO. 4-4
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-RAS-29

48 x 30

Plug

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate the return sludge
flow into Aeration Tank No. 1.
2. Close to stop return sludge flow to
Aeration Tank No. 1.

1-RAS-30

48 x 30

Plug

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate the return sludge
flow into Aeration Tank No. 1.
2. Close to stop return sludge flow to
Aeration Tank No. 1.

1-RAS-31

48 x 30

Plug

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate the return sludge
flow into Aeration Tank No. 2.
2. Close to stop return sludge flow to
Aeration Tank No. 2.

1-RAS-32

48 x 30

Plug

Manual

Return
Activated
Sludge

Varied

1. Adjust to regulate the return sludge
flow into Aeration Tank No. 2.
2. Close to stop return sludge flow to
Aeration Tank No. 2.

FIGURE NO. 4-4
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 1 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-WAS-1

10

Butterfly

Automatic

Waste
Activated
Sludge

Varied

1. Adjust to regulate waste activated
sludge to Air Flotation Thickener
Building No. 1.
2. Close to stop waste activated sludge
from Treatment Train No. 1.

1-WAS-2

18

Plug

Manual

Waste
Activated
Sludge

Open

Close to take the mixed sludge wet well
at Air Flotation Thickener Building No. 1
out of service.

FIGURE NO. 4-5
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-RAS-1

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 7 out of
service for maintenance or repairs.

2-RAS-2

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 1 out of
service for maintenance or repairs.

2-RAS-3

14

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 1 out of
service for maintenance or repairs.

2-RAS-4

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to re-route return activated sludge
to or from another pump.

2-RAS-5

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 8 out of
service for maintenance or repairs.

2-RAS-6

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 2 out of
service for maintenance or repairs.

FIGURE NO. 4-5
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-RAS-7

14

Plug

Manual

Return
Activated
Sludge

Open

2-RAS-8

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to re-route return activated sludge
to or from another pump.

2-RAS-9

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to receive sludge from Return
Activated Sludge Pumping Station No.
1.

2-RAS-10

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 3 out of
service for maintenance or repairs.

2-RAS-11

14

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 3 out of
service for maintenance or repairs.

2-RAS-12

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to re-route return activated sludge
to or from another pump.

2-RAS-13

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 9 out of
service for maintenance or repairs.

Close to take RAS Pump No. 2 out of
service for maintenance or repairs.

FIGURE NO. 4-5
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-RAS-14

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 4 out of
service for maintenance or repairs.

2-RAS-15

14

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 4 out of
service for maintenance or repairs.

2-RAS-16

20

Plug

Manual

Return
Activated
Sludge

Closed

2-RAS-17

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take Final Clarifier No. 10 out
of service for maintenance or repairs.

2-RAS-18

20

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 5 out of
service for maintenance or repairs.

2-RAS-19

14

Plug

Manual

Return
Activated
Sludge

Open

Close to take RAS Pump No. 5 out of
service for maintenance or repairs.

2-RAS-20

20

Plug

Manual

Return
Activated
Sludge

Closed

Open to re-route return activated sludge
to or from another pump.

Open to re-route return activated sludge
to or from another pump.

FIGURE NO. 4-5
RETURN AND WASTE ACTIVATED SLUDGE SYSTEM
TREATMENT TRAIN NO. 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-RAS-21

30

Plug

Manual

Return
Activated
Sludge

Closed

Purpose and
Explanation
For future use.

FIGURE NO. 4-6
SECONDARY CLARIFIERS – SCUM AND DRAIN SYSTEM
TREATMENT TRAIN NOS. 1 & 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-SC-1

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 1

1-SC-2

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 2

1-SC-3

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 3

1-SC-4

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 4

1-SC-5

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 5

1-SC-6

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 6

2-SC-1

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 7

2-SC-2

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 8

2-SC-3

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 9

FIGURE NO. 4-6
SECONDARY CLARIFIERS – SCUM AND DRAIN SYSTEM
TREATMENT TRAIN NOS. 1 & 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-SC-4

6

Telescoping

Manual

Scum

Varied

Adjust to remove scum from the influent
channel of Final Clarifier No. 10

1-FTD-1

12

Sluice Gate

Manual

Closed

Open to drain Final Clarifier No. 1

1-FTD-2

12

Sluice Gate

Manual

Closed

Open to drain Final Clarifier No. 2

1-FTD-3

12

Sluice Gate

Manual

Closed

Open to drain Final Clarifier No. 3

1-FTD-4

12

Sluice Gate

Manual

Closed

Open to drain Final Clarifier No. 4

1-FTD-5

8

Sluice Gate

Manual

Closed

Open to drain Final Clarifier No. 5

1-FTD-6

8

Sluice Gate

Manual

Closed

Open to drain Final Clarifier No. 6

2-FTD-1

12

Plug

Manual

Closed

Open to drain Final Clarifier No. 7

2-FTD-2

12

Plug

Manual

Closed

Open to drain Final Clarifier No. 8

Final
Tank
Drain
Final
Tank
Drain
Final
Tank
Drain
Final
Tank
Drain
Final
Tank
Drain
Final
Tank
Drain
Final
Tank
Drain
Final
Tank
Drain

FIGURE NO. 4-6
SECONDARY CLARIFIERS – SCUM AND DRAIN SYSTEM
TREATMENT TRAIN NOS. 1 & 2 (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

2-FTD-3

12

Plug

Manual

2-FTD-4

12

Plug

Manual

PL-TD-1

6

Plug

Manual

Type of
Line
Final
Tank
Drain
Final
Tank
Drain

Normal
Position

Tank
Drainage

Open

Purpose and
Explanation

Closed

Open to drain Final Clarifier No. 9

Closed

Open to drain Final Clarifier No. 10
Close to take the Tank Drainage Pump
out of service for maintenance or
repairs.
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CHAPTER 5
DISINFECTION SYSTEMS
5.1

GENERAL DESCRIPTION

5.1.1

Introduction

The disinfection process is the final stage of treatment before the plant effluent flows to the
Congaree River. The plant was originally designed to use chlorine as the principle disinfectant
and sulfur dioxide for dechlorination. In 2011, modifications were made to the plant’s
disinfection systems. The chlorine system was replaced with a liquid sodium hypochlorite
system for disinfection and the sulfur dioxide system was replaced with a liquid sodium bisulfite
dechlorination system.
The sodium hypochlorite will not sterilize the wastewater but it is a way of disinfecting the plant
effluent to safe standards. Similar to chlorine, in order to be effective, the sodium hypochlorite
will require a contact time of not less than 15 minutes at the maximum flow rate. In order to
achieve a pathogen reduction of approximately 99%, it typically requires a chlorine dosage rate
of 2 to 8 mg/L for a plant treating secondary effluent. Since the plant is currently using liquid
sodium hypochlorite with 12.5% available chlorine, then the Operators must understand dosage
rates in a different way. The proposed design dosage rate for the sodium hypochlorite will be in
the range of 2.5 to 5 mg/L (9.4 to 34 gph).
Since small amounts of chlorine can be harmful to aquatic life, dechlorination facilities have
been installed at the Metro Wastewater Treatment Plant. As previously stated, sulfur dioxide
was originally used at the plant; however, in 2011 the plant dechlorination system was modified
and the present dechlorination chemical used at the facility is liquid sodium bisulfite. The
sodium bisulfite is delivered at a concentration of 20 to 40% solution (available sulfur dioxide)
with 38% being the normal delivered concentration. Theoretically, it requires 1.0 to 1.46 mg/L of
sulfur dioxide to reduce 1.0 mg/L of chlorine. The dosage rate may be higher if there are
interferences in the wastewater. The proposed design dosage rate for the sodium bisulfite will
be in the range of 0.5 to 3 mg/L (1.1 to 26.5 gph). The chlorine residual in the plant effluent is
quickly reduced because the reaction between the sodium bisulfite and chlorine is almost
instantaneous when good mixing is provided when the chemical is introduced into the water.
The sodium hypochlorite and sodium bisulfite are applied into the wastewater using chemical
induction units (Water Champs). These are high energy mixing units that disperse the
chemicals efficiently into the wastewater.
5.1.2

Chlorine Contact Tanks

The effluent from the secondary clarifiers (final clarifiers) flows by gravity to the chlorine contact
tanks for disinfection. There are two different sets of chlorine contact tanks used at the Metro
Wastewater Treatment Plant. The first set of chlorine contact tanks serve Treatment Train No.
1 and the second set of chlorine contact tanks serve Treatment Train No. 2. At Treatment Train
No. 1 there are four (4) chlorine contact tanks in which two were constructed in 1976 and two
were constructed in 1983, as shown in Figure No. 5-1. Chlorine Contact Tank Nos. 1 and 2
were originally constructed with the plant’s first Chlorine Building. This building was later
converted into a Sulfur Dioxide Storage Building and in 2011 the building was modified to house
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the sodium hypochlorite and sodium bisulfite feed equipment. Presently, the building is referred
to as the Disinfection Feed Building. In addition, this building also houses the two
microstrainers that are no longer in service. Lastly, this building houses three (3) vertical turbine
type pumps (Non-potable Water Pumps) used to pump treated plant effluent throughout the
treatment facility as non-potable water. A portion of the Chlorine Contact Tank Nos. 1 and 2 is
constructed below the building and the other portion of the tanks is outside the building.
The overall dimensions of Chlorine Contact Tank Nos. 1 and 2 for Treatment Train No. 1 are
approximately 109 ft. long by 48 ft. wide with a sidewater depth of 9.5 ft. Chlorine Contact Tank
Nos. 1 and 2 are not the same size. A portion of the area for Chlorine Contact No. 2 is used for
the microstrainers and non-potable water pumps, as shown in Figure No. 5-2. The total volume
of Chlorine Contact Tank Nos. 1 and 2 is 49,704 ft3 (371,786 gallons).
Chlorine Contact Tank Nos. 3 and 4 are each 62.67 ft. long by 50 ft. wide with a sidewater depth
of 9 ft. Each chlorine contact tank is designed so the water flows in a serpentine pattern in
which each channel or pass is 12 ft. wide, as shown in Figure No. 5-3. The volume of each
chlorine contact tank is approximately 28,202 ft3 (210,951 gallons). The total volume of Chlorine
Contact Tank Nos. 3 and 4 in Treatment Train No. 1 is 56,404 ft3 (421,902 gallons).
The overall volume of the four (4) chlorine contact tanks located in Treatment Train No. 1 is
106,108 ft3 (793,688 gallons). The detention time through these chlorine contact tanks at the
average design flow of 40 mgd for Treatment Train No. 1 and the original peak design flow of 80
mgd for Treatment Train No. 1 is 29 minutes and 14.3 minutes, respectively. If the treatment
plant is required to use a 2.5 peaking factor, then the peak flow through Treatment Train No. 1
would be 100 mgd. At this flow rate the detention time through these chlorine contact tanks
would be 11 minutes.
At Treatment Train No. 2 the secondary effluent flows to two (2) chlorine contact tanks that were
constructed in 1996, as shown in Figure No. 5-4. Each chlorine contact has an overall
dimension of 89 ft. long by 28.3 ft. wide with a liquid depth of 12 ft., as shown in Figure No. 5-5.
The volume of each chlorine contact tank is 30,224 ft3 (226,076 gallons). The total volume of
the two (2) chlorine contact tanks is 60,448 ft3 (452,152 gallons). At the average design flow of
20 mgd for Treatment Train No. 2 the detention time through these tanks is 33 minutes. At the
original peak design flow of 40 mgd the detention time for these basins is 16.3 minutes. If the
plant is required to use a 2.5 peaking factor, then the peak flow through Treatment Train No. 2
will be 50 mgd and the detention in these basins would be 13 minutes.
The effluent that leaves the Chlorine Contact Tank Basins from Treatment Train Nos. 1 and 2
flows to the Dechlorination Basin prior to being discharged into the Congaree River, as shown in
Figure Nos. 5-1 and 5-4.
5.1.3

Sodium Hypochlorite System

Liquid sodium hypochlorite is delivered in bulk quantities and stored in two (2) fiberglass storage
tanks located outside on the north side of the Disinfection Building. The two (2) storage tanks
are located under a canopy to keep the sun off the tanks. The tanks are placed in a concrete
containment structure to catch any chemical spills from these tanks. Each sodium hypochlorite
storage tank is 12 ft. in diameter with a height of 19 ft. The volume of each storage tank is
approximately 16,000 gallons (effective volume 15,000 gallons) and the total volume of both
tanks is 32,000 gallons (effective volume 30,000 gallons). The sodium hypochlorite is delivered
to the plant at a chemical concentration of 12.5% with a specific gravity of 1.175 (1.2).
5-2
L:\Columbia Operations Manual-Chap 5

The sodium hypochlorite is fed to the process through four (4) Sodium Hypochlorite Feed Units
located in the Disinfection Feed Building, as shown in Figure No. 5-6. The sodium hypochlorite
is fed to the following three (3) locations:


Chlorine Influent Splitter Box No. 1 (Flow from Train 1 Final Clarifiers 1-4)



Chlorine Influent Splitter Box No. 1 (Flow from Train 1 Final Clarifiers 5-6)



Chlorine Influent Splitter Box No. 2

The fourth Sodium Hypochlorite Feed System is presently used as a standby unit but was
designed to be used as a future feed unit if the plant is expanded.
Each Sodium Hypochlorite Feed System has a rated feed capacity of 5.3 to 53 gph. These
units are capable of pacing the chemical feed rate by using two control methods. The first
control method is a combined chlorine residual control flow pacing method and the second
method is to use only a flow pacing signal. The chlorine residual is measured by an OxidationPotential Reduction Probes (ORP) located in each chlorine contact tank as shown on Figure
Nos. 5-2, 5-3 and 5-5. The ORP probes measure the chlorine residual in millivolts. These
readings are sent to the ORP Analyzers and then to the Sodium Hypochlorite Chemical Feed
Units where the feeders will automatically adjust to maintain a preset sodium hypochlorite feed
rate. Refer to Sections 5.1.5 and 5.2.7 for further information concerning the ORP Analyzers.
The sodium hypochlorite is withdrawn from the Sodium Hypochlorite Storage Tanks to the
Sodium Hypochlorite Feed Units. A vacuum is created at the chlorine influent splitter boxes
using Chemical Induction Units (Water Champs) that draws the sodium hypochlorite through the
Sodium Hypochlorite Feed Units. There are three (3) submerged Chemical Induction Units
located at the application points as described earlier in this section of the chapter. Each
Chemical Induction Unit creates a maximum vacuum of 23 inches Hg. This vacuum will
fluctuate based on the feed rate and resistance in the system. The Chemical Induction Units
are similar to pumps. An impeller spins at a high speed, thus, moving water around the
induction unit. The speed of the impeller creates the vacuum that draws the chemical to the
induction unit impeller. Once the chemical reaches the induction unit, it is efficiently dispersed
into the water.
5.1.4

Sodium Bisulfite System

Liquid sodium bisulfite is used to dechlorinate the plant effluent before it enters the Congaree
River. The sodium bisulfite is delivered to the plant in bulk quantities. The sodium bisulfite is
transferred through a 2-inch pipe from the delivery truck to a fiberglass Sodium Bisulfite Storage
Tank located at the Disinfection Storage area, as shown in Figure No. 5-7. The Disinfection
Storage Area is located outside on the north side of the Disinfection Feed Building. There is
one (1) Sodium Bisulfite Storage tank that is 12 ft. in diameter and 19 ft. in height. The overall
capacity of the Sodium Bisulfite Storage Tank is approximately 16,000 gallons. The effective
volume of the storage tank is 15,000 gallons.
The sodium bisulfite is removed from the storage tank and sent to two (2) Liquid Chemical Feed
Units located in the Disinfection Feed Building. Both Sodium Bisulfite Feed Units are set up to
feed at a rate of 2.9 to 29 gph. Typically, one feeder will be in operation and the second feeder
will serve as the standby unit. The “Duty” feeder will be determined by the sodium bisulfite
demand in order to be able to dechlorinate the plant effluent. Ideally the chlorine residual will be
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low and consistent so the quantity of sodium bisulfite to be fed can be more hydraulically driven.
For example, if the plant flow rate is at 35 mgd and the chlorine residual is 1 mg/L then the
sodium bisulfite feed rate will be 70 gpd or 2.9 gph. However, if the plant flow rate increased to
65 mgd and the chlorine residual remained consistent at 1 mg/L, then the sodium bisulfite feed
rate would be 130 gpd or 5.4 gph. As seen in this brief example, the sodium bisulfite feed rate
remains in the range of the chemical feeder with the lower feed rate range of 2.5 to 15 gph. The
Sodium Bisulfite Feed System is automatically controlled by a flow pacing signal that is
transmitted from the plant effluent Parshall flume. At this time the Sodium Bisulfite Chemical
Feed Units do not receive an ORP signal indicating the chlorine residual.
The sodium bisulfite is drawn through the chemical feed unit by a vacuum created by the
Chemical Induction Unit located at the influent end of the Dechlorination Facility. The Sodium
Bisulfite Chemical Induction Unit is capable of drawing 2-60 gph of liquid sodium bisulfite with a
38% available sulfur dioxide concentration. The Sodium Bisulfite Chemical Induction Unit also
is designed to produce a maximum vacuum of 23-inches Hg. However, the Operator will
typically see a reduced vacuum due to the distance of the application point from the feed units,
the quantity of chemicals being fed, and other such factors.
As a standby system, the liquid sodium bisulfite can also be sent to a diffuser located below the
dechlorination chemical induction unit or at a second diffuser located at the effluent end of the
Dechlorination Facility, as shown in Figure No. 5-7. If the sodium bisulfite is sent to the diffuser,
then it must be pumped to the diffuser using the Sodium Bisulfite Metering Pumps located in the
Disinfection Feed Building. Typically, one pump will serve as the “Duty” pump and the second
pump will serve as the “Standby” unit. Each Sodium Bisulfite Feed Pump is rated at a maximum
flow rate of 56 gph at a discharge pressure of 25 psig. It should be noted that the metering
display output is in liters per hour and the correct capacity is 0.18 to 396 liters per hour.
5.1.5

Oxidation Reduction Potential Analyzers

There are two (2) Oxidation Potential Analyzers (ORP) provided at the Metro Wastewater
Treatment Plant that are used to automatically control the sodium hypochlorite feed rate. There
are six (6) ORP probes (Strantrol 880), in which one (1) probe (transmitter), is located in each
chlorine contact tank. The probes in the four (4) chlorine contact tanks in Treatment Train No. 1
transmit signals to the ORP Analyzer (Strantrol 960) located at the chlorine contact tanks. The
ORP probes in the two (2) chlorine contact tanks in Treatment Train No. 2 transmit signals to
the second ORP Analyzer (Strantrol 960) located at the Treatment Train No. 2 chlorine contact
tanks. The ORP Analyzers receive both the ORP signals and flow signals from the Plant
Effluent Parshall flume. The ORP Analyzers evaluate the two signals and then transmit a 4-20
mAdc control signal to the Sodium Hypochlorite Chemical Feed Units. The signals from the
ORP Analyzers are used to pace the chemical feed units. The Sodium Hypochlorite Chemical
Feed Units are also designed so they can be controlled by using only a flow signal and no ORP
signal as a standby control option. The flow signals would be used to pace the sodium
hypochlorite feed system. In the flow signal, only mode of operation the Operator may be
required to make is slight adjustments to the sodium hypochlorite feed rate to control the proper
chlorine residual.
The ORP Probes (transmitters) in the chlorine contact tanks measure the chlorine concentration
in the wastewater in millivolts and then transmit those signals to the ORP Analyzers and then to
the Chemical Feed Units as 4-20 mAdc signals.
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5.1.6

Non-potable Water Pumps

There are three (3) vertical turbine pumps located in the Disinfection Feed Building that are
used to pump plant effluent throughout the treatment for non-potable water usage. Non-potable
water is used in the plant for cleaning, flushing the centrifuges and other such usages. Each
Non-potable Water Pump contains four (4) stages that allow the pumps to operate at the
necessary flows and pressures. Each Non-potable water pump is rated at 1,250 gpm at a total
dynamic head of 240 ft. Normally one pump is in service at all times supplying non-potable
water throughout the plant. The Operators monitor the system pressure on SCADA. The
Operators maintain the non-potable water pressure at 75 psig. If the pressure falls below 75
psig, the Operators manually start another Non-potable Water Pump. If the pressure is above
75 psig, the Operators stop the second Non-potable Water Pump and keep one pump in
operation.
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5.2

EQUIPMENT OPERATION

5.2.1

Introduction

This section describes the equipment for the plant disinfection process. It includes the
operation of the truck unloading station, sodium hypochlorite chemical feeders, sodium bisulfite
chemical feeders, sodium hypochlorite chemical induction units, sodium bisulfite chemical
induction units, sodium bisulfite metering pumps, non-potable water pumps, oxidation reduction
potential analyzers (ORP) and the controls systems, meters, etc., associated with this
equipment. The operation as described here involves only normal operation and control of the
equipment. For further information regarding the internal operation and maintenance of a
particular piece of equipment, consult the equipment manufacturer’s operation and maintenance
manual and shop drawings on file in the Maintenance Building and record room of the
Administration Building. In describing the energizing of the equipment, it is assumed that the
proper circuit breakers on the control panels are closed.
Most electric motors are equipped with a “Lock-Out-Stop” or “Emergency Stop” switch located at
the unit. These switches are provided as a safety measure for emergency shutdown of the
motor or for “locking-out” the motor to prevent accidental starting while maintenance or repair is
in progress. When a piece of equipment is locked out, the Employees must follow the City’s
Lock-out/Tag-out Program. A copy of the City’s Lock-out/Tag-out requirements is provided in
Appendix B of this manual. The switches are normally in the “Start” or “On” position so that
control of the motors is from the motor control center, selector switches at the motor, remote
control panels or the Supervisory Control and Data Acquisition (SCADA) System.
Operators must be aware that there are multiple ways to navigate through the SCADA screens
and the following write-ups discuss only one method of maneuvering through these screens.
Operators must find a method that makes them feel comfortable and enables them to control
the equipment efficiently. Please note that depending upon the control location within the plant
the equipment can be controlled by using different procedures on SCADA. For example, if the
Operator is controlling thickening equipment from an Air Flotation Thickener Building, the
Operators would use the function buttons (F) to step through the screens and control
equipment. However, if that same equipment is being controlled from a computer in a remote
location, then the Operator must use the cursor to select and control equipment. The basic
controls are the same but how an Operator pulls up and controls that equipment at the various
Human Machine Interface Panel (HMI) or SCADA screens is different.
5.2.2

Chemical Truck Unloading Station

5.2.2.1

Introduction

The chemical truck unloading station includes three connections for liquid chemical tanker
trucks to unload shipments into the chemical storage tanks. Each connection includes a twoinch hose quick connect dedicated to a single liquid chemical storage tank, as previously shown
on Figure Nos. 5-6 and 5-7. The truck unloading station is located remotely from the storage
tanks along the paved drive to provide delivery truck access. Chemical contents from the
delivery trucks are unloaded pneumatically with compressed air and a portable hose. The
delivery trucks are equipped with both the compressed air and the portable hoses needed for
this purpose.
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A Truck Unloading Panel is located adjacent to the quick connections to display the liquid levels
in each of the chemical storage tanks. The panel is equipped with a visible and audible alarm
that will alarm if the volume in any of the storage tanks reaches the tank’s overflow level that is
set at the SCADA system.
The Truck Unloading Panel receives 120 volt, single phase, electrical power from Panelboard
LF located in the Disinfection Feed Building.
5.2.2.2

Start-up Procedures
1.

Verify the emergency shower and eyewash station located near the Truck
Unloading Station beside the double doors to the Disinfection Feed Building is
functional.

2.

Place the “On-Off” circuit breaker located on Panelboard LF for the Truck
Unloading Panel to the “On” position. During normal operation, this switch is
always in the “On” position and only requires occasional checking to ensure that
it has not tripped.

5.2.2.3

Normal Operation

During normal operation only one chemical shipment from a tanker truck can be unloaded at a
given time. Prior to chemical unloading, Operators must verify the contents of the delivered
tanker with the documentation provided by the truck driver. The chemical should match exactly
with what was ordered. Typically this will be 12.5% Sodium Hypochlorite or 38%-40% Sodium
Bisulfite.
Plant Operators must verify which chemical storage tank is to receive the shipment and make
available the corresponding hose quick-connect on the Truck Unloading Station by removing the
female dust cap that is cam-locked on the male quick-connect . The truck driver will connect a
temporary hose from the tanker to the quick-connect and open the associated valve just
downstream of the connection. This valve will be either DS-NOCL-1, DS-NOCL-2, or DS-NHS1 as indicated on Figure Nos. 5-6 and 5-7. The truck driver will then unload the shipment. With
the compressed air available on the delivery truck, this process will take 1-2 hours. Plant
Operators shall monitor the tank filling process by monitoring the tank level indicated on the
truck unloading panel, the site gauge on the storage tank, or the level transmitter located
adjacent to the tank. Once the shipment is unloaded, the tank fill line shall be purged with air
from the delivery truck and the valve downstream of the connection closed.
IMPORTANT: Operators must stress the importance and dangers of not mixing the two
chemicals (sodium hypochlorite and sodium bisulfite) in the same tanks. The plant must have a
Risk Management Plan in place and all plant personnel must be thoroughly familiar with this
plan. Safety drills must be performed on a regular basis to keep plant personnel informed of the
necessary safety procedures they must follow if a chemical spill or chemical contamination
situation occurs. Emergency telephone numbers should be posted throughout the Disinfection
Loading, Storage and Feed Areas.
5.2.2.4

Shutdown Procedures
1.

There is no short-term shutdown of the truck unloading station.
remains idle between chemical delivery shipments.

The station
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2.

5.2.2.5

For a long-term shutdown, the truck unloading control panel is powered off by
placing the “On-Off” circuit breaker located in Panelboard “LF” to the “Off”
position.
Alternate Operation

There is no alternate operation of the truck unloading station.
5.2.2.6

Power Failure

In the event of power failure, the truck unloading station will function as normal but without the
tank level monitoring and alarms provided by the truck unloading panel and the individual tank
level transmitters. Operators can monitor the tank level with the site gauge located on each
Chemical Storage Tank.
5.2.3

Sodium Hypochlorite Chemical Feed Units Nos. 1-4

5.2.3.1

Introduction

There are four liquid V-notch feeders used to feed sodium hypochlorite for disinfection into three
feed points. One of the feeders is a standby unit and can be placed into service to feed into
each of the three feed points. The motive (energy) for the flow through the feeders is provided
by the chemical induction units (Water Champs) located at each feed point. The Water Champs
induce a vacuum on the feed line between the feed point and the vacuum regulator located
inside the V-notch feeder. Chemical flow through the feeder is precisely controlled with a Vnotch control valve that can be adjusted manually or by the feeders control unit located on the
face of the feeder.
The volumetric feed rate through the feeder can be observed through the feeder’s glass tube
rotometer or on the digital readout of the feeder’s controller. The rotometer includes gradations
of the percent of the feeder’s capacity. The digital readout on the controller displays the feed
rate in gallons per hour (gph).
The Sodium Hypochlorite Chemical Feed Units receive 120 volt, single phase, electrical power
from Panelboard LF located in the Disinfection Feed Building.
5.2.3.2

Start-up Procedures
1.

Place the “On-Off” circuit breakers located on Panelboard LF for the Chemical
Feeders to the “On” position. During normal operation, these switches are
always in the “On” position and only require occasional checking to ensure that it
has not tripped.

2.

Ensure that there is sufficient chemical in the storage tanks. Order more sodium
hypchlorite if the liquid level is below 10 ft.

3.

Ensure that the active Sodium Hypochlorite Bulk Storage Tank valve is open and
available to the sodium hypochlorite feeder suction header.

4.

Open the supply valve to the feeder.
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5.

Start the Water Champ associated with the chemical feeder to induce the
vacuum at the feeder.

6.

Ensure that the correct feeder discharge valves are open and supplying chemical
to the correct feed point.

7.

Adjust the feeder’s manual positioner (red knob) to achieve 100% indicated flow.

8.

Adjust the manual positioner valve to desired feed rate.

9.

If necessary, perform calibration of local controller located on the face of the
feeder.

10.

Set the local controller to “Remote” control.

Operators can now control the sodium hypochlorite feeders from the local SCADA Operator
Interface Terminal (OIT) on PLC-31000 located in the Disinfection Feed Building in the Re-use
Pump / Microscreen Room or from a remote SCADA OIT.
11.

On the SCADA OIT, pull up the Overview screen, as shown on Figure No. 5-8.

12.

Ensure plant flowrates are being indicated by the SCADA system for both Train 1
and Train 2 with the following steps. The individual Train flowrates are
necessary for any “Auto Control” modes of the feeders.
a.
b.
c.

d.

Select the “Train 1” portion of the screen to pull up the Train 1 screen, as
shown on Figure No. 5-9.
Select the fields below “Clarifiers Online 1-4” and “Clarifiers Online 5-6”
and enter the correct number of Train 1 final clarifiers that are in service.
Select the “Train 2” tab at the bottom of the screen to enter the Train 2
screen, as shown in Figure No. 5-10. A flowrate for Basin 1 Flow and
Basin 2 flow should have a measured value.
Select the ‘Overview’ tab to return to the Overview screen, as shown in
Figure No. 5-8.

13.

Select the “Chemical Feeders” tab from bottom of the Overview screen to open
the Chemical Feeders screen, as shown in Figure No. 5-11.

14.

Select the individual sodium hypochlorite feeder on the screen to open the
Feeder pop-up screen, as shown in Figure No. 5-12.

15.

On the feeder pop-up screen, place the feeder in the “Start” position.

16.

Place the control mode of the feeder to the “Auto Paced” mode of operation and
then press the “Select” button.

17.

Place the control mode of the feeder to the “Strantrol Paced” mode of operation
and then press the “Select” button. Please note that Figure No. 5-12 shows the
chemical feeder in the “Auto Paced” and “Flow Paced” mode of operation. This
is because the screen shot taken for this manual was collected at start-up.
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FIGURE NO. 5-8 – DISINFECTION SYSTEM OVERVIEW SCREEN

FIGURE NO. 5-9 – TRAIN 1 SCREEN
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FIGURE NO. 5-10 – TRAIN 2 SCREEN
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FIGURE NO. 5-11 – CHEMICAL FEEDERS SCREEN
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FIGURE NO. 5-12 – SODIUM HYPOCHLORITE FEEDER POP-UP SCREEN

5.2.3.3

Normal Operation

During normal operation the feeder controller will be set in “Remote” and the control mode set to
“Auto Paced” and “Strantrol Paced”. In this mode of operation, the feeder is automatically
paced to achieve a disinfection level near the influent of the chlorine contact basin. This level of
disinfection is measured with an ORP probe at the influent end of the chlorine contact tank. The
chlorine residual is also monitored at the end of the chlorine contact tank using another probe
and that signal will automatically take control of the automatic pacing if the residual drops below
a setpoint. The setpoint ORP level should be adjusted such that the chlorine residual measured
at the end of the chlorine contact tank is approximately to 1 mg/L.
The desired ORP setpoint must be entered into the Strantrol 960 unit located in the Disinfection
Feed Room.
The ORP setpoint has been preset as determined by historical ORP
measurements during successful disinfection operation. Therefore, careful consideration must
be made before adjusting the ORP setpoint.
Each of the three sodium hypochlorite feeders is equipped with rotometers having a feed rate
capacity of up to 53 gph. The reliable turndown for each feeder is approximately 10:1, thereby
making the low range of the feeders 5.3 gph.
During operation, the feed rate displayed on the rotometer and on the controller must be
monitored periodically to ensure the feeder is functioning correctly and delivering the
appropriate feed rate.
5.2.3.4

5.2.3.5

Shutdown Procedures
1.

Avoid trapping of sodium hypochlorite in the feeder or between closed valves.

2.

For short-term shutdown, pull up the Chemical Feeder pop-up screen and place
the feeder in the ‘Stop’ position.

3.

The feeder can also be stopped at the feeder by disengaging the motor operated
V-notch control valve (pull out red knob on face of feeder) and manually turning
the control valve closed to 0% output. The inlet valve to the feeder shall remain
open to avoid trapping hypochlorite between the inlet valve and V-notch.

4.

For long-term shutdown of feeder, flush feeder with water and close inlet and
outlet valves. Place the “On-Off” circuit breaker located on Panalboard LF for the
chemical feeder in the “Off” position.
Alternate Operation

The feeders can be operated in two alternate operational modes: automatic pacing based on
flowrate and manual operation.
To operate a feeder automatically based on flowrate, open the Chemical Feeder pop-up screen
located on the SCADA OIT, as previously shown on Figure No. 5-12. Set the control mode to
“Auto Paced” and “Flow Paced”. Enter the desired dosage setpoint of chlorine in parts per
million (ppm) by selecting the field located under “Flow Paced Dosage SP” and entering the
dosage from the pop-up number pad.
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An appropriate dosage setpoint shall be entered to provide approximately 1.0 to 1.5 mg/L (ppm)
of chlorine residual at the effluent of the chlorine contact basins. This dosage value will typically
be 2-4 mg/L (ppm). Operators can monitor the chlorine residual by looking at the readings from
the chlorine residual probe at the effluent of the chlorine contact tanks from the Train 1 and
Train 2 screens, as previously shown on Figure Nos. 5-9 and 5-10.
Table No. 5-1 is provided to assist the Operators in selecting the appropriate dosage setpoint.
To use this table, select the desired chlorine residual dose to be fed at the feed point and find
the column associated with that residual. Then, determine the process flowrate at the feed point
and find the row associated with that flowrate. The common row and column in the table gives
the feed rate in gal/hr and the percent speed (%) of the sodium hypochlorite feeders. For
example, if the flowrate from Train 1/Clarifier Nos. 1-4 is 8 mgd, and the desired chlorine dose is
3 mg/L, the feed rate for the NaOCL feeder No. 2 should be set to feed approximately 12 gal/hr.
TABLE NO. 5-1
SODIUM HYPOCHLORITE FEED RATE

10% Sodium Hypochlorite Feed Rate (gal/hr)
[% of 53 gal/hr Feeder]

Process
Flowrate
(mgd)

Chlorine Residual
0.5 mg/L 1.0 mg/L 1.5 mg/L 2.0 mg/L 2.5 mg/L 3.0 mg/L 3.5 mg/L 4.0 mg/L 4.5 mg/L 5.0 mg/L

5
10
15
20
25
30
35
40
45
50

1.05

2.09

3.14

4.19

5.23

6.28

7.33

8.37

9.42

10.47

2.0%

3.9%

5.9%

2.09

4.19

6.28

7.9%

9.9%

11.8%

13.8%

15.8%

17.8%

19.7%

8.37

10.47

12.56

14.65

16.75

18.84

20.93

3.9%

7.9%

11.8%

15.8%

19.7%

23.7%

27.6%

31.6%

35.5%

39.5%

3.14

6.28

9.42

12.56

15.70

18.84

21.98

25.12

28.26

31.40

5.9%

11.8%

17.8%

23.7%

29.6%

35.5%

41.5%

47.4%

53.3%

59.2%

4.19

8.37

12.56

16.75

20.93

25.12

29.31

33.49

37.68

41.87

7.9%

15.8%

23.7%

31.6%

39.5%

47.4%

55.3%

63.2%

71.1%

79.0%

5.23

10.47

15.70

20.93

26.17

31.40

36.63

41.87

47.10

52.33

9.9%

19.7%

29.6%

39.5%

49.4%

59.2%

69.1%

79.0%

88.9%

98.7%

6.28

12.56

18.84

25.12

31.40

37.68

43.96

50.24

56.52

62.80

11.8%

23.7%

35.5%

47.4%

59.2%

71.1%

82.9%

94.8%

106.6%

118.5%

7.33

14.65

21.98

29.31

36.63

43.96

51.29

58.61

65.94

73.27

13.8%

27.6%

41.5%

55.3%

69.1%

82.9%

96.8%

110.6%

124.4%

138.2%

8.37

16.75

25.12

33.49

41.87

50.24

58.61

66.99

75.36

83.73

15.8%

31.6%

47.4%

63.2%

79.0%

94.8%

110.6%

126.4%

142.2%

158.0%

9.42

18.84

28.26

37.68

47.10

56.52

65.94

75.36

84.78

94.20

17.8%

35.5%

53.3%

71.1%

88.9%

106.6%

124.4%

142.2%

160.0%

177.7%

10.47

20.93

31.40

41.87

52.33

62.80

73.27

83.73

94.20

104.67

19.7%

39.5%

59.2%

79.0%

98.7%

118.5%

138.2%

158.0%

177.7%

197.5%

5-16
L:\Columbia Operations Manual-Chap 5

The actual feed rates will vary slightly depending on the level of sodium hypochlorite
degradation. The feed rate chart above is based on the following sodium hypochlorite chemical
characteristics:
Trade % of NaOCl
=
10%
NaOCl solution concentration by weight
=
0.09
NaOCl solution specific gravity
=
1.15
Chemical density of NaOCl solution
=
0.83 lbs Cl2/gal
Equations used in this chart to determine the sodium hypochlorite feed rates are as follows:
Dry Feed rate (lbs/day) = Dose (mg/L) x Flow (MGD) x 8.34 (lbs/gal)
Volumetric Feed Rate (gal/hr) = Dry Feed Rate (lbs/day) / Chemical Density (lbs/gal) / 24 hrs/d
The feeders can be operated manually either through the SCADA OIT or locally at the feeder.
To operate the feeder manually through the OIT, open the Chemical Feeder pop-up screen
(Figure No. 5-12). Select the control mode to “Manual Speed”. Place feeder in the “Manual
Speed” control mode. Select the “Manual Speed” field located on the left side of the screen and
enter the desired feeder rate as a % of the feeder capacity (0-100%) with 100% being 53 gal/hr.
To operate the feeder manually at the feeder, place the local feeder controller in the manual
control mode. The feeder output in gal/hr can be increased or decreased by selecting the
output up or down arrows. The controller will adjust the V-notch control valve accordingly. The
V-notch control valve can be disengaged from its motor by pulling out the red knob located on
the face of the feeder. With the motor disengaged, the control valve can be manually adjusted
with the red knob. In this mode of operation the V-notch control valve will not change until the
Operator makes an adjustment.
5.2.3.6

Alarm Conditions

The rotometer on each feeder is equipped with a low flow and high flow alarm. These alarm
setpoints are manually adjusted on the rotometer and output through the feeder’s controller to
alarm on the SCADA system.
An alarm condition is also generated when the motor operator for the V-notch control valve is
disengaged (red knob pulled out). When the motor operator is disengaged, the feed rate cannot
be controlled with the feeder’s local controller or remotely with the SCADA system. It can only
be controlled manually by turning the red knob.
5.2.3.7

Power Failure

If there is a power failure auto control of the feeders will stop. If the Water Champ associated
with the feeder is not functioning, the feed rate through the feeder will stop. If the Water Champ
is functional but the power is off at the feeder, the feeder can function in a manual control mode
using the control valve (red knob) located on the feeder.
5.2.4

Sodium Bisulfite Chemical Feed Units Nos. 1-2

5.2.4.1

Introduction

There are two liquid V-notch feeders used to feed sodium bisulfite for dechlorination into the
feed point located at the Dechlorination Structure. Either feeder can serve as an active or
standby unit. The motive for the chemical flow through the feeders is provided by a Chemical
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Induction Unit (Water Champs) located at the feed point. The Water Champ induces a vacuum
on the feed line between the feed point and the vacuum regulator located inside the V-notch
feeder. Chemical flow through the feeder is precisely controlled with a V-notch control valve
that can be adjusted manually or by the feeders control unit located on the face of the feeder.
The volumetric feed rate through the feeder can be observed through the feeder’s glass tube
rotometer or on the digital readout of the feeder’s controller. The rotometer includes gradations
of the percent of the feeder’s capacity. The digital readout on the controller displays the feed
rate in gallons per hour (gph).
The Sodium Bisulfite Chemical Feed Units receive 120 volt, single phase, electrical power from
Panelboard LF located in the Disinfection Feed Building.
5.2.4.2

Start-up Procedures
1.

Place the “On-Off” circuit breaker located on Panelboard LF for the chemical
feeder to the “On” position. During normal operation, this switch is always in the
“On” position and only requires occasional checking to ensure that it has not
tripped.

2.

Ensure that there is sufficient chemical in the storage tank. Order more sodium
bisulfite if the liquid level is below 10 ft.

3.

Ensure that the Sodium Bisulfite Bulk Storage Tank valve is open and available
to the feeder suction header.

4.

Open the supply valve to the active feeder.

5.

Start the Water Champ associated with the chemical feeder to induce the
vacuum at the feeder.

6.

Ensure that the correct feeder discharge valve is open and supplying chemical to
the feed line.

7.

Adjust the feeder’s manual positioner (red knob) to achieve 100% indicated flow.

8.

Adjust the manual positioner valve to desired feed rate.

9.

If necessary, perform calibration of local controller located on the face of the
feeder.

10.

Set the local controller to Remote control.

Operators can now control the sodium bisulfite feeders from the local SCADA Operator
Interface Panel on PLC-31000 located in the Disinfection Feed Building in the Re-use Pump /
Microscreen Room or from a remote SCADA Operator Interface Terminal (OIT).
11.

On the SCADA OIT, pull up the Overview screen, as previously shown on Figure
No. 5-8.
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5.2.4.3

12.

Select the “Chemical Feeders” tab from bottom of the Overview screen to open
the Chemical Feeders screen, as previously shown on Figure No. 5-11.

13.

Select the individual sodium bisulfite feeder on the screen to open the Feeder
pop-up screen, as shown on Figure No. 5-13.

14.

On the feeder pop-up screen, place the feeder in the “Start” position.

15.

Place the control mode for the feeder to the “Auto Paced” mode of operation and
place press the “Select” button. Please note Figure No. 5-13 shows the chemical
feeder in the “Manual Speed” mode of operation. This is because the screen
show taken for this manual was collected at start-up.
Normal Operation

During normal operation the feeder controller will be set in “Remote” and the control mode set to
“Auto Paced”. In this mode of operation, the feeder is automatically paced based on the plant
effluent flowrate and an Operator input dosage setpoint. An appropriate dosage setpoint shall
be entered to dechlorinate the effluent flow based on the chlorine residual monitored at the
effluent of the chlorine contact tanks. The dosage setpoint can be entered into SCADA OIT by
opening the Chemical Feeder Pop-up Screen, as previously shown on Figure No. 5-13.
Table No. 5-2 is provided to assist the Operators in selecting the appropriate dosage setpoint.
To use this table, determine the chlorine residual at the end of the chlorine contact tanks. The
chlorine residual is monitored at the end of the chlorine contact tanks and is displayed on the
Train 1 and Train 2 OIT screens, as previously shown in Figure Nos. 5-9 and 5-10. Use the
chlorine residual value for dechlorination to select the appropriate column in the table. Then,
using the plant effluent flowrate, select the corresponding row in the table. The common row
and column in the table gives the sodium bisulfite feed rate in gal/hr and the percent speed of
the feeder (%). For example if the effluent flowrate is 40 mgd, and the chlorine residual to
dechlorinate is 1.5 mg/L, then the sodium bisulfite feed rate is 7.58 gal/hr with the 29 gal/hr
feeder set on 23% speed.
Equations used on Table No. 5-2 are used to determine the sodium hypochlorite feed rates are
as follows:
Dry Feed rate (lbs/day) = Dose (mg/L) x Flow (mgd) x 8.34 (lbs/gal)
Volumetric Feed Rate (gal/hr) = Dry Feed Rate (lbs/day) / Chemical Density (lbs/gal) / 24 hrs/d
Each of the two sodium bisulfite feeders is equipped with rotometers with a feed rate capacity of
up to 29 gph. The reliable turndown for this feeder is approximately 10:1, thereby making the
low range of the feeders 2.9 gph.
During operation, the feed rate displayed on the rotometer and on the controller must be
monitored periodically to ensure the feeder is functioning correctly and delivering the
appropriate feed rate.
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FIGURE NO. 5-13 – SODIUM BISULFITE FEEDER POP-UP SCREEN

TABLE NO. 5-2
SODIUM BISULFITE FEED RATE

40% Sodium Bisulfite Feed Rate (gal/hr)
[% of 29 gal/hr Feeder]

Plant
Flowrate
(mgd)

Chlorine Residual
0.5 mg/L 1.0 mg/L 1.5 mg/L 2.0 mg/L 2.5 mg/L 3.0 mg/L 3.5 mg/L 4.0 mg/L 4.5 mg/L 5.0 mg/L

15
20
25
30
35
40
45
50
55
60
65
70
75
80

0.95

1.90

2.84

3.79

4.74

5.69

6.64

7.58

8.53

9.48

3.3%

6.5%

9.8%

13.1%

16.3%

19.6%

22.9%

26.2%

29.4%

32.7%

1.26

2.53

3.79

5.06

6.32

7.58

8.85

10.11

11.38

12.64

4.4%

8.7%

13.1%

17.4%

21.8%

26.2%

30.5%

34.9%

39.2%

43.6%

1.58

3.16

4.74

6.32

7.90

9.48

11.06

12.64

14.22

15.80

5.4%

10.9%

16.3%

21.8%

27.2%

32.7%

38.1%

43.6%

49.0%

54.5%

1.90

3.79

5.69

7.58

9.48

11.38

13.27

15.17

17.06

18.96

6.5%

13.1%

19.6%

26.2%

32.7%

39.2%

45.8%

52.3%

58.8%

65.4%

2.21

4.42

6.64

8.85

11.06

13.27

15.48

17.70

19.91

22.12

7.6%

15.3%

22.9%

30.5%

38.1%

45.8%

53.4%

61.0%

68.6%

76.3%

2.53

5.06

7.58

10.11

12.64

15.17

17.70

20.22

22.75

25.28

8.7%

17.4%

26.2%

34.9%

43.6%

52.3%

61.0%

69.7%

78.5%

87.2%

2.84

5.69

8.53

11.38

14.22

17.06

19.91

22.75

25.60

28.44

9.8%

19.6%

29.4%

39.2%

49.0%

58.8%

68.6%

78.5%

88.3%

98.1%

3.16

6.32

9.48

12.64

15.80

18.96

22.12

25.28

28.44

31.60

10.9%

21.8%

32.7%

43.6%

54.5%

65.4%

76.3%

87.2%

98.1%

109.0%

3.48

6.95

10.43

13.90

17.38

20.86

24.33

27.81

31.28

34.76

12.0%

24.0%

36.0%

47.9%

59.9%

71.9%

83.9%

95.9%

107.9%

119.9%

3.79

7.58

11.38

15.17

18.96

22.75

26.54

30.34

34.13

37.92

13.1%

26.2%

39.2%

52.3%

65.4%

78.5%

91.5%

104.6%

117.7%

130.8%

4.11

8.22

12.32

16.43

20.54

24.65

28.76

32.86

36.97

41.08

14.2%

28.3%

42.5%

56.7%

70.8%

85.0%

99.2%

113.3%

127.5%

141.7%

4.42

8.85

13.27

17.70

22.12

26.54

30.97

35.39

39.82

44.24

15.3%

30.5%

45.8%

61.0%

76.3%

91.5%

106.8%

122.0%

137.3%

152.6%

4.74

9.48

14.22

18.96

23.70

28.44

33.18

37.92

42.66

47.40

16.3%

32.7%

49.0%

65.4%

81.7%

98.1%

114.4%

130.8%

147.1%

163.4%

5.06

10.11

15.17

20.22

25.28

30.34

35.39

40.45

45.50

50.56

17.4%

34.9%

52.3%

69.7%

87.2%

104.6%

122.0%

139.5%

156.9%

174.3%

The feed rate chart above is based on the following sodium bisulfite chemical characteristics:
NaHSO3 solution concentration by weight (typ)
=
40%
NaHSO3 solution specific gravity
=
1.34
SO2 Equivalent of NaHSO3 solution by weight
=
24.6 %
SO2 Equivalent in lbs/gal of NaSO3 solution
=
2.75 lbs/gal
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5.2.4.4

5.2.4.5

Shutdown Procedures
1.

For a short-term shutdown, pull up the Chemical Feeder pop-up screen and
place the feeder in the “Stop” position.

2.

The feeder can also be stopped at the feeder by disengaging the motor operated
V-notch control valve (pull out red knob on face of feeder) and manually turning
the control valve closed to 0% output.

3.

For a long-term shutdown of feeder, flush feeder with water and close inlet and
outlet valves. Place the “On-Off” circuit breaker located on Panalboard LF for the
chemical feeder in the “Off” position.
Alternate Operation

The feeders can be operated in manual mode as an alternative. The feeders can be operated
manually either through the SCADA OIT or locally at the feeder. To operate the feeder
manually through the OIT, open the Chemical Feeder pop-up screen, as previously shown on
Figure No. 5-13. Select the control mode to “Manual Speed”. Place feeder in the “Manual
Speed” control mode. Select the “Manual Speed” field located on the left side of the screen and
enter the desired feeder rate as a % of the feeder capacity (0-100%) with 100% being 29 gal/hr.
To operate the feeder manually at the feeder, place the local feeder controller in the manual
control mode. The feeder output in gal/hr can be increased or decreased by selecting the
output up/down arrows. The controller will adjust the V-notch control valve accordingly. The Vnotch control valve can be disengaged from its motor by pulling out the red knob located on the
face of the feeder. With the motor disengaged, the control valve can be manually adjusted with
the red knob. In this mode of operation the V-notch control valve will not change until the
Operator makes an adjustment.
The percent speed or volumetric feed rate can be selected using Table No. 5-2.
5.2.4.6

Alarm Conditions

The rotometer on each feeder is equipped with a low flow and high flow alarm. These alarm
setpoints are manually adjusted on the rotometer and output through the feeder’s controller to
alarm on the SCADA system.
An alarm condition is also generated when the motor operator for the V-notch control valve is
disengaged (red knob pulled out). When the motor operator is disengaged, the feed rate cannot
be controlled with the feeder’s local controller or remotely with the SCADA system. It can only
be controlled manually by turning the red knob.
5.2.4.7

Power Failure

If there is a power failure auto control of the feeders will stop. If the Water Champ associated
with the feeder is not functioning, the feed rate through the feeder will stop. If the Water Champ
is functional but the power if off at the feeder, the feeder can function in a manual control mode
using the control valve (red knob) located on the feeder.
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5.2.5

Sodium Bisulfite Metering Pump Nos. 1-2

5.2.5.1

Introduction

There are two peristaltic metering pumps that were used to temporarily feed sodium bisulfite
during the construction of the liquid V-notch feeders. The metering pumps are available for use
to feed sodium bisulfite as a backup to the V-notch feeders and under conditions where the
Water Champ is out of service. Either metering pump can serve as a “Duty” or “Standby” unit.
The volumetric feed rate of the metering pumps is displayed on the pumps digital controller.
The digital readout on the controller displayed the feed rate in liters per hour (lph). Operators
should note that the metering pump displays its output in liters per hour but the V-notch feeders
display their output in gallons per hour.
The Sodium Bisulfite Metering Pumps receive 120 volt, single phase, electrical power from an
electrical outlet.
5.2.5.2

5.2.5.3

Start-up Procedures
1.

The metering pumps are powered from a standard 120 volt, single phase AC
outlet. Plug the metering pumps in and ensure the outlet is active from
associated breaker panel.

2.

Open the Sodium Bisulfite Bulk Storage Tank valves to the metering pump
suction header.

3.

Open the supply valve to the active feeder.

4.

At the feed point located at the dechlorination structure, close the valve (DFNHS-4) on the feed line to the Water Champ and open the valve (DF-NHS-3) that
feeds the diffuser located prior to the Water Champ, as previously shown on
Figure No. 5-7.

5.

On the metering pump, inspect the tubing and tubing connections for cracks or
inconsistencies. Replace metering pump tubing if needed.

6.

Start the metering pump by selecting “Start” from the face of the metering pump
controller.

7.

Inspect the metering pump rotation and verify the pump is rotating into the
discharge piping.

8.

Adjust the feed rate manually using the up and down arrows located on the
metering pump controller.
Normal Operation

During normal operation, the Metering Pump is operated in the “Local / Manual” control mode of
operation. There is no remote control or automatic control available for the metering pumps.
The normal feed point for sodium bisulfite using the metering pumps is into the diffuser located
below the water champ at the dechlorination structure.
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Table No. 5-3 is provided to assist the operator in selecting the appropriate dosage setpoint in
Liters per hour (lph). To use this table, determine the chlorine residual at the end of the chlorine
contact tanks. The chlorine residual is monitored at the end of the chlorine contact tanks and is
displayed on the Train 1 and Train 2 OIT screens, as previously shown on Figure Nos. 5-9 and
5-10. Use the chlorine residual value for dechlorination to select the appropriate column in the
table. Then, using the plant effluent flowrate, select the corresponding row in the table. The
common row and column in the table gives the sodium bisulfite feed rate in liters/hr (1/hr) and
the percent speed of the feeder (%). For example, if the effluent flowrate is 40 mgd, and the
chlorine residual to dechlorinate is 1.5 mg/L, then the sodium bisulfite feed rate is 28.7 liters/hr.

TABLE NO. 5-3
SODIUM BISULFITE FEED RATE IN LITERS PER HOUR

Sodium Bisulfite Feed Rate (l/hr)

Plant
Flowrate
(mgd)

Chlorine Residual
0.5 mg/L 1.0 mg/L 1.5 mg/L 2.0 mg/L 2.5 mg/L 3.0 mg/L 3.5 mg/L 4.0 mg/L 4.5 mg/L 5.0 mg/L

15

3.59

7.18

10.77

14.35

17.94

21.53

25.12

28.71

32.30

35.89

20

4.78

9.57

14.35

19.14

23.92

28.71

33.49

38.28

43.06

47.85

25

5.98

11.96

17.94

23.92

29.90

35.89

41.87

47.85

53.83

59.81

30

7.18

14.35

21.53

28.71

35.89

43.06

50.24

57.42

64.59

71.77

35

8.37

16.75

25.12

33.49

41.87

50.24

58.61

66.99

75.36

83.73

40

9.57

19.14

28.71

38.28

47.85

57.42

66.99

76.56

86.13

95.70

45

10.77

21.53

32.30

43.06

53.83

64.59

75.36

86.13

96.89

107.66

50

11.96

23.92

35.89

47.85

59.81

71.77

83.73

95.70

107.66

119.62

55

13.16

26.32

39.47

52.63

65.79

78.95

92.11

105.26

118.42

131.58

60

14.35

28.71

43.06

57.42

71.77

86.13

100.48

114.83

129.19

143.54

65

15.55

31.10

46.65

62.20

77.75

93.30

108.85

124.40

139.95

155.50

70

16.75

33.49

50.24

66.99

83.73

100.48

117.23

133.97

150.72

167.47

75

17.94

35.89

53.83

71.77

89.71

107.66

125.60

143.54

161.49

179.43

80

19.14

38.28

57.42

76.56

95.70

114.83

133.97

153.11

172.25

191.39

The feed rate chart above is based on the following sodium bisulfite chemical characteristics:
NaHSO3 solution concentration by weight (typ)
=
40%
NaHSO3 solution specific gravity
=
1.34
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SO2 Equivalent of NaHSO3 solution by weight
SO2 Equivalent in lbs/gal of NaSO3 solution
1 gallon = 3.785 liters
5.2.5.4

=
=

24.6 %
2.75 lbs/gal

Shutdown Procedures

1. For a short-term shutdown, press the “Stop” button on the metering pump controller.
2. For a long-term shutdown, flush the pump and piping system with water and close the
inlet and outlet valves and unplug the feed pump from the AC outlet.
5.2.5.5

Alternate Operation

The metering pumps can be used to feed into a second diffuser located downstream of the
Parshall flume meter on the effluent structure. This scenario only occurs if the Parshall flume is
taken off-line and the flow from both trains is diverted through a sluice gate located downstream
of the flume. To feed into this alternate diffuser, the valve on the feed line (DF-NHS-5 and DFNHS-6) to this diffuser must be opened and the valve on the feed line to the water champ (DFNHS-2) and diffuser located prior to the water champ must be closed, as previously shown on
Figure No. 5-7.
5.2.5.6

Alarm Conditions

There are no alarm conditions associated with the metering pumps.
5.2.5.7

Power Failure

In the event of a power failure, the metering pumps will stop feeding chemical. Once the power
is restored, the metering pumps must be restarted by selecting the “Start” button on the pump
controller.
5.2.6

Sodium Hypochlorite Chemical Induction Unit Nos. 1-3 (Water Champ)

5.2.6.1

Introduction

There are three active Chemical Induction Units (Water Champs) used to feed sodium
hypochlorite. Two units are located in the Train 1 Splitter Box that feeds the Train 1 Chlorine
Contact Tanks. One unit is located in the Train 2 Splitter Box that feeds sodium hypochlorite to
the Train 2 Chlorine Contact Tanks. The Water Champs are designed to be submerged in the
liquid being treated and requires no priming. The Water Champs serve as the chemical feed
mixers and as the motive for pulling the chemical to the feed point.
The Sodium Hypochlorite Chemical Induction Units are each driven by a 10 Hp motor that
receive 480 volt, three phase, electrical power from Panelboard HF located in the Disinfection
Feed Building.
5.2.6.2

Start-up Procedures
A.

Initital Start-up
1.

Check all electrical wiring to ensure proper electrical installation.
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B.

2.

Check for correct primary voltage.

3.

Place the “On-Off” circuit breaker located on Panelboard HF for each
Sodium Hypochlorite Chemical Induction Unit to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

4.

Place the “On-Off” disconnect switch located on each local Chemical
Induction Panel to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not been turned off.

5.

Place the “Hand-Off-Auto” selector switch on the local Control Panel to
the “Off” position.

6.

Make sure chemical shut-off valve to the unit is turned “Off”.

7.

Raise the Water Champ unit to top of its guide rail assembly.

8.

Inspect vacuum hose assembly for proper installation.

9.

Check the fluid level in the submersible unit.

10.

Lower unit into operating position. IMPORTANT: The motor must be
completely submerged when running.

11.

Remove excess slack in power cable and secure the Kellum Grip
supplied with the unit.

12.

Start Water Champ by placing the “Hand-Off-Auto” selector switch
located on the local Control Panel next to each unit to the “Hand” position.

13.

Disconnect the vacuum line at shut-off valve and check for vacuum.
Confirmation of vacuum indicates correct rotation of the unit. Once
determined that the vacuum is present, reconnect vacuum line to shut-off
valve. IMPORTANT: Follow all safety procedures prior to disconnecting
the vacuum line to avoid exposure to chlorine gas.

14.

Open chemical feed shut-off valve.

Normal Start-up
1.

Ensure that the chemical feeders are operational.

2.

Place the “On-Off” circuit breaker located on Panelboard HF for each
Sodium Hypochlorite Chemical Induction Unit to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.
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5.2.6.3

3.

Place the “Hand-Off-Auto” selector switch located on the local Control
Panel for each Chemical Induction Unit to the “Hand” position. In the
“Off” position, the Chemical Induction Unit will not operate. In the “Auto”
position, the Chemical Induction Unit can be operated from SCADA.

4.

Open the chemical feed valve to each Chemical Induction Unit.

Normal Operation

During normal operation, the Water Champ runs continuously. Normal operation will be with the
unit operated manually in the “Hand” position. The unit should not be turned off unless it is
being taken out of service for inspection or maintenance.
The unit must be running to feed chemicals. Operators must periodically observe that the unit is
running. The operational status of each unit can be monitored on the SCADA system. To
access the unit’s operational screen, open the Train 1 or Train 2 screen (Figure Nos. 5-9 or 510) and select the Water Champ unit located in the Splitter Box to open the Water Champ popup screen, as shown on Figure No. 5-14.
5.2.6.4

Shutdown Procedures
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch located on
the local Control Panel to the “Off” position.

2.

For a long-term shutdown, first close the chemical feed valve at the induction
unit. Wait 30 seconds to evacuate the liquid chemical from the feed line. Place
the “Hand-Off-Auto” selector switch located on the local Control Panel to the “Off”
position. In addition, place the “On-Off” circuit breaker on Panelboard HF to the
“Off” position.

The long term storage requirements below are provided to ensure satisfactory and trouble free
operation following an extended storage period. These requirements pertain primarily to the
electric motor. The lower end of the Water Champ does not require any special storage
conditions.
1.

Store in heated dry area. Temperatures during storage should not exceed 150°F
maximum or 50°F minimum and a maximum relative humidity of 60%.

2.

Area is to be free from any shock or vibration of 2 mils maximum at 60 hz.

3.

Keep motor covered with plastic cover but do not seal as this traps moisture.

4.

Store motor off the floor to reduce moisture pick up.

5.

Once a month the shaft and propeller should be rotated counterclockwise
(looking at propeller end of unit) 10 times to ensure proper operation of bearings.
The motor is equipped with carbon sleeve bearing and does not require grease
packing.

6.

If possible, run motor monthly without load for approximately 10 minutes.
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FIGURE NO. 5-14 – INDUCTION UNIT POP-UP SCREEN

5.2.6.5

Alternate Operation

An alternate mode of operation for the Sodium Hypochlorite Induction Units would be to control
them from SCADA. To control the unit from SCADA the “Hand-Off-Auto” selector switch located
on the local Control Panel must be in the “Auto” position. The operator can pull up the Induction
Unit pop-up display on SCADA and place the unit in “Manual” and enter that selection by
pressing the “Select” button. The Chemical Induction Unit can now be controlled on SCADA
using the “Start” and “Stop” buttons.
5.2.6.6

Alarm Conditions

If the unit stops for an unintended reason, the SCADA system will trigger an alarm. The unit will
also alarm on high voltage or low voltage.
5.2.6.7

Power Failure

If there is a power failure, the Chemical Induction Units will stop. After the utility power is
restored, then the Chemical Induction Units will automatically come back on line.
5.2.7

Sodium Bisulfite Chemical Induction Unit No. 1 (Water Champ)

5.2.7.1

Introduction

There is one Chemical Induction Unit (Water Champs) used to feed sodium bisulfite in at the
dechlorination structure, as previously shown on Figure No. 5-7. The Water Champ is designed
to be submerged in the liquid being treated and requires no priming. The Water Champ serves
as the chemical feed mixer and as the motive for pulling the chemical to the feed point.
The Sodium Bisulfite Chemical Induction Units are each driven by a 10 Hp motor that receive
480 volt, three phase, electrical power from Panelboard HF located in the Disinfection Feed
Building.
5.2.7.2

Start-up Procedures
A.

Initial Start-up
1.

Check all electrical wiring to ensure proper electrical installation.

2.

Check for correct primary voltage.

3.

Place the “On-Off” disconnect switch located on each local Chemical
Induction Panel to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.

4.

Place the “On-Off” circuit breaker located on Panelboard HF for the
Sodium Bisulfite Chemical Induction Unit to the “On” position. During
normal operation, this switch is always in the “On” position and only
requires occasional checking to ensure that it has not tripped.
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B.

5.2.7.3

5.

Place the “Hand-Off-Auto” selector switch on the local Control Panel to
the “Off” position.

6.

Make sure chemical shut-off valve to the unit is turned “Off”.

7.

Raise Water Champ unit to top of its guide rail assembly.

8.

Inspect vacuum hose assembly.

9.

Check fluid level in submersible unit.

10.

Lower unit into operating position. IMPORTANT: Motor must be
completely submerged when running.

11.

Remove excess slack in power cable and secure the Kellum Grip
supplied with the unit.

12.

Start Water Champ by placing the “Hand-Off-Auto” selector switch on the
local Control Panel to the “Hand” position.

13.

Disconnect the vacuum line at the shut-off valve and check for vacuum.
Confirmation of vacuum indicates correct rotation of the unit. Once
determined that the vacuum is present, reconnect vacuum line to shut-off
valve. IMPORTANT: Follow all safety procedures prior to disconnecting
the vacuum line to avoid exposure to gas.

14.

Open chemical feed shut-off valve.

Normal Start-up
1.

Ensure that the chemical feeder is operational.

2.

Place the “On-Off” circuit breaker located on Panelboard HF for the
Sodium Bisulfite Chemical Induction Unit to the “On” position. During
normal operation, this switch is always in the “On” position and only
requires occasional checking to ensure that it has not tripped.

3.

Place the “Hand-Off-Auto” selector switch located on the Local Control
Panel for the Chemical Induction Unit to the “Hand” position. In the “Off”
position, the Chemical Induction Unit will not operate. In the “Auto”
position, the Chemical Induction Unit can be operated from SCADA.

4.

Open the chemical feed valve to the Chemical Induction Unit.

Normal Operation

During normal operation, the Water Champ runs continuously. Normal operation will be with the
unit operated manually in the “Hand” position. The unit should not be turned off unless it is
being taken out of service for inspection or maintenance.
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The unit must be running to feed chemical. Operators shall periodically observe the unit
running. Each unit’s operational status can be monitored on the SCADA system. To access the
unit’s operational screen from the SCADA OIT, open the Disinfection Overview screen, as
previously shown on Figure No. 5-8 and select the Effluent Flume tab. On the Effluent Flume
screen, as shown on Figure No. 5-15, select the Water Champ graphic to open the
dechlorinator Water Champ Pop-up screen, as shown on Figure No. 5-16.
5.2.7.4

Shutdown Procedures
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch located on
the local Control Panel to the “Off” position.

2.

For a long-term shutdown, first close the chemical feed valve at the induction
unit. Wait 30 seconds to evacuate the liquid chemical from the feed line. Place
the “Hand-Off-Auto” selector switch located on the local Control Panel to the “Off”
position. In addition, place the “On-Off” circuit breaker on Panelboard HF to the
“Off” position.

The long term storage requirements below are provided to ensure satisfactory and trouble free
operation following an extended storage period. These requirements pertain primarily to the
electric motor. The lower end of the Water Champ does not require any special storage
conditions.

5.2.7.5

1.

Store in heated dry area. Temperatures during storage should not exceed 150°F
maximum or 50°F minimum and a maximum relative humidity of 60%.

2.

Area is to be free from any shock or vibration of 2 mils maximum at 60 hz.

3.

Keep motor covered with plastic cover but do not seal as this traps moisture.

4.

Store motor off the floor to reduce moisture pick up.

5.

One a month the shaft and propeller should be rotated counterclockwise (looking
at propeller end of unit) 10 times to ensure proper operation of bearings. The
motor is equipped with carbon sleeve bearing and does not require grease
packing.

6.

If possible, run motor monthly without load for approximately 10 minutes.
Alternate Operation

Each can alternatively be operating remotely from the SCADA system. However, there should
rarely be a need to operate the unit remotely.
5.2.7.6

Alarm Conditions

If the unit stops for an unintended reason, the SCADA system will trigger an alarm. The unit will
also alarm on high voltage or low voltage.
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FIGURE NO. 5-15 – EFFLUENT FLUME SCREEN
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FIGURE NO. 5-16 – DECHLORINATOR CHEMICAL INDUCTION UNIT POP-UP SCREEN

5.2.7.7

Power Failure

If there is a power failure, the Chemical Induction Units will stop. After the utility power is
restored, then the Chemical Induction Units will automatically come back on line.
5.2.8

Oxidation Reduction Potential Analyzer Nos. 1 and 2 (ORP Analyzers)

5.2.8.1

Introduction

The disinfection control system uses two ORP Analyzers to provide an auto pacing control
signal to the Sodium Hypochlorite Feeders. These two units are the Strantrol 960 units located
in the Disinfection Feed Building. One of the Strantrol 960 units monitors Train 1 and the other
monitors Train 2. The Strantrol 960 unit for Train 1 receives ORP data from four ORP probes.
These probes are located near the influent of the Train 1 chlorine contact basins. The Strantrol
960 unit for Train 2 received ORP data from two ORP probes. These probes are located near
the influent of the Train 2 chlorine contact basins.
The Oxidation Reduction Potential Analyzers receive 120 volt, single phase, electrical power
from Panelboard LF located in the Disinfection Feed Building.
5.2.8.2

5.2.8.3

Start-up Procedures
1.

Pull the ORP probes located in the chlorine contact tanks for inspection and
cleaning.

2.

Place the “On-Off” circuit breaker located on Panalboard LF for the ORP
Analyzers to the “On” position. During normal operation, this switch is always in
the “On” position and only requires occasional checking to ensure it has not
tripped.

3.

Place the chlorine contact tank selector switch below the Strantrol 960 unit to a
basin that is currently in service.

4.

Verify that the Strantrol 960 unit is receiving the basin ORP signal and flowrate
signal.

5.

Verify the Strantrol 960 unit ORP setpoint.
Normal Operation

The Train 1 Strantrol 960 unit receives ORP signals from either Train 1 Chlorine Contact Tank
Nos. 1 or 2, and from Train 1 Chlorine Contact Tank Nos. 3 or 4. There is a selector switch
located below the Strantrol 960 unit to select Tank No. 1 or 2, and 3 or 4. The switch can be set
on any of the tanks that are in service.
The Train 2 Strantrol 960 unit receives ORP signals from either Train 2 Chlorine Contact Tank
Nos. 1 or 2. A selector switch is located below the Strantrol 960 unit and can be set on either of
the tanks that are in service.
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During normal operation, the Strantrol 960 units monitor the ORP levels in the chlorine contact
tanks and from a setpoint entered in the unit, will provide a pacing signal for the chemical
feeders to reach and maintain this setpoint.
Operators should be aware that the pacing signal adjustments by the Strantrol system are
deliberately made in small increments and only after a time delay. This is to ensure the system
remains steady and does not hunt back and forth.
5.2.8.4

Shutdown Procedures
1.

For a short term shut-down, the ORP analyzers require no special shutdown
procedures.

2.

For long term shut-down of the ORP analyzers, place the “On-Off” circuit breaker
located on Panelboard LF for the associated analyzer in “Off” position.

5.2.8.5

Alternate Operation

There is no alternate operation for the ORP analyzer units.
5.2.8.6

Alarm Conditions

The Strantrol 960 units will provide an alarm condition for the following:
1.

Power failure.

2.

Signal failure from ORP probes.

3.

High/low ORP level.

5.2.8.7

Power Failure

If there is a power failure, the ORP analyzers will stop. After the utility power is restored, then
the ORP analyzers will automatically come back on line.
5.2.9

Non-potable Water Pump Nos. 1-3 (Re-Use Pump Nos. 1-3)

5.2.9.1

Introduction

There are three vertical turbine type pumps used for non-potable water usages throughout the
treatment facility. These pumps are located in the Disinfection Feed Building. They are each
rated at 1,250 gpm at a total dynamic head of 240 ft.
Each pump is driven by a 100 Hp motor that receives 480 volt, three phase, electrical power
from Motor Control Center MCC 1B located next to the pumps in the Re-Use Pump/Microscreen
Room.
5.2.9.2

Start-up Procedures
1.

Ensure that the valves on the discharge side of the pumps are open.
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2.

Ensure that the seal water system is ready for operation.

3.

Place the “On-Off” circuit breaker located on Motor Control Center MCC 1B for
each Non-potable Water Pump to the “On” position. During normal operation,
these switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.

4.

Place the “Auto-Off-Man” selector switch located on Motor Control Center MCC
1B for each in-service pump to the “Man” position. In the “Off” position, the pump
will not operate. The “Auto” position does not function at this time.

5.2.9.3

Normal Operation

During normal operation, the “Duty” non-potable water pumps are in the “Manual” mode of
operation. Typically, one pump will be operated supplying non-potable water for the treatment
facility. The pump is driven by a constant speed motor so the pump output will be fairly
constant. Each pump will discharge approximately 1,250 gpm depending upon the discharge
head and the water demand. The plant personnel typically maintain the pressure within the
non-potable water system at 75 psig. The non-potable water system pressure is measured by a
pressure sensor located in the header on the discharge side of the pumps. The pressure is
transmitted to the SCADA system, so the Operators can monitor the non-potable water pressure
from various locations throughout the plant. If the pressure falls below 75 psig, then the
Operators must go to the Disinfection Feed Building and start a second pump by placing the
pump in the “Manual” mode of operation. Once the water demand is reduced and the system
pressure exceeds 75 psig, then the second non-potable water pump needs to be stopped.
Since this is a manually operated system, the Operators must frequently monitor the system
pressure to ensure that the non-potable water system pressure remains at approximately 75
psig. The status of the non-potable water pumps and the pump discharge pressure can be
monitored remotely on the SCADA system from the Re-Use Pump screen, as shown on Figure
No. 5-17. The Re-Use Pump Screen (Figure No. 5-17) can be accessed from the SCADA OIT
panel from Train No. 1 or Train No. 2 Disinfection Overview screen, as previously shown on
Figure Nos. 5-9 or 10.
5.2.9.4

5.2.9.5

Shutdown Procedures
1.

For a short-term shutdown, place the “Auto-Off-Manual” selector switch located
on Motor Control Center MCC 1B to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above and place the “On-Off” circuit
breaker located on Motor Control Center MCC 1B to the “Off” position.
IMPORTANT: If a non-potable water pump is taken out of service, then it is
important that another pump is placed into operation.
Alternate Operation

Since the pumps are only operated in the manual mode of operation, then the only alternate
mode of operation is to place another pump into operation if one pump is taken out of service
due to maintenance or repairs.

5-36
L:\Columbia Operations Manual-Chap 5

5-37

L:\Columbia Operations Manual-Chap 5

FIGURE NO. 5-17 – NON-POTABLE WAER PUMPS STATUS SCREEN

5.2.9.6

Power Failure

If there is a power failure, the non-potable water pumps will stop. After the utility power is
restored, then the non-potable water pumps will automatically come back on line.
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5.3

PROCESS THEORY

5.3.1

Introduction

Neither primary nor secondary methods of wastewater treatment can completely remove from
the wastewater the pathogenic bacteria which are always potentially present in the wastewater.
When effluents are spray irrigated or discharged to bodies of water which are or may be used
as a source of public water supply, or for recreational purposes, treatment for the destruction of
pathogenic organisms is required to minimize the pollution health hazards of these receiving
waters. Such treatment is known as disinfection.
Chlorine is used principally to disinfect wastewater. To be effective, chlorine requires a contact
time of approximately 15 minutes at maximum flow rates at which time there should ordinarily
be a residual of not less than 0.2 to 0.5 mg/L. During these conditions, chlorination of effluent
from secondary and/or tertiary treatment facilities will generally result in more than a 99.9%
reduction in the coliform bacteria in the effluent. Coliform bacteria are not pathogenic bacteria,
but they are used as the indicators of pathogenic bacteria in the standard bacteriological test.
To accomplish disinfection, sufficient chlorine must be added to satisfy the chlorine demand and
leave a chlorine residual. The chlorine demand is defined as the difference between the
amount of chlorine added and the residual after an interval of time. The chlorine demand is a
function of wastewater temperature, pH, characteristic, concentration, and time. The chlorine
that actually accomplishes disinfection is part of the demand. To assure disinfection, chlorine
residuals remaining after a specific time of contact, rather than initial chlorine doses, are made
standards of accomplishment or comparison. The ultimate determination of the effectiveness of
disinfection is the bacteriological analysis of the waste.
The actual disinfection of wastewater by chlorine is accomplished by the breakdown of the
chlorine in water into hypochlorite ions (Ocl) and hypochlorous acid (HOCl). The hypochlorous
acid reacts with the ammonia in the water to form chloramines. It is these three substances that
accomplish disinfection by inhibiting the growth of the pathogenic bacteria.
Hypochlorite compounds are available as liquids or various forms of solids (powder or pellets)
and in a variety of containers or in bulk. The Metro Wastewater Treatment Plant uses liquid
sodium hypochlorite for disinfection purposes. The hypochlorination system consists of storage
tanks, chemical induction units, chemical feed units, and a control system. The vacuum created
by the chemical induction units draws the liquid chemical through the chemical feed unit to the
point of application. A sodium hypochlorite system performs similar to chlorine; however,
sodium hypochlorite is not as concentrated as chlorine.
Sodium hypochlorite is a clear, slightly yellowish solution with a characteristic odor. Sodium
hypochlorite with 12% available chlorine has a relative density of 1.1 to 1.2 and it is unstable.
Sodium hypochlorite degrades with heat, sunlight and other conditions.
5.3.2

Dechlorination

Small quantities of chlorine can be toxic to the aquatic life in the receiving waters. In addition,
organics in the receiving waters can react with chlorine residuals to form trihalomethanes which
are potential carcinogens. To reduce the adverse affect of chlorine toxicity on the aquatic life in
the receiving waters a number of treatment plants have installed dechlorination systems.
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Dechlorination can be accomplished by long detention times, activated carbon or chemical
addition. Most wastewater treatment plants use chemical addition for dechlorination purposes.
The most common chemicals used by wastewater treatment plants for dechlorination are:


Sulfur dioxide



Sodium metabisulfite



Sodium bisulfite

At the Metro Wastewater Treatment Plant sodium bisulfite is used for dechlorination so the
following discussion will focus on controls and hazards of sodium bisulfite.
The plant effluent must be dechlorinated prior to entering the receiving stream. The
dechlorination step is necessary to reduce the toxic effects of the chlorinated effluent on the
aquatic life in the receiving stream. The typical aspects involved with the dechlorination system
include:
1.

A chlorine residual

2.

Sodium bisulfite feed system

3.

Good chemical dispersion

At the Metro Wastewater Treatment Plant liquid sodium bisulfite is fed at a controlled rate using
chemical feed equipment, chemical induction units, and a control system. The vacuum created
by the chemical induction units draws the liquid chemical through the chemical feed unit to the
point of application.
Sodium bisulfite is delivered to the plant as a liquid and stored in a storage tank. Sodium
bisulfite is typically delivered at a concentration of 20-40% solution (equivalent available sulfur
dioxide) with 38% being the normal delivered concentration. Theoretically, it requires 1.46 mg/L
of sodium bisulfite and 1.38 mg/L of alkalinity as CaCO3 are required to remove 1.0 mg/L of
chlorine residual. Typically, it requires a slightly higher dosage rate of 1.6 to 2.0 mg/L per 1.0
mg/L of chlorine due to interferences in the wastewater. The reaction between the sodium
bisulfite and chlorine is almost instantaneous when good mixing is provided at the treatment
plant. Usually a few minutes of detention time are provided to ensure the dechlorination
process will be effective. The chemical reaction of sodium bisulfite (NaHSO3) with the remaining
chlorine in the wastewater is as follows:
NaHSO3 + CL2 + H2O  NaHSO4 + 2HCI
5.3.3

Laboratory Control

Laboratory control of the disinfection process consists of bacteriological analysis and chlorine
residual determination. The effectiveness of the disinfection process is determined by
bacteriological analysis (fecal coliform or ecoli) of the effluent. It has been found that the
maintenance of chlorine residual does not in itself produce an effluent which is disinfected.
However, the chlorine residual provides a quick check of the chlorine content of the effluent
which, compared to past records, will indicate if disinfection is being achieved.
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5.3.4

Formulas

The following formulas and definitions are to help the Operators understand and control the
sodium hypochlorite and sodium bisulfite processes of the plant. The following problems are
concerned with computing:
Sodium Hypochlorite Feed Rate (lbs/day)
Sodium Hypochlorite Feed Rate (gpd)
Sodium Bisulfite Feed Rate (gpd)
Sodium Bisulfite Pump Rate (gpd)
5.3.4.1

Sodium Hypochlorite (Feed Rate (lbs/day)

Sodium hypochlorite is delivered in various concentrations; therefore, this must be taken into
account when determining the quantity of sodium hypochlorite that is to be used for the process.
The following problem shows how that is computed:
Assume:
Plant Flow

=

60 mgd

Chlorine Dosage Rate

=

3 mg/L

Available Chlorine

=

12%

Feed Rate:

=

? lbs/day

Hypochlorite, lbs/day

=

Chlorine, lbs/day
% Available Chlorine/100

=

3 mg/L x 60 mgd x 8.34 lbs/gal
12/100

=

12,510 lbs/day

Find:

5.3.4.2

Sodium Hypochlorite Feed Rate (gpd)

Operators must determine how to feed sodium hypochlorite based on pounds/day and gallons
per day. The previous formula demonstrated how to determine the sodium hypochlorite feed
rate in pounds/day, therefore, this formula will determine how to calculate the sodium
hypochlorite feed rate in gallons per day.
For example, say a plant was dosing chlorine at a rate of 3 mg/L and the plant flow rate was 60
mgd, then how many pounds of chlorine was fed into the system?
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Answer:
Chlorine Feed Rate, lbs/day =

Conc, mg/L x Flow, mgd x 8.34 lbs/gal

=

3 mg/L x 60 mgd x 8.34 lbs/gal

=

1,501 lbs/day as chlorine

Now determine how many gallons per day of sodium hypochlorite is required to meet the
same chlorine demand.
Data:
Plant Flow

=

60 mgd

Chlorine Dosage Rate

=

3 mg/L

Available Chlorine

=

12%

Sodium Hypochlorite Weight =

Sodium Hypochlorite, lbs/day

10 lbs/gal (Specific Gravity 1.2)

=

Conc, mg/L x Flow, mgd x 8.34 lbs/gal
% Available Chlorine/100

=

3 mg/L x 60 mgd x 8.34 lbs/gal
12/100
12,510 lbs/day

=
Sodium Hypochlorite, gpd

5.3.4.3

=

Required Sodium Hypochlorite lbs/day
Sodium Hypochlorite, Wt., lbs/gal

=

12,510 lbs/day
10 lbs/gal

=

1,251 gals/day or 52 gph

Sodium Bisulfite Feed Rate (gpd)

The correct sodium bisulfite must be added to the wastewater to reduce the chlorine remaining
in the wastewater. Theoretically it requires 1.0 to 1.46 mg/L of sodium bisulfite to remove 1
mg/L of chlorine.
Assume:
Chlorine Residual

=

0.9 mg/L

Sodium Bisulfite Assume Req. for the Cl2 Res. =

1.46 mg/L

Plant Flow

60 mgd

=
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Sodium Bisulfite Solution

=

Bisulfite Feed Rate, lbs/day =

38% (avail. NaHSO3)

Conc., mg/L x Flow, mgd x 8.34 lbs/gal

=

(1.46 mg/L x 0.9 mg/L) x 60 mgd x 8.34 lbs/gal

=

658 lbs/day

After determining the sodium bisulfite dosage in pounds per day, then the feed rate must be
adjusted, based on the delivered concentration.

Sodium Bisulfite, lbs/day

=

Feed Rate, lbs/day
Percent Bisulfite/100

=

658 lbs/day
0.38

=

1,731.5 lbs/day say 1,732 lbs/day

Then find the sodium bisulfite feed rate in gallons per day. Sodium bisulfite solution typically
weighs approximately 11 lbs/gal.

Bisulfite Feed Rate, gpd

5.3.4.4

=

Sodium Bisulfite Feed Rate, lbs/day
Weight of Sodium Bisulfite, lbs/gal

=

1,732 lbs/day
11 lbs/gal

=

157.5 gpd say 158 gpd = 6.58 gph say 7 gph

Sodium Bisulfite Pump Rate (gpd)

Since the plant has a standby system that uses diffusers and metering pumps to feed liquid
sodium bisulfite, then it is important to determine the actual flow rate using calibration chamber.
The following formula demonstrates how to determine the flow rate based on the readings taken
from the calibration chamber.
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Assume:
Pump Rate

=

700 mL/30 secs (1,400 mL/min)

Flow Rate

=

? gpd

Pump Flow Rate, gpd

=

Calibration Rate, mL/min x 1440 min/day
3,785 mL/gal

=

1,400 mL/min x 1440 min/day
3,785 mL/gal

=

533 gpd

5.3.5

Chlorine Safety (Sodium Hypochlorite)

5.3.5.1

Introduction

Sodium hypochlorite is used as the disinfecting agent at the treatment plant. Sodium
hypochlorite contains chlorine but not in a concentration as high as regular chlorine. However,
Operators should be familiar with the Material Safety Data Sheet (MSDS) and follow chlorine
safety procedures as a precaution. A copy of the MSDS Sheet should be located at the Sodium
Hypochlorite Storage Tanks and next to the Sodium Hypochlorite Feed Pumps. Chlorine is
highly toxic in very low concentrations, and its use dictates extreme caution. The few accidents
involving chlorine have in most instances been due to lack of knowledge of its properties or
failure to follow recognized safety precautions.
5.3.5.2

Emergency Measures

Sodium hypochlorite for treatment plant disinfection contains approximately 12% available
chlorine. At this chlorine concentration it can be classified as a respiratory irritant. In an
atmosphere where chlorine gas is present, short shallow breathing should be used.
When a sufficient concentration of chlorine gas is present in the atmosphere, it will irritate the
mucous membranes, the respiratory system, and the skin. Relatively small amounts of chlorine
can be detected because of the characteristic odor of the gas. Large amounts cause eye
irritation, coughing, and labored breathing. The larger the amounts of chlorine inhaled into the
breathing system, the greater the effects until the point where death can occur from apparent
suffocation.
Should sodium hypochlorite come in contact with the skin or clothing, it could cause severe
irritation. Contaminated clothing should be removed immediately and the affected skin should
be washed with soap and large quantities of water for at least 15 minutes.
If sodium hypochlorite has been inhaled, the victim may cough violently, or even vomit, and may
perspire profusely. Carry him or her to an uncontaminated area. Use blankets to protect
him/her from chilling. Keep him/her quiet and make the victim rest.
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1.

Place victim on back with head and back raised, or he/she may prefer sitting
position. Call doctor immediately.

2.

If splashed with sodium hypochlorite, remove any contaminated clothing. Flush
skin with water.

3.

If ingested drink large quantities of milk or gelatin solution. If these are not
available, drink large quantities of water. Do not use baking soda or acidic
antidotes.

4.

If victim seems to have stopped breathing, start artificial respiration immediately.
RESCUE BREATHING mouth-to-nose or mouth-to-mouth is most effective. All
personnel should be trained in its use. IMPORTANT: Also call 911 so
emergency personnel can get to the plant to assist with the injured employee.

If eyes are affected, immediately flush with water, at least 15 minutes, holding eyelids apart if
necessary. Do not attempt to neutralize the chlorine. Refer to an eye physician. If available, a
few drops of a topical anesthetic such as ½ percent Portocaine may be instilled in the eyes to
relieve pain and permit more thorough flushing of the eyes with water. While waiting for the eye
physician, flush the eyes with water another 15 minutes, then apply cold water compresses. No
oils or oil ointment should be used unless ordered by a physician.
Give whatever other first-aid you can until the physician arrives.
5.3.5.3

Safety Precautions

The following safety precautions should be followed when handling sodium hypochlorite:
1.

Before Plant Personnel enter the Sodium hypochlorite area, ensure that they are
familiar of all safety aspects when working with this chemical.

2.

If there is a sodium hypochlorite spill, flush with water to dilute as much as
possible. Avoid contamination with acid materials. Do not use combustible
materials, such as, sawdust to absorb sodium hypochlorite.

3.

The chemical can be neutralized with reducing agents such as bisulfites;
however, caution must be followed when using other chemicals.

4.

When working with or handling sodium hypochlorite use rubber gloves, wear
goggles and/or face shields and wear a rubber apron. If you are cleaning up a
spill or standing in sodium hypochlorite, wear rubber boots.

5.

Store sodium hypochlorite in a vented, closed, clean, non-corrosive container in
a cool dry location away from any direct sunlight. Do not store sodium
hypochlorite next to chemicals that will react to bleach if a spill should occur. Do
not mix or contaminate with ammonia, hydrocarbons, acids, alcohols or ethers.
At the Metro WWTP the sodium hypochlorite and sodium bisulfite storage tanks
are located outside under a canopy.

6.

An emergency contingency plan for a sodium hypochlorite leak or spill must be in
place and all Plant Personnel must be thoroughly aware of the plan before a
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problem occurs. Also ensure that the safety plan contains procedures to follow if
the two chemicals are accidentally mixed together.
7.

Emergency showers and eyewashes are provided at the sodium hypochlorite
storage and feed areas for Operator safety.

5.3.6

Sodium Bisulfite Safety

5.3.6.1

Introduction

Sodium bisulfite is the chemical used to dechlorinate the wastewater prior to being sent to the
receiving stream. This chemical is delivered as a liquid and can have a 20-40% concentration
of available sulfur dioxide. Typically sodium bisulfite is delivered at a 38% concentration.
Sodium bisulfite is an irritant to the eyes, skin and throat. If sodium bisulfite comes in contact
with the skin, it can cause the skin to become irritated (allergic reaction). If bisulfite fumes are
inhaled they could cause irritation to the throat and lungs. If sodium bisulfite is used improperly
in the presence of water or under acidic conditions, it can release sulfur dioxide gas, which is
toxic and can cause death in extreme cases, for example, if the gas is released in a poorly
ventilated area. Operators must be familiar with the information on the Material Safety Data
Sheets (MSDS) and a copy of the MSDS must be kept in the area next to the Sodium Bisulfite
Storage Tanks and Sodium Bisulfite Meter Pumps.
5.3.6.2

Emergency Measures

If sodium bisulfite is ingested, it can cause irritation, diarrhea, excess fluid retention, stoppage of
breathing, unconsciousness and even death. If Plant Personnel accidentally ingests sodium
bisulfite, then the affected person should rinse mouth and dilute the stomach contents by
drinking plenty of water. Do not induce vomiting. If vomiting occurs spontaneously, keep the
head lower than the hips to prevent breathing vomit into the lungs. Call a physician and/or
poison center immediately.
If sodium bisulfite comes in contact with the eyes, it is recommended the eyes be flushed out
with water for at least 15 minutes. The eyelids should be held open while the eyes are being
flushed with water.
If sodium bisulfite comes in contact with the skin, then the contaminated clothing and shoes
should be removed immediately. While the clothing is removed thoroughly wash the body with
water for at least 15 minutes. Do not reuse clothing and shoes until they are washed.
If sodium bisulfite fumes are inhaled, then the affected person must be immediately removed to
fresh air. If the person is not breathing, then give artificial respiration, preferably mouth to
mouth. If breathing is difficult, oxygen should be administered by a qualified person. Call a
physician immediately. IMPORTANT: Also call 911 so emergency personnel can get to the
plant to assist with the injured employee.
5.3.6.3

Safety Precautions

Operator must wear the proper safety protection when working with sodium bisulfite. Splashproof goggles or face shield should be used when dispensing sodium bisulfite. Rubber gloves,
a rubber apron and boots should be worn if splashing may occur. When fumes are present, a
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NIOSH approved respirator or a self-contained breathing apparatus should be worn.
personnel must be properly trained in the use of this safety equipment.

All

Emergency showers and eyewashes are provided at the sodium bisulfite storage and feed
areas for Operator safety. There is also an emergency eyewash shower located next to the
back-up sodium bisulfite feed pumps.
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5.4

TROUBLESHOOTING GUIDE

5.4.1

Introduction

The following Troubleshooting Guides supplied by the manufacturers indicate some process
problems that may occur in the disinfection process. It would be impossible to mention every
problem that could occur in this area; however, through experience the Operator should write
down his/her observations, the causes, and the solutions so he/she and fellow workers could be
aware of this problem should it occur again.
The design engineers have allowed for equipment failures by providing spare units. A standby
unit has been provided for the liquid chemical feed units and a spare chemical induction unit. If
a failure occurs to one of the chemical feed units, the Operator must re-route the flow to the
standby equipment. In the case of the chemical induction unit the broken unit must be removed
and replaced with the spare unit. The standby equipment enables the disinfection process to
continue with little delay.
When a problem does occur, whether it is mechanical or process, the Shift Supervisor should
be notified immediately, so that he/she can have the problem corrected and also write any
necessary reports.
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TROUBLESHOOTING GUIDE
CHEMICAL INDUCTION UNITS
(SIEMENS/WATER CHAMPS)

CAUTION: Before raising the Chemical Induction Unit (Water Champ) up for periodic
maintenance or repairs, make sure that the “Hand-Off-Local” selector switch is in the “Off” position
and that the electrical circuit breaker is “Open” or “Off”.
A. General:

Cause of Trouble
1. Low Vacuum

2. No Vacuum
3. High Amperage Draw

4. Over Heating

Checking Procedure
1a. Check spacing between
propeller and vacuum
enhancer.
1b. Make sure vacuum line is
free from water and/or
foreign debris.
1c. Make sure vacuum line is
not cracked or gaskets
cracked or missing from
the quick disconnect
fittings.
2a. Check rotation of propeller.
3a. Verify that motor is correct
voltage.
3b. Check spacing between
propeller and vacuum
enhancer.
3c. Check to see if foreign
material is lodged inside
the external seal cavity
area.
3d. If high amperage draw
continues.
4a. Make sure the unit is totally
submerged.

Corrective Action
1a. Clearance should be adjusted to
.005” - .030”.
1b. Clear any water or debris from the
vacuum line.
1c. Replace vacuum line and/or
gaskets if necessary.

2a. Correct rotation. Refer to the
Manufacturer’s O&M Manual.
3a. Replace motor with correct voltage
if necessary.
3b. Clearance should be adjusted to
.005” - .030”.
3c. Remove any foreign material.

3d. Contact factory.

4a. Lower unit or raise water level so
that unit is totally submerged.

B. Motor Does Not Start:

Cause of Trouble
1. No Power or Incorrect
Voltage

Checking Procedure
1a. Using voltmeter, check the
line terminals. Voltage
must be ±10% of rated
voltage.

Corrective Action
1a. Contact power company if voltage
is incorrect.
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Cause of Trouble
2. No Vacuum

3. Control Box or Panel
Malfunction
4. Defective Wiring

5. Bound Unit

6. Defective Cable or
Motor

Checking Procedure
2a. Check fuses for
recommended size and
check for loose, dirty or
corroded connections in
fuse receptable.
2b. Check for tripped circuit
breaker.

Corrective Action
2a. Replace with proper fuse or reset
circuit breaker.

3a. Contact factory.
4a. Check for loose or
corroded connections.
4b. Check motor lead
terminals with voltmeter for
power.
5a. Locked rotor conditions
can result from foreign
objects caught between
propeller and vacuum
enhancer. Amp readings
will be 3 to 6 times higher
than normal.
6a. Make sure the unit is totally
submerged.

4a. Correct faulty wiring or
connections.

5a. If the Water Champ will not start
with several trials, it must be pulled
and the cause corrected.

6a. Contact factory.

C. Motor Runs but Overload Protector Trips:

Cause of Trouble
1. Incorrect Voltage

2. Overheated
Protectors

Checking Procedure
1a. Using voltmeter, check the
line terminals. Voltage
must be ±10% of rated
voltage.
2a. Direct sunlight or other
heat source can make
control box or panel hot
causing protectors to trip.
The control box or panel
should not be hot to the
touch.

3. Defective Control Box
or Panel
4. Defective Motor or
Cable
5. Worn Motor

Corrective Action
1a. Contact power company if voltage
is incorrect.

2a. Shade box or panel, provide
ventilation or relocate box away
from heat source.

3a. Contact factory or original panel
supplier.
4a. Contact factory.

5a. See Three Phase Motor
Specifications.

5a. Repair or replace motor.
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D. Preliminary Tests:

What is to Be Done
1. Measure resistance
from any conductor to
ground (insulation
resistance)

The Results
1a. >500 MEGOHMS @
1000V

2. Measure Winding
Resistance

2a. Ohms will be per Table 1
located on pages 27 and
29 of the Manufacturer’s
Operation and
Maintenance Manual.

(Line to Line)
(Conductor to
Conductor)

What It Means
1a. If the ohm value is normal, the
motor windings are not grounded
and the cable insulation is not
damaged.
1b. If the ohm value is below normal,
either the windings are grounded or
the cable is damaged. Check the
cable insulation for nicks or cuts.
2a. If all the values are normal, the
motor windings are neither shorted
nor open, and the cable colors are
correct.
2b. If any ohm value is less than
normal, the motor is shorted.
3c. If any one-ohm value is greater
than normal, the winding or the
cable is open, or there is a poor
cable joint connection.

How to Measure Ohm Values Between Leads And Ground (Insulation Resistance):
Set the scale lever to R x 100k and set the ohm meter on zero.
CAUTION: Open master breaker and disconnect all leads from control box (Quick-Disconnect
type control, remove lid) to avoid damage to meter or electric shock hazard. Connect one ohm
meter lead to any one of the motor leads and the other to the motor ground lead.
How to Measure Resistance Between Leads:
Set the scale lever to R x 1 for values under 10 ohms. For values over 10 ohms, set the
scale lever to R x 10, Zero balances the ohm meter.
CAUTION: Open master breaker and disconnect all leads from control box (Quick-Disconnect
type control, remove lid) to avoid damage to meter or electric shock hazard. Connect the ohm
meter leads.
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TROUBLESHOOTING GUIDE
CHEMICAL INDUCTION UNITS
(SIEMENS/WATER CHAMPS)
AFTER INSTALLATION OF THE PUMPTEC-PLUS

Symptom
1. Solid Yellow Light

Possible Cause
1a. Dry Channel.

1b. Blocked Suction.
1c. Blocked Discharge.
1d. Check Valve Stuck.
1e. Broken Shaft.
1f. Severe Rapid Cyclin.

1g. Worn Pump.
2. Flashing Yellow Light

2a. Stalled Motor.

2b. Float Switch.

2c. Ground Fault.
3. Solid Red Light

3a. Low Line Voltage.
3b. Loose connections.

4. Flashing Red Light

4a. High Line Voltage.

Solution
1a. Wait for the automatic restart timer
to time out. During the time out
period the well should recover and
fill with water. If the automatic reset
timer switch is set to the manual
position, then the reset button must
be pressed to reactivate the unit.
1b. Clean or replace Water Champ
Intake piping.
1c. Remove blockage in plumbing.
1d. Replace check valve.
1e. Replace broken parts.
1f. Machine gun rapid cycling can
cause an under load condition.
See flashing red and yellow lights
section below.
1g. Replace worn Water Champ parts
and recalibrate.
2a. Repair or replace Water Champ
motor. Water Champ may be sand
or sediment locked.
2b. A bobbing float switch can cause
two wire motors to stall. Arrange
plumbing to avoid splashing water.
Replace float switch.
2c. Check Insulation resistance on
motor and control box cable.
3a. The line voltage is below 207 volts.
Check line voltage.
3b. Check for loose connections which
may cause voltage drops.
4a. The line voltage is over 253 volts.
Check line voltage. Report high
line voltage to the power company.

5-52
L:\Columbia Operations Manual-Chap 5

TROUBLESHOOTING GUIDE
CHEMICAL INDUCTION UNITS
(SIEMENS/WATER CHAMPS)
MOTOR PROTECTION DEVICE (MPD)

The MPD will display a fault code alternating with a number or with “Run” when it is in a trip
condition. If the unit is showing a fault code (see table below) alternating with “Run”, this indicates
it has tripped on a current (amperage) condition. If the fault code is alternating with some number
(voltage reading or zero) then the unit will not allow the motor to start because there is a problem
with the incoming voltage. If the display is showing just a fault code, then the unit is in a mode
that requires a manual reset. This could be because the number of restarts (#RF, #RU) has
expired or is not allowed. If the display reads “Off”, a stop command was issued through the
communications network.

PROBLEM
1. The unit will not start. Display
alternates “rP” with the
DISPLAY/PROGRAM
parameter value.

2. The unit will not start. Display
alternates “SP”, “ub”, “Hl”, or
“Lo” with the
DISPLAY/PROGRAM
parameter value.

SOLUTION
1a. The voltage inputs are reverse phases. If this is the initial
start-up, swap any two of the leads connected to L1, L2,
or L3 on the MPD to correct the problem. If the overload
relay has been previously running, the power system has
been reverse phased. Check the phase sequence of the
incoming power lines. Note: L1 must be tapped from
conductor Phase A, L2 from B, and L3 from C for correct
power factor measurements on remote communications.
2a. The incoming voltage is not within the limits programmed
in the VUB, HV, and LV settings. Adjust the
DISPLAY/PROGRAM switch to read the incoming line
voltage values. Correct the incoming power problem and
check programmed limits to verify they are correct.

3. Display alternates “SP”, “ub”,
or “oc” with “run.”

3a. The overload relay has tripped on the fault shown on the
LED display and is timing down RD2 before restarting.

4. Display alternates “uc” with
“run.”

4a. The overload relay has tripped on undercurrent and is
timing down RD3 before restarting. If undercurrent is not
a normal condition for this installation, check for broken
shafts, broken belts, etc.
5a. The unit has tripped on the fault shown and a manual
reset is required because of the programmed setting in
#RF. Check the system for problems that would produce
the single-phase, overload or current unbalance fault,
such as a jam.

5. Display is showing a solid “SP”,
“ub”, or “oc.”
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PROBLEM
6. Display is showing a solid “uc”.

7. Display is showing a solid “CF.”

8. Display is showing a solid
“GrF.”

SOLUTION
6a. The unit has tripped on undercurrent and a manual reset
is required because of the setting in #RU. Check the
system for problems that would produce a loss of load
such as a broken belt or a lack of liquid to pump.
7. The unit has tripped on current single phasing, but was
not single phased by the incoming voltage. Check for
damaged contacts or loose wiring.
8. A ground fault current greater than the programmed GF
value has been detected. A manual reset is required.
Check the motor for insulation breakdown.
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TROUBLESHOOTING GUIDE
LIQUID CHEMICAL FEED SYSTEM (LVN 2000)
(SIEMENS/WALLACE & TIERNAN

FAULT CONDITION
1. Rack does not move,
even though the
positioner receives
signal from the
control.

POSSIBLE CAUSE
1a. Positioner is in manual
operation (knob is pulled).
1b. External separation switch
(optional) is set to “OFF” or
“MANUAL.”
1c. No mains.
1d. Rack is blocked.
1e. Limit switch in the
positioned has switched.
1f. Motor defective.
1g. Gear defective (chattering
noise).
1h. Board defective (switches,
capacitor).

2. Rack does not move,
even though knob
turns.

2a. Rack defective (wear).

2b. Tooth wheel defective.

3. Rack moves in the
wrong direction
4. Rack moves to the
stop.
5. Feedback signal
cannot be aligned.

3a. Incorrect electric wiring.
4a. Limit switch incorrectly
adjusted or defective.
5a. Potentiometer incorrectly
adjusted.
5b. Potentiometer defect
(1kOhm ±10%).

5c. Wiring and terminals
defect.
5d. Toothed wheels or
potentiometer shaft loose.

CORRECTIVE ACTION
1a. Switch to automatic operation
(push in knob).
1b. Switch to “AUTO.”

1c. Check the mains from the control
unit, mains supply, switches, fuses.
1d. Check load (max. 135 N).
1e. Check the limits, adjust if
necessary.
1f. Check the wire resistance (Refer to
Manufacturer’s O&M Manual).
1g. Replace motor and gear (Refer to
Manufacturer’s O&M Manual).
1h. Replace board (Refer to
Manufacturer’s O&M Manual).
230V: item no. UXA96153
115V: item no. UXB96153
2a. Replace rack (Refer to
Manufacturer’s O&M Manual).
2b. Check teeth and clamping of the
tooth wheel, replace motor-gear if
necessary (Refer to Manufacturer’s
O&M Manual).
3a. Check the terminal connections
(change terminals 2 and 3).
4a. Adjust  ositioned.
5a. Check potentiometer adjustment.
5b. Replace board.
NOTE: A special potentiometer may
not be replaced by a standard
potentiometer.
5c. Check wiring and terminals to the
board.
5d. Adjust potentiometer and clamp
toothed wheels.
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TROUBLESHOOTING GUIDE (Cont.)
LIQUID CHEMICAL FEED SYSTEM (LVN 2000)
(SIEMENS/WALLACE & TIERNAN

FAULT CONDITION
6. Positioner moves
without finding the
right position.

7. Positioner moves
forward and back.
8. Movement too slow.
9. Control valve does
not close.

POSSIBLE CAUSE
6a. Potentiometer defective or
loose.
6b. Cable to the control unit
loose.
6c. Capacitor defect.
7a. Positioner not correctly
fixed to the mounting plate
or potentiometer loose.
8a. Load too great (e.g., by
poor alignment.
9a. Positioner limits incorrectly
adjusted.
9b. Wear of orifice and V-notch
plug.

CORRECTIVE ACTION
6a. Check potentiometer resistance
while moving the rack by hand. If
necessary, replace potentiometer.
6b. Check the cables.
6c. Replace board.
7a. Check mounting.

8a. Check load, check potentiometer
without load, check alignment.
9a. Adjust  ositioned limits (see para.
4.4 of the Manufacturer’s O&M
Manual).
9b. Replace defective parts.
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5.5

DESIGN AND EQUIPMENT SUMMARY

5.5.1

Design Parameters
Plant Design Flows, mgd
Train No. 1

Train No. 2

Average Day

40

20

Maximum Day

60

30

Peak Hourly (Original Design)

80

40

Peak Hourly (2.5 Peaking Factor)

100

50

1

1

Est. Design Chlorine Residual, mg/L
Sodium Hypochlorite Individual Feed Points
Design Flows, mgd
Minimum

9

Average

17.5

Maximum

20

Ultimate

20

Dosage, mg/L
Minimum

2.5

Average

3.5

Maximum

5

Ultimate

5

Pounds Cl2 available/gal (12.5%)
Minimum

1.04

Average

1.04

Maximum

1.04

Ultimate

1.04
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Feed Rate, gallons/hour (12.5%)
Minimum

7.5

Average

20.5

Maximum

33.4

Ultimate

33.4

Sodium Hypochlorite Storage
Total Flow, mgd
Average

35

Maximum

60

Average Dosage, mg/L
Average

3.5

Maximum

3.5

Dry Feed Rate, lbs/day
Average

1,022

Maximum

1,751

Pounds Cl2 available/gal (12.5%)
Average

1.04

Maximum

1.04

Feed Rate, gallons/day (12.5%)
Average

982

Maximum

1,684

Proposed Chemical Storage, gallons
Average

30,000

Maximum

30,000

No. of Available Storage, days (12.5%)
Average

30.6
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Maximum

17.8

Sodium Bisulfite Feed Point
Design Flow, mgd
Minimum

18

Average

35

Maximum

70

Ultimate

80

Dosage, mg/L
Minimum

0.5

Average

1

Maximum

3

Ultimate

3

Dry Feed Rate, lbs/day
Minimum

75

Average

292

Maximum

1,751

Ultimate

2,002

Pounds of SO2 available/gal (38%)
Minimum

2.75

Average

2.75

Maximum

2.75

Ultimate

2.75

Feed Rate, gallons/hour (38%)
Minimum

1.1

Average

4.4

Maximum

26.5
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Ultimate

30.3

Sodium Bisulfite Storage
Total Flow, mgd
Average

35

Maximum

60

Average Dosage, mg/L
Average

3

Maximum

3

Dry Feed Rate, lbs/day
Average

876

Maximum

1,501

Pounds SO2 available/gal (38%)
Average

2.75

Maximum

2.75

Feed Rate, gallons/day (38%)
Average

318

Maximum

546

Proposed Chemical Storage, gallons
Average

15,000

Maximum

15,000

No. of Available Storage, days (38%)
Average

47.1

Maximum

27.5
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5.5.2

Chlorine Contact Tank Nos. 1 and 2 (Treatment Train No. 1)
Number of Tanks

2

Dimensions Per Tank, ft
Overall Length

109

Width

48

Liquid Depth

9.5

Total Tank Volume

5.5.3

Cubic Feet

49,704

Gallons

371,786

Chlorine Contact Tank Nos. 3 and 4 (Treatment Train No. 1)
Number of Tanks

2

Dimensions Per Tank, ft
Length

62.67

Width

50

Liquid Depth

9

Volume per Tank
Cubic Feet

28, 202

Gallons

210,951

Total Volume
Cubic Feet

56,404

Gallons

421,902

Total Volume of Chlorine Tank Nos. 1-4
Cubic Feet

106,108

Gallons

793,688
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Detention Time for Chlorine Tank Nos. 1-4, mins.

5.5.4

Average Design Flow, 40 mgd

29

Maximum Design Flow, 60 mgd

19

Peak Design Flow, 80 mgd (Original
Design)

14.3

Peak Design Flow, 100 mgd (2.5 P.F.)

11

Chlorine Contact Tank Nos. 1 and 2 (Treatment Train No. 2)
Number of Tanks

2

Dimensions Per Tank, ft
Length

89

Width

28.3

Liquid Depth

12

Volume per Tank
Cubic Feet

30,224

Gallons

226,076

Total Volume
Cubic Feet

60,448

Gallons

452,152

Detention Time, minutes
Ave. Design Flow, 20 mgd

33

Max. Design Flow, 30 mgd

22

Peak Design Flow, 40 mgd (Original
Design)

16.3

Peak Design Flow, 50 mgd (2.5 P.F.)

13
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5.5.5

5.5.6

Sodium Hypochlorite Storage Tank Nos. 1 and 2
(NOCL TNK-101 and NOCL TNK-102)
Manufacturer

Palmer Mfg. & Tank Co.

Number of Tanks

2

Customer Number

HS3226-10.04

Serial Numbers

SN25135 (SN25136)

Type of Tank

Fiberglass Reinforced Plastic
Tank

Location

Located outside on the north
side of the Disinfection
Building

Diameter per Tank, ft.

12

Height per Tank, ft.

19

Volume per Tank, gallons

16,050 (15,000 effective)

Storage Chemical

Sodium hypochlorite

Chemical Strength, %

12.5 (available chlorine)

Chemical Specific Gravity

1.2

Liner Material

Nexus/C-Veil

Liner Resin Material

Hetron 992 FR

Structural Resin Material

Hetron 992

Tank Design Pressure, inches W.C.

6

Sodium Bisulfite Storage Tank No. 1
(NHS-TNK-201)
Manufacturer

Palmer Mfg. & Tank Co.

Number of Tanks

1

Customer Number

HS3226-10.04

Serial Number

SN25134

Type of Tank

Fiberglass Reinforced Plastic
Tank
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5.5.7

Location

Located outside on the north
side of the Disinfection
Building

Diameter of Tank, ft.

12

Height of Tank, ft.

19

Volume of Tank, gallons

16,050 (15,000 effective)

Storage Chemical

Sodium bisulfite

Chemical Strength, %

38 (sulfur dioxide)

Chemical Specific Gravity

1.31

Liner Material

C-Veil

Liner Resin Material

Hetron 992 FR

Structural Resin Material

Hetron 992

Tank Design Pressure, inches W.C.

6

Sodium Hypochlorite Chemical Induction Unit Nos. 1-3
Manufacturer

Siemens (Wallace & Tiernan)

Number of Units

3

Model Number

SWC10F

Serial Numbers
Type of Unit

Submersible vacuum induced
chemical induction unit
(Water Champ)

Location

There are two units in
Chlorine Influent Splitter Box
No. 1, and one unit in
Chlorine Influent Splitter Box
No. 2

Function

To draw liquid sodium
hypochlorite to the application
point and to provide mixing

Liquid Induction Rate, gpm

40
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5.5.8

Vacuum, inches Hg.

23 (max.)

Motor Manufacturer

Siemens

Motor Horsepower

10

Motor Speed, rpm

3450

Motor Voltage

460

Type of Drive

Constant Speed

Sodium Bisulfite Chemical Induction Unit No. 1
Manufacturer

Siemens (Wallace & Tiernan)

Number of Units

1

Model Number

SWC10F

Serial Number
Type of Unit

Submersible vacuum induced
chemical induction unit
(Water Champ)

Location

The unit is located at the
Dechlorination Chamber

Function

To draw liquid sodium
bisulfite to the application
point and to provide mixing

Liquid Induction Rate, gpm

40

Vacuum, inches Hg.

23 (max.)

Motor Manufacturer

Siemens

Motor Horsepower

10

Motor Speed, rpm

3450

Motor Voltage

460

Type of Drive

Constant Speed
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5.5.9

Sodium Hypochlorite Liquid Chemical Feed Unit Nos. 1-4
Manufacturer

Siemens (Wallace &Tiernan)

Number of Units

4

Model Number

LVN 2000

Serial Numbers

5.5.10

Type of Unit

V-notch liquid feed unit

Location

In the Disinfection Feed
Building

Function

To meter liquid sodium
hypochlorite to the application
point

Capacity per Unit, gph

53 (Max.)

Chemical Strength, %

14-15

Electrical Requirement, volts

120

Sodium Bisulfite Liquid Chemical Feed Unit Nos. 1 and 2
Manufacturer

Siemens (Wallace &Tiernan)

Number of Units

2

Model Number

LVN 2000

Serial Numbers
Type of Unit

V-notch liquid feed unit

Location

In the Disinfection Feed
Building

Function

To meter liquid sodium
bisulfite to the application
point

Capacity per Unit, gph

1 @ 2.5 to 15
1 @ 10 to 56

Chemical Strength, %

38

Electrical Requirement, volts

120
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5.5.11

Sodium Bisulfite Liquid Feed Metering Pump Nos. 1 and 2
Manufacturer

Watson Marlow

Number of Units

2

Model Number

620 DuN/R

Serial Numbers

5.5.12

Type of Pumps

Peristaltic meter pumps

Location

In the Disinfection Feed
Building next to the nonpotable water pumps

Function

To pump liquid sodium
bisulfite to the application
point

Capacity per Pump, gph

2.5 to 56

Discharge Pressure, psig

25

Motor Horsepower

1/5

Motor Speed, rpm

220

Motor Voltage

120

Type of Drive

Variable Speed

ORP Analyzers
Manufacturer

Strantrol (Siemens)

Number of Analyzers

2

Number of Transmitters (Probes)

6

Analyzer Model Number

Strantrol 960
Strantrol 880

Location

There is an ORP probe
located in each chlorine
contact tank. There is one
ORP Analyzer located at
Treatment Train No. 1 and
one ORP Analyzer at
Treatment Train No. 2.
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5.5.13

Function

To measure oxidation
potential of the material in the
water in millivolts using ORP
probe and then adjust the
chemical feed

Range, millivolts

0-500

Voltage

120

Non-potable Water Pump Nos. 1-3
Manufacturer

Goulds (Morris Pump)

Number of Units

3

Model Number

VIT-FF

Size

12RJHC

Type of Pump

Vertrical turbine type pump

Location

In the Disinfection Feed
Building

Function

To supply non-potable water
throughout plant for clean-up,
process water, etc.

Capacity per Pump, gpm

1,250

Total Dynamic Head, ft.

240

Number of Stages per Pump

4

Discharge and Column Size, inches

10

Motor Manufacturer

US Electric Motor

Motor Horsepower

100

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed
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5.6

OPERATIONAL CHECKLISTS

It is imperative that Operators make rounds throughout the treatment plant to ensure that the
process and the equipment are operating properly and efficiently. Making a round through an
area does not mean the Operator should just walk through the area without observing the
equipment or process. When an Operator makes a round through an area they should note the
following major aspects:
a)

Is the process operating properly? This can be seen by liquid color, odors,
appearance, noises, gauges, settings, etc. What is the liquid in the chemical
storage tanks?

b)

Is the equipment operating properly? This can be determined when the
equipment is running, so listen for any unusual noises, are the chemical induction
units (water champs) operating, is the vacuum remaining steady, the chemical
dosage correct, is the correct equipment in service, what equipment is out of
service, etc.

c)

Are there any major maintenance needs that should be reported to the
Maintenance Department?

d)

Are there any housekeeping tasks that need to be performed, such as picking up
trash, cleaning up spills, stopping leaks, etc? If there are housekeeping needs,
then do not just walk by it. As an Operator you need to take care of the situation.

The following table provided in this section is a listing of items that must be checked while
making rounds through this particular area of the treatment plant. This checklist can be copied
from this manual and either posted in the treatment area or carried by the Operator.
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CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
DISINFECTION AREAS
OPERATIONAL CHECKLIST

Area
1.

Yes

No

Remarks

Train No. 1 Chlorine Splitter Box


Are the wastewater gates open?



Are the chemical induction units
operating properly?



Are there any chemical induction unit
alarms?



Are there any housekeeping needs? If
so, then take care of them.



Are there any maintenance needs? If
so, then report them to maintenance.

2. Train No. 1 Chlorine Contact Tanks


Are all of the wastewater gates properly
set?



Does the flow pattern look okay through
the tanks?



Is there any unusual debris or floatables
on the liquid surface? If so, remove.



Is there excessive bubbling occurring in
the tank? If so, drain the tank and
clean.



Are there any housekeeping needs? If
so, then take care of them.



Are there any maintenance needs? If
so, then report them to maintenance.
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Area

Yes

No

Remarks

3. Train No. 2 Chlorine Splitter Box


Are the wastewater gates properly set?



Is the chemical induction unit operating
properly?



Are there any chemical induction unit
alarms?



Are there any housekeeping needs? If
so, then take care of them.



Are there any maintenance needs? If
so, then report them to maintenance.

4. Train No. 2 Chlorine Contact Tanks


Are all of the wastewater gates properly
set?



Does the flow pattern look okay through
the tanks?



Is there any unusual debris or floatables
on the liquid surface? If so, remove.



Is there excessive bubbling occurring in
the tank? If so, drain the tank and
clean.



Are there any housekeeping needs? If
so, then take care of them.



Are there any maintenance needs? If
so, then report them to maintenance.

5. Dechlorination Facilities


Are the wastewater gates properly set?



Is the chemical induction unit operating
properly?



Are there any chemical induction unit
alarms?
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Are there any housekeeping needs? If
so, then take care of them.



Are there any maintenance needs? If
so, then report them to maintenance.

6. Chemical Storage Area


Do the chemical tanks have the proper
level of chemicals in them?



Are the tank valves properly set?



Are there any chemical leaks? If so,
report to maintenance for repairs.



Are the sight glasses clean?



Are the emergency shower/eyewash
stations working properly?



Are there any housekeeping needs? If
so, then take care of them.



Are there any maintenance needs? If
so, then report them to maintenance.

7. Chemical Feed Area


What chemical feed units are in
service?



Are the valves in this area properly set?



Are the chemical feed units operating
properly? Are they at setpoint, is the
rotameter flow steady, is there a proper
vacuum, etc.?



Are the chemical feeders in “Automatic”
control?



Are there any chemical leaks? If so,
then report to maintenance.



Are there any housekeeping needs? If
so, then take care of them.
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Area


Yes

No

Remarks

Are there any maintenance needs? If
so, then report them to maintenance.

8. Non-potable Water Pumps


Are the non-potable water pumps
operating?



Are the check valves opening on the
operating pumps?



Is the pump seal water “On” and is it
operating properly?



Are there any unusual noises?



Are there any vibration problems?



Is the pumping system operating at its
proper pressure setpoint?



Are the pumps in “Automatic” control?



Are there any housekeeping needs? If
so, then take care of them.



Are there any maintenance needs? If
so, then report them to maintenance.

Remarks:

_______________________________________________________________________
_______________________________________________________________________
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5.7

MAINTENANCE

For detailed maintenance aspects for individual pieces of equipment, consult the Operations
and Maintenance Manuals provided by the equipment manufacturers. Hard copies of the
manufacturer’s Operation and Maintenance Manuals are located in the Maintenance Building
and in the Administration Building at the Metro Wastewater Treatment Plant. In the future these
manuals will also be provided electronically on the plant’s Supervisory Control and Data
Acquisition System (SCADA).
This section of the manual contains the Maintenance Schedules from the different
manufacturer’s Operation and Maintenance Manuals. This section of the manual will provide
plant personnel with a quick reference of the Daily, Weekly, Monthly and Yearly maintenance
needs of the equipment. Further information concerning equipment maintenance can be
located in the manufacturer’s manual.
The disinfection Equipment O&M Manuals by the manufacturer Siemens should be consulted
for further maintenance of this equipment. The following is a basic summary of the
maintenance needs of the chemical induction units, chemical feeder units and the oxidation
reduction potential (ORP) units.
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MAINTENANCE SUMMARY FORM
CHEMICAL INDUCTION UNITS (WATER CHAMP)
(SIEMENS)

PROJECT:

Columbia Metro WWTP

LOCATION:

Columbia, SC

EQUIPMENT ITEM:

Water Champ Chemical Induction Unit,
Submersible
Siemens Water Technologies
1901 West Garden Road
Vineland, NJ 08360
Phone: 856-507-9000
Fax: 856-507-4079

MANUFACTURER

EQUIPMENT/TAG NUMBERS:
MODEL NUMBER:

SWC10F

NAMEPLATE DATA:

10HP, 460V, 3PH, 60HZ

MANUFACTURER’S LOCAL

Heyward Services, Inc.
2101-A Cambridge Beltway Drive
Charlotte, NC 28273
PH: 704-583-2305; FAX: 704-583-2900

REPRESENTATIVE:
MAINTENANCE REQUIREMENTS:
Operation
Lubricant Level Check

Visual Inspection of the
Propeller
Vacuum Enhancer/
Propeller Tolerance Check

Mechanical Seal
Inspection
LUBRICANT LIST

Frequency

Action

Not To Exceed
Every 90 Days

Refer to pages 29 and 30 of the
Installation, Operation and
Maintenance Manual.
Every 90 Days
Remove any debris from the
propeller.
2 Times
Tolerance between vacuum
Annually
enhancer and the propeller should
be adjusted to .005” - .030”,
depending on desired vacuum.
2 Times
Inspect seal and seat for wear.
Annually
Replace if necessary.
50/50 mix of Propylene Glycol and water
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MAINTENANCE SUMMARY FORM
LIQUID CHEMICAL FEED SYSTEM (LVN-2000)
COLUMBIA METRO WWTP, ORDER #HS3226-10-1 – SIEMENS PROJECT # 000078
PROJECT:

Columbia Metro WWTP

LOCATION:

Columbia, SC

EQUIPMENT ITEM:

LVN-2000 Liquid Chemical Feed System

MANUFACTURER

Siemens Water Technologies
1901 West Garden Road
Vineland, NJ 08360
Phone: 856-507-9000
Fax: 856-507-4079

EQUIPMENT/TAG NUMBERS:
MODEL NUMBER:

LVN-2000

NAMEPLATE DATA:
MANUFACTURER’S LOCAL
REPRESENTATIVE:

110V, 1 PH, 60HZ
Heyward Services, Inc.
2101-A Cambridge Beltway Drive
Charlotte, NC 28273
PH: 704-583-2305; FAX: 704-583-2900

MAINTENANCE REQUIREMENTS:
Operation
Inspect seals in control valve
Maintain halocarbon grease
on stem plug
FLUSH ALL COMPONENTS
BEFORE AND AFTER
USING ANY CLEANING
AGENTS!
LUBRICANT LIST
SPARE PARTS:

Frequency

Action

Every 6 months

Replace as necessary per O&M
section 4
Check weekly
Grease as necessary per O&M
section 4
SODIUM HYPOCHLORITE CAN
Before and after
HAVE A NEGATIVE CHEMICAL
cleaning
REACTION WITH CLEANING
AGENTS CAUSING PERSONNEL
INJURY AND EQUIPMENT
DAMAGE.
U27546 – Halocarbon Grease
AAC1154 – V-Notch chamber and flow
controller, Low capacity, 2-106 GPH
Refer to drawing 490.100.000.070B of O&M
(pg 69) for O-ring PM Kit
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MAINTENANCE SUMMARY FORM
SFC-SC CONTROLLER
(SIEMENS)
COLUMBIA METRO WWTP, ORDER #HS3226-10-1 – SIEMENS PROJECT # 000078
PROJECT:

Columbia Metro WWTP

LOCATION:

Columbia, SC

EQUIPMENT ITEM:

SFC-SC Controller

MANUFACTURER

Siemens Water Technologies
1901 West Garden Road
Vineland, NJ 08360
Phone: 856-507-9000
Fax: 856-507-4079

EQUIPMENT/TAG NUMBERS:
MODEL NUMBER:

SFC-SC Controller

NAMEPLATE DATA:
MANUFACTURER’S LOCAL

115V, 1PH, 60HZ
Heyward Services, Inc.
2101-A Cambridge Beltway Drive
Charlotte, NC 28273
PH: 704-583-2305; FAX: 704-583-2900

REPRESENTATIVE:
MAINTENANCE REQUIREMENTS:
Operation
Change fuse on IC board

Frequency
If necessary

Action
Change fuse per O&M section 5.1

LUBRICANT LIST
SPARE PARTS:

UXP-92568 – IC Board Fuse
AAD9490 – Spare part circuit board IC board,
SFC-SC 100-240 VAC
AAD9493 – Spare part circuit board IC board,
SFC-SC 24 VDC
AAD8083 – Operating front SFC-SC for wall
mounting
AAD8083 – Basic electronics SFC-SC 100240 VAC wall mounting
AAD8011 – Basic electronics SFC-SC 24 VDC
wall mounting
AAD8065 – Connection cable IC board front
panel board approx. 0.5 m
AAD8146 – Update cable for SFC with 9 pin
RS232-DSB connector
AAD8146 – Accessory set; screws, dowels,
multiple seal inserts, bolts, reducing seal ring
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MAINTENANCE SUMMARY FORM
STRANTROL 880 TRANSMITTER
COLUMBIA METRO WWTP, ORDER #HS3226-10-1 – SIEMENS PROJECT # 000078
PROJECT:

Columbia Metro WWTP

LOCATION:

Columbia, SC

EQUIPMENT ITEM:

Strantrol 880 Transmitter

MANUFACTURER

Siemens Water Technologies
1901 West Garden Road
Vineland, NJ 08360
Phone: 856-507-9000
Fax: 856-507-4079

EQUIPMENT/TAG NUMBERS:
MODEL NUMBER:

Strantrol 880

NAMEPLATE DATA:
MANUFACTURER’S LOCAL

115V
Heyward Services, Inc.
2101-A Cambridge Beltway Drive
Charlotte, NC 28273
PH: 704-583-2305; FAX: 704-583-2900

REPRESENTATIVE:
MAINTENANCE REQUIREMENTS:
Operation
Clean Sensors

Frequency
Periodically

Action

LUBRICANT LIST

Refer to page 17 of the Installation,
Operation & Maintenance Manual.
50/50 mix of Propylene Glycol and water

SPARE PARTS:

See Replacement Parts List page 17
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MAINTENANCE SUMMARY FORM
STRANTROL 960 CONTROLLER (ORP)
COLUMBIA METRO WWTP, ORDER #HS3226-10-1 – SIEMENS PROJECT # 000078
PROJECT:

Columbia Metro WWTP

LOCATION:

Columbia, SC

EQUIPMENT ITEM:

Strantrol 960 Controller Dual Oxidant Control
System
Siemens Water Technologies
1901 West Garden Road
Vineland, NJ 08360
Phone: 856-507-9000
Fax: 856-507-4079

MANUFACTURER

EQUIPMENT/TAG NUMBERS:
MODEL NUMBER:

Strantrol 960

NAMEPLATE DATA:
MANUFACTURER’S LOCAL

120V/240 VAC, 1Ph, 50/60Hz
Heyward Services, Inc.
2101-A Cambridge Beltway Drive
Charlotte, NC 28273
PH: 704-583-2305; FAX: 704-583-2900

REPRESENTATIVE:
MAINTENANCE REQUIREMENTS:
Operation
Clean Sensors

Frequency
Periodically

Action
Refer to page 10-2 of the
Installation, Operation &
Maintenance Manual.

LUBRICANT LIST
SPARE PARTS:

Reference Section 11
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5.8

STANDARD OPERATING PROCEDURES

This section of the manual provides Standard Operating Procedures (SOP’s) for the different
equipment and/or processes in this area of the treatment facility. A Standard Operating
Procedure is a procedure created to provide specific documentation for various processes. A
Standard Operating Procedure provides a written document that plant personnel can follow in
order to ensure that all personnel are following similar operating task or routines. At a
wastewater treatment plant, if plant personnel on different shifts are using different methods to
control a process, then this type of control could result in a reduction of process efficiency which
may lead to a compliance issue. Also, Standard Operating Procedures can provide guidance
on how to operate complicated equipment so equipment damage and/or Operator injuries do
not occur.
Any SOP must provide the procedure name and a description of what the goal or intent is for
this procedure. The SOP’s in this section focus on direct approaches to operate a piece of
equipment, process or system. For further details, such as step by step control settings, then
refer to the Equipment Operating section of this chapter. The SOP’s in this section provide
abbreviated steps for starting, normal operating, shutdown procedures, and alternate operation
of a particular piece of equipment or process.
SOP’s must be periodically reviewed and updated in order to refine operating procedures for the
plant personnel. SOP’s must be amended if a piece of equipment, such as a pump, is replaced
with a different vendor or style of pump. It is recommended that SOP’s be reviewed and/or
updated on a yearly basis.
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Columbia Metro WWTP
Sodium Hypochlorite System
Standard Operating Procedure
______________________________________________________________________________________

Sodium Hypochlorite System

SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

DF-SHS-1
Operation of the sodium hypochlorite system.
To disinfect the plant effluent.
Monitored and Controlled by Plant Operators.
Each shift every two hours.
a) Operator to contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Chemical induction units, chemical feeders, and control systems.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: 20-Jan-12
Revision Date

Revisions Made
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Columbia Metro WWTP
Sodium Hypochlorite System
Standard Operating Procedure
______________________________________________________________________________________

Sodium Hypochlorite System
Safety Concerns: Operators must follow all safety concerns when working with 12%
sodium hypochlorite solution. Operators must be familiar with the MSDS Sheets for
sodium hypochlorite. Ensure all emergency showers and eyewash units are operating
properly.

INITIAL START-UP
1.
2.
3.
4.
5.
6.

Ensure that the water champs (chemical induction unit) are in the water
and they are capable of pulling a vacuum.
Ensure that the valves from the bulk storage tanks to the application
points are open.
Ensure that there is chemical in the bulk storage tank.
Ensure that the plant effluent flow meter is recording properly.
Ensure that the Oxidation Reduction Potential (ORP) units are calibrated
and that the sensors are clean.
Ensure that there is electrical power to the chemical induction units and
chemical feed units.

NORMAL START-UP
1.
2.

3.
4.
5.

6.
7.

Ensure all valves from the bulk chemical storage tank to the application
points are open and/or properly set.
Place the “On-Off” circuit breaker located on Panelboard HF located in
the Disinfection Feed Building for each Chemical Induction Unit is to the
“On” position.
Place the “On-Off” disconnect switch located at each local Chemical
Induction Unit Control Panel (Water Champ) is to the “On” position.
Place the “Hand-Off-Auto” selector switch located on each local Chemical
Induction Unit Control Panel to the “Hand” position.
Place the “On-Off” circuit breaker located on Panelboard LF in the
Disinfection Feed Building for each Sodium Hypochlorite Chemical Feed
Unit to the “On” position.
Ensure that the red knob on each Chemical Feed Unit is set so the feeder
can be controlled remotely.
At the Operator Interface Panel (Terminal) (OIT) located in the
Disinfection Feed Building, place each duty Sodium Hypochlorite Feed
Unit into “Auto Paced” mode of operation. This is accomplished by
pressing the “Auto Paced” button and then pressing the “Select” button.
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Columbia Metro WWTP
Sodium Hypochlorite System
Standard Operating Procedure
______________________________________________________________________________________

Sodium Hypochlorite System
8.

9.

At the Operator Interface Panel (Terminal) (OIT) located in the
Disinfection Feed Building, place each duty Sodium Hypochlorite Feed
Unit into the “Flow Paced” mode of operation. This is accomplished by
pressing the “Flow Paced” button and then pressing the “Select” button.
At the OIT Panel set the following:
Feeder Capacity: 53 gph
Chemical Density: 1 lb/gal
Dosage Setpoint: 4.36 ppm
Please note the chemical density may change based on delivered
chemical and the Dosage Setpoint will change based on process
conditions.

NORMAL OPERATION
The sodium hypochlorite is fed on the influent side of the chlorine contact tanks. The
sodium hypochlorite is dispersed into the water by chemical induction units (water
champs). The sodium feed rate is fed at a control rate based on flow rate or chlorine
residual control as measured by an oxidation reduction potential (ORP) probe. The
sodium hypochlorite is fed at a rate so the chlorine residual is maintained at 1 mg/L prior
to adding the sodium bisulfite for dechlorination.

NORMAL SHUTDOWN
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch on
the local Chemical Induction Unit Control Panel to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Panelboard LF to the “Off” position.
If the chlorine contact tank is still in service, then the Operators must
determine a way to feed sodium hypochlorite to the tank for disinfection
purposes. If sodium hypochlorite cannot be fed to the chlorine contact
tank, then that tank must be taken out of service.
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Columbia Metro WWTP
Sodium Hypochlorite System
Standard Operating Procedure
______________________________________________________________________________________

Sodium Hypochlorite System

ALTERNATIVE OPERATION
There are several alternate modes of operation for the sodium hypochlorite feed system.
The first alternate mode of operation would be to remove the automatic control of the
Sodium Hypochlorite Feeder from “Flow Paced” and place it in the “Stantrol Paced”
mode of operation at the Operator Interface Panel. In this mode of operation, the ORP
analyzer will adjust the Sodium Hypochlorite Chemical Feed Unit based on a preset
chlorine residual.
The second alternate mode of operation would be to remove the Sodium Hypochlorite
Feed Unit from the “Auto Paced” mode of operation and place it into the “Manual Speed”
mode of operation at the Operator Interface Panel. In this mode of operation the
Operator sets the Manual Speed in percent (%) on the Operator Interface Panel. The
feeder will stay at that setpoint until the Operator changes the output.
The third alternate mode of operation would be to operate the Sodium Hypochlorite
Feeder at the unit from the Process Control Unit. In this mode of operation the Operator
can set a flow proportional mode of operation, or an automatic process control mode of
operation using flow signals and chlorine residual signals. This would be removing the
Sodium Hypochlorite Feed Unit from “Remote” control to “Local” control at the Process
Control Unit on the front of the feeder.
The fourth alternate mode of operation would be to pull out the red control knob on the
face of the Sodium Hypochlorite Feed unit. Once this knob has been pulled out the
Operator can turn it to adjust the V-notch controller. Once the Operator sets the
controller at the rate they wish to achieve, then the controller will not change until the
Operator makes the adjustment. It should be noted that the actual feed rate may
change due to actual field conditions such as, a change in vacuum from the chemical
induction unit, out gassing, etc., but the V-notch control valve will not change until the
Operator makes an adjustment.
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Columbia Metro WWTP
Sodium Bisulfite System
Standard Operating Procedure
______________________________________________________________________________________

Sodium Bisulfite System

SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

DF-SBS-1
Operation of the sodium bisulfite system.
To dechlorinate the plant effluent.
Monitored and Controlled by Plant Operators.
Each shift every two hours.
a) Operator to contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to Find Procedure: Plant Operations Manual
b) Reference: Plant drawings and Equipment O&M Manuals
Chemical induction units, chemical feeders, and control systems.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: 20-Jan-12
Revision Date

Revisions Made
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Columbia Metro WWTP
Sodium Bisulfite System
Standard Operating Procedure
______________________________________________________________________________________

Sodium Bisulfite System
Safety Concerns: Operators must follow all safety concerns when working with 38%
sodium bisulfite solution. Operators must be familiar with the MSDS Sheets for sodium
bisulfite. Ensure all emergency showers and eyewash units are operating properly.

INITIAL START-UP
1.
2.
3.
4.
5.
6.

Ensure that the water champ (chemical induction unit) is in the water and
is capable of pulling a vacuum.
Ensure that the valves from the bulk storage tank to the application point
are open.
Ensure that there is chemical in the bulk storage tank.
Ensure that the plant effluent flow meter is recording properly.
Ensure that the Oxidation Reduction Potential (ORP) units are calibrated
and that the sensors are clean.
Ensure that there is electrical power to the chemical induction units and
chemical feed unit.

NORMAL START-UP
1.
2.

3.
4.
5.

6.
7.

Ensure all valves from the bulk chemical storage tank to the application
points are open and/or properly set.
Place the “On-Off” circuit breaker located on Panelboard HF located in
the Disinfection Feed Building for each Chemical Induction Unit is to the
“On” position.
Place the “On-Off” disconnect switch located at each local Chemical
Induction Unit Control Panel (Water Champ) is to the “On” position.
Place the “Hand-Off-Auto” selector switch located on each local Chemical
Induction Unit Control Panel to the “Hand” position.
Place the “On-Off” circuit breaker located on Panelboard LF in the
Disinfection Feed Building for each Sodium Bisulfite Chemical Feed Unit
to the “On” position.
Ensure that the red knob on each Chemical Feed Unit is set so the feeder
can be controlled remotely.
At the Operator Interface Panel (Terminal) (OIT) located in the
Disinfection Feed Building, place the duty Sodium Bisulfite Feed Unit into
the “Auto Paced” mode of operation. This is accomplished by pressing
the “Auto Paced” button and then pressing the “Select” button.
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Sodium Bisulfite System
Standard Operating Procedure
______________________________________________________________________________________

Sodium Bisulfite System
8.

9.

At the Operator Interface Panel (Terminal) (OIT) located in the
Disinfection Feed Building, place each duty Sodium Bisulfite Feed Unit
“Dosage Setpoint.” This is accomplished by pressing the “Dosage
Setpoint” button and then typing the required dosage in parts per million.
At the OIT Panel set the following:
Feeder Capacity: 29 gph
Chemical Density: 2.7 lb/gal
Dosage Setpoint: 2.0 ppm
Please note the chemical density may change based on delivered
chemical and the Dosage Setpoint will change based on process
conditions.

NORMAL OPERATION
The sodium bisulfite is fed in the Dechlorination Chamber after the chlorine contact
tanks. The sodium bisulfite is dispersed into the water by chemical induction unit (water
champs). The sodium bisulfite feed rate is fed at a control rate based on flow rate and
chlorine residual control as measured by an oxidation reduction potential (ORP) probe.
The sodium bisulfite is fed at a rate so the chlorine residual is maintained at less than
0.1 1 mg/L prior to being sent to the Congaree River for dechlorination.

NORMAL SHUTDOWN
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch on
the local Chemical Induction Unit Control Panel to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Panelboard LF to the “Off” position.
If the sodium bisulfite chemical unit is out of service, then the Operators
must use the sodium bisulfite metering pumps and send sodium bisulfite
to the chemical diffuser.
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Sodium Bisulfite System
Standard Operating Procedure
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Sodium Bisulfite System

ALTERNATIVE OPERATION
The first alternate mode of operation would be to remove the Sodium Bisulfite Feed Unit
from the “Auto Paced” mode of operation and place it into the “Manual Speed” mode of
operation at the Operator Interface Panel. In this mode of operation the Operator sets
the Manual Speed in percent (%) on the Operator Interface Panel. The feeder will stay
at that setpoint until the Operator changes the output.
The second alternate mode of operation would be to operate the Sodium Bisulfite
Feeder at the unit from the Process Control Unit. In this mode of operation the Operator
can set a flow proportional mode of operation, or an automatic process control mode of
operation using flow signals and chlorine residual signals. This would be removing the
Sodium Bisulfite Feed Unit from “Remote” control to “Local” control at the Process
Control Unit on the front of the feeder.
The third alternate mode of operation would be to pull out the red control knob on the
face of the Sodium Bisulfite Feed unit. Once this knob has been pulled out the Operator
can turn it to adjust the V-notch controller. Once the Operator sets the controller at the
rate they wish to achieve, then the controller will not change until the Operator makes
the adjustment. It should be noted that the actual feed rate may change due to actual
field conditions such as, a change in vacuum from the chemical induction unit, out
gassing, etc., but the V-notch control valve will not change until the Operator makes an
adjustment.
The fourth alternate mode of operation for the Sodium Bisulfite System would be to take
the Sodium Bisulfite Feeder out of service and use the Sodium Bisulfite Metering Pumps
to feed the chemical. The sodium bisulfite will have to be re-routed from the Chemical
Induction Unit to the Chemical Diffusers.
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5.9

VALVE INDICES

The valve indices are provided to show the valve size, type of valve, type of operator, type of
line, normal position, and the purpose of explanation of all major valves. The valve indices are
labeled to correspond to the flow diagrams in the preceding sections. The valve numbers shown
on the valve indices are shown on the corresponding flow diagrams. The size of the pipeline in
which the valve is located is shown in the corresponding column. The type of valve is selfexplanatory.
The type of operator indicates how the valve is controlled. In most cases, the valves are
controlled manually and are indicated as "Manual". Other valve operators include motor,
pneumatic, solenoid, etc. which are indicated as "Automatic". The type of line indicates what
liquid or gas is being conveyed. In most cases, only one type of liquid is carried in a pipe.
The normal position indicates, as the title implies, the position in which the valve will usually be
placed. Generally, the valve position is classified into three positions: open, closed, or varied.
The operator must use his or her best judgment after studying the flow diagrams to determine
how the valve should be regulated. Some valves require that they be continuously opened or
closed depending on the mode of operation or flow rate. These valves can be regulated by
hand or automatically.
The purpose or explanation is to define briefly why the valve is used. The explanation does not
necessarily explain the normal position. For example, a normally open valve is provided ahead
of each pump so that the pump can be isolated for maintenance or repairs.
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FIGURE NO. 5-1
TREATMENT TRAIN NO. 1 – WASTEWATER FLOW DISINFECTION AREA

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-SE-1

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 1 out of service

1-SE-2

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 2 out of service

1-SE-3

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 3 out of service

1-SE-4

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 4 out of service

1-SE-5

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 5 out of service

1-SE-6

48

Butterfly

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 6 out of service

1-SE-7

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 1 out of service for
maintenance or repairs

FIGURE NO. 5-1
TREATMENT TRAIN NO. 1 – WASTEWATER FLOW DISINFECTION AREA (con’t)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-SE-8

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 2 out of service for
maintenance or repairs

1-SE-9

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 3 out of service for
maintenance or repairs

1-SE-10

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 4 out of service for
maintenance or repairs

DF-PE-1

60 x 60

Sluice Gate

Manual

Plant
Effluent

Closed

DF-PE-2

84 x 84

Sluice Gate

Manual

Plant
Effluent

Open

Open to bypass the Plant
Effluent Parshall flume
Close to take the Plant
Effluent Parshall flume out of
service for maintenance or
repairs

FIGURE NO. 5-2
TREATMENT TRAIN NO. 1 – CHLORINE CONTACT TANK NOS. 1 AND 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-SE-11

36 x 36

Sluice Gate

Manual

Secondary
Effluent

Open

Close to re-direct the
secondary effluent to Chlorine
Contact Tank No. 2

1-SE-12

36 x 36

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 1 out of service for
maintenance or repairs

1-SE-13

42 x 42

Sluice Gate

Manual

Secondary
Effluent

Closed

1-SE-14

36 x 36

Sluice Gate

Manual

Secondary
Effluent

Open

Close to re-direct the
secondary effluent to Chlorine
Contact Tank No. 1

1-SE-15

42 x 42

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
No. 2 out of service for
maintenance or repairs

1-SE-16

15 x 15

Sluice Gate

Manual

Secondary
Effluent

Open

Since the microstrainers are
no longer in service this gate
should remain open

Open to re-direct secondary
effluent to either Chlorine
Contact Tank No. 1 or to
Chlorine Contact No. 2

FIGURE NO. 5-2
TREATMENT TRAIN NO. 1 – CHLORINE CONTACT TANK NOS. 1 AND 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

1-SE-17

15 X 15

Sluice Gate

Manual

Secondary
Effluent

Open

Since the microstrainers are
no longer in service this gate
should remain open

1-SE-18

15 X 15

Sluice Gate

Manual

Secondary
Effluent

Open

Since the microstrainers are
no longer in service this gate
should remain open

1-SE-19

15 X 15

Sluice Gate

Manual

Secondary
Effluent

Open

Since the microstrainers are
no longer in service this gate
should remain open

1-SE-20

48 x 30

Slide Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 1 out of service for
maintenance of repairs

1-SE-21

48 x 30

Slide Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 2 out of service for
maintenance of repairs

1-SE-22a

58 x 30

Slide Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 3 out of service for
maintenance of repairs

1-SE-23a

58 x 30

Slide Gate

Manual

Secondary
Effluent

Open

Close to take Chlorine Contact
Tank No. 4 out of service for
maintenance of repairs

a.

Please note Gate Nos. 1-SE-22 and 1-SE-23 are shown on Figure No. 5-3.

Purpose and
Explanation

FIGURE NO. 5-4
TREATMENT TRAIN NO. 2 – WASTEWATER FLOW DISINFECTION AREA

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-SE-1

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 7 out of service
for maintenance or repairs

2-SE-2

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 10 out of service
for maintenance or repairs

2-SE-3

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 8 out of service
for maintenance or repairs

2-SE-4

30 x 30

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Secondary
Clarifier No. 9 out of service
for maintenance or repairs

2-SE-5

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Open

Close to re-direct the
secondary effluent in the Train
No. 2 Chlorine Splitter Box
around the Chemical Induction
Unit

2-SE-6

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

Open to re-direct the
secondary effluent in the Train
No. 2 Chlorine Splitter Box
around the Chemical Induction
Unit

FIGURE NO. 5-4
TREATMENT TRAIN NO. 2 – WASTEWATER FLOW DISINFECTION AREA (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-SE-7

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Open

Close to re-direct the
secondary effluent in the Train
No. 2 Chlorine Splitter Box
around the Chemical Induction
Unit

2-SE-8

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Train No. 2
Chlorine Contact Tank No. 1
out of service for maintenance
or repairs

2-SE-9

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Train No. 2
Chlorine Contact Tank No. 2
out of service for maintenance
or repairs

3-SE-5

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

3-SE-6

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

3-SE-7

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

3-SE-8

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

FIGURE NO. 5-4
TREATMENT TRAIN NO. 2 – WASTEWATER FLOW DISINFECTION AREA (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

3-SE-9

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

2-TD-1

12 x 12

Sluice Gate

Manual

Tank
Drainage

Closed

Open to drain the
compartment where Chemical
Induction Unit is located

2-TD-2

12 x 12

Sluice Gate

Manual

Tank
Drainage

Closed

Open to drain the
compartment that feeds Train
No. 2 Chlorine Contact Tank
Nos. 1 and 2

3-TD-1

12 x 12

Sluice Gate

Manual

Tank
Drainage

Closed

Open to drain the
compartment that feeds future
Train No. 3 Chlorine Contact
Tank Nos. 1 and 2

DF-PE-1

60 x 60

Sluice Gate

Manual

Plant
Effluent

Closed

Open to bypass the Plant
Effluent Parshall flume

DF-PE-2

84 x 84

Sluice Gate

Manual

Plant
Effluent

Open

Close to take the Plant Effluent
Parshall flume out of service
for maintenance or repairs

FIGURE NO. 5-5
TREATMENT TRAIN NO. 2 – CHLORINE CONTACT TANK NOS. 1 AND 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-SE-5

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Open

Close to re-direct the
secondary effluent in the Train
No. 2 Chlorine Splitter Box
around the Chemical Induction
Unit

2-SE-6

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

Open to re-direct the
secondary effluent in the Train
No. 2 Chlorine Splitter Box
around the Chemical Induction
Unit

2-SE-7

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Open

Close to re-direct the
secondary effluent in the Train
No. 2 Chlorine Splitter Box
around the Chemical Induction
Unit

2-SE-8

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Train No. 2
Chlorine Contact Tank No. 1
out of service for maintenance
or repairs

2-SE-9

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Open

Close to take Train No. 2
Chlorine Contact Tank No. 2
out of service for maintenance
or repairs

FIGURE NO. 5-5
TREATMENT TRAIN NO. 2 – CHLORINE CONTACT TANK NOS. 1 AND 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

3-SE-5

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

3-SE-6

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

3-SE-7

54 x 54

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

3-SE-8

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

3-SE-9

48 x 48

Sluice Gate

Manual

Secondary
Effluent

Closed

This is gate for future
Treatment Train No. 3

2-TD-1

12 x 12

Sluice Gate

Manual

Tank
Drainage

Closed

Open to drain the
compartment where Chemical
Induction Unit is located

2-TD-2

12 x 12

Sluice Gate

Manual

Tank
Drainage

Closed

Open to drain the
compartment that feeds Train
No. 2 Chlorine Contact Tank
Nos. 1 and 2

3-TD-1

12 x 12

Sluice Gate

Manual

Tank
Drainage

Closed

Open to drain the
compartment that feeds future
Train No. 3 Chlorine Contact
Tank Nos. 1 and 2

FIGURE NO. 5-6
SODIUM HYPOCHLORITE SYSTEM

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NOCL-1

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to fill Sodium
Hypochlorite Storage Tank No.
1 with sodium hypochlorite
chemical

DS-NOCL-2

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to fill Sodium
Hypochlorite Storage Tank No.
2 with sodium hypochlorite
chemical

DS-NOCL-3

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to fill Sodium
Hypochlorite Storage Tank No.
1 from chemical truck

DS-NOCL-4

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to fill Sodium
Hypochlorite Storage Tank No.
2 from chemical truck

DS-NOCL-5

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Storage Tank No.
1 out of service for
maintenance or repairs

FIGURE NO. 5-6
SODIUM HYPOCHLORITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NOCL-6

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Storage Tank No.
2 out of service for
maintenance or repairs

DS-NOCL-7

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take the sight glass
for Sodium Hypochlorite Tank
No. 1 out of service for
maintenance or repairs

DS-NOCL-8

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take the sight glass
for Sodium Hypochlorite Tank
No. 1 out of service for
maintenance or repairs

DS-NOCL-9

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take the sight glass
for Sodium Hypochlorite Tank
No. 2 out of service for
maintenance or repairs

DS-NOCL-10

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take the sight glass
for Sodium Hypochlorite Tank
No. 2 out of service for
maintenance or repairs

FIGURE NO. 5-6
SODIUM HYPOCHLORITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NOCL-11

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Chemical Feeder
No. 1 out of service for
maintenance or repairs

DS-NOCL-12

1

Pressure
Regulating
Valve

Automatic

Sodium
Hypochlorite

Varied

Maintains a consistent flow rite
Chemical Feeder No. 1 out of
service for maintenance or
repairs

DS-NOCL-13

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Chemical Feeder
No. 2 out of service for
maintenance or repairs

DS-NOCL-14

1

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Chemical Feeder
No. 2 out of service for
maintenance or repairs

DS-NOCL-15

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Chemical Feeder
No. 3 out of service for
maintenance or repairs

FIGURE NO. 5-6
SODIUM HYPOCHLORITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NOCL-16

1

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Chemical Feeder
No. 3 out of service for
maintenance or repairs

DS-NOCL-17

2

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Chemical Feeder
No. 4 out of service for
maintenance or repairs

DS-NOCL-18

1

Diaphragm

Manual

Sodium
Hypochlorite

Open

Close to take Sodium
Hypochlorite Chemical Feeder
No. 4 out of service for
maintenance or repairs

DS-NOCL-19

1

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to use Standby Feeder
No. 4 when Feeder No. 1 is
out of service

DS-NOCL-20

1

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to use Standby Feeder
No. 4 when Feeder No. 2 is
out of service

DS-NOCL-21

1

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to use Standby Feeder
No. 4 when Feeder No. 3 is
out of service

FIGURE NO. 5-6
SODIUM HYPOCHLORITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NOCL-22

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

For future use

DS-NOCL-23

1

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to use a different
chemical feeder for a different
application point

DS-NOCL-24

1

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to use a different
chemical feeder for a different
application point

DS-NOCL-25

1

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to use a different
chemical feeder for a different
application point

DS-NOCL-26

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

For future use

DS-TD-1

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to drain Sodium
Hypochlorite Storage Tank No.
1

DS-TD-2

2

Diaphragm

Manual

Sodium
Hypochlorite

Closed

Open to drain Sodium
Hypochlorite Storage Tank No.
2

FIGURE NO. 5-6
SODIUM HYPOCHLORITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-D-1

1

Diaphragm

Manual

Drain

Closed

Open to drain overflow line ptrap

DS-D-2

1

Diaphragm

Manual

Drain

Closed

Open to drain chemical feed
line from the storage tanks to
the chemical feeders

DS-V-1

1

Diaphragm

Manual

Vent

Closed

Open to vent overflow line ptrap

1-NOCL-1

1

Ball

Manual

Sodium
Hypochlorite

Open

Close to take the Chemical
Induction Unit for Treatment
Train No. 1 (Final Clarifier
Nos. 1-4) out of service for
maintenance or repairs

1-NOCL-2

1

Ball

Manual

Sodium
Hypochlorite

Open

Close to take the Chemical
Induction Unit for Treatment
Train No. 1 (Final Clarfier Nos.
5 and 6) out of service for
maintenance or repairs

2-NOCL-1

1

Ball

Manual

Sodium
Hypochlorite

Open

Close to take the Chemical
Induction Unit for Treatment
Train No. 2 out of service for
maintenance or repairs

FIGURE NO. 5-7
SODIUM BISULFITE SYSTEM

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NHS-1

2

Ball

Manual

Sodium
Bisulfite

Closed

Open to fill Sodium Bisulfite
Storage Tank with sodium
bisulfite chemical

DS-NHS-2

2

Ball

Manual

Sodium
Bisulfite

Closed

Open to fill Sodium Bisulfite
Storage Tank from chemical
truck

DS-NHS-3

2

Ball

Manual

Sodium
Bisulfite

Open

Close to take the Sodium
Bisulfite Storage Tank out of
service for maintenance or
repairs

DS-NHS-4

2

Ball

Manual

Sodium
Bisulfite

Open

Close to take the sight glass
for the Sodium Bisulfite
Storage Tank out of service for
maintenance or repairs

DS-NHS-5

2

Ball

Manual

Sodium
Bisulfite

Open

Close to take the sight glass
for the Sodium Bisulfite
Storage Tank out of service for
maintenance or repairs

DS-TD-3

2

Ball

Manual

Tank
Drainage

Closed

Open to drain the Sodium
Bisulfite Storage Tank

FIGURE NO. 5-7
SODIUM BISULFITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-D-3

1

Ball

Manual

Drain

Closed

Open to drain overflow line ptrap

DS-V-2

1

Ball

Manual

Vent

Closed

Open to vent overflow line ptrap

DS-NHS-6

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take the Sodium
Bisulfite Chemical Feeder No.
1 out of service for
maintenance or repairs

DS-NHS-7

1

Pressure
Regulating
Valve

Automatic

Sodium
Bisulfite

Varied

Maintains a consistent flow to
Sodium Bisulfite Chemical
Feeder No. 1

DS-NHS-8

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take the Sodium
Bisulfite Chemical Feeder No.
1 out of service for
maintenance or repairs

DS-NHS-9

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take the Sodium
Bisulfite Chemical Feeder No.
2 out of service for
maintenance or repairs

FIGURE NO. 5-7
SODIUM BISULFITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NHS-10

1

Pressure
Regulating
Valve

Automatic

Sodium
Bisulfite

Varied

Maintains a consistent flow to
Sodium Bisulfite Chemical
Feeder No. 2

DS-NHS-11

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take the Sodium
Bisulfite Chemical Feeder No.
2 out of service for
maintenance or repairs

DS-NHS-12

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take Sodium Bisulfite
Chemical Feeder No. 2 out of
service for maintenance or
repairs

DS-NHS-13

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take Sodium Bisulfite
Chemical Feed Pump No. 1
out of service for maintenance
or repairs

DS-NHS-14

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take Sodium Bisulfite
Chemical Feed Pump No. 1
out of service for maintenance
or repairs

DS-NHS-15

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take Sodium Bisulfite
Chemical Feed Pump No. 2
out of service for maintenance
or repairs

FIGURE NO. 5-7
SODIUM BISULFITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DS-NHS-16

1

Ball

Manual

Sodium
Bisulfite

Open

Close to take Sodium Bisulfite
Chemical Feed Pump No. 2
out of service for maintenance
or repairs

DS-NHS-17

1

Ball

Manual

Sodium
Bisulfite

Open

Close for maintenance
purposes

DS-NHS-18

1

Ball

Manual

Sodium
Bisulfite

Open

Close for maintenance
purposes

DF-NHS-1

1

Ball

Manual

Sodium
Bisulfite

Open

Close to stop sodium bisulfite
to the Dechlorination Facilities

DF-NHS-2

1

Ball

Manual

Sodium
Bisulfite

Open

Close to stop sodium bisulfite
to the Chemical Induction Unit
and Chemical Diffuser

DF-NHS-3

1

Ball

Manual

Sodium
Bisulfite

Closed

Open to pump sodium bisulfite
to the Chemical Diffuser at the
influent end of the
Dechlorination Facilities

DF-NHS-4

1

Ball

Manual

Sodium
Bisulfite

Open

Close to stop sodium bisulfite
to the Chemical Induction Unit

FIGURE NO. 5-7
SODIUM BISULFITE SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DF-NHS-5

1

Ball

Manual

Sodium
Bisulfite

Closed

Open to send sodium bisulfite
to the Chemical Diffuser at the
effluent end of the
Dechlorination Structure when
using the Sodium Bisulfite
Feed Pumps

DF-NHS-6

1

Ball

Manual

Sodium
Bisulfite

Closed

Open to send the sodium
bisulfite to the Chemical
Diffuser at the effluent end of
the Dechlorination Structure
using the Sodium Bisulfite
Feed Pumps

DF-PE-1

60 x 60

Sluice Gate

Manual

Plant
Effluent

Closed

Open to bypass the Plant
Effluent Parshall flume

DF-PE-2

84 x 84

Sluice Gate

Manual

Plant
Effluent

Open

Close to take the Plant Effluent
Parshall flume out of service
for maintenance or repairs
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CHAPTER 6
DISSOLVED AIR FLOTATION THICKENING
6.1

GENERAL DESCRIPTION

6.1.1

Introduction

Waste activated sludge or a combination of waste activated sludge and primary sludge
is pumped from Treatment Train Nos. 1 and 2 to the two (2) Sludge Thickener Buildings
where the sludge is thickened by dissolved air flotation thickeners. The sludge is
thickened in order to reduce the sludge volume. Reducing the sludge volume can
substantially reduce operating costs within the solids handling facilities. In addition,
reducing the sludge volume also provides some operational benefits to the solids
handling facilities, such as increasing the solids retention time in the anaerobic digestion
process.
6.1.2

Dissolved Air Flotation Thickening

The objective of dissolved air flotation thickening is to cause the solids to separate from
the water in an upward direction by attaching miniature air bubbles to the solids
particles. The solids (sludge) particles with the attached air bubbles are now lighter than
the water and will rise to the surface of the liquid. As additional particles rise to the
surface, the top layer of sludge will become thicker. A portion of the upper layer of
thickened sludge (float sludge) is mechanically removed by a flight and chain scraper
mechanism. Once the top layer is removed then the next layer begins to build-up on the
surface and thickens. The thickened sludge removed from the surface is deposited into
a trough that runs along the effluent end of the thickener. In the trough there is a screw
conveyor that moves the thickened sludge to one corner where it falls into the Thickened
Sludge Wet Well. There are two (2) Thickened Sludge Wet Wells in the Thickener
Building. Each Thickened Sludge Wet Well serves two (2) air flotation thickeners. The
thickened sludge is removed from the wet wells by positive displacement, progressive
cavity type pumps and transferred to the anaerobic digestion process for sludge
stabilization.
The solids that are too heavy to float to the tank surface settle to the bottom of the
thickeners. These solids may be grit, sand, and other such solids. The solids that settle
to the bottom of the sludge thickener are periodically moved to the influent end of the
thickeners by a chain and flight type scraper mechanism. Once the settled solids are
moved the influent end of the thickener a screw conveyor moves the solids to one
corner. At this location the solids are periodically removed from the thickeners and
returned to the plant influent.
6.1.3

Air Flotation Thickener Building No. 1

The waste activated sludge and primary sludge from Treatment Train No. 1 are
transferred to the Mixed Sludge Wet Well at Air Flotation Thickener Building No. 1. Air
Flotation Thickener Building No. 1 was constructed in 1979 and then renovated in 2006.
Air Flotation Thickener Building No. 1 contains four (4) rectangular dissolved air flotation
thickeners installed in concrete basins. Each air flotation thickener is 70 ft. long by 20 ft.
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wide with a liquid depth of 12 ft. The effective surface area of each air flotation thickener
is 1,400 ft2 and the total surface area of the air flotation thickeners is 5,600 ft2. The air
flotation thickeners receive a feed sludge with a concentration of approximately 0.5%
total solids. The air flotation thickeners thickened the sludge to a solids concentration of
approximately 4-5% total solids. The air flotation thickeners were originally designed for
a total feed sludge loading rate of 92,205 lbs/day of solids. The design solids loading
rate of each air flotation thickener is 0.71 lbs/hr/ft2. The air flotation thickeners were
originally designed without the use of polymer and a solids capture rate of 85%.
The waste activated sludge to the thickeners is provided by a 10-inch pipe that branches
off from the 36-inch return activated pipe for Treatment Train No. 1. Sludge is wasted at
a controlled rate as controlled by a magnetic flow meter and motorized butterfly valve.
After the waste activated sludge is metered it flows into a manhole on the east side of
Primary Sedimentation Tank Nos. 1-4. At this same manhole, the primary sludge and
primary scum from Primary Sedimentation Tank Nos. 1-4 are also added where it
combines with the waste activated sludge. The waste activated sludge, primary sludge
and primary scum flows through an 18-inch pipe where it enters the Mixed Sludge Wet
Well at Air Flotation Thickener Building No. 1. Prior to reaching the Mixed Sludge Wet
Well the primary sludge and primary scum from Primary Sedimentation Tank Nos. 5-12
are added at two (2) other manholes.
An 18-inch sludge pipe that contains the waste activated sludge and primary effluent
from Treatment Train No. 1 enters on the west side of the Mixed Sludge Wet Well at Air
Flotation Thickener Building No. 1, as shown in Figure No. 6-1. The sludge in the wet
well is mixed by coarse bubble diffusers located in the wet well. The sludge well is
designed to be mixed continuously or intermittently. The diffusers are supplied air by
two (2) blowers located in the thickener building, as shown in Figure No. 6-2. Each wet
well blower is rated at 300 scfm at a discharge pressure of 6 psig.
The sludge is removed from the Mixed Sludge Wet Well by four (4) positive
displacement, progressive cavity type pumps that transfer the sludge to the dissolved air
flotation thickeners, as shown in Figure No. 6-1. There is one Mixed Sludge Feed Pump
per air flotation thickener. Each Mixed Sludge Feed Pump is rated at 250 gpm at a
discharge pressure of 22 psig (51 ft.). Since the feed sludge characteristics can be
inconsistent, each pump is driven by a variable frequency drive unit so the pump output
can be adjusted in order to provide a consistent solids loading rate to the thickeners.
The mixed sludge is discharged to the distribution header at each sludge thickener. At
this point the feed sludge is mixed with the pressurized sludge flow.
Primary effluent is removed from the primary effluent channel on the west side of
Primary Sedimentation Tank Nos. 9-12. The primary effluent flows through a 14-inch
pipe to Air Flotation Thickener Building No. 1 to the suction header of the Pressurization
Pumps, as shown in Figure No. 6-3. The primary effluent is drawn into four (4)
horizontally mounted, non-clog centrifugal type pumps referred to as Pressurization
Pumps. There is one (1) Pressurization Pump per air flotation thickener. Each
Pressurization Pump is rated at 700 gpm at a total dynamic head of 140 ft. The
pressurization flow is discharged from the Pressurization Pumps to the Pressurization
Tanks. Prior to the pressurization tanks the pressurization flow is pumped through four
(4) automatic self-cleaning strainers. The strainers were installed to clean the
pressurization flow prior to entering the Pressurization Tanks. At this time (Year 2011)
the automatic strainers are not in service.
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After the strainers the pressurized flow enters the Pressurization Tanks. There is one
(1) Pressurization Tank per air flotation thickener. Each Pressurization Tank is 48inches in diameter and designed to maintain an operating pressure of 40-45 psig, but
can go up to 50 psig. Each Pressurization Tank is designed for a flow of 700 gpm but
can handle a flow range of 650 to 820 gpm. There is a safety relief valve located on the
top of the tank that is set at 60 psig. The pressure is maintained in the Pressurization
Tank by a pressure regulating valve that is on the outlet side of the tank. There is also a
liquid level control device mounted on the Pressurization Tank to ensure that the liquid
within the tank is always at the proper level.
Air is supplied to each Pressurization Tank from a duplex air compressor system located
in Air Flotation Thickener Building No. 1, as previously shown in Figure No. 6-2. Each
air compressor is designed to provide 68 scfm of air at 100 psig. Each Pressurization
Tank requires approximately 10.5 scfm of air at 80 psig. Typically, it requires 0.10 scfm
of air/10 gpm of pressurized flow. The air is introduced into the piping of the pressurized
flow prior to entering the Pressurization Tank, as previously shown in Figure No. 6-3.
After the Pressurization Tank the pressurized flow and mixed sludge flow are combined
in a header pipe at the influent end of each air flotation thickener. The combined flows
are distributed into each thickener through a manifold that consists of four (4) pipes.
The sludge that floats to the surface of each thickener is periodically removed by top
scrapers. These scrapers automatically start and stop based on timers set at the
Thickener Control Panel or on SCADA. The thickened sludge or float sludge is
deposited into a trough at the effluent end of each air flotation thickener. A 20-inch
diameter screw conveyor (top screw conveyor) located in each trough moves the
thickened sludge to a Thickened Sludge Wet Well located between the air flotation
thickeners. There are two (2) Thickened Sludge Wet Wells each serving two (2) air
flotation thickeners. The sludge is automatically removed from each Thickened Sludge
Wet Well by two (2) positive displacement, progressive cavity type pumps located at
each wet well, as previously shown in Figure No. 6-1. Each pump is rated at 250 gpm at
a discharge pressure of 20 psig (46 ft.). The thickened sludge that is removed from
each Thickened Sludge Wet Well is transferred to the anaerobic digesters for sludge
stabilization, as shown in Figure No. 6-4. Typically, the sludge thickened sludge
concentration is maintained between 4 to 5% total solids.
The sludge and solids that settle to the bottom of the air flotation thickeners are
periodically moved to the influent end of each thickener by a chain and flight scraper
mechanism located along the bottom of the thickener. The bottom scraper and removal
system is typically operated automatically as controlled by timers located at the
Thickener Control Panel or on SCADA. Once the sludge is moved to the influent end of
the thickener, an inch diameter screw conveyor moves it to a hopper in one corner of the
thickener, as shown in Figure No. 6-5. The sludge that is deposited into the hopper is
automatically removed by a motorized valve set on a timer from the Thickener Control
Panel or SCADA. The bottom solids removed from the air flotation thickeners are
returned to the Plant Influent Pumping Station.
The thickener effluent (subnatant) flows under a baffle and then over a weir located at
the effluent end of each air flotation thickener. The thickener effluent is returned to the
Plant Influent Pumping Station where it is sent back through the process. Originally, the
subnatant from the thickeners in Air Flotation Thickener Building No. 1 was transferred
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to the influent side of the screw pumps that supplied wastewater to Treatment Train No.
1. However, upon completion of the new Plant Influent Pumping Station and Plant
Headworks the subnatant is directed to the Plant Influent Pumping Station.
6.1.4

Air Flotation Thickener Building No. 2

The waste activated sludge and primary sludge from Treatment Train No. 2 are
transferred to the Mixed Sludge Wet Well at Air Flotation Thickener Building No. 2. Air
Flotation Thickener Building No. 2 was constructed during the 1991 plant expansion
project. Air Flotation Thickener Building No. 2 contains four (4) dissolved air flotation
thickeners constructed in concrete basins. Each air flotation thickener is 70 ft. long by
20 ft. wide with a liquid depth of 12 ft. The effective surface area of each air flotation
thickener is 1,400 ft2 and the total surface area of the air flotation thickeners is 5,600 ft2.
The air flotation thickeners receive a feed sludge with a concentration of approximately
0.5% total solids. The air flotation thickeners thicken the sludge to a sludge
concentration of approximately 4-5% total solids. The air flotation thickeners were
originally designed for a total feed sludge loading rate of 103,488 lbs/day of solids. The
design loading rate of each air flotation thickener is 0.77 lbs/hr/ft2. The air flotation
thickeners were designed without the use of polymer and a solids capture rate of 85%.
The waste activated sludge and primary sludge enter the Mixed Sludge Wet Well at Air
Flotation Thickener Building No. 2 through two (2) separate pipes, as shown in Figure
No. 6-6. The waste activated sludge and primary sludge are added to the Mixed Sludge
Wet Well at controlled rates while the primary scum enters the wet well each time a
scum trough is lowered for scum removal. The Mixed Sludge Well also contains a Mixed
Sludge Pipe and an overflow pipe, as shown in Figure No. 6-6. The 10-inch mixed
sludge pipe connects to the Mixed Sludge Wet Well at Air Flotation Thickener Building
No. 1. Figure No. 6-7 shows the outside piping and interconnection piping between Air
Flotation Thickener Building Nos. 1 and 2.
After the various solids enter the Mixed Sludge Wet Well they are mixed by coarse
bubble diffusers that are supplied low pressure air from two (2) centrifugal type blowers
located in Air Flotation Thickener Building No. 2, as shown in Figure No. 6-8. Each
blower is rated at 335 scfm at a discharge pressure of 6 psig.
The sludge is removed from the Mixed Sludge Wet Well by three (3) vertically mounted,
non-clog centrifugal type pumps. Each Mixed Sludge Feed Pump is rated at 400 gpm at
a total dynamic head of 31 ft. The mixed sludge is distributed to each air flotation
thickener at a pre-determined rate as controlled by a motorized diaphragm valve and a
magnetic flow meter for each thickener, as shown in Figure No. 6-6. The mixed sludge
is mixed with the pressurized flow and then it is distributed through a four (4) header
pipe into the air flotation thickener.
At Air Flotation Thickener Building No. 2, the pressurization system is supplied primary
effluent from the primary tanks at Treatment Train No. 2 or the pressurization system is
supplied water using thickener effluent. The pressurization flow is fed to three (3)
vertically mounted, non-clog, centrifugal type pumps referred to as Pressurization
Pumps, as shown in Figure No. 6-9. Each Pressurization Pump is rated at 1,500 gpm at
a total dynamic head of 164 ft. The pressurization pumps discharge into a common
header that extends to an automatic self-cleaning strainer. After the pressurized flow
passes through the automatic strainer it is distributed to the four (4) pressurization tanks,
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as controlled by a motorized diaphragm valve and magnetic flow meter. Each
Pressurization Tank is 54-inches in diameter and is designed to be maintained at an
operating pressure of 40 psig. Each Pressurization Tank is designed for a maximum
flow rate of 750 gpm. There is a safety relief valve located on the top of the tank that is
set at 60 psig. The pressure is maintained in the Pressurization Tank by a pressure
regulating valve that is on the outlet side of the tank. There is also a liquid level control
device mounted on the Pressurization Tank to ensure that the liquid within the tank is
always at the proper level.
Air is supplied to each Pressurization Tank from two (2) package type air compressors,
as previously shown in Figure No. 6-8. Each air compressor is designed to provide 65
scfm of air at 90 psig. Each Pressurization Tank requires 11.25 scfm of air at 50 psig.
The air is introduced into the piping of the pressurized flow prior to entering the
Pressurization Tank, as previously shown in Figure No. 6-9.
After the Pressurization Tank the pressurized flow and mixed sludge flow are combined
in a header pipe at the influent end of each air flotation thickeners. The combined flows
are distributed into each thickener through a manifold that consists of four (4) pipes.
The sludge that floats to the surface of each thickener is periodically removed by top
scrapers. These scrapers automatically start and stop based on timers set at the
Thickener Control Panel or on SCADA. The thickened sludge or float sludge is
deposited into a trough at the effluent end of each air flotation thickener. A 20-inch
diameter screw conveyor (top screw conveyor) located in each trough moves the
thickened sludge to a Thickened Sludge Wet Well located between the air flotation
thickeners. There are two (2) Thickened Sludge Wet Wells each serving two (2) air
flotation thickeners. The sludge is automatically removed from each Thickened Sludge
Wet Well by two (2) positive displacement, progressive cavity type pumps located at
each wet well, as previously shown in Figure No. 6-6. Each pump is rated at 250 gpm at
a discharge pressure of 20 psig (46 ft.). The thickened sludge that is removed from
each Thickened Sludge Wet Well is transferred to the anaerobic digesters for sludge
stabilization. Typically, the sludge thickened sludge concentration is maintained
between 4 to 5% total solids.
The sludge and solids that settle to the bottom of the air flotation thickeners are
periodically moved to the influent end of each thickener by a chain and flight scraper
mechanism located along the bottom of the thickener. The bottom scraper and removal
system is typically operated automatically, as controlled by timers located at the
Thickener Control Panel or SCADA. Once the sludge is moved to the influent end of the
thickener, a 16-inch diameter screw conveyor moves it to a hopper in one corner of the
thickener, as shown in Figure No. 6-10. The sludge that is deposited into the hopper is
automatically removed by a motorized valve set on a timer from the Thickener Control
Panel or SCADA. The bottom solids removed from the air flotation thickeners are
returned to the Plant Influent Pumping Station.
The thickener effluent (subnatant) flows under a baffle and then over a weir located at
the effluent end of each air flotation thickener. The thickener effluent is returned to the
Plant Influent Pumping Station where it is sent back through the process. The subnatant
(thickener effluent) can also be directed to the suction side of the Pressurization Pumps
to be used as pressurized flow, as previously shown in Figure No. 6-7.
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6.1.5

Seal Water System (Air Flotation Thickener Building No. 2)

A seal water system is installed in Air Flotation Building No. 2 to supply water to the
pump seals. Potable water is automatically supplied to a 150 gallon seal water tank, as
controlled by a float valve. There is an air gap between the liquid level in the seal water
tank and the discharge end of the potable water pipe. Four (4) turbine type seal water
pumps remove non-potable water from the seal water tank. Each pump is rated at 13
gpm at a total dynamic head of 60 ft. The seal water is pumped to the mixed sludge
pumps, pressurization pumps and the thickened sludge pumps. Typically, a pump seal
requires between 1-5 gpm of seal water (depending upon the shaft size) at a pressure of
5-10 psig above the operating discharge pressure of the pumps. The seal water is used
to keep the pump shaft cool, keep abrasive material away from the pump shaft and other
such reasons. A solenoid valve automatically opens when the pump starts and closes
when the pump stops.
6.1.6

Odor Control Systems

There is an odor control system located in Air Flotation Thickener Building Nos. 1 and 2.
Each odor control system is a chemical scrubber type system that uses sodium
hypochlorite and sodium hydroxide as the reaction chemicals. The sodium hypochlorite
is generated on-site in each Odor Control Building by Sodium Hypochlorite Generators.
The Recycle Water Pumps draw water out of the scrubber tower and pump it through the
generators. The scrubber water also contains brine water to help with the reaction in the
sodium hypochlorite generators.
Odorous air is removed from each Air Flotation Thickener Building by an in-line duct fan
located in its respective Odor Control Building. Each in-line duct fan is rated at 33,000
scfm. The odorous air is introduced into the bottom of the Scrubber Tower and travels
upward where it is vent into the atmosphere from the top of the scrubber tower. At the
same time the sodium hypochlorite and sodium hydroxide are spray misted at the top of
the Scrubber Tower and travels downwater cleaning the odorous air. The odor control
systems are designed to treat odorous air with 30 parts per million (ppm) hydrogen
sulfide concentration.
For further information on the controls and theory of the two thickened sludge building
odor systems, then refer to Chapter 10, Odor Control Systems. (Please note that the
odor control systems located in both Air Flotation Thickener Buildings are out of service
and have not been operated for a number of years).
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6.2

EQUIPMENT OPERATION

6.2.1

Introduction

This section covers the operation of the air flotation thickening process. This section
covers the equipment located in both Air Flotation Thickener Building No. 1 and Air
Flotation Thickener Building No. 2. It includes the operation of the mixed sludge pumps,
pressurization pumps, air flotation thickeners, thickened sludge pumps, wet well blowers,
pressurization system air compressors, self-cleaning strainers, seal water pumps and
the controls associated with this portion of the plant. The operation as described here
involves only normal operation and control of the equipment. For further information
regarding the internal operation and maintenance of a particular piece of equipment,
consult the equipment manufacturer’s operation and maintenance manuals and shop
drawings on file in the Record Room of the Administration Building or in the Maintenance
Building.
Most electric motors are equipped with a “Lock-Out-Stop” or “Emergency Stop” switch
located at the unit. These switches are provided as a safety measure for emergency
shutdown of the motor or for “locking-out” the motor to prevent accidental starting while
maintenance or repair is in progress. When a piece of equipment is locked out, the
Employees must follow the City’s Lock-out/Tag-out Program. A copy of the City’s Lockout/Tag-out requirements is provided in Appendix B of this manual. The switches are
normally in the “Start” or “On” position so that control of the motors is from the motor
control center, selector switches at the motor, remote control panels or on the
Supervisory Control and Data Acquisition (SCADA) System.
Operators must be aware that there are multiple ways to navigate through the SCADA
screens and the following write-ups discuss only one method of maneuvering through
these screens. Operators must find a method that makes them feel comfortable and
enables them to control the equipment efficiently. Please note that depending upon the
control location within the plant the equipment can be controlled by using different
procedures on SCADA. For example, if the Operator is controlling thickening equipment
from an Air Flotation Thickener Building, the Operators would use the function buttons
(F) to step through the screens and control equipment. However, if that same
equipment is being controlled from a computer in a remote location, then the Operator
must use the cursor to select and control equipment. The basic controls are the same
but how an Operator pulls up and controls that equipment at the various SCADA screens
is different.
6.2.2

Mixed Sludge Pump Nos. 1-4 (Air Flotation Thickener Building No. 1)

6.2.2.1

Introduction

The waste activated sludge, primary sludge and primary scum from Treatment Train No.
1 are transferred to the Mixed Sludge Wet Well located at Air Flotation Thickener
Building No. 1. The sludge is removed from the Mixed Sludge Wet Well by four (4)
positive displacement, progressive cavity type pumps referred to as Mixed Sludge
Pumps. There is one pump associated with each Air Flotation Thickener. Each Mixed
Sludge Pump is rated at 250 gpm at a discharge pressure of 22 psig (51 ft). At the
Thickener Control Panel or on SCADA, the Operator enters a preset flow rate for each
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Mixed Sludge Pump based on the sludge characteristics so the air flotation thickeners
are at the proper solids loading rate.
Each Mixed Sludge Pump is driven by a 15 Hp motor that receives 480 volt, three phase
electrical power from the Variable Frequency Drive Panels located in the Electrical
Room of Air Flotation Thickener Building No. 1. The Variable Frequency Drive Panels
receive electrical power from Motor Control Center MCC61 located on the grade floor of
Air Flotation Thickener Building No. 1.
6.2.2.2

Start-up Procedures
1.

Ensure that all of the valves on the suction and discharge side of the
pumps are “Open.” IMPORTANT: Never operate a mixed sludge pump
(positive displacement pump) in a closed system because damage could
occur to the piping and pumps. More importantly harm could occur to an
Operator.

2.

Ensure that the valve at each Air Flotation is “Open” and the non-potable
water valves on the discharge side of the pumps are “Closed.”

3.

Place the “On-Off” disconnect switch located next to each Mixed Sludge
Pump to the “On” position. During normal operation, these switches are
always in the “On” position and only require occasional checking to
ensure they were not turned off.

4.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC61 for the Mixed Sludge Pumps Variable Frequency Drive Panels to
the “On” position. During normal operation, this switch is always in the
“On” position and only requires occasional checking to ensure that they
have not tripped.

5.

Place the “On-Off” circuit breakers located inside each Mixed Sludge
Variable Frequency Drive Panel for each Mixed Sludge Pump to the “On”
position. During normal operation, these switches are always in the “On”
position, and only require occasional checking to ensure that they have
not tripped. IMPORTANT: Only an Electrician should touch the circuit
breakers located inside these panels.

6.

Place the “On-Off” circuit breaker located on the two (2) Mixed Sludge
Pump Variable Frequency Drive Panels to the “On” position. During
normal operation, this switch is always in the “On” position and only
requires occasional checking to ensure that it has not tripped.

7.

On the Variable Frequency Drive Display on the Variable Frequency
Drive Panels for each Mixed Sludge Pump, place the pump in
“Automatic.” Once the display shows “Automatic” ensure that you “Enter”
the setting using the button on the upper row of the display. If the display
shows “Off”, then the Mixed Sludge Pump can be started and stopped
(red and green buttons on the display) and the pump output can be
adjusted from the display unit.
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8.

Place the “Hand-Off-Remote” selector switch located on the Mixed
Sludge Pump Variable Frequency Drive Panel (VFD Panel) for each
Mixed Sludge Pump to the “Remote” position. In the “Off” position, the
pump will not operate. In the “Hand” position, the pump will operate
continuously. The pump output speed is controlled from the VFD Panel.

The Operator can now control the Mixed Sludge Pumps from the Thickener Control
Panel located in the Control Room of Air Flotation Thickener Building No. 1 (Sludge
Thickening Building No. 1) or from a remote SCADA Operator Interface Panel.
9.

Pull up the Main Menu on the Thickener Control Panel, as shown in
Figure No. 6-11.

10.

After the Main Menu appears on the display screen, press either F1, F2,
F3, or F4 for Air Flotation Thickener Nos. 1-4. The Operator must use the
buttons below the display screen. For example, press “F1” for Air
Flotation Thickener No. 1.

11.

An overview display will appear on the screen for the Air Flotation
Thickener, as shown in Figure No. 6-12.

12.

On the thickener overview screen there are blue informational icons along
the bottom of the display. The icon “F1-F4” is for the Mixed Sludge
Pumps. Press the “F1” button below the display screen.

13.

After the “F1” button is pressed, the Mixed Sludge Pump display screen
will appear, as shown in Figure No. 6-13.

14.

On the lower portion of the display screen there are blue icon buttons.
The first four (4) icon display buttons (F1, F2, F3 and F4) are for each
Mixed Sludge Pump.

15.

Press the “F1” button under the display screen for the Mixed Sludge
Pump No. 1.

16.

After the “F1” button is pressed, the Mixed Sludge Control Panel display
will appear on the screen, as shown in Figure No. 6-14.

17.

Press the “Manual-Auto” on the pump display. Once the button is
highlighted use the up and down on the right side of the Panelview screen
in the circle to change the setting to “Manual” or “Automatic.” Place the
pump in the “Automatic” mode of operation. Please note that the “Start”
and “Stop” buttons on the Pump Control Panel are only used when the
pump is in “Manual”.

18.

Set the pump Automatic Flow Setpoint by pressing the box and then
using the pop-up keypad to set the pump output in gallons per minute
(gpm).Once the required setpoint is set, then press “Enter” to secure the
setpoint number.
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FIGURE NO. 6-11 – THICKENER CONTROL PANEL DISPLAY SCREEN
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FIGURE NO. 6-12– AIR FLOTATION THICKENER DISPLAY SCREEN
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FIGURE NO. 6-13 – MIXED SLUDGE PUMPS DISPLAY SCREEN
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FIGURE NO. 6-14 – MIXED SLUDGE CONTROL PANEL DISPLAY SCREEN

19.

After Mixed Sludge Pump No. 1 is set, then press the F20 Return button and
repeat Step Nos. 13-18 for Mixed Sludge Pump Nos. 2, 3 and 4 by using the F2,
F3 and F4 buttons.

6.2.2.3

Normal Operation

During normal operation, the Mixed Sludge Pumps are in the “Automatic” mode of
operation. In this mode of operation, the Operator enters a preset sludge flow rate to the
Air Flotation Thickener. The pump output will change to maintain the preset flow rate set
by the Operator. The required sludge flow rate to the air flotation thickeners is based on
the sludge characteristics. The air flotation thickeners are fed sludge in order to
maintain their design solids loading rate and not to exceed their design hydraulic loading
rate. The air flotation thickeners in Air Flotation Thickener Building No. 1 are designed
for a solids loading rate of 0.71 lbs SS/hr/ft2 without polymer.
The mixed sludge combines with the pressurization flow and is then distributed into the
air flotation thickeners.
While the Mixed Sludge Pumps are in service it is important that Operators monitor the
Mixed Sludge Wet Well. The Operators must ensure that the liquid level does not get
too low or too high. The pumping of primary sludge into the Mixed Sludge Wet Well can
be affected if the liquid level in the Mixed Sludge Wet Well is too high.
6.2.2.4

6.2.2.5

Shutdown Procedures
1.

For a short-term shutdown, pull up the Mixed Sludge Pump control screen
and place the pump in “Manual” and then press the “Off” button. The
pump can also be shutdown for a short-term by placing the “Hand-OffRemote” selector switch on the Variable Frequency Drive Panel to the
“Off” position.

2.

For a long-term shutdown, repeat Step No. 1. In addition, an Electrician
must place the “On-Off” circuit breaker located inside the Mixed Sludge
Pump Variable Frequency Drive Panel to the “Off” position for the pump
being taken out of service.
Alternate Operation

The Mixed Sludge Pumps are normally operated in the “Automatic” mode of operation;
however, there are several alternative modes of operation for these pumps. The first
alternate mode of operation would be to place the Mixed Sludge Pump in “Manual” at the
Mixed Sludge Pump Control Panel on the Mixed Sludge Pump display screen. Once the
pump controls are in the “Manual” mode of operation, then the pump can be “Started”
and “Stopped” at this display screen. The pump output can also be set at this location.
The second alternate mode of operation would be to place the “Hand-Off-Remote”
selector switch located on the Mixed Sludge Pump Variable Speed Drive Panel (VFD) to
the “Hand” position. The mixed sludge pump can now be controlled from the pump
controller on the VFD Panel.
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6.2.2.6

Alarm Conditions

There are several alarm conditions for the Mixed Sludge Pumps and pumping system,
such as:
Mixed Sludge Wet Well High Level Alarm On – 10 ft
Mixed Sludge Wet Well Low Level Alarm Off – 9.3 ft
Mixed Sludge Wet Well Low Low Level Alarm – 2.0 ft
Mixed Sludge Pump High Discharge Pressure – 45 psig
6.2.2.7

Mixed Sludge Level Sensor Flushing System

Non-potable water is supplied through a 2-inch pipe to the Mixed Sludge Level Sensor,
as previously shown in Figure No. 6-1. There is a solenoid valve installed on the nonpotable water that automatically opens and closes periodically to flush the level sensor
line of solids so the level sensor can remain accurate. The flushing sequence is preset
from the Thickener Control Panel located in the Control Room of Air Flotation Thickener
Building No. 1.
1.

The Operator must pull up the “Main Menu” display screen on the
Thickened Control Panel.

2.

Press “F8” Mixed Sludge and Thickened Sludge Wet Well Level
Transmitter Flushing Timers.

3.

After the “F8” is pressed the Mixed Sludge and Thickened Sludge Wet
Well Level Transmitter Flushing Timers will appear on the screen.
Ensure that the following initial recommended settings appear on the two
(2) timers.
Flushing Cycle – 60 minutes
Flushing Duration – 60 seconds
If these time settings are not correct, then use the keys to highlight the
number that is incorrect. Then use the number keys to type in the correct
number. Once the correct number is typed in, then confirm the number
by pressing the “Enter” key.
Once these numbers are set, there should be no need to change them
unless the Operator determines that there is an unusual high amount of
solids entering the level sensor.

Once the flushing system is set, then the following will automatically occur.
1.

After the Cycle Timer (60 mins) times out, then the solenoid valve on the
non-potable water line will open.
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2.

The solenoid valve will remain open for the amount of time set on the
Duration Timer (60 secs).

3.

After the Duration Timer times out the solenoid valve will close and wait
for the Cycle Timer to start the flush cycle again.

6.2.2.8

Power Failure

If there is a power failure, the Mixed Sludge Pumps will automatically shut down. After
utility power is restored the Mixed Sludge Pumps will come back on-line automatically.
6.2.3

Mixed Sludge Wet Well Blower Nos. 1 and 2
(Air Flotation Thickener Building No. 1)

6.2.3.1

Introduction

The sludge that enters the Mixed Sludge Wet Well is mixed by coarse bubble diffusers
supplied air from two (2) blowers located in Air Flotation Thickener Building No. 1. Each
Mixed Sludge Wet Well Blower is a centrifugal type blower rated at 300 scfm at a
discharge pressure of 6 psig. Typically, one blower serves as the “Duty” blower and the
second blower serves as the “Standby” unit.
The Mixed Sludge Wet Well contents can be mixed intermittently as controlled by timers
or it can be mixed continuously.
Each Mixed Sludge Wet Well Blower is driven by a 15 Hp motor that receives 480 volt,
three phase electrical power from Motor Control Center MCC61 located on the grade
floor of Air Flotation Thickener Building No. 1.
6.2.3.2

Start-up Procedures
1.

Ensure that the valves on the discharge side of the blowers are “Open.”

2.

Place the “On-Off” disconnect switch located next to each Mixed Sludge
Wet Well Blower to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not been turned off.

3.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC61 for each Mixed Sludge Wet Well Blower to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

4.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC61 for each mixed Sludge Wet Well Blower to the “Automatic”
position. In the “Off” position, the blower will not operate. In the “Hand”
position, the blower will operate continuously.

The Operator can now control the Mixed Sludge Wet Well Blowers from the Thickener
Control Panel located in the Control Room of Air Flotation Thickener Building No. 1
(Sludge Thickening Building No. 1 or from a remote SCADA Operator Interface Panel.
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5.

Pull up the Main Menu on the Thickener Control Panel.

6.

Press “F1”, “F2”, “F3” or “F4” for the display for Air Flotation Thickener
Nos. 1, 2, 3 or 4.

7.

Once the Air Flotation Thickener display appears on the screen, press
“F8” for the Blowers.

8.

After the “F8” button is pressed, the Mixed Sludge Wet Well Blower
display will appear on the screen, as shown on Figure No. 6-15.

9.

Set the Automatic On Time Setpoint using the buttons and number pad
on the Control Panel. The initial recommended setting is 50 minutes.

10.

Set the Automatic Off Time Setpoint using the buttons and number pad
on the Control Panel. The initial recommended setting is 10 minutes.

11.

Use the buttons on the Control Panel next to the display screen to select
“Blower No. 1 Lead”, Blower No. 2 Lead” or “Auto Alternate.” The initial
recommended setting is the “Auto Alternate” mode.

12.

Use the buttons on the Control Panel next to the display screen to place
the “Manual-Auto” keypad for each Blower to the “Auto” position.

6.2.3.3

Normal Operation

During normal operation, the Mixed Sludge Wet Well Blowers are in the “Automatic” and
“Automatic Alternate” mode of operation. In this mode of operation the wet well blowers
will automatically start and stop based on the “Automatic Setpoint” timers. For example,
Blower No. 1 will remain “Off” for 10 minutes and then be “On” for 50 minutes as
determined by the times set on the timers located on the blower control screen. After
the 50 minute “On” timer times out, then the blower will stop for the 10 minute “Off” time.
During normal operation, one blower serves as the “Duty” blower and the second blower
serves as the “Standby” blower. When the blower controls are set in the “Automatic
Alternate” mode of operation then the “Duty” and “Standby” blowers will automatic switch
positions. If the “Blower No. 1 Lead” position was selected, then Blower No. 1 will
remain the “Duty” blower until the blower position is changed to “Blower No. 2 Lead” or
“Automatic Alternate”.
6.2.3.4

Shutdown Procedures
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch
located on Motor Control Center MCC61 to the “Off” position or stop the
blower from the Mixed Sludge Wet Well Blower Screen by pressing the
“F6 - Automatic Stop” button.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC61 for
the blower being taken out of service to the “Off” position.
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FIGURE NO. 6-15 – MIXED SLUDGE WET WELL BLOWER DISPLAY SCREEN

6.2.3.5

Alternate Operation

The Mixed Sludge Wet Well Blowers are typically operated in the automatic mode of
operation; however, there are several alternate modes of operation for the blowers.
The first alternate mode of operation would be to remove the blowers from the
“Automatic Alternate” mode of operation and placing the blowers in “Blower No. 1 Lead”
or “Blower No. 2 Lead.”
A second alternate mode of operation would be to place the “Manual-Auto” button for a
blower to the “Manual” position and then use the “Start” and “Stop” keypads on the
Blower Display screen (Buttons F1-F4) to control the blowers. In this mode of operation
the blower will run until the blower is stopped or the mode of operation is changed by the
Operator.
A third mode of operation would be to control the blower by using the “Hand-Off-Auto”
selector switch located on Motor Control Center MCC61. If the selector switch is placed
in “Hand”, the blower will start. To stop the blower, place the selector switch in the “Off”
position.
6.2.3.6

Power Failure

If there is a power failure and the “Duty” blower was operating, then it will stop. After
utility power is restored the blowers will automatically come back on line.
6.2.4

Pressurization Pump System (Air Flotation Thickener
Building No. 1)

6.2.4.1

Introduction

Primary effluent from Treatment Train No. 1 flows through a 14-inch pipe to the
pressurization pumps in Air Flotation Thickener Building No. 1. There are four (4)
horizontal, centrifugal type pumps that are used to pump the primary effluent through inline strainers and then through the pressurization tanks before entering the air flotation
thickeners. Each pressurization pump is rated at 700 at a total dynamic head of 140 ft.
The in-line self-cleaning strainers are rated at 850 gpm.
The primary effluent is transferred to the pressurization tanks where compressed air is
discharged into the piping prior to the pressurization tank so the pressure in the tank is
increased to 40-50 psig. After the pressurization tank the flow passes through throttling
control valve where the pressurized flow is released back into atmospheric conditions
where miniature bubbles are released.
Each pressurization pump is driven by a 50 Hp motor that receives 480 volt, three
phase, electrical power from Motor Control Center MCC6A1 located in the lower level of
Air Flotation Thickener Building No. 1. The in-line automatic strainers are powered from
a Control Panel located next to strainers which receives 480 volt, three phase, electrical
power from Motor Control Center MCC61.
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6.2.4.2

Start-up Procedures
1.

Ensure that the valves from the suction side of the pressurization pumps
to the air flotation thickeners are open, motorized valves are in the
automatic mode, and/or properly set.

2.

Place the “On-Off” disconnect switch located next to each Pressurization
Pump to the “On” position. During normal operation, these switches are
always in the “On” position and only require occasional checking to
ensure that they have not been turned off.

3.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC6A1 for each Pressurization Pump to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

4.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC61 for the Strainer Control Panel to the “On” position. During normal
operation, this switch is always in the “On” position and only requires
occasional checking to ensure that it has not tripped.

5.

Place the “On-Off” circuit breakers located inside the Strainer Control
Panel for each Strainer to the “On” position. During normal operation,
these switches are always in the “On” positions and only require
occasional checking to ensure that they have not tripped. IMPORTANT:
Only an Electrician should touch the circuit breakers located inside this
panel.

6.

Place the “On-Off” disconnect switch located on the Strainer Control
Panel to the “On” position. During normal operation, this switch is always
in the “On” position and only requires occasional checking to ensure it
has not turned off.

7.

Place the “Hand-Off-Auto” selector switch located on the Strainer Control
Panel for each automatic strainer to the “Auto” position. In the “Off”
position, the strainer will not operate. In the “Hand” position, the strainer
will operate continuously.

8.

Place the “On-Off” circuit breaker located in Lighting Panel LM for the
solenoid valves for each Pressurization Tank to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

9.

Place the “Manual-Off-Auto” selector switch located on each
Pressurization Tank to the “Auto” position. In the “Off” position, the
solenoid valve for the level control system will not operate. In the
“Manual” position, the solenoid valve is manually controlled with the
selector switch at the pressurization tank.
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10.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC61 for each Pressurized Motorized Butterfly at each Air Flotation
Thickener to the “On” position. During normal operation, these switches
are always in the “On” position and only require occasional checking to
ensure that they have not tripped.

11.

Place the “Local-Off-Remote” selector switch located on each
Pressurization Motorized Butterfly Valve to the “Remote” position. In the
“Off” position, the valve will not operate. In the “Local” position, the valve
will be controlled at the valve operator using the “Open-Stop-Close”
pushbuttons at the valve.

The Operators can now control the Pressurization Pumps from the Thickener Control
Panel located in the Control Room of Air Flotation Thickener Building No. 1 Sludge
Thickening Building No. 1) or from a remote SCADA Operator Interface Panel.

6.2.4.3

12.

Pull up the Main Menu on the Thickener Control Panel.

13.

After the Main Menu appears on the display screen, press either the F1,
F2, F3 or F4 for Air Flotation Thickener Nos. 1-4. The Operator must use
the buttons below the display screen. For example, press “F1” for Air
Flotation Thickener No. 1.

14.

An overview display will appear on the screen for the Air Flotation
Thickener, as previously shown on Figure No. 6-12.

15.

Press the “F2” button for the Pressurization Pumps.

16.

The Pressurization Pump display will appear on the screen. Place the
Pressurization Pump in the “Auto” mode.

17.

On this screen set the Pressurization System pressure at 40-50 psig.

18.

Repeat the steps above for each air flotation thickener to be placed into
service.
Normal Operation

During normal operation, the pressurization pump and the pressurization system must
be in operation as long as an air flotation thickener is in service. The maximum flow rate
through the pressurization tank is 700 gpm. The pressurization tank must be kept at a
pressure between 40-50 psig. This is accomplished by adding compressed air into the
pressurization pump piping restricting the flow out of the pressurization tank by a
pressure regulating valve. Typically, it requires approximately 0.10 to 0.15 cfm air per
10 gpm of pressurization flow to be injected into the pressurization tank. There must
always be an air cushion in the pressurization tank in order for the pressurization system
to operate. There is an automatic level control system that is attached to the
pressurization tank that controls the liquid level in the pressurization tank. If the liquid
level in the tank reaches a preset low level, then a solenoid valve on the bleed-off line
will open and allow air to leave the pressurization tank, thus causing the liquid level to
rise. When the liquid level in the pressurization tank rises to a preset level, then the
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solenoid valve on the bleed-off system will close allowing the air to push the liquid in the
tank down.
Once the pressurized flow passes the pressure regulating valve, miniature bubbles form
and are released into the thickener causing them to attach to sludge particles and
floating to the surface.
Each pressurization tank is equipped with a pressure relief valve for safety reasons. The
pressure relief valve will open up if the pressure within the tank exceeds 60 psig.
Please note that the in-line strainers are out of service at this time and probably will not
be placed back into operation.
6.2.4.4

6.2.4.5

Shutdown Procedures
1.

For a short-term shutdown, place the Pressurization Pump in the “Off”
position on the Thickener Control Panel.

2.

For a long-term shutdown, repeat Step No. 1 above. Please note that if a
Pressurization Pump is taken out of service for an extended period of
time, then the air flotation thickener associated with that pressurization
pump must be taken out of service.
Alternate Operation

Since there is one pressurization pump per thickener, then there is no alternate mode of
operation for this system except to place another pressurization system/air flotation
thickener into service.
6.2.4.6

Power Failure

If there is a power failure the pressurization system will shutdown. After utility power is
restored the pressurization system will automatically come back on line.
6.2.5

Air Flotation Thickener Nos. 1-4 (Air Flotation Thickener
Building No. 1)

6.2.5.1

Introduction

After the pressurized flow and the mixed sludge flow are combined then they enter the
dissolved air flotation thickeners. Once the combined flows enter the dissolved air
flotation thickeners, a majority of the solids will float to the surface of the liquid and the
heavier solids will settle to the tank bottom. There are several components in the
thickener that move and remove the solids from the unit, as shown in Figure No. 6-16.
The major components of the dissolved air flotation thickener are as follows:


Top Skimmer (Scraper)



Top Screw Conveyor



Bottom Scraper
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Bottom Screw Conveyor



Bottom Sludge/Drain Valve (Heavy Valve)

The equipment within the air flotation thickeners can be operated automatically or
manually.
The top skimmer (1 Hp), top screw conveyor (3 Hp), bottom scraper (0.25 Hp), bottom
screw conveyor (2 Hp) and motorized bottom sludge valve receive 480 volt, three phase
electrical from Motor Control Center MCC61 located on the grade floor of Air Flotation
Thickener Building No. 1.
6.2.5.2

Start-up Procedures

This start-up procedure assumes that the thickener has already been inspected for any
obstructions and that the tank is filled with primary effluent and ready to receive sludge.
1.

Inspect the thickener and ensure that the equipment is ready to be
started.

2.

Place the “On-Off” disconnect switch located next to each piece of
equipment to the “On” position. During normal operation, these switches
will always be in the “On” position and only require occasional checking to
ensure that they have not been turned off.

3.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC61 for each of the following pieces of equipment to the “On”
positions:


Top Screw Conveyor Nos. 1-4



Bottom Scraper Nos. 1-4



Bottom Screw Conveyor Nos. 1-4



Bottom Sludge/Drain Valve Nos. 1-4

During normal operation, these switches are always in the “On” positions
and only require occasional checking to ensure that they have not tripped.
4.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC61 to the “Automatic” position for each:


Top Screw Conveyor



Bottom Scraper (Settled Sludge Collector)



Bottom Screw Conveyor



Bottom Sludge/Drain Valve

In the “Hand” position, the equipment will operate continuously. If the
valve is in the “Hand” position, then the valve is controlled by using the
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“Open” and “Close” switches. In the “Off” position, the equipment will not
operate.
5.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC61 for the Top Skimmer (Sludge Skimmer) Variable Frequency Drive
Panel to the “On” position. During normal operation, this switch is always
in the “On” position and only requires occasional checking to ensure it
has not tripped.

6.

Place the “On-Off” circuit breaker located on the Top Skimmer Variable
Frequency Drive Panel to the “On” position.

7.

On the Variable Frequency Drive Display on Variable Frequency Drive
Panel for each Top Skimmer (Sludge Skimmer) place the skimmers in
“Automatic”. Once the display shows “Automatic” ensure that you “Enter”
the setting using the button on the upper row of the display. If the display
shows “Off”, then the Top Skimmer will not operate. If the display is in
“Manual”, then the Top Skimmer can be started and stopped (red and
green buttons on the display) and the skimmer speed can be adjusted
from the display unit.

8.

Place the “Hand-Off-Remote” selector switch located on the Variable
Frequency Drive Panel (VFD Panel) for each Top Skimmer (Top Scraper)
to the “Remote” position. In the “Off” position, the skimmers will not
operate. In the “Hand”, the skimmer is controlled from the VFD Panel.

9.

At each motorized Bottom Sludge/Drain Valve place the “Local-Remote”
selector switch on the valve operator to the “Remote” position. In the
“Local” position, the valve is controlled by an “Open-Stop-Close” switch at
the valve operator.

The Operator can now control the Air Flotation Thickener Equipment from the
Thickener Control Panel in the Control Room of Air Flotation Thickener Building
No. 1 (Sludge Thickening Building No. 1) or from a remote SCADA Operator
Interface Panel.
10.

Pull up the Main Menu on the Thickener Control Panel. After the Main
Menu appears on the display screen, either press F1, F2, F3 or F4 for Air
Flotation Thickener Nos. 1-4. The Operator must use the buttons below
the display screen. For example, press F1” for Air Flotation Thickener
No. 1.

11.

An overview display will appear on the screen for the Air Flotation
Thickener, as previously shown on Figure No. 6-12.

12.

On the thickener overview screen the Operator can see the blue
informational icons along the bottom of the display. The icon “F4, F5, F6
or F7” is for the Thickener Controls.

13.

After the “F4, F5, F6 or F7” button is pressed, the respective thickener
control display screen will appear, as shown in Figure No. 6-17.
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FIGURE NO. 6-17 – THICKENER CONTROL DISPLAY SCREEN

14.

On this display screen the following controls are accessible.


Top Skimmer (Scraper)



Top Screw Conveyor



Bottom Scraper (Sludge Collector)



Bottom Sludge Conveyor



Heavy Sludge Valve



Thickener Auto Sequence

15.

Place the “Manual-Automatic” controls for the Top Skimmer, Top Screw
Conveyor, Bottom Scraper and Bottom Screw Conveyor to the
“Automatic” position. In the “Manual” position, the Operator can “Start”
and “Stop” the equipment from this display screen by using the
appropriate “F” buttons.

16.

On this display screen the Top Skimmer speed can be adjusted between
0-100%. The Skimmer Speed Setpoint must be set to meet the sludge
loading that is being applied to the thickener. An appropriate initial
recommended setting is 50%.

17.

On this same screen display set the Heavy Sludge Valve (Bottom
Sludge/Drain Valve) to the “Open” position setpoint.
The initial
recommended valve Open Setpoint setting is 90%.

18.

Next set the Automatic Sequence for the thickener sludge withdrawal
system. First type in the Automatic Start Time Setpoint. Type in a
number between 1 and 23 for the hours of the day. The initial
recommended setting is 1.

19.

On the Thickener Automatic Sequence use the “F9” button on the
Thickener Control Panel to “Start” the automatic sequence.

20.

From this display screen go to the Sequence Timers (Button F19).

21.

The Sequence Timer display screen will appear on the screen, as shown
in Figure No. 6-18.

22.

On this screen set the “On” and “Off” timers for the Top Skimmers to the
desired settings. The initial recommended setting is 1-2 minutes “On”
and 15-30 minutes “Off”. Use the buttons on the control panel to set the
timers.

23.

On this screen set the “On” and “Off” timers for the Bottom Sludge
Collectors to the desired settings. The initial recommended setting is 30
minutes “On” and 10 minutes “Off”. Use the buttons on the control panel
to set the timers.
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FIGURE NO. 6-18 – SEQUENCE TIMER DISPLAY SCREEN

24.

On the Automatic Sequence Timer control screen press the Sludge
Drawoff Timer (Button F19).

25.

The Thickener Automatic Sludge Draw-off Timer display screen will
appear on the screen, as shown in Figure No. 6-19. The heavy solids will
be returned to the Plant Influent Pumping Station.

26.

On this screen set the “On” and “Off” timers for the Bottom Sludge
Conveyors to the desired settings. The initial recommended setting is
210 seconds “On” (3.5 minutes) and 690 seconds “Off” (11.5 minutes).
Please note that the “On” and “Off” timers for the Bottom Sludge
Conveyor for all four (4) Air Flotation Thickeners can be controlled from
this display screen.

27.

On this display screen set the number of Draw-off Cycles per Day. The
initial recommended setting is 1 cycle per hour.

28.

Press the “F20” button to return to the previous screens.

29.

Repeat Step Nos. 9-27 to set the controls for the other dissolved air
flotation thickeners until all in-service thickeners are placed into service.

6.2.5.3

Normal Operation

During normal operation the floating sludge (thickened sludge) and bottom sludge are
removed from the thickeners automatically as controlled by preset set times established
by the Operators.
a)

Thickened Sludge (Float Sludge)
The thickened sludge concentration must remain between 4 to 5% total
solids and the sludge blanket must remain approximately 2 ft. thick. If the
thickened sludge blanket is too thin, then excess water will be pumped to
the anaerobic digesters. This excessive water will result in taking up tank
(digester) volume, more water being added to the digesters also will result
in additional heating costs, excessive water in the digester could wash out
the sludge that could affect process operation and there could be other
issues. A thickened sludge concentration that is too thick could result in
pumping and mixing issues.
Maintaining the proper sludge blanket depth in the thickeners is also
important because a blanket that is too thin will not yield the proper
thickened sludge concentration, not remove the proper solids quantity
and result in poor subnatant quality. A sludge blanket that is too thick will
also result in a high thickened sludge concentration. In addition, a thick
sludge blanket will result in solids being washed out with the subnatant.
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FIGURE NO. 6-19 – THICKENER AUTOMATIC SLUDGE DRAW-OFF DISPLAY SCREEN

In order to maintain the proper thickened sludge conditions, the proper
amount of sludge must be removed from the blanket.
This is
accomplished by ensuring that the cycle timers are properly set for the
conditions. If the sludge blanket thickness is below 1 to 2 ft., then the
starting and stopping timers of the top skimmer can be extended or made
longer and run time could be made shorter. For example, say the top
skimmers were originally operating for 10 minutes every 30 minutes, then
the times could be changed to 7 minutes running and 40 minutes
between cycles. The opposite occurs if the sludge blanket is too thick
(greater than 2 ft). In this case the top skimmers would have to be
operated longer and maybe with shorter cycle times.
Operator
experience will determine the automatic settings based on the thickened
sludge concentration and thickened sludge blanket thickness.
Typically, in the “Automatic” mode of operation the following will occur.

b)



The top skimmers will be “Off” until the cycle timer times out.



Once the cycle starts the Top Skimmer will start and operate for
the time set on the “Run” timer.



When the Top Skimmer starts the Top Screw Conveyor will also
start. The Top Screw Conveyor moves the thickened sludge to
the Thickened Sludge Wet Well.



After the “Run” timer times out the Top Skimmer will stop and wait
for the cycle to start again.



When the Top Skimmer stops the Top Screw Conveyor will
operate for a short time (approx. 10 seconds) in order to remove
the thickened sludge from the trough.

Bottom Solids
Any solids that are too heavy to float in the thickener will settle to the tank
bottom. The solids are removed automatically on a periodic basis using a
Bottom Scraper, Bottom Screw Conveyor and an Automatic Valve. The
quantity of solids that are removed from the bottom of the thickener
depends upon the characteristics of the solids entering the thickener.
Some plants remove once per shift, some plants once per day, and
others on an hourly basis. How often the bottom solids are removed from
the thickeners will depend on the actual conditions, so Operator
experience will determine the proper withdrawal rates. The heavy solids
removed from the air flotation thickeners originally flowed by gravity to the
influent side of Treatment Train No. 1 screw pumps where it was lifted to
the Train No. 1 primary sedimentation tanks. After the completion of the
new plant headworks the subnatant from Treatment Train No. 1 Air
Flotation Thickeners will be directed to the Plant Influent Pumping Station.
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Typically in the “Automatic” mode of operation the following will occur.

6.2.5.4



The Bottom Scraper will be “Off” until the “Cycle” timer times out.



Once the cycle starts, Bottom Scraper will start and operate for
the time set on the “Run” timer.



Once the Bottom Scraper starts, the Bottom Screw Conveyor
“Delay Start” timer will start its countdown.



When the Bottom Screw Conveyor “Delay Start” timer times out,
then the Bottom Screw Conveyor will start and the Bottom Sludge
(Heavy Sludge) valve will open.



When the “Run Timer” times out, then the Bottom Scraper and
Sludge Screw Conveyor will stop and the Bottom Sludge Valve
will close.

Shutdown Procedures
1.

For a short-term shutdown, pull up the piece of equipment to be shutdown
on the Thickener Control Panel or SCADA screen and “Stop” the
equipment.

2.

For a long-term shutdown of a piece of equipment within the air flotation
thickener, then the entire thickener must be taken out of service.

6.2.5.5

Alternate Operation

The equipment within the air flotation thickeners can be operated in several alternate
modes of operation. The first alternate mode of operation would be to operate all of the
equipment in the air flotation thickener in “Manual”. A second alternate mode of
operation would be to operate the top sludge withdrawal system in the “Automatic” mode
of operation and the bottom sludge withdrawal system in “Manual” mode of operation.
In this mode of operation the Operators must carefully monitor the:


Thickened sludge blanket depth



Thickened sludge concentration



Subnatant quality



Bottom solids concentration



Thickener solids loading rate
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6.2.5.6

Power Failure

If there is a power failure, the equipment for the air flotation thickeners will stop. After
utility power is restored, then the equipment will automatically come back on-line. Once
the power is restored the Operators must check the operation and settings of the
equipment.
6.2.6

Air Compressor Nos. 1 and 2 (Air Flotation Thickener
Building No. 1)

6.2.6.1

Introduction

Located in the basement of Air Flotation Thickener Building No. 1 there is a duplex air
compressor system that sits on a single air receiver. The air compressors discharge air
into an air receiver that is maintained at approximately 95 psig. The air compressors
start and stop automatically in order to maintain the air receiver at the proper pressure.
The air leaves the air receiver and travels to the four (4) pressurization tanks. Each air
compressor is rated at 68 scfm at a discharge pressure of 100 psig.
Each air compressor is driven by a 20 Hp motor that receives 480 volt, three phase,
electrical power from Motor Control Center MCC6A1 located in the basement of Air
Flotation Thickener Building No. 1.
6.2.6.2

Start-up Procedures
1.

Ensure that valves to the pressurization tanks are properly set.

2.

Ensure that the drain valve on the air receiver is closed.

3.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC6A1 for the Air Compressor to the “On” position. During normal
operation, this switch is always in the “On” position and only requires
occasional checking to ensure it has not tripped.

4.

Place the “Compressor No. 1 – Auto – Compressor No. 2” selector switch
located at the Air Compressor to the “Auto” position. In the “Compressor
No. 1” position, Air Compressor No. 1 will always be in the “Lead”
compressor. In the “Compressor No. 2” position, Air Compressor No. 2
will always be the “Lead” compressor. In the “Auto” position, the “Lead”
compressor will automatically change each time a compressor is called to
start.

5.

Place the “Test-Off-Run” selector switch located at the Air Compressors
for each air compressor to the “Run” position. In the “Off” position, the Air
Compressor will not operate. In the “Test” position, the Air Compressor
will operate until the button is released.
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6.2.6.3

Normal Operation

During normal operation, the Air Compressors are in the “Automatic” and “Run”
positions. In these positions, the “Lead” compressor will start and stop automatically to
maintain a preset pressure in the air receiver tank. If the “Lead” compressor cannot
attain the required pressure, then the “Lag” compressor will start. Once the preset high
pressure is met the air compressors will stop. For example, if the start pressure switch
was set at 85 psig and the stop pressure switch was set at 90 psig, then the “Lead” air
compressor would automatically start at 85 psig and stop when the pressure in the air
receiver reached 90 psig.
In the “Automatic” position the “Lead” air compressor will automatically alternate each
time a compressor is called to start.
The air compressor system is provided with two pressure switches. Each pressure
switch is set at different pressures at the factory. Typically, Pressure Switch No. 1 is set
between 80-100 psig and Pressure Switch No. 2 is set between 70-90 psig. If the
pressure switches are not staggered, then the air compressor controls will not operate
properly and system alarm conditions may occur.
The air receiver is also supplied with a pressure relief valve for safety purposes. If an air
compressor fails to stop at the high pressure switch cut-off and the air pressure in the air
receiver raises to a preset high level, then the pressure relief valve will open. This is to
avoid damage to the equipment and for the safety of the plant personnel. If the pressure
relief valve is operating, then this condition must be corrected immediately.
6.2.6.4

Shutdown Procedures
1.

For a short-term shutdown of an air compressor, place the “Test-Off-Run”
selector switch to the “Off” position. Also, place the “Compressor No. 1 –
Auto – Compressor No. 2” selector switch to the air compressor in
service.

2.

For a long-term shutdown of a single air compressor, repeat Step No. 1
above. If the entire air compressor system must be taken out of service,
then a temporary air compressor with air receiver tank must be installed
and connected to the air flotation thickener pressurization system so the
air flotation thickeners can continue operating.
IMPORTANT: Before working on the air compressor system, ensure that
the pressure and temperature have been reduced.

6.2.6.5

Alternate Operation

The only alternate operation for controlling the air compressors would be to place an air
compressor in a “Lead” position continuously until the second compressor is back in
service.
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If air compressor and air receiver system is taken completely out of service, then the
only alternate mode of operation would be to install a new or temporary air compressor
system.
6.2.6.6

Alarm Conditions

At the Air Compressor control panel there are “Fault” lights for each air compressor that
will flash if a problem is detected with an air compressor. These alarm conditions for
each air compressor are as follows:


Motor Overload



High Air Temperature



Low Oil or Pressure

If one of the alarm conditions is detected on an air compressor, then that air compressor
will automatically shutdown. After the problem is corrected, then the fault lights must be
reset. To reset the control system, the Operator or Maintenance personnel must
perform the following:

6.2.6.7

1.

Place the “Test-Off-Run” selector switches for each Air Compressor to the
“Off” position.

2.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC6A1 to the “Off” position, then place the “On-Off” circuit breaker back
to the “On” position.

3.

Place the “Test-Off-Run” selector switch for each Air Compressor to the
“Run” position.
Power Failure

If there is a power failure, the air compressors will shutdown. After utility power is
restored, air compressors will come on-line automatically.
6.2.7

Thickened Sludge Pump Nos. 1-4 (Air Flotation Thickener
Building No. 1

6.2.7.1

Introduction

The thickened sludge (float sludge) that is removed from the four (4) air flotation
thickeners located in Air Flotation Thickener Building No. 1 is deposited into two (2)
thickened sludge wet wells. Each wet well serves two (2) air flotation thickeners. The
thickened sludge is removed from each wet well by two (2) positive displacement,
progressive cavity type pumps. One pump serves as the “Duty” pump and the second
pump serves as the “Standby” pump. The pumps can be operated automatically based
on the liquid level in the wet well or they can be operated manually as controlled by the
Operator. The thickened sludge removed from the wet wells is pumped to the anaerobic
digesters for further treatment.
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Each thickened sludge pump is driven by a 25 Hp motor that receives 480 volt, three
phase, electrical power from the Variable Frequency Drive Panels located in the
Electrical Room of Air Flotation Thickener Building No. 1. The Variable Frequency Drive
Panels receive electrical power from Motor Control Center MCC61 located on the grade
floor of Air Flotation Thickener Building No. 1.
6.2.7.2

Start-up Procedures
1.

Ensure that all of the valves on the suction and discharge side of the
pumps are “Open” or properly set. IMPORTANT: Never operate a
thickened sludge pump (positive displacement pump) in a closed system
because damage could occur to the piping and pumps. More importantly
harm could occur to an Operator.

2.

Ensure that the valves at the Digester Buildings are “Open.”

3.

At the valve vault (Valve Vault No. 2) outside of Air Flotation Thickener
Building No. 1 (on the south side of the building) ensure that the
electrically operated valves are properly set so thickened sludge can be
pumped to the appropriate Digester Control Building (Digester
Headhouse). The electrically operated valves in Valve Vault No. 2 are
controlled on SCADA from Digester Control Building C (Digester
Headhouse C).

4.

Place the “On-Off” disconnect switch located next to each Thickened
Sludge Pump to the “On” position. During normal operation, these
switches are always in the “On” positions and only require occasional
checking to ensure that they have not been turned off.

5.

Place the “On-Off” circuit breakers located inside the Thickened Sludge
Variable Frequency Drive Panel for each Thickened Sludge Pump to the
“On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they
have not tripped. IMPORTANT: Only an Electrician should touch the
circuit breakers located in this panel.

6.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC61 for the Thickened Sludge Pump Variable Frequency Drive Panel
to the “On” position. During normal operation, this switch is always in the
“On” position and only requires occasional checking to ensure that it has
not tripped.

7.

Place the “On-Off” circuit breaker located on the two (2) Thickened
Sludge Pump Variable Frequency Drive Panels to the “On” position.
During normal operation, this switch is always in the “On” position and
only requires occasional checking to ensure that it has not tripped.

8.

On the Variable Frequency Drive Display on the Variable Frequency
Drive Panels for each Thickened Sludge Pump place the pumps in
“Automatic.” Once the display shows “Automatic” ensure that you “Enter”
the setting using the button on the upper row of the display. If the display
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shows “Off”, then the thickened sludge pump will not operate. If the
display is in “Manual”, then the thickened sludge pump can be started and
stopped (red and green buttons on the display) and the pump output can
be adjusted from this display unit.
9.

Place the “Hand-Off-Remote” selector switch located on the Thickened
Sludge Pump Variable Frequency Drive Panel (VFD Panel) for each
Thickened Sludge Pump to the “Remote” position. In the “Off” position,
the pump will not operate. In the “Hand” position, the pump is controlled
from the VFD Panel.

The Operator can now control the ‘Thickened Sludge Pumps from the Thickener Control
Panel located in the Control Room of Air Flotation Thickener Building No. 1 (Sludge
Thickening Building No. 1) or from a remote SCADA Operator Interface Panel.
10.

Pull up the Main Menu on the Thickener Control Panel.

11.

After the Main Menu appears on the display screen, either press F1, F2,
F3, or F4 for Air Flotation Thickener Nos. 1-4. The Operator must use the
buttons below the display screen. For example, press “F1” for Air
Flotation Thickener No. 1.

12.

An overview display will appear on the screen for the Air Flotation
Thickener, as previously seen in Figure No. 6-12.

13.

On the thickener overview screen the Operator can see the blue
informational icons along the bottom of the display. An icon “F3” is for the
Thickened Sludge Pumps. Press the “F3” button below the display
screen.

14.

After the “F3” button is pressed the thickened sludge pump display screen
will appear, as shown in Figure No. 6-20.

15.

On the lower right hand side of the Thickened Sludge Pump display
screen check the starting and stopping wet well liquid levels for the “Lead”
and “Lag” thickened sludge pumps. The initial setting for these pumps
are as follows:
Lead Pump Start

3.5 ft.

Lag Pump Start

4.0 ft.

Lead Pump Stop

2.0 ft.

Lag Pump Stop

2.0 ft.

Please note the “High Level” alarm for the Thickened Sludge Wet Well is
set at 5 ft. If the pump starting and stopping levels need to be changed,
then press the number box that is to be changed. A number pad will
appear on the screen. Type in the new setting and then confirm that
setting. Close the pop-up display.
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FIGURE NO. 6- 20 – THICKENED SLUDGE PUMP DISPLAY SCREEN

16.

Press the “F1” or “F2” button for the Thickened Sludge Pumps to be
placed into “Automatic” control. The “F1” button is for Thickened Sludge
Pump Nos. 1 and 2 and “F2” is for Thickened Sludge Pump Nos. 3 and 4.

17.

After the “F1” or “F2” button is pressed the Thickened Sludge Control
Panel display will appear on the screen, as shown in Figure No. 6-21.
Two pump control screens are displayed on the computer screen.

18.

Press the “Manual-Auto” on the pump display. Once the button is
highlighted use the up and down on the right side of the Panelview screen
in the circle to change the setting to “Manual” or “Automatic.” Place the
pump in the “Automatic” mode of operation. Repeat this step until all four
(4) Thickened Sludge Pumps are in the “Automatic” mode of operation.
Please note that the “Start” and “Stop” buttons on the Pump Control
Panel are only used when the pump is in “Manual.”

19.

Set the pump output Setpoint Speed by pressing the box and then using
the pop-up keypad to set the percent pump output.
The initial
recommended setting is between 50-60%. Once the required setpoint is
set, then press “Enter” to secure the setpoint number.

20.

At the bottom of the display place the “Pump No. 1 Lead – Pump No. 2
Lead – Auto Alternate” pump into the “Auto Alternate” mode of operation
by highlighting the keypad and then using the up and down arrows in the
circle on the right side of the control panel. In the “Auto Alternate” mode
of operation, the “Lead” and “Lag” pump positions will automatically
change. In the other positions, the “Lead” pump position will not change.

6.2.7.3

Normal Operation

During normal operation, the Thickened Sludge Pumps are in “Automatic” mode of
operation. In this mode of operation the pumps start and stop automatically based on
the liquid levels in the Thickened Sludge Wet Wells. When the liquid level rises to a
liquid level of 3.5 ft., then the “Lead” pump will automatically start and ramp up to the
preset output speed. If the “Lead pump cannot maintain the liquid level in the wet well
and the liquid level continues to rise, then the “Lag” pump will start when the liquid level
rises to 4 ft. The “Lead” and “Lag” pump will automatically stop when the liquid level in
the Thickened Sludge Wet Well recedes to a level of 2 ft.
The thickened sludge is transferred to the anaerobic digesters for sludge stabilization.
6.2.7.4

Shutdown Procedures
1.

For a short-term shutdown, pull up the Thickened Sludge Pump control
screen and place the pump in “Manual” and then press the “Off” button.
The pump can also be shutdown for a short-term by placing the “HandOff-Remote” selector switch on the Variable Frequency Drive Panel to the
“Off’ position.
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FIGURE NO. 6- 21 – THICKENED SLUDGE CONTROL PANEL DISPLAY SCREEN

2.

6.2.7.5

For a long-term shutdown, repeat Step No. 1. In addition, an Electrician
must turn off the pump circuit breaker located inside the Thickened
Sludge Pump Variable Frequency Drive Panel.
Alternate Operation

The Thickened Sludge Pumps are normally operated in the “Automatic” mode of
operation; however, there are several alternative modes of operation for these pumps.
The first alternate mode of operation would be to place the Thickened Sludge Pump in
“Manual” on the Thickened Sludge Pump Control Panel from the Thickened Sludge
Pump display screen. Once the pump controls are in the “Manual” mode of operation,
then the pump can be “Started” and “Stopped” at the display screen. The pump output
can also be changed at this location.
The second alternate mode of operation would be to place the “Hand-Off-Remote”
selector switch located on the Thickener Pump Variable Speed Drive Panel (VFD) to the
“Hand” position. The thickened sludge pump can now be controlled from the pump
controller on the VFD Panel.
6.2.7.6

Alarm Conditions

There are several alarm conditions for the Thickened Sludge Pumps and pumping
system, such as
Thickened Sludge Wet Well High Level Alarm – 5 ft.
Thickened Sludge Pump High Discharge Pressure – 47 psig
Thickened Sludge Pump Low Flow Alarm – 2 gpm
Thickened Sludge Pump VFD Fault
Thickened Sludge Pump Motor Fault
6.2.7.7

Flushing System

Non-potable water is supplied through a 2-inch pipe to the suction pipe of the Thickened
Sludge Pumps, as previously shown in Figure No. 6-1. There is a solenoid valve
installed on the non-potable water that automatically opens and closes periodically to
flush the level sensor line of solids so the level sensor can remain accurate. The
flushing sequence is preset from the Thickener Control Panel located in the Control
Room of Air Flotation Thickener Building No. 1.
1.

The Operator must pull up the “Main Menu” display screen on the
Thickened Control Panel.

2.

Press “F8” Mixed Sludge and Thickened Sludge Wet Well Level
Transmitter Flushing Timers.
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3.

After “F8” is pressed the Mixed Sludge and Thickened Sludge Wet Well
Level Transmitter Flushing Timers will appear on the screen. Ensure that
the following initial recommended settings appear on the two (2) timers.
Flushing Cycle - 60 minutes
Flushing Duration – 60 seconds
If these time settings are not correct, then use the keys to highlight the
number that is incorrect. Then use the number keys to type in the correct
number. Once the correct number is typed in, then confirm the number
by pressing the “Enter” key.
Once these numbers are set there should be no need to change them
unless the Operator determines that there is an unusual high amount of
solids entering the level sensor.

Once the flushing system is set, then the following will automatically occur.
1. After the Cycle Timer (60 mins) times out, then the solenoid valve on
the non-potable water line will open.
2. The solenoid valve will remain open for the amount of time set on the
Duration Timer (60 secs.).
3. After the Duration Timer times out the solenoid valve will close and
wait for the Cycle Timer to start the flush cycle again.
6.2.7.8

Power Failure

If there is a power failure while a thickened sludge pump is operating, then the pump(s)
will automatically shut down. After utility power is restored the thickened sludge pumps
will come back on-line automatically.
6.2.8

Mixed Sludge Pump Nos. 1-3 (Air Flotation Thickener
Building No. 2)

6.2.8.1

Introduction

The waste activated sludge and primary sludge from Treatment Train No. 2 are
transferred to the Mixed Sludge Wet Well located at Air Flotation Thickener Building No.
2. The sludge is removed from the Mixed Sludge Wet Well by three (3) vertically
mounted, non-clog centrifugal type pumps referred to as Mixed Sludge Pumps.
Typically, one to two pumps will be in operation with the third pump used as a standby
pump. Each pump is rated at 400 gpm at a total dynamic head of 31 ft. The flow rate of
the mixed sludge pumps is determined by the sludge flow rates into the air flotation
thickeners located in Air Flotation Thickener Building No. 2.
Each Mixed Sludge Pump is driven by a 20 Hp motor that receives 480 volt, three phase
electrical power from Motor Control Center MCC17 located in the Electrical Room of Air
Flotation Thickener Building No. 2.
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6.2.8.2

Start-up Procedures
1.

Ensure that all valves on the suction and discharge side of the pumps are
“Open”.

2.

Ensure that the manual valves to each Air Flotation Thickener are “Open”.

3.

Ensure that the automatic valves to each Air Flotation Thickener have
electrical power and they are in the Remote” and “Automatic” mode of
operation.

4.

Ensure that the seal water pumps are operational and that the seal water
valves are properly set.

5.

Place the “On-Off” disconnect switch located next to each Mixed Sludge
Pump to the “On” position. During normal operation, these switches are
always in the “On” position and only require occasional checking to
ensure that they have not been turned off.

6.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC17 for each Mixed Sludge Pump to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

7.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC17 for each Mixed Sludge Pump to the “Auto” position. In the
“Off” position, the pumps will not operate. In the “Hand” position, the
pump will operate continuously.

The Operator can now control the Mixed Sludge Pumps from the Thickener
Control Panel located in the Control Room of Air Flotation Thickener Building No.
2 (Sludge Thickening Building No. 2) or from a remote SCADA Operator
Interface Panel.
8.

Pull up the Main Menu on the Thickener Control Panel.

9.

After the Main Menu appears on the display screen, press the “F1” button
for the Mixed Sludge Pump System.

10.

Once the Mixed Sludge Pump display appears, press the “F3” button on
the Thickener Control Panel for the Pump Control Panel.

11.

The Pump Control Panel will now appear on the display screen. Place
the “Hand-Off-Auto” controls to the “Auto” position. In the “Off” position
the pump will not operate. In the “Hand” position, the pump can be
controlled by the “Start” and “Stop” controls on the pump control panel
display.

12.

On the same display screen, place the second pump in “Auto” and place
the third pump in the “Off” position as the standby pump.
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13.

Press the “F16” button and Page Back to the Mixed Sludge Screen.

14.

Press the “F4” button for the Thickener Mixed Sludge Valve Control Panel
display.

15.

The Mixed Sludge Valve Control Panel display screen will now appear.

16.

On this display screen, place the “Open-Close-Auto” controls for the
automatic Mixed Sludge Valve to the “Auto” position. In the “Closed”
position, the valve will be closed. In the “Open” position, the valve will go
fully open.

17.

In the Automatic position, set the valve position (0-100%) to the desired
setting so the preset Mixed Sludge loading rate is applied to the air
flotation thickener. The sludge loading rate to the air flotation thickener
should be set so the solids loading rate on the thickener is approximately
0.77 lbs/hr/ft2.

18.

Repeat Step Nos. 16 and 17 for each in-service air flotation thickener in
Air Flotation Thickener Building No. 2.

19.

Press the “F16” button and Page Back to the Mixed Sludge Screen.

20.

On the Mixed Sludge Pump System display screen start the Mixed
Sludge System by pressing the “F2” button for the “Automatic Start”.

6.2.8.3

Normal Operation

During normal operation, there will be two Mixed Sludge Pumps in operation and the
third pump will serve as the “Standby Pump”. The Mixed Sludge Pumps will normally be
in the “Automatic” mode of operation. The motorized mixed sludge valves to each air
flotation thickener will also normally be in the “Automatic” mode of operation.
In this mode of operation, the sludge valves will modulate to maintain the preset valve
opening in order to maintain the desired flow rate. For example, if the valve is set at
26% open, then the valve will remain at that position until the Operator re-adjusts the
valve to meet the new loading conditions. The Operator must maintain the desired
solids loading rate on the air flotation thickeners at approximately 0.77 lbs/SS/hr/ft2.
The Operators must monitor the Mixed Sludge Wet Well on a regular basis to ensure
that the wet well does not become too high or too low.
6.2.8.4

Shutdown Procedures
1.

For a short-term shutdown, pull up the Mixed Pump control screen on the
Thickener Control Panel and place the pump to the “Off” position. The
pump can also be stopped at a SCADA Operator Interface Panel. The
pump can also be stopped by placing the “Hand-Off-Auto” selector switch
located on Motor Control Center MCC17 to the “Off” position.
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2.

6.2.8.5

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC17 and
the “On-Off” disconnect switch located next to the pump are in the “Off”
positions. Lastly, ensure that the “Standby” pump is now started as a
Duty.
Alternate Operation

The Mixed Sludge Pumps are normally in the “Automatic” mode of operation; however,
there are several alternate modes of operation for these pumps. The first alternate
mode of operation would be to place a pump in “Hand” at the Thickener Control Panel
and then control the pump using the “Start” and “Stop” buttons on the pump control
screen.
Another alternate mode of operation would be to use the “Hand-Off-Auto” selector switch
located on Motor Control Center MCC17 to start and stop the pump. This mode of
operation should only be used as a temporary mode. The Operator must ensure that the
Mixed Sludge Valves to the thickeners are properly set.
6.2.8.6

Mixed Sludge Wet Well Level Controls

The Mixed Sludge Wet Well level is measured for process control. The liquid level also
measured to alert the Operators of alarm conditions, such as, high level or low level.

Well Depth
Inches
180
120
108
75
48
24
12
0

6.2.8.7

Condition
Top of Wet Well
High-High Level Alarm
High Level Alarm (120% Flow Setpoint)
Operating Range (72-102 inches)
Operating Range (36-66 inches)
Low Level Alarm (80% Flow Setpoint)
Low-Low Level Alarm
Well empty

Power Failure

If there is a power failure, the Mixed Sludge Pumps will stop. After utility power is
restored the Mixed Sludge Pumps will automatically come back on-line. The Operators
must check the flow conditions to the air flotation thickeners.
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6.2.9

Mixed Sludge Wet Well Blower Nos. 1-2 (Air Flotation Thickener
Building No. 2)

6.2.9.1

Introduction

The sludge that enters the Mixed Sludge Wet Well is mixed by coarse bubble diffusers
supplied air from two (2) blowers located in Air Flotation Thickener Building No. 2. Each
Mixed Sludge Wet Well Blower is a centrifugal type blower rated at 335 scfm at a
discharge pressure of 6 psig. Typically, one blower serves as the “Duty” blower and the
second blower serves as the “Standby” unit.
The Mixed Sludge Wet Well contents can be mixed intermittently as controlled by timers
or it can be mixed continuously.
Each Mixed Sludge Wet Well Blower is driven by a 30 Hp motor that receives 480 volt,
three phase electrical power from Motor Control Center MCC17 located in the Electrical
Room on the grade floor of Air Flotation Thickener Building No. 2.
6.2.9.2

Start-up Procedures
1.

Ensure that the valves on the discharge side of the blowers are “Open.”

2.

Place the “On-Off” disconnect switch located next to each Mixed Sludge
Wet Well Blower to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure it has not been turned off.

3.

Place the “On-Off”’ circuit breaker located on Motor Control Center
MCC17 for each Mixed Sludge Wet Well Blower to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

4.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC17 for each Mixed Sludge Wet Well Blower to the “Auto”
position. In the “Off” position, the blower will not operate. In the “Hand”
position, the blower will operate continuously.

The Operators can now control the Mixed Sludge Wet Well Blowers from the Thickener
Control Panel located in the Control Room of Air Flotation Thickener Building No. 2
(Sludge Thickener Building No. 2) or from a remote SCADA Operator Interface Panel.
5.

Pull up the Main Menu on the Thickener Control Panel.

6.

Press the F9 “Air Compressors/Grinders/Blowers” button.

7.

The “Air Compressor/Grinders/Blowers” display will appear on the screen.
Place the Blowers in “Auto” by pressing the appropriate “F” buttons. In
the “Off” position, the Blower will not operate. In the “Hand” position, the
Blower is controlled by the “Start” and “Stop” controls on the display
screen.
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8.

On this display screen go to the “Cycle Time.” A number display will popup on the screen. Type in the desired setting and “Enter” that setting.
The initial recommended setting is 30 minutes.

9.

On this display screen go to the “Run Time.” A number display will popup on the screen. Type in the desired setting and “Enter” that setting.
The recommended setting is 10 minutes.

10.

Press the “Auto Start” (F12) button to start the automatic sequence for
“Mixed Sludge Wet Well Blowers.”

6.2.9.3

Normal Operation

During normal operation one blower will serve as the “Duty” blower and the second
blower will serve as the “Standby” unit. The Mixed Sludge Wet Well Blower will be in the
“Automatic” mode of operation where it starts and stops, as controlled by the setting on
the “Cycle Timer” and “Run Timer.” For example, if the “Cycle Timer” is set at 30
minutes and the “Run Timer” is set 10 minutes, then in the “Automatic” mode of
operation the blower will sit idle for 30 minutes until the “Cycle Timer” times out. At that
time the blower will start and operate for the 10 minutes per the time set on the “Run
Timer.” After 10 minutes the blower will stop and will not start until the “Cycle Timer”
times out.
6.2.9.4

6.2.9.5

Shutdown Procedures
1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch on
Motor Control Center MCC17 to the “Off” position or place the “Hand-OffAuto” buttons on the Thickener Control Panel to the “Off” position. To
stop the automatic operating sequence of the blower, then pull up the
Blower display screen on the Thickener Control Panel and press the
“Auto Stop” (F11) button.

2.

For a long-term shutdown, repeat Step No. 1 above. Secondly, place the
“On-Off” circuit breaker located on Motor Control Center MCC17 and the
“On-Off” disconnect switch next to the blower to the “Off” positions.
Lastly, ensure that the second blower is in the “Automatic” mode of
operation.
Alternate Operation

There are several alternate modes of operation for the Mixed Sludge Wet Well Blowers.
The first alternate mode of operation would be to switch the “Duty” and “Standby”
positions of the blowers. For example, if Blower No. 1 is the “Duty” blower and Blower
No. 2 is the “Standby” blower, then switch it so Blower No. 2 is the “Duty” blower and
Blower No. 1 is the “Standby” unit.
The second alternate mode of operation for the Mixed Sludge Wet Well Blowers would
be to operate the blower continuously. To operate a blower continuously, place the
“Hand-Off-Auto” button on the Thickener Control Panel or the “Hand-Off-Auto” selector
switch located on Motor Control Center MCC17 for the blower to the “Hand” position.
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6.2.9.6

Power Failure

If there is a power failure, the blower will shutdown. After utility power is restored, the
blower will automatically come back on-line.
6.2.10

Pressurization Pumps and Automatic Strainer System (Air Flotation
Thickener Building No. 2)

6.2.10.1

Introduction

Primary effluent from Treatment Train No. 2 or thickener effluent from the air flotation
thickeners in Air Flotation Thickener Building No. 2 flows through 16-pipes to the
pressurization pumps in Air Flotation Thickener Building No. 2. There are three (3)
vertically mounted, non-clog, centrifugal type pumps that are used to pump primary
effluent or thickener effluent through a single in-line (self-cleaning) strainer and then
through the pressurization tanks before entering the air flotation thickeners. Each
pressurization pump is rated at 1,500 gpm at a total dynamic head of 165 ft. The in-line
self-cleaning automatic strainer is rated at approximately 3,000 gpm.
The primary effluent or thickener effluent is pumped into the pressurization tanks where
pressure is increased to 40-50 psig. There is one pressurization tank per air flotation
thickener. After the pressurization tank the flow passes through a throttling control valve
where the pressurized flow is released back into atmospheric conditions where miniature
air bubbles are released.
The solids that are collected in the in-line strainer are automatically removed by opening
a motorized valve and sending the backwash waste back to the Gills Creek sewer where
it flows back to the plant influent.
Each pressurization pump is driven by a 100 Hp motor that receives 480 volt, three
phase, electrical power from Motor Control Center MCC17 located in the Electrical
Room on the grade floor of Air Flotation Thickener Building No. 2. The in-line, automatic
strainer is driven by a 1 Hp motor that receives 480 volt, three phase, electrical power
from Motor Control Center MCC17.
6.2.10.2

Start-up Procedures

1.

Open the required 16-inch valve for the primary effluent or thicken effluent
to the pressurization pumps.

2.

Ensure that the manually operated valves located on the suction and
discharge side of the pressurization pumps are open. On the discharge
side of the pressurization pumps ensure that manual valves all the way to
the air flotation thickeners are open.

3.

Ensure that the manual valves on the inlet and discharge side of the inline automatic strainer are open and by bypass valve for the strainer is
closed.

4.

Ensure that the seal water system for the Pressurization Pumps is
properly set and ready for operation.
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5.

Ensure that the various motorized valves in the pressurized flow piping
are receiving electrical power and that they are in the “Automatic” and
“Remote” modes of operation at the valve operations. In the “Local”
mode of operation, the valve is controlled by using the “Open-Stop-Close”
buttons on the valve operator.

6.

Place the “On-Off” disconnect switch located next to each Pressurization
Pump, the Automatic Strainer and the Motorized Valves to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasional checking to ensure that they have
not been turned off.

7.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC17 for each Pressurization Pump to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

8.

Place the “On-Off” circuit breaker located on Motor Control MCC17 for the
Automatic Strainer to the “On” position. During normal operation, this
switch is always in the “On” position and only requires occasional
checking to ensure it has not tripped.

9.

Place the “On-Off” circuit breaker located on Distribution Panel DP4 for
each Pressurization Tank to the “On” position. During normal operation,
these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

10.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC17 for each Pressurization Pump to the “Auto” position. In
the “Off” position, the pump will not operate. In the “Hand” position, the
pump will operate continuously.

11.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC17 for the Automatic Strainer to the “Auto” position. In the
“Off” position, the strainer will not operate. In the “Hand” position, the
strainer will be operated manually.

12.

Place the “On-Off” circuit breaker located in Lighting Panel LC-R for the
solenoid valve at each Pressurization Tank to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

13.

Place the “Man-Off-Auto” selector switch located on each Pressurization
Tank to the “Auto” position. In the “Off” position, the solenoid valve for
the level control system will not operate. In the “Manual” position, the
solenoid valve is manually controlled with the selector switch at the
pressurization tank.

The Operators can now control the Pressurization system from the Thickener Control
Panel located in the Control Room of Air Flotation Thickener Building No. 2 (Sludge
Thickening Building No. 2) or from a remote SCADA Operator Interface Panel.
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14.

Pull up the Main Menu on the Thickener Control Panel.

15.

Scroll down to the Strainer and Level Transmitter Backwash Timer line
and press the “F8” button.

16.

The Strainer Backwash and Level Transmitter Timer display will appear
on the screen. Please note that the “Level Transmitters” are described in
other sections of this chapter. This write-up will only focus on the Strainer
Backwash Timers.

17.

Press the Cycle Time box on the screen. A number pop-up display will
appear on the screen. Press the numbers for the desired time, then
acknowledge the number and close (ESC) the pop-up display. The initial
recommended setting is 2 hours.

18.

Press the Backwash Timer box on the screen. A number pop-up display
will appear on the screen. Type in the desired time, acknowledge and
then close (ESC) the pop-up display. The initial recommended setting is
10 minutes.

19.

Return to the Main Menu.

20.

Scroll down to the Pressurization Tank line and press the “F3” button.

21.

The Pressurization Tank display will appear on the screen.

22.

For “Pressurization Tank No. 1” press the “Setpoint” box. A number popup display will appear on the screen. Press the numbers for the desired
tank pressure then acknowledge the number and close (ESC) the pop-up
display.

23.

Press the Valve Panel (F1) button. While on this screen set the pressure
for Pressurization Tank Nos. 2, 3 and 4.

24.

The Valve Panel display will appear on the screen. Place the “OpenClose-Auto” selection for Pressurization Water Valve No. 1 to “Auto”.
When the valve is placed in “Open”, the valve will open. When the valve
is placed in “Close”, the valve will close. Set the Pressurization Water
Valves for Air Flotation Thickener Nos. 2, 3 and 4 also on this screen.

25.

Set the valve position by pressing the Setpoint. A number pop-up display
will appear on the screen. Each Pressurization Tank is rated at a
maximum flow of 750 gpm. The valve setpoint must be set to meet the
feed conditions. The initial recommended setting is 92%.

26.

Return to the Main Menu.

27.

Scroll down to the “Pressurization Pump System”. Press the “F2” button.

28.

The Pressurization Pump display will appear on the screen. Place the
“Hand-Off-Auto” selection for the Pressurization Pump to “Auto”. In the
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“Off” position, the pump will not operate. In the “Hand” position, the pump
is manually controlled by using the “Start” and “Stop” controls on the
display. Place the second “Duty” pump in the “Automatic” mode.
29.

6.2.10.3

On this display screen there is an “Auto Stop” and “Auto Start” selections.
Press the button for the “Auto Start” button. On the Pressurization Pump
No. 1 screen press the “F2” button.
Normal Operation

During normal operation, the pressurization pumps and the pressurization system must
be in operation as long as an air flotation thickener is in service. The maximum flow rate
through each pressurization tank is 750 gpm. The pressurization tank must be kept at a
pressure between 40-50 psig. This is accomplished by adding compressed air into the
pressurization tank and restricting the flow out of the tank by a pressure regulating valve.
Typically, it requires approximately 0.10 to 0.15 cfm air per 10 gpm of pressurization flow
to be injected into the pressurization tank or the pressurization piping prior to the
pressurization tank. There must always be an air cushion in the pressurization tank in
order for the pressurization system to operate. There is an automatic level control
system that is attached to the pressurization tank that controls the liquid level in the
pressurization tank. If the liquid level in the tank reaches a preset low level, then a
solenoid valve on the bleed-off line will open and allow air to leave the pressurization
tank, thus causing the liquid level to rise. When the liquid level in the pressurization tank
rises to a preset level, then the solenoid valve on the bleed-off system will close allowing
the air to push the liquid in the tank down.
Once the pressurized flow passes the pressure regulating valve, miniature bubbles form
and are released into the thickener causing them to attach to sludge particles and
floating to the surface.
During normal operation, the in-line Strainer is in the automatic mode of operation. In
this mode of operation, the backwash valve will automatically open for a preset time,
thus, washing solids from the unit. For example, if the cycle time is set at 2 hours and
the backwash time is set at 10 minutes, then the backwash valve will open every 2 hours
and remain open for 10 minutes. When the 10 minute backwash timer times out, the
valve will close and wait for the next cycle before it opens again. All backwash waste is
returned back to the Plant Influent Pumping Station via the Gills Creek Interceptor
Sewer.
6.2.10.4

Shutdown Procedures

1.

For a short-term shutdown, place the Pressurization Pump in the “Off”
position on the Thickener Control Panel.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC17 and
the “On-Off” disconnect switch located next to the pump to the “Off”
position.

If a “Duty” Pressurization Pump is taken out of service, then place the “Standby” pump
into service.
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6.2.10.5

Alternate Operation

During normal operation, the Pressurization System is in the “Automatic” mode of
operation.
In this mode of operation the motorized pressurized control valve
automatically modulates to maintain the preset flow rate as determined by the preset
valve setting.
There are several alternate modes of operation for the Pressurization System. The
motorized control valve can be controlled manually at the Thickener Control Panel, on
SCADA or at the valve operator. The Pressurization Pump can be manually controlled
from the Thickener Control Panel, on SCADA or at Motor Control Center MCC17.
6.2.10.6

Power Failure

If there is a power failure, the pressurization system will shutdown. After utility power is
restored the pressurization system will automatically come back on line.
6.2.11

Air Flotation Thickener Nos. 1-4 (Air Flotation Thickener
Building No. 2)

6.2.11.1

Introduction

After the pressurized flow and the mixed sludge flow are combined then they enter the
dissolved air flotation thickeners. Once the combined flows enter the dissolved air
flotation thickeners, a majority of the solids will float to the surface of the liquid and the
heavier solids will settle to the tank bottom. There are several components in the
thickener that move and remove the solids from the unit, as previously shown in Figure
No. 6-16. The major components of the dissolved air flotation thickener are as follows:


Top Skimmer (Scraper)



Top Screw Conveyor



Bottom Scraper



Bottom Screw Conveyor



Bottom Sludge/Drain Valve (Heavy Sludge Valve)

The equipment within the air flotation thickeners can be operated automatically or
manually.
The top skimmer (1 Hp), top screw conveyor (3 Hp), bottom scraper (0.5 Hp), bottom
screw conveyor (2 Hp) and motorized bottom sludge valve receive 480 volt, three phase
electrical from Motor Control Center MCC17 located in the Electrical Room on the grade
floor of Air Flotation Thickener Building No. 2.
6.2.11.2

Start-up Procedures

This start-up procedure assumes that the thickener has already been inspected for any
obstructions and that the tank is filled with primary effluent and ready to receive sludge.
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1.

Inspect the thickener and ensure that the equipment is ready to be
started.

2.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC17 for each of the following pieces of equipment to the “On”
positions:


Top Screw Conveyor Nos. 1-4



Bottom Scraper Nos. 1-4



Bottom Screw Conveyor Nos. 1-4



Bottom Sludge/Drain Valve Nos. 1-4

During normal operation, these switches are always in the “On” positions
and only require occasional checking to ensure that they have not tripped.
3.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC61 to the “Automatic” position for each:


Top Skimmer (Scraper)



Top Screw Conveyor



Bottom Scraper (Settled Sludge Collector)



Bottom Screw Conveyor



Bottom Sludge/Drain Valve

In the “Hand” position, the equipment will operate continuously. In the
“Hand” position for the valve, then the valve is controlled by using the
“Open-Stop-Close” switch at the valve operator. In the “Off” position, the
equipment will not operate.
4.

At each motorized Bottom Sludge/Drain Valve (Heavy Sludge Valve)
place the “Local-Remote” selector switch on the valve operator to the
“Remote” position. In the “Local” position, the valve is controlled by an
“Open-Stop-Close” switch at the valve operator.

The Operator can now control the Air Flotation Thickener Equipment from the
Thickener Control Panel in the Control Room of Air Flotation Thickener Building
No. 2 (Sludge Thickening Building No. 2) or from a remote SCADA Operator
Interface Panel.
5.

Pull up the Main Menu on the Thickener Control Panel. After the Main
Menu appears on the display screen, press F5 for Thickener System.
The Operator must use the buttons below the display screen. For
example, press F1” for Air Flotation Thickener No. 1.

6.

The skimmer and collector displays will appear on the screen for Air
Flotation Thickener Nos. 1-4.
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7.

For the first thickener to be placed into service, press the “F3” button for
the “Starter Panel”.

8.

After the “Starter Panel” button has been pressed the Thickener Surface
Skimmer and Thickener Top Screw Conveyor displays will appear.

9.

Place the “Hand-Off-Auto” controls for the Top Skimmer and Top Screw
Conveyor into the “Automatic” mode of operation. In the “Off” position,
the equipment will not operate. In the “Hand” position, the surface
skimmer and/or screen conveyor will be controlled by using the “Start”
and “Stop” controls on this display screen.

10.

On the right side of this display screen there is an Auto Stop Delay. This
is to delay the stopping of the Top Screw Conveyor after the Top
Skimmer stops. This display is to allow the sludge trough to be cleared of
solids before stopping.

11.

Press the box to set the Delay Time. A number pad will appear. Set the
desired delay time, then confirm and close out the pop-up display. The
initial recommended delay time is 10 seconds.

12.

Press the “Next Page” button.

13.

The Heavy Sludge Collector and Bottom Screw Conveyor displays will
appear on the screen which will be similar to the Top Surface Skimmer
and Top Screw Conveyor.

14.

Place the Bottom Scraper and Bottom Screw Conveyor into the
“Automatic” mode of operation. In the “Off” position, the equipment will
not operate. In the “Hand” position, the bottom scraper and/or screw
conveyor will be controlled by using the “Start” and “Stop” controls on this
display screen.

15.

On the right side of this display screen there is an Auto Start Delay. This
is to delay the starting of the Bottom Screw Conveyor in order to allow the
bottom scraper to move the solids to the influent end of the tank before
starting the screw conveyor.

16.

Press the box to set the Delay Time. A number pad will appear. Set the
desired delay time, then confirm and close out the pop-up display. The
initial recommended setting is 15 minutes.

17.

Press the “Next Page” (F12) button to return to the original thickener
screen.

18.

On the Thickener System screw press the “Auto Start” (F2) to start the
“Automatic” sludge withdrawal sequence. The “Auto Stop” button will
stop the automatic sludge withdrawal system.

19.

Return to the “Main Menu” screen.
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20.

At the Main Menu scroll down to the “Thickener Cycle/Run Timers” line
and then press the “F7” button.

21.

The “Thickener Cycle/Run Timer” display will appear on the screen. Set
the Skimmer/Conveyor “Cycle Time” and “Run Time” by pressing the
appropriate box. When the box is pressed, a number pad pop-up display
will appear. Set the desired time by pressing the buttons on the number
pad, then confirm and close (ESC) the pop-up display. Do this for both
the “Cycle Time”. The initial recommended “Cycle Time” for the top
skimmer is 30 minutes and the “Run Time” is 4 minutes. Please note that
these times can be changed to meet the required thickened sludge and
blanket depth conditions.

22.

On the same “Thickener Cycle/Run Timer” screen set the cycle and run
timers for the Collector/Conveyor. These timers are set the same way the
timers in Step No. 22 were set. The initial recommended settings are 1
hour for the “Cycle Time” and 30 minutes for the “Run Time”. These
settings can be adjusted to fit the conditions within the thickener.

23.

While on the “Thickener Cycle/Run Timer” screen, it is recommended that
the “Cycle Times” and “Run Times” be set for all four (4) Air Flotation
Thickeners.

24.

Repeat Step Nos. 5-18 to set the “Automatic” sludge withdrawal
sequences for all other in-service air flotation thickeners in Air Flotation
Thickener Building No. 2.

6.2.11.3

Normal Operation

During normal operation the floating sludge (thickened sludge) and bottom sludge are
removed from the thickeners automatically as controlled by preset set times established
by the Operators.
a)

Thickened Sludge (Float Sludge)
The thickened sludge concentration must remain between 4 to 5% total
solids and the sludge blanket must remain approximately 2 ft. thick. If the
thickened sludge blanket is too thin, then excess water will be pumped to
the anaerobic digesters. This excessive water will result in taking up tank
(digester) volume, more water being added to the digesters also will result
in additional heating costs, excessive water in the digester could wash out
the sludge that could affect process operation and there could be other
issues. A thickened sludge concentration that is too thick could result in
pumping and mixing issues.
Maintaining the proper sludge blanket depth in the thickeners is also
important because a blanket that is too thin will not yield the proper
thickened sludge concentration, not remove the proper solids quantity
and result in poor subnatant quality. A sludge blanket that is too thick will
also result in a high thickened sludge concentration. In addition, a thick
sludge blanket will result in solids being washed out with the subnatant.
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In order to maintain the proper thickened sludge conditions, the proper
amount of sludge must be removed from the blanket.
This is
accomplished by ensuring that the cycle timers are properly set for the
conditions. If the sludge blanket thickness is below 2 ft., then the starting
and stopping timers of the top skimmer can be extended or made longer
and run time could be made shorter. For example, say the top skimmers
were originally operating for 10 minutes every 30 minutes, then the times
could be changed to 7 minutes running and 40 minutes between cycles.
The opposite occurs if the sludge blanket is too thick (greater than 2 ft).
In this case the top skimmers would have to be operated longer and
maybe with shorter cycle times. Operator experience will determine the
automatic settings based on the thickened sludge concentration and
thickened sludge blanket thickness.
Typically, in the “Automatic” mode of operation the following will occur.

b)



The Top Skimmer will be “Off” until the “Cycle” timer times out.



Once the cycle starts the Top Skimmer will start and operate for
the time set on the “Run” timer.



When the Top Skimmer starts the Top Screw Conveyor will also
start. The Top Screw Conveyor moves the thickened sludge to
the Thickened Sludge Wet Well.



After the “Run” timer times out the Top Skimmer will stop and wait
for the cycle to start again.



When the Top Skimmer stops the Top Screw Conveyor will
operate for a short time (approx. 10 seconds) in order to remove
the thickened sludge from the trough.

Bottom Solids
Any solids that are too heavy to float in the thickener will settle to the tank
bottom. The solids are removed automatically on a periodic basis using a
Bottom Scraper, Bottom Screw Conveyor and an automatic valve. The
quantity of solids that are removed from the bottom of the thickener
depends upon the characteristics of the solids entering the thickener.
Some plants remove once per shift, some plants once per day, and
others on an hourly basis. How often the bottom solids are removed from
the thickeners will depend on the actual conditions, so operator
experience will determine the proper withdrawal rates. The heavy solids
removed from the air flotation thickeners in Treatment Train No. 2 flows
by gravity back to the plant headworks.
Typically in the “Automatic” mode of operation the following will occur.


The Bottom Scraper will be “Off” until the “Cycle” timer times out.
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6.2.11.4



Once the cycle starts, Bottom Scraper will start and operate for
the time set on the “Run” timer.



Once the Bottom Scraper starts, the Bottom Screw Conveyor
“Delay Start” timer will start its countdown.



When the Bottom Screw Conveyor “Delay Start” timer times out,
then the Bottom Screw Conveyor will start and the Bottom Sludge
(Heavy Sludge) valve will open.



When the “Run Timer” times out, then the Bottom Scraper and
Sludge Screw Conveyor will stop and the Bottom Sludge Valve
will close.

Shutdown Procedures

1.

For a short-term shutdown, pull up the piece of equipment to be shutdown
on the Thickener Control Panel or SCADA screen and “Stop” the
equipment.

2.

For a long-term shutdown of a piece of equipment within the air flotation
thickener, then the entire thickener must be taken out of service.

6.2.11.5

Alternate Operation

The equipment within the air flotation thickeners can be operated in several alternate
modes of operation. The first alternate mode of operation would be to operate all of the
equipment in the air flotation thickener in “Manual”. A second alternate mode of
operation would be to operate the top sludge withdrawal system in the “Automatic” mode
of operation and the bottom sludge withdrawal system in “Manual” mode of operation.
In this mode of operation the Operators must carefully monitor the:


Thickened sludge blanket depth



Thickened sludge concentration



Subnatant quality



Bottom solids concentration



Thickener solids loading rate

6.2.11.6

Power Failure

If there is a power failure, the equipment for the air flotation thickeners will stop. After
utility power is restored, then the equipment will automatically come back on-line. Once
the power is restored the Operators must check the operation and settings of the
equipment.
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6.2.12

Air Compressor Nos. 1 and 2 (Air Flotation Thickener Building No. 2)

6.2.12.1

Introduction

Located on the lower level of Air Flotation Thickener Building No. 2 there are two (2)
package type air compressor units that discharge high pressure air (compressed air) to
an air receiver next to the compressors. The pressure in the air receiver is maintained at
95 psig. The air compressors start and stop automatically in order to maintain the air
receiver at the proper pressure. The compressed air leaves the air receiver and travels
to the four (4) pressurization tanks. Each air compressor is rated at 65 scfm at a
discharge pressure of 100 psig.
Each air compressor is driven by a 15 Hp motor that receives 480 volt, three phase,
electrical power from Motor Control Center MCC17 located on the grade floor of Air
Flotation Thickener Building No. 2.
6.2.12.2

Start-up Procedures

1.

Ensure that the valves to the pressurization tanks are properly set.

2.

Ensure that the drain valve on the air receiver is closed.

3.

Place the “On-Off” disconnect switch located next to each Air Compressor
to the “On” position. During normal operation, these switches are always
in the “On” position and only require occasional checking to ensure that it
has not been turned “Off.”

4.

Place the “On-ff” circuit breaker located on Motor Control Center MCC17
for each Air Compressor to the “On” position. During normal operation,
these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

5.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center Panel MCC17 for each Air Compressor to the “Auto” position. In
the “Off” position, the air compressor will not operate. In the “Hand”
position, the air compressor will operate continuously.

6.

At the Air Compressor Control Panels located on each Air Compressor
press the “Auto” button.

The Operators can now control the Air Compressors from the Thickener Control Panel
located in the Control Room of Air Flotation Thickener Building No. 2 (Sludge Thickener
Building No. 2) or from a remote SCADA Operator Interface Panel.
7.

Pull up the Main Menu on the Thickener Control Panel.

8.

Press the F9 “Air Compressors/Grinders/Blowers” button.

9.

The “Air Compressors/Grinder/Blowers” display will appear on the screen.
Place the Air Compressors in “Auto” by pressing the proper “F” buttons.
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In the “Off” position, the Air Compressors will not operate. In the “Hand”
position, the Air Compressor is controlled by the “Start” and “Stop”
controls on the display screen.
6.2.12.3

Normal Operation

During normal operation, the air compressors are in the “Automatic” mode of operation,
In this position, the “Lead” compressor will start and stop automatically to maintain a
preset pressure in the air receiver tank. If the “Lead” compressor cannot attain the
required pressure, then the “Lag” compressor will start. Once the preset high pressure
is met the air compressors will stop. For example, if the start pressure switch was set at
85 psig and the stop pressure switch was set at 90 psig, then the “Lead” air compressor
would automatically start at 85 psig and stop when the pressure in the air receiver
reached 90 psig.
In the “Automatic” position the “Lead” air compressor will automatically alternate each
time a compressor is called to start.
The air receiver is also supplied with a pressure relief valve for safety purposes. If an air
compressor fails to stop at the high pressure switch cut-off and the air pressure in the air
receiver raises to a preset high level, then the pressure relief valve will open. This is to
avoid damage to the equipment and for the safety of the plant personnel. If the pressure
relief valve is operating, then this condition must be corrected immediately
6.2.12.4

Shutdown Procedures

1.

For a short-term shutdown of an air compressor, place the “Hand-OffAuto” selector switch on the Thickener Control Motor Control Center
MCC17 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker on Motor Control Center MCC17 and the “OnOff” disconnect switch next to the air compressor to the “Off” positions.

6.2.12.5

Alternate Operation

An alternate operation for the air compressors would be to place an air compressor in
the “Hand” position. In the “Hand” position, the air compressor will operate continuously
until the compressor is placed in “Off.”
6.2.12.6

Alarm Conditions

At the control panel on each air compressor there are “Fault” lights that will illuminate if a
problem is detected with an air compressor. These alarm conditions for each air
compressor are as follows:


Motor Overload



High Air Temperature



Low Oil or Pressure
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6.2.12.7

Power Failure

If there is a power failure, the air compressors will shutdown. After utility power is
restored, air compressors will come on-line automatically.
6.2.13

Thickened Sludge Pump Nos. 1-4 (Air Flotation Thickener
Building No. 2)

6.2.13.1

Introduction

The thickened sludge (float sludge) that is removed from the four (4) air flotation
thickeners located in Air Flotation Thickener Building No. 2 is deposited into two (2)
thickened sludge wet wells. Each wet well serves two (2) air flotation thickeners. The
thickened sludge is removed from each wet well by two (2) positive displacement,
progressive cavity type pumps. One pump serves as the “Duty” pump and the second
pump serves as the “Standby” pump. The pumps can be operated automatically based
on the liquid level in the wet well or they can be operated manually as controlled by the
Operator. The thickened sludge removed from the wet wells is pumped to the anaerobic
digesters for further treatment.
Each thickened sludge pump is driven by a 25 Hp motor that receives 480 volt, three
phase, electrical power from the Variable Frequency Drive Panels located in the
Electrical Room of Air Flotation Thickener Building No. 2. The Variable Frequency Drive
Panels receive electrical power from Distribution Panel DP4 located in the Electrical
Room of Air Flotation Thickener Building No. 2.
6.2.13.2

Start-up Procedures

1.

Ensure that all of the valves on the suction and discharge side of the
pumps are “Open” or properly set. IMPORTANT: Never operate a
thickened sludge pump (positive displacement pump) in a closed system
because damage could occur to the piping and pumps. More importantly
harm could occur to an Operator.

2.

Ensure that the valves at the Digester Buildings are “Open.”

3.

At the valve vault (Valve Vault No. 1) located outside between Anaerobic
Digester Nos. 4 and 5 ensure that the electrically operated valves are
properly set so thickened sludge can be pumped to the appropriate
Digester Control Building (Digester Headhouse).
The electrically
operated valves in Valve Vault No. 1 are controlled on SCADA from
Digester Control Building C (Digester Headhouse C).

4.

Place the “On-Off” circuit breaker located on Distribution Panel DP4 for
each Thickened Sludge Pump Variable Frequency Drive Panel to the
“On” position. During normal operation, these switches are always in the
“On” position and only requires occasional checking to ensure that they
have not tripped.

5.

On the Variable Frequency Drive Display (Allen Bradley) in the Variable
Frequency Drive Panels for each Thickened Sludge Pump place the
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pumps in “Automatic.” Once the display shows “Automatic” ensure that
you “Enter” the setting using the button on the upper row of the display. If
the display shows “Off”, then the thickened sludge pump will not operate.
If the display is in “Manual”, then the thickened sludge pump can be
started and stopped (red and green buttons on the display) and the pump
output can be adjusted from this display unit.
6.

Place the “Man-Auto” selector switch located on the Thickened Sludge
Pump Variable Frequency Drive Panel (VFD Panel) for each Thickened
Sludge Pump to the “Auto” position. In the “Off” position, the pump will
not operate. In the “Manual” position, the pump is controlled from the
VFD Panel.

The Operator can now control the ‘Thickened Sludge Pumps from the Thickener Control
Panel located in the Control Room of Air Flotation Thickener Building No. 2 (Sludge
Thickening Building No. 2) or from a remote SCADA Operator Interface Panel).
7.

Pull up the Main Menu on the Thickener Control Panel.

8.

After the Main Menu appears on the display screen, press the F4 button
for the thickened sludge pumps. The Operator must use the buttons
below the display screen.

9.

After the “F4” button is pressed the thickened sludge pump display screen
will appear.

10.

On this screen press the (F3) “Level Setpoint” button. A pop-up display
will appear.

11.

On the Thickened Sludge Pump display screen check the starting and
stopping wet well liquid levels for the thickened sludge pumps. The initial
setting for these pumps are as follows:
Wet Well
No. 1

Function

Wet Well
No. 2

Thickened Sludge Pump Start

(0-120 inches)

38-inches

38-inches

Thickened Sludge Pump Stop

(0-120 inches)

25-inches

25-inches

12-inches

12-inches

Low Level Alarm

12.

Press the “F1” or “F2” button for the Thickened Sludge Pumps to be
placed into “Automatic” control. The “F1” button is for Thickened Sludge
Pump Nos. 1 and 2 and “F2” is for Thickened Sludge Pump Nos. 3 and 4.

13.

After the “F1” or “F2” button is pressed the Thickened Sludge Control
Panel display will appear on the screen. Two pump control screens
appear are displayed on the computer screen.
6-60
L:\Columbia Operations Manual-Chap 6

14.

On the pump display set the “Hand-Off-Auto” to the “Auto” position for the
“Duty” pump for Thickened Sludge Wet Well No. 1. Set the “Duty” pump
(TS Pump No. 3 or 4) for Thickened Sludge Wet Well No. 2 to the “Auto”
position.

15.

Set the pump output Setpoint Speed by pressing the box and then using
the pop-up keypad to set the pump output in revolutions per minute. The
initial recommended setting is between 1400 rpm. Once the required
setpoint is set, then press “Enter” to secure the setpoint number.

6.2.13.3

Normal Operation

During normal operation, the Thickened Sludge Pumps are in “Automatic” mode of
operation. In this mode of operation the pumps start and stop automatically based on
the liquid levels in the Thickened Sludge Wet Wells. When the liquid level rises to a
liquid level of 38-inches then the “Duty” pump will automatically start and ramp up to the
preset output speed. When the liquid level in the wet well recedes to 25-inches, then the
thickened sludge pump will stop.
The thickened sludge is transferred to the anaerobic digesters for sludge stabilization.
6.2.13.4

Shutdown Procedures

1.

For a short-term shutdown, pull up the Thickened Sludge Pump control
screen and press the “Off” button. The pump can also be shutdown for a
short-term by placing the “Man-Auto” selector switch on the Variable
Frequency Drive Panel to the “Man” position and press the “Off” button.

2.

For a long-term shutdown, repeat Step No. 1. In addition, place the “OnOff” circuit breaker on the Variable Frequency Drive Panel and the
“On-Off” circuit breaker in Distribution Panel DP4 to the “Off” position
Ensure that the second thickened sludge pump associated with that wet
well is in the “Automatic” mode of operation.

6.2.13.5

Alternate Operation

The Thickened Sludge Pumps are normally operated in the “Automatic” mode of
operation; however, there are several alternative modes of operation for these pumps.
The first alternate mode of operation would be to place the Thickened Sludge Pump in
“Hand” on the Thickened Sludge Pump Control Panel from the Thickened Sludge Pump
display screen. Once the pump controls are in the “Hand” mode of operation, then the
pump can be “Started” and “Stopped” at the display screen. The pump output can also
be changed at this location.
The second alternate mode of operation would be to place the “Hand-Off-Remote”
selector switch located on the Thickener Pump Variable Speed Drive Panel (VF) to the
“Hand” position. The thickened sludge pump can now be controlled from the pump
controller on the VFD Panel.
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6.2.13.6

Alarm Conditions

There are several alarm conditions for the Thickened Sludge Pumps and pumping
system, such as
Thickened Sludge Wet Well High Level Alarm – 12-inches
Thickened Sludge Pump VFD Fault
Thickened Sludge Pump Motor Fault
6.2.13.7

Power Failure

If there is a power failure while a thickened sludge pump is operating, then the pump(s)
will automatically shut down. After utility power is restored the thickened sludge pumps
will come back on-line automatically.
Typically in the “Automatic” mode of operation the following will occur.


The Bottom Scraper will be “Off” until the “Cycle” timer times out.



Once the cycle starts, Bottom Scraper will start and operate for the time
set on the “Run” timer.



Once the Bottom Scraper starts, the Bottom Screw Conveyor “Delay
Start” timer will start its countdown.



When the Bottom Screw Conveyor “Delay Start” timer times out, then the
Bottom Screw Conveyor will start and the Bottom Sludge (Heavy Sludge)
valve will open.



When the “Run Timer” times out, then the Bottom Scraper and Sludge
Screw Conveyor will stop and the Bottom Sludge Valve will close.

6.2.14

Air Flotation Thickener Operational Summary (Air Flotation
Thickener Building Nos. 1 and 2)

6.2.14.1

Introduction

Throughout this section of the chapter the individual pieces of equipment for the sludge
thickening process were described. This discussion will not discuss the electrical
components of the process but it will provide a summary overview of how to start-up,
operate and shutdown the air flotation thickener process.
The overall operational controls of the air flotation thickeners in the two Air Flotation
Thickener Buildings are basically the same. For example, the solids loading rates,
hydraulic loading rates, the removal of thickened sludge, and other process aspects are
similar. The differences occur with the pumping schemes, instrumentation controls and
other slight equipment differences.
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6.2.14.2

Initial Start-up Procedures

The following initial start-up procedures are based on the fact that the air flotation
thickener has been in operation, but has been out of service for an extended period of
time. The following discussion will not assume that the air flotation thickener is being
commissioned for the first time after construction.
1.

Inspect the tank and ensure all debris, tools, ladders, etc., are removed
from the thickener.

2.

Ensure that the scrapers and conveyors in the thickener are in good
working condition.

3.

Ensure that the drain valve (heavy sludge) valve is closed.

4.

Fill the thickener with primary effluent. Please note that the thickeners in
Air Flotation Thickeners Building No. 2 can be filled with thickener effluent
or primary effluent.

5.

Once the thickener is full with primary effluent then start the
pressurization system.

6.2.14.3

Starting the Pressurization System

This procedure should be used when starting the pressurized flow system for the first
time or any other time that it is started from an unpressurized condition. Before
proceeding with start-up, the Operator should have completed the “Preparation for StartUp” procedure.
After “Preparation for Start-Up” has been completed, certain valves may remain in their
respective positions full time, regardless of whether the pressurized flow system is
operating or shutdown. Unless specifically stated to the contrary, all start-up and
shutdown procedures assume the following normal valve positions. Refer to Figure No.
6-22 for further clarification.
1.

Fully open the Compressed Air Isolation valve (8).

2.

Fully open the bleed-off throttling valve (11).

3.

Fully open the upper (14) and lower (15) isolation valves on the level
controller.

4.

Fully open the upper (18) and lower (19) sightglass valves.
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The procedure for start-up follows.
1.

Review Table No. 6-1 and calculate the control values for operation.

TABLE NO. 6-1
CONTROL VALUES FOR OPERATION

a) Start-Up Pressurized Water Flow
Design operating pressurized flow ___________ GPM
b) Operating Pressure
Recommended:

40-50 psig

Maximum (Relief):

60 psig

c) Pressure Vessel Water Level Control
Supply air pressure

80-100 psig

Regulated air pressure

55-65 psig

d) Start-Up Air Flow
GPM start-up pressurized water flow x 0.010 = scfm start-up air flow
e) Operating Air Flow
As needed to maintain water level approximately ½ full in the pressure
vessel sightglass.
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Confirm that an adequate supply of clean or treated water exists on the
suction side of the pressurized flow system. Be certain that the flotation
tank is filled with water to the normal operating level (flow over the
effluent weir).
2.

Position water valve as follows:


Fully open the pressure regulating valve (28) and open water
throttling valve approximately 25%.



Open the suction (21) and discharge (27) isolation valves.

3.

Confirm that the supply air pressure gauge (2) reads 80-100 psig with the
compressed air supply valve (1) fully open.

4.

Adjust the regulator (4) until the regulated pressure gauge (5) indicates
55 psig.

6.2.14.4

Operation

1.

After the pressurization system is operational run the pressurization pump
and system for a minimum of 1 hour with no feed sludge. This operation
will saturate the air flotation thickener with air bubbles. Therefore, when
feed sludge is introduced into the thickener the solids will begin to float
immediately.

2.

After the thickener has been operating with only pressurized flow for an
hour, then start the Mixed Sludge Pump.

3.

Monitor the solids loading rate on the thickener.
thickeners are designed for 0.71-0.77 lbs/hr/ft2.

4.

Monitor the sludge thickened blanket (float blanket). This blanket should
be maintained so it is 1.5 to 2 ft. thick.

5.

Monitor the thickened sludge concentration. The thickened sludge
concentration should be maintained between 4-5% T.S.

6.

Adjust the top flights to control the blanket thickeners and sludge
concentration. The solids loading rate on the thickener will also affect the
sludge blanket thickeners and concentration. Ideally, the skimmers
should:

The air flotation



Never make more than one pass over the surface per cycle.



Be operated at a slow skimming speed so blanket does not
become disturbed.



Keep the skimmer operation at a minimum.
6-66
L:\Columbia Operations Manual-Chap 6

7. Monitor the thickener effluent (subnatant). The air flotation thickeners should be
achieving an 85% capture rate without polymer. If the capture rate is below 85%,
check the solids loading rate, skimmer adjustments, sludge characteristics and
other variables.
8. Monitor the bottom sludge withdrawal system and ensure it is functioning
properly and that the proper quantity of sludge is being removed from the bottom
of the thickener. The bottom scraper must be operated first for approximately 10
months before the bottom screw conveyor is started and bottom valve is opened.
9. Monitor the liquid level on the pressurization tank site glass. This level should be
approximately halfway up the sight glass.
10.

Monitor the pressure of the pressurization tanks. They should be maintained at
a pressure of approximately 40-45 psig. Never exceed a pressure in the
pressurization tank of 59 psig.

11.

Monitor the compressed air pressure to the pressurization tanks. The
compressed air to the air stations should be at a pressure of approximately 80
psig and at the air regulator 55 psig.

12.

Monitor the compressed air flow rate to the pressurization tanks. The typical
air flow rate is 0.10 scfm/10 gpm of pressurized flow.

13.

Monitor the pressurization flow and sludge feed flow rates.

14.

Monitor the thickened sludge wet well levels and pump operation.

15.

Monitor the system controls, settings and readings. Ensure they are at the
proper settings. If not, then adjust the controls and/or correct the problem,
such as, a false reading due to plugged instrument.

6.2.14.5

Shutdown Procedures

First determine if the shutdown will be for a short period of time or will it be for an
extended period. If it is a short term shutdown, then some equipment could remain
operational and systems will not have to be drained. For a long-term shutdown,
equipment must be stopped, tanks depressurized, tanks drained and cleaned, sludge
flows re-routed, etc.
1.

Stop the feed sludge to the air flotation thickener.

2.

Operate the top skimmer until the sludge blanket becomes thin.

3.

Operate the bottom scraper and remove the bottom sludge.

4.

Drain and clean the thickener if it is going to be taken out of service for an
extended period of time.

5.

Determine if the pressurization system is to remain operational or
completely taken out of service. This will depend upon the type of
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shutdown. The following is the various pressurization system shutdown
procedures.
a)

Depressurized Shutdown:
This procedure should be used if the DAF thickener will be out of
service for an extended period, or otherwise requires
depressurization. Before the pressurized flow system is stopped,
raw flow should be halted and the flotation tank skimmed until all
float has been removed. If applicable, the flash mixing and
flocculation tanks should be purged with clean or treated water.
The procedure varies according to whether the pressurized flow
system is to be left with standing water in the pipes, pump(s), and
pressure tank bottom, or drained of water completely.
The procedure for depressurization shutdown and complete
draining of water follows:
1.

Switch off the pressurization pumps. In Air Flotation
Thickener Building No. 2, since the pressurization pumps
serve all air flotation thickeners, then if only one thickener
is being taken out of service, the pressurization pump may
not be stopped. The motorized pressurization valve only
needs to be closed and the feed sludge distributed to the
thickeners in service.

2.

Close the discharge isolation valve.

3.

Close the air throttling valve and air bypass valve.

4.

When the depressurization of the system is complete turn
the solenoid switch to “Off”.

5.

Close the supply air valve, air to the Automatic Control,
and air shutoff valve on the air compressor receiver tank.
Switch off the air compressor.

6.

To prepare the pressurized flow system for complete
draining, close the discharge and suction isolation valves.

7.

To drain the system, open the level controller drain valve
and all other drain valves and plugs on the bottom of the
pressure tank.

If the pressurized flow system is to be shutdown for only a short time and
left with standing water in the pipes, pump(s), and pressure tank bottom,
use the following procedure.
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1.

b)

In quick order:


Switch off the pressurization pump(s).



Close the discharge isolation valve.

2.

Close all process and supply air valves, then switch off the
air compressor.

3.

When depressurization is completed, position the solenoid
valve switch on “Off”. To restart the system, perform the
above steps in reverse order.

Pressurized Shutdown and Restart:
This procedure will facilitate shutdown and restart of the
pressurization system when the DAF unit is taken out of service
for a relatively short period of time. Start-up will be simpler and
faster than with a depressurized system.
In preparation for shutdown, raw influent and float production
should cease before the pressurized flow is stopped. As to
whether the flotation tank is skimmed clean depends upon how
long the system will be out of service and other factors. When the
process is restarted, treated or clean water will be required for the
pressurization system.
The procedure for depressurization shutdown follows:
1.

In quick order:


Switch off the pressurization pump(s) or only close
pressurization valve in Air Flotation Thickener
Building No. 2.



Close the discharge isolation valve.



Close the air supply valve.

2.

If the system is to be shut down for an extended period of
time, close all process and supply air valves and switch off
the air compressor.

3.

If needed, close the suction isolation valve.

To restart the pressurized flow system, the procedure is as
follows.
1.

If the air compressor remained activated, confirm that all
pressures are at their proper settings. Otherwise, activate
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the air compressor and set the supply and process
pressure settings as described in the “Startup” subsection.
2.

Confirm that clean or treated water volume exists at the
suction end of the pressurized flow system in sufficient
quantity to allow startup of the system.

3.

Open the suction isolation valve.
isolation valve closed.

4.

Open the air supply valve and the air flow will return to its
preset rate.

5.

In quick order:


Leave the discharge

Start the pressurization pump(s) or open
pressurized valve to pressurization tank in Air
Flotation Thickener Building No. 2.

Open the discharge isolation valve completely when water
is observed in the pressure tank sight glass. Since all flow,
pressure regulating and air rate valves were not changed
from their previous settings for a balanced operation, little
or no adjustment will be required. If needed, the air
bypass valve can be opened to push the water level into
the sight glass and then turned off.
6.2.15

Seal Water System (Air Flotation Thickener Building No. 2)

6.2.15.1

Introduction

A seal water system is located in the lower level of Air Flotation Thickener Building No.
2. This system supplies seal water to the mixed sludge pumps, pressurization pumps,
thickened sludge pumps and the odor control recirculation pumps. The seal water
system consists of a 150 gallon storage tank with a float valve control system that
automatically adds and stops water to the seal water tank based on the liquid level within
the tank. The seal water system also consists of four (4) turbine type seal water pumps
each rated at 13 gpm at a total dynamic head of 60 ft.
Each seal water pump is driven by a 2 Hp motor that receives 480 volt, three phase,
electrical power from Motor Control Center MCC17 located in the Electrical Room on
ground level of Air Flotation Thickener Building No. 2.
6.2.15.2

Start-up Procedures

1.

Ensure that the manual valves on the supply water to the Seal Water
Tank are “Open”.

2.

Ensure that the seal water tank float valve is working properly and that
there is water in the Seal Water Tank.
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3.

Ensure that the manual valves on the suction side of the Seal Water
Pumps are “Open”.

4.

Ensure that the manual valves on the discharge side of the Seal Water
Pumps to the various application points are “Open”.

5.

Ensure that the manual bypass valves within the seal water system are
“Closed”.

6.

Ensure that the solenoid valves have electrical power and that they are
operating properly.

7.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC17 for each Seal Water Pump to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

8.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC17 for each Seal Water Pump to the “Auto” position. In the
“Off” position, the pump will not operate. In the “Hand” position, the pump
will operate continuously.

The Operator can now control the Seal Water Pumps from the Thickener Control Panel
located in the Control Room of Air Flotation Thickener Building No. 2 (Sludge Thickening
Building No. 2 or from a remote SCADA Operator Interface Panel.
9.

Pull up the Main Menu on the Thickener Control Panel.

10.

Scroll down to the Seal Water System line and press “F6” button.

11.

The Seal Water System display will appear on the screen.

12.

Set the seal water pressure for each Seal Water Pressure box. A number
pop-up display will appear on the screen. Press the numbers for the
desired setting, then acknowledge the setting and close (ESC) the pop-up
display. Do this on all four (4) displays.

13.

On the Seal Water System press the “F1” or “F2” Pump Panel button.
The “F1” button is for Seal Water Pump Nos. 1 and 2 and the “F2” button
is for Seal Water Pump Nos. 3 and 4. After the “F1” or “F2” button is
pressed, then the Pump Control Panel display will appear on the screen.

14.

The “F1” button will show Seal Water Pump Nos. 1 and 2. On this screen
each pump panel contains a “Hand-Off-Auto” selection. Place the Seal
Water Pump into the “Auto” position. In the “Off” position, the pump will
not operate. In the “Hand” position, the pump will operate continuously.
Place Seal Water Pump Nos. 3 and 4 into the “Auto” position after
pressing the “F2” button.
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6.2.15.3

Normal Operation

The seal water system in Air Flotation Thickener Building No. 2 is designed so two (2)
Seal Water Pumps (Nos. 1 and 2) serve the Mixed Sludge Pumps and Pressurization
Pumps and two (2) Seal Water Pumps (Nos. 3 and 4) serve the Thickened Sludge
Pumps and Odor Control Recirculation Pumps. Normally, one seal water pump in each
set of pumps serves as a “Duty” pump and the second pump serves as a “Standby”
pump. In this mode of operation, when a pump starts, such as, a Thickened Sludge
Pump, then a solenoid valve in the seal water piping near the pump “Opens” supplying
water to the pump seal. When the Thickened Sludge Pump stops the seal water
solenoid valve will “Close”. This is similar to all pumps receiving seal water. The seal
water pump will operate continuously. If no water is needed at any pump seal, then the
pressure relief valve at the seal water pump will “Open” up circulating water back into the
Seal Water Tank.
Seal water provides lubrication of the sleeve-packing surfaces and prevents air from
entering the pump through the stuffing box. Typically, it requires between 1-2 gpm of
seal water for a pump seal system. It is important to check with the pump manufacturer
to find out their requirements for their pump. The pressure of the seal water should be
set at 10-15 psig above the pump operating pressure. There is a rotameter and
pressure regulator located at each pump seal water station to regulate the flow and
pressure to the pump seals.
As water is withdrawn from the seal water tank a float valve monitors the liquid level.
When the liquid level recedes to a preset point the float valve will open to allow the tank
to fill with potable water. Once the liquid level rises to a preset high level the float valve
will close, thus, stopping the water from entering the tank. There is air gap between the
discharge of the float valve and the liquid level of the tank. The air gap is to avoid cross
contamination of the potable water with the non-potable water.
While making rounds the Operators must check the following when it comes to the seal
water system:
1.

The liquid level in the seal water tank.

2.

The seal water pressure.

3.

The seal water flow rate to each pump.

4.

Ensure that the pump solenoid valve is open and water is entering the
pump seal.

5.

Are there any piping leaks?

6.

Is the seal water pump operating smoothly?

If there is a problem with seal water getting to the pump seal, then the return activated
sludge pump will automatically shutdown and alarm on SCADA.
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6.2.15.4

Shutdown Procedures

1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch
located on Motor Control Center MCC17 or on the Thickener Control
Panel to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC17 to
the “Off” position.

Please note always have the second seal water pump in operation before stopping the
“Duty” pump. No seal water to the pumps will cause the pumps to shutdown or it could
damage the pump.
6.2.15.5

Alternate Operation

There are several alternate modes of operation for the seal water system. The first
alternate mode of operation would be to operate the second seal water pump if the first
pump is taken out of service for maintenance or repairs.
The second alternate mode of operation would be to operate a seal water pump
manually by placing the “Hand-Off-Auto” selector switch on Motor Control Center
MCC17 to the “Hand” position. In this mode of operation the pump will operate
continuously until it is placed in “Off” or “Auto” position.
A third alternate mode of operation would be to operate a seal water pump from the
Thickener Control Panel by pulling up the pump display and placing the pump into
“Hand”. In this position the seal water pump can be operating using the “Start” and
“Stop” buttons on the screen.
6.2.16

Air Flotation Thickener Tank Drainage (Air Flotation
Thickener Building Nos. 1 and 2)

6.2.16.1

Introduction

Air flotation thickeners are routinely taken out of service for maintenance or because of a
reduced solids loading rate.
Before an unit is taken out of service, serious consideration should be given to the effect
this will have on the other units. If an air flotation thickener is taken out of service during
peak conditions, it will cause an increased loading on the other in-service air flotation
thickeners. In addition, if there is a reduction in solids being sent to the solids handling
facilities, then there will be a build-up of solids in the treatment plant that, in turn, could
reduce the plant removal efficiency. The necessity of taking an air flotation thickener out
of service during peak conditions should be weighed carefully.
When an air flotation thickener is drained it should be thoroughly cleaned with a high
pressure hose. The Operators should take full advantage of the empty thickener to
perform all the required maintenance. After the tank is cleaned, the Operators should
inspect for:
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1.

Structural Damage

2.

Equipment Damage

3.

Overall Appearance of the Unit

6.2.16.2

Air Flotation Thickener Drainage Procedures
(Treatment Train Nos. 1 and 2)

The following procedure is recommended for draining an air flotation thickener:
1.

Stop the Mixed Sludge to the air flotation thickener.

2.

Keep the Pressurization Flow operational.

3.

Operate the Surface Skimmer and Top Screw Conveyor continuously
until the thickened sludge becomes thin and then stop the Surface
Skimmer and Top Screw Conveyor.

4.

Operate the Bottom Scraper and Bottom Screw Conveyor for
approximately 30 minutes. Operator experience will determine if the
operating time can be reduced or increased.

5.

Open the Bottom Sludge Valve while the Bottom Scraper is operating
until the bottom sludge concentration becomes thin. Stop the Bottom
Scraper and close the Bottom Valve.

6.

Stop the Pressurization Flow to the air flotation thickener and then open
the Bottom Valve.

7.

As the thickener is draining, hose down the tank.

8.

Once the thickener is empty, hose down the tank. After the tank is clean,
then close the Bottom Valve.

6-74
L:\Columbia Operations Manual-Chap 6

6.3

PROCESS THEORY

6.3.1

Introduction

The objective of dissolved air flotation thickening is to attach miniature air bubbles (100
to 140 microns in diameter) to suspended solids thus causing these solids to separate
from the water and travel in an upward direction. The solids that have the air bubbles
attached have a lower specific gravity than water and, therefore, rise to the surface. In
order for this to occur, the correct pounds of high pressure air and the correct pounds of
sludge must be achieved. This is referred to as the air to solids ratio. The typical air to
solids ratio is in the range of 0.01 to 0.4 lbs. air to lbs. solids. For example, if there are
too many solids and not enough air then the solids will not float. A typical dissolved air
flotation process is shown in Figure No. 6-23.
The heavier or larger solids that are not buoyed by the rising air will settle to the bottom
of the tank. A collector mechanism is used to gather the settled solids so they can be
removed from the unit.
Dissolved air flotation depends on the formation of small diameter bubbles resulting from
pressured air being released from solution after being pressurized between 40 to 70
psig. The dissolved air flotation thickeners at the Metro Wastewater Treatment Plant
operate at a pressurized air system between 40 to 50 psig. Since the solubility of air
increases with pressure, substantial quantities of air can be dissolved. A portion of the
primary effluent and/or thickener subnatant (effluent) is pumped through a pressurization
tank for air charging and pressurization. As the pressurized flow is released into
thickener at near atmospheric pressures, air is forced out of solution to form miniature air
bubbles. Sludge solids are floated to the surface by air bubbles that attach to the solids
and as they intertwine with other solids as they rise to the surface.
Air flotation thickeners can be operated with only waste activated sludge from the
activated sludge process or a combination of waste activated sludge and primary sludge.
The thickened sludge floats to the tank surface where it is scraped off by a scraper
mechanism. The thickened sludge is transferred to a wet well where thickened sludge
pumps remove the sludge and transfer it to the next solids handling process. At the
Metro Wastewater Treatment Plant the thickened sludge is pumped to anaerobic
digesters for sludge stabilization. The solids concentration of the thickened sludge is
typically in the range of 4 to 5% total solids.
The thickener subnatant (effluent) flows under a baffle in the thickener and flows by
gravity back to the treatment plant process to be treated. At Air Flotation Thickener
Building No. 2 a portion of the thickener subnatant (effluent) can be transferred to the
pressurization pumps to be processed in the pressurization tanks. Air Flotation
Thickener Building No. 1 only uses primary effluent for the pressurized flow.
A well operated air flotation thickener should have a 85 to 95% capture rate. Typically
dissolved air flotation thickeners that treat combined primary sludge and waste activated
sludge have capture rates of 85% and dissolved air flotation thickeners that process only
waste activated sludge typically have capture rates of 95%. The use of polymers can
also help increase the capture rates in dissolved air flotation thickeners.
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6.3.2

Process Variables

There are several process variables that can affect the operation of a dissolved air
flotation thickener (DAFT). The primary process variables for dissolved air flotation
thickening are:
1. Pressure
2. Type and quality of sludge
3. Solids and hydraulic loading rate
4. Air-to-solids ratio
5. Recycle rate
6. Blanket thickness
7. Use of chemical aids
The following is a brief description of each process variable.
1. Pressure
Air pressure used in flotation is important because it determines air saturation,
size of the air bubbles formed, and it influences the degree of solids
concentration and the subnatant quality. In general, increased pressure, or air,
produces a greater solids concentration and a lower subnatant suspended solids
concentration. There is an upper limit, however, because too much air will break
up fragile flocs. An average value is 3.0 cubic feet per square foot of tank
surface area per minute.
2. Type and Quality of Sludge
The type and quality of sludge is important in that secondary sludge is light and
tends to float. A high sludge volume index (SVI) results in poor thickener
performance. With sufficient air, primary sludge can be forced to float, but grit
and other heavy particles which may be present will settle and must be removed.
Consequently thickeners must have scrapers on the bottom, as well as on the
top.
Biological sludges are lighter and tend to float, but bottom scrapers are still
required for the small amount that settles.
Sludge age is not as important a consideration in flotation thickening as it is in
gravity thickening.
As sludge gets older it has a tendency to gasify, giving it additional buoyancy.
This is an aid to flotation thickening, since the goal is to produce a buoyant
sludge.
But, if sludge age is too great, the solids may lose their ability to form a strong
floc, in which case thickening efficiency may be impaired.
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3. Solids and Hydraulic Loading
Thickeners are controlled by adjusting both solids and hydraulic loadings.
Hydraulic loading is expressed as: gpm/ft2, and solids loading expressed as
lbs/hr/ft2.
Typically, flotation thickeners operate at hydraulic loadings ranging from 0.5 to
2.0 gpm/ft2 and at solids loadings of from 0.5 to 2 lbs/hr/ft2. An air flotation
thickener that is operated without polymer is typically operated at a solids loading
rate of 0.5 to 1.0 lbs. of solids/hr/ft2. An air flotation thickener that is operated
with polymer is typically operated at a solids loading rate of 1.0 to 2.0 lbs. of
solids/hr/ft2.
4. Air-to-Solids Ratio
The critical operational parameter is the Air to Solids Ratio (A/S Ratio), for there
must be enough air to cause flotation, and this is proportional to the solids
loading.
Recalling that the pressurization tank is where air is dissolved in the water, the
efficiency with which this is accomplished depends on whether this tank is
mechanically mixed or unmixed. An unmixed tank achieves at least 50%
saturation of water with air, while a mixed tank may achieve 90% saturation. The
pressurization tanks at the Metro Wastewater Treatment Plant are of the
unmixed type.
As the quantity of dissolved air increases, the number of gas bubbles in the
distribution assembly is increased, and more “lift” is provided to float the sludge
being introduced at this point.
The air added to the pressurization tank is provided by a compressor and
monitored by an air rotameter and a liquid level indicator in the tank. From an
operational standpoint, it is critical that these components are in proper working
order.
One cubic foot of air is the equivalent of about 0.075 pounds.
The quantity of air required to achieve satisfactory flotation is directly proportional
to the quantity of solids entering the thickener.
For domestic sludge these values range from 0.01 – 0.4 lbs. Air/lb. Solids, but
most operate at a value less than 0.1.
Since one cubic foot of air is the equivalent of about 0.075 pounds, air to solids
ratio can easily be calculated if the air discharge (in cubic feet per minute) is
known. Using the volume of air, in cubic feet per minute and its weight of 0.075
pounds per cubic foot, the weight of the air is determined.
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This is divided by the pounds of solids applied per minute to the thickener,
yielding the air to solids ratio.
5. Recycle Rate
The required recycle rate is unique for each application, although rates of 100 –
200% are typical.
A 100% recycle rate means that for every gallon of influent sludge, 1 gallon of
thickener subnatant (effluent) or primary effluent is pressurized and recycled
back to the inlet. This recycle stream adds air to the influent so the air-carrying
potential is directly related to the recycle rate.
6. Blanket Thickness
Sludge blanket thickness varies indirectly with the speed and time of the surface
sludge scrapers. The higher the solids loading rate the more frequently the
surface scrapers will have to operate and/or the faster the surface scrapers will
have to operate.
As the speed increases the blanket thickness decreases. Normally, thickeners
are operated to maintain a 12 to 24-inch blanket.
7. Polymer Conditioning
Polymers have a significant impact on a thickener’s performance. They also
influence the acceptable solids and hydraulic loadings as well as the air/solids
ratio.
Polymers are often effective to increasing particle size, thus improving operation.
Small particles in sludge may not be big enough to trap air bubbles. Doubling the
diameter of a particle results in a fourfold increase in the rise rate at a given A/S
ratio.
The major disadvantage of polymers is the cost of the polymer itself and the
associated chemical feed equipment.
6.3.3

Laboratory Control

The best performance is usually seen when the thickener is operated continuously at a
constant flow. To monitor the process, the influent, effluent and thickened sludge
streams should be sampled once per shift and composited. If polymer is used, then the
polymer feed rate should also be recorded.
The principle purpose of sludge thickening is the removal of water. The total solids test
should be conducted on the thickened sludge, settled sludge, influent sludge and
thickener effluent.
The thickener subnatant (effluent) should be relatively free of solids, resembling
secondary effluent (when only waste activated sludge is processed), while the thickened
sludge should have the consistency of cottage cheese.
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Daily volumes of sludge added to, and removed from the thickening units needs to be
known so as to determine tank performance and loadings on the digesters.
6.3.4

Controllable Parameters

Controllable operating parameters which affect performance are solids and hydraulic
loading, Air to Solids Ratio, polymer feed rate (if used), recycle rate(or pressurized flow
rate), and sludge blanket thickness.
The hydraulic loading governs the flow and is given in gallons per minute per square foot
of surface area. The solids loading regulates the lbs. of solids applied per hour per
square foot of thickener surface area.
Recycle rate or pressurized flow rate is adjusted as a percentage of the sludge flow to
the thickener, with the percentage being typically 100 – 200% of the sludge flow.
Air/Solids Ratio balances the weight of air with the weight of solids that must be lifted to
the surface of the thickener.
The use of polymers has a significant effect on all of these parameters of control. With a
minimum influent solids concentration of 5,000 mg/L or 0.5%, float solids concentrations
of 2 – 4% are expected without polymer, 3 – 5% with polymer. A substantial
improvement in solids capture rate is seen with polymer if used. A 95–99% solids
capture is possible with polymer, while 50–85% is typical without polymer.
6.3.5

Air Flotation Thickener Operation

The following discussion provides a brief overview on the operation of the dissolved air
flotation thickeners.
6.3.5.1

Initial Start-up

1. Fill up the air flotation thickener with primary effluent.
2. Start and operate the pressurization system.
3. Generate “white water” in the sludge thickener. White water is the production of
millions of bubbles in a thickener with no feed solids.
4. Operate the thickener with white water for approximately 30 to 60 minutes and
then introduce feed sludge at 50 to 75% of the design loading.
5. Once the thickened sludge blanket is established then bring the sludge feed rate
to the design loading.
6.3.5.2

Normal Operation

1. Set the sludge feed rate and pressurization flow rate. Once they are set then
keep them fairly constant.
2. Check and maintain the pressurization tank at a pressure of 40-50 psig.
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3. The liquid level in the pressurization tank is automatically controlled; however,
the Operator must check the level device to ensure that it is operating properly.
If there is no air space in the pressurization tank, then the air saturation process
will fail and the sludge blanket will be lost.
4. Monitor and control the sludge blanket by adjusting the top sludge scrapers
on/off frequency and/or the scraper speed. The sludge blanket (float blanket)
must be maintained between 12 to 24 inches as measured in the middle of the
tank length. Keep the thickened sludge concentration between 4-5% total solids.
5. Once the air flotation thickener is in operation perform a “Rise Test” and compare
the rise test results with past results. Grab a sample of the pressurized flow and
sludge mixture from the distribution header pipe prior to entering the sludge
thickener. Use a sample valve at the end of header. Withdraw a quart sample or
fill up a 1000 mL to 2000 mL graduate cylinder. Please the sample down and
time the sludge rising to the surface. Normal rise rates are 10-25 seconds and
an optimum time should be established for the plant. After the rise time has
expired observe the sludge blanket on the surface of the cylinder. This will
provide a visual indication of the sludge blanket. If there is a very thin blanket
then the unit is underloaded; if a large percentage of the cylinder is full of sludge
blanket, then the thickener may be overloaded.
6. Operate the bottom sludge collector for approximately 15 to 20 minutes each
shift.
Experience will dictate whether more or less frequent operation is required. The
content of the removed settled sludge can be checked visually or otherwise, to
determine whether increased bottom removal frequency is required.
6.3.5.3

Shutdown

1. First stop the sludge feed and polymer (if polymer is used) into the air flotation
thickener.
2. Keep the pressurization flow in operation.
3. Remove as thickened sludge from the top of the sludge thickener until it
becomes thin.
4. Remove the bottom sludge.
5. Stop the pressurization system, top scrapers, bottom scrapers, screw conveyors,
and thickened sludge pump (if the thickened sludge pump is dedicated to an
individual thickener).
6. Open the drain valve and clean the sludge thickener.
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6.3.6

Polymer

Many different chemicals have been used in various air flotation systems. Flocculating
chemicals agglomerate solids into stable flocs that promote the increase in the velocity
of the rising particles and facilitate capture of gas bubbles. The overall effect is to
increase the allowable solids loadings, increase the percentage of floated solids, and
increase the clarity of the effluent. The most effective flotation aids are high molecular
weight, organic compounds generally described as polyelectrolytes (polymer). Cationic
polymers have been the most successful chemical used in sludge thickening.
Depending upon the sludge characteristics, one polymer may be more effective than
others. Trial runs should be performed to select the proper flotation aid.
The polymer should be mixed in accordance with the manufacturer’s instructions. A
water meter should be provided on the polymer dilution tank to enable the Operator to
determine the amount of solution being mixed. Because of the cost of the polymer, care
should be taken not to overfeed it to the thickeners.
There are various polymer manufacturers that can help select the proper polymer for the
air flotation thickeners. A polymer should be selected on best performance and lowest
cost. Polymers are available in dry or liquid forms. Most large plants select liquid
polymer because it requires less Operator attention.
The polyelectrolyte should not be overfed. Excess flotation aids have no benefit to the
process. Depending upon the particular system, one cationic polyelectrolyte may be
more effective than others, and trial runs should be performed to select the proper
flotation aid.
6.3.7

Formulas and Calculations

The following formulas and calculations are to help the Operators better understand and
control the sludge thickening process of the plant. The parameters are covered:
1. Net Loading Rate
2. Gross Loading Rate
3. Pressurized Flow Rate
4. Air Required
5. Hydraulic Loading Rate
6. Solids Loading Rate
7. Thickened Sludge Flow Rate
Below is a list of assumed conditions for the purpose of example. In order to simplify the
examples, the following conditions will be based on sludge flows only going to Air
Flotation Thickener Building No. 1 from Treatment Train No. 1. Treatment Train No. 2
will not be considered in the following examples for clarity. Since the air flotation
thickeners in Air Flotation Thickener Building No. 2 are similar, the calculations will be
the same. As an Operator, you should be taking the actual conditions as they exist at
your plant.
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Assumed
Sludge Loading

98,000 lbs/day

Ave. Feed Sludge Concentration

1% (10,000 mg/L)

Sludge Flow Rate

1.18 mgd

Number of Thickeners

4

Dimensions per Thickener
Length

70 ft.

Width

20 ft.

Liquid Depth

12 ft.

Capture Rate (Efficiency)

85% (w/o polymer)

Pressurization Tank Pressure

40 psig

Thickened Sludge Concentration

4% (40,000 mg/L)

1. Net Loading Rate
The Net Loading Rate (Net Load) is the amount of thickened sludge solids
removed from the air flotation thickener as expressed in pounds per hour.
Net Load, lbs/hr

=

Sludge Loading, lbs/day x 7 days/week
Hours of Operation, hrs/day x Days of Oper., days/week

=

98,000 lbs/day x 7 days/week
24 hrs/day x 7 days/week

=

686,000 lbs/week
168 hrs/week

=

4,083 lbs/hr

2. Gross Loading Rate
The Gross Loading Rate (Gross Load) is the amount of solids fed to sludge
thickeners divided by the efficiency of the sludge thickener. Typically, it is
assumed that the sludge thickeners will have a capture rate of 85% without
polymer and 95% with polymer. The sludge thickeners at the Metro Wastewater
Treatment Plant do not use polymer.
Gross Load, lbs/hr =

Net Load, lbs/hr _
Thickener Efficiency, %
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=

4,083 lbs/hr
0.85

=

4,804 lbs/hr

3. Pressurized Flow Rate
The pressurized flow rate is the quantity of water that must go through the
pressurization tank in order to achieve the desired air saturation for the sludge
flow being fed to the air flotation thickeners. Typically, the pressurization flow
rate is the same as the sludge flow rate but the pressurization flow rate can be
twice as high as the sludge feed rate.
Pressurized Flow Rate, gpm

=

Gross Load, lbs/hr x 0.6

=

4,804 lbs/hr x 0.6

=

2,882 gpm (Total or 721 gpm/thickener)

(2,882 gpm ÷4 thickeners in operation = 721 gpm/thickener)
4. Air Required
The quantity of air required to the pressurization tank is important to ensure
proper operation. An insufficient quantity of air will result in poor to none sludge
thickening.
Air Flow, scfm

=

Pressurized Flow, gpm x 0.15

=

2,882 gpm x 0.15

=

432 scfm (Total or 108 scfm/thickener)

(Please note the manufacturer recommends that 1 scfm be added to the overall
air system for each pneumatically operated valve. For example, if there are ten
(10) pneumatically operated valves, then the total air flow rate in the example
would be 442 scfm).
5. Hydraulic Loading Rate
A design and control parameter for the air flotation thickeners is the hydraulic
loading rate. The hydraulic loading rate is based on the influent flow to the
thickener plus the pressurized (recycled) flow over the sludge thickener surface
area. Air flotation thickeners are typically designed for hydraulic loading rates in
the range of 0.5 to 2.0 gpm/ft2.
Hydraulic Loading Rate, gpm/ft2 = Sludge Flow Rate, gpm +Pressurization Flow, gpm
Thickener Surface Area, ft2
=

(1,180,000 gpd ÷1440 minutes/day)+2,882 gpm
1,400 ft2/thickener x 4 thickeners

6-84
L:\Columbia Operations Manual-Chap 6

=

819 gpm + 2,882 gpm
5,600 ft2

=

0.66 gpm/ft2

6. Solids Loading Rate
A design and control parameter for the air flotation thickeners is the solids
loading rate. Air flotation thickeners that do not use polymer are typically
designed for a solids loading rate of 0.5 to 1.0 lbs/hr/ft2 and air flotation
thickeners that do use polymer are designed for a solids loading rate of 1.0 to 2.0
lbs/hr/ft2.
Solids Loading Rate, lbs/hr/ft2

=

Sludge Feed Rate, lbs/hr
Thickener Surface Area, ft2

=

98,000 lbs/day÷24 hrs/day
1,400 ft2/thickener x 4 thickeners

=

4,083 lbs/hr
5,600 ft2

=

0.73 lbs/hr/ft2

(Please note that not all feed sludge will make it to the thickened sludge blanket.
Some solids will settle and some will leave with the subnatant (effluent)).
7. Thickened Sludge Flow Rate
This calculation is used to determine the quantity of thickened sludge that will be
pumped to the next process.
a) Thickened Sludge, lbs/day

=

T. Feed Sludge, lbs/day x Capture Rate %

=

98,000 lbs/day x 0.85

=

83,300 lbs/day

=

T. S. Conc., mg/L x Flow, mgd x 8.34 lbs/gal

83,300 lbs/day

=

40,000 mg/L x Flow, mgd x 8.34 lbs/gal

83,300 lbs/day

=

333,600 x Flow, mgd

Flow, mgd

=

83,300 lbs/day
333,600

=

0.2497 mgd say 0.25 mgd or 250,000 gpd

b) Thickened Sludge, lbs/day
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Please note Formula “b” can be re-organized from the traditional pounds formula
to the following:
Flow, mgd =

Thickened Sludge, lbs/day
Thickened Sludge Conc., mg/L x 8.34 lbs/gal
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6.4

TROUBLESHOOTING

During operation of the flotation thickener, many factors can affect the performance and
efficiency of the thickening unit. Some of the factors affecting the operation and
remedial action are presented below. It should be noted that when correcting any
problem in the operation, it is important to act slowly and examine each aspect of the
difficulty. This will aid you not only in finding and correcting the problem initially, but
make you aware of situations which may assist you in the future.
A.

Decrease in Thickened Sludge Concentration:
1.

Unit is overloaded.
a)

Check feed sludge flow rate.

b)

Check feed sludge concentration.

If the feed sludge concentration is greater than assumed, feed
flow rate will have to be reduced. Remember, the thickener is
designed to handle a maximum gross load. Do not exceed this
maximum gross load. Additionally, the sludge must be in good
condition. Recycle of poor quality subnatant to the process may
affect the thickened sludge concentration.
2.

3.

Amount of dissolved air injected into the pressurized flow is too
low.
a)

Pressure too low in the pressure retention tank. The
pressure should be 40 to 50 psig, as per the pressure
control system instructions.

b)

Air injection rate too low.
instructions.

c)

Liquid level malfunction in the pressure tank. This liquid
level should be visible in the sight glass. If it is not and the
control instructions are followed, then the float mechanism
may be fouled. It should be cleaned periodically.

See pressure control system

Blanket is not deep enough to allow sludge adequate residence
time to thicken.
a)

Operate the flights at a slower speed.

b)

Adjust the flights to a different intermittent skimming time
cycle.

c)

Reduce the bite of the flight into the sludge by lowering the
weir, but do not lower the water surface below 1/8” over
the flat portion of the beach.
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4.

B.

Polymer feed is not adequate for current gross load, if polymer is
used.
a)

Check polymer feed rate vs. optimum dosage for current
gross load. Any increase in the gross load requires an
equivalent increase in the chemical feed rate if the same
chemical dosage, in lbs/ton, is to be maintained.

b)

Check optimum polymer dosage. Run a new chemical
optimization test to obtain a dosage.

Decrease in the Amount of Sludge Captured:
1.

Unit is overloaded.
See “Decrease in Thickened Sludge Concentration”, Item No. 1.

2.

Pressurized flow rate is inadequate to handle current gross load.
See “Decrease in Thickened Sludge Concentration”, Item No. 2.

3.

Blanket is too deep. Bottom of blanket is being scoured by flow
through.
The blanket depth should be maintained between 12 inches and
24 inches. If it is deeper than 36 inches, run the skimmers
continuously at maximum speed. Check the depth periodically
and resume normal skimming at a depth of 18 inches.

4.

Hydraulic load is too great.
The flotation thickener is designed based on a maximum
horizontal flow-through velocity of 3 fpm. If this is exceeded, the
sludge will flow through the basin before it can be separated from
the flow.

5.

Polymer feed is not adequate (if used).
Check the polymer feed rate and check the polymer solution used.
Remember, although the polymer dosage may be adequate to
float the sludge, additional chemical feed may be required to
produce a thickened sludge blanket firm enough to take the
agitation of the skimming. If it is not firm enough, the blanket may
be deteriorating and passing over the weir.

The suggestions made in this section are to be considered when there is a process
problem only. If there is a malfunction in the mechanism itself, refer to the Equipment
Operation and Maintenance Manuals for maintenance and troubleshooting.
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AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX)

PROBLEM

POSSIBLE CAUSE

REMEDY

A. SURFACE SKIMMER
1. Drive chain wears unevenly.

-

1a.

Eliminate drive chain slack.

-

1b.

Align reducer sprocket and sprocket and shaft
with the skimmer driven sprocket and headshaft.

-

1c.

Align chain tighter sprocket (if supplied).

2. Shear pin breaks.

-

2a.

Shut off the drive motor. Remove any
obstruction causing the shutdown. Remove the
shear pin and replace with the specified pin.

3.

-

3a

Shut off drive motor. Check that the specified
shear pin is in use.

-

3b.

If the specified shear pin was in use, the shear
faces of the sprocket may be frozen. Remove
the pin, release and grease the sprocket and
hub shear faces and the bore of the sprocket.
Remove any obstruction and replace the shear
pin.

-

3c.

Check the motor and starter connections.

-

4a.

Check the shear pin sprocket. Remove the
shear pin. If the sprocket faces are frozen the
sprocket will not rotate on its shaft.

-

4b.

Check the motor and starter.

-

4c.

Check reducer temperature. If not normal,
check oil level.

4.

Drive stops but shear pin does not
break.

Overheated or Noisy Drive
Motor/Reducer.
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AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM

POSSIBLE CAUSE

REMEDY

B. BOTTOM COLLECTOR
1. Excessive torque limiting device
activation.

2.

Flights moving in a pulsating
fashion.

1a.

Look through TROUBLESHOOTING section for
cause.

1a.

Rectify.

1b.

Undersized shear pins.

1b.

Check General Arrangement drawing for correct
pin size – install correct pin. Contact factory if
correct pin still breaks frequently for no apparent
cause.

1c.

Improper adjustment.

1c.

Check VENDOR INFORMATION.

2a.

Chain too slack.

2a.

Re-tension chain with take-ups or remove links
from both strands and then re-tension chain.

2b.

Flights hanging up on obstruction.

2b.

Check flight ends for excessive wall contact.
Check the flight shoes for unusual wear. If
shoes are missing, replace. Drain tank if
necessary and hose down thoroughly to find
“hang-up point”. Check shafts for level.
Check for uneven track angles or T-rail splices.
Check the flight shoes for unusual wear. If
shoes are missing, replace.

2c.

Sprockets on spool bearings binding from
overtightening of hardware.
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2c.

Drain tank, hose down with high pressure water.
Loosen, then re-torque band clamp fasteners to
proper value. Check that sprockets rotate freely.

AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM

3. Chain jumping a tooth on one
collector chain sprocket flights
skewed from perpendicular to wall.

POSSIBLE CAUSE

REMEDY

2d.

UHMW wear strip loose or detached entirely.

2d.

Drain tank, hose down with high pressure water.
Replace missing section or replace fastener.

2e.

Foreign object in tank.

2e.

As the object is conveyed away, pulsating may
stop. If not, drain tank and remove object.

2f.

Deflector angles loose.

2f.

Drain tank enough to gain access to fasteners
and retighten.

2g.

Track angles and shafts at incorrect elevations
relative to each other.

2g.

Reset to correct elevations per General
Arrangement Drawings.

3a.

Sprockets out of sync on spools due to seizing.

3a.

See 2c.

3b.

Sprocket bore(s) have enlarged.

3b.

Replace links from both strands and re-tension
chain.

3c.

Chain very slack.

3c.

Remove links from both strands and re-tension
chain.

3d.

Debris on sprocket teeth.

3d.

Clean sprocket.

3e.

Missing sprocket teeth.

3e.

Replace sprocket.

3f.

Sprocket loose on shaft.

3f.

Retorque band clamps and/or other sprocket
hardware.

3g.

Shafts not parallel or level.

3g.

Realign shafts as described in the manual – retorque all hardware.

3h.

Chain too tight.

3h.

Check effluent cornershaft for excessive bow.
Relieve chain tension – add links to both strands
if necessary.

3i.

Bent shaft.

3i.

Replace shaft.
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AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM
4. Flight ends damaged.

5. Collector or drive chain breaks, but
torque limiting device does not
activate.

6. Torque limiting device activates to
shut down collector, but motor
continues to run (if limit switch is
furnished)

POSSIBLE CAUSE

REMEDY

4a.

If lugged shoes supplied, lugs on wrong side of
track angle.

4a.

Should be on inside of track.

4b.

Sprocket(s) loose on shaft.

4b.

Realign sprockets. Re-torque sprocket
hardware.

4c.

Wall bearing loose on anchor bolts.

4c.

Retighten or replace wall bearing bolts.

4d.

Wall bearing liner material worn excessively.

4d.

Replace bearing and/or liner material.

4e.

Shaft set collars loose.

4e.

Realign shaft. Re-torque set collar setscrews.

4f.

Track angles and shafts at incorrect elevations
relative to each other.

4f.

Reset to correct elevation per General
Arrangement drawings.

5a.

Shear pin sprocket shear faces “frozen” together.

5a.

Drive out shear pin, rotate the sprocket to
expose shear faces. Clean up faces and
grease faces before assembling. Repair any
other damage.

5b.

Improper shear pin installed.

5b.

Same as (a) above. Replace with correctly
sized pin.

5c.

Shear pin installed improperly.

5c.

Same as (a) above. Make sure necked-down
area of pin is at shear faces.

5d.

Chain worn through.

5d.

Replace chain.

5e.

Torque protection device malfunctions.

5e.

See VENDOR INFORMATION.

6a.

Faulty limit switch.

6a.

Replace switch.

6b.

Limit trip tog not hitting switch correctly.

6b.

Realign switch to contact trip tog properly (see
manual).
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AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM
7. Flight carrying chain wearing on
inner surface of side bar.

8. Flights wearing on bottom edge.

9. Noisy or vibrating drive assembly.

POSSIBLE CAUSE

REMEDY

7a.

Shaft(s) not level.

6a.

Re-level shafts. Check wall bearings for heavy
wear.

7b.

Shaft(s) not parallel.

7b.

Set shafts parallel.

7c.

Sprockets not aligned with each other, or out
position with respect to tank center.

7c.

Align all sprockets per INSTALLATION section
of this manual.

7d.

Sprockets loose on shaft.

7d.

Realign sprockets. Check location against
drawings. Check set collars. Check all
setscrews. Re-torque all hardware.

7e.

Shafts shifting laterally.

7e.

Reposition shaft. Secure set collars at bearings.

7f.

Chain too tight.

7f.

Check effluent cornershaft for excessive bow.
Relieve chain tension – add links to both strands
if needed.

7g.

Bent shaft.

7g.

Replace shaft.

8a.

Wear shoes worn out.

8a.

Replace or reverse shoes.

8b.

Tee rails worn flush with floor or below floor level.

8b.

Weld on wear bars or fasten on polymeric wear
strip.

8c.

High spots on tank floor.

8c.

Level tank floor.

9a.

Misalignment and/or insufficient lubrication of
coupling.

9a.

Realign coupling – relubricate.

9b.

Bearings corroded – condensation present.

9b.

Replace bearings, gears and seals. Change oil
more frequently.

9c.

Motor vibration due to fan or motor imbalance.

9c.

Mud dauber wasps or other debris in fan. Clean
out carefully. Replace fan if damaged.
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AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM

10. Gear reducer leaking oil through
seals.

POSSIBLE CAUSE

REMEDY

9d.

Loose mounting and/or assembly hardware.

9d.

Re-tightened

9e.

Insufficient and/or improper lubricant in gear
case.

9e.

Fill to proper level with recommended lubricant.

10a. Too much oil in gear case.

10a. Drain to proper level.

10b. Water present in oil, (Result: foaming).

10b. Drain, flush and refill. Drain more frequently to
eliminate condensation build-up.

10c. Air vent clogged.

10c. Clean or replace if necessary.

10d. Damaged seal.

10d. Replace (see VENDOR INFORMATION).

11a. Greasing of bearings has been too frequent or
too much. Grease accumulates in housing.

11a. Flush reducer with hot (140°F) 30W motor oil or
flushing oil to remove excess grease. Reduce
number of ounces when regreasing and/or
extend intervals between regreasing (see
VENDOR INFORMATION). USE CAUTION
WHEN HEATING OIL.

11b. Condensate and/or sludge build-up.

11b. Drain, flush and refill with seasonal lubricant.
Change lubricant more frequently.

12. Gear lubricant is milky or lumpy.

12a. Condensation or other water in oil.

12a. Drain, flush and refill. Change oil more
frequently.

13. Wear on drive chain side bars and
side of sprocket teeth.

13a. Misalignment of sprockets.

13a. Check alignment of drive and driven sprockets
and correct.

13b. Idler sprocket not aligned. (Chain too tight or too
loose).

13b. Realign and check setscrew for tightness.

11. Gear reducer will not accept usual
amount of oil in gear case.
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AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM

14. Drive chain: Broken pins, bushings
or rollers (if applicable).

15. Cotter pins come out (Where
applicable).

16. Excessive noise in drive chain.

POSSIBLE CAUSE

REMEDY

13c. Chain too tight or too loose.

13c. Adjust chain tightener or adjust chain length by
adding or removing link(s).

13d. Chain or sprocket worn out.

13d. Replace chain and/or sprocket (some sprockets
can be reversed, chain can be flopped).

13e. Reducer shaft not parallel to headshaft.

13e. Realign the shaft that is not level.

13f. Material build-up in sprocket tooth pockets.

13f. Remove material build-up – protect drive from
contact with foreign material.

14a. Material build-up in sprocket tooth pockets.

14a. Remove material build-up.

14b. Chain or sprocket excessive corrosion.

14b. Replace.

14c. Poor fitting sprockets.

14c. Check sprockets for wear and correct bottom
diameter.

14d. Low pH (non-metallic chain only).

14d. Increase pH to 4 or more.

14e. Improper shear pin.

14e. Use correct shear pin.

14f. Shear pin hub faces frozen together.

14f. Free faces, clean and lubricate.

15a. Obstructions striking cotters.

15a. Eliminate obstruction or tap ends back unil cotter
fits snugly against side bars.

15b. Cotters not installed properly (should be properly
spread and drawn back snugly against side bar).

15b. Correct faulty installation.

16a. Misalignment of sprockets.

16a. Check alignment of drive, driven and idler (chain
tightener) sprockets and correct.

16b. Too little or too much slack.

16b. Add or remove links or adjust chain tightener for
proper slack.
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AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM

17. Drive chain climbs sprockets.

18. Broken sprocket teeth.

POSSIBLE CAUSE

REMEDY

16c. Chain or sprocket worn out.

16c. Replace chain and/or sprocket (some sprockets
can be reversed).

17a. Chain worn out.

17a. Replace chain and/or sprockets (some
sprockets can be reversed).

17b. Excessive chain slack.

17b. Remove links or adjust chain tightener for proper
slack.

17c. Material build-up in sprocket tooth pockets.

17c. Remove material build-up – protect drive from
contact with foreign material.

18a. Improper shear pin used.

18a. Replace with proper pin. Check for cause of
overload.

18b. Obstructions or foreign material.

18b. Check chain and sprocket clearances – remove
foreign materials.

18c. Excessive shock loads.

18c. Reduce excessive shock loads.

18d. Chain climbing sprocket.

18d. Replace chain and sprockets.
Adjust centers, remove links or adjust chain
tightener for proper slack.
Remove material build-up.

C. SCREW CONVEYORS
1.

Drive chain wears unevenly.
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1a.

Eliminate drive chain slack.

1b.

Align reducer sprocket and sprocket and shaft
with driven sprocket and shaft.

AIR FLOTATION THICKENERS
TROUBLESHOOTING GUIDE
(SIEMENS/ENVIREX) (cont.)

PROBLEM

POSSIBLE CAUSE

2. Shear pin breaks.

REMEDY
2a.

Check for obstruction in flights. (Bearings and
stuffing box are water lubricated. Bearing
seizure is not likely. (Drain the tank and hose
the equipment off. Lock out the drive
electrically, tag the control box and look for the
obstruction.
Use the specified shear pin when restarting the
bottom collector.

3. Flight wear.

4. Overheated or noisy drive/reducer.
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3a.

Check the bearing hold-down bolts.

3b.

Check the conveyor shaft for level. Re-level, if
necessary.

4a.

Check the shear pin sprocket. Remove the
shear pin. If the sprocket faces are frozen, the
sprocket will not rotate on its shaft.

4b.

Check the motor and starter.

4c.

Check reducer temperature. If not normal,
check oil level.

TROUBLESHOOTING GUIDE

FLOTATION THICKENING

INDICATORS/OBSERVATIONS
1.

2.

Floated sludge too thin.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

1a.

Skimmer speed too high.

1a.

Visual inspection.

1a.

Adjust as required.

1b.

Unit overloaded.

1b.

Rise rate.

1b.

Turn off feed sludge and allow unit to
clear or purge the unit with auxiliary
recycle.

1c.

Polymer dosages too low.

1c.

Proper operation and
calibration of polymer
metering pumps.

1c.

Adjust as required.

1d.

Unit overloaded.

1d.

Float appears very frothy.

1d.

Reduce air flow to pressurization
system.

1e.

(See Item 2)
2a.

Repair as required.

Low dissolved air.

2a.

Air supply malfunctioning.

2a.

Compressor, lines, and
control panel.

3. Effluent solids too high.

3a.

Unit overloaded.

3a.

(See Item 1b)

3b.

Polymer dosages too low.

3a.

(See Item 1c)

3c.

Skimmer off or too slow.

3c.

Skimmer operation.

3c.

Adjust speed.

3a.

Low air/solids ratio.

3d.

Poor float formation with
solids settling.

3d.

Increase air flow to pressurization
system.

4a.

Skimmer wiper not adjusted
properly.

4a.

Visual inspection.

4a.

Adjust as required.

4b.

Hold-down tracks too high.

4b.

Visual inspection.

4b.

Adjust as required.

4.

Skimmer blade leaking on beaching
plate.

5.

Skimmer blade binding on beeching
plate.

5a.

Skimmer wiper not properly
adjusted.

5a.

Visual inspection.

5a.

Adjust as required.

6.

High water level in retention
(pressurization) tank.

6a.

Air supply pressure low.

6a.

Compressor and air lines.

6a.

Repair as required.
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TROUBLESHOOTING GUIDE

FLOTATION THICKENING

INDICATORS/OBSERVATIONS

7.

8.

Low water level in retention tank.

Low recirculation pump capacity.

9. Rise rate too slow.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

6b.

Level control system not
operating.

6b.

Level control system.

6b.

Repair as required.

6c.

Insufficient air injection.

6c.

Compressor and air lines.

6c.

Repair as required.

7a.

Recirculation pump not
operating or clogged.

7a.

Pump operation.

7a.

Inspection and clear as required.

7b.

Level control system not
operating.

7b.

Level control.

7b.

Repair as required.

8a.

High tank pressure.

8a.

Back pressure.

8a.

Adjust back pressure valve.

9a.

Unit overloaded.

9a.

(See Item 1b)

9b.

Low dissolved air.

9a.

(See Item 1c)

9c.

Polymer dosages too low.

9c.

(See Item 1c)
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6.5

DESIGN AND EQUIPMENT SUMMARY

6.5.1

Air Flotation Thickener Nos. 1-4 (Air Flotation Thickener
Building No. 1)

Manufacturer

Siemens (Envirex)

Number of Units

4

Type of Units

Dissolved air flotation
thickeners

Location

In Air Flotation Thickener
Building No. 1

Function

To thicken waste activated
sludge and primary sludge
from Treatment Train No. 1

Dimensions per Unit, ft:
Effective Length

70

Width

20

Sidewater Depth

12

Surface Area per Unit, ft
Total Surface Area, ft

2

1,400

2

5,600

Pressurization Flow Rate, gpm/tank

700

Pressurization Tank Airflow, scfm @ 80 psig

10.5

Thickened Sludge (Float) Conc., %

4

Feed Sludge Concentration, %

0.5

Capture Rate, % (w/o Polymer)

85

Original Design Feed Sludge Loading, lbs/day

95,205

Original Design Loading, lbs/hr/ft2

0.71

Surface Skimmer
Type

Chain and flights

Skimmer Speed, fpm

2 to 8

Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Model
Gear Reducer Ratio

500:1

Gear Reducer Torque, 1n-lbs

8,253 design (4,716 actual)

Motor Manufacturer

SEW Eurodrive

Motor Horsepower

1

Motor Speed, rpm

1840

Motor Voltage

460
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Type of Drive

Variable Speed

Bottom Scraper
Type

Chain and flights

Skimmer Speed, fpm
Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Model

VO2D2485-113-100 (200400)

Gear Reducer Ratio

3600:1

Gear Reduce Torque, in-lbs

4,635 design (3,217 actual)

Motor Manufacturer

SEW Eurodrive

Motor Horsepower

0.25

Motor Speed, rpm

1700

Motor Voltage

460

Top Screw Conveyor
Type

Screw

Diameter per Screw Conveyor, inches

20

Conveyor Speed, fpm
Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Model
Gear Reducer Ratio

40:1

Gear Reducer Torque, in-lbs

2,883 design (2,374 actual)

Motor Manufacturer

SEW Eurodrive

Motor Horsepower

3

Motor Speed, rpm

1700

Motor Voltage

460

Type of Drive

Constant Speed

Bottom Screw Conveyor
Type

Screw

Diameter per Screw Conveyor, inches

16

Conveyor Speed, fpm
Gear Reducer Manufacturer

SEW Winsmith

Gear Reducer Model
Gear Reducer Ratio

75:1

Gear Reducer Torque, in-lbs

5,815 design (3,281 actual)
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Motor Manufacturer

SEW Eurodrive

Motor Horsepower

2

Motor Speed, rpm

1700

Motor Voltage

460

Type of Drive

Constant Speed

6.5.2

Mixed Sludge Pump Nos. 1-4 (Air Flotation Thickener Building No. 1)

Manufacturer

Moyno

Number of Units

4

Model

1H115G1-CSQ-3SRA

Serial Number

AS4035102-1FB (2FB-4FB)

Type of Pumps

Positive displacement,
progressive cavity type
pump

Location

In the basement of Air
Flotation Thickener Building
No. 1

Function

To feed mixed sludge to the
air flotation thickeners

Capacity per Pump, gpm

250

Total Dynamic Head, ft

51 (22 psig)

Rotor Material

Stainless Steel, Chrome
plated

Stator Material

Nitrile

Gear Reducer Manufacturer

Nord

Gear Reducer Model

N250TC (SK772-254TC)

Gear Reducer Serial Number

30030266200003

Gear Reducer Ratio

7.14:1

Gear Reducer Torque, in-lbs

35,399

Motor Manufacturer

Baldor

Motor Horsepower

15

Motor Speed, rpm

1765

Motor Voltage

460

Type of Drive

Variable Speed
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6.5.3

Pressurization Pump Nos. 1-4 (Air Flotation Thickener
Building No. 1)

Manufacturer

Goulds

Number of Units

4

Model

3196MTX (3196/HT3196)

Size

4x6 -13

Type of Pumps

Horizontal, non-clog,
centrifugal type pump

Location

In the basement of Air
Flotation Thickener Building
No. 1

Function

To pump primary effluent
through the pressurization
tanks

Capacity per Pump

700

Total Dynamic Head, ft.

140

Diameter of Impeller, inches

11.75

Motor Manufacturer

Reliance

Motor Horsepower

50

Motor Speed, rpm

1775

Motor Voltage

460

Type of Drive

Constant Speed

6.5.4

Self-Cleaning Strainer Nos. 1-4 (Air Flotation Thickener
Building No. 1)

Manufacturer

RP Adams

Number of Units

4

Size

6

Type of Units

Self-cleaning in-line basket
strainers

Location

On the mezzanine floor of
Air
Flotation Thickener Building
No. 1

Function

To clean the pressurization
flow before going to the
Pressurization Tanks

Capacity per Unit, gpm

850
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Rated Pressure, psig

150

Gear Reducer Manufacturer

Winsmith

Gear Reducer Model

920MSFD063X0Q5

Gear Reducer Type

VW3

Gear Reducer Serial Number

241626

Motor Manufacturer

Baldor

Motor Horsepower

0.25

Motor Speed, rpm

1725

Motor Voltage

460

Type of Drive

Constant Speed

6.5.5

Air Compressor Nos. 1 and 2 (Air Flotation Thickener Building No. 1)

Manufacturer

Quincy

Number of Units

2

Model

FF390-240

Series

QR-25

Serial Number

20071121-0095 (0096)

Type of Compressors

Duplex air compressors with
single receiver tank

Location

On the mezzanine level of
Air Flotation Thickener
Building No. 1

Function

To supply air to the
pressurization tanks

Capacity per Compressor, scfm

68

Discharge Pressure, psig

100

Motor Manufacturer

Baldor

Motor Horsepower

20

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed

6.5.6

Thickened Sludge Pump Nos. 1-4 (Air Flotation Thickener
Building No. 1)

Manufacturer

Moyno (Robbins & Myers)

Number of Units

4
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Model

2H115G1-CSQ-S2A

Serial Number

AS4035202A-1-FB (2FB4FB)

Type of Pumps

Positive displacement,
progressive cavity, type
pumps

Location

In Air Flotation Thickener
Building No. 1 between the
thickeners

Function

To pump thickened (float)
sludge to the anaerobic
digesters

Capacity per Pump, gpm

250

Total Dynamic Head, ft.

46 (20 psig)

Rotor Material

Stainless Steel, Chrome
plated

Stator Material

Nitrite

Gear Reducer Manufacturer

Nord

Gear Reducer Model

872N28010 (SK872-254TC)

Gear Reducer Serial Number

800330266300001

Gear Reducer Ratio

7.58:1

Gear Reducer Torque, in-lbs

10,841

Motor Manufacturer

Baldor

Motor Horsepower

25

Motor Speed, rpm

1770

Motor Voltage

460

Type of Drive

Variable Speed

6.5.7

Wet Well Blower Nos. 1 and 2 (Air Flotation Thickener
Building No. 1)

Manufacturer

Sutorbilt (Carotek Inc.)

Number of Units

2

Carotek Job Number

605473

Model

GACLDPS

Serial Number

S206847 (S321062)

Type of Unit

Centrifugal type blowers
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Location

On the mezzanine level of
Air Flotation Thickener
Building No. 1

Function

To supply air to the Mixed
Sludge Wet Well to keep
the solids well mixed.

Capacity per Unit, scfm

300

Discharge Pressure, psig

6

Motor Manufacturer

1 @ Reliance
1 @ Leeson

Motor Horsepower

15

Motor Speed, rpm

1750

Motor Voltage

460

Type of Drive

Constant Speed

6.5.8

Odor Control System (Air Flotation Thickener Building No. 1)

Manufacturer

Pepcon

Number of Units

1

Model
Serial Number

6357

Type of Units
Location

On the north side of Air
Flotation Thickener Building
No. 1

Function

To remove odorous air from
the thickener building and
mixed sludge wet well

Design Hydrogen Sulfide Conc., mg/L

30

Total Reactor Air Flow Rate, scfm

33,000

Reactor Surface Area, ft2
Reactor Detention Time, seconds
Chemical Pump Manufacturer
Number of Chemical Pumps
Caustic Soda
Bleach
Acid
Chemical Pump Model
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Caustic Soda
Bleach
Acid
Chemical Pump Flow Rates, gph
Caustic Soda
Bleach
Acid
Chemical Pump Discharge Head, psig
Caustic Soda
Bleach
Acid
Chemical Pump Voltage

120

Odor Control Fan Manufacturer

Hartzell

Odor Control Fan Model
Number of Fans

1

Type of Odor Control Fan

In-line centrifugal type fan

Capacity per Odor Control Fan, scfm

33,000

Static Pressure per Fan, inches W.C.
Odor Control Fan Motor Manufacturer
Odor Control Fan Motor Horsepower
Odor Control Fan Motor Speed
Odor Control Fan Motor Voltage

460

Odor Control Fan Type of Drive

Constant Speed

6.5.9

Air Flotation Thickener Nos. 1-4 (Air Flotation Thickener
Building No. 2)

Manufacturer

Siemens (Envirex)

Number of Units

4

Type of Units

Air flotation thickeners

Location

In Air Flotation Thickener
Building No. 2

Function

To thicken waste activated
sludge and primary sludge
from Treatment Train No. 2

Dimensions per Unit, ft.
Effective Length

70
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Width

20

Sidewater Depth

12

Surface Area per Unit, ft2
Total Surface Area, ft

1,400

2

5,600

Pressurization Flow Rate, gpm/tank

750

Thickened Sludge (Float) Conc., %

4

Feed Sludge Concentration, %

0.5

Capture Rate, % (w/o Polymer)

85

Original Design Feed Sludge Loading, lbs/day
Original Design Loading, lbs/hr/ft

2

103,488
0.77

Surface Skimmer
Type

Chain and flights

Skimmer Speed, fpm

2 to 8

Gear Reducer Manufacturer

Winsmith

Gear Reducer Model

8CTDM

Gear Reducer Ratio

500:1

Gear Reducer Torque, in-lbs

8,253 design (4,716 actual)

Motor Manufacturer

Sterling

Motor Horsepower

1

Motor Speed, rpm

1840

Motor Voltage

460

Type of Drive

Variable Speed

Bottom Scraper
Type

Chain and flights

Scraper Speed, fpm
Gear Reducer Manufacturer

Winsmith

Gear Reducer Model

7CTDM

Gear Reducer Ratio

3600:1

Gear Reducer Torque, in-lbs

5,815 design (3,281 actual)

Motor Manufacturer

Sterling

Motor Horsepower

0.5

Motor Speed, rpm

1800

Motor Voltage

460

Type of Drive

Constant Speed
6-97
L:\Columbia Operations Manual-Chap 6

Top Screw Conveyor
Type

Screw

Diameter of Screw Conveyor, inches

20

Conveyor Speed, fpm
Gear Reducer Manufacturer

Winsmith

Gear Reducer Model

8CTM

Gear Reducer Ratio

40:1

Gear Reducer Torque, in-lbs

2,883 design (2,374 actual)

Motor Manufacturer

Sterling

Motor Horsepower

3

Motor Speed, rpm

1800

Motor Voltage

460

Type of Drive

Constant Speed

Bottom Screw Conveyor
Type

Screw

Diameter of Screw Conveyor , inches

16

Conveyor Speed, fpm
Gear Reducer Manufacturer

Winsmith

Gear Reducer Model

7CTDM

Gear Reducer Ratio

75:1

Gear Reducer Torque, in-lbs

4,635 design (3,217 actual)

Motor Manufacturer

Sterling

Motor Horsepower

2

Motor Speed, rpm

1800

Motor Voltage

460

Type of Drive

Constant Speed

6.5.10

Mixed Sludge Pump Nos. 1-3 (Air Flotation Thickener Building No. 2)

Manufacturer

Goulds

Number of Units

3

Model

HSD-6x6-12

Serial Number

415-A405 (B405) (C405)

Type of Pumps

Vertically mounted, nonclog centrifugal type pumps
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Location

In the basement of Air
Flotation Thickener Building
No. 2

Function

To feed mixed sludge to the
air flotation thickeners

Capacity per Pump, gpm

400

Total Dynamic Head, ft

31

Impeller Size, inches

12

Motor Manufacturer

US Electric Motor

Motor Horsepower

20

Motor Speed, rpm

880

Motor Voltage

460

Type of Drive

Variable Speed

6.5.11

Pressurization Pump Nos. 1-3 (Air Flotation Thickener
Building No. 2)

Manufacturer

Morris

Number of Units

3

Model

NC 6x6-15

Serial Number

9034016

Type of Pumps

Vertically mounted, nonclog, centrifugal type pumps

Location

In the basement of Air
Flotation Thickener Building
No. 2

Function

To pump primary effluent or
thickener effluent through
the pressurization tanks

Capacity per Pump, gpm

1,500

Total Dynamic Head, ft.

164

Motor Manufacturer

U.S. Motor

Motor Horsepower

100

Motor Speed, rpm

1780

Motor Voltage

460

Type of Drive

Constant Speed
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6.5.12

Self-Cleaning Strainer No. 1 (Air Flotation Thickener Building No. 2)

Manufacturer

SP Kinney

Number of Units

1

Model

A

Size

12-inch

Kinney Order Number

1-28038-01.02

Serial Number

730V

Type of Units

Self-cleaning, in-line basket
strainer

Location

In the basement of Air
Flotation Thickener Building
No. 2

Function

To clean the pressurized
flow before going to the
pressurization tanks

Capacity of Unit, gpm

3,000

Rated Pressure, psig

60

Motor Manufacturer

Reliance

Motor Horsepower

1

Motor Speed, rpm

1725

Motor Voltage

460

Type of Drive

Constant Speed

6.5.13

Air Compresor Nos. 1 and 2 (Air Flotation Thickener Building No. 2)

Manufacturer

Ingersoll Rand

Number of Units

2

Model

SSR-UPe-15-125

Serial Number

PY2991U0190
(PY2937U10173)

Type of Compressors

Reciprocating type
compressors

Location

Mezzanine level of Air
Flotation Thickener Building
No. 2

Function

To supply air to the
pressurization tanks
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Capacity per Compressor, scfm

65

Discharge Pressure, psig

90

Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
Motor Voltage

460

Type of Drive

Constant Speed

6.5.14

Thickened Sludge Pump Nos. 1-4 (Air Flotation Thickener
Building No. 2)

Manufacturer

Moyno (Robbins & Myers)

Number of Units

4

Model

2H115G1-CDQ-DRA

Serial Number

AS4278494-1 (2-4)

Type of Pump

Positive displacement,
progressive cavity, type
pumps

Location

In Air Flotation Thickener
Building No. 2 between the
thickeners

Function

To pump thickened (float)
sludge to the anaerobic
digesters

Capacity per Pump, gpm

250

Total Dynamic Head, ft.

46 (20 psig)

Rotor Material

Stainless Steel, Chrome
plated

Stator Material

Nitrite

Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Type

R92LP

Gear Reducer Serial Number

850037081

Gear Reducer Ratio

7.87:1

Gear Reducer Torque, in-lbs

14,200

Motor Manufacturer

US Electric

Motor Horsepower

25

Motor Speed, rpm

600-1800
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Motor Voltage

460

Type of Drive

Variable Speed

6.5.15

Wet Well Blower Nos. 1 and 2 (Air Flotation Thickener
Building No. 2)

Manufacturer

Sunflo Blower Co.

Number of Units

2

Series
Model

E950

Serial Number

93489103 (04)

Type of Unit

Centrifugal type blowers

Location

On the middle level of Air
Flotation Thickener Building
No. 2

Function

To supply air to the Mixed
Sludge Wet Well to keep
the solids in suspension.

Capacity per Unit, scfm

335

Discharge Pressure, psig

6

Motor Manufacturer

Reliance

Motor Horsepower

30

Motor Speed, rpm

3540

Motor Voltage

460

Type of Drive

Constant Speed

6.5.16

Seal Water System (Air Flotation Building No. 2)

Manufacturer

Aurora

Number of Units

4 pumps/1 Seal Water Tank

Pump Model

C041134RR

Serial Number

10-1898289-1 (2)(3)(4)

Seal Water Tank Capacity, gals.

150

Capacity per Pump, gpm

13

Total Dynamic Head, ft

60

Motor Manufacturer
Motor Horsepower
Motor Speed, rpm
6-102
L:\Columbia Operations Manual-Chap 6

Motor Voltage

460

Type of Drive

Constant Speed

6.5.17

Odor Control System (Air Flotation Thickener Building No. 2)

Manufacturer

Pepcon

Number of Units
Model
Serial Number
Type of Units
Location

On the east side of Air
Flotation Thickener Building
No. 2

Function

To remove and treat
odorous air from the
building

Design Hydrogen Sulfide Conc., mg/L

30

Total Reactor Air Flow Rate, scfm
Reactor Surface Area, ft2
Reactor Detention Time, seconds
Chemical Pump Manufacturer
Number of Chemical Pumps
Caustic Soda
Bleach
Acid
Chemical Pump Model
Caustic Soda
Bleach
Acid
Chemical Pump Flow Rates, gph
Caustic Soda
Bleach
Acid
Chemical Pump Discharge Head, psig
Caustic Soda
Bleach
Acid
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Chemical Pump Voltage

120

Odor Control Fan Manufacturer
Odor Control Fan Model
Number of Fans

1

Type of Odor Control Fan

In-line centrifugal type fan

Capacity per Odor Control Fan, scfm

33,000

Static Pressure per Fan, inches W.C.
Odor Control Fan Motor Manufacturer
Odor Control Fan Motor Horsepower
Odor Control Fan Motor Speed
Odor Control Fan Motor Voltage

460

Odor Control Fan Type of Drive

Constant Speed
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6.6

OPERATIONAL CHECKLISTS

It is imperative that Operators make rounds throughout the treatment plant to ensure that
the process and the equipment are operating properly and efficiently. Making a round
through an area does not mean the Operator should just walk through the area without
observing the equipment or process. When an Operator makes a round through an area
they should note the following major aspects:
a)

Is the process operating properly?
odors, appearance, noises, etc.

This can be seen by liquid color,

b)

Is the equipment operating properly? This can be determined when the
equipment is running, so listen for any unusual noises, are there coupling
shavings under a pump, is the correct equipment in service, what
equipment is out of service, etc.

c)

Are there any major maintenance needs that need to be reported to the
Maintenance Department?

d)

Are there any housekeeping tasks that need to be performed, such as
picking up trash, cleaning up spills, stopping leaks, etc? If there
housekeeping needs, then do not just walk by it. As an Operator you
need to take care of the situation.

The following tables provided in this section are a listing of items that must be checked
while making rounds through this particular area of the treatment plant. This checklist
can be copied from this manual and either posted in the treatment area or carried by the
Operator.
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CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
AIR FLOTATION THICKENER BUILDING NO. 1
OPERATIONAL CHECKLIST

Area
1.

Yes

No

Remarks

Mixed Sludge Well


Is the liquid level okay?



Is the air working in the wet well?



Is the wet well blower operating
properly?



Are both blowers functional?



Is the odor control damper open?

2. Pump Room


Are the mixed sludge pumps operating
properly?



Are the pressurization pumps operating
properly?



Are the pressurization system strainers
in service?



Are the thickened sludge pumps
operating properly?



Are the pressurization tanks at the
proper pressure (40-50 psig)?



Are the pressurization tanks at the
proper liquid level?



Are the air compressors operating
properly?



Are pressurization air valves and sludge
valves set properly?
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Area

Yes



Are there any water or sludge leaks?



Are there any housekeeping needs?



Are there any maintenance needs, if so,
then report them to maintenance.

No

Remarks

3. Air Flotation Thickeners


Are all flotation thickeners in service?



Are the sludge blankets (float blankets)
at the proper thickness (1-2 ft)?



Are the top scrapers operating properly?



Are the top scrapers in Automatic?



Has the bottom sludge been removed?



Are the bottom scrapers in automatic?



Are the controls properly set?



Is the thickened sludge concentration
acceptable (4-5%)?



Are there any housekeeping needs?



Are there any maintenance needs, if so,
then report them to maintenance?

4. Odor Control


Is the odor control system operational?



Is the odor control system operating
properly?



Are the chemical systems functioning
properly?
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Area

Yes



Is there enough chemicals in storage?



Is the system operating at the proper
pH?



Is all of the safety equipment operating
properly?



Is the discharge hydrogen sulfide
concentration at acceptable limits?



Are there any housekeeping needs?



Are there any maintenance needs, if so,
then report them to maintenance?

No

Remarks

Remarks:
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CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
AIR FLOTATION THICKENER BUILDING NO. 2
OPERATIONAL CHECKLIST

Area

Yes

No

Remarks

1. Mixed Sludge Well


Is the liquid level okay?



Is the air working in the wet well?



Is the wet well blower operating
properly?



Are both blowers functional?



Is the odor control damper open?

2. Pump Room


Are the mixed sludge pumps operating
properly?



Are the pressurization pumps operating
properly?



Are the pressurization system strainers
in service?



Are the thickened sludge pumps
operating properly?



Are the pressurization tanks at the
proper pressure (40-50 psig)?



Are the pressurization tanks at the
proper liquid level?



Are the air compressors operating
properly?



Are pressurization air valves and sludge
valves set properly?
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Area

Yes



Are there any water or sludge leaks?



Are there any housekeeping needs?



Are there any maintenance needs, if so,
then report them to maintenance.

No

Remarks

3. Air Flotation Thickeners


Are all flotation thickeners in service?



Are the sludge blankets (float blankets)
at the proper thickness (1-2 ft)?



Are the top scrapers operating properly?



Are the top scrapers in Automatic?



Has the bottom sludge been removed?



Are the bottom scrapers in automatic?



Are the controls properly set?



Is the thickened sludge concentration
acceptable (4-5%)?



Are there any housekeeping needs?



Are there any maintenance needs, if so,
then report them to maintenance?

4. Odor Control


Is the odor control system operational?



Is the odor control system operating
properly?



Are the chemical systems functioning
properly?
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Area

Yes



Is there enough chemicals in storage?



Is the system operating at the proper
pH?



Is all of the safety equipment operating
properly?



Is the discharge hydrogen sulfide
concentration at acceptable limits?



Are there any housekeeping needs?



Are there any maintenance needs, if so,
then report them to maintenance?

No

Remarks

Remarks:
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6.7

MAINTENANCE

For detailed maintenance aspects for individual pieces of equipment, consult the
Operations and Maintenance Manuals provided by the equipment manufacturers. Hard
copies of the manufacturer’s Operation and Maintenance Manuals are located in the
Maintenance Building and in the Administration Building at the Metro Wastewater
Treatment Plant. In the future these manuals will also be provided electronically on the
plant’s Supervisory Control and Data Acquisition System (SCADA).
This section of the manual contains the Maintenance Schedules from the different
manufacturer’s Operation and Maintenance Manuals. This section of the manual will
provide plant personnel with a quick reference of the Daily, Weekly, Monthly and Yearly
maintenance needs of the equipment. Further information concerning equipment
maintenance can be located in the manufacturer’s manual.
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6-113

6-114

6-115

6-116

6-117

6-118

6-119

6-120

6-121

6-122

6-123

6-124

6-125

6-126
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6.8

STANDARD OPERATING PROCEDURES

This section of the manual provides Standard Operating Procedures (SOP’s) for the
different equipment and/or processes in this area of the treatment facility. A Standard
Operating Procedure is a procedure created to provide specific documentation for
various processes. A Standard Operating Procedure provides a written document that
plant personnel can follow in order to ensure that all personnel are following similar
operating task or routines. At a wastewater treatment plant, if plant personnel on
different shifts are using different methods to control a process, then this type of control
could result in a reduction of process efficiency which may lead to a compliance issue.
Also, Standard Operating Procedures can provide guidance on how to operate
complicated equipment so equipment damage and/or Operator injuries do not occur.
Any SOP must provide the procedures name and a description of what the goal or
intention is for this procedure. The SOP’s in this section focus on direct approaches to
operate a piece of equipment, process or system. For further details, such as step by
step control settings, then refer to the Equipment Operating section of this chapter. The
SOP’s in this section provide abbreviated steps for starting, normal operating, shutdown
procedures, and alternate operation of a particular piece of equipment or process.
SOP’s must be periodically reviewed and updated in order to refine operating
procedures for the plant personnel. SOP’s must be amended if a piece of equipment,
such as a pump, is replaced with a different vendor or style of pump. It is recommended
that SOP’s be reviewed and/or updated on a yearly basis.
Since the sludge thickening areas contain various pumps, equipment and individual
systems then additional SOP’s in this area of the treatment process need to be written.
The following SOP’s are provided as an initial guidance for preparing SOP’s.
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________

Air Flotation Thickening (Air Flotation Thickening Building No.1)

SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
References and
Procedures
Equipment
Needed

1-DAFT-1
Operation of the Air Flotation Thickeners
To thicken plant solids
Monitored and Controlled by the DAFT Operators
Each shift; every hour
a) Operator to contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to find Procedure: Plant Operations Manual
b) References: Plant drawings and Equipment O&M Manuals
Pressurization pumps, pressurization tanks, air compressors, mixed
sludge pumps, thickener equipment, thickened sludge pumps,
automatic valves, etc.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: June 27, 2011
Revision Date

Revisions Made
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________

Air Flotation Thickening

Safety Concerns: There are several safety concerns with the dissolved air flotation
thickening process. These safety concerns are with equipment starting and stopping
automatically. Also, there is equipment operating at pressures of 40-100 psig, such as
the pressurization tanks and system air compressors. Also, if polymer is used with the
thickening process, then this could result in slipping hazards.

INITIAL START-UP
1.

Inspect the tank and ensure all debris, tools, ladders, etc., are removed
from the thickener.

2.

Ensure that the scrapers and conveyors in the thickener are in good
working condition.

3.

Ensure that the drain valve (heavy sludge) valve is closed.

4.

Fill the thickener with primary effluent.

5.

Once the thickener is full with primary effluent then start the
pressurization system.

NORMAL START-UP
1.

Assume the following normal valve positions.

2.

Fully open the Compressed Air Isolation valve.

3.

Fully open the bleed-off throttling valve.

4.

Fully open the upper and lower isolation valves on the level controller.

5.

Fully open the upper and lower sightglass valves.
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________

The procedure for start-up follows.
1.

Calculate the control value for operation.

2.

Confirm that an adequate supply of clean or treated water exists on the
suction side of the pressurized flow system. Be certain that the flotation
tank is filled with water to the normal operating level (flow over the
effluent weir).

3.

Position water valve as follows:


Fully open the pressure regulating valve and open water throttling
valve approximately 25%.



Open the suction and discharge isolation valves.

4.

Confirm that the supply air pressure gauge reads 80-100 psig with the
compressed air supply valve fully open.

5.

Adjust the regulator until the regulated pressure gauge indicates 55 psig.

NORMAL OPERATION
1.

After the pressurization system is operational run the pressurization pump
and system for a minimum of 1 hour with no feed sludge. This operation
will saturate the air flotation thickener with air bubbles. Therefore, when
feed sludge is introduced into the thickener the solids will begin to float
immediately.

2.

After the thickener has been operating with only pressurized flow for an
hour, then start the Mixed Sludge Pump.

3.

Monitor the solids loading rate on the thickener. The air flotation
thickeners are designed for 0.71-0.77 lbs/hr/ft2.

4.

Monitor the sludge thickened blanket (float blanket). This blanket should
be maintained so it is 1.5 to 2 ft. thick.

5.

Monitor the thickened sludge concentration. The thickened sludge
concentration should be maintained between 4-5% T.S.

6.

Adjust the top flights to control the blanket thickeners and sludge
concentration. The solids loading rate on the thickener will also affect the
sludge blanket thickeners and concentration. Ideally, the skimmers
should:
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________



Never make more than one pass over the surface per cycle.



Be operated at a slow skimming speed so blanket does not
become disturbed.



Keep the skimmer operation at a minimum.

7.

Monitor the thickener effluent (subnatant). The air flotation thickeners
should be achieving an 85% capture rate without polymer. If the capture
rate is below 85%, check the solids loading rate, skimmer adjustments,
sludge characteristics and other variables.

8.

Monitor the bottom sludge withdrawal system and ensure it is functioning
properly and that the proper quantity of sludge is being removed from the
bottom of the thickener. The bottom scraper must be operated first for
approximately 10 months before the bottom screw conveyor is started
and bottom valve is opened.

9.

Monitor the liquid level on the pressurization tank site glass. This level
should be approximately halfway up the sight glass.

10.

Monitor the pressure of the pressurization tanks. They should be
maintained at a pressure of approximately 40-45 psig. Never exceed a
pressure in the pressurization tank of 59 psig.

11.

Monitor the compressed air pressure to the pressurization tanks. The
compressed air to the air stations should be at a pressure of
approximately 80 psig and at the air regulator 55 psig.

12.

Monitor the compressed air flow rate to the pressurization tanks. The
typical air flow rate is 0.10 scfm/10 gpm of pressurized flow.

13.

Monitor the pressurization flow and sludge feed flow rates.

14.

Monitor the thickened sludge wet well levels and pump operation.

15.

Monitor the system controls, settings and readings. Ensure they are at
the proper settings. If not, then adjust the controls and/or correct the
problem, such as, a false reading due to plugged instrument.
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________

NORMAL SHUTDOWN
First determine if the shutdown will be for a short period of time or will it be for an
extended period. If it is a short term shutdown, then some equipment could remain
operational and systems will not have to be drained. For a long-term shutdown,
equipment must be stopped, tanks depressurized, tanks drained and cleaned, sludge
flows re-routed, etc.
1.

Stop the feed sludge to the air flotation thickener.

2.

Operate the top skimmer until the sludge blanket becomes thin.

3.

Operate the bottom scraper and remove the bottom sludge.

4.

Drain and clean the thickener if it is going to be taken out of service for an
extended period of time.

5.

Determine if the pressurization system is to remain operational or
completely taken out of service. This will depend upon the type of
shutdown. The following is the various pressurization system shutdown
procedures.
a)

Depressurized Shutdown:
This procedure should be used if the DAF thickener will be out of
service for an extended period, or otherwise requires
depressurization. Before the pressurized flow system is stopped,
raw flow should be halted and the flotation tank skimmed until all
float has been removed. If applicable, the flash mixing and
flocculation tanks should be purged with clean or treated water.
The procedure varies according to whether the pressurized flow
system is to be left with standing water in the pipes, pump(s), and
pressure tank bottom, or drained of water completely.
The procedure for depressurization shutdown and complete
draining of water follows:
1.

Switch off the pressurization pump serving the thickener
being taken out of service.

2.

Close the discharge isolation valve.

3.

Close the air throttling valve and air bypass valve.

4.

When the depressurization of the system is complete turn
the solenoid switch to “Off”.
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________

5.

Close the supply air valve, air to the Automatic Control,
and air shutoff valve on the air compressor receiver tank.
Switch off the air compressor.

6.

To prepare the pressurized flow system for complete
draining, close the discharge and suction isolation valves.

7.

To drain the system, open the level controller drain valve
and all other drain valves and plugs on the bottom of the
pressure tank.

If the pressurized flow system is to be shutdown for only a short time and
left with standing water in the pipes, pump(s), and pressure tank bottom,
use the following procedure.
1.

b)

In quick order:


Switch off the pressurization pump(s).



Close the discharge isolation valve.

2.

Close all process and supply air valves, then switch off the
air compressor.

3.

When depressurization is completed, position the solenoid
valve switch on “Off”. To restart the system, perform the
above steps in reverse order.

Pressurized Shutdown and Restart:
This procedure will facilitate shutdown and restart of the
pressurization system when the DAF unit is taken out of service
for a relatively short period of time. Start-up will be simpler and
faster than with a depressurized system.
In preparation for shutdown, raw influent and float production
should cease before the pressurized flow is stopped. As to
whether the flotation tank is skimmed clean depends upon how
long the system will be out of service and other factors. When the
process is restarted, treated or clean water will be required for the
pressurization system.
The procedure for depressurization shutdown follows:
1.

In quick order:


Switch off the pressurization pump for the thickener
being taken out of service.
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________



Close the discharge isolation valve.



Close the air supply valve.

2.

If the system is to be shut down for an extended period of
time, close all process and supply air valves and switch off
the air compressor.

3.

If needed, close the suction isolation valve.

To restart the pressurized flow system, the procedure is as
follows.
1.

If the air compressor remained activated, confirm that all
pressures are at their proper settings. Otherwise, activate
the air compressor and set the supply and process
pressure settings as described in the “Startup” subsection.

2.

Confirm that primary effluent volume exists at the suction
end of the pressurized flow system in sufficient quantity to
allow startup of the system.

3.

Open the suction isolation valve.
isolation valve closed.

4.

Open the air supply valve and the air flow will return to its
preset rate.

5.

In quick order:


Leave the discharge

Start the pressurization pump for the thickener
being placed back into service.

Open the discharge isolation valve completely when water
is observed in the pressure tank sight glass. Since all flow,
pressure regulating and air rate valves were not changed
from their previous settings for a balanced operation, little
or no adjustment will be required. If needed, the air
bypass valve can be opened to push the water level into
the sight glass and then turned off.
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Dissolved Air Flotation Thickening
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ALTERNATIVE OPERATION
All equipment can be operated manually. While operating in this mode of operation the
Operators must carefully monitor









Pressurization Tank Pressure
Pressurization Flow
Mixed Sludge Flow Rate
Solids Loading Rate
Sludge Blanket Thickness
Thickened Sludge Concentration
Compressed Air Pressure
Bottom Sludge Depth

The Operators must monitor the length of time that the top skimmers, bottom scrapers
are in operation and how long the heavy sludge valve is open.
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
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Air Flotation Thickening (Air Flotation Thickening Building No. 2)

SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
References and
Procedures
Equipment
Needed

2-DAFT-1
Operation of the Air Flotation Thickeners
To thicken plant solids
Monitored and Controlled by the DAFT Operators
Each shift; every hour
a) Operator to contact Shift Supervisor
b) Where to find Contact List: Control Room
a) Where to find Procedure: Plant Operations Manual
b) References: Plant drawings and Equipment O&M Manuals
Pressurization pumps, pressurization tanks, air compressors, mixed
sludge pumps, thickener equipment, thickened sludge pumps,
automatic valves, etc.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: June 27, 2011
Revision Date

Revisions Made
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Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
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Air Flotation Thickening

Safety Concerns: There are several safety concerns with the dissolved air flotation
thickening process. These safety concerns are with equipment starting and stopping
automatically. Also, there is equipment operating at pressures of 40-100 psig, such as
the pressurization tanks and system air compressors. Also, if polymer is used with the
thickening process, then this could result in slipping hazards.

INITIAL START-UP
1.

Inspect the tank and ensure all debris, tools, ladders, etc., are removed
from the thickener.

2.

Ensure that the scrapers and conveyors in the thickener are in good
working condition.

3.

Ensure that the drain valve (heavy sludge) valve is closed.

4.

Fill the thickener with primary effluent.

5.

Once the thickener is full with primary effluent or thickener effluent, then
start the pressurization system.

NORMAL START-UP
Assume the following normal valve positions.
1.

Fully open the Compressed Air Isolation valve.

2.

Fully open the bleed-off throttling valve.

3.

Fully open the upper and lower isolation valves on the level controller.

4.

Fully open the upper and lower sightglass valves.
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The procedure for start-up follows.
1.

Calculate the control value for operation.

2.

Confirm that an adequate supply of clean or treated water exists on the
suction side of the pressurized flow system. Be certain that the flotation
tank is filled with water to the normal operating level (flow over the
effluent weir).

3.

Position water valve as follows:


Fully open the pressure regulating valve and open water throttling
valve approximately 25%.



Open the suction and discharge isolation valves.

4.

Confirm that the supply air pressure gauge reads 80-100 psig with the
compressed air supply valve fully open.

5.

Adjust the regulator until the regulated pressure gauge indicates 55 psig.

NORMAL OPERATION
1.

After the pressurization system is operational, open the pressurization
water thickener valve to the thickener being placed into service and
system for a minimum of 1 hour with no feed sludge. This operation will
saturate the air flotation thickener with air bubbles. Therefore, when feed
sludge is introduced into the thickener the solids will begin to float
immediately.

2.

After the thickener has been operating with only pressurized flow for an
hour, then start the Mixed Sludge Pump.

3.

Monitor the solids loading rate on the thickener. The air flotation
thickeners are designed for 0.71-0.77 lbs/hr/ft2.

4.

Monitor the sludge thickened blanket (float blanket). This blanket should
be maintained so it is 1.5 to 2 ft. thick.

5.

Monitor the thickened sludge concentration. The thickened sludge
concentration should be maintained between 4-5% T.S.

6.

Adjust the top flights to control the blanket thickeners and sludge
concentration. The solids loading rate on the thickener will also affect the
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sludge blanket thickeners and concentration. Ideally, the skimmers
should:


Never make more than one pass over the surface per cycle.



Be operated at a slow skimming speed so blanket does not
become disturbed.



Keep the skimmer operation at a minimum.

7.

Monitor the thickener effluent (subnatant). The air flotation thickeners
should be achieving an 85% capture rate without polymer. If the capture
rate is below 85%, check the solids loading rate, skimmer adjustments,
sludge characteristics and other variables.

8.

Monitor the bottom sludge withdrawal system and ensure it is functioning
properly and that the proper quantity of sludge is being removed from the
bottom of the thickener. The bottom scraper must be operated first for
approximately 10 months before the bottom screw conveyor is started
and bottom valve is opened.

9.

Monitor the liquid level on the pressurization tank site glass. This level
should be approximately halfway up the sight glass.

10.

Monitor the pressure of the pressurization tanks. They should be
maintained at a pressure of approximately 40-45 psig. Never exceed a
pressure in the pressurization tank of 59 psig.

11.

Monitor the compressed air pressure to the pressurization tanks. The
compressed air to the air stations should be at a pressure of
approximately 80 psig and at the air regulator 55 psig.

12.

Monitor the compressed air flow rate to the pressurization tanks. The
typical air flow rate is 0.10 scfm/10 gpm of pressurized flow.

13.

Monitor the pressurization flow and sludge feed flow rates.

14.

Monitor the thickened sludge wet well levels and pump operation.

15.

Monitor the system controls, settings and readings. Ensure they are at
the proper settings. If not, then adjust the controls and/or correct the
problem, such as, a false reading due to plugged instrument.

6-140

Columbia Metro WWTP
Dissolved Air Flotation Thickening
Standard Operating Procedure
______________________________________________________________________________________

NORMAL SHUTDOWN
First determine if the shutdown will be for a short period of time or will it be for an
extended period. If it is a short term shutdown, then some equipment could remain
operational and systems will not have to be drained. For a long-term shutdown,
equipment must be stopped, tanks depressurized, tanks drained and cleaned, sludge
flows re-routed, etc.
1.

Stop the feed sludge to the air flotation thickener.

2.

Operate the top skimmer until the sludge blanket becomes thin.

3.

Operate the bottom scraper and remove the bottom sludge.

4.

Drain and clean the thickener if it is going to be taken out of service for an
extended period of time.

5.

Determine if the pressurization system is to remain operational or
completely taken out of service. This will depend upon the type of
shutdown. The following is the various pressurization system shutdown
procedures.
a)

Depressurized Shutdown:
This procedure should be used if the DAF thickener will be out of
service for an extended period, or otherwise requires
depressurization. Before the pressurized flow system is stopped,
raw flow should be halted and the flotation tank skimmed until all
float has been removed. If applicable, the flash mixing and
flocculation tanks should be purged with clean or treated water.
The procedure varies according to whether the pressurized flow
system is to be left with standing water in the pipes, pump(s), and
pressure tank bottom, or drained of water completely.
The procedure for depressurization shutdown and complete
draining of water follows:
1.

In Air Flotation Thickener Building No. 2, since the
pressurization pumps service all air flotation thickeners,
then the pressurization pump may not be stopped if only
one thickener is being taken out of service. The motorized
pressurization valve to the thickener being taken out of
service only needs to be closed and the feed sludge
(mixed sludge) needs to be distributed to the thickeners in
service.
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2.

Close the discharge isolation valve.

3.

Close the air throttling valve and air bypass valve.

4.

When the depressurization of the system is complete turn
the solenoid switch to “Off”.

5.

Close the supply air valve, air to the Automatic Control,
and air shutoff valve on the air compressor receiver tank.
Switch off the air compressor.

6.

To prepare the pressurized flow system for complete
draining, close the discharge and suction isolation valves.

7.

To drain the system, open the level controller drain valve
and all other drain valves and plugs on the bottom of the
pressure tank.

If the pressurized flow system is to be shutdown for only a short time and
left with standing water in the pipes, pump(s), and pressure tank bottom,
use the following procedure.
1.

In quick order:


b)

Close the discharge isolation valve.

2.

Close all process and supply air valves, then switch off the
air compressor.

3.

When depressurization is completed, position the solenoid
valve switch on “Off”. To restart the system, perform the
above steps in reverse order.

Pressurized Shutdown and Restart:
This procedure will facilitate shutdown and restart of the
pressurization system when the DAF unit is taken out of service
for a relatively short period of time. Start-up will be simpler and
faster than with a depressurized system.
In preparation for shutdown, raw influent and float production
should cease before the pressurized flow is stopped. As to
whether the flotation tank is skimmed clean depends upon how
long the system will be out of service and other factors. When the
process is restarted, treated or clean water will be required for the
pressurization system.
The procedure for depressurization shutdown follows:
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1.

In quick order:


Close the pressurization valve to the air flotation
thickener being taken out of service in Air Flotation
Thickener Building No. 2.



Close the discharge isolation valve.



Close the air supply valve.

2.

If the system is to be shut down for an extended period of
time, close all process and supply air valves and switch off
the air compressor.

3.

If needed, close the suction isolation valve.

To restart the pressurized flow system, the procedure is as
follows.
1.

If the air compressor remained activated, confirm that all
pressures are at their proper settings. Otherwise, activate
the air compressor and set the supply and process
pressure settings as described in the “Start-up” subsection.

2.

Confirm that primary effluent or treated thickener effluent
volume exists at the suction end of the pressurized flow
system in sufficient quantity to allow start-up of the system.

3.

Open the suction isolation valve.
isolation valve closed.

4.

Open the air supply valve and the air flow will return to its
preset rate.

5.

In quick order:


Leave the discharge

Start the open pressurized valve to pressurization
tank.

Open the discharge isolation valve completely when water
is observed in the pressure tank sight glass. Since all flow,
pressure regulating and air rate valves were not changed
from their previous settings for a balanced operation, little
or no adjustment will be required. If needed, the air
bypass valve can be opened to push the water level into
the sight glass and then turned off.
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ALTERNATIVE OPERATION
All equipment can be operated manually. While operating in this mode of operation the
Operators must carefully monitor









Pressurization Tank Pressure
Pressurization Flow
Mixed Sludge Flow Rate
Solids Loading Rate
Sludge Blanket Thickness
Thickened Sludge Concentration
Compressed Air Pressure
Bottom Sludge Depth

The Operators must monitor the length of time that the top skimmers, bottom scrapers
are in operation and how long the heavy sludge valve is open.
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VALVE INDICES

The valve indices are provided to show the valve size, type of valve, type of Operator, type of
line, normal position, and the purpose of explanation of all major valves. The valve indices are
labeled to correspond to the flow diagrams in the preceding sections. The valve numbers shown
on the valve indices are shown on the corresponding flow diagrams. The size of the pipeline in
which the valve is located is shown in the corresponding column. The type of valve is selfexplanatory.
The type of Operator indicates how the valve is controlled. In most cases, the valves are
controlled manually and are indicated as "Manual". Other valve Operators include motor,
pneumatic, solenoid, etc. which are indicated as "Automatic". The type of line indicates what
liquid or gas is being conveyed. In most cases, only one type of liquid is carried in a pipe.
The normal position indicates, as the title implies, the position in which the valve will usually be
placed. Generally, the valve position is classified into three positions: open, closed, or varied.
The Operator must use his or her best judgment after studying the flow diagrams to determine
how the valve should be regulated. Some valves require that they be continuously opened or
closed depending on the mode of operation or flow rate. These valves can be regulated by
hand or automatically.
The purpose or explanation is to define briefly why the valve is used. The explanation does not
necessarily explain the normal position. For example, a normally open valve is provided ahead
of each pump so that the pump can be isolated for maintenance or repairs.
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FIGURE NO. 6-1
FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 1

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-MS-1

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 1 out of service for maintenance
or repairs.

1-MS-2

6

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 1 out of service for maintenance
or repairs.

1-MS-3

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 2 out of service for maintenance
or repairs.

1-MS-4

6

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 2 out of service for maintenance
or repairs.

1-MS-5

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 3 out of service for maintenance
or repairs.

1-MS-6

6

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 3 out of service for maintenance
or repairs.

FIGURE NO. 6-1
FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-MS-7

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 4 out of service for maintenance
or repairs.

1-MS-8

6

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 4 out of service for maintenance
or repairs.

1-MS-9

6

Plug

Manual

Mixed
Sludge

Closed

Open to pump mixed sludge to
Thickener Building No. 2.

1-MS-10

3

Plug

Manual

Mixed
Sludge

Open

Close for level sensor and or
solenoid valve maintenance or
repairs

1-TS-1

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 1 out of service for
maintenance or repairs

1-TS-2

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 1 out of service for
maintenance or repairs
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FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-TS-3

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 2 out of service for
maintenance or repairs

1-TS-4

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 2 out of service for
maintenance or repairs

1-TS-5

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 3 out of service for
maintenance or repairs

1-TS-6

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 3 out of service for
maintenance or repairs

1-TS-7

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 4 out of service for
maintenance or repairs

1-TS-8

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 4 out of service for
maintenance or repairs

1-TS-9

6

Plug

Manual

Thickened
Sludge

Open

Close to redirect the thickened
sludge to another location.
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TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

1-TS-10

6

Plug

Automatic

Thickened
Sludge

Varied

Purpose and
Explanation
1)
2)

1-TS-11

6

Plug

Automatic

Thickened
Sludge

Varied

1)
2)

Close to send thickened
Sludge Digester Nos. 1 and 2.
Open to send thickened sludge
to Digester Nos. 3, 4 and 5.
Close to send thickened
Sludge Digester Nos. 1 and 2.
Open to send thickened sludge
to Digester Nos. 3, 4 and 5.

1-TS-12

6

Plug

Manual

Thickened
Sludge

Open

Close to redirect thickened sludge to
another location

1-TS-13

6

Plug

Automatic

Thickened
Sludge

Varied

1)
2)

1-TS-14

6

Plug

Automatic

Thickened
Sludge

Varied

1)

2)

Close to send thickened sludge
to Digester Nos. 3, 4 and 5
Open to send thickened sludge
to Digester Nos. 3, 4 and 5.
Open to transfer digested
sludge from Digester Nos. 3, 4
and 5 to Digester Nos. 1 and 2.
Open to transfer sludge from
Digester Nos. 1 and 2 to
Digester Nos. 3, 4 and 5.
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FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-TS-15

3

Plug

Manual

Thickened
Sludge

Open

Close for level sensor or solenoid
valve maintenance or repairs

1-TS-16

3

Plug

Manual

Thickened
Sludge

Open

Close for level sensor or solenoid
valve maintenance or repairs

1-NPW-1

3

Solenoid

Automatic

Thickened
Sludge

Closed

Opens automatically to flush the
level sensor

1-NPW-2

2

Ball

Manual

Non-potable
Water

Open

Close to perform maintenance on
the solenoid valve

1-NPW-3

2

Ball

Manual

Non-potable
Water

Open

Close to perform maintenance on
surge suppressor

1-NPW-4

2

Ball

Manual

Non-potable
Water

Open

Close to perform maintenance on
the solenoid valve.

1-NPW-5

2

Ball

Manual

Non-potable
Water

Open

Close to perform maintenance on
surge suppressor

1-NPW-6

1

Solenoid

Automatic

Non-potable
Water

Closed

Opens automatically to flush the
level sensor
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Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-NPW-7

2

Ball

Manual

Non-potable
Water

Open

Close to perform maintenance on
solenoid valve

1-NPW-8

2

Ball

Manual

Non-potable
Water

Open

Close to perform maintenance on
surge suppressor

1-NPW-9

1

Solenoid

Automatic

Non-potable
Water

Closed

Opens automatically to flush the
level sensor

1-NPW-10

6

Plug

Manual

Non-potable
Water

Closed

1)

2)

1-NPW-11

6

Plug

Manual

Non-potable
Water

Closed

1)

2)

Open to fill Air Flotation
Thickener No. 1 to start-up the
unit.
Open to flush the Mixed Sludge
line to Flotation Thickener No.
1.
Open to fill Air Flotation
Thickener No. 2 to start-up the
unit.
Open to flush the Mixed Sludge
line to Flotation Thickener No.
2.
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Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

1-NPW-12

6

Plug

Manual

Non-potable
Water

Closed

Purpose and
Explanation
1)

2)

1-NPW-13

6

Plug

Manual

Non-potable
Water

Closed

1)

2)

1-NPW-12

6

Plug

Manual

Non-potable
Water

Closed

1)

2)

1-NPW-13

6

Plug

Manual

Non-potable
Water

Closed

1)

2)

Open to fill Air Flotation
Thickener No. 3 to start-up the
unit.
Open to flush the Mixed Sludge
line to Flotation Thickener No.
3.
Open to fill Air Flotation
Thickener No. 4 to start-up the
unit.
Open to flush the Mixed Sludge
line to Flotation Thickener No.
4.
Open to fill Air Flotation
Thickener No. 3 to start-up the
unit.
Open to flush the Mixed Sludge
line to Flotation Thickener No.
3.
Open to fill Air Flotation
Thickener No. 4 to start-up the
unit.
Open to flush the Mixed Sludge
line to Flotation Thickener No.
4.

FIGURE NO. 6-2
FLOTATION THICKENERS –LOW PRESSURE AND COMPRESSED AIR
TREATMENT TRAIN NO. 1

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-LPA-1

6

Butterfly

Manual

Low
Pressure Air

Open

Close to take Blower No 1 out of
service for maintenance or repairs.

1-LPA-2

6

Butterfly

Manual

Low
Pressure Air

Open

Close to take Blower No. 2 out of
service for maintenance or repairs.

1-LPA-3

4

Butterfly

Manual

Low
Pressure Air

Open

Close to take the coarse bubble
diffusers out of service for
maintenance or repairs.

1-LPA-4

4

Butterfly

Manual

Low
Pressure Air

Open

Close to take the coarse bubble
diffusers out of service for
maintenance or repairs.

1-CA-1

1

Ball

Manual

Compressed
Air

Open

Close to take Pressurization Tank
No. 1 out of service for
maintenance.

1-CA-2

1

Ball

Manual

Compressed
Air

Open

Close to repair pressure gauge.

1-CA-3

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.

1-CA-4

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.
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TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-CA-5

¾

Ball

Manual

Compressed
Air

Closed

1-CA-6

1

Ball

Manual

Compressed
Air

Open

Close to take Pressurization Tank
No. 2 out of service for
maintenance.

1-CA-7

1

Ball

Manual

Compressed
Air

Open

Close to repair pressure gauge.

1-CA-8

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.

1-CA-9

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.

1-CA-10

¾

Ball

Manual

Compressed
Air

Closed

1-CA-11

1

Ball

Manual

Compressed
Air

Open

Close to take Pressurization Tank
No. 3 out of service for maintenance
or repairs.

1-CA-12

1

Ball

Manual

Compressed
Air

Open

Close to repair pressure gauge.

Open to bypass rotometer.

Open to bypass rotometer.
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TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-CA-13

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.

1-CA-14

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.

1-CA-15

¾

Ball

Manual

Compressed
Air

Closed

1-CA-16

1

Ball

Manual

Compressed
Air

Open

Close to take Pressurization Tank
No. 4 out of service for maintenance
or repairs.

1-CA-17

1

Ball

Manual

Compressed
Air

Open

Close to repair pressure gauge.

1-CA-18

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.

1-CA-19

1

Ball

Manual

Compressed
Air

Open

Close to take rotometer out of
service for maintenance or repairs.

1-CA-20

¾

Ball

Manual

Compressed
Air

Closed

Open to bypass rotometer.

Open to bypass rotometer.

FIGURE NO. 6-3
FLOTATION THICKENERS –PRESSURIZED FLOW
TREATMENT TRAIN NO. 1

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PRW-1

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Pump
No. 1 out of service for maintenance
or repairs.

1-PRW-2

4

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Pump
No. 1 out of service for maintenance
or repairs.

1-PRW-3

6

Plug

Manual

Pressurization
Water

Open

Close to take Self-Cleaning Strainer
No. 1 out of service for maintenance
or repairs.

1-PRW-4

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 1 out of service for maintenance
or repairs.

1-PRW-5

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Pump
No. 2 out of service for maintenance
or repairs.

1-PRW-6

4

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Pump
No. 2 out of service for maintenance
or repairs.

1-PRW-7

6

Plug

Manual

Pressurization
Water

Open

Close to take Self-Cleaning Strainer
No. 2 out of service for maintenance
or repairs.
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TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PRW-8

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 2 out of service for maintenance
or repairs.

1-PRW-9

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 3 out of service for maintenance
or repairs.

1-PRW-10

4

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 3 out of service for maintenance
or repairs.

1-PRW-11

6

Plug

Manual

Pressurization
Water

Open

Close to take Self-Cleaning Strainer
No. 3 out of service for maintenance
or repairs.

1-PRW-12

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 3 out of service for maintenance
or repairs.

1-PRW-13

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 4 out of service for maintenance
or repairs.

1-PRW-14

4

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 4 out of service for maintenance
or repairs.
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FLOTATION THICKENERS –PRESSURIZED FLOW
TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-PRW-15

6

Plug

Manual

Pressurization
Water

Open

Close to take Self-Cleaning Strainer
No. 4 out of service for maintenance
or repairs.

1-PRW-16

6

Plug

Manual

Pressurization
Water

Open

Close to take Pressurization Tank
No. 4 out of service for maintenance
or repairs.

1-PRW-17

6

Plug

Automatic

Pressurization
Water

Varied

Adjust to regulate the pressurization
flow to Air Flotation Thickener No. 1.

1-PRW-18

6

Plug

Automatic

Pressurization
Water

Varied

Adjust to regulate the pressurization
flow to Air Flotation Thickener No. 2.

1-PRW-19

6

Plug

Automatic

Pressurization
Water

Varied

Adjust to regulate the pressurization
flow to Air Flotation Thickener No. 3.

1-PRW-20

6

Plug

Automatic

Pressurization
Water

Varied

Adjust to regulate the pressurization
flow to Air Flotation Thickener No. 4.

FIGURE NO. 6-4
THICKENED/DIGESTED SLUDGE INTERCONNECTION OUTSIDE PIPING

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-TS-9

8

Plug

Manual

Thickened
Sludge

Open

2-TS-10

8

Plug

Manual

Thickened
Sludge

Closed

Open to send primary and/or
thickened sludge to Anaerobic
Digester Nos. 3 and 4.

2-TS-11

8

Plug

Manual

Thickened
Sludge

Closed

Open to send primary and/or
thickened sludge to Anaerobic
Digester No. 5.

2-TS-12

8

Plug

Manual

Thickened
Sludge

Closed

1. Open to re-direct thickened
sludge from Thickener Building
No. 1 to Anaerobic No. 5.
2. Open to send thickened sludge
from Anaerobic Digester Nos. 3,
4 and 5 to Digester Nos. 1 and 2.

2-TS-13

8

Plug

Manual

Thickened
Sludge

Closed

Open to transfer thickened sludge
from Thickener Building No. 1 to
Anaerobic Digester Nos. 3 and 4.

1-TS-9

6

Plug

Automatic

Thickened
Sludge

Closed

Open to send thickened sludge from
Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

Close for pipe or valve maintenance
or repairs.

FIGURE NO. 6-4
THICKENED/DIGESTED SLUDGE INTERCONNECTION OUTSIDE PIPING (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-TS-10

6

Plug

Automatic

Thickened
Sludge

Open

Close to re-direct thickened sludge
from Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

1-TS-11

6

Plug

Automatic

Thickened
Sludge

Open

Close to stop digested sludge from
Anaerobic Digester Nos. 3, 4 and 5
to Digester Nos. 1 and 2.

1-TS-12

6

Plug

Manual

Thickened
Sludge

Closed

Open to send thickened sludge from
Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

1-TS-13

6

Plug

Automatic

Thickened
Sludge

Open

Close to re-direct thickened sludge
from Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

1-TS-14

6

Plug

Automatic

Thickened
Sludge

Open

Close to re-direct sludge from
Anaerobic Digester Nos. 3, 4 and 5
to Digester Nos. 1 and 2.

1-TS-15
thru
1TS-16

-

-

-

-

-

Not Used.

FIGURE NO. 6-4
THICKENED/DIGESTED SLUDGE INTERCONNECTION OUTSIDE PIPING (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-TS-17

6

Plug

Manual

Thickened
Sludge

Closed

Open to send primary sludge from
Treatment Train No. 1 to Anaerobic
Digester Nos. 1 and 2.

1-TS-18

6

Plug

Manual

Thickened
Sludge

Closed

Open to send primary sludge from
Treatment Train No. 1 to Anaerobic
Digester Nos. 1 and 2.

1-TS-19

6

Plug

Manual

Thickened
Sludge

Closed

Open to send primary sludge from
Treatment Train No. 1 to Anaerobic
Digester Nos. 1 and 2.

1-TS-20

8

Plug

Automatic

Thickened
Sludge

Open

Close to stop digested sludge from
Anaerobic Digester Nos. 3, 4 and 5
to the Sludge Dewatering Building.

1-TS-21

6

Plug

Manual

Thickened
Sludge

Closed

Open to transfer primary sludge to
the Sludge Dewatering Building.

1-TS-22

6

Plug

Manual

Thickened
Sludge

Closed

Open to transfer primary sludge to
the Sludge Dewatering Building.

1-TS-23

8

Plug

Automatic

Thickened
Sludge

Open

Close to stop digested sludge from
Anaerobic Digester Nos. 3, 4 and 5
to the Sludge Dewatering Building.

FIGURE NO. 6-5
FLOTATION THICKENERS –TANK DRAINAGE
TREATMENT TRAIN NO. 1

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

1-FTD-1

8

Plug

Automatic

Tank
Drainage
and Solids
Removal

Closed

Purpose and
Explanation
1)

2)

1-FTD-2

8

Plug

Automatic

Tank
Drainage
and Solids
Removal

Closed

1)

2)

1-FTD-3

8

Plug

Automatic

Tank
Drainage
and Solids
Removal

Closed

1)

2)

1-FTD-4

8

Plug

Automatic

Tank
Drainage
and Solids
Removal

Closed

1)

2)

Opens and closes
automatically to remove settled
solids from Air Flotation
Thickener No. 1.
Open to drain Air Flotation
Thickener No. 1.
Opens and closes
automatically to remove settled
solids from Air Flotation
Thickener No. 2.
Open to drain Air Flotation
Thickener No. 2.
Opens and closes
automatically to remove settled
solids from Air Flotation
Thickener No. 3.
Open to drain Air Flotation
Thickener No. 3.
Opens and closes
automatically to remove settled
solids from Air Flotation
Thickener No. 4.
Open to drain Air Flotation
Thickener No. 4.

FIGURE NO. 6-5
FLOTATION THICKENERS –TANK DRAINAGE
TREATMENT TRAIN NO. 1 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

1-FTD-5

8

Plug

Automatic

Tank
Drainage
and Solids
Removal

Closed

Purpose and
Explanation
Open when draining flotation
thickeners.

FIGURE NO. 6-6
FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-MS-1

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 1 out of service for maintenance
or repairs.

2-MS-2

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 1 out of service for maintenance
or repairs.

2-MS-3

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 2 out of service for maintenance
or repairs.

2-MS-4

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 2 out of service for maintenance
or repairs.

2-MS-5

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 3 out of service for maintenance
or repairs.

2-MS-6

8

Plug

Manual

Mixed
Sludge

Open

Close to take Mixed Sludge Pump
No. 3 out of service for maintenance
or repairs.

FIGURE NO. 6-6
FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-MS-7

6

Plug

Manual

Mixed
Sludge

Open

Purpose and
Explanation
1)
2)

Close to service magnetic flow
meter.
Close to take Flotation
Thickener No. 1 out of service
for maintenance or repairs.

2-MS-8

6

Diaphragm

Automatic

Mixed
Sludge

Varied

To regulate the mixed sludge flow to
Air Flotation Thickener No. 3.

2-MS-9

6

Plug

Manual

Mixed
Sludge

Open

Close to service magnetic flowmeter
or the diaphragm valve.

2-MS-10

6

Plug

Manual

Mixed
Sludge

Open

1)
2)

Close to service magnetic flow
meter.
Close to take Flotation
Thickener No. 2 out of service
for maintenance or repairs.

2-MS-11

6

Diaphragm

Automatic

Mixed
Sludge

Varied

To regulate the mixed sludge flow to
Air Flotation Thickener No. 4.

2-MS-12

6

Plug

Manual

Mixed
Sludge

Open

Close to service magnetic flowmeter
or the diaphragm valve.

FIGURE NO. 6-6
FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-MS-13

6

Plug

Manual

Mixed
Sludge

Open

Purpose and
Explanation
1)
2)

Close to service magnetic flow
meter.
Close to take Flotation
Thickener No. 3 out of service
for maintenance or repairs.

2-MS-14

6

Diaphragm

Automatic

Mixed
Sludge

2-MS-15

6

Plug

Manual

Mixed
Sludge

Open

Close to service magnetic flowmeter

2-MS-16

6

Plug

Manual

Mixed
Sludge

Open

1)
2)

2-MS-17

6

Diaphragm

Automatic

Mixed
Sludge

2-MS-18

6

Plug

Manual

Mixed
Sludge

Open

Close to service magnetic flow
meter.
Close to take Flotation
Thickener No. 4 out of service
for maintenance and repairs.

Close to service magnetic flowmeter

FIGURE NO. 6-6
FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-MS-19

10

Plug

Manual

Mixed
Sludge

Closed

Open to redirect mixed sludge to
Sludge Thickener Building No. 1

2-TS-1

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 1 out of service for
maintenance or repairs

2-TS-2

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 1 out of service for
maintenance or repairs

2-TS-3

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 2 out of service for
maintenance or repairs

2-TS-4

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 2 out of service for
maintenance or repairs

2-TS-5

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 3 out of service for
maintenance or repairs

2-TS-6

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 3 out of service for
maintenance or repairs

FIGURE NO. 6-6
FLOTATION THICKENERS – MIXED AND THICKENED SLUDGE
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-TS-7

8

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 4 out of service for
maintenance or repairs

2-TS-8

6

Plug

Manual

Thickened
Sludge

Open

Close to take Thickened Sludge
Pump No. 4 out of service for
maintenance or repairs

2-NPW-1

2

Ball

Manual

Non-potable
Water

Closed

Open to flush out thickened sludge
pump suction line

2-NPW-2

2

Ball

Manual

Non-potable
Water

Closed

Open to flush out thickened sludge
pump discharge line

2-NPW-3

2

Ball

Manual

Non-potable
Water

Closed

Open to flush out thickened sludge
pump suction line

2-NPW-4

2

Ball

Manual

Non-potable
Water

Closed

Open to flush out thickened sludge
pump discharge line

FIGURE NO. 6-8
FLOTATION THICKENERS – LOW PRESSURE AND COMPRESSED AIR
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-LPA-1

4

Butterfly

Manual

Low
Pressure Air

Open

Close to take Low Pressure Air
Blower No. 1 out of service for
maintenance or repairs.

2-LPA-2

4

Butterfly

Manual

Low
Pressure Air

Open

Close to take Low Pressure Air
Blower No. 1 out of service for
maintenance or repairs.

2-LPA-3

4

Butterfly

Manual

Low
Pressure Air

Open

Close to take Low Pressure Air
Blower No. 2 out of service for
maintenance or repairs.

2-LPA-4

4

Butterfly

Manual

Low
Pressure Air

Open

Close to take Low Pressure Air
Blower No. 2 out of service for
maintenance or repairs.

2-CA-1

Gate

Manual

Compressed
Air

Open

Close to take Air Compressor No. 1
out of service for maintenance or
repairs.

2-CA-2

Gate

Manual

Compressed
Air

Open

Close to take Air Compressor No. 2
out of service for maintenance or
repairs.

FIGURE NO. 6-8
FLOTATION THICKENERS – LOW PRESSURE AND COMPRESSED AIR
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-CA-3

Ball

Manual

Compressed
Air

Open

Close to take the air flow meter out
of service for maintenance or
repairs.

2-CA-4

Ball

Manual

Compressed
Air

Open

Close to take the flow meter out of
service for maintenance or repairs.

2-CA-5

Ball

Manual

Compressed
Air

Closed

Open when bypassing the flow
meter.

2-CA-6

¾

Ball

Manual

Compressed
Air

Open

Close to stop compressed air to
Pressurization Tank No. 1.

2-CA-7

¼

Ball

Manual

Compressed
Air

Open

Close for pressure gauge repair or
replacement.

2-CA-8

¾

Pressure
Reducing
Valve

Automatic

Compressed
Air

Varied

This valve modulates to reduce and
regulate the compressed air to the
Pressurization Tank No. 1.

2-CA-9

¾

Ball

Manual

Compressed
Air

Open

1. Regulate valve to adjust air
through the rotameter to the
pressurization tank.
2. Close to take the rotameter out of
service for maintenance or
repairs.

FIGURE NO. 6-8
FLOTATION THICKENERS – LOW PRESSURE AND COMPRESSED AIR
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-CA-10

¾

Ball

Manual

Compressed
Air

Open

Close to take the rotameter out of
service for maintenance or repairs.

2-CA-11

¾

Ball

Manual

Compressed
Air

Closed

Open when the rotameter is taken
out of service.

2-CA-12

¾

Ball

Manual

Compressed
Air

Open

Close to stop compressed air to
Pressurization Tank No. 2.

2-CA-13

¼

Ball

Manual

Compressed
Air

Open

Close for pressure gauge repair or
replacement.

2-CA-14

Pressure
Reducing
Valve

Manual

Compressed
Air

Varied

This valve modulates to reduce and
regulate the compressed air to the
Pressurization Tank No. 2.

2-CA-15

Ball

Manual

Compressed
Air

Open

1. Regulate valve to adjust air
through the rotameter to the
pressurization tank.
2. Close to take the rotameter out of
service for maintenance or
repairs.

2-CA-16

Ball

Manual

Compressed
Air

Open

Close to take the rotameter out of
service for maintenance or repairs.

FIGURE NO. 6-8
FLOTATION THICKENERS – LOW PRESSURE AND COMPRESSED AIR
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-CA-17

Ball

Manual

Compressed
Air

Closed

2-CA-18

Ball

Manual

Compressed
Air

Open

Close to stop compressed air to
Pressurization Tank No. 3.

Open when the rotameter is taken
out of service.

2-CA-19

¼

Ball

Manual

Compressed
Air

Open

Close for pressure gauge repair or
replacement.

2-CA-20

¾

Pressure
Reducing
Valve

Manual

Compressed
Air

Varied

This valve modulates to reduce and
regulate the compressed air to the
Pressurization Tank No. 3.

2-CA-21

Ball

Manual

Compressed
Air

Open

1. Regulate valve to adjust air
through the rotameter to the
pressurization tank.
2. Close to take the rotameter out of
service for maintenance or
repairs.

2-CA-22

Ball

Manual

Compressed
Air

Open

Close to take the rotameter out of
service for maintenance or repairs.

2-CA-23

Ball

Manual

Compressed
Air

Open

Open when the rotameter is taken
out of service.

FIGURE NO. 6-8
FLOTATION THICKENERS – LOW PRESSURE AND COMPRESSED AIR
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-CA-24

¾

Ball

Manual

Compressed
Air

Open

Close to stop compressed air to
Pressurization Tank No. 4.

2-CA-25

¼

Ball

Manual

Compressed
Air

Open

Close for pressure gauge repair or
replacement.

2-CA-26

Pressure
Reducing
Valve

Automatic

Compressed
Air

Varied

This valve modulates to reduce and
regulate the compressed air to the
Pressurization Tank No. 4.

2-CA-27

Ball

Manual

Compressed
Air

Open

1. Regulate valve to adjust air
through the rotameter to the
pressurization tank.
2. Close to take the rotameter out of
service for maintenance or
repairs.

2-CA-28

Ball

Manual

Compressed
Air

Open

Close to take the rotameter out of
service for maintenance or repairs.

2-CA-29

Ball

Manual

Compressed
Air

Closed

Open when the rotameter is taken
out of service.

FIGURE NO. 6-9
FLOTATION THICKENERS – PRESSURIZED FLOW
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PE-1

16

Plug

Manual

Primary
Effluent

Open

Close when using thickener effluent
for the pressurized flow.

2-TE-1

16

Plug

Manual

Thickener
Effluent

Closed

Open when using thickener effluent
after the pressurized flow.

2-D-1

10x10

Sluice Gate

Manual

Drain

Open

Close to

2-PRF-1

10

Plug

Manual

Pressurized
Flow

Open

Close to take Pressurization Pump
No. 1 out of service for maintenance
or repairs.

2-PRF-2

12

Plug

Manual

Pressurized
Flow

Open

Close to take Pressurization Pump
No. 1 out of service for maintenance
or repairs.

2-PRF-3

10

Plug

Manual

Pressurized
Flow

Open

Close to take Pressurization Pump
No. 2 out of service for maintenance
or repairs.

2-PRF-4

12

Plug

Manual

Pressurized
Flow

Open

Close to take Pressurization Pump
No. 2 out of service for maintenance
or repairs.

FIGURE NO. 6-9
FLOTATION THICKENERS – PRESSURIZED FLOW
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PRF-5

10

Plug

Manual

Pressurized
Flow

Open

Close to take Pressurization Pump
No. 3 out of service for maintenance
or repairs.

2-PRF-6

12

Plug

Manual

Pressurized
Flow

Open

Close to take Pressurization Pump
No. 3 out of service for maintenance
or repairs.

2-PRF-7

12

Plug

Manual

Pressurized
Flow

Open

Close to take the automatic strainer
out of service for maintenance or
repairs.

2-PRF-8

12

Plug

Manual

Pressurized
Flow

Open

Close to take the automatic strainer
out of service for maintenance or
repairs.

2-PRF-9

12

Plug

Manual

Pressurized
Flow

Closed

2-PRF-10

6

Plug

Manual

Pressurized
Flow

Open

Open to bypass the automatic
strainer.
1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

FIGURE NO. 6-9
FLOTATION THICKENERS – PRESSURIZED FLOW
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PRF-11

6

Diaphragm

Automatic

Pressurized
Flow

Varied

Adjusts to maintain desired
pressurized flow to Thickener Flow
No. 1.

2-PRF-12

6

Plug

Manual

Pressurized
Flow

Open

1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

2-PRF-13

6

Pressure
Regulating
Valve

Automatic

Pressurized
Flow

Varied

Modulates to maintain the pressure
within Pressurization Tank No. 1.

2-PRF-14

6

Plug

Manual

Pressurized
Flow

Open

Close to take the pressurization tank
out of service for maintenance or
repairs.

2-PRF-15

6

Plug

Manual

Pressurized
Flow

Open

1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

2-PRF-16

6

Diaphragm

Automatic

Pressurized
Flow

Varied

Adjusts to maintain desired
pressurized flow to Thickener Flow
No. 2.

FIGURE NO. 6-9
FLOTATION THICKENERS – PRESSURIZED FLOW
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PRF-17

6

Plug

Manual

Pressurized
Flow

Open

1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

2-PRF-18

6

Automatic

Pressurized
Flow

Varied

Modulates to maintain the pressure
within Pressurization Tank No. 2.

2-PRF-19

6

Plug

Manual

Pressurized
Flow

Open

Close to take the pressurization tank
out of service for maintenance or
repairs.

2-PRF-20

6

Plug

Manual

Pressurized
Flow

Open

1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

2-PRF-21

6

Diaphragm

Automatic

Pressurized
Flow

Varied

Adjusts to maintain desired
pressurized flow to Thickener Flow
No. 3.

2-PRF-22

6

Plug

Manual

Pressurized
Flow

Open

1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

FIGURE NO. 6-9
FLOTATION THICKENERS – PRESSURIZED FLOW
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-PRF-23

6

Pressure
Regulating
Valve

Automatic

Pressurized
Flow

Varied

Modulates to maintain the pressure
within Pressurization Tank No. 3.

2-PRF-24

6

Plug

Manual

Pressurized
Flow

Open

Close to take the pressurization tank
out of service for maintenance or
repairs.

2-PRF-25

6

Plug

Manual

Pressurized
Flow

Open

1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

2-PRF-26

6

Diaphragm

Automatic

Pressurized
Flow

Varied

Adjusts to maintain desired
pressurized flow to Thickener Flow
No. 4.

2-PRF-27

6

Plug

Manual

Pressurized
Flow

Open

1. Close for magnetic flow meter
repairs.
2. Close for diaphragm valve
maintenance or repairs.

2-PRF-28

6

Pressure
Regulating
Valve

Automatic

Pressurized
Flow

Varied

Modulates to maintain the pressure
within Pressurization Tank No. 4.

FIGURE NO. 6-9
FLOTATION THICKENERS – PRESSURIZED FLOW
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-PRF-29

6

Plug

Manual

Pressurized
Flow

Open

2-BWD-1

6

Plug

Automatic

Backwash
Drain

Closed

Purpose and
Explanation
Close to take the pressurization tank
out of service for maintenance or
repairs.
Open to backwash automatic
strainer.

FIGURE NO. 6-10
FLOTATION THICKENERS – TANK DRAINAGE
TREATMENT TRAIN NO. 2

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-FTD-1

8

Plug

Automatic

Tank
Drainage
and Bottom
Solids

Closed

1. Opens automatically to remove
bottom solids from Thickener No.
1.
2. Open to drain Thickener No. 1.

2-FTD-2

8

Plug

Automatic

Tank
Drainage
and Bottom
Solids

Closed

1. Opens automatically to remove
bottom solids from Thickener No.
2.
2. Open to drain Thickener No. 2.

2-FTD-3

8

Plug

Automatic

Tank
Drainage
and Bottom
Solids

Closed

1. Opens automatically to remove
bottom solids from Thickener No.
3.
2. Open to drain Thickener No. 3.

2-FTD-4

8

Plug

Automatic

Tank
Drainage
and Bottom
Solids

Closed

1. Opens automatically to remove
bottom solids from Thickener No.
4.
2. Open to drain Thickener No. 4.

2-FTD-5

8

Plug

Manual

Tank
Drainage
and Bottom
Solids

Closed

Open to flush out the bottom solids
piping header.

FIGURE NO. 6-10
FLOTATION THICKENERS – TANK DRAINAGE
TREATMENT TRAIN NO. 2 (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

2-FTD-6

8

Plug

Manual

Tank
Drainage
and Bottom
Solids

Closed

Purpose and
Explanation
Open to flush out the bottom solids
piping header.
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CHAPTER 7
ANAEROBIC DIGESTION
7.1

GENERAL DESCRIPTION

7.1.1

Introduction – Principle of Operation

The primary purpose of sludge digestion is to reduce the complex organic matter present
in wastewater sludge to a simpler, non-objectionable state. Digestion produces a sludge
which is more easily dewatered without nuisance, and it renders the sludge fit for
disposal. This is accomplished in digesters by an anaerobic fermentation process under
controlled conditions. Digesters also reduce the volume of sludge and in doing so
produce a useful gas (methane gas) which can be used for operating process equipment
and heating purposes.
Anaerobic digestion of sludge is accomplished by providing a tank in which bacteria
reduce the volatile solids in the absence of oxygen. The anaerobic bacteria which
reduce the volatile matter in the sludge are most efficient if the sludge is heated to a
temperature of 95-98ºF. One of the by-products of anaerobic digestion is methane gas.
This gas is collected and can be used to operate blowers, pumps, engine generators,
and boilers. At the Metro Wastewater Treatment Plant the digester gas is used for a
digester mixing, and a fuel source for the sludge heaters and incinerator burners.
The digestion process is accelerated if the tank contents are mixed, thus providing a
homogenous mixture of incoming sludge and actively digesting sludge within the tank.
Generally, anaerobic digestion is carried out in two stages, the primary stage and the
secondary stage. In the primary stage the sludge is heated and mixed on a continuous
basis. The methane gas production and solids reduction is accomplished in this stage.
In the secondary stage, a relatively quiescent environment is established by reduced gas
production and limited circulation. Here, separation occurs between the digested sludge
and the supernatant liquor. The supernatant liquor is drawn off and returned to the
wastewater treatment process. The digested sludge is withdrawn for dewatering
followed by incineration, and/or off-site disposal.
A two stage anaerobic digestion process is utilized at the Metro Wastewater Treatment
Plant. At the Metro Wastewater Treatment Plant there are five (5) anaerobic digesters in
which all five (5) digesters can serve as primary digesters or plant personnel could
operate them so one (1) or two (2) digesters could serve as secondary digesters and
three (3) or four (4) digesters can serve as primary digesters. The feeding, mixing, and
heating in a primary digester must be carefully controlled. As much as 90% of the
methane gas is produced in the primary digesters in the first 7 to 8 days.
The digested sludge is removed from the digesters and transferred to a Sludge Storage
(Mix) Tank located on the ground floor of the Sludge Dewatering Building. From the
Sludge Storage Tank the digested sludge is pumped to the centrifuges for dewatering.
Typically, the digested sludge is transferred from Anaerobic Digester Nos. 1 and 2 to the
Sludge Storage Tank. However, the plant also has the capability of transferring digested
sludge from Anaerobic Digester Nos. 3, 4 and 5 to the Sludge Storage Tank.
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7.1.2

Anaerobic Digesters

The Metro Wastewater Treatment Plant utilizes five (5) Anaerobic Digesters for the
sludge stabilization process. The normal mode of operation for the digestion process is
to receive thickened primary and waste activated sludge from the two (2) Thickened
Sludge Wet Wells in Air Flotation (Sludge) Thickener Building No. 1 and two (2)
Thickened Sludge Wet Wells located in Air Flotation Thickener Building No. 2, as
described in Chapter 6, Dissolved Air Flotation Thickening. There are two (2) positive
displacement, progressive cavity type pumps located at each Thickened Sludge Wet
Well. Each Thickened Sludge Pump is rated at 250 gpm at a discharge head of 20 psig
(46 ft.). The thickened sludge is normally pumped at a total solids concentration of 45%. The Metro Wastewater Treatment Plant is also designed so the anaerobic digesters
can receive primary sludge directly from the primary sedimentation tanks and thickened
waste activated sludge from the air flotation thickeners; however, this is not the current
mode of operation.
Each anaerobic digester is 100 ft. in diameter with a maximum side water depth of 23 ft.
Anaerobic Digester Nos. 1 and 2 each have a cone depth of 14.83 ft. while the cone
depth in Anaerobic Digester Nos. 3, 4 and 5 is each 12.5 ft. Anaerobic Digester Nos. 1
and 2 each have a volume of 219,355 ft3 (1,640,755 gallons). The total volume of these
two digesters is 438,710 ft3 (3,281,550 gallons). Anaerobic Digester Nos. 3, 4 and 5
each have a volume of 213,258 ft3 (1,595,170 gallons). The total volume of these three
digesters is 639,774 ft3 (4,785,510 gallons). The total volume of all five (5) anaerobic
digesters is 1,078,484 ft3 (8,067,060 gallons).
All five (5) anaerobic digesters utilize floating covers.
7.1.3

Sludge Feed and Distribution

The thickened sludge pumps located in Air Flotation Thickener Building Nos. 1 and 2
automatically start and stop based on the liquid level in the thickened sludge wet wells.
For further information on the thickened sludge pumps and their controls refer to Chapter
6, Dissolved Air Flotation Thickening, in this manual. The thickened sludge that is
pumped from Air Flotation Thickener Building No. 1 first passes through Valve Box No. 2
located outside on the south side of Air Flotation Thickener Building No. 1, as shown in
Figure No. 7-1. At this Valve Box No. 2 the thickened sludge can be directed to Valve
Box No. 3 located outside on the west side of Anaerobic Digester Nos. 1 and 2 and/or to
Valve Box No. 1 located outside between Anaerobic Digester Nos. 4 and 5. Typically,
the thickened sludge from Air Flotation Thickener Building No. 1 is directed through
Valve Box No. 1 where it is distributed into Anaerobic Digester Nos. 3, 4 and 5. The
thickened sludge from Air Flotation Thickener Building No. 2 is pumped to Valve Box No.
1 located between Anaerobic Digester Nos. 4 and 5 where it is distributed into Anaerobic
Digester Nos. 3, 4 and 5 or transferre3d to Valve Box No. 3 for distribution into
Anaerobic Digester Nos. 1 and 2.
Typically, the thickened sludge is pumped to Anaerobic Digester Nos. 3, 4 and 5 which
serve as the primary digesters. The thickened sludge is distributed equally into each
primary digester. The digested sludge from the primary digesters is then pumped
through to Valve Box No. 2 by the sludge transfer pumps to Valve Vault No. 3. At Valve
Box No. 3 the digested sludge is distributed in Anaerobic Digester Nos. 1 and/or 2.
These digesters can serve as the secondary digesters. From Anaerobic Digester Nos. 1
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and 2 the digested sludge is pumped to the Sludge Storage Tank located on the ground
floor of the Sludge Dewatering Building. The digested sludge is removed from the
Sludge Storage Tank and pumped up to the centrifuges for dewatering.
7.1.4

Sludge Heater / Heat Exchanger and Sludge Recirculation Pumps

The anaerobic digesters are designed so they can be operated at 95°F. At 95°F the
anaerobic digesters are operated in the mesophilic digestion phase. There are five (5)
sludge heater/heat exchangers, one per digester, each with a rated heating capacity of
2,000,000 BTU/hr. Each sludge heater/heat exchanger is designed for a sludge flow
rate of 350 gpm.
These heat exchangers contain their own burner that is connected on the end of each
heat exchanger. The burner on each heat exchanger were originally fueled with fuel oil
but were converted to be fueled by digester gas. The pilot light gas for the burners is
supplied by propane gas. The sludge pipes within the heat exchanger are surrounded
by water which is referred to as a water bath. The water bath is maintained at a
temperature of 180°F. There are two (2) water recirculation pumps located on the top of
each heat exchanger. These water recirculation pumps circulate the hot water from the
burner side of the heat exchanger to the sludge side of heat exchanger. These pumps
will help maintain equal distribution of the heat in the hot water bath. Each hot water
recirculation pump is rated at 135 gpm at a total dynamic head of 11 ft.
In Digester Control Building No. 1 (Digester Headhouse A) there are two (2) heat
exchangers that serve Anaerobic Digester Nos. 3 and 4. Originally this Digester Control
Building contained three (3) vertically mounted, non-clog, centrifugal type pumps that
served as sludge recirculation pumps. One pump served each digester/heat exchanger
combination and the third pump served as a standby pump. At this time the three
centrifugal type recirculation pumps are no longer in this control building. Presently, one
(1) positive displacement, progressive cavity type pump serves as a sludge recirculation
pump, as shown in Figure No. 7-2. This pump will remove sludge from one of the
digesters (Anaerobic Digester Nos. 3 or 4), pump it through a heat exchanger and return
the sludge back to the anaerobic digester. This pump is rated at 557 gpm at a discharge
pressure of 30 psig (69 ft). Since the centrifugal pumps are no longer in place the two
(2) positive displacement, progressive cavity Sludge Transfer Pumps can also serve as
Sludge Recirculation Pumps.
In Digester Control Building No. 2 (Digester Headhouse B) there is one (1) heat
exchanger that serves Anaerobic Digester No. 5. In the basement of the Digester
Control Building there are two (2) pumps that serve as sludge recirculation pumps for
Anaerobic Digester No. 5, as shown in Figure No. 7-3. One pump is a vertically
mounted, non-clog, centrifugal type pump rated at 350 gpm. The second sludge
recirculation pump is a positive displacement, progressive cavity type pump rated at 557
gpm at a discharge pressure of 30 psig (69 ft.). This pump serves the same function as
the centrifugal pump. Typically, one pump serves as a “Duty” pump and the second
pump serves as the “Standby” pump.
In Digester Control Building No. 3 (Digester Headhouse C) there are two (2) heat
exchangers that serve Anaerobic Digester Nos. 1 and 2, as shown in Figure No. 7-4. In
the basement of the Digester Control Building there are two (2) pumps that serve as
recirculation pumps for Anaerobic Digester Nos. 1 and 2. Each sludge recirculation
7-3

pump is a positive displacement, rotary lobe type pump. Each pump is rated at 350 gpm
at a discharge pressure of 70 psig (162 ft.).
Also located in the basement of Digester Headhouse C on the gas side there are two inline grinders (Muffin Monsters) located on the suction side of Sludge Recirculation Pump
Nos. 1 and 2. These in-line grinders (macerators) are used to cut and shred coarse
solids into smaller sizes to reduce plugging. Each in-line grinder is designed to operate
when its respective sludge pump is operating. Each in-line grinder is rated at 400 gpm.
7.1.5

SludgeTransfer Pumps

Digested Sludge Transfer Pumps are located in each Digester Control Building to
transfer sludge to different anaerobic digesters and/or transfer digested sludge from the
anaerobic digesters to the Sludge Dewatering Building to be dewatered by the
centrifuges. In the basement of Digester Headhouse A there are two (2) positive
displacement, progressive cavity type pumps used to remove sludge from Anaerobic
Digester Nos. 3 and 4 and transfer it to another location, as previously shown in Figure
No. 7-2. Each Sludge Transfer Pump is rated at 200 gpm at a discharge pressure of 30
psig (69 ft.).
In the basement of Digester Headhouse B there is one (1) positive displacement,
progressive cavity type pump used to remove sludge from Anaerobic Digester No. 5 and
transfer it to another location, as shown in Figure No. 7-5. The Sludge Transfer Pump is
rated at 200 gpm at a discharge pressure of 30 psig (69 ft.).
In the basement of Digester Headhouse C there are two (2) positive displacement,
progressive cavity type pumps used to remove sludge from Anaerobic Digester Nos. 1
and 2 and transfer to another location, as previously shown in Figure No. 7-4. Typically,
the Sludge Transfer Pumps located in Digester Control Building No. 3 (Digester
Headhouse C) are used to transfer digested sludge from Anaerobic Digester Nos. 1 and
2 to the Sludge Storage Tank located on the grade floor of the Sludge Dewatering
Building. Each Sludge Transfer Pump is rated at 557 gpm at a discharge pressure of 30
psig (69 ft.). Located in the basement of Digester Control Building No. 3 on the sludge
side there are two (2) in-line grinders (Muffin Monsters) located on the suction side of
Sludge Transfer Pump Nos. 1 and 2. These in-line grinders (macerators) are used to cut
and shred coarse solids into smaller sizes to reduce plugging. Each in-line grinder is
designed to operate when its’ respective sludge transfer pump is operating. Each in-line
grinder is rated at 400 gpm.
The transferring of digester sludge to different anaerobic digesters is for several
purposes. These purposes are:
1.

To transfer digested sludge from a primary digester to a secondary
digester.

2.

To seed a digester being started up using sludge from an active digester.

3.

To transfer buffer sludge into a “Sour Digester” to correct an
acid/alkalinity imbalance.
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4.

To transfer sludge from one digester to another if operating the primary
digesters in series.

5.

To transfer digested sludge from the secondary digesters to the Sludge
Dewatering Building for sludge dewatering.
Supernatant

The anaerobic digesters at the Metro Wastewater Treatment Plant are designed so they
can be operated as primary digesters or secondary digesters. Typically, Anaerobic
Digester Nos. 3, 4 and 5 are used as primary digesters and Anaerobic Digester Nos. 1
and/or 2 are used as secondary digesters.
A secondary digester is unheated and unmixed which allows the sludge to settle to the
bottom of the digester and the liquid to rise to the top of the digester above the sludge.
The liquid that is above the sludge is referred to as supernatant. The supernatant is
removed from a secondary digester to free up space in the digester for additional sludge.
Also, the removal of the liquid and adding more sludge will result in a thicker sludge to
be removed from the bottom of the digester. There are multiple elevations in the upper
portion of Anaerobic Digester Nos. 3, 4 and 5 where supernatant can be removed from
the digesters, as previously shown in Figure Nos. 7-2 and 7-3. The Operator must
select based on visual observations the elevation that has the clearest liquid which
should have the lowest total suspended solids (TSS) and biochemical oxygen demand
(BOD). The supernatant that is removed from a secondary digester flows by gravity to
plant influent sewers where it travels to the Plant Influent Pumping Station. Anaerobic
Digester Nos. 1 and 2 do not contain supernatant (decant) piping.
7.1.7

Digester Gas System

7.1.7.1

Introduction

The methane gas (digester gas) that is produced in the anaerobic digesters is used for
several purposes at the Metro Wastewater Treatment Plant. All of the digester gas that
is produced in the digesters travels to the top of the digester cover and collects in the
dome. The gas that has collected in the dome is removed and distributed to two main
locations. A portion of the digester gas is removed by the gas mixing system
compressor where it is compressed and then returned to different locations within the
digester.
The digester gas that is not used by the gas mixing system is removed from each gas
dome and transferred to the digester gas system. The digester gas system consists of a
low pressure gas system and a high pressure gas system. Any excess gas is
transferred to the waste gas burners.
The digester gas that is produced in the anaerobic digesters consists mostly of methane
and carbon dioxide. At the Metro Wastewater Treatment Plant the digester gas not used
in the gas mixing system is used as a fuel source for the sludge heater/heat exchangers
and as one of the fuel sources for the incinerator burners. The higher the methane
content of the digester gas the better the gas will burn. A higher methane content also
indicates that the digestion process is functioning properly.
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7.1.7.2

Digester Gas Mixing System

A portion of the digester gas is removed from the gas dome and drawn into the suction
side of the gas mixing system compressor. Each digester has its own gas mixing
system. The gas compressor increases the digester gas pressure and discharges the
gas back into the digester through a series of lances. Anaerobic Digester Nos. 1 and 2
each utilize twelve (12) lances positioned at strategic locations in the digesters, as
shown in Figure No. 7-6. Anaerobic Digester Nos. 3, 4 and 5 each utilize eleven (11)
lances positioned at strategic locations in the digesters, as shown in Figure No. 7-7. A
rotary valve automatically cycles the digester gas to each lance for a preset time before
it moves on to the next lance. The rotary valves and gas compressors for Anaerobic
Digester Nos. 1 and 2 are located in Digester Control Building No. 3 (Digester
Headhouse C). The rotary valves and gas compressors for Anaerobic Digester Nos. 3,
4 and 5 are located in a housing on the roof of each anaerobic digester.
The roof mounted gas compressors located on Anaerobic Digester Nos. 3, 4 and 5 are
each rated at 200 cfm at a discharge pressure of 10 psig. The gas mixing compressors
for Anaerobic Digester Nos. 1 and 2 are rated at 210 cfm at a discharge pressure of 14
psig.
7.1.7.3

Low Pressure Gas System

The digester gas that is removed from anaerobic digesters is typically a low pressure
gas in the pressure range of 6-14 inches W.C. (Water Column). The digester gas from
the digesters first travels through a condensate and sediment accumulator where a large
amount of water drops out of the gas stream. After the accumulator the low pressure
gas enters the low pressure gas header system. At the Metro Wastewater Treatment
Plant there are two (2) low pressure digester gas systems, as shown in Figure Nos. 7-8,
7-9 and 7-10. The first low pressure digester gas system serves Anaerobic Digester
Nos. 1 and 2 and the second low pressure digester gas system serves Anaerobic
Digester Nos. 3, 4 and 5.
Both low pressure digester gas systems are similar. After the digester gas passes
through the accumulator located at each digester it then enters a header system. On the
header system for each low pressure digester gas system there are two (2) Low
Pressure Displacement Gas Holders. The two (2) Gas Holders for Anaerobic Digester
Nos. 1 and 2 are located outside just east of the Digester Gas Storage Sphere. The two
(2) Gas Holders for Anaerobic Digester Nos. 3, 4 and 5 are located outside on the north
side of Digester Headhouses A and B. The four (4) Gas Holders each have a gas
storage capacity of 500 ft3. As the digester gas enters the Gas Holders a cylinder
(piston) inside raises as more gas enters and then lowers when gas is removed from the
system by the gas blowers. The Low Pressure Displacement Gas Holders provide gas
volume for the gas blowers that feed the gas storage sphere. The Gas Holders not only
provide gas volume for the gas blowers but they also provide the proper gas pressure to
push the gas into the blowers. This is accomplished because of an enclosed chamber
located at the bottom of the piston. The enclosed tank is filled with fuel oil to add weight
to the piston. The quantity of oil in the chamber determines the gas pressure in the low
pressure gas system. The gas pressure in the system can range between 8 to 14
inches W.C. Refer to Section 7.2.25 to see a chart that states the quantity of oil required
in the chamber to achieve the required gas pressure.
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7.1.7.4

High Pressure Gas System

The gas from the anaerobic digesters first flows into the low pressure gas system. Gas
blowers are then used to increase the gas pressure and transfer it to the Gas Storage
Sphere. There are five (5) Digester Gas Blowers used to increase the gas pressure
from the low gas system to the high pressure gas system. All five (5) Digester Gas
Blowers are positive displacement, rotary lobe type blowers. There are three (3) gas
blowers located in Digester Control Building 2 (Digester Headhouse B) and two (2) gas
blowers are located in Digester Control Building No. 3 (Digester Headhouse C), as
shown in Figure Nos. 7-9 and 7-10. Each Digester Gas Blower is rated at 293 cfm at a
discharge pressure of 13 psig. The gas storage sphere is 32 ft. in diameter and holds
17,125 ft3 of digester gas. The high pressure digester system operates at a pressure of
10 to 25 pisg. The digester gas is removed from the gas sphere and transferred to the
sludge incinerators to be used as one of the fuel sources for the incinerator burners.
7.1.7.5

Waste Gas Burners

The digester gas system is equipped with three (3) waste burners used to burn off
excess digester gas. Each waste gas burner is fed with a 6-inch gas line and rated at
20,000 ft3/hr. The waste gas burners are located at two locations within the plant where
one (1) waste gas burner serves Anaerobic Digester Nos. 1 and 2 and two (2) waste gas
burners serve Anaerobic Digester Nos. 3, 4 and 5.
When the gas pressure in the low digester gas system reaches a preset high level a
pressure relief valve opens and sends gas to the waste gas burner. This pressure
setting varies from plant to plant but it is typically set between 8-10 in. W.C. At this time
the Metro Wastewater Treatment Plant will be re-setting these controls in 2012. As the
excess gas is burned at the waste gas burner then the pressure in the gas system will
reduce. Once the digester gas pressure reduces to a preset point, then the pressure
relief valve will close, thus, stopping the gas flow to the waste gas burner. The digester
gas (methane gas) is automatically ignited at the waste gas burner by an electronic
ignitor on a gas pilot line. When the waste gas burner is in the automatic mode of
operation, the ignitor sends a signal to a 10 Kv transformer at preset intervals. The
transformer is energized and the electrodes will spark continuously igniting the pilot gas
line. The pilot gas will ignite the digester gas to start the burning. At the Metro
Wastewater Treatment Plant propane gas is used as the gas source for the pilot line.
7.1.7.6

Gas Safety Equipment

Digester gas is mostly methane which is very flammable. Since there is a chance for
fires and/or explosions within the anaerobic digestion process, safety devices have been
installed throughout the digestion system. The digester gas safety equipment consists
of flame traps, flame arresters, pressure relief valves, etc. The Operator should refer to
Section 7.3.9 for a description of each piece of safety equipment used within the
digestion system.
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7.2

EQUIPMENT OPERATION

7.2.1

Introduction

This section describes the operation of the anaerobic sludge digestion process. It
includes the operation of the digester tanks and covers, sludge heater/heat exchangers,
sludge recirculation pumps, sludge transfer pumps, digester gas mixing system, low
pressure displacement gas holders, gas blowers, digester gas storage sphere, waste
gas burners and the controls, meters, etc., associated with this system. The operation
as described here involves only normal operation and control of the equipment. For
further information regarding the internal operation and maintenance of a particular piece
of equipment, consult the equipment manufacturer’s operation and maintenance manual
and shop drawings on file at the treatment plant.
Most electric motors are equipped with a “Lock-Out-Stop” or “Emergency Stop” switch
located at the unit. These switches are provided as a safety measure for emergency
shutdown of the motor or for “locking-out” the motor to prevent accidental starting while
maintenance or repair is in progress. When a piece of equipment is locked out, the
Employees must follow the City’s Lockout/Tagout Program. A copy of the City’s
Lockout/Tagout requirements are provided in Appendix B of this manual. The switches
are normally in the “Start” or “On” position so that control of the motors is from the motor
control center, selector switches at the motor, remote control panels or on the
Supervisory Control and Data Acquisition (SCADA) system.
Operators must be aware that there are multiple ways to navigate through the SCADA
screens and the following write-ups discuss only one method of maneuvering through
these screens. Operators must find a method that makes them feel comfortable and
enables them to control the equipment efficiently. Please note that depending upon the
control location within the plant the equipment can be controlled by different procedures
on SCADA. For example, if the Operator is controlling equipment in the Air Flotation
Thickener Building, the Operator would use function buttons (F) to step through the
screens and control the equipment. The equipment controlled at the Operator Interface
Panel in a Digester Control Building would touch the icons on the screen to step through
the screens and set the equipment controls. However, if the equipment is being
controlled from a computer in a remote location, then the Operator must use the cursor
and mouse to select and control equipment. The basic controls are the same but how
an Operator pulls up that equipment at the various SCADA screens is different.
At the Metro Wastewater Treatment Plant the digester equipment is located in three (3)
different buildings and digester equipment is located outside on the plant site. Due to
the extensive quantity of equipment used in this process and the various equipment
locations, this section of the chapter will discuss the operation of the equipment based
on equipment location. This section of the chapter is divided into five (5) sections as
follows.


Anaerobic Digesters



Digester Control Building No. 1 (Digester Headhouse A)



Digester Control Building No. 2 (Digester Headhouse B)
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Digester Control Building No. 3 (Digester Headhouse C)



Plant Site Digester Equipment

IMPORTANT: A number of pieces of the equipment throughout the digestion process
were originally designed to be operated “Automatically”. However, due to nonfunctioning controls, missing equipment, and damaged equipment, a majority of the
equipment is currently only operated in the “Manual” mode of operation. In 2011, the
City assigned an engineering firm a project to design upgrades to Digester Control
Building Nos. 1 and 2 (Digester Headhouse A and B); however, those upgrades were
not in place at the time this manual was prepared. Therefore, the discussions of the
equipment operation in this section will be written using the current operating modes.
A.

Anaerobic Digesters

7.2.2

Anaerobic Digesters

There are five) anaerobic digesters located at the Metro Wastewater Treatment Plant.
The anaerobic digesters are used to stabilize the plant solids before it is transferred to
the centrifuges for dewatering. All five anaerobic digesters are designed so they can be
operated as primary digesters but typically the plant personnel operate one or two
digesters as secondary digesters. Typically, Anaerobic Digester Nos. 1 and/or 2 serve
as the secondary digesters. The sizes and capacities of the anaerobic digesters are
listed as shown in Table No. 7-1.

TABLE NO. 7-1
ANAEROBIC DIGESTER SIZES

Digester

Diameter,
ft.

Max. Sidewater
Depth, ft.

Cone Depth,
ft.

Volume
Cubic Feet

Gallons

No. 1

100

23

14.83

219,355

1,640,773

No. 2

100

23

14.83

219,355

1,640,773

No. 3

100

23

12.5

213,258

1,595,170

No. 4

100

23

12.5

213,258

1,595,170

No. 5

100

23

12.5

213,258

1,595,170

1,078,484

8,067,060

Total

All five (5) anaerobic digesters are constructed with floating covers. These covers float
on the liquid in the digesters and these covers move up and down as the liquid rises up
and down.
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Originally, all of the digesters contained digester gas mixing systems located on the roof
decks. In 2001, the gas mixing systems on Anaerobic Digester Nos. 1 and 2 were
removed from the roof and installed in Digester Control Building No. 3 (Digester
Headhouse C). The gas mixing system for Anaerobic Digester Nos. 3, 4 and 5 are still
located on the roof decks. The roof mounted units are self-contained units that each
contain a gas compressor and rotary valve. The digester gas is discharged into twelve
(12) lances located at various discharge ports.
The digester covers also contain manways, sample ports and safety equipment. The
safety equipment on the cover of each digester consists of a flame arrester and a
pressure/vacuum relief valve.
B.

Digester Control Building No. 1 (Digester Headhouse A)

7.2.3

Digester Nos. 3 and 4 Sludge Feed System

7.2.3.1

Introduction

Thickened sludge is pumped to Anaerobic Digester Nos. 3 and 4 on a regular basis. It is
important that the primary digesters are fed sludge consistently. The feed sludge is first
fed through the heat exchanger before entering the primary digester. It is important to
heat the feed sludge before it enters the primary digester so the cold sludge does not
affect the operation of the digesters. The feed sludge is also mixed with sludge from the
primary digester as supplied by the Sludge Recirculation Pumps.
Mixing the
recirculation sludge with the feed sludge buffers the feed sludge before it enters the
primary digester.
7.2.3.2

Start-up Procedures
1.

Ensure that the manual valves for the feed sludge in the Digester Control
Building are open. There are numerous digester and pump combinations;
therefore, refer to Figure No. 7-2 for determining which manual valves
should be opened.

2.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC12 for the Automatic Valves to the “On” position. During normal
operation, this switch is always in the “On” position and only requires
occasional checking to ensure it has not tripped.

3.

Place the “Local-Remote” selector switch located on each Motorized
Valve to the “Remote” position. In the “Local” position, the valve is
controlled by using the “Open-Stop-Close” switch on the valve.

The Operator can now control the Automatic Motorized Valve from the Operator
Interface Panel located on the grade floor of the Digester Control Building by performing
the following:
4.

Pull up the Main Menu by pressing on the screen.
screen will appear, as shown in Figure No. 7-11.

7-10

The Main Menu
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FIGURE NO. 7-11 - DIGESTER NOS. 3 AND 4 MAIN MENU SCREEN

5.

On the Main Menu the Operator must log-in so he/she can control the
equipment.

6.

On the Main Menu press the Digester No. 3 or Digester No. 4 Sludge
Feed button.

7.

After the Sludge Feed button is pressed the Digester Nos. 3 or 4 Sludge
Feed System screen will appear, as shown in Figure No. 7-12.

8.

Press the Motorized Sludge Feed Valve icon (FCV-42005 or FCV-43010
depending upon the display screen) on the inlet side of the Sludge
Heater/Heat Exchanger. A valve pop-up display will appear on the
screen, as shown in Figure No. 7-13. Please note that Motorized Sludge
Feed Valves can also be pulled up on the Digester Nos. 3 and 4
Overview display screen or the Digester No. 3 and 4 Sludge Recirculation
System display screen, as shown in Figure Nos. 7-14 and 7-15.

9.

Press the “Auto-Man” Control Mode button for the Motorized Sludge Feed
Valve and place the valve to the “Man” mode of operation. The valve
control mode can be verified by looking at the box next to the Control
Mode indication. At this time the plant does not operate the Motorized
Sludge Feed Valves in “Auto”. Please note that the Control Mode box will
indicate whether the Feed Valve is in “Automatic”, “Remote Hand” or
“Local” mode of operation. This will alert the Operator whether the valve
is controlled automatically, at the Control Panel, or at the valve.

10.

Once the Motorized Sludge Feed Valve is in “Manual” control then the
Operator can use the “Open” and “Close” buttons on the valve pop-up
display to control the valve. The pop-up display also shows the status of
the valve “Open” or “Closed”.

11.

The pop-up display can be closed by pressing on the “X” in the upper
right hand corner of the display.

12.

On the Digester No. 3 or 4 Sludge Feed System display screen there are
four (4) Motorized Valves located on the discharge side of the Sludge
Heater/Heat Exchanger (Valves FCV-42001, FCV-42002, FCV-42003
and FCV-42004). Select one (1) valve and press the Valve icon.

13.

A Motorized Sludge Feed Valve pop-up display will appear, as shown in
Figure No. 7-16.

14.

Press the “Auto-Man” Control Mode button for the Motorized Sludge Feed
Valve to the “Man” mode of operation position. If the valve is in the
“Remote Hand” position, then the valve must be controlled at the valve.
In the “Local” mode the valve will be controlled by using the “Open” and
“Close” buttons on the Valve pop-up control display. The pop-up valve
display provides an indication of the valve status whether it is “Open” or
“Closed”.
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7-13
FIGURE NO. 7-12 – DIGESTER NO. 3 SLUDGE FEED SYSTEM DISPLAY SCREEN

7-14
FIGURE NO. 7-13 - SLUDGE FEED VALVE CONTROL PANEL DISPLAY SCREEN

7-15
FIGURE NO. 7-14 - DIGESTER NOS. 3 AND 4 – OVERVIEW DISPLAY SCREEN
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FIGURE NO. 7-15 - DIGESTER NOS. 3 AND 4 - SLUDGE RECIRCULATION SYSTEM DISPLAY SCREEN
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FIGURE NO. 7-16 - MOTORIZED SLUDGE FEED VALVE CONTROL PANEL SYSTEM DISPLAY SCREEN

15.

Close the pop-up display by pressing the “X” in the upper right hand
corner of the pop-up display box.

16.

If the Operator wishes to feed sludge to a second location or multiple
locations within the digester, then repeat Step Nos. 12-15 to open another
valve (FCV-42001, FCV-42002, FCV-42003 or FCV-42004).

7.2.3.3

Normal Operation

The feeding of thickened sludge to the anaerobic digesters at the Metro Wastewater
Treatment Plant is normally accomplished manually. The thickened sludge pumps in the
two (2) Air Flotation Thickener Buildings can be operated automatically where they
would start and stop automatically based on the liquid level in their respective wet wells.
However, the Operators manually operate the thickened sludge pumps and monitor the
wet well levels. The Operators manually start these pumps and transfer sludge to the
anaerobic digesters until the liquid level in the wet well recedes to a preset low level.
Before a Thickened Sludge Pump is started the Operator selects the digester that is to
be fed sludge and manually opens the Motorized Sludge Feed Valves on the Digester
Control Building Operator Interface Panel for that digester. The Motorized Sludge Feed
Valve on the inlet side of the heat exchanger must be open and the Operator must select
a feed point or points into the digester by opening the Motorized Valve(s) on the
discharge side of heat exchanger. The Operator will feed thickened sludge into the
digester until liquid level in the Thickened Sludge Wet Well reaches a preset low level.
Once the digester is fed with sludge the Operators switch to another digester for the next
cycle. Another method used by the Metro Operators is to feed a primary digester for
four (4) hours and then feed the next primary digester for four (4) hours and so on. The
Operators must also feed the digesters at a consistent rate and on a regular basis. The
digester should be fed at a rate of 80-110 lbs V.S./1000 ft3/day.
While a digester is being fed with thickened sludge the recirculation pump should be
operating. Operating the recirculation pump while feeding the digester allows the
incoming sludge to be mixed with already digesting sludge and warms up the incoming
sludge so the bacteria in the digester are not shocked with cold sludge.
7.2.3.4

Shutdown Procedures
1.

For a short-term shutdown, pull up the Motorized Sludge Feed Valve
control screen on the Digester Control Building Operator Interface Panel
and press the “Close” button. IMPORTANT: Before closing the valve
ensure that the sludge flow is directed to another digester or the
thickened sludge pumps are turned off.

2.

For a long-term shutdown, repeat Step No. 1. If a valve is taken out of
service for an extended period of time, then the “On-Off” circuit breaker
located on Motor Control Center MCC12 must be placed into the “Off”
position.
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7.2.3.5

Alternate Operation

There are several alternate modes of operation for the sludge feed system Motorized
Sludge Valve. The first alternate mode of operation would be to place the valve in
“Local” at the valve operator and use the “Open-Stop-Close” selector switch on the valve
operator. A second alternate mode of operation would be to place the valve in “Local” at
the valve and then use the Manual Handcrank on the valve to “Open” and “Close” the
valve.
A third alternate mode of operation would be to place the valve in “Remote” at the valve
and place the valve in “Automatic” at the Operator Interface Panel in the Digester
Control Building. However, at this time this mode of operation is not available.
7.2.3.6

Power Failure

If there is a power failure the valve will remain in the last position it was at before the
power went out. After utility power is restored the valve will automatically come back on
line.
7.2.4

Sludge Heater/Heat Exchanger Nos. 3 and 4

7.2.4.1

Introduction

There are two (2) sludge heater/heat exchangers located in Digester Control Building
No. 1 (Digester Headhouse A), as shown in Figure No. 7-17. Each heater/heat
exchanger is rated at a minimum heating capacity of 2,000,000 BTU/hr. Each heat
exchanger contains its own burner that heats a water bath within the heat exchanger to
maintain the water bath temperature at 180°F. The sludge is pumped through the pipes
that serpentine through the water bath. As the sludge passes through the pipes it picks
up heat until the sludge reaches a temperature of 95°F. Each burner is supplied
methane gas as the main fuel source and propane gas for the pilot line gas.
Each sludge heater/heat exchangers is supplied 480 volt, three phase electrical power
from Motor Control Center MCC12 located in Digester Control Building No. 1.
7.2.4.2

Start-up Procedures
1.

Ensure that the heat exchangers are filled with water. The proper
operation is that there are at least 2-inches of water visible in the
expansion tank site glass. The water in the heat exchanger should be
slightly alkaline (pH 7.1-7.5).

2.

Ensure that valves on the main gas system and pilot light are properly set
and the gas systems are ready for operation.

3.

Ensure that the sludge valves to and from the heat exchangers are open
and the bypass valve at the heat exchanger is closed.
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Heat Exchanger

Open Valves

Closed Valves

HEX-3

A-SR-12
A-SR-13

A-SR-14

HEX-4

A-SR-15
A-SR-16

A-SR-17

Refer to the following table and Figure No. 7-2 to determine the correct
valves to set per the flow pattern used for the particular operation.
4.

Ensure that the sludge recirculation pumps are operational.

5.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC12 for each Sludge Heater/Heat Exchanger to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

6.

Place the “On-Off” circuit breaker located inside each Sludge Heater/Heat
Exchanger Control Panel for each Hot Water Circulation Pump to the
“On” position. During normal operation, these switches are always in the
“On “position and only require occasional checking to ensure that they
have not tripped.

7.

Place the “On-Off” circuit breaker located inside each Sludge Heater/Heat
Exchanger Control Panel for the Induced Draft Fan to the “On” position.
During normal operation, this switch is always in the “On” position and
only requires occasional checking to ensure it has not tripped.

8.

Place the “On-Off” circuit breakers located inside each Sludge
Heater/Heat Exchanger Control Panel for the 120 volt Oil Pump and the
120 volt Controls (CB077-1 and CB077-2 to the “On” positions. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped. Note:
Place the “On-Off” circuit breaker for the Oil Pump to the “Off” position
since this pump is no longer in service.

9.

Set the 24 hour timeclock located inside each Sludge Heater/Heat
Exchanger Control Panel for the Cycle Timer to the desired setting. The
initial recommended setting is 1 hour. Once this timer is set there should
be only minimal changes.

10.

Set the 0-60 minute timer located inside each Sludge Heater/Heat
Exchanger Control Panel for the Low Gas Pressure to the desired setting.
The initial recommended setting is 1 minute. Once this timer is set there
should be no need to change the setting.

11.

While inside each Sludge Heater/Heat Exchanger Control Panel set the
following controls:
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Operating Thermostat:
Set at 160°F “On” and 180°F “Off”



High Limit Thermostat:
Set at 220°F

Once these temperatures are set there should be no need to change
these thermostat settings.

7.2.4.3

12.

Place the “On-Off” disconnect switch located on the outside of each
Sludge Heater/Heat Exchanger Control Panel to the “On” position.
During normal operation, this switch is always in the “On” position and
only requires occasional checking to ensure it has not been turned “Off.”

13.

Place the “Continuous-Intermittent” selector switch located on the Sludge
Heater/Heat Exchanger Control Panel for the Sludge Recirculation Pump
to the “Intermittent” position. In the “Continuous” position the Sludge
Recirculation Pump will operate continuously.

14.

Place the “On-Off” selector switch located on the Sludge Heater/Heat
Exchanger Control Panel for the Continuous Hot Water Bath to the “On”
position. In the “Off” position the water temperature thermostats will be
out of service.

15.

Place the “Digester Gas/Natural Gas – Digester Gas – Digester Gas/Oil –
Oil – Oil” selector switch located on the Sludge Heater/Heat Exchanger
Control Panel for the Fuel Selection to the “Digester Gas” position. Since
there is only a single gas source to the heat exchangers, the other
selector switch positions are non-operational.

16.

Place the “Continuous –Intermittent” selector switch for the Induced Draft
Fan located on the Sludge Heater/Heat Exchanger Control Panel to the
“Intermittent” position. In the “Continuous” position, the Induced Draft Fan
will operate continuously.

17.

Place the “Manual-Off-Automatic” selector switch for the Sludge Heater
located on the Sludge Heater/Heat Exchanger Control Panel to the
“Automatic” position. In the “Off” position the heat exchanger will not
operate. In the “Manual” position, the Operator initiates the starting of the
Sludge Heater/Heat Exchanger and Sludge Recirculation Pump.
Normal Operation

During normal operation, the Sludge Recirculation Pumps and Sludge Heater/Heat
Exchangers are in the “Automatic” mode of operation. The selector switches located on
the Sludge Heater/Heat Exchanger Control Panel are in the following normal positions:
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Selector Switch

Position

Sludge Heater

Automatic

Sludge Recirculation Pump

Intermittent

Constant Hot Water Bath

On

Fuel Select

Digester Gas

Induced Draft Fan

Intermittent

With the selector switches in the positions as previously shown, the following operating
sequence will occur.
1.

The 24-hour cycle timer sends a signal to start the Sludge Recirculation
Pump per the time set by the Operator. Please note the sludge heater
and sludge recirculation pump will also start if cold feed sludge is fed to
the sludge heater/heat exchanger and the sludge thermostat closes.

2.

The Sludge Recirculation Pump starts pumping sludge from the digester
to the sludge heater. If the temperature is below 95°F the Sludge
Thermostat will close sending a signal to the Hot Water Recirculation
Pump to start.

3.

If the temperature of the water bath inside the sludge heater falls below
160°F, then a signal will be sent to the burner to start.

4.

Before the burner can start the following conditions must be met.


The “Low Water” cut-off switch must not be activated.



The “High Limit” thermostat must not be closed.



The digester gas pressure must be above 1½-inches W.C. and
the gas pressure switch must be closed to confirm that pressure.

5.

Once the parameters in Step No. 4 are met, a signal is sent to the burner
to start. Before the burner starts the Induced Draft Fan will start and
operate for 30 seconds to purge the gases from the burner before starting
the burner. The purge cycle is to avoid an explosion.

6.

The Burner will start after the purge cycle has completed and it will
continue to fire until one of the following conditions are met:


The water bath reaches 180°F.



The sludge temperature reaches 95°F.
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A flame failure occurs.



If the digester gas pressure fails below 1½-inches W.C. Note: If
the digester gas pressure falls below 1½-inches W.C. the
sludge heater will stop and not start again until the gas
pressure reaches 5-inches W.C.

As the sludge is circulating through the sludge heater the burner will stop when
the hot water bath reaches 180°F and start when the hot water bath falls below
160°F. This cycle will continue until the sludge temperature reaches 95°F.
Once the sludge temperature reaches 95°F the burner will stop and the sludge
recirculation pump will operate for an additional couple of minutes in order to
remove some of the heat from the water bath so the sludge does not bake onto
the inside of the sludge tubes. If sludge bakes onto the tubes it will reduce the
sludge heat transfer efficiency, thus, requiring the sludge recirculation pump to
operate longer in order for the sludge temperature to reach 95°F.
In the Digester Control Building there is an air compressor that was used for the
operation of the sludge heater/heat exchanger when the sludge heaters used fuel
oil as the fuel source for the burner. The compressed air would be used in
conjunction with the fuel oil to produce a mist of fuel oil that would be fed to the
burner. The burner operates better when fuel oil is supplied as a mist rather than
a full liquid. The air is referred to as “Atomization Air.” Presently, the fuel oil
pump and air compressor are no longer in service since fuel oil is no longer used
as a fuel source for the sludge heater/heat exchangers.
7.2.4.4

Shutdown Procedures
1.

For a short-term shutdown, place the “Manual-Off-Automatic” selector
switch located on the Sludge Heater/Heat Exchanger Control Panel to the
“Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition,
a)

Place the “On-Off” disconnect switch on the Sludge
Heater/Heat Exchanger to the “Off” position.

b)

Place the “On-Off” circuit breaker located on Motor Control
Center MCC12 to the “Off” position.

c)

Turn off the digester gas line by closing the manual gas
valve.

d)

If the sludge heater is to be down for a long period of time,
then drain the water from the sludge heater.

e)

Re-route the digester sludge to the in-service Sludge
Heater/Heat Exchanger.
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7.2.4.5

Alternate Operation

There are several alternate modes of operation for the Sludge Heater/Heat Exchanger.
The first alternate mode of operation would be to operate the sludge heater by manually
placing the “Manual-Off-Automatic” selector switch located on the Sludge Heater/Heat
Exchanger Control Panel to the “Manual” position. When the selector switch is placed in
“Manual” the Hot Water Recirculation Pump and Sludge Recirculation Pump will operate
continuously, independent of the 24 hour timeclock. The sludge thermostat will have no
control of the sludge temperature and the heater will fire each time the water bath
temperature falls to 160°F and will continue to fire until the water bath temperature
reaches 180°F.
The other alternate mode of operation would be to operate the equipment manually at
the Sludge Heater/Heat Exchanger using the selector switches on the sludge heater
control panel.
7.2.4.6

Alarm Conditions

The Sludge Heater/Heat Exchanger has several alarms that are factory set to protect the
sludge heater. These alarms are as follows:


Hot Water Bath Over Temperature



Low Water



Atomization Air



Flame Failure

If there is a “Hot Water Bath Over Temperature Alarm”, the Operator must ensure the
problem is corrected and then press the “Hot Water Bath Over Temperature” reset
button located on the Sludge Heater/Heat Exchanger Control Panel. The water bath
over temperature alarm occurs when the water bath temperature reaches 220°F. The
burner will shut down and the high limit thermostat must be manually reset by pressing
the “Reset” button. A “Hot Water Bath Over Temperature Alarm” could occur because of
several reasons. The first reason would be a faulty hot water recirculation pump, or
faulty water temperature control thermostat, etc.
If there is a “Low Water Alarm”, then the heater will not fire until the water level is back to
the proper level.
If there is no flame presented in the combustion chamber and the fuel valves are open,
the “Fireye” will automatically close the fuel valves to the burner and sound the alarm. If
this occurs, press the “Flame Safety” reset button and hold for approximately 2 minutes.
Other safety controls for the sludge heater are:


High Pressure Relief Valve



Belt Failure

The sludge heater is designed for a maximum pressure of 30 psig. If the pressure
exceeds 30 psig, then the pressure relief valve on the top of the sludge heater will open.
7-24

If the belt on the Induced Draft Fan breaks or becomes loose, then the burner will not
fire. If the burner was operating, then the burner will shut down as controlled by the air
proving switch.
7.2.4.7

Power Failure

If there is a power failure the sludge heater will shutdown. After utility power is restored
the sludge heater will automatically come back on line.
7.2.5

Sludge Recirculation Pump Nos. 3 and 4

7.2.5.1

Introduction

Sludge recirculation pumps are used to remove sludge from the digesters, pump it
through the Sludge Heater/Heat Exchangers and back to the digesters. Pumping sludge
through the sludge heaters increases and maintains the digester sludge temperature at
95°F. The sludge recirculation pumps can be operated automatically or manually. Each
sludge recirculation pump is rated at 350 gpm at a total dynamic head of 30 ft.
It should be noted that originally there were three (3) centrifugal type pumps in Digester
Control Building No. 1 (Digester Headhouse A) that were used as Sludge Recirculation
Pumps. These pumps are no longer in this building. Presently, sludge recirculation is
accomplished by using positive displacement, progressive cavity type pumps. Since the
centrifugal pumps are no longer in place the original Sludge Transfer Pumps also serve
as the Sludge Recirculation Pumps. In addition, a third progressive cavity pump was
installed to serve both Sludge Recirculation and Sludge Transfer duties. These pumps
are presently operated manually.
The sludge recirculation pump is driven by a 25 Hp motor that receives 480 volt, three
phase electrical power from Motor Control Center MCC12 located on the grade floor of
Digester Control Building No. 1 (Digester Headhouse A). Note: The original Sludge
Transfer Pump controls are described in Section 7.26 of this chapter.
7.2.5.2

Start-up Procedures

Normally the Sludge Recirculation Pumps would be in the “Automatic” mode of operation
where they would start at periodic times, as controlled from the Sludge Heater/Heat
Exchanger and stop when the sludge temperature reaches 95°F. However, since the
Sludge Heaters are not functioning and the original three Sludge Recirculation Pumps
are not in place, the recirculation system is manually operated using the progressive
cavity pumps. The following discussion will describe how the Sludge Recirculation
Pumps should be placed in the “Automatic” mode of operation. The Operator should
refer to Section 7.2.5.5, Alternate Operation, to read how the Sludge Recirculation
Pumps are currently being operated at the Metro Wastewater Treatment Plant.
1.

Ensure that the valves on the suction and discharge side of the sludge
recirculation (transfer) pumps from the digester, through the sludge
heater and back to the digester, are open.

2.

Ensure that the Sludge Heater/Heat Exchanger is in the “Automatic”
mode of operation.
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3.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC12 for each Sludge Recirculation Pump to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped. Note:
At this time there is only one Sludge Recirculation Pump.

4.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC12 for each duty Sludge Recirculation Pump to the “Auto”
position. In the “Off” position, the pump will not operate. In the “Hand”
position, the pump will operate continuously. Note: During normal
operation the Sludge Recirculation Pumps would be in the “Automatic”
mode of operation. However, since the sludge heaters are not in
operation the Sludge Recirculation Pumps are currently being operated in
the “Manual” mode of operation.

The Operator can now control the Sludge Recirculation Pump from the Operator
Interface Panel located on the grade floor of the Digester Control Building by
performing the following:
5.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-11.

6.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

7.

On the Main Menu press the Digester Nos. 3 and 4 Sludge Recirculation
system button.

8.

After the Digester Nos. 3 and 4 Sludge Recirculation button is pressed,
the Sludge Recirculation System display screen will appear, as previously
shown in Figure No. 7-15.

9.

Press the Sludge Recirculation Pump icon on the screen.

10.

A pop-up display of the Sludge Recirculation Pump Control Panel display
will appear on the screen, as shown in Figure No. 7-18.

11.

On the Sludge Recirculation Pump pop-up Control Display, place the
pump in “Automatic” by pressing the “Auto-Man” Control Mode button. In
the “Man” mode the pump is controlled by using the “Start” and “Stop”
buttons on the pump pop-up Control Display.

12.

Close the Sludge Recirculation Pump pop-up Control Display by pressing
the “X” in the upper right hand corner of the display.

13.

Return to Digester Nos. 3 and 4 Sludge Recirculation system display
screen.

14.

Press the “Setup” button in the lower left hand side of the screen. Note:
The “Setup” button will only appear on the screen after the Operator has
logged on.
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FIGURE NO. 7-18 - SLUDGE RECIRCULATION SYSTEM DISPLAY SCREEN

14.

The Digester Setup display will appear on the screen, as shown in Figure
No. 7-19.

15.

Ensure that Recirculation and Transfer Pump “High Discharge Pressure
Alarm” settings are properly set. They should read as follows:

7.2.5.3

Pump

Alarm Pressure

Reset Pressure

Recirculation Pumps

150 psig

75 psig

Transfer Pumps

100 psig

71 psig

Normal Operation

During normal operation, the Sludge Recirculation Pump would be in the “Automatic”
mode of operation. In this mode of operation the Sludge Recirculation Pump will start
automatically, as controlled by the timeclock in the Sludge Heater/Heat Exchanger. The
pump will continue to operate until the thermostat at the sludge heater reaches 95°F. At
that point the temperature of the sludge in the digester is at the proper operating
temperature. Once the digester reaches 95°F the Sludge Recirculation Pump will stop.
When the digester is being fed sludge, the cold sludge will trip the sludge thermostat that
will start the Sludge Recirculation Pump. The Sludge Recirculation Pump will operate
until the thermostat reaches 95°F at the sludge heater.
7.2.5.4

Shutdown Procedures
1.

For a short-term shutdown, pull up the Sludge Recirculation Pump
Control Display on the Operator Interface Panel in Digester Sludge
Building No. 1 (Digester Headhouse A), place the pump in “Manual” and
press the “Stop” button. The Sludge Recirculation Pump can also be
stopped by placing the “Hand-Off-Auto” selector switch on Motor Control
Center MCC12 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC12 to
the “Off” position. Note: Another Sludge Recirculation Pump must be
placed into operation to serve the in-service digester and sludge heater
so the operation of the anaerobic digestion process is not hindered.
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FIGURE NO. 7-19 – HIGH PRESSURE DISCHARGEE ALARM SCREEN

7.2.5.5

Alternate Operation

There are several alternate modes of operation for the Sludge Recirculation Pumps and
system. The first alternate mode of operation would be to use the standby pump to
circulate sludge through the sludge heater.
The second alternate mode of operation would be to place the pump in the “Manual”
position on the Sludge Recirculation Pump pop-up control display panel on the Operator
Interface Panel. In this mode of operation the pump can be controlled using the “Start”
and “Stop” buttons on the Sludge Recirculation pop-up control display. In this mode of
operation the pump will operate continuously until the pump button is pressed or the
pump is placed back into the “Automatic” mode of operation.
The third alternate mode of operation would be to place the “Hand-Off-Auto” selector
switch located on Motor Control Center MCC12 to the “Hand” position. In the “Hand”
position, the pump will operate until the selector switch is placed back into the “Off”
position.
Currently, at the Metro Wastewater Treatment Plant the Sludge Recirculation Pumps are
being operated in the “Hand” position from the Operator Interface Panel. At this time the
“Automatic” mode of operation does not function. In addition, the originally two (2)
Sludge Transfer Pumps are used as Sludge Recirculation Pumps at this time in Digester
Control Building No. 1.
7.2.5.6

Power Failure

If there is a power failure, the Sludge Recirculation Pumps will stop. After utility power is
restored the Sludge Recirculation Pumps will automatically come back on line.
7.2.6

Sludge Transfer Pump Nos. 3 and 4

7.2.6.1

Introduction

There are two (2) Sludge Transfer Pumps located in the basement of Digester Control
Building No. 1 (Digester Headhouse A). These pumps are used to remove sludge from
Digester Nos. 3 and 4 and transfer it to another digester or to the Sludge Storage Tank
located in the Sludge Dewatering Building. Each sludge transfer pump is a positive
displacement, progressive cavity type pump rated at 557 gpm against a total dynamic
head of 69 ft (30 psig). Note: A third positive displacement, progressive cavity type
pump is used for both sludge recirculation and sludge transfer.
Each pump is driven by a 25 Hp motor that receives 480 volt, three phase electrical
power from Motor Control Center MCC12 located on the grade floor of Digester Control
Building No. 1 (Digester Headhouse A).
7.2.6.2

Start-up Procedures
1.

Ensure that the valves on the suction and discharge side of the pumps
are open.
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2.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC12 for each Sludge Transfer Pump to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

3.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC12 for each Sludge Transfer Pump to the “Auto” position. In
the “Off” position, the pump will not operate. In the “Hand” position, the
pump will operate continuously until the selector switch is placed in the
“Off” position.

The Operator can now control the Sludge Transfer Pumps from the Operator
Interface Panel located on the grade floor of the Digester Control Building by
performing the following:
4.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-11.

5.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

6.

On the Main Menu press the Digester Nos. 3 and 4 Sludge Transfer
system button.

7.

After the Digester Nos. 3 and 4 Sludge Transfer button is pressed the
Sludge Transfer System display screen will appear, as shown in Figure
No. 7-20.

8.

Press the Sludge Transfer Pump icon on the screen.

9.

A pop-up display of the Sludge Transfer Pump Control Panel display will
appear on the screen, as shown in Figure No. 7-21.

10.

On the Sludge Transfer Pump pop-up Control Display, place the pump in
“Automatic” by pressing the “Auto-Man” Control Mode button. In the
“Man” mode the pump is controlled by using the “Start” and “Stop” buttons
on the pump pop-up Control Display.

11.

Close the Sludge Transfer Pump pop-up Control Display by pressing the
“X” in the upper right hand corner of the display.

12.

Return to Digester Nos. 3 and 4 Sludge Recirculation system display
screen.

13.

Press the “Setup” button in the lower left hand side of the screen. Note:
The “Setup” button will only appear on the screen after the Operator has
logged on.

14.

The Digester Setup display will appear on the screen, as previously
shown in Figure No. 7-19.
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FIGURE NO. 7-20 - DIGESTER NOS. 3 AND 4 SLUDGE TRANSFER SYSTEM DISPLAY SCREEN
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FIGURE NO. 7-21 - SLUDGE TRANSFER PUMP DISPLAY SCREEN

15.

7.2.6.3

Ensure that Recirculation and Transfer Pump “High Discharge Pressure
Alarm” settings are properly set. They should read as follows:

Pump

Alarm Pressure

Reset Pressure

Recirculation Pumps

150 psig

75 psig

Transfer Pumps

100 psig

71 psig

Normal Operation

During normal operation, the Sludge Transfer Pumps are in the “Automatic” mode of
operation. In this mode of operation the Sludge Transfer Pumps start and stop
automatically based on the liquid of the Sludge Storage Tank located in the Sludge
Dewatering Building. The pump starts when the Storage Tank liquid level reaches 4 ft.
and the pump stops when the liquid level in the Storage Tank reaches 9 ft. The start
and stop liquid level setpoints for the Sludge Storage Tank are adjustable at the
Centrifuge Control Panel.
When transferring sludge from a digester to the Sludge Storage Tank the Operators
must carefully watch:
a.

Which Sludge Transfer Pump is in operation.

b.

Ensure that multiple Sludge Transfer Pumps are not operating at one time
because that could over-pressurize the piping system.

c.

The Operators must monitor the liquid level of the digesters so the
digester covers are not sitting on the corbels.

At this time the Metro Wastewater Treatment Plant is designed so sludge from any
digester can be transferred to any other digester or to the Sludge Storage Tank. The
anaerobic digestion process at the Metro Wastewater Treatment Plant can be operated
so three or four digesters could be operated as primary digesters and one and/or two
digesters could be operated as secondary digesters. In this operating scheme the
sludge transfer pumps would be used to transfer sludge from the primary digesters to
the secondary digesters and then the digested sludge from the secondary digesters to
the Sludge Storage Tank.
If all five (5) digesters are being operated as primary digesters, then the sludge transfer
pumps are used to transfer sludge from the digesters directly to the Sludge Storage
Tank.
At the Metro Wastewater Treatment Plant the normal operation is to transfer the
digested sludge from Anaerobic Digester Nos. 3, 4 and 5 to Anaerobic Digester Nos. 1
and 2. The digested sludge will then be transferred from Anaerobic Digester Nos. 1 and
2 to the Sludge Mix (Storage) Tank located in the Sludge Dewatering Building.
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7.2.6.4

7.2.6.5

Shutdown Procedures
1.

For a short-term shutdown, pull up the Sludge Transfer Pump Control
Display on the Operator Interface Panel in Digester Control Pump
Building No. 1 (Digester Headhouse A) and “Stop” the pump using the
Control Mode. The Sludge Transfer Pump can also be stopped by
placing the “Hand-Off-Auto” selector switch on Motor Control Center
MCC12 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC12 to
the “Off” position.
Alternate Operation

There are several alternate modes of operation for the Sludge Transfer Pumps. The first
alternate mode of operation would be to operate the second pump to remove sludge
from both digesters if one of the Sludge Transfer Pumps is taken out of service for
maintenance or repairs. In this mode of operation the Operator must manually open and
close the manual valves for the digesters where the sludge is to be removed.
The second alternate mode of operation would be to place the pump in the “Hand”
position on the Sludge Transfer Pump pop-up control panel display panel on the
Operator Interface Panel. In this mode of operation the pump is controlled at the
Operator Interface Panel using the “Start” and “Stop” buttons on the pump pop-up
display. Once the “Start” button is pressed it will run continuously until the “Stop” button
is pressed.
The third alternate mode of operation would be to place the “Hand-Off-Auto” selector
switch located on Motor Control Center MCC12 to the “Hand” position. In the “Hand”
position, the pump will operate continuously until the selector switch is placed back into
the “Off” position.
The fourth mode of operation would be to use the Sludge Transfer Pumps as Sludge
Recirculation Pumps.
7.2.6.6

Power Failure

If there is a power failure and a Sludge Transfer Pump was in operation, then the pump
will stop. After utility power is restored the Sludge Transfer Pump will automatically
come back on-line.
7.2.7

Digester Gas Mixing System Nos. 3 and 4

7.2.7.1

Introduction

Anaerobic Digester Nos. 3 and 4 are mixed using a digester gas mixing system. The
digester gas is removed from the dome of each digester by a gas compressor located in
a house located on the roof of each digester. Also located in each house there is a
rotary valve. The digester gas is discharged through twelve (12) lances in which eleven
(11) lances are located around the periphery of the digester and one (1) lance is located
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in the center of the digester, as previously shown in Figure No. 7-7. A rotary valve
rotates to each lance so digester gas is discharged through one lance at a time. The
rotary valve moves automatically to each lance and remains at that lance for a preset
time.
Each digester gas mixing compressor is a positive displacement, rotary lobe type
compressor. Each gas compressor is rated at 200 cfm at a discharge pressure of 10
psig.
Each digester gas mixing compressor is driven by a 20 Hp motor that receives 480 volt,
three phase electrical power from Motor Control Center MCC12 located on the grade
floor of Digester Control Building No. 1 (Digester Headhouse A).
7.2.7.2

Start-up Procedures
1.

Ensure that the digestion system is operating properly and producing a
good quantity and quality of methane gas.

2.

Ensure that the 6-inch manually operated plug valve on the suction side
of the Digester Gas Mixing Compressor is open.

3.

Place the “On-Off” disconnect switch located on the outside of each Gas
Mixing house to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure it has not been turned off.

4.

Place the five (5) “On-Off” circuit breakers located inside each Digester
Gas Mixing Control Panel (Pearth Gas Panel) located inside the Digester
Control Building to the “On” positions. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.

5.

Set the 15 minute to 3 hour timer (TR1) located inside each Digester Gas
Mixing Control Panel (Pearth Gas Panel) located inside the Digester
Control Building to the desired setting. The initial recommended setting is
30 minutes. Please note that Timer TR1 has several smaller adjustable
timers for duration at each discharge gas well (dwell time), pulse time for
the rotary valve to move to the next digester gas well, etc. Basically, the
upper two sections control the time range and the bottom knobs select
the time within that range.

6.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC12 for each Digester Gas Mixing Compressor to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

7.

Place the “On-Off” power selector switch located on each Digester Gas
Mixing Panel (Pearth Gas Panel) in the Digester Control Building for the
digester cover indicator to the “On” position. In the “Off” position, the
digester cover position will not be indicated.
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8.

Place the “On-Off” selector switch for the power located on each Digester
Gas Mixing Panel in the Digester Control Building for the Pearth Gas
Mixing System to the “On” position. In the “Off” position, the gas mixing
system will not operate.

9.

Place the “Select-Hold-Automatic” selector switch located on each
Digester Gas Mixing Control Panel in the Digester Control Building for the
Station Select to the “Automatic” position. In the “Hold” position, the
rotary valve will remain at one gas lance and not rotate to the other gas
lances. In the “Select” position, the rotary valve will rotate to the desired
gas lance. Once at the desired gas lance the Operator must place the
selector switch back into “Hold” or “Automatic”.

10.

Press the “Start” pushbutton located on each Digester Gas Control Panel
in the Digester Control Building for the Digester Gas Compressor. Note:
The Digester Gas Compressor (Pearth Gas Compressors) can also be
controlled on SCADA by using the following steps.

The Operator can control the Digester Gas Mixing Compressors (Pearth Gas
Compressors) from the Operator Interface Panel located on the grade floor of the
Digester Control Building by performing the following:
11.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-11.

12.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

13.

On the Main Menu press the Digester Nos. 3 and 4 Gas System button.

14.

After the Digester Nos. 3 and 4 Gas System button is pressed the
Digester Gas System display screen will appear, as shown in Figure No.
7-22.

15.

Press the Digester Gas Compressor icon on the screen.

16.

A pop-up display of the Digester Gas Compressor Control Panel display
will appear on the screen, as shown in Figure No. 7-23.

17.

On the Digester Gas Compressor Control Panel display press the “AutoMan” Control Mode button and place the Gas Compressor in “Man”. At
this time the “Auto” mode is not in service.

18.

Press the “Start” button on the Digester Gas Compressor display to start
the compressor. To stop the compressor press the “Stop” button.
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FIGURE NO. 7-22 - DIGESTER NOS. 3 AND 4 GAS SYSTEM DISPLAY SCREEN

7.2.7.3
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FIGURE NO. 7-23 - DIGESTER GAS COMPRESSOR (PEARTH GAS COMPRESSOR) DISPLAY SCREEN

7.2.7.4

Normal Operation

During normal operation, the Digester Gas Mixing System (Pearth Gas Mixing System)
rotary valve is in the “Automatic” mode of operation. In the “Automatic” mode of
operation the rotary valve will sequentially rotate to each gas well thus pushing digester
gas down through the lance into the digester. For example, the rotary valve will remain
at Gas Well No. 1 for 30 minutes as determined by the timeclock located in the Digester
Gas Control Panel. After the 30 minutes times out, the rotary valve will go to Gas Well
No. 2. This process will continue for each Gas Well. The process will not stop unless
the Operator removes the system from “Automatic”, there is fault such as “Low Gas
Pressure”, or there is a mechanical/electrical problem. The Digester Gas Compressor is
manually started and stopped.
There is a pulse time that allows the rotary valve to change to another well and release
the “Stop Limit” switch. Typically, this is set at 10 seconds.
Once the Gas Compressor is “Started” it will operate continuously until it is “Stopped” by
the Operator. If the gas pressure in the digester dome reduces to 1.5-inches W.C., the
Low Pressure Regulator will open thus recirculating the digester gas back into the dome.
The Low Pressure Regulator will start to open when the gas pressure in the digester
dome reaches 2.5-inches W.C.
If the gas pressure on the discharge side of the gas compressor reaches 2 psig, then the
High Pressure Relief Valve will open and digester gas will discharge back into the
digester gas dome.
7.2.7.5

7.2.7.6

Shutdown Procedures
1.

For a short-term shutdown, press the Gas Compressor “Stop” pushbutton
located on the Digester Gas Mixing Control Panel (Pearth Gas Panel)
located in the Digester Control Building. The Gas Compressor can also
be shut down by pressing the “Stop” pushbutton on the Control Panel
near the Gas Compressor on the digester roof.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” selector switch located on the Digester Gas Control Panel in
the Digester Control Building to the “Off” position. Also place the “On-Off”
circuit breaker located on Motor Control Center MCC12 to the “Off”
position.
Alternate Operation

As stated earlier, the digester gas mixing system is normally operated in the “Automatic”
mode of operation. An alternate mode of operation for the digester gas mixing system
would be to place the “Select-Hold-Automatic” selector switch to the “Select” position
until the rotary valve reaches the required gas well. Once the rotary valve reaches the
desired digester gas well, place the selector switch to the “Hold” position. The rotary
valve will remain at this position until the Operator switches the location or places the
system back into “Automatic” mode.
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If the Digester Gas Mixing System is taken out of service for maintenance or repairs,
then an alternate digester mixing system will be to use the Sludge Recirculation Pumps
to keep the digester properly mixed.
7.2.7.7

Power Failure

If there is a power failure the Gas Mixing Compressor will stop. After utility power is
restored the Operator must manually restart the compressor by pressing the “Start”
pushbutton on the Digester Gas Mixing Control Panel (Pearth Gas Control Panel).
7.2.8

Digester Nos. 3 and 4 Level Sensor Flush Systems

7.2.8.1

Introduction

The level sensors in the anaerobic digestion area are important for measuring the liquid
level of the anaerobic digesters. In order to keep the sensors clean and free of debris
non-potable water is supplied to the sensor assembly. A 1-inch non-potable water pipe
is connected to the sensor enclosure. There is an automatic valve on the non-potable
water line that opens and closes automatically to flush debris from the sensor assembly.
Keeping the sensor clean will help provide accurate readings.
Flushing the sensor assembly is not the only maintenance needs for the sensors. The
sensors must be periodically pulled and maintenance must be performed per the
manufacturer’s requirements. For further information concerning the maintenance
requirements of the sensors, please refer to the Manufacturers Operation and
Maintenance Manual.
7.2.8.2

Start-up Procedures
1.

Ensure that the manual valve on the non-potable water pipe is open.

2.

Place the “On-Off” circuit breaker in the Lighting Panel for the Level
Sensors to the “On” position. During normal operation, these switches
are always in the “On” position and only require occasional checking to
ensure that they have not tripped.

The Operator can now control the automatic Level Sensor Flush System from the
Operator Interface Panel located on the grade floor of the Digester Control
Building.
3.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-11.

4.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

5.

Press the Digester Nos. 3 and 4 Sludge Recirculation button on the Main
Menu.

6.

The Sludge Recirculation System display will appear on the screen.
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7.

Press the “Setup” button on the Sludge Recirculation System display
screen.

8.

The Digester Setup display will appear on the screen, as previously
shown in Figure No. 7-19.

9.

Set the “On” and “Off” timers for the Level Transmitter Flush Times for
Digester Nos. 3 and 4. This is accomplished by pressing the buttons and
typing in the required times. The initial recommended settings are as
follows:
On Time: 30 seconds
Off Time: 120 minutes
A flush can be manually initiated by pressing the “Flush Digester 3” or
“Flush Digester 4” button on the timer display panel.

7.2.8.3

Normal Operation

During normal operation, the level sensor flush system operates automatically based on
the times set on the timers. Based on the times previously shown, the non-potable
water valve will be closed for 120 minutes based on the “Off Time” setting and opened
for 30 seconds based on the “On Time” setting.
The Level Sensor Flush system will continue to cycle until the Operator stops the
system.
7.2.8.4

7.2.8.5

Shutdown Procedures
1.

For a short-term shutdown, place the valve in the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1. In addition, place the “OnOff” circuit breaker in the lighting panel to the “Off” position. Also, close
the manual valve on the non-potable water valve. Note: While the flush
system is out of service, the level sensor will need to be removed more
frequently and cleaned.
Alternate Operation

There are several alternate modes of operation for the Level Sensor Flush system. The
first alternate mode of operation would be to do a manual flush by pressing the “Flush
Digester 3” or “Flush Digester 4” button on the Digester Setup screen on the Operator
Interface Panel.
The second alternate mode of operation for the level sensor flush system is to manually
remove the level sensor and manually clean the unit.
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7.2.8.6

Power Failure

If there is a power failure the automatic flush cycle sequence will stop. After utility power
is restored the cycle timers will automatically restart and the flush cycle will come back
on-line.
C.

Digester Control Building No. 2 (Digester Headhouse B)

7.2.9

Digester No. 5 Sludge Feed System

7.2.9.1

Introduction

Thickened sludge is pumped to Anaerobic Digester No. 5 on a regular basis. It is
important that the primary digesters are fed sludge consistently. The feed sludge is first
fed through the heat exchanger before entering the primary digester. It is important to
heat the feed sludge before it enters the primary digester so the cold sludge does not
affect the operation of the digesters. The feed sludge is also mixed with sludge from the
primary digester as supplied by the Sludge Recirculation Pumps.
Mixing the
recirculation sludge with the feed sludge buffers the feed sludge before it enters the
primary digester.
7.2.9.2

Start-up Procedures
1.

Ensure that the manual valves for the feed sludge in the Digester Control
Building are open.

2.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC13 for the Automatic Valves to the “On” position. During normal
operation, this switch is always in the “On” position and only requires
occasional checking to ensure it has not tripped.

3.

Place the “Local-Remote” selector switch located on the Motorized Valve
to the “Remote” position. In the “Local” position, the valve is controlled by
using the “Open-Stop-Close” switch on the valve.

The Operator can now control the Automatic Motorized Valve from the Operator
Interface Panel located on the grade floor of the Digester Control Building by performing
the following:
4.

Pull up the Main Menu by pressing on the screen.
screen will appear, as shown in Figure No. 7-24.

5.

On the Main Menu the Operator must log-in so he/she can control the
equipment.

6.

On the Main Menu press the Digester No. 3 Sludge Feed button.

7.

After the Sludge Feed button is pressed the Digester No. 5 Sludge Feed
System screen will appear, as shown in Figure No. 7-25.
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The Main Menu
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FIGURE NO. 7-24 - DIGESTER NO. 5 MAIN MENU SCREEN
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FIGURE NO. 7-25 - DIGESTER NO. 5 SLUDGE FEED SYSTEM DISPLAY SCREEN

8.

Press the Motorized Sludge Feed Valve icon (FCV-43005) on the inlet
side of the Sludge Heater/Heat Exchanger. A valve pop-up display will
appear on the screen, as shown in Figure No. 7-26. Please note that
Motorized Sludge Feed Valve can also be pulled up on the Digester No. 5
Overview display screen or the Digester No. 5 Sludge Recirculation
System display screen, as shown in Figure Nos. 7-27 and 7-28.

9.

Press the “Auto-Man” Control Mode button for the Motorized Sludge Feed
Valve and place the valve to the “Man” mode of operation. The valve
control mode can be verified by looking at the box next to the Control
Mode indication. At this time the plant does not operate the Motorized
Sludge Feed Valves in “Auto”. Please note that the Control Mode box will
indicate whether the Feed Valve is in “Automatic”, “Remote Hand” or
“Local” mode of operation. This will alert the Operator whether the valve
is controlled automatically, at the Control Panel, or at the valve.

10.

Once the Motorized Sludge Feed Valve is in “Manual” control then the
Operator can use the “Open” and “Close” buttons on the valve pop-up
display to control the valve. The pop-up display also shows the status of
the valve “Open” or “Closed”.

11.

The pop-up display can be closed by pressing on the “X” in the upper
right hand corner of the display.

12.

On the Digester No. 5 Sludge Feed System display screen there are four
(4) Motorized Valves located on the discharge side of the Sludge
Heater/Heat Exchanger (Valves FCV-43001, FCV-43002, FCV-43003
and FCV-43004). Select one (1) valve and press the Valve icon.

13.

A Motorized Sludge Feed Valve pop-up display will appear, as shown in
Figure No. 7-29.

14.

Press the “Auto-Man” Control Mode button for the Motorized Sludge Feed
Valve to the “Man” mode of operation position. If the valve is in the
“Remote Hand” position, then the valve must be controlled at the valve.
In the “Local” mode the valve will be controlled by using the “Open” and
“Close” buttons on the Valve pop-up control display. The pop-up valve
display provides an indication of the valve status whether it is “Open” or
“Closed”.

15.

Close the pop-up display by pressing the “X” in the upper right hand
corner of the pop-up display box.

16.

If the Operator wishes to feed sludge to a second location or multiple
locations within the digester, then repeat Step Nos. 12-15 to open another
valve (FCV-43001, FCV-43002, FCV-43003 or FCV-43004).
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FIGURE NO. 7-26 - SLUDGE FEED VALVE CONTROL PANEL DISPLAY SCREEN

7-48
FIGURE NO. 7-27 - DIGESTER NO. 5 – OVERVIEW DISPLAY SCREEN
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FIGURE NO. 7-28 - DIGESTER NO. 5 SLUDGE RECIRCULATION SYSTEM DISPLAY SCREEN
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FIGURE NO. 7-29 - MOTORIZED SLUDGE FEED VALVE CONTROL PANEL SYSTEM DISPLAY SCREEN

7.2.9.3

Normal Operation

The feeding of thickened sludge to the anaerobic digesters at the Metro Wastewater
Treatment Plant is normally accomplished manually. The thickened sludge pumps in the
two (2) Air Flotation Thickener Buildings can be operated automatically where they
would start and stop automatically based on the liquid level in their respective wet wells.
However, the Operators manually operate the thickened sludge pumps and monitor the
wet well levels. The Operators manually start these pumps and transfer sludge to the
anaerobic digesters until the liquid level in the wet well recedes to a preset low level.
Before a Thickened Sludge Pump is started the Operator selects the digester that is to
be fed sludge and manually opens the Motorized Sludge Feed Valves on the Digester
Control Building Operator Interface Panel for that digester. The Motorized Sludge Feed
Valve on the inlet side of the heat exchanger must be open and the Operator must select
a feed point or points into the digester by opening the Motorized Valve(s) on the
discharge side of heat exchanger. The Operator will feed thickened sludge into the
digester until liquid level in the Thickened Sludge Wet Well reaches a preset low level.
Once the digester is fed with sludge the Operators switch to another digester for the next
cycle. Another method used by the Metro Operators is to feed a primary digester for
four (4) hours, then feed the next primary digester for four (4) hours and so on. The
Operators must also feed the digesters at a consistent rate and on a regular basis. The
digester should be fed at a rate of 80-110 V.S./1000 ft3/day.
While a digester is being fed with thickened sludge the recirculation pump should be
operating. Operating the recirculation pump while feeding the digester allows the
incoming sludge to be mixed with already digesting sludge and warms up the incoming
sludge so the bacteria in the digester is not shocked with cold sludge.
7.2.9.4

7.2.9.5

Shutdown Procedures
1.

For a short-term shutdown, pull up the Motorized Sludge Feed Valve
control screen on the Digester Control Building Operator Interface Panel
and press the “Close” button. IMPORTANT: Before closing the valve
ensure that the sludge flow is directed to another digester or the
thickened sludge pumps are turned off.

2.

For a long-term shutdown, repeat Step No. 1. If a valve is taken out of
service for an extended period of time, then the “On-Off” circuit breaker
located on Motor Control Center MCC13 must be placed into the “Off”
position.
Alternate Operation

There are several alternate modes of operation for the sludge feed system Motorized
Sludge Valve. The first alternate mode of operation would be to place the valve in
“Local” at the valve operator and use the “Open-Stop-Close” selector switch on the valve
operator. A second alternate mode of operation would be to place the valve in “Local” at
the valve and then use the Manual Handcrank on the valve to “Open” and “Close” the
valve.
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A third alternate mode of operation would be to place the valve in “Remote” at the valve
and place the valve in “Automatic” at the Operator Interface Panel in the Digester
Control Building. However, at this time this mode of operation is not available.
7.2.9.6

Power Failure

If there is a power failure the valve will remain in the last position it was at before the
power went out. After utility power is restored the valve will automatically come back on
line.
7.2.10

Sludge Heater/Heat Exchanger No. 5

7.2.10.1

Introduction

There is one (1) sludge heater/heat exchanger located in Digester Control Building No. 2
(Digester Headhouse B), as previously shown in Figure No. 7-17. The heater/heat
exchanger is rated at a minimum heating capacity of 2,000,000 BTU/hr. The heat
exchanger contains its own burner that heats a water bath within the heat exchanger to
maintain the water bath temperature at 180°F. The sludge is pumped through the pipes
that serpentine through the water bath. As the sludge passes through the pipes it picks
up heat until the sludge reaches a temperature of 95°F. The burner is supplied methane
gas as the main fuel source and propane gas for the pilot line gas.
The sludge heater/heat exchanger is supplied 480 volt, three phase electrical power
from Motor Control Center MCC13 located in Digester Control Building No. 2.
7.2.10.2

Start-up Procedures

1.

Ensure that the heat exchanger is filled with water. The proper operation
is that there are at least 2-inches of water visible in the expansion tank
site glass. The water in the heat exchanger should be slightly alkaline
(pH 7.1-7.5).

2.

Ensure that valves on the main gas system and pilot light are properly set
and the gas systems are ready for operation.

3.

Ensure that the sludge valves to and from the heat exchanger are open
and the bypass valve at the heat exchanger is closed.

4.

Ensure that the sludge recirculation pumps are operational.

5.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC13 for the Sludge Heater/Heat Exchanger to the “On” position.
During normal operation, this switch is always in the “On” position and
only requires occasional checking to ensure that it has not tripped.

6.

Place the “On-Off” circuit breaker located inside the Sludge Heater/Heat
Exchanger Control Panel for each Hot Water Circulation Pump to the
“On” position. During normal operation, these switches are always in the
“On “position and only require occasional checking to ensure that they
have not tripped.
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7.

Place the “On-Off” circuit breaker located inside the Sludge Heater/Heat
Exchanger Control Panel for the Induced Draft Fan to the “On” position.
During normal operation, this switch is always in the “On” position and
only requires occasional checking to ensure it has not tripped.

8.

Place the “On-Off” circuit breakers located inside the Sludge Heater/Heat
Exchanger Control Panel for the 120 volt Oil Pump and 120 volt controls
(CB077-1 and CB077-2) to the “On” positions. During normal operation,
these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped. Note: Place
the “On-Off” circuit breaker for the Oil Pump to the “Off” position since this
pump is no longer in service.

9.

Set the 24 hour timeclock located inside the Sludge Heater/Heat
Exchanger Control Panel for the Cycle Timer to the desired setting. The
initial recommended setting is 1 hour. Once this timer is set there should
be only minimal changes.

10.

Set the 0-60 minute timer located inside the Sludge Heater/Heat
Exchanger Control Panel for the Low Gas Pressure to the desired setting.
The initial recommended setting is 1 minute. Once this timer is set there
should be no need to change the setting.

11.

While inside the Sludge Heater/Heat Exchanger Control Panel set the
following controls:


Operating Thermostat:
Set at 160°F “On” and 180°F “Off”



High Limit Thermostat:
Set at 220°F

Once these temperatures are set there should be no need to change
these thermostat settings.
12.

Place the “On-Off” disconnect switch located on the outside of the Sludge
Heater/Heat Exchanger Control Panel to the “On” position. During normal
operation, this switch is always in the “On” position and only requires
occasional checking to ensure it has not been turned “Off.”

13.

Place the “Continuous-Intermittent” selector switch located on the Sludge
Heater/Heat Exchanger Control Panel for the Sludge Recirculation Pump
to the “Intermittent” position. In the “Continuous” position the Sludge
Recirculation Pump will operate continuously.

14.

Place the “On-Off” selector switch located on the Sludge Heater/Heat
Exchanger Control Panel for the Continuous Hot Water Bath to the “On”
position. In the “Off” position the water temperature thermostats will be
out of service.
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15.

Place the “Digester Gas/Natural Gas – Digester Gas – Digester Gas/Oil –
Oil” selector switch located on the Sludge Heater/Heat Exchanger Control
Panel for the Fuel Selection to the “Digester Gas” position. Since there is
only a single gas source to the heat exchangers, the other selector switch
positions are non-operational.

16.

Place the “Continuous –Intermittent” selector switch for the Induced Draft
Fan located on the Sludge Heater/Heat Exchanger Control Panel to the
“Intermittent” position. In the “Continuous” position, the Induced Draft Fan
will operate continuously.

17.

Place the “Manual-Off-Automatic” selector switch for the Sludge Heater
located on the Sludge Heater/Heat Exchanger Control Panel to the
“Automatic” position. In the “Off” position, the heat exchanger will not
operate. In the “Manual” position, the Operator initiates the starting of the
Sludge Heater/Heat Exchanger and Sludge Recirculation Pump.

7.2.10.3

Normal Operation

During normal operation, the Sludge Recirculation Pumps and Sludge Heater/Heat
Exchangers are in the “Automatic” mode of operation. The selector switches located on
the Sludge Heater/Heat Exchanger Control Panel are in the following normal positions:

Selector Switch

Position

Sludge Heater

Automatic

Sludge Recirculation Pump

Intermittent

Constant Hot Water Bath

On

Fuel Select

Digester Gas

Induced Draft Fan

Intermittent

With the selector switches in the positions as previously shown, the following operating
sequence will occur.
1.

The 24-hour cycle timer sends a signal to start the Sludge Recirculation
Pump per the time set by the Operator. Please note the sludge heater
and sludge recirculation pump will also start if cold feed sludge is fed to
the sludge heater/heat exchanger and the sludge thermostat closes.

2.

The Sludge Recirculation Pump starts pumping sludge from the digester
to the sludge heater. If the temperature is below 95°F the Sludge
Thermostat will close sending a signal to the Hot Water Recirculation
Pump to start.

3.

If the temperature of the water bath inside the sludge heater reaches
160°F, then a signal will be sent to the burner to start.
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4.

Before the burner can start the following conditions must be met.


The “Low Water” cut-off switch must not be activated.



The “High Limit” thermostat must not be closed.



The digester gas pressure must be above 1½-inches W.C. and
the gas pressure switch must be closed to confirm that pressure.

5.

Once the parameters in Step No. 4 are met, a signal is sent to the burner
to start. Before the burner starts the Induced Draft Fan will start and
operate for 30 seconds to purge the gases from the burner before starting
the burner. The page cycle is to avoid an explosion.

6.

The Burner will start after the purge cycle has completed and it will
continue to fire until one of the following conditions are met:


The water bath reaches 180°F.



The sludge temperature reaches 95°F.



A flame failure occurs.



If the digester gas pressure fails below 1½-inches W.C. Note: If
the digester gas pressure falls below 1½-inches W.C. the
sludge heater will stop and not start again until the gas
pressure reaches 5-inches W.C.

As the sludge is circulating through the sludge heater the burner will stop when
the hot water bath reaches 180°F and start when the hot water bath reaches
160°F. This cycle will continue until the sludge temperature reaches 95°F.
Once the sludge temperature reaches 95°F the burner will stop and the sludge
recirculation pump will operate for an additional couple of minutes in order to
remove some of the heat from the water bath so the sludge does not bake onto
the inside of the sludge tubes. If sludge bakes onto the tubes it will reduce the
sludge heat transfer efficiency, thus, requiring the sludge recirculation pump to
operate longer in order for the sludge temperature to reach 95°F.
In the Digester Control Building there is a compressor that was used for the
operation of the sludge heater/heat exchanger when the sludge heaters used fuel
oil as the fuel source for the burner. The compressed air would be used in
conjunction with the fuel oil to produce a mist of fuel oil that would be fed to the
burner. The burner operates better when fuel oil is supplied as a mist rather than
a full liquid. The air is referred to as Atomization Air. Presently, the fuel oil pump
and air compressor are no longer in service since fuel oil is no longer used as a
fuel source for the sludge heater/heat exchangers.
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7.2.10.4

Shutdown Procedures

1.

For a short-term shutdown, place the “Manual-Off-Automatic” selector
switch located on the Sludge Heater/Heat Exchanger Control Panel to the
“Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition,

7.2.10.5

a)

Place the “On-Off” disconnect switch on the Sludge
Heater/Heat Exchanger to the “Off” position.

b)

Place the “On-Off” circuit breaker located on Motor Control
Center MCC13 to the “Off” position.

c)

Turn off the digester gas line by closing the manual gas
valve.

d)

If the sludge heater is to be down for a long period of time,
then drain the water from the sludge heater.

Alternate Operation

There are several alternate modes of operation for the Sludge Heater/Heat Exchanger.
The first alternate mode of operation would be to operate the sludge heater by manually
placing the “Manual-Off-Automatic” selector switch located on the Sludge Heater/Heat
Exchanger Control Panel to the “Manual” position. When the selector switch is placed in
“Manual” the Hot Water Recirculation Pump and Sludge Recirculation Pump will operate
continuously, independent of the 24 hour timeclock. The sludge thermostat will have no
control of the sludge temperature and the heater will fire each time the water bath
temperature falls to 160°F and will continue to fire until the water bath temperature
reaches 180°F.
The other alternate mode of operation would be to operate the equipment manually at
the Sludge Heater/Heat Exchanger using the selector switches on the sludge heater
control panel.
7.2.10.6

Alarm Conditions

The Sludge Heater/Heat Exchanger has several alarms that are factory set to protect the
sludge heater. These alarms are as follows:


Hot Water Bath Over Temperature



Low Water



Atomization Air



Flame Failure

If there is a “Hot Water Bath Over Temperature Alarm”, the Operator must ensure the
problem is corrected and then press the “Hot Water Bath Over Temperature” reset
button located on the Sludge Heater/Heat Exchanger Control Panel. The water bath
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over temperature alarm occurs when the water bath temperature reaches 220°F. The
burner will shut down and the high limit thermostat must be manually reset by pressing
the “Reset” button. A “Hot Water Bath Over Temperature Alarm” could occur because of
several reasons. The first reason would be a faulty hot water recirculation pump, or
faulty water temperature control thermostat, etc.
If there is a “Low Water Alarm”, then the heater will not fire until the water level is back to
the proper level.
If there is no flame presented in the combustion chamber and the fuel valves are open,
the “Fireye” will automatically close the fuel valves to the burner and sound the alarm. If
this occurs, press the “Flame Safety” reset button and hold for approximately 2 minutes.
Other safety controls for the sludge heater are:


High Pressure Relief Valve



Belt Failure

The sludge heater is designed for a maximum pressure of 30 psig. If the pressure
exceeds 30 psig, then the pressure relief valve on the top of the sludge heater will open.
If the belt on the Induced Draft Fan breaks or becomes loose, then the burner will not
fire. If the burner was operating, then the burner will shut down as controlled by the air
proving switch.
7.2.10.7

Power Failure

If there is a power failure the sludge heater will shutdown. After utility power is restored
the sludge heater will automatically come back on line.
7.2.11

Sludge Recirculation Pump Nos. 5A and 5B

7.2.11.1

Introduction

Sludge recirculation pumps are used to remove sludge from Digester No. 5, pump it
through the Sludge Heater/Heat Exchanger and back to the digester. Pumping sludge
through the sludge heater increases and maintains the digester sludge temperature at
95°F. The sludge recirculation pumps can be operated automatically or manually. Each
sludge recirculation pump is rated at 350 gpm at a total dynamic head of 30 ft.
There are two (2) pumps in Digester Control Building No. 2 (Digester Headhouse B) that
are used as Sludge Recirculation Pumps. One (1) sludge recirculation pump is a
positive displacement, progressive cavity type pump and the second sludge recirculation
pump is a vertically mounted centrifugal type pump.
One (1) sludge recirculation pump is driven by a 25 Hp motor and the second sludge
recirculation pump is a driven by a 15 Hp motor that receive 480 volt, three phase
electrical power from Motor Control Center MCC13 located on the grade floor of Digester
Control Building No. 2 (Digester Headhouse B).
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7.2.11.2

Start-up Procedures

Typically, one pump serves as the “Duty” pump and the second pump serves as a
“Standby” pump. Normally the Sludge Recirculation Pump is in the “Automatic” mode of
operation where it would start at periodic times, as controlled from the Sludge
Heater/Heat Exchanger and stop when the sludge temperature reaches 95°F. However,
since the Sludge Heater is not functioning, the recirculation system is manually
operated. The following discussion will describe how the Sludge Recirculation Pumps
should be placed in the “Automatic” mode of operation. The Operator should refer to
Section 7.2.11.5, Alternate Operation, to read how the Sludge Recirculation Pumps are
currently being operated at the Metro Wastewater Treatment Plant.
1.

Ensure that the valves on the suction and discharge side of the sludge
recirculation pumps from the digester, through the sludge heater and
back to the digester, are open.

2.

Ensure that the Sludge Heater/Heat Exchanger is in the “Automatic”
mode of operation.

3.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC13 for each Sludge Recirculation Pump to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

4.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC13 for each Sludge Recirculation Pump to the “Auto” position.
In the “Off” position, the pump will not operate. In the “Hand” position, the
pump will operate continuously. Note: During normal operation the
Sludge Recirculation Pumps would be in the “Automatic” mode of
operation. However, since the sludge heater is not in operation the
Sludge Recirculation Pumps are currently being operated in the “Manual”
mode of operation.

The Operator can now control the Sludge Recirculation Pump from the Operator
Interface Panel located on the grade floor of the Digester Control Building by performing
the following:
5.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-24.

6.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

7.

On the Main Menu press the Digester No. 5 Sludge Recirculation system
button.

8.

After the Digester No. 5 Sludge Recirculation button is pressed, the
Sludge Recirculation System display screen will appear, as previously
shown in Figure No. 7-28.
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9.

Press the Sludge Recirculation Pump icon on the screen.

10.

A pop-up display of the Sludge Recirculation Pump Control Panel display
will appear on the screen, as shown in Figure No. 7-30.

11.

On the Sludge Recirculation Pump pop-up Control Display, place the
pump in “Automatic” by pressing the “Auto-Man” Control Mode button. In
the “Man” mode the pump is controlled by using the “Start” and “Stop”
buttons on the pump pop-up Control Display.

12.

Close the Sludge Recirculation Pump pop-up Control Display by pressing
the “X” in the upper right hand corner of the display.

13.

On the Digester No. 5 Sludge Recirculation system display screen.

14.

Press the “Setup” button in the lower left hand side of the screen. Note:
The “Setup” button will only appear on the screen after the Operator has
logged on.

15.

The Digester Setup display will appear on the screen, as shown in Figure
No. 7-31.

16.

On the Digester No. 5 Setup Display screen set the Recirculation Pump
Alternation by placing the “Pump 5A- Pump 5B- Auto” selection to the
“Auto” position using the up and down arrows to move to the cursor to the
correct position. Once the cursor is at the correct position then the
Operator must “Enter” the setting by pressing the bottom arrow key. In
the “Auto” position, the “Lead” Sludge Recirculation Pump will
automatically alternate at preset intervals. For example, if Pump 5A was
originally the “Duty” pump and Pump 5B was the “Standby” pump, then
after a preset time the duty and standby pumps will change positions.
In the “Pump 5A” position, then Sludge Recirculation Pump No. 5A will
always be the “Duty” pump. In the “Pump 5B” position, then Sludge
Recirculation Pump No. 5B will always be the “Duty” pump. When one of
these pumps are placed in this position, then the “Duty” pumps will not
change.

7.2.11.3

Normal Operation

During normal operation, the Sludge Recirculation Pumps are in the “Automatic” mode of
operation and “Automatic” alternation mode of operation. In this mode of operation, the
“Duty” Sludge Recirculation Pump will start automatically, as controlled by the timeclock
in the Sludge Heater/Heat Exchanger. The pump will continue to operate until the
thermostat at the sludge heater reaches 95°F. At that point the temperature of the
sludge in the digester is at the proper operating temperature. Once the digester reaches
95°F the Sludge Recirculation Pump will stop. The “Duty” and “Standby” pump will
automatically alternate after every 24 hrs.
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FIGURE NO. 7-30 - SLUDGE RECIRCULATION PUMP DISPLAY SCREEN
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FIGURE NO. 7-31 - SLUDGE RECIRCULATION PUMP ALTERNATION SETUP SCREEN

When the digester is being fed sludge, the cold sludge will trip the sludge thermostat that
will start the Sludge Recirculation Pump. The Sludge Recirculation Pump will operate
until the thermostat reaches 95°F at the sludge heater.
7.2.11.4

Shutdown Procedures

1.

For a short-term shutdown, pull up the Sludge Recirculation Pump
Control Display on the Operator Interface Panel in Digester Sludge
Building No. 2 (Digester Headhouse B), place the pump in “Manual” and
press the “Stop” button. The Sludge Recirculation Pump can also be
stopped by placing the “Hand-Off-Auto” selector switch on Motor Control
Center MCC13 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC13 to
the “Off” position. Note: The second Sludge Recirculation Pump must
be placed into the “Duty” pump position to serve the in-service digester
and sludge heater, so the operation of the anaerobic digestion process is
not hindered.

7.2.11.5

Alternate Operation

There are several alternate modes of operation for the Sludge Recirculation Pump and
system. The first alternate mode of operation would be to use the standby pump to
circulate sludge through the sludge heater.
The second alternate mode of operation would be to place the pump in the “Manual”
position on the Sludge Recirculation Pump pop-up control display panel on the Operator
Interface Panel. In this mode of operation the pump can be controlled using the “Start”
and “Stop” buttons on the Sludge Recirculation pop-up control display. In this mode of
operation the pump will operate continuously until the pump button is pressed or the
pump is placed back into the “Automatic” mode of operation.
The third alternate mode of operation would be to place the “Hand-Off-Auto” selector
switch located on Motor Control Center MCC13 to the “Hand” position. In the “Hand”
position, the pump will operate until the selector switch is placed back into the “Off”
position.
Currently, at the Metro Wastewater Treatment Plant the Sludge Recirculation Pump is
being operated in the “Hand” position from the Operator Interface Panel. At this time the
“Automatic” mode of operation does not function.
7.2.11.6

Power Failure

If there is a power failure, the Sludge Recirculation Pump will stop. After utility power is
restored the Sludge Recirculation Pump will automatically come back on line.
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7.2.12

Sludge Transfer Pump No. 5

7.2.12.1

Introduction

There is one (1) Sludge Transfer Pump located in the basement of Digester Control
Building No. 2 (Digester Headhouse B). This pump is used to remove sludge from
Digester No. 5 and transfer it to another digester or to the Sludge Storage Tank located
in the Sludge Dewatering Building. The sludge transfer pump is a positive displacement,
progressive cavity type pump rated at 200 gpm against a total dynamic head of 69 ft (30
psig).
The pump is driven by a 15 Hp motor that receives 480 volt, three phase electrical power
from Motor Control Center MCC13 located on the grade floor of Digester Control
Building No. 2 (Digester Headhouse B).
7.2.12.2

Start-up Procedures

1.

Ensure that the valves on the suction and discharge side of the pump are
open.

2.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC13 for the Sludge Transfer Pump to the “On” position. During normal
operation, this switch is always in the “On” position and only requires
occasional checking to ensure that it has not tripped.

3.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC13 for the Sludge Transfer Pump to the “Auto” position. In
the “Off” position, the pump will not operate. In the “Hand” position, the
pump will operate continuously until the selector switch is placed in the
“Off” position.

The Operator can now control the Sludge Transfer Pump from the Operator Interface
Panel located on the grade floor of the Digester Control Building by performing the
following:
4.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-24.

5.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

6.

On the Main Menu press the Digester No. 5 Sludge Transfer system
button.
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7.

After the Digester No. 5 Sludge Transfer button is pressed the Sludge
Transfer System display screen will appear, as shown in Figure No. 7-32.

8.

Press the Sludge Transfer Pump icon on the screen.

9.

A pop-up display of the Sludge Transfer Pump Control Panel display will
appear on the screen, as shown in Figure No. 7-33.

10.

On the Sludge Transfer Pump pop-up Control Display, place the pump in
“Automatic” by pressing the “Auto-Man” Control Mode button. In the
“Man” mode the pump is controlled by using the “Start” and “Stop” buttons
on the pump pop-up Control Display.

11.

Close the Sludge Transfer Pump pop-up Control Display by pressing the
“X” in the upper right hand corner of the display.

7.2.12.3

Normal Operation

During normal operation, the Sludge Transfer Pumps are in the “Automatic” mode of
operation. In this mode of operation the Sludge Transfer Pumps start and stop
automatically based on the liquid of the Sludge Storage Tank located in the Sludge
Dewatering Building. The pumps start when the Storage Tank liquid level reaches 4 ft.
and the pump stops when the liquid level in the Storage Tank reaches 9 ft. The start
and stop liquid level setpoints for the Sludge Storage Tank are adjustable at the
Centrifuge Control Panel.
When transferring sludge from a digester to the Sludge Storage Tank the Operators
must carefully watch:
a.

Which Sludge Transfer Pump is in operation.

b.

Ensure that multiple Sludge Transfer Pumps are not operating at one time
because that could over-pressurize the piping system.

c.

The Operators must monitor the liquid level of the digesters so the
digester covers are not sitting on the corbels.

At this time the Metro Wastewater Treatment Plant is designed so sludge from any
digester can be transferred to any other digester or to the Sludge Storage Tank. The
anaerobic digestion process at the Metro Wastewater Treatment Plant can be operated
so three or four digesters could be operated as primary digesters and one and/or two
digesters could be operated as secondary digesters. In this operating scheme the
sludge transfer pumps would be used to transfer sludge from the primary digesters to
the secondary digesters and then the digested sludge from the secondary digesters to
the Sludge Storage Tank.
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FIGURE NO. 7-32 - DIGESTER NO. 5 SLUDGE TRANSFER SYSTEM DISPLAY SCREEN
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FIGURE NO. 7-33 - SLUDGE TRANSFER PUMP DISPLAY SCREEN

If all five (5) digesters are being operated as primary digesters, then the sludge transfer
pumps are used to transfer sludge from the digesters directly to the Sludge Storage
Tank.
At the Metro Wastewater Treatment Plant the normal operation is to transfer the
digested sludge from Anaerobic Digester Nos. 3, 4 and 5 to Anaerobic Digester Nos. 1
and 2. The digested sludge will then be transferred from Anaerobic Digester Nos. 1 and
2 to the Sludge Mix (Storage) Tank located in the Sludge Dewatering Building.
7.2.12.4

Shutdown Procedures

1.

For a short-term shutdown, pull up the Sludge Transfer Pump Control
Display on the Operator Interface Panel in Digester Control Pump
Building No. 2 (Digester Headhouse B) and “Stop” the pump using the
Control Mode. The Sludge Transfer Pump can also be stopped by
placing the “Hand-Off-Auto” selector switch on Motor Control Center
MCC13 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC13 to
the “Off” position.

7.2.12.5

Alternate Operation

There are several alternate modes of operation for the Sludge Transfer Pump. The first
alternate mode of operation would be to place the pump in the “Hand” position on the
Sludge Transfer Pump pop-up control panel display panel on the Operator Interface
Panel. In this mode of operation the pump is controlled at the Operator Interface Panel
using the “Start” and “Stop” buttons on the pump pop-up display. Once the “Start” button
is pressed it will run continuously until the “Stop” button is pressed.
The second alternate mode of operation would be to place the “Hand-Off-Auto” selector
switch located on Motor Control Center MCC13 to the “Hand” position. In the “Hand”
position, the pump will operate continuously until the selector switch is placed back into
the “Off” position.
7.2.12.6

Power Failure

If there is a power failure and the Sludge Transfer Pump was in operation, then the
pump will stop. After utility power is restored the Sludge Transfer Pump will
automatically come back on-line.
7.2.13

Digester Gas Mixing System No. 5

7.2.13.1

Introduction

Anaerobic Digester No. 5 is mixed using a digester gas mixing system. The digester gas
is removed from the dome of the digester by a gas compressor located in a house
located on the roof of Digester No. 5. Also located in the house there is a rotary valve.
The digester gas is discharged through twelve (12) lances in which eleven (11) lances
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are located around the periphery of the digester and one (1) lance is located in the
center of the digester, as previously shown in Figure No. 7-7. A rotary valve rotates to
each lance so digester gas is discharged through one lance at a time. The rotary valve
moves automatically to each lance and remains at that lance for a preset time.
The digester gas mixing compressor is a positive displacement, rotary lobe type
compressor. The gas compressor is rated at 200 cfm at a discharge pressure of 10
psig.
The digester gas mixing compressor is driven by a 20 Hp motor that receives 480 volt,
three phase electrical power from Motor Control Center MCC13 located on the grade
floor of Digester Control Building No. 2 (Digester Headhouse B).
7.2.13.2

Start-up Procedures

1.

Ensure that the digestion system is operating properly and producing a
good quantity and quality of methane gas.

2.

Ensure that the 6-inch manually operated plug valve on the suction side
of the Digester Gas Mixing Compressor is open.

3.

Place the “On-Off” disconnect switch located on the outside of the Gas
Mixing house to the “On” position. During normal operation, this switch is
always in the “On” position and only requires occasional checking to
ensure it has not been turned off.

4.

Place the five (5) “On-Off” circuit breakers located inside the Digester Gas
Mixing Control Panel (Pearth Gas Panel) located inside the Digester
Control Building to the “On” positions. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.

5.

Set the 15 minute to 3 hour timer (TR1) located inside the Digester Gas
Mixing Control Panel (Pearth Gas Panel) located inside the Digester
Control Building to the desired setting. The initial recommended setting is
30 minutes. Please note that Timer TR1 has several smaller adjustable
timers for duration at each discharge gas well (dwell time), pulse time for
the rotary valve to move to the next digester gas well, etc. Basically, the
upper two sections control the time range and the bottom knobs select
the time within that range.

6.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC13 for the Digester Gas Mixing Compressor to the “On” position.
During normal operation, this switch is always in the “On” position and
only requires occasional checking to ensure that it has not tripped.

7.

Place the “On-Off” power selector switch located on the Digester Gas
Mixing Panel (Pearth Gas Panel) in the Digester Control Building for the
digester cover indicator to the “On” position. In the “Off” position, the
digester cover position will not be indicated.
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8.

Place the “On-Off” selector switch for the power located on the Digester
Gas Mixing Panel in the Digester Control Building for the Pearth Gas
Mixing System to the “On” position. In the “Off” position, the gas mixing
system will not operate.

9.

Place the “Select-Hold-Automatic” selector switch located on the
Digester Gas Mixing Control Panel in the Digester Control Building for the
Station Select to the “Automatic” position. In the “Hold” position, the
rotary valve will remain at one gas lance and not rotate to the other gas
lances. In the “Select” position, the rotary valve will rotate to the desired
gas lance. Once at the desired gas lance the Operator must place the
selector switch back into “Hold” or “Automatic”.

10.

Press the “Start” pushbutton located on the Digester Gas Control Panel in
the Digester Control Building for the Digester Gas Compressor. Note:
The Digester Gas Compressor (Pearth Gas Compressors) can also be
controlled on SCADA by using the following steps.

The Operator can control the Digester Gas Mixing Compressor (Pearth Gas
Compressor) from the Operator Interface Panel located on the grade floor of the
Digester Control Building by performing the following:
11.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-24.

12.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

13.

On the Main Menu press the Digester No. 5 Gas System button.

14.

After the Digester No. 5 Gas System button is pressed the Digester Gas
System display screen will appear, as shown in Figure No. 7-34.

15.

Press the Digester Gas Compressor icon on the screen.

16.

A pop-up display of the Digester Gas Compressor Control Panel display
will appear on the screen, as shown in Figure No. 7-35.

17.

On the Digester Gas Compressor Control Panel display press the “AutoMan” Control Mode button and place the Gas Compressor in “Man”. At
this time the “Auto” mode is not in service.

18.

Press the “Start” button on the Digester Gas Compressor display to start
the compressor. To stop the compressor, press the “Stop” button.
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FIGURE NO. 7-34 - DIGESTER NO. 5 GAS SYSTEM DISPLAY SCREEN
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FIGURE NO. 7–35 - DIGESTER GAS COMPRESSOR (PEARTH GAS COMPRESSOR) DISPLAY SCREEN

7.2.13.3

Normal Operation

During normal operation, the Digester Gas Mixing System (Pearth Gas Mixing System)
rotary valve is in the “Automatic” mode of operation. In the “Automatic” mode of
operation the rotary valve will sequentially rotate to each gas well thus pushing digester
gas down through the lance into the digester. For example, the rotary valve will remain
at Gas Well No. 1 for 30 minutes as determined by the timeclock located in the Digester
Gas Control Panel. After the 30 minutes times out, the rotary valve will go to Gas Well
No. 2. This process will continue for each Gas Well. The process will not stop unless
the Operator removes the system from “Automatic”, there is fault such as “Low Gas
Pressure”, or there is a mechanical/electrical problem. The Digester Gas Compressor is
manually started and stopped.
There is a pulse time that allows the rotary valve to change to another well and release
the “Stop Limit” switch. Typically, this is set at 10 seconds.
Once the Gas Compressor is “Started” it will operate continuously until it is “Stopped” by
the Operator. If the gas pressure in the digester dome reduces to 1.5-inches W.C., the
Low Pressure Regulator will open thus recirculating the digester gas back into the dome.
The Low Pressure Regulator will start to open when the gas pressure in the digester
dome reaches 2.5-inches W.C.
If the gas pressure on the discharge side of the gas compressor reaches 2 psig, then the
High Pressure Relief Valve will open and digester gas will discharge back into the
digester gas dome.
7.2.13.4

Shutdown Procedures

1.

For a short-term shutdown, press the Gas Compressor “Stop” pushbutton
located on the Digester Gas Mixing Control Panel (Pearth Gas Panel)
located in the Digester Control Building. The Gas Compressor can also
be shut down by pressing the “Stop” pushbutton on the Control Panel
near the Gas Compressor on the digester roof or the Gas Compressor
can be stopped at the Operator Interface Panel in the Digester Control
Building.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” selector switch located on the Digester Gas Control Panel in
the Digester Control Building to the “Off” position. Also place the “On-Off”
circuit breaker located on Motor Control Center MCC13 to the “Off”
position.

7.2.13.5

Alternate Operation

As stated earlier, the digester gas mixing system is normally operated in the “Automatic”
mode of operation. An alternate mode of operation for the digester gas mixing system
would be to place the “Select-Hold-Automatic” selector switch to the “Select” position
until the rotary valve reaches the required gas well. Once the rotary valve reaches the
desired digester gas well, place the selector switch to the “Hold” position. The rotary
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valve will remain at this position until the Operator switches the location or places the
system back into “Automatic” mode.
If the Digester Gas Mixing System is taken out of service for maintenance or repairs,
then an alternate digester mixing system will be to use the Sludge Recirculation Pumps
to keep the digester properly mixed.
7.2.13.6

Power Failure

If there is a power failure the Gas Mixing Compressor will stop. After utility power is
restored the Operator must manually restart the compressor by pressing the “Start”
pushbutton on the Digester Gas Mixing Control Panel (Pearth Gas Control Panel).
7.2.14

Digester Gas Blower Nos. 3, 4 and 5

7.2.14.1

Introduction

Located in the gas side of Digester Control Building No. 2 (Digester Headhouse B) there
are three (3) positive displacement, rotary lobe type blowers that are used to transfer
gas from the Low Pressure Displacement Gas Holders to the high pressure Gas Storage
Sphere. Each Digester Gas Blower is rated at 293 cfm at a discharge pressure of 13
psig. These gas blowers can be operated automatically or manually.
Each Digester Gas Blower is driven by a 25 Hp motor that receive 480 volt, three phase
electrical power from Motor Control Center MCC13 located on the grade floor of Digester
Building No. 2 (Digester Headhouse B).
7.2.14.2

Start-up Procedures

1.

Ensure that the valves on the suction and discharge side of the Digester
Gas Blowers are open.

2.

Ensure that the Low Pressure Displacement Gas Holders have the
correct quantity of oil for the correct gas pressure. Refer to Section 7.225 later in this chapter for the operation of the Low Pressure
Displacement Gas Holders.

3.

Ensure that the “On-Off” control switch on the Low Pressure
Displacement Gas Holders are to the “On” position.

4.

Place the “On-Off” circuit breaker located on Motor Control Center
MCC13 for each Digester Gas Blower to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

5.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC13 for each Digester Gas Blower to the “Auto” position. In
the “Off” position, the gas blower will not operate. In the “Hand” position,
the gas blower will operate continuously.
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The Operator can now control the Digester Gas Blower from the Operator Interface
Panel located on the grade floor of the Digester Control Building by performing the
following:
6.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown on Figure No. 7-24.

7.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

8.

On the Main Menu screen press the Digester No. 5 Gas System button.

9.

After the Digester No. 5 Gas System button is pressed the Digester Gas
System display screen will appear, as previously shown in Figure No. 734.

10.

Press on the Digester Gas Blower icon on the screen.

11.

A pop-up display of the Digester Gas Blower Control Panel display will
appear on the screen, as shown in Figure No. 7-36.

12.

On the Digester Gas Blower Control Panel display screen, press the
“Auto-Man” Control Mode button and place the Gas Blower in the “Auto”
mode of operation. In the “Man” mode of operation, the Digester Gas
Blowers are controlled using the “Start” and “Stop” buttons on the Gas
Blower pop-up control display.

13.

Close the pop-up display by pressing the “X” in the upper right hand
corner.

14.

Return to the Digester No. 5 Sludge Recirculation system display screen.

15.

Press the “Setup” button in the lower left hand side of the screen.
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FIGURE NO. 7-36 - DIGESTER GAS BLOWER CONTROL PANEL DISPLAY

16.

The Digester Setup display will appear on the screen, as shown in Figure
No. 7-37.

17.

On the Digester No. 5 Setup display screen set the Digester Gas Blower
Alternation sequence by placing the “Auto-Blower 1-Blower 2-Blower 3”
selection to the “Auto” position using the up and down arrows to move the
cursor to the correct position. Once the cursor is at correct position, then
the Operator must “Enter” the setting by pressing the bottom arrow key.
In the “Auto” position, the “Lead” Digester Gas Blower will automatically
alternate after each operating cycle as follows:
Blower Position

Cycle 1

Cycle 2

Cycle 3

Lead

Blower No. 1

Blower No. 2

Blower No. 3

Lag

Blower No. 2

Blower No. 3

Blower No. 1

Standby

Blower No. 3

Blower No. 1

Blower No. 2

The “Lead” blower is displayed in the Lead Blower box next to the Control
Mode. If the cursor is in the Blower No. 1 position on the Control Mode,
then that will remain the “Lead” blower until the Operator changes the
lead blower to another number or places the system in “Auto”.
18.

Press the “Tank No. 1-Tank No. 2” button located on the Digester Gas
Blower Alternation panel to the desired setting. In the Tank No. 1
position, the Digester Gas Blowers are controlled by the control system in
Low Pressure Displacement Gas Holder No. 1. In the Tank No. 2
position, the Digester Gas Blowers are controlled by the control system in
Low Pressure Displacement Gas Holder No. 2.

19.

Close the Digester No. 5 Setup display screen by pressing the “X” in the
upper right hand corner of the display.

7.2.14.3

Normal Operation

During normal operation, the Digester Gas Blowers located in Digester Control Building
No. 2 (Digester Headhouse B) are in the “Automatic” mode of operation. When the gas
pressure in the Low Pressure Displacement Gas Holder rises to 8-inches W.C., the
piston in the holder will begin to rise. As the gas pressure increases the piston rises.
When the piston reaches a certain level a control switch will be tripped that will start the
“Lead” Digester Gas Blower. If the piston continues to rise in the gas holder and the
“Lead” blower cannot keep up, then a second switch in the gas holder will start the “Lag”
Digester Gas Blower.
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FIGURE NO. 7-37- DIGESTER NO. 5 SETUP DISPLAY SCREEN

When the gas pressure in the holder decreases the piston will begin to fall. As the
piston lowers to the bottom of the gas holder, the control switch will first turn off the “Lag”
blower. If the piston continues to fall, then the “Lead” blower will stop.
The Digester Gas Blowers are designed to remove the digester gas from the Low
Pressure Displacement Gas Holders and transfers it to the Digester Gas Storage
Sphere. The Digester Gas Blowers raise the gas pressure from 8-14 inches W.C. to 1015 psig. The digester gas is removed from the gas storage sphere and transferred to
the incinerator burners.
7.2.14.4

Shutdown Procedures

1.

For a short-term shutdown, place the Digester Gas Blower in “Manual” on
the Operator Interface Panel and then press the “Stop” button. The
Digester Gas Blower can also be stopped by placing the “Hand-Off-Auto”
selector switch located on Motor Control Center MCC13 to the “Off”
position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC13 to
the “Off” position. If a blower is to be taken out of service for an extended
period of time, then that blower should be placed into the “Standby”
position.

7.2.14.5

Alternate Operation

There are several alternate modes of operation for the Digester Gas Blowers. The first
alternate mode of operation would be to operate another gas blower if one blower is
taken out of service for maintenance or repairs.
A second alternate mode of operation would be to operate the Digester Gas Blower
manually from the Operator Interface Panel. This is accomplished by pulling up the
Digester Gas Blower on the Operator Interface Panel, placing the blower in “Manual”
and then controlling the blower by using the “Start” and “Stop” buttons on the pop-up
Control Panel display.
The third alternate mode of operation would be to operate a Digester Gas Blower
manually by placing the “Hand-Off-Auto” selector switch located on Motor Control Center
MCC13 to the “Hand” position to start the blower and “Off” position to stop the blower.
Operators must use caution when operating a Digester Gas Blower in the
“Manual” mode of operation. In the “Manual” mode of operation, the Operators
must ensure that the gas pressure on the suction side of the blowers does not
become too low and that the pressure on the discharge side of the blower does
not become too high. A high gas pressure in the Gas Storage Sphere will cause
the pressure relief valve on top of the sphere to open.
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7.2.14.6

Power Failure

If there is a power failure, the Digester Gas Blowers will shutdown.
restored the blowers will automatically come back on line.
7.2.15

Digester No. 5 Level Sensor Flush System

7.2.15.1

Introduction

After utility is

The level sensor for Anaerobic Digester No. 5 is important for measuring the liquid level
of the anaerobic digester. In order to keep the sensor clean and free of debris nonpotable water is supplied to the sensor assembly. A 1-inch non-potable water pipe is
connected to the sensor enclosure. There is an automatic valve on the non-potable
water line that opens and closes automatically to flush debris from the sensor assembly.
Keeping the sensor clean will help provide accurate readings.
Flushing the sensor assembly is not the only maintenance needs for the sensor. The
sensor must be periodically pulled and maintenance must be performed per the
manufacturer’s requirements. For further information concerning the maintenance
requirements of the sensor, please refer to the Manufacturer’s Operation and
Maintenance Manual.
7.2.15.2

Start-up Procedures

1.

Ensure that the manual valve on the non-potable water pipe is open.

2.

Place the “On-Off” circuit breaker in the Lighting Panel for the Level
Sensor to the “On” position. During normal operation, this switch is
always in the “On” position and only requires occasional checking to
ensure that it has not tripped.

The Operator can now control the automatic Level Sensor Flush System from the
Operator Interface Panel located on the grade floor of the Digester Control Building by
performing the following:
3.

Pull up the Main Menu by pressing on the screen. The Main Menu
screen will appear, as previously shown in Figure No. 7-24.

4.

On the Main Menu screen the Operator must log-in so he/she can control
the equipment.

5.

Press the Digester No. 5 Sludge Recirculation button on the Main Menu.

6.

The Sludge Recirculation System display will appear on the screen.

7.

Press the “Setup” button on the Sludge Recirculation System display
screen.

8.

The Digester Setup display will appear on the screen, as previously
shown in Figure No.7-37.
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9.

Set the “On” and “Off” timers for the Level Transmitter Flush Times for
Digester No. 5. This is accomplished by pressing the buttons and typing
in the required times. The initial recommended settings are as follows:
On Time: 30 seconds
Off Time: 60 minutes
A flush can be manually initiated by pressing the “Flush” button.

7.2.15.3

Normal Operation

During normal operation, the level sensor flush system operates automatically based on
the times set on the timers. Based on the times previously shown, the non-potable
water valve will be closed for 60 minutes based on the “Off Time” setting and opened for
30 seconds based on the “On Time” setting.
The Level Sensor Flush system will continue to cycle until the Operator stops the
system.
7.2.15.4

Shutdown Procedures

3.

For a short-term shutdown, place the valve in the “Off” position.

4.

For a long-term shutdown, repeat Step No. 1. In addition, place the “OnOff” circuit breaker in the Lighting Panel to the “Off” position. Also, close
the manual valve on the non-potable water valve. Note: While the flush
system is out of service, the level sensor will need to be removed more
frequently and cleaned.

7.2.15.5

Alternate Operation

There are several alternate modes of operation for the Level Sensor Flush system. The
first alternate mode of operation would be to do a manual flush by pressing the “Flush
Digester 3” or “Flush Digester 4” button on the Digester Setup screen on the Operator
Interface Panel.
The second alternate mode of operation for the level sensor flush system is to manually
remove the level sensor and manually clean the unit.
7.2.15.6

Power Failure

If there is a power failure the automatic flush cycle sequence will stop. After utility power
is restored the cycle timers will automatically restart and the flush cycle will come back
on-line.
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D.

Digester Control Building No. 3 (Digester Headhouse C)

7.2.16

Digester Nos. 1 and 2 Sludge Feed System

7.2.16.1

Introduction

Thickened sludge is pumped to Anaerobic Digester Nos. 1 and 2 on a regular basis. It is
important that the primary digesters are fed sludge consistently. The feed sludge is first
fed through the heat exchangers before entering the primary digesters. It is important to
heat the feed sludge before it enters the primary digesters so the cold sludge does not
affect the operation of the digesters. The feed sludge is also mixed with sludge from the
primary digesters as supplied by the Sludge Recirculation Pumps. Mixing the
recirculation sludge with the feed sludge buffers the feed sludge before it enters the
primary digesters.
7.2.16.2

Start-up Procedures

1.

Ensure that the manual valves for the feed sludge in the Digester Control
Building are open.

2.

Place the “On-Off” circuit breakers located in 480 volt Panel HV1 for the
Automatic Valves to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.

3.

Place the “On-Off” disconnect switch located near each Valve is to the
“On” position. During normal operation, these switches are always in the
“On” position and must be occasionally checked to ensure that they have
not been turned “Off”.

4.

Place the “Local-Remote” selector switch located on each Motorized
Valve to the “Remote” position. In the “Local” position, the valve is
controlled by using the “Open-Stop-Close” switch on the valve.

The Operator can now control the Automatic Motorized Valves from the Operator
Interface Panel located on the grade floor of the Digester Control Building by performing
the following:
5.

Pull up the Main Menu by pressing the “FI6” Function button located
below the screen. The Main Menu screen will appear, as shown in Figure
No. 7-38.

6.

On the Main Menu screen press the “F2” located below the screen for
Digester Sludge Feed System.

7.

After the Digester Sludge Feed System button is pressed the Digester
Nos. 1 and 2 Sludge Feed System screen will appear, as shown in Figure
No. 7-39.
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FIGURE NO. 7-38 - MAIN MENU SCREEN
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FIGURE NO. 7-39 - DIGESTER NOS. 1 AND 2 - SLUDGE FEED SYSTEM DISPLAY SCREEN

8.

On the Sludge Feed Screen press the “F3” Feed Valve button below the
screen.

9.

The Sludge Feed Valve (Valve Nos. VMO11 and VMO12) display will
appear on the screen, as shown in Figure No. 7-40.

10.

On the Sludge Feed Valve screen there is an “Auto Position” icon. Press
the “F15” button below the screen.

11.

The Sludge Feed Valve “Auto-Man” display will appear on the screen.
Place the Sludge Feed Valves in “Man”. In “Auto” the Sludge Feed
Valves would automatically open at preset conditions; however, at the
Metro Wastewater Treatment Plant the “Auto” position is not used at this
time.

12.

Return the Sludge Feed Valve (Valve Nos. VMO-11 and VMO-12) display
and use the respective “Open” and “Close” Function (F) buttons to control
the valves. Open the Feed Valve to the digester being fed.

13.

Return to Sludge Feed Screen by pressing the “F16” button. Once the
Sludge Feed Screen is displayed then press the “F1” “F2” button to pull
up the Sludge Recirculation Valve (Digester No. 1 – Valve Nos. VMO-7,
VMO-8, VMO-9 and VMO-10 and Digester No. 2 – Valve Nos. VMO-3,
VMO-4, VMO-5 and VMO-6).

14.

After the “F1” or “F2” button is pressed the respective Digester
Recirculation Valve display screen will appear, as shown in Figure No. 741.

15.

On the Digester Recirculation Valve display open the valve or valves
where the sludge will be re-introduced back into the digester. Typically,
only one or two valves per digester are open while the other valves are
closed. The Operator must press the corresponding Function (F) button
located below the computer screen for the valve. For example, for
Digester Recirculation Valve No. VMO-7 then the “F1” button is used to
“Open” the valve and the “F2” button is used to “Close” the valve.

7.2.16.3

Normal Operation

The feeding of thickened sludge to the anaerobic digesters at the Metro Wastewater
Treatment Plant is normally accomplished manually. The thickened sludge pumps in the
two (2) Air Flotation Thickener Buildings can be operated automatically where they
would start and stop automatically based on the liquid level in their respective wet wells.
However, the Operators manually operate the thickened sludge pumps and monitor the
wet well levels. The Operators manually start these pumps and transfer sludge to the
anaerobic digesters until the liquid level in the wet well recedes to a preset low level.
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FIG. NO. 7-40 - DIGESTER NOS. 1 AND 2 - SLUDGE FEED VALVE CONTROL PANEL DISPLAY SCREEN
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FIGURE NO. 7-41 - DIGESTER NOS. 1 AND 2 – DIGESTER RECIRCULATION VALVE
CONTROL PANEL DISPLAY SCREEN

Before a Thickened Sludge Pump is started the Operator selects the digester that is to
be fed sludge and manually opens the Motorized Sludge Feed Valves on the Digester
Control Building Operator Interface Panel for that digester. The Motorized Sludge Feed
Valve on the inlet side of the heat exchanger must be open and the Operator must select
a feed point or points into the digester by opening the Motorized Valve(s) on the
discharge side of heat exchanger. The Operator will feed thickened sludge into the
digester until liquid level in the Thickened Sludge Wet Well reaches a preset low level.
Once the digester is fed with sludge the Operators switch to another digester for the next
cycle. Another method used by the Metro Operators is to feed a primary digester for
four (4) hours, then feed the next primary digester for four (4) hours and so on. If these
digesters are serving as primary digesters, then the Operators must also feed these
digesters at a consistent rate and on a regular basis. The primary digestion should be
fed at a rate of 80-110 lbs V.S./1000 ft3/day.
While a digester is being fed with thickened sludge the recirculation pump should be
operating. Operating the recirculation pump while feeding the digester allows the
incoming sludge to be mixed with already digesting sludge and warms up the incoming
sludge so the bacteria in the digester is not shocked with cold sludge.
If Anaerobic Digester Nos. 1 and 2 are serving as secondary digesters and are being fed
from Anaerobic Digester Nos. 3, 4 and 5, which are serving as primary digesters, then
the feeding strategy is different than if Anaerobic Digester Nos. 1 and 2 were primary
digesters. If Anaerobic Digester Nos. 1 and 2 are serving as secondary digesters, then
the Operators must carefully watch the liquid levels in the secondary digester where the
sludge is being withdrawn. The secondary digester does not have to be fed at a
consistent feed rate but it is important that the Operator does not withdraw too much
sludge out of the primary digester where it would upset the process. The Operators
must also ensure that the level in the secondary digester does not go higher than the
overflow level and the liquid level in the primary digester does not go below the corbels.
7.2.16.4

Shutdown Procedures

1.

For a short-term shutdown, pull up the Sludge Feed Valve control screen
on the Digester Control Building Operator Interface Panel and press the
appropriate Function (F) to “Close” the valve. IMPORTANT: Before
closing the valve, ensure that the sludge flow is directed to another
digester or the thickened sludge pumps are turned off.

2.

For a long-term shutdown, repeat Step No. 1. If a valve is taken out of
service for an extended period of time, then the “On-Off” disconnect
switch located next to the valve must be placed into the “Off” position.

7.2.16.5

Alternate Operation

There are several alternate modes of operation for the sludge feed system Motorized
Sludge Valve. The first alternate mode of operation would be to place the valve in
“Local” at the valve operator and use the “Open-Stop-Close” selector switch on the valve
operator. A second alternate mode of operation would be to place the valve in “Local” at
the valve and then use the Manual Handcrank on the valve to “Open” and “Close” the
valve.
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A third alternate mode of operation would be to place the valve in “Remote” at the valve
and place the valve in “Automatic” at the Operator Interface Panel in the Digester
Control Building. At this time this mode of operation is not available.
7.2.16.6

Power Failure

If there is a power failure the valve will remain in the last position it was at before the
power went out. After utility power is restored the valve will automatically come back on
line.
7.2.17

Sludge Heater/Heat Exchanger Nos. 1 and 2

7.2.17.1

Introduction

There are two (2) sludge heater/heat exchangers located in Digester Control Building
No. 3 (Digester Headhouse C), as previously shown in Figure No. 7-7. The heater/heat
exchangers have rated at a minimum heating capacity of 2,000,000 BTU/hr. The heat
exchanger contains their own burner that heats a water bath within heat exchanger to
maintain the water bath temperature at 180°F. The sludge is pumped through the pipes
that serpentine through the water bath. As the sludge passes through the pipes it picks
up heat until the sludge reaches a temperature of 95°F. The burner is supplied methane
gas as the main fuel source and propane gas for the pilot line gas.
Each sludge heater/heat exchanger is supplied 480 volt, three phase electrical power
from Motor Control Center MCC1 located in Digester Control Building No. 3 (Digester
Headhouse C).
7.2.17.2

Start-up Procedures

1.

Ensure that the heat exchangers are filled with water. The proper
operation is that there are at least 2-inches of water visible in the
expansion tank site glass. The water in the heat exchanger should be
slightly alkaline (pH 7.1-7.5).

2.

Ensure that valves on the main gas system and pilot light are properly set
and the gas systems are ready for operation.

3.

Ensure that the sludge valves to and from the heat exchanger are open
and the bypass valve at the heat exchanger is closed. Refer to the
following table and Figure Nos. 7-4 and 7-44 to determine the correct
valves to set per the flow pattern used for the particular operation.

Heat Exchanger

Open Valves

Closed Valves

HEX-1

C-SR-10
C-SR-11

C-SR-12

HEX-2

C-SR-28
C-SR-29

C-SR-30
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4.

Ensure that the sludge recirculation pumps are operational.

5.

Place the “On-Off” circuit breaker located on Motor Control Center MCC1
for each Sludge Heater/Heat Exchanger to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

6.

Place the “On-Off” circuit breaker located inside each Sludge Heater/Heat
Exchanger Control Panel for each Hot Water Circulation Pump to the
“On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they
have not tripped.

7.

Place the “On-Off” circuit breaker located inside each Sludge Heater/Heat
Exchanger Control Panel for the Induced Draft Fan to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

8.

Place the “On-Off” circuit breakers located inside each Sludge
Heater/Heat Exchanger Control Panel for the 120 volt Controls to the
“On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they
have not tripped.

9.

Set the 24 hour timeclock located inside each Sludge Heater/Heat
Exchanger Control Panel for the Cycle Timer to the desired setting. The
initial recommended setting is 1 hour. Once this timer is set there should
be only minimal changes.

10.

Set the 0-60 minute timer located inside each Sludge Heater/Heat
Exchanger Control Panel for the Low Gas Pressure to the desired setting.
The initial recommended setting is 1 minute. Once this timer is set there
should be no need to change the setting.

11.

While inside the Sludge Heater/Heat Exchanger Control Panel set the
following controls:


Operating Thermostat:
Set at 160°F “On” and 180°F “Off”



High Limit Thermostat:
Set at 220°F

Once these temperatures are set there should be no need to change
these thermostat settings.
12.

Place the “On-Off” disconnect switch located on the outside of each
Sludge Heater/Heat Exchanger Control Panel to the “On” position.
During normal operation, these switches are always in the “On” position
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and only require occasional checking to ensure that they have not been
turned “Off.”
13.

Place the “Continuous-Intermittent” selector switch located on each
Sludge Heater/Heat Exchanger Control Panel for the Sludge
Recirculation Pump to the “Intermittent” position. In the “Continuous”
position the Sludge Recirculation Pump will operate continuously.

14.

Place the “On-Off” selector switch located on the Sludge Heater/Heat
Exchanger Control Panel for the Continuous Hot Water Bath to the “On”
position. In the “Off” position the water temperature thermostats will be
out of service.

15.

Place the “Digester Gas – Digester Gas/Oil – Oil” selector switch located
on each Sludge Heater/Heat Exchanger Control Panel for the Fuel
Selection to the “Digester Gas” position. Since there is only a single gas
source to the heat exchangers, the other selector switch positions are
non-operational.

16.

Place the “Continuous –Intermittent” selector switch for the Induced Draft
Fan located on each Sludge Heater/Heat Exchanger Control Panel to the
“Intermittent” position. In the “Continuous” position, the Induced Draft Fan
will operate continuously.

17.

Place the “Manual-Off-Automatic” selector switch located on the Sludge
Heater/Heat Exchanger Control Panel for the Sludge Heater to the
“Automatic” position. In the “Off” position, the heat exchanger will not
operate. In the “Manual” position, the Operator initiates the starting of the
Sludge Heater/Heat Exchanger and Sludge Recirculation Pump.

7.2.17.3

Normal Operation

During normal operation, the Sludge Recirculation Pumps and Sludge Heater/Heat
Exchangers are in the “Automatic” mode of operation. The selector switches located on
the Sludge Heater/Heat Exchanger Control Panel are in the following normal positions:

Selector Switch

Position

Sludge Heater

Automatic

Sludge Recirculation Pump

Intermittent

Constant Hot Water Bath

On

Fuel Select

Digester Gas

Induced Draft Fan

Intermittent

With the selector switches in the positions as previously shown, the following operating
sequence will occur.
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1.

The 24-hour cycle timer sends a signal to start the Sludge Recirculation
Pump per the time set by the Operator. Please note the sludge heater
and sludge recirculation pump will also start if cold feed sludge is fed to
the sludge heater/heat exchanger and the sludge thermostat closes.

2.

The Sludge Recirculation Pump starts pumping sludge from the digester
to the sludge heater. If the temperature is below 95°F the Sludge
Thermostat will close sending a signal to the Hot Water Recirculation
Pump to start.

3.

If the temperature of the water bath inside the sludge heater falls below
160°F, then a signal will be sent to the burner to start.

4.

Before the burner can start the following conditions must be met.


The “Low Water” cut-off switch must not be activated.



The “High Limit” thermostat must not be closed.



The digester gas pressure must be above 1½-inches W.C. and
the gas pressure switch must be closed to confirm that pressure.

5.

Once the parameters in Step No. 4 are met, a signal is sent to the burner
to start. Before the burner starts the Induced Draft Fan will start and
operate for 30 seconds to purge the gases from the burner before starting
the burner. The purge cycle is to avoid an explosion.

6.

The Burner will start after the purge cycle has completed and it will
continue to fire until one of the following conditions are met:


The water bath reaches 180°F.



The sludge temperature reaches 95°F.



A flame failure occurs.



If the digester gas pressure fails below 1½-inches W.C. Note: If
the digester gas pressure falls below 1½-inches W.C. the
sludge heater will stop and not start again until the gas
pressure reaches 5-inches W.C.

As the sludge is circulating through the sludge heater the burner will stop when
the hot water bath reaches 180°F and start when the hot water bath falls below
160°F. This cycle will continue until the sludge temperature reaches 95°F.
Once the sludge temperature reaches 95°F the burner will stop and the sludge
recirculation pump will operate for an additional couple of minutes in order to
remove some of the heat from the water bath so the sludge does not bake onto
the inside of the sludge tubes. If sludge bakes onto the tubes it will reduce the
sludge heat transfer efficiency, thus, requiring the sludge recirculation pump to
operate longer in order for the sludge temperature to reach 95°F.
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7.2.17.4

Shutdown Procedures

1.

For a short-term shutdown, place the “Manual-Off-Automatic” selector
switch located on the Sludge Heater/Heat Exchanger Control Panel to the
“Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition,

7.2.17.5

a)

Place the “On-Off” disconnect switch on the Sludge
Heater/Heat Exchanger to the “Off” position.

b)

Place the “On-Off” circuit breaker located on Motor Control
Center MCC1 to the “Off” position.

c)

Turn off the digester gas line by closing the manual gas
valve.

d)

If the sludge heater is to be down for a long period of time,
then drain the water from the sludge heater.

Alternate Operation

There are several alternate modes of operation for the Sludge Heater/Heat Exchanger.
The first alternate mode of operation would be to operate the sludge heater by manually
placing the “Manual-Off-Automatic” selector switch located on the Sludge Heater/Heat
Exchanger Control Panel to the “Manual” position. When the selector switch is placed in
“Manual” the Hot Water Recirculation Pump and Sludge Recirculation Pump will operate
continuously, independent of the 24 hour timeclock. The sludge thermostat will have no
control of the sludge temperature and the heater will fire each time the water bath
temperature falls to 160°F and will continue to fire until the water bath temperature
reaches 180°F.
The other alternate mode of operation would be to operate the equipment manually at
the Sludge Heater/Heat Exchanger using the selector switches on the sludge heater
control panel.
7.2.17.6

Alarm Conditions

The Sludge Heater/Heat Exchanger has several alarms that are factory set to protect the
sludge heater. These alarms are as follows:


Hot Water Bath Over Temperature



Low Water



Atomization Air



Flame Failure

If there is a “Hot Water Bath Over Temperature Alarm”, the Operator must ensure the
problem is corrected and then press the “Hot Water Bath Over Temperature” reset
button located on the Sludge Heater/Heat Exchanger Control Panel. The water bath
over temperature alarm occurs when the water bath temperature reaches 220°F. The
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burner will shut down and the high limit thermostat must be manually reset by pressing
the “Reset” button. A “Hot Water Bath Over Temperature Alarm” could occur because of
several reasons. The first reason would be a faulty hot water recirculation pump, or
faulty water temperature control thermostat, etc.
If there is a “Low Water Alarm”, then the heater will not fire until the water level is back to
the proper level.
If there is no flame presented in the combustion chamber and the fuel valves are open,
the “Fireye” will automatically close the fuel valves to the burner and sound the alarm. If
this occurs, press the “Flame Safety” reset button and hold for approximately 2 minutes.
Other safety controls for the sludge heater are:


High Pressure Relief Valve



Belt Failure

The sludge heater is designed for a maximum pressure of 30 psig. If the pressure
exceeds 30 psig, then a pressure relief valve on the sludge heater will open.
If the belt on the Induced Draft Fan breaks or becomes loose, then the burner will not
fire. If the burner was operating, then the burner will shut down as controlled by the air
proving switch.
7.2.17.7

Power Failure

If there is a power failure, the sludge heater will shutdown. After utility power is restored
the sludge heater will automatically come back on line.
7.2.18

In-line Sludge Grinder Nos. 1-4 (Macerator Nos. 1-4)

7.2.18.1

Introduction

Located in Digester Control Building No. 3 (Digester Headhouse C) there are four (4) Inline Sludge Grinders (macerators). There are two (2) macerators located on the suction
side of the Sludge Recirculation Pumps and two (2) located on the suction side of the
Sludge Transfer Pumps. The two grinders for the Sludge Recirculation Pumps are
located in the basement on the gas side (Equipment Room) of the building. The two
grinders for the Sludge Transfer Pumps are located in the basement on the sludge pump
side (Pump Room) of the building. Each grinder (macerator) will automatically start
when its’ respective sludge pump starts and stops when that pump stops. Each grinder
is rated at 400 gpm.
Each In-line Grinder (macerator) is driven by by a 3 Hp motor that receives 480 volt,
three phase electrical power from the Main Control Panel (MCP) which receives 480
volt, three phase, electrical power from Panel HV1 located in Digester Control Building
No. 3 (Digester Headhouse C).
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7.2.18.2

Start-up Procedures

1.

Ensure that the valves on the suction and discharge side of the grinders
(macerators) are open.

2.

Place the “On-Off” disconnect switch located next to each In-line Sludge
Grinder to the “On” position. During normal operation, these switches are
always in the “On” position and only require occasional checking to
ensure that they have not been turned “Off”. Note: The disconnect
switches for the Sludge Recirculation Pump grinders (macerators) are
located in the basement on the sludge pump side of the building.

3.

Place the “On-Off” circuit breaker located inside the Main Control Panel
(Operator Interface Panel) for each In-line Sludge Grinder to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasional checking to ensure that they have
not tripped.

4.

Place the “Hand-Off-Auto” selector switch located inside the Operator
Interface Panel (Main Control Panel) for each In-line Sludge Grinder to
the “Auto” position. In the “Off” position, the grinder will not operate. In
the “Hand” position, the grinder will run continuously.

The Operator can now control the In-line Sludge Grinders (macerators) from the
Operator Interface Panel located on the grade floor of the Digester Control Building by
performing the following:
5.

Pull up the Main Menu by pressing the “F16” Function button located
below the screen. The Main Menu screen will appear, as previously
shown in Figure No. 7-38.

6.

On the Main Menu screen press the “F3” (Digester Sludge Recirculation
System) Function button or the “F4” (Digester Sludge Transfer System)
button located below the screen.

7.

If the “F3” button is pressed, then the Digester Sludge Recirculation
System will appear as shown in Figure No. 7-42. Press “F1” Function
button below the screen for the Macerator Control screen.

8.

After the “F1” button is pressed then the Macerator Control display will
appear on the screen, as shown in Figure No. 7-43.

9.

Place the “Man-Auto” selector switch for each Macerator to the “Auto”
position. In the “Man” position, the Macerators are controlled by pressing
the respective “Start” and “Stop” Function (F) buttons displayed on the
screen. Note: To move the cursor for the “Man-Auto” display, the
Operators must use the arrow buttons to the right of screen and then use
the confirm arrow to “Enter” the choice.
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FIGURE NO 7-42 - SLLUDGE RECIRCULATION SYSTEM DISLAY SCREEN
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FIGURE NO. 7-43 - MACERATOR CONTROL DISPLAY SCREEN

10.

7.2.18.3

After the Sludge Recirculation Pump Macerators (Macerator Nos. 3 and
4) are in “Automatic”, then repeat similar steps as above for the Sludge
Transfer Pump Macerators (Macerator Nos. 1 and 2).
Shutdown Procedures

1.

For a short-term shutdown, pull up the Macerator Control Screen display,
then place the Macerator in “Manual” and then use the respective
Function (F) button to “Stop” the unit. The Macerator can also be stopped
by placing the “Hand-Off-Auto” selector switch located inside the Operator
Interface Control Panel for the Macerator to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” disconnect switch and “On-Off” circuit breaker into the “Off”
positions. Note: If a sludge grinder is going to be out of service for an
extended period of time, then the grinder may need to be removed and a
spool piece placed into piping.

7.2.18.4

Alternate Operation

The alternate mode of operation for an In-line Sludge Grinder (Macerator) would be to
pull up the Macerator Control Panel Display. Once the control screen appears, then
place the grinder into “Manual” and use the “Start” and “Stop” Function buttons to control
the unit.
7.2.18.5

Safety Conditions

The grinders have a safety device that protects the grinder from damage. The grinder is
designed to automatically reverse if a jam is sensed by the grinder. The grinder will
automatically reverse three (3) times before it shuts down if the jam does not clear. After
the grinder shuts down an alarm will sound at the Operator Interface Panel. If the
grinder shuts down because of an overload or jam, then the grinder must be “Reset”
after the problem has been corrected. This is accomplished by pulling up the Macerator
Control Display Screen and pressing the appropriate Function button for the macerator
“Reset”.
7.2.18.6

Power Failure

If there is a power failure and the grinder was operating, it will stop. After utility power is
restored, the grinder controls will automatically reset and the grinder will not start until its
respective pump starts.
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7.2.19

Sludge Recirculation Pump Nos. 1 and 2

7.2.19.1

Introduction

Sludge recirculation pumps are used to remove sludge from Digester Nos. 1 and 2,
pump it through the Sludge Heater/Heat Exchangers and back to the digesters, as
shown in Figure No. 7-44. Pumping sludge through the sludge heater increases and
maintains the digester sludge temperature at 95°F. The sludge recirculation pumps can
be operated automatically or manually.
There are two (2) pumps in Digester Control Building No. 3 (Digester Headhouse C) that
are used as Sludge Recirculation Pumps. The two (2) sludge recirculation pumps are
positive displacement, rotary lobe type pumps. Each sludge recirculation pump is rated
at 350 gpm at a total dynamic head of 162 ft. (60 psig).
Each sludge recirculation pump is driven by a 25 Hp motor that receives 480 volt, three
phase electrical power from Motor Control Center MCC1 located on the grade floor of
Digester Control Building No. 3 (Digester Headhouse C).
7.2.19.2

Start-up Procedures

1.

Ensure that the valves on the suction and discharge side of the sludge
recirculation pumps from the digester, through the sludge heater and
back to the digester, are open.

2.

Ensure that the Sludge Heater/Heat Exchanger is in the “Automatic”
mode of operation.

3.

Ensure that the In-line Sludge Grinders (Macerators) on the suction side
of the pumps have electrical power and are in the “Automatic” mode of
operation.

4.

Place the “On-Off” disconnect switch located next to each Sludge
Recirculation Pump to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not been turned “Off”.

5.

Place the “On-Off” circuit breaker located on Motor Control Center MCC1
for each Sludge Recirculation Pump to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

6.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC1 for each Sludge Recirculation Pump to the “Auto” position.
In the “Off” position, the pump will not operate. In the “Hand” position, the
pumps will operate continuously.

The Operator can now control the Sludge Recirculation Pumps from the Operator
Interface Panel located on the grade floor of the Digester Control Building.
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7.

Pull up the Main Menu by pressing the “F16” Function button located
below the screen. The Main Menu screen will appear, as previously
shown in Figure No. 7-38.

8.

On the Main Menu press the “F8” Function button below the screen for
the Digester Sludge Recirculation system.

9.

After the ‘F3” Sludge Recirculation button is pressed, the Sludge
Recirculation System display screen will appear, as previously shown in
Figure No. 7-42. Please note that there are no controls for the Sludge
Recirculation Pumps at the Operator Interface Panel. The Sludge
Recirculation Pumps are controlled by using the “Hand-Off-Auto” selector
switches on Motor Control Center MCC1.

7.2.19.3

Normal Operation

During normal operation, the Sludge Recirculation Pumps are in the “Automatic” mode of
operation. In this mode of operation, the Sludge Recirculation Pump will start
automatically, as controlled by the timeclock in their respective Sludge Heater/Heat
Exchanger Control Panel. The sludge recirculation pump will continue to operate until
the thermostat at the sludge heater reaches a sludge temperature of 95°F. At that point
the temperature of the sludge in the digester is at the proper operating temperature.
Once the digester reaches 95°F the Sludge Recirculation Pump will stop.
When the digester is being fed sludge, the cold sludge will trip the sludge thermostat that
will start the Sludge Recirculation Pump. The Sludge Recirculation Pump will operate
until the thermostat reaches 95°F at the sludge heater.
7.2.19.4

Shutdown Procedures

1.

For a short-term shutdown, place the “Hand-Off-Auto” selector switch on
Motor Control Center MCC1 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” disconnect switch at the pump and the “On-Off” circuit
breaker located on Motor Control Center MCC13 to the “Off” position.

7.2.19.5

Alternate Operation

There are several alternate modes of operation for the Sludge Recirculation Pumps and
system. The first alternate mode of operation would be to place the “Hand-Off-Auto”
selector switch located on Motor Control Center MCC1 to the “Hand” position. In the
“Hand” position, the pump will operate until the selector switch is placed back into the
“Off” or “Auto” position.
The second alternate mode of operation would be to use the “On-Off” selector switch
located next to the pump.
The third alternate mode of operation for the Sludge Recirculation System would be to
set the valving on the suction and discharge side of the Sludge Recirculation Pumps so
Pump No. 2 is used for Digester No. 1 or Pump No. 1 is used for Digester No. 2. This
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mode of operation must be used as a temporary measure and the Operator must
carefully monitor the temperature in Digester Nos. 1 and 2.
The fourth alternate mode of operation for the Sludge Recirculation System would be to
use a Sludge Transfer Pump as a Sludge Recirculation Pump. In this mode of operation
the Operators must re-route the sludge by adjusting the valves in systems properly. In
addition, the Sludge Transfer Pumps would have to be operated in “Manual”.
7.2.19.6

Power Failure

If there is a power failure, the Sludge Recirculation Pumps will stop. After utility power is
restored the Sludge Recirculation Pumps will automatically come back on line.
7.2.20

Sludge Transfer Pump Nos. 1 and 2

7.2.20.1

Introduction

There are two (2) Sludge Transfer Pumps located in the basement of Digester Control
Building No. 3 (Digester Headhouse C). These pumps are used to remove sludge from
Digester Nos. 1 and 2 and transfer it to the Sludge Storage Tank located in the Sludge
Dewatering Building, as shown in Figure No. 7-45. The sludge transfer pumps are
positive displacement, progressive cavity type pumps each rated at 557 gpm against a
total dynamic head of 69 ft (30 psig).
Each Sludge Transfer Pump is driven by a 25 Hp motor that receives 480 volt, three
phase electrical power from the Variable Frequency Drive Panels located on the grade
floor of Digester Control Building No. 3. The Variable Frequency Drive Panels receive
electrical power from Motor Control Center MCC1 located on the grade floor of Digester
Control Building No. 3 (Digester Headhouse C).
7.2.20.2

Start-up Procedures

1.

Ensure that the valves on the suction and discharge side of the pumps
are open.

2.

Ensure that the In-line Sludge Grinders (Macerators) on the suction side
of the Transfer Pumps have power and are in the “Automatic” mode of
operation.

3.

Place the “On-Off” disconnect switch located next to each Sludge
Transfer Pump to the “On” position. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not been turned “Off”.

4.

Place the “On-Off” circuit breaker located on Motor Control Center MCC1
for each Sludge Transfer Pump Variable Frequency Drive Panel to the
“On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they
have not tripped.
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5.

Place the “On-Off” circuit breaker located on each Sludge Transfer Pump
Variable Frequency Drive Panel (VFD) to the “On” position. During
normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

6.

Place the “Hand-Off-Auto” selector switch located on each Sludge
Transfer Pump Variable Frequency Drive Panel to the “Auto” position. In
the “Off” position, the pump will not operate. In the “Hand” position, the
pump will operate continuously.

7.

Place the Sludge Transfer Pumps in the “Automatic” and “Remote” mode
of operation on the Programmable Logic Controller (PLC) on each VFD
Panel. In the “Local” and “Manual” mode of operation on the PLC, the
starting and stopping and speed control for the pump is controlled at the
PLC.

The Operator can now control the Sludge Transfer Pumps from the Operator Interface
Panel located on the grade floor of the Digester Control Building by performing the
following:
8.

Pull up the Main Menu by pressing the “F16” Function button located
below the screen. The Main Menu screen will appear, as previously
shown in Figure No. 7-38.

9.

On the Main Menu screen, press the “F4” Function located below the
screen for the Sludge Transfer System button.

10.

After the “F4” button is pressed then the Digester Sludge Transfer Screen
will appear, as shown in Figure No 7-46.

11.

Press the “F2” Pump No. 1 Control or the “F3” Pump No. 2 Control button
for the Sludge Transfer Pumps.

12.

After a Pump Control button is pressed then the Sludge Transfer Pump
Control Display will appear on the screen, as shown in Figure No. 7-47.

13.

On the Sludge Transfer Pump Control Display place the “Man-Auto”
control to the “Auto” position. In the “Man” position, the Sludge Transfer
Pump is controlled by pressing the “Start” and “Stop” Function (F) buttons
displayed on the screen. Note: To move the cursor for the “Man-Auto”
display the Operator must use the arrow buttons to the right of the screen
and then use the confirm arrow to “Enter” the selection.

14.

On the Sludge Transfer Pump Control Display move the control arrow
and set the “Pump 1 Duty – Pump Duty Off – Pump 2 Duty” to the desired
setting. For example, in the “Pump 1 Duty” position, then Sludge Transfer
Pump No. 1 would be the control pump.
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FIGURE NO. 7-46 - DIGESTER NOS. 1 AND 2 SLUDGE TRANSFER SYSTEM DISPLAY SCREEN
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FIGURE NO. 7-47 - SLUDGE TRANSFER PUMP DISPLAY SCREEN

15.

Move the cursor to the Auto Flow Setpoint position and type in the
desired flow rate when the pump is in the “Automatic” mode of operation.
For example if the pump is set at 150 gpm, when the pump starts the
VFD will bring the pump output up to the setpoint value as measured by a
signal from the magnetic flow meter.

16.

Move the cursor to the Manual Speed Setpoint position and type in the
desired output speed when the pump is in the “Manual” mode of
operation. After the pump is started manually the pump VFD will increase
the pump to the pump setpoint. For example, if the pump output was set
at 50%, then pump will go to that output.

17.

Move the cursor and set the Sludge Tank Interlock “Enabled – Disabled”
selection. In the “Sludge Tank Enabled” position the signal from the
Storage Tank in the Sludge Dewatering Building will automatically start
and stop the “Duty” Sludge Transfer Pump. In the “Sludge Tank
Disabled” position, the Operator must manually feed the Sludge Storage
Tank and monitor the level with the Operator in the Sludge Dewatering
Building.

18.

Repeat Step Nos. 11-17 to set the second Sludge Transfer Pump.

7.2.20.3

Normal Operation

During normal operation, the Sludge Transfer Pumps are in the “Automatic” mode of
operation. In this mode of operation the Sludge Transfer Pumps start and stop
automatically based on the liquid of the Sludge Storage Tank located in the Sludge
Dewatering Building. The pumps start when the Storage Tank liquid level reaches 4 ft.
and the pump stops when the liquid level in the Storage Tank reaches 9 ft. The start
and stop liquid level setpoints for the Sludge Storage Tank are adjustable at the
Centrifuge Control Panel.
When transferring sludge from a digester to the Sludge Storage Tank the Operators
must carefully watch:
a.

Which Sludge Transfer Pump is in operation.

b.

Ensure that multiple Sludge Transfer Pumps are not operating at one time
because that could over-pressurize the piping system.

c.

The Operators must monitor the liquid level of the digesters so the
digester covers are not sitting on the corbels.

At this time the Metro Wastewater Treatment Plant is designed so sludge from any
digester can be transferred to any other digester or to the Sludge Storage Tank in the
Dewatering Building. The Sludge Transfer Pumps in Digester Control Building No. 3
(Digester Headhouse C) only pump to the Sludge Storage Tank in the Sludge
Dewatering Building. The anaerobic digestion process at the Metro Wastewater
Treatment Plant can be operated so three or four digesters could be operated as primary
digesters and one and/or two digesters could be operated as secondary digesters. In
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this operating scheme the sludge transfer pumps would be used to transfer sludge from
the primary digesters to the secondary digesters and then the digested sludge from the
secondary digesters to the Sludge Storage Tank.
At the Metro Wastewater Treatment Plant the normal operation is to transfer the
digested sludge from Anaerobic Digester Nos. 3, 4 and 5 to Anaerobic Digester Nos. 1
and 2. The digested sludge will then be transferred from Anaerobic Digester Nos. 1 and
2 to the Sludge Mix (Storage) Tank located in the Sludge Dewatering Building.
If all five (5) digesters are being operated as primary digesters, then the Sludge Transfer
Pumps are used to transfer sludge from the digesters directly to the Sludge Storage
Tank.
7.2.20.4

Shutdown Procedures

1.

For a short-term shutdown, pull up the Sludge Transfer Pump Control
Display on the Operator Interface Panel in Digester Control Pump
Building No. 3 (Digester Headhouse C) and “Stop” the pump by placing
the pump in “Manual” and using the Function button to “Stop” the pump.
The Sludge Transfer Pump can also be stopped by placing the “Hand-OffAuto” selector switch on Motor Control Center MCC13 to the “Off”
position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC1 and
VFD Panel to the “Off” positions. Also, place the “On-Off” disconnect
switch at pump to the “Off” position.

7.2.20.5

Alternate Operation

There are several alternate modes of operation for the Sludge Transfer Pumps. The first
alternate mode of operation would be to operate the second Sludge Transfer Pump if the
first Sludge Transfer Pump is taken out of service for maintenance or repairs.
The second alternate mode of operation would be to place the pump in the “Manual”
position on the Sludge Transfer Pump Control Display panel on the Operator Interface
Panel. In this mode of operation the pump is controlled at the Operator Interface Panel
using the “Start” and “Stop” Function (F) buttons on the pump display. Once the “Start”
button is pressed the pump will run continuously until the “Stop” button is pressed.
The third alternate mode of operation would be to place the “Hand-Off-Auto” selector
switch located on the Sludge Transfer Pump VFD Panel to the “Hand” position. In the
“Hand” position, the pump will operate continuously until the selector switch is placed
back into the “Off” or “Auto” position.
A fourth alternate mode of operation would be to operate the Sludge Transfer Pump
manually from the PLC on the Variable Frequency Drive Panel.
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7.2.20.6

Power Failure

If there is a power failure and a Sludge Transfer Pump was in operation, then the pump
will stop. After utility power is restored the Sludge Transfer Pump will automatically
come back on-line.
7.2.21

Digester Gas Mixing System Nos. 1 and 2

7.2.21.1

Introduction

Anaerobic Digester Nos. 1 and 2 are mixed using a digester gas mixing system. The
digester gas is removed from the dome of each digester by gas compressors located in
the basement of Digester Control Building No. 3 (Digester Headhouse C). Also located
in the building there is a rotary valve per digester gas mixing system. The digester gas
is discharged through twelve (12) lances in which eleven (11) lances are located around
the periphery of the digester and one (1) lance is located in the center of the digester
similar to the gas mixing systems on Anaerobic Digester Nos. 3, 4 and 5. A rotary valve
rotates to each lance so digester gas is discharged through one lance at a time. The
rotary valve moves automatically to each lance and remains at that lance for a preset
time.
There are two (2) Digester Gas Mixing Compressors, one per digester. Each Digester
Gas Mixing Compressor is a positive displacement, rotary lobe type compressor. Each
gas compressor is rated at 210 cfm at a discharge pressure of 14 psig.
The digester gas mixing compressor is driven by a 30 Hp motor that receives 480 volt,
three phase electrical power from Motor Control Center MCC1 located on the grade floor
of Digester Control Building No. 3 (Digester Headhouse C).
7.2.21.2

Start-up Procedures

1.

Ensure that the digestion system is operating properly and producing a
good quantity and quality of methane gas. Also, ensure that the sediment
and condensate accumulator for each digester is empty.

2.

Ensure that the 6-inch manually operated plug valves on the suction side
of each Digester Gas Mixing Compressor are open.

3.

Place the “On-Off” disconnect switch located on each Digester Gas
Mixing Control Panel for each Digester Gas Mixing System to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasional checking to ensure it has not been
turned “Off”.

4.

Place the five (5) “On-Off” circuit breakers located inside each Digester
Gas Mixing Control Panel (Pearth Gas Panel) located inside the Digester
Control Building to the “On” positions. During normal operation, these
switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.
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5.

Set the 15 minute to 3 hour timer (TR1) located inside each Digester Gas
Mixing Control Panel (Pearth Gas Panel) located inside the Digester
Control Building to the desired setting. The initial recommended setting is
30 minutes. Please note that Timer TR1 has several smaller adjustable
timers for duration at each discharge gas well (dwell time), pulse time for
the rotary valve to move to the next digester gas well, etc. Basically, the
upper two sections control the time range and the bottom knobs select
the time within that range.

6.

Place the “On-Off” circuit breaker located on Motor Control Center MCC1
for each Digester Gas Mixing System (Pearth Gas System) to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasional checking to ensure that they have
not tripped.

7.

Place the “On-Off” selector switch on the Digester Gas Mixing Control
Panel in the Digester Control Building for the Compressor Interlock
Bypass to the “On position. In the “Off” position, the Gas Mixing System
will not operate.

8.

Place the “Off-Auto” selector switch for the Rotary Valve located on the
Digester Gas Mixing Panel in the Digester Control Building for the Pearth
Gas Mixing System to the “Auto” position. In the “Off” position, the gas
mixing system will not operate.

9.

Place the “Select-Hold-Automatic” selector switch located on the
Digester Gas Mixing Control Panel in the Digester Control Building for the
Station Select to the “Automatic” position. In the “Hold” position, the
rotary valve will remain at one gas lance and not rotate to the other gas
lances. In the “Select” position, the rotary valve will rotate to the desired
gas lance. Once at the desired gas lance the Operator must place the
selector switch back into “Hold” or “Automatic”.

10.

Press the “Start” pushbutton located on the Digester Gas Control Panel in
the Digester Control Building for the Digester Gas Mixing System.

11.

On the Digester Gas Compressor Control Panel display press the “AutoMan” Control Mode button and place the Gas Compressor in “Man”. At
this time the “Auto” mode is not in service.

12.

Press the “Start” button on the Digester Gas Compressor display to start
the compressor. To stop the compressor, press the “Stop” button.

7.2.21.3

Normal Operation

During normal operation, the Digester Gas Mixing System (Pearth Gas Mixing System)
rotary valve is in the “Automatic” mode of operation and the Gas Compressor Interlock
selector switch is in the “On” position. In the “Automatic” mode of operation the rotary
valve will sequentially rotate to each gas well thus pushing digester gas down through
the lance into the digester. For example, the rotary valve will remain at Gas Well No. 1
for 30 minutes as determined by the timeclock located in the Digester Gas Control
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Panel. After the 30 minutes times out the rotary valve will go to Gas Well No. 2. This
process will continue for each Gas Well. The process will not stop unless the Operator
removes the system from “Automatic”, there is fault such as “Low Gas Pressure”, or
there is a mechanical/electrical problem. The Digester Gas Compressor is manually
started and stopped at the Digester Gas Mixing System Control Panel.
There is a pulse time that allows the rotary valve to change to another well and release
the “Stop Limit” switch. Typically, this is set at 10 seconds.
Once the Gas Compressor is “Started” it will operate continuously until it is “Stopped” by
the Operator. If the gas pressure in the digester dome reduces to 1.5-inches W.C., the
Low Pressure Regulator will open thus recirculating the digester gas back into the dome.
The Low Pressure Regulator will start to open when the gas pressure in the digester
dome reaches 2.5-inches W.C.
If the gas pressure on the discharge side of the gas compressor reaches 2 psig, then the
High Pressure Relief Valve will open and digester gas will discharge back into the
digester gas dome.
7.2.21.4

Shutdown Procedures

1.

For a short-term shutdown, press the Gas Compressor “Stop” pushbutton
located on the Digester Gas Mixing Control Panel (Pearth Gas Panel)
located in the Digester Control Building.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC1 to the
“Off” position.

7.2.21.5

Alternate Operation

As stated earlier, the digester gas mixing system is normally operated in the “Automatic”
mode of operation. An alternate mode of operation for the digester gas mixing system
would be to place the “Select-Hold-Automatic” selector switch to the “Select” position
until the rotary valve reaches the required gas well. Once the rotary valve reaches the
desired digester gas well, place the selector switch to the “Hold” position. The rotary
valve will remain at this position until the Operator switches the location or places the
system back into “Automatic” mode.
If the Digester Gas Mixing System is taken out of service for maintenance or repairs,
then an alternate digester mixing system will be to use the Sludge Recirculation Pumps
to keep the digester properly mixed.
7.2.21.6

Power Failure

If there is a power failure the Digester Gas Mixing System will stop. After utility power is
restored the Operator must manually restart the compressor by pressing the “Start”
pushbutton on the Digester Gas Mixing Control Panel (Pearth Gas Control Panel).
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7.2.22

Digester Gas Blower Nos. 1 and 2

7.2.22.1

Introduction

Located on the upper floor in the gas side of Digester Control Building No. 3 (Digester
Headhouse C) there are two (2) positive displacement, rotary lobe type blowers that are
used to transfer gas from the Low Pressure Displacement Gas Holders to the high
pressure Gas Storage Sphere. Each Digester Gas Blower is rated at 293 cfm at a
discharge pressure of 13 psig. These gas blowers can be operated automatically or
manually.
Each Digester Gas Blower is driven by a 25 Hp motor that receives 480 volt, three phase
electrical power from Motor Control Center MCC1 located on the grade floor of Digester
Building No. 3 (Digester Headhouse C).
7.2.22.2

Start-up Procedures

1.

Ensure that the valves on the suction and discharge side of the Digester
Gas Blowers are open.

2.

Ensure that the Low Pressure Displacement Gas Holder have the correct
quantity of oil for the correct gas pressure. Refer to Section 7.2.25 later
in this chapter for the operation of the Low Pressure Displacement Gas
Holders.

3.

Ensure that the “On-Off” control switch located on each Low Pressure
Displacement Gas Holder is to the “On” position.

4.

Place the “On-Off” circuit breaker located on Motor Control Center MCC1
for each Digester Gas Blower to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

5.

Place the “Bypass-Normal” selector switch located on Motor Control
Center MCC1 for each Digester Gas Blower to the “Normal” position. In
the “Bypass” position, the Gas Blower is not controlled by the pressure
switches.

6.

Place the “Hand-Off-Auto” selector switch located on Motor Control
Center MCC1 for each Digester Gas Blower to the “Auto” position. In the
“Off” position, the gas blower will not operate. In the “Hand” position, the
gas blower will operate continuously.

The Operator can now control the Digester Gas Blowers from the Operator Interface
Panel located on the grade floor of the Digester Control Building by performing the
following:
7.

Pull up the Main Menu by pressing the “F16” button below the screen.
The Main Menu screen will appear, as previously shown on Figure No. 738.
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8.

On the Main Menu screen press the “F1” button below screen to pull up
the Digester Gas System display.

9.

After the Digester Gas System button is pressed the Digester Gas
System display screen will appear, as shown in Figure No. 7-48.

10.

Press the Digester Gas Blower Control display screen.

11.

The Digester Gas Blower Control Panel display will appear on the screen,
as shown in Figure No. 7-49.

12.

On the Digester Gas Blower Control Panel display screen, place the
“Man-Auto” Control to the “Auto” mode of operation. In the “Man” mode
of operation, the Digester Gas Blowers are controlled using the respective
Function (F) buttons displayed on the screen to “Start” and “Stop” the Gas
Blower. Note: To move the cursor for the “Man-Auto” display the
Operator must use the arrow buttons to the right of the screen and then
use the confirm arrow to “Enter” the choice.

13.

On the Digester Gas Blower display screen set the Digester Gas Blower
Alternation sequence by placing the “Blower 1 Lead – Blower 2 Lead –
Auto Alternation” selection to the “Auto Alternation” position using the
arrow buttons next to the screen to move the cursor to the correct
position. Once the cursor is at correct position, then the Operator must
“Enter” the setting by pressing the arrow key. In the “Auto” position, the
“Lead” Digester Gas Blower will automatically alternate after each
operating cycle as follows:

Blower Position

14.

Cycle 1

Cycle 2

Lead

Blower No. 1

Blower No. 2

Lag

Blower No. 2

Blower No. 1

On the Digester Gas Blower display screen, set the Low Pressure
Displacement Gas Holder control for the Digester Gas Blowers by setting
the “Gas Tank 1 Control – Gas Tank 2 Control” to the desired setting.
The setting is changed by using the arrow buttons on the right side of the
screen. For example, in the “Gas Tank 1 Control” position, the “Lead”
Gas Blower will start and stop automatically as controlled by the pressure
in Gas Tank No. 1.
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FIGURE NO. 7-48- DIGESTER GAS SYSTEM OVERVIEW DISPLAY SCREEN

7-112
FIGURE NO. 7-49 - DIGESTER GAS BLOWER CONTROL PANEL DISPLAY

15.

7.2.22.3

Ensure that alarm settings for the Gas Blower System on the Digester
Gas Blower display screen are correct. The initial recommended setting
is as follows:
Blower High Pressure Blower Shutdown

11 psig

Blower High Pressure Blower Reset

8 psig

Blower Low Pressure Blower Shutdown

0.1 psig

Blower Low Pressure Blower Reset

0.2 psig

Normal Operation

During normal operation, the Digester Gas Blowers located in Digester Control Building
No. 3 (Digester Headhouse C) are in the “Automatic” mode of operation. When the gas
pressure in the Low Pressure Displacement Gas Holder rises to 8-inches W.C., the
piston in the holder will begin to rise. As the gas pressure increases the piston rises.
When the piston reaches a certain level a control switch will be tripped that will start the
“Lead” Digester Gas Blower. If the piston continues to rise in the gas holder and the
“Lead” blower cannot keep up, then a second switch in the gas holder will start the “Lag”
Digester Gas Blower.
When the gas pressure in the holder decreases the piston will begin to fall. As the
piston lowers to the bottom of the gas holder, the control switch will first turn off the “Lag”
blower. If the piston continues to fall, then the “Lead” blower will stop.
The Digester Gas Blowers are designed to remove the digester gas from the Low
Pressure Displacement Gas Holders and then transfer that digester gas to the Digester
Gas Storage Sphere. The Digester Gas Blowers raise the gas pressure from 8-14
inches W.C. to 10-15 psig. The digester gas is removed from the gas storage sphere
and transferred to the incinerator burners.
7.2.22.4

Shutdown Procedures

1.

For a short-term shutdown, place the Digester Gas Blower in “Manual” on
the Operator Interface Panel and then press the “Stop” Function button.
The Digester Gas Blower can also be stopped by placing the “Hand-OffAuto” selector switch located on Motor Control Center MCC1 to the “Off”
position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on Motor Control Center MCC1 to the
“Off” position.
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7.2.22.5

Alternate Operation

There are several alternate modes of operation for the Digester Gas Blowers. The first
alternate mode of operation would be to operate another gas blower if one blower is
taken out of service for maintenance or repairs.
A second alternate mode of operation would be to operate the Digester Gas Blower
manually from the Operator Interface Panel. This is accomplished by pulling up the
Digester Gas Blower on the Operator Interface Panel, placing the blower in “Manual”
and then controlling the blower by using the “Start” and “Stop” Function buttons at the
Control Panel display.
The third alternate mode of operation would be to operate a Digester Gas Blower
manually by placing the “Hand-Off-Auto” selector switch located on Motor Control Center
MCC1 to the “Hand” position to start the blower and “Off” position to stop the blower.
Operators must use caution when operating a Digester Gas Blower in the “Manual”
mode of operation. In the “Manual” mode of operation, the Operators must ensure that
the gas pressure on the suction side of the blowers does not become too low and that
the pressure on the discharge side of the blower does not become too high. A high gas
pressure in the Gas Storage Sphere will cause the pressure relief valve on top of the
sphere to open.
7.2.22.6

Power Failure

If there is a power failure, the Digester Gas Blowers will shutdown.
restored the blowers will automatically come back on line.
7.2.23

Digester Nos. 1 and 2 Level Sensor Flush System

7.2.23.1

Introduction

After utility is

The level sensors for Anaerobic Digester Nos. 1 and 2 are important for measuring the
liquid level of the anaerobic digesters. In order to keep the sensor clean and free of
debris non-potable water is supplied to the sensor assemblies. A 1-inch non-potable
water pipe is connected to each sensor enclosure. There is an automatic valve on the
non-potable water line that opens and closes automatically to flush debris from the
sensor assemblies. Keeping the sensors clean will help provide accurate readings.
Flushing the sensor assembly is not the only maintenance needs for the sensor. The
sensors must be periodically pulled and maintenance must be performed per the
manufacturer’s requirements. For further information concerning the maintenance
requirements of the sensor, please refer to the Manufacturer’s Operation and
Maintenance Manual.
7.2.23.2
1.

Start-up Procedures
Ensure that the manual valve on the non-potable water pipe is open.
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2.

7.2.23.3

Place the “On-Off” circuit breaker in the Lighting Panel A for each Level
Sensor to the “On” position. During normal operation, these switches are
always in the “On” position and only require occasional checking to
ensure that they have not tripped.
Normal Operation

During normal operation, the level sensor flush systems operate automatically based on
the times set on the timers inside the Operator Interface Panel. Based on the preset
times, the non-potable water solenoid valve will be closed for 60 minutes based on the
“Off Time” setting and opened for 30 seconds based on the “On Time” setting.
The Level Sensor Flush system will continue to cycle until the Operator stops the
system.
7.2.23.4

Shutdown Procedures

1.

For a short-term shutdown, place the valve in the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1. In addition, place the “OnOff” circuit breaker in the Lighting Panel A to the “Off” position. Also,
close the manual valve on the non-potable water valve. Note: While the
flush system is out of service, the level sensor will need to be removed
more frequently and cleaned.

7.2.23.5

Alternate Operation

The first alternate mode of operation for the level sensor flush systems would be to
manually remove the level sensor and manually clean the unit.
7.2.23.6

Power Failure

If there is a power failure the automatic flush cycle sequence will stop. After utility power
is restored the cycle timers will automatically restart and the flush cycle will come back
on-line.
7.2.24

Valve Box Nos. 1, 2, and 3

7.2.24.1

Introduction

There are three (3) Valve Boxes located on the plant site that are used to direct
thickened sludge to the different digesters, direct digested sludge to different digesters,
and to direct digested sludge to the Sludge Storage Tank located in the Sludge
Dewatering Building. Valve Box No. 1 is located between Anaerobic Digester Nos. 4
and 5. Valve Box No. 2 is located on the south side of Air Flotation Thickener Building
No. 1 and Valve Box No. 3 is located on the west side of Digester Headhouse C. Each
valve box contains both manually operated and motor operated valves, as shown in
Figure No. 7-50. All of the motor operated valves in the various Valve Boxes are
controlled from the Operator Interface Panel in Digester Control Building No. 3 (Digester
Headhouse C).
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All of the motorized valves can be manually opened and closed at the Operator Interface
Panel as controlled by the Operator. The valves will also automatically position
themselves when the valves are “Automatically” positioned as controlled from the
Operator Interface Panel. All of the valves are controlled in a similar manner so the
following discussion will only be provided once.
The motorized valves all receive 480 volt, three phase electrical power from their
respective buildings. The valves in Valve Box No. 1 receive electrical power from
Digester Headhouse B, the valves in Valve Box No. 2 receive power from Air Flotation
Building No. 1 and valves in Valve Box No. 3 receive power from Digester Headhouse C.
7.2.24.2

Start-up Procedures

1.

Ensure that all of the manually operated valves in each valve box are
properly set.

2.

Place the “On-Off” disconnect switch located next to each Motorized
Valve to the “On” position. During normal operation, these disconnect
switches are always in the “On” position and only require occasional
checking to ensure that they have not been turned “Off”.

3.

Place the “Local-Remote” selector switch located at each Motorized Valve
operator to the “Remote” position. In the “Local” position, the valve is
controlled at the valve using the “Open-Stop-Close” selector switch on the
valve operator.

4.

Place the “On-Off” circuit breaker for each Motorized Valve to the “On”
position from the following locations:

Valve Box

Building Location

Electrical Location

Valve Box 1

Digester Headhouse B

MCC13

Valve Box 2

Thickener Building No.1

MCC61

Valve Box 3

Digester Headhouse C

Panel HV1

The Operator can now control the Motorized Valves from the Operator Interface Panel
located on the grade floor of Digester Control Building No. 3 (Digester Headhouse C) by
performing the following:
5.

Pull up the Main Menu by pressing the “F16” button below the screen.
The Main Menu screen will appear, as previously shown on Figure No. 738.

6.

At the Main Menu press the Function (F) button located below the screen
to reach the required Valve Box Control Screen.
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Valve Box No. 1 - F5
Valve Box No. 2 - F6
Valve Box No. 3 - F7
For example, press the “F5” Function button for Valve Box No. 1
7.

The Valve Box No. 1 display will appear on the screen, as shown in
Figure No. 7-51.

8.

Press the “F15” Function button for the Auto Position display screen.

9.

The Valve Automatic Positioning display will appear on the screen, as
shown on Figure No. 7-52.

10.

At the Valve Automatic Positioning display screen, press the appropriate
Function button to automatically set the valves in the Valve Box.

7.2.24.3

Normal Operation

During normal operation, the Motorized Valves in the Valve Box are automatically
positioned by pressing the desired Function (F) button at the Valve Automatic
Positioning display screen. Once the Operator determines the location where the sludge
is to be transferred, then the appropriate “F” button is pressed. The Operator must then
confirm that the valves did change to the correct positions.
7.2.24.4

Shutdown Procedures

1.

For a short-term shutdown, the Operator does not need to do anything
since the valves will remain in their last position. If a valve needs to be
taken out of service for a short period of time, then the valve needs to be
placed in “Local” at the valve and then use the switch at the valve to
control the valve position.

2.

For a long-term shutdown, place the valve on “Local” at the Valve
Operator. In addition, place the “On-Off” disconnect switch located next
to the valve to the “Off” position.

7.2.24.5

Alternate Operation

There are several alternate modes of operation for the Motorized Valves in the Valve
Box. The first alternate mode of operation would be to pull up the Valve Box display
screen. At the Valve Screen, press the appropriate Function button (F) to “Open” or
“Close” a valve.
The second alternate mode of operation is to place the valve in “Local” at the valve
operator. Once the valve is in the “Local” position, then the valve can be controlled by
using the “Open-Stop-Close” switch on the valve operator.
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FIGURE NO. 7-51 - VALVE BOX NO. 1 DISPLAY SCREEN
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FIGURE NO. 7-52 - VALVE AUTOMATIC POSITIONING DISPLAY SCREEN

The third alternate mode of operation would be to place the valve in “Local” at the valve
operator. The Operator can now open and close the valve using the handcrank at the
valve.
7.2.24.6

Power Failure

If there is a power failure, the valve will remain in its last position at the time of the power
failure. After the utility power is restored the valves will automatically come back on-line.
If the valve was traveling at the time of the power failure, then the Operator should check
the valve position after the electrical power is restored.
E.

Plant Site Digester Equipment

7.2.25

Low Pressure Displacement Gas Holders

7.2.25.1

Introduction

The gas produced in the primary digesters is removed from the gas dome at the center
of each digester. The digester gas not used by the sludge heaters travels to four (4)
Low Pressure Displacement Gas Holders. Two (2) Low Pressure Displacement Gas
Holders serve Anaerobic Digester Nos. 1 and 2 and two (2) gas holders serve Anaerobic
Digester Nos. 3, 4 and 5. The two (2) Low Pressure Displacement Gas Holders that
serve Anaerobic Digester Nos. 1 and 2 are located outside between Digester No. 1 and
Sludge Thickening Building No. 1. The two (2) Low Pressure Displacement Gas Holders
that serve Anaerobic Digester Nos. 3, 4 and 5 are located outside on the north side of
Digester No. 4. Each Low Pressure Displacement Gas Holder has a maximum gas
storage volume of 500 ft3. The Low Pressure Displacement Gas Holders serve as a low
pressure gas reservoir for the Digester Gas Blowers.
Low Pressure Displacement Gas Holder Nos. 1 and 2 receive 120 volt, single phase
electrical power from the Lighting Panel located in Digester Control Building No. 3
(Digester Headhouse C) and Low Pressure Displacement Gas Holder Nos. 3 and 4
receive 120 volt, single phase, electrical power from the Lighting Panel located in
Digester Control Building No. 1 (Digester Headhouse A).
7.2.25.2

Start-up Procedures

1.

Ensure that the correct quantity of oil is in the gas holder reservoir. The
oil reservoir can be checked on the sight glass.

2.

Ensure that the digester gas valves on the inlet side and discharge side of
the gas holders are open.

3.

Ensure that the Digester Gas Blowers located in Digester Control Building
No. 2 (Digester Headhouse B) and Digester Control Building No. 3
(Digester Headhouse C) are in the “Automatic” mode of operation.

4.

Place the “On-Off” selector switch located on the Control Panel on each
Gas Holder for the Control System to the “On” position.
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5.

7.2.25.3

Verify on the respective Operator Interface Panel which Gas Holder was
selected as the Controlling Unit. Refer to the Digester Gas Blower writeups for further information.
Normal Operation

During normal operation, the control switch on each Low Pressure Displacement Gas
Holder is in the “On” position. Only one (1) Gas Holder in each set of Gas Holders is
used to control their respective Digester Gas Blowers. The Gas Holder that is to control
the blowers is selected on the Operator Interface Panel located in Digester Headhouse
B for Anaerobic Digester Nos. 3, 4 and 5 and Digester Headhouse C for Anaerobic
Digester Nos. 1 and 2.
In each control box on the Gas Holder there are two (2) switches that control the “Lead”
and “Lag” Digester Gas Blowers. As the pressure increases in the Gas Holder the
piston inside the holder will rise. When the piston (pontoon) reaches a preset level the
first control switch is tripped that starts the “Lead” blower. If the pressure in the Gas
Holder continues to increase and the piston continues to rise, then the “Lag” Digester
Gas Blower will start, as controlled by a second switch in the Control Box. As the
pressure in the Gas Holder begins to decrease the piston will begin to drop. The “Lag”
and Lead” blowers will stop when the control switches are tripped as the piston drops.
The piston inside the Low Pressure Displacement Gas Holder will begin to rise when the
low pressure in the Gas Holder reaches 8-inches W.C. (Water Column). The gas
pressure is set in the Gas Holder by adding fuel oil into the chamber, as shown in Figure
No. 7-53. The gas pressure settings are based on the quantity of oil in the pontoon, as
shown in Table No. 7-2.
TABLE NO. 7-2
GAS HOLDER OIL QUANTITIES

Pressure

Quantity of Oil
In Pontoon

Depth of Oil
In Pontoon

Gas Pressure

14” W.C.

350 gals.

10-3/16”

Max. Pressure

13” W.C.

300 gals.

8-11/16”

12” W.C.

250 gals..

7-3/16”

11” W.C.

200 gals.

5-3/4”

10” W.C.

150 gals.

4-5/16”

9” W.C.

100 gals.

2-7/8”

8” W.C.

50 gals.

1-7/16”
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Min. Pressure

Each Low Pressure Displacement Gas Holder is 9.5 ft. in diameter and approximately 20
ft. tall, as previously shown on Figure No. 7-53. The piston inside the gas holder is 9.25
ft. diameter and 10.5 ft. tall. The piston inside the Gas Holder has a maximum travel
distance of 8 ft.
7.2.25.4

Shutdown Procedures

1.

For a short-term shutdown, place the “On-Off” control switch at the Gas
Holder to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, change
the Gas Holder control to the in-service unit at the Operator Interface
Panel.

7.2.25.5

Alternate Operation

If a Gas Holder is out of service the alternate mode of operation is to ensure that the
second Gas Holder is in service and used to control the operation of the Digester Gas
Blowers.
7.2.25.6

Safety Considerations

The Low Pressure Displacement Gas Holders store methane gas produced in the
anaerobic digesters. When the plant personnel are walking near these units there
should be no smoking. When Maintenance must work on these units, the Gas Holder
should be isolated by closing the valves to the unit, and the digester gas needs to be
purged with nitrogen from the unit.
Plant personnel should take all precautions to avoid sparks or flames that could result in
an explosion.
7.2.25.7

Power Failure

If there is a power failure, the control system will not operate. When utility power is
restored the control power will automatically be restored to the units.
7.2.26

Digester Gas Storage Sphere

7.2.26.1

Introduction

The digester gas is removed from the Low Pressure Displacement Gas Holders by three
(3) Digester Gas Blowers located in Digester Control Building No. 2 (Digester
Headhouse B) and two (2) Digester Gas Blowers located in Digester Control Building
No. 3 (Digester Headhouse C). These blowers are positive displacement, rotary lobe
type blowers that are used to transfer digester gas through a 6-inch pipe to the Digester
Gas Storage Sphere. These blowers are used to take the low pressure gas stored in the
Gas Holders and increase the gas pressure to approximately 10-25 psig, so it can be
stored in the Digester Gas Storage Sphere. The compressed digester gas from the
storage sphere is transferred to the burners on the multiple hearth incinerators.
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The Digester Gas Storage Sphere is 32 ft. in diameter and is located outside between
Digester No. 1 and Sludge Thickener Building No. 1. The gas storage sphere is
designed to store digester gas at a pressure of 10-25 psig. The storage sphere has a
gas storage volume of 17,125 ft3.
7.2.26.2

Safety Considerations

The Digester Gas Storage Sphere is provided with a pressure relief valve that will
automatically open if the gas storage sphere is over-pressurized. The pressure relief
valve is located on the top of the sphere. It is important that this pressure relief valve be
properly maintained and checked monthly to ensure it is operating properly. There
should be No Smoking, or other sources of flames or sparks near the gas storage
sphere.
All safety considerations must be followed near the Digester Gas Storage Sphere to
avoid an explosion. If major work needs to be performed on the gas storage sphere,
then the sphere must be isolated by closing the inlet valves to the unit and then the
sphere must be purged with nitrogen to remove all digester gas.
7.2.27

Waste Gas Burners

7.2.27.1

Introduction

Digester gas that is not used for sludge heaters or transferred to gas storage sphere is
sent to the waste gas burners. When digester gas is not used the gas pressure within
the low pressure gas system will increase. When the gas pressure in the system
reaches a preset pressure, the pressure relief valves to the waste gas burners open and
send digester gas to the burners to be burned. Waste gas is sent to each waste gas
burner through a 6-inch pipe. Prior to each waste gas burner on piping system there is a
combined pressure relief valve and flame trap assembly on the piping system for each
burner. The pressure relief valve opens at a preset pressure sending digester gas to the
waste gas burner. The flame trap is used to stop flames from getting back into the gas
piping. If a flame is sensed at the flame trap, a thermal shut-off valve will automatically
close the valve. Each waste gas burner has a capacity of 20,000 ft3 of gas/hour.
Each waste gas burner is provided with a 1-inch pilot gas line. The pilot gas used for the
Metro Wastewater Treatment Plant waste gas burners is propane gas. Each waste gas
burner uses an electric ignitor to start the burning cycle.
The electronic ignitor located on each waste gas burner receives 120 volt, single phase
electrical power from a Lighting Panel in their respective Digester Control Buildings.
7.2.27.2

Start-up Procedures

1.

Ensure that the manual valves in the digester gas piping to the waste gas
burners are open.

2.

Ensure that the digester gas safety equipment for the waste gas burners
is operating properly.
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3.

Set the 0-300 second timer (CTR) located at each Waste Gas Burner to
the desired setting. The initial recommended setting is 3 seconds “On”
and 180 seconds “Off”.

4.

Place the “Man-Off-Auto” selector switch located at each Waste Gas
Burner to the “Auto” position. In the “Off” position, the ignitor will not
operate. In the “Man” position, the ignitor will spark continuously.

5.

Place the “On-Off” circuit breaker located in each Lighting Panel for the
Waste Gas Burners to the “On” position.

7.2.27.3

Normal Operation

During normal operation, the Waste Gas Burners are in the “Automatic” mode of
operation. In this mode of operation the timer at each Waste Gas Burner cycles to open
and close contacts periodically to energize the 10 KV ignition transformer which causes
the electrodes to spark intermittently.
The timer (CTR) has an “On Time” and “Off Time” adjustment range of 3 to 300
seconds. When the timer reaches the “On Time”, the electrodes are energized causing
a spark. After the electrodes have completed the “On Time” cycle, then there will be no
spark for the “Off Time” period. The timer settings are shown in Table No. 7-3.

TABLE NO. 7-3
WASTE GAS BURNER TIMER SETTINGS

Time Setting

Time Setting

Time Setting

%

Seconds

Minutes

0

3

0.05

20

60

1

40

120

2

60

180

3

80

240

4

100

300

5

When the pressure in the digester gas piping rises to a preset setting, the pressure relief
valve to the waste gas burner will open. At the waste gas burner the digester gas will be
ignited and continually burn until the pressure in the digester gas pipe decreases which,
in turn will close the pressure relief valve.
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While a waste gas burner is in operation, it is recommended that the Operators routinely
observe the flame from the burner. If the flame is mostly blue, then the gas quality is
good with mostly methane gas. If the flame color is mostly yellow, then the gas contains
a large quantity of carbon dioxide. If the flame is mostly yellow, then there may be a
problem with the anaerobic digestion process and the Operators must take corrective
action. This correction may be with the digester feeding process, digester gas mixing,
digester sludge recirculation, digester heating or other related process control issues.
The Operator should refer to Section 7.4, Troubleshooting, of this Chapter for other
operational solutions.
7.2.27.4

Shutdown Procedures

1.

For a short-term shutdown, place the “Man-Off-Auto” selector switch at
the Waste Gas Burner to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, if the
burners are on individual circuits, place the “On-Off” circuit breaker in the
Lighting Panel to the “Off” position. Also, close the manual valve to the
burner and direct the digester gas to the in-service waste gas burners.

7.2.27.5

Alternate Operation

As previously stated, the Waste Gas Burners are in the “Automatic” mode of operation.
The first alternate mode of operation would be to direct the waste gas to another waste
gas burner if one burner is out of service for maintenance or repairs.
The second alternate mode of operation would be to start the Waste Gas Burner
manually by placing the “Man-Off-Auto” selector switch located at the burner to the
“Man” position. In the “Man” position the electrodes will spark continuously. The “Man”
mode of operation should only be used as a temporary condition. The waste gas burner
should be placed back into “Automatic” as soon as possible.
7.2.27.6

Power Failure

If there is a power failure, the electronic ignitor will not operate. After utility power is
restored the ignitor will automatically go back on-line.
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7.3

PROCESS THEORY

7.3.1

Introduction

Processing sludge that is generated and removed in a wastewater treatment plant is one
of the most costly and complex tasks that the Operator faces. After processing, the
disposal of this sludge must be performed by environmentally acceptable methods or
measures. One of the methods that has been used widely for the processing of organic
sludge prior to disposal is the Anaerobic Sludge Digestion Process. The specific
objectives of anaerobic sludge digestion include the following:
1.

Decompose sludge organics to a stabilized humus.

2.

Reduce the mass and volume of sludge.

3.

Obtain useful by-products (e.g. Methane Gas).

4.

Destroy or control agents of disease and infection.

5.

Reduce the offensive sludge odors.

Anaerobic digestion reduces wastewater solids from a sticky, smelly mixture to a mixture
that is relatively odor free, dewaterable and capable of being disposed of without
causing a nuisance. During this process organic solids in the sludge are liquified, the
solids volume is reduced, and valuable methane gas is produced in the digester by the
action of two different groups of bacteria living together in the same environment. One
group consists of saprophytic organisms, commonly referred to as “acid formers”. The
second group, which uses the acid produced by the saprophytes, is the “methane
formers”. The methane formers are not as abundant in raw wastewater as are the acid
formers. The methane formers (methane fermenters) desire a pH range of 6.6 to 7.6
and will reproduce only in that range.
The objective of good digester operation is to maintain suitable conditions in the digester
for a growing (reproducing) population of both acid formers and methane formers. This
can be accomplished by controlling the loading rate or food supply (organic solids),
volatile acid/alkalinity relationship, mixing, and temperature. Generally, the Operator has
accomplished a proper job if the anaerobic digestion process reduces the volatile solids
(organic solids) content between 40 to 60 percent of the solids in the digester feed
sludge.
To obtain the desired degree of organic solids reduction it will require approximately 15
days of detention time at a temperature of 95ºF. The actual time required depends on
the digested sludge disposal location, on the adequacy of mixing, the organic loading
rate, and the temperature at which the bacterial culture is maintained.
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7.3.2

Anaerobic Sludge Digestion Theory

7.3.2.1

Process of Digestion

Sludge digestion is carried out in the absence of free oxygen by anaerobic
microorganisms. It is therefore, anaerobic decomposition. The solid matter in raw
domestic sludge generally varies between 70% to 80% organic (volatile) and 20% to
30% inorganic solid. The inorganic solids, also referred to as “fixed” solids, will pass
through the entire treatment process and remain unaltered. Inorganic solids are grit,
rags, plastic, metal, etc.
Much of the water in the raw sludge (feed sludge) is “bound” water which will not
separate from the sludge solids. The living organisms break down the complex
molecular structure of these solids, setting free the “bound” water and obtaining oxygen
and food for their growth.
7.3.2.2

Stages of Digestion

If a single batch of sludge was deposited into a digester, three distinct stages of
decomposition would be observed:
1.

First Stage – Acid Fermentation:
In this stage the microorganisms, bacterial and other forms, breakdown
the soluble or dissolved solids such as the sugars. These reactions
produce organic acids (at times in concentrations up to several thousand
mg/L), hydrogen sulfide, carbonates, and carbon dioxide. There is a high
rate of gas production, principally carbon dioxide. The hydrogen sulfide
gives off an extremely unpleasant odor and the color of the sludge is
grey. The pH is depressed to a range of 5.1 to 6.8 or lower. This stage is
known as the acid fermentation stage and it proceeds rapidly.

2.

Second Stage – Acid Digestion:
The first stage is followed by acid digestion (acid regression) brought on
by organisms to which an acid environment is favorable. In this stage,
organic acids and ammonia compounds are broken down and liquefied at
a much slower rate. The pH increases to a range of 6.6 to 6.8. The
sludge is grey to yellowish-brown and has a tendency to foam. Gas
production decreases somewhat, and that gas which is produced is
largely carbon dioxide with some methane.

3.

Third Stage – Intensive Digestion:
This is a period of intensive digestion, stabilization, and gasification. In
this stage, the more resistant materials such as the protein and amino
acids undergo decomposition. The volatile acid content is reduced to less
than 500 mg/L. The pH stabilizes in the range of 6.8 to 7.4. Methane, an
odorless, highly flammable gas, which is used as a fuel source, is
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produced in large quantities. Relatively stable solids remain which can be
disposed of without creating objectionable conditions.
7.3.2.3

Combining the Stages

In the operation of an anaerobic digestion facility, all three steps or stages of the
digestion process occur simultaneously within the digester. If an Operator would
withdraw a sample of digesting sludge for chemical analysis, the results would show
compounds representative of each step in the series of reaction.
The whole process is similar to a factory production line where one group of workers
takes the raw material and conditions it for a second group with different skills who
further convert the material for the specialized work of the third group who turn out the
end products.
Although the stages of digestion may be proceeding at the same time, with the acids
produced in the first stage being neutralized in subsequent stages, the best and quickest
sludge digestion results occur when the pH of the third stage (6.8 to 7.4) predominates.
The first two stages of acid formation and acid regression should be evident only during
the starting of the digestion units. Once alkaline digestion is established, the acid stages
are not apparent unless the normal digestion becomes upset by hydraulic or organic
overloading, chemicals that are toxic or inhibitory, or for other reasons which are
discussed later.
7.3.2.4

Reduction of Volatile Matter

The success of digestion depends primarily and fundamentally on the extent of reduction
of the volatile content of the feed sludge. If the volatile content is sufficiently reduced,
the five objectives of digestion will have been achieved.
The volatile content of a well-digested sludge is influenced by the volatile matter in the
raw sludge and the percentage of this volatile matter that is highly resistant to digestion.
The volatiles in a well-digested sludge usually range from 40 to 50 percent, but volatile
contents as high as 60 percent are not unusual.
Another characteristic of the volatile solids reduction calculation is that its value
fluctuates from day to day. Fluctuations are caused by changes in the volatile content of
the feed sludge, by sudden changes in the sludge loading rate, and by changes in the
digester conditions such as mixing or temperature. If the volatile solids reduction is
calculated, it should be based on a monthly or running average and not on daily values.
The volatile solids reduction in a digester is highly dependent on the initial volatile solids
composition of the raw sludge. All other things being equal, a raw sludge with a volatile
content of 80 percent will have a significantly larger volatile solids reduction than a raw
sludge having a 70 percent volatile solids concentration.
Again, the ability of a well constructed and properly operated digester to effectively
reduce volatile matter depends on the food supply, detention time, digester temperature,
and primary digester mixing. Also, another method of assessing digester process is the
composition and volume of the gases produced.
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7.3.2.5

Food Supply

One food source for the bacteria in the digester is the raw sludge (primary sludge) from
the primary sedimentation tanks. The Operator should make every effort to pump as
thick a sludge to the digester as possible. This may be accomplished by holding a
blanket of sludge as long as possible in the primary sedimentation tanks. The sludge
should be held long enough to allow sludge concentration, but not long enough for the
sludge to turn septic.
A second food source for the bacteria in the digester is the thickened waste activated
sludge from the secondary treatment process. Waste activated sludge from the
secondary treatment process consists mostly of microorganisms (biomass). The volatile
solids content of this material typically ranges from 70 to 80 percent. At the Metro
Wastewater Treatment Plant the primary sludge and the waste activated sludge are
thickened by air flotation thickeners as described in Chapter 6 of this manual. The
thickened sludge is pumped to the digestion process for sludge stabilization. The
thickened sludge is pumped from the two (2) Air Flotation Thickener Buildings to the
anaerobic digesters. At this point the thickened sludge is blended with the digesting
sludge. It should be recognized that the activated sludge will not be destroyed in the
digester to the same extent as the raw sludge. This occurs because of the complex
organic nature of the microorganisms and their resistance to digestion.
There are several digester feed methods that can be used at the Metro Wastewater
Treatment Plant. The first digester feed method is to feed the primary sludge and
thickened waste activated sludge from each treatment train separately from the source
to the anaerobic digester. The second digester feed method is to feed the primary
sludge to the air flotation thickeners where it is combined with the waste activated
sludge. The primary sludge and waste activated sludge are thickened in the air flotation
thickeners and then the combined thickened sludge is sent to the anaerobic digesters.
Organisms in a digester are most efficient when food is furnished in small quantities at
frequent intervals. If too much sludge is added to a digester, the first or acid
fermentation stage may be so predominant that the environment will become
unfavorable for the organisms responsible for the second stage, resulting in incomplete
digestion. Problems may also arise when a digester is loaded with quantities of feed
sludge on an infrequent basis, for example, only once per day. In this situation, the gas
production may be so vigorous that severe foaming may result. Many materials
particularly toxic metals above certain concentrations are detrimental to sludge
digestion.
Thin sludge or water should never be pumped to a digester. Reasons for not pumping a
thin sludge include:
1.

Excess water requires more heat than may be available.

2.

Excess water reduces the detention time of the sludge in the digester.

3.

Excess water forces seed sludge and alkalinity from the primary digester,
jeopardizing the system due to insufficient buffering capacity for the acids
produced by the digestion of raw sludge.
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7.3.2.6

Time and Temperature

In general, the detention time needed to obtain complete digestion decreases with
increasing temperature. An anaerobic digester may be operated in one of three
temperature zones or ranges, each of which has its own particular bacteria. These three
ranges are:
1.
Psychrophilic Temperature – This is the lowest temperature range. The
psychrophilic bacteria thrive in an unheated digester. The temperature of the sludge
inside the digester tends to adjust to the outside temperature. The psychrophilic
temperature range is between 50ºF and 68ºF. Digestion in this range requires from 50
to 180 days, depending upon the degree of solids reduction required. Below 50ºF there
is little or no bacterial activity and the necessary reduction in sludge volatiles will not
occur. Generally these digesters are not very effective in digesting sludge.
2.
Mesophilic Temperature – The mesophilic bacteria thrive between the
temperature ranges of 68ºF to 113ºF, however, the optimum temperature range is
between 80ºF to 100ºF. Most digesters are operated in the mesophilic range at a
temperature of 95ºF without creating excessive heating requirements. Operators should
experiment with various temperatures in the mesophilic range to determine the
temperature that is best for the digester installation. Once this optimum temperature has
been established, then the temperature must remain constant at this temperature.
Digestion in this range requires from 10 to 30 days, depending upon the degree of solids
reduction required and the adequacy of mixing.
3.
Thermophilic Temperature – The organisms in this range thrive at
temperatures from 113ºF to 168ºF. The optimum temperature range is between 113ºF
to 140ºF. The time required for digestion in this range occurs between 5 to 12 days,
depending upon operational conditions and degree of volatile solids reduction required.
However, the problems associated with maintaining temperature and the sensitivity of
the organisms to temperature change are some reasons why many plants are not
operated in the thermophilic range.
The Metro Wastewater Treatment Plant is designed to operate within the mesophilic
range at 95ºF. It should be pointed out that the bacteria and other organisms which are
responsible for digestion are very sensitive to temperature changes, particularly the
methane formers whose activity is affected adversely by rapid changes in temperature of
2ºF to 3ºF. The Operator cannot merely raise the temperature of the digesters and have
a successful operation in another range. The bacteria must have time to adjust to the
new temperature zone and to develop a balanced culture before continuing work. An
excellent rule for digestion is never change the temperature more than 1ºF per day to
allow the bacterial culture to become adjusted to the temperature change.
Temperature control within such close limits depends on the extent of circulation. Some
natural circulation is induced by the digestion process itself, but proper circulation is
brought about best by artificial methods.

7-131

7.3.2.7

Mixing

Effective mixing of incoming sludge with the contents of the digester is necessary to
provide all working organisms with their essential food supply and to maintain a uniform
temperature throughout the digester. Moreover, it is essential to keep the entire
contents of the digester well mixed for similar reasons.
7.3.2.8

Gas Production

Gas production is one of the most important measurable digestion parameters. The total
volume, rate and composition of gas produced are indicative of a digester’s
performance. The total volume of gas produced, assuming that the feed sludge (raw
sludge) composition remains constant, is a measure of the degree of reaction in the
digester.
The number of cubic feet (ft3) of gas produced per pound (lb.) of volatile solids entering
the tank should be calculated by the Operator. The results should be charted for a
number of months to characterize digester performance. Once charted, determinations
may be made and compared with the long term values previously calculated. Deviations
from the norm may be an indication of a change in the extent of digestion or a change in
the character of the volatile solids being fed.
The anaerobic digestion process produces 8 cubic feet to 12 cubic feet of gas for every
pound of volatile matter applied and from 12 cubic feet to 18 feet of gas for every pound
of volatile matter destroyed, depending upon the characteristics of the sludge. The gas
consists mainly of methane (CH4) and carbon dioxide (CO2). The methane content of
the gas in a properly functioning digester will vary from 65% to 70%, with the carbon
dioxide running around 30% to 35% by volume. One or two percent of the digester gas
is composed of various other gases. Carbon dioxide in excess of 35% may be an
indication that the digestion process is not proceeding properly.
7.3.3

Digester Mixing – Normal Operation

7.3.3.1

Starting Digestion

The following basic procedures generally should be followed when placing a digester
into operation:
Pre-Starting Checks:
1.

Check all sludge, water and gas lines for leaks. Any repairs needed are made
more easily before sludge is added.

2.

Fill the tank and lines with water (except the gas lines).

3.

Start the heating system and operate long enough to ensure it is operating
properly.

4.

Check all seals to see that they are in working order.
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5.

Check all safety devices such as flame traps and pressure relief valves for proper
operation.

6.

Check all valves for proper and smooth operation.

7.

Check that the sludge recirculation pumps are properly lubricated, the drive
alignments are correct and there is no undue vibration or noise.

8.

Inspect all gauges and meters and ensure they are operating properly and they
are calibrated.

Start-Up Procedures:
A.

With seed sludge:

1.

Estimate the percent total solids and volatile solids and the density of the seed
sludge.

2.

Calculate the amount of seed sludge to be added based on the estimated startup load.

3.

Add the required seed sludge to the digester(s) and fill the remaining volume with
raw wastewater.

4.

Heat the contents of the primary digester(s) to 95-98ºF. Note: This temperature
increase can be rapid at first, but once the temperature is at 95ºF then the
temperature must be maintained within plus or minus of 1ºF.

5.

Mix contents of the primary digester(s) at the estimated solids loading rate as
continuously as possible.

6.

Pump feed sludge to the digester(s) at the estimated solids loading rate as
continuously as possible.

7.

Measure the control parameters.

8.

a.

Volatile acids (VA) approximately three times a day.

b.

Total alkalinity (Alk) approximately three times a day.

c.

pH approximately three times a day.

d.

Gas analysis for methane and carbon dioxide approximately three times a
day.

e.

Volatile solids (VS) approximately once a day.

f.

Calculate VA/Alk ratio.

Adjust process.
a.

Increase feed if volatile solids are lower than desired.
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b.
9.

Decrease feed if volatile solids are greater than desired.

Sample Calculations.
a.

Seed volume based on tank capacity:
Find the volume of seed sludge needed for a 100 foot diameter digester
with a normal water depth of 26 feet, if the seed required is 20% of the
tank volume. Since most digesters have sloping bottoms, assume the
normal side wall depth to be the average digester depth:
Data:
Tank Diameter, D

=

100 feet

Depth, H

=

26 feet

Tank Volume, ft3

=

Area in ft2 x depth in feet

=

(π /4) D2 x H

=

(0.785) (100 ft)2 x 26 ft.

=

204,100 ft3

=

(204,100 ft3) (7.48 gal/ft3)

=

1,526,668 gals

Tank Volume, gal

The seed required is assumed to be 20% or 1/5 or the digester tank
volume:
Seed Volume, gal

=

Tank Volume, gals or Total Vol. gals x 20%
5
=

1,526,668 gals.
5

=

305,334 gals.

An alternate approach is to determine the volume of seed necessary to
maintain digestion under the expected initial loading. To use this
approach, allow 0.03 to 0.10 pounds of new volatile solids to be added
per day per pound of volatile solids under digestion.
b.

Seed volume based on feed sludge to be added:
For example, assume a new plant expects to pump 4,000 gal/day of raw
sludge per day to the digester. The raw sludge is estimated to contain
5% solids with a volatile content of 70%. Estimate the pounds of volatile
solids needed by the digester and the gallons of seed sludge, assuming
the seed sludge contains 10% total solids with 50% volatile solids and
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weighs nine (9) pounds per gallon. (Digested sludge containing 10% total
solids weighs more than water. Assume 9 lbs/gal compared to 8.34
lbs/gal for water). Please note most anaerobic digesters will have total
solids in the range of 3-6%.
Find pounds of volatile matter pumped to digester per day.
Volatile Matter
Pumped, lbs/day = (Vol. of sludge, gpd) (TS, %)(VS,%)(8.34 lb/gal)
=

(4,000 gals/day) (0.05) (0.70) (8.34 lb/gal)

=

1,168 lbs/day

Select a digester loading between 0.03 and 0.10 pounds of new volatile
solids added per day per pound of volatile solids in the digester. Try 0.06
lb volatile solids per day per pound under digestion.
Find pounds of seed volatile solids needed.
0.06 lb Volatile solids added/day
Lb Volatile solids in digester

= 1,168 lbs volatile solids added/day
Seed, lb Volatile Solids

Seed, lb Volatile solids

= 1,168 lb volatile solids added/day
0.06 lb volatile solids added/day
= 19,467 lbs volatile solids

Find gallons of seed sludge needed.
Seed Sludge, gal

=

Seed, lb Volatile solids
(9 lbs/gal) (Solids, %) (Volatile solids, %)

=

19,467 lb volatile solids
(9 lbs/gal) (0.10) (0.50 volatile solids)

=

43,260 gals.

B.

Without seed sludge:

1.

Fill the digester(s) with raw wastewater.

2.

Heat the contents of the digester to 95 - 98ºF. Note: This temperature increase
can be rapid at first, but once the temperature is at 95ºF then the temperature
must be maintained within plus or minus of 1ºF.

3.

Mix the contents thoroughly.

4.

Pump raw sludge to the digester at 10% of design loading or if possible, the
loading should be kept to approximately 5 pounds of dry volatile solids per 1,000
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cubic feet of digester volume per day for the first 20 days or so. The raw sludge
additions should be reasonably well concentrated.
5.

6.

Measure the control parameters.
a.

Volatile acids (VA) three times a day.

b.

Total alkalinity (Alk) three times a day.

c.

pH three times a day (maintain pH at approximately 6.6 to 7.0).

d.

Gas analysis for methane and carbon dioxide once a day.

e.

Volatile solids (VS) once a day.

f.

Calculate VA/Alk ratio.

Adjust process.
a.

Calculate chemical quantity to be added to the digester content, if
necessary to correct pH. Note: Chemical addition to the digesters should
be avoided, if possible.

b.

Add chemical in a slurry to the digester to maintain the pH and VA/Alk
favorable to the methane organisms.

c.

Reduce chemical feed as the digestion process stabilizes.

d.

Gradually increase the raw solids loading on the basis of these favorable
trends:
Volatile Acids = 200 to 400 mg/L,
Alkalinity = 1,500 to 3,000 mg/L as CaCO3
pH = 6.8
A normal loading is typically within 50 to 60 days and sometimes sooner.

Normal Operation:
1.

Monitor control parameters of pH, VA/Alk ratio, gas analysis and volatile solids.

2.

Adjust feed until the sludge in the digester is in equilibrium.

3.

If foaming occurs, or if laboratory tests indicate a backward trend in digestion,
reduce loading or add well-digested sludge from another digester.
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7.3.3.2

Primary Sludge Pumping

Sludge should be withdrawn from the primary sedimentation tanks before it becomes
septic. It should be as dense as can be handled satisfactorily through the pumps and
piping. Thin sludge occupies digester space needlessly, and its excess water will have
to be heated. Sludge should be added to the primary digesters at frequent intervals –
usually at least four times a day and more often if practicable. Equally feeding each
digester on an hourly basis is recommended. Small additions at frequent intervals
assure a uniform digestion rate. In the case of the Metro Wastewater Treatment Plant,
raw sludge is not discharged directly into digesters. The (primary) sludge and waste
activated sludge are thickened in dissolved air flotation thickeners and then the
thickened sludge is discharged into the digesters intermittently through the sludge
recirculation piping over a 24-hour period.
7.3.3.3

Sludge Heaters

When sludge heaters are properly maintained they provide a very effective means of
maintaining close temperature control.
Effective circulation is of the utmost importance to an effective temperature control
program. The facilities installed for this purpose are heat exchangers that receive hot
water from an outside source. Primary sludge, thickened sludge, and/or digester sludge
is pumped through the sludge tubes within the heaters. The sludge picks up the
required heat from the hot water that surround the sludge tubes. The temperature of the
hot water bath is typically maintained at 180°F. By observing the temperature changes
in the sludge recirculation lines and the temperature within the digesters, as measured
by thermometers in the sludge piping on the inlet and outlet of the heat exchangers, the
Operator can determine the uniformity of temperature within the entire mass of sludge.
To maintain the desired temperature, it may be necessary, or at least economically
profitable, to thicken or otherwise obtain a reasonably dense incoming sludge.
7.3.3.4

Recirculation

The fundamental objectives of recirculation are:
1.

To provide uniform transfer of heat to maintain nearly constant temperature
throughout the entire mass of solids in the digesters.

2.

To mix primary sludge, thickened waste activated sludge, or a blended thickened
primary and waste activated sludge with large volumes of digesting and well
buffered sludge from the digesters. This will aid and accelerate digestion and
reduce the impact of toxic materials on the digester.

3.

To maintain a relatively uniform mixture of all materials within the tank.

4.

To reduce formation of scum.
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The number of digesters and the arrangement of the piping control the number of
operating procedures that can be employed. Effective operation of the digesters is
accomplished by the following:
1.

Selecting a point of discharge of the incoming sludge or the recirculated sludge
where it will do the most good. Frequently, this is at the center of the tank above
the scum layer.

2.

Digestion is often promoted by mixing the material in one layer of the digester
with another layer of the digester. That is why sludge is withdrawn from the
middle or bottom of a digester and added near the top of the digester during
sludge recirculation or feed sludge addition.

3.

Discharge feed sludge (primary sludge and/or thickened waste activated sludge
or thickened (primary and waste activated sludge) sludge to the primary
digesters as often as may be consistent with other plant operations. Several
small additions are better than one large one. In the case of the Metro
Wastewater Treatment Plant, typically blended sludge from the air flotation
thickening building frequently is discharged at time intervals alternatively among
four primary digesters.

4.

Reduce water content of the feed sludge as low as possible, subject to the
limitations of other plant operations. Excess water occupies digester volume
needlessly and often expensively by reducing digester temperatures and
detention times.

5.

Recirculate for as long a period as the facilities permit. Continuous recirculation
aids digestion.

In a primary-secondary sludge digestion process, unless digestion is completed in the
primary digester, which is very unlikely, it is desirable to mix the sludge transferred from
the first tank with the material in the upper half or two-thirds of the second tank. This
hastens the completion of digestion and brings about an earlier reduction in activity,
permitting sedimentation, compaction, and supernatant withdrawal to proceed under
good conditions.
7.3.3.5

pH Control

The organisms which promote rapid digestion, good digested sludge, good gas
production, and the least amount of odors and nuisances from the digested sludge
operate most effectively at a pH of about 7.0. When the pH is lower than 6.8 or above
7.2, their efficiency falls off sharply. When the pH is below 6.8, they are replaced with
others which work best in higher acid concentrations. These new organisms are less
desirable because they produce gas high in carbon dioxide content, foul odors, and
large quantities of scum. For similar reasons, a pH above 7.2 is unwanted because the
desirable methane-producing organisms become inactive and may be completely
ineffective as the pH continues to rise. When the pH reaches 8.0, there is little or no
activity and should it go as high as 9.0, digestion will cease.
Once digestion has been well established, the pH may be affected markedly by the
following materials or conditions:
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1.

Highly acid or alkaline waste discharged to the digester for even short periods or
smaller volumes discharged for longer periods.

2.

Excessive volumes of highly organic materials which may unbalance the food
supply so that the first and second stages of digestion predominate; and

3.

Lowered temperature or poor circulation of the digester contents.

In a well operated digester it is possible to maintain a balance between fresh and
digesting sludge such that a neutral pH is achieved.
As a control measure, lime or other chemicals may be added in sufficient quantities to a
sludge with a low pH in order to raise the pH between 6.8 to 7.2. The addition of lime or
other chemicals for pH control should be carefully controlled and considered only as a
temporary measure.
7.3.3.6

Withdrawal of Supernatant

Supernatant, by definition, is the material floating uppermost or above something.
Generally, in a secondary digester it is a zone of clearer liquid found above the settled
solids and usually below the scum layer. Its creation is dependent upon the separation,
compaction and gas production of the digesting sludge. Some Operators feel that
digestion must decompose the feed sludge to a volatile solids content in the range of 40
to 45 percent before an acceptable supernatant can be produced. The degree of
decomposition, however, depends on the initial volatile content.
Supernatant should be low in suspended solids, while the volatile acids concentration
should be below 500 mg/L. Ideally, the BOD5 should be less than 500 mg/L. It will
decompose rapidly and requires further treatment for stabilization before final disposal.
The supernatant is returned to the plant headworks, so the Operators must be aware
that this flow may significantly increase the BOD5, suspended solids, phosphorus, and
ammonia nitrogen loading on the plant.
Supernatant is withdrawn from digesters to reduce the volume occupied by the total
digesting material, thereby providing space for additional digesting sludge to be added.
If the prevailing conditions of food supply, time, temperature and mixing produce
effective digestion, a good quality supernatant will be produced, provided there is also
good solids separation and compaction in the secondary digester.
The floating cover type digester gives the Operator more flexibility in controlling
supernatant withdrawals than a fixed cover type digester unless the fixed cover digester
is specifically designed for variations in the sludge levels. For example, it is not
necessary to restrict the withdrawal time when digesting sludge is being added. Also,
there is enough tank volume in the travel range of the cover to accommodate a number
of digesting sludge feedings without withdrawal. The Operator should decide when to
store and when to withdraw on the basis of sampling and his/her knowledge of what
constitutes good supernatant.
In the secondary digester there are several supernatant withdrawal lines, each
withdrawing supernatant from different elevations within the digester. By observing and
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sampling material from these lines, the Operator can determine the best supernatant
location.
When the operations permit, it is sound practice to return supernatant to the plant
headworks when it will have a minimum adverse effect. Usually, the best time to do this
is when the raw wastewater flow to the plant is at its daily low. It is UNWISE AND NOT
RECOMMENDED to transfer the supernatant to the plant headworks during periods
when the plant is receiving peak daily loads. The multiple digester installations and
solids handling facility operation provides for an increased flexibility of times and rates of
withdrawal.
Anaerobic digesters designed today may not have supernatant capabilities as they did
with older designs. Some of the newer anaerobic digestion designs may have unheated
storage tanks after the primary digesters but they are usually continuously mixed. The
completely mixed sludge from the digesters is pumped to the dewatering process where
the centrate or filtrate from the dewatering device is returned to the plant for treatment.
This method is commonly used rather than supernatant removal directly from a
secondary digester. The Metro Wastewater Treatment Plant has the capability of
decanting from Anaerobic Digester Nos. 3, 4 and 5 or going from any anaerobic digester
to the centrifuges where the centrate is returned to the Plant Influent Pumping Station.
7.3.3.7

Withdrawal of Digested Sludge

Digested sludge should be withdrawn as soon as it has been stabilized, as determined
from its volatile content. Sludge may be withdrawn sooner, of course, if additional
treatment is provided or is allowed by the method of disposal. Generally, however, a
well digested sludge is required for disposal without causing a nuisance. The presence
of grey or light brown streaks would indicate that undigested sludge is being removed.
The only beneficial purpose for leaving sludge in a digester after it has reached an
acceptable quality is to provide sufficient seeding material for a primary digester.
7.3.3.8

Scum Control

The formation of scum in the digesters could have the following disadvantages:
1.

Occupying volume needed for digestion,

2.

Interfering with effective mixing and temperature particularly as the scum layer
becomes extensive,

3.

Occupying the space normally occupied by supernatant, thereby preventing the
selection and withdrawal of good quality supernatant,

4.

Interfering with gas separation and collection.

Scum control falls into one of three general categories:
1.

Prevention by elimination or reduction of oils, certain greases, and other
materials which will not digest readily. Some of these materials should be
eliminated or drastically reduced by limiting such discharges to the plant, proper
skimming and/or diversion to another treatment process in the plant.
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2.

Removal of undesirable materials in the digester. Oils that are removed should
be burned if practicable; greases and other fatty materials should be thickened
and buried or burned, and fibrous materials may be dewatered on drying beds or
lagoons for disposal with the sludge or also burned. Some facilities are
considering adding the scum to a biofuel facility.

3.

Thorough mixing with digester tank contents for more effective digestion.

7.3.4

Stage Digestion (Primary-Secondary Digestion)

Primary-secondary digestion uses two or more tanks in series. The violent initial
digestion period is separated from the quiescent (calm) conditions required for
compaction and separation. In the primary digester, incoming feed sludge is mixed with
primary digester seed sludge and the tank contents are kept in motion almost
continuously by use of the gas recirculation equipment and recirculation from the
external heating system. Some sludge separation normally occurs in the primary
digester despite the mixing. The heavier material settles to the bottom of the tank.
Generally, the primary-secondary digestion system produces a clearer supernatant
opposed to the supernatant that is produced in a single-stage digester.
The digesting sludge is pumped from the bottom of the primary digester to the upper
section of the secondary digester. In the secondary digester the conditions are calm to
allow separation and compaction of the digested sludge. The temperature in the
secondary digester is approximately 5ºF to 10ºF below the primary digester. During
normal conditions, heating of the secondary digester is unnecessary. If satisfactory
digestion is not obtained however, it may be necessary to increase the temperature of
the secondary digester.
At some plants, the Operator occasionally mixes the secondary digester (preferably after
digested sludge has been removed and when supernatant is not being returned to the
plant) using the sludge recirculation pumps. This periodic mixing prevents coning of
solids on the bottom of the tank and the formation of a scum layer on the top of the tank.
Mixing also helps the release of slowly produced gas entrapped within the sludge that
may float solids.
Some wastewater treatment plants do not use secondary digesters. They remove
sludge from a primary digester or a continuously mixed storage tank after primary
digestion if they are going to a dewatering device, such as a belt press or centrifuge, and
then to an incinerator or landfill. These facilities do not decant supernate and allow the
dewatering devices to send the centrate/filtrate back to the plant.
7.3.5

High Rate Digestion

High rate digestion is a term that refers to the loading on the digesters. The loading
range of a high rate digester is between 0.10 to 0.40 lb. VS/day/cu.ft. as opposed to a
standard rate digester which has a range of 0.03 to 0.10 lb. VS/day/cu.ft. The term high
rate and standard rate does not mean that the rate at which organic matter is converted
to methane is faster in a high rate digester than in a standard rate digester. Actually, the
chemical reaction rate constant is the same in both digesters, provided the temperature
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is identical. The high rate digester design provides conditions that are more favorable to
anaerobic digestion.
In the standard rate digester, active digestion occurs only in a portion of the total
digester volume. This occurs because the contents of a standard rate digester are not
mixed, causing the liquid in the digester to stratify into zones. This severely reduces the
effective volume of the tank.
Mixing is the most important factor in the so-called “High Rate” process, and it is
considered to accomplish the following:
1.

Utilize as much of the total content of a digester as possible.

2.

Quickly distribute the feed sludge (food) throughout the volume of sludge
in the tank.

3.

Put the microorganisms in contact with the food.

4.

Dilute the inhibitory by-products of micro-biological reactions throughout
the sludge mass.

5.

Achieve good pH control by distributing buffering alkalinity throughout the
digester.

6.

Obtain the best possible distribution of heat through the tank.

7.

Minimize the separation of grit and inert solids to the bottom or floating
scum material to the top.

8.

Reduce the detention time for volatile solids reduction.

7.3.6

Toxic Materials

7.3.6.1

Introduction

Toxic materials entering a digester are those elements or components which inhibit the
activity of the bacteria or which kill them.
Most plants today have potential toxicity problems, even those plants serving domestic
wastes only. Sources of these problems come from septic/holding tank wastes or
accidental spills of petroleum products such as fuel oil, automotive greases and oils, etc.
Other plants serving communities connected to various industrial facilities will have
potential toxic problems unique to the industrial area. Typical toxic materials include:
1.

Heavy metals discharged by metal plating firms, jewelry manufacturers,
tanneries, and aircraft manufacturers, etc.

2.

Sulfides from metal manufacturers, coal mines, and others.
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7.3.6.2

3.

Phenols and plastic resins from petroleum wastes, furniture
manufacturing plants, paint manufacturers or users, and coal tar and gas
producers.

4.

Ammonia from overloading digesters with protein wastes.

5.

Cyanide wastes from metallurgical processes.

6.

Chemical from chemical manufacturers.

7.

Insecticides and fungicides.
Prevention

If large concentrations of toxic materials are likely to occur, the plant Operators and
Engineer should take the following steps:
1. Set up an industrial inventory, cataloging all connected industries with
their types and volumes of wastes. This should include normal
concentrations and potential for accidental spills, cleaning or similar
discharges.
2. Establish and enforce sewer use and industrial waste ordinances and a
pretreatment program specifically prohibiting certain untreated toxic
discharges.
3. Establish an early warning system for the industry to notify the treatment
plant when accidental discharges occur. This means a good public
relations program. It is hard to do and hard to get cooperation, but it is
essential! Show manufacturers (owners or managers) what the wastes
are doing to the treatment processes.
4. Establish a training program to teach Operators how to look for the
presence of toxic materials in the plant’s influent.
5. Establish a laboratory sampling and testing program to monitor industrial
waste discharges.
6. Use holding tanks to contain the toxic wastes. In many plants, this may
be difficult to do. However, take a close look at all of the possibilities.
You may find a way to isolate the suspected toxic material in a primary
sedimentation tank, or in a digester that is out of service.
7. Pre-plan actions to respond to a toxic waste. For example:
a.

Isolate and hold the waste (see Item 6 above).

b.

Dilute the waste below the toxic level by:
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Using seed sludge from a secondary digester. Note: this
action tends to spread the toxic material to both tanks and
both tanks may be affected.



Using dilution water.

c.

Forming an insoluble precipitate for metal related wastes.

d.

Using another compound which will react with the toxic element to
form less harmful compounds. These are called antagonistic
compounds because they neutralize the toxic effect.

8. Improve digester operation – the tolerance level of digesters to toxic
materials is increased when digesters are in a healthy condition. This
means a pH of 6.8 to 7.2 and plenty of buffering alkalinity.
7.3.7

Neutralizing a Sour Digester

7.3.7.1

Introduction

The recovery of a sour digester can be accelerated by neutralizing the acids with a
caustic material such as lime, anhydrous ammonia, sodium bicarbonate, sodium
carbonate (soda ash), ammonium hydroxide, or by transferring alkalinity in the form of
digested sludge from the secondary digester. Such neutralization increases the pH and
alkalinity to a level suitable for growth of the methane fermenters and provides buffering
material which will help maintain the required volatile acid/alkalinity relationship and pH.
When ammonia is added to a digester, an added load can eventually be placed on the
activated sludge process of the plant via an increased oxygen and alkalinity demand and
eventually on the receiving waters for the discharge from the plant. The application of
lime will increase the solids handling problems. Soda ash is more expensive than lime,
but does not add as much to the solids deposits. Sodium bicarbonate directly adds
bicarbonate alkalinity. Transferring secondary digester sludge has the advantage of not
adding anything extra to the system that was not there at an earlier time and, if used
properly, will reduce both the effluent load and the solids handling problem.
If digestion capacity and available recovery time are great enough, it is probably
preferable to simply reduce the loading while heating and mixing so that natural recovery
occurs. However, there are often conditions in which such neutralization is necessary.
7.3.7.2

Chemical Control of pH

IMPORTANT: It is recommended that the Operators explore every possible alternative
to correct a sour digester without the use of chemicals. If no method can be found then
the Operators may have to consider to chemical addition. The Operators must realize
that neutralizing a sour digester with chemicals to bring the pH to a suitable level, may
not cure the cause of the upset.
Chemical usage in the digester falls into two categories:
1.

pH adjustment.
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2.

Metal toxicity.

This section covers pH adjustment. The subject of toxicity is discussed in a separate
section on toxic material.
Several chemicals are available which can be used as caustic agents in digesters to
raise or control pH. Each has advantages and disadvantages. The choice of which one
to use largely depends upon availability, cost, storage and handling preference. In all
cases of caustic addition, care must be taken to provide mixing. Mixing is essential to be
sure that the caustic solution will be distributed throughout the tank contents and prevent
localizing the caustic. When neutralizing a digester, the required dose must first be
carefully calculated. Too little will be ineffective, and too much is both toxic and
wasteful. The following discusses some of the chemicals used in digester operations.
7.3.7.3

Lime

Lime is one of the most common caustic agents due to its availability, relatively low cost
and ease of handling. Lime is usually used in starting a digester because it speeds up
gas production and lowers volatile acids concentration. One limitation to the use of lime
is its inability to maintain the pH at higher levels than about 6.8. When lime is added to a
digester it combines with CO2 removing CO2 from the liquid. This combining reaction
forms calcium bicarbonate when the digester is below 6.7 to 6.8 and the bicarbonate
alkalinity is between 500 and 1,000 mg/L. (Note: This is not total alkalinity). Calcium
bicarbonate becomes a buffering agent, neutralizing the acids in the digester and
allowing the digester to return to normal.
Too much lime causes insoluble calcium carbonate to form. Like grit, calcium carbonate
settles out, takes up space, and may be very difficult to remove. A further disadvantage
is that it may create a vacuum in the digester because CO2 is removed, causing a
decrease in gas pressure inside the digester. This occurs when excess lime is added.
If the Operators were to continue adding lime after the digester pH has reached between
6.5 to 6.8, the CO2 may continue to drop resulting in a dangerous situation. The CO2
content may drop until it reaches about 10% and the pH would start to increase to about
8.0.
As the CO2 percentage drops, the pressure lowers and a vacuum results. With
biological activity continuing, the percent of CO2 increases, rising again to the 10% level,
at which point the pH drops to below 7.0. Additions of lime beyond that necessary to
neutralize the acids, or that indicated by pH are wasteful. This may result in a lower gas
pressure, a vacuum inside the tank, and a collapsed cover.
Lime is available in two forms:
1.

As unslaked lime, or calcium oxide (CaO), often called quicklime. The
major disadvantage is that quicklime must be “slaked” (water must be
added in a controlled way) before it can be used. This requires special
equipment. CAUTION: Always add quicklime to the water instead of
water to quicklime to prevent an explosion which may splatter the
Operator with lime and cause skin burns. Quicklime must be stored in a
dry place.
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2.

Hydrated lime (calcium hydroxide Ca(OH)2) is the preferred form since it
is already slaked and ready to use.

Lime is always mixed with water to form a slurry, using approximately 100 lbs. of lime to
50 gallons of water, before being fed to the digester.
The following procedures are recommended for lime addition:
1.

Begin adding lime if the pH drops below 6.6.

2.

Check the vacuum relief device on the digester to be sure it is working
(the addition of lime can cause a vacuum inside the tank). Stop lime
addition if vacuum relief begins operating and wait 24 hours before
starting lime again.

3.

Add the lime slurry only while recirculating the digester and continue for at
least an hour or more after the last addition.

4.

Stop adding lime when pH reaches 6.8.

7.3.7.4

Anhydrous Ammonia

Anhydrous ammonia is a gas and is available in pressurized cylinders. It may be used
for pH adjustment under controlled conditions. However, lime, or other caustics, is
recommended for the smaller plants for safety reasons.
Several precautions are noted below when using anhydrous ammonia:
1.

There is the possibility of ammonia toxicity if pH over 7.0 occurs. The
toxic level depends on other buffering agents in the digester, but the
concentration should not exceed 1,400 mg/L as N in any case.

2.

The gas cylinders should be handled using all the precautions normally
employed with gases under pressure (e.g. do not drop or strike with sharp
objects, keep away from excessive heat and use approved regulating
valves).

Several feeding procedures are noted below:
1.

Make up tight ammonia connections from cylinder to aluminum pipe.
Insert the pipe through a thief hole in the top of the digester. The pipe
should go to a depth of 10-15 ft. in the digester. A ½-inch reducing elbow
can be attached to the lower end of the pipe so that the pipe can be
rotated in a full circle to distribute the gas addition.

2.

Make up a connection to a recirculation line which allows gas feed into
the sludge while it is being recirculated. The connection may be using a
corporation cock and necessary fittings to connect with the feed system.
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Precautions to be observed include:
a.

Use materials in connection and feed piping that are not affected
by ammonia. DO NOT use copper or brass fittings.

b.

Feed ammonia only when sludge is circulating and downstream
valves are open.

The digester pH should be carefully watched when using ammonia.
danger lies in ammonium toxicity.
7.3.7.5

The greatest

Other Neutralizing Chemicals

Another commonly used chemical used to neutralize an anaerobic digester is sodium
bicarbonate. Sodium bicarbonate directly adds bicarbonate alkalinity. It does not react
with carbon dioxide and, therefore, eliminates the potential for creating a vacuum. The
Operator must be careful to avoid sodium toxicity from overdosing. If only bicarbonate is
added, the pH will not increase by beyond 8.3.
The key to controlling the anaerobic digester pH is to provide bicarbonate alkalinity to
react with acids and to buffer the system to a pH of approximately 7. As previously
stated, there are several different chemicals that can be used to neutralize a digester,
such as sodium carbonate, sodium hydroxide, or gaseous ammonia. No matter which
chemical is used the Operators must carefully watch the condition of the digester, so the
chemicals are not overdosed or chemical feeding results in other problems.
Refer to Manual of Practice No. 11, Operation of Municipal Wastewater Treatment
Plants, published by the Water Environment Federation for additional information on the
addition of neutralizing chemicals into an anaerobic digester.
7.3.7.6

Enzymes

In recent years several products containing “commercial” enzymes or other biocatalysts
have been marketed for starting digesters, controlling scum or simply to maintain
operation. Such biocatalysts or enzymes have rarely been shown to be effective in
controlled tests and could, in fact, cause as much harm as good. A biological system
such as found in the digesters develops a balanced enzyme and biocatalyst system for
the conditions under which it is operating. The quantities of natural enzymes developed
within the digesting sludge are many, many times greater than any amount you could
either add or afford to purchase.
7.3.8

Struvite and Siloxane

7.3.8.1

Introduction

A phenomenon that has been recently causing problems with anaerobic digester piping,
process equipment and methane gas (biogas) combustion systems at wastewater
treatment plants are “Struvite” and “Siloxane”. Struvite typically results in excessive
maintenance issues in process piping and equipment. Siloxine results in problems with
combustion systems that use methane or biogas as the fuel source. The following
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discussion will provide the Operators with a brief understanding of these two chemical
reactions.
7.3.8.2

Struvite

Struvite (magnesium ammonium phosphate) is a phosphate mineral (MgNH4PO4 ● 6H2O)
that can cause crystal formations on the surfaces of pipes, pumps and other process
equipment.
The formation of struvite occurs under favorable conditions, when
concentrations of soluble magnesium, ammonium, and orthophosphate exceed levels
which promote formation of crystals, referred to as supersaturation.
Wastewater pH and temperature are also factors in determining the solubility and
formation rate of struvite. Alkaline and increasing pH levels of the wastewater increases
the potential of struvite crystallization.
The most common locations for initial struvite formation and subsequent accumulations
are at points in process flow systems with high turbulence, such as pipe elbows, valves,
and internal pump components exposed to the wastewater. Struvite will also have a
greater tendency to form on rough surfaces.
Struvite formation can be controlled by using such chemicals as, ferric sulfate, ferric
chloride, aluminum sulfate and aluminum chloride. The efficiency of these chemicals
depends on pH, proper chemical mixing of the chemical with the sludge and other such
factors.
7.3.8.3

Siloxanes

Siloxanes are organic compounds that are man-made that contain silicon, oxygen and
methyl groups. Siloxanes are used in the manufacture of personal hygiene, health care
and industrial products. The products are found in wastewater. At wastewater treatment
plants the low molecular weight siloxanes volatize into digester gas. When this gas is
combusted to generate power, such as in gas turbines, boilers, burners and internal
combustion engines, the siloxanes are converted to silicon dioxide (SiO2). This silicon
dioxide results in deposits in the combustion units. Evidence of siloxanes in biogas are
found in the form of a white powder in the hot section of the burning components where
digester gas is injected. This will, in turn, result in problems with the operation of the
burner.
There are several siloxane removal or reduction technologies in the industry. These
removal technologies are:


Carbon adsorption



Refrigeration



Advanced refrigeration



Liquid adsorption



Silca gel

If siloxane is determined to be an issue, there are companies that will study the siloxane
condition at the wastewater treatment plant and then construct a removal system
specific to that facility.
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7.3.9

Gas Handling Equipment and Control Devices

7.3.9.1

Introduction

The anaerobic digestion process is sensitive to variations in both sludge characteristics
and digester equipment operation. As a result, the Operators must closely monitor the
digester apparatus as well as the reactions occurring within the digester. This
surveillance includes adjustment, correction, and maintenance activities. Since digester
gas is a potential safety hazard, typical safety equipment includes:
1.

Pressure relief valve, vacuum relief valve, and flame traps for both
digesters and gas holders.

2.

Waste gas flame traps,

3.

Flame traps on all gas-utilizing equipment lines,

4.

Manually operated drip traps, and

5.

Outside vented lines from all equipment items such as gauges, flow
meters, and relief valves.

It is important that the Operators fully understand all the equipment in the digestion
system. The following is a brief discussion of some of the major equipment in the
digester gas system. Please note that there are several manufacturers that build
digester gas safety equipment. The equipment may look slightly different but they serve
the same function.
7.3.9.2

Pressure Relief and Vacuum Relief Valves

The pressure relief valve located in the gas piping consists of a cast iron body with an
aluminum valve and a diaphragm located within the body, as shown in Figure No. 7-54.
The diaphragm operates the valve. The diaphragm is actuated by the gas pressure
conducted to the underside of the diaphragm by the pressure control tube. The other
end of the pressure control tube is connected to the gas piping system where the
pressure control is desired. The upper side of the diaphragm is open to the atmosphere.
Any pressure developed in the gas piping system in excess of that for which the
pressure relief is adjusted will be transmitted through the pressure control tubing to the
underside of the diaphragm. The diaphragm is lifted and likewise the aluminum valve
attached to it. This will permit excess gas to pass through the relief valve until the
pressure becomes equal to the adjustment of the diaphragm operated relief valve.
When this occurs the valve will close.
A second type of pressure relief valve located on the digester cover allows excess
pressure to escape from the digester in the event that a blockage occurs and pressure
builds up above a safe level within the digester. In this particular arrangement, the
pressure relief valve and vacuum relief valve are both attached to a common pipe, but
operate independently, as shown in Figure No. 7-55.
The pressure relief valve is
equipped with a seat and weights. The weights are added to equal the pressure in the
digesters which is approximately 6 to 12 inches water column. If the gas pressure in the
7-149

digester exceeds the pop-off setting, then the valve will open and vent gas to the
atmosphere through the pressure relief valve.
The vacuum relief valve operates similarly to the pressure relief valve except that it
relieves negative pressures to prevent the digester cover from collapsing. Operation of
either the pressure relief valve or the vacuum relief valve is undesirable, because this
allow the mixing of digester gas and air which can create conditions for an explosion.
7.3.9.3

Flame Arrestors and Flame Traps

A typical flame arrester is a rectangular box holding approximately 50 to 100 corrugated
aluminum plates with punched holes. If a flame should develop in the gas line, it would
be cooled below the ignition point as it attempted to pass through the plates, but the gas
could flow through with little loss in pressure.
The flame traps consist of a cast iron body with flame trap element and a spring
actuated thermal valve located within the body, as shown in Figure No. 7-56. The
thermal valve automatically closes if sufficient heat is developed to melt the thermal
release.
The flame trap element is made up of an aluminum spider and cage casting in which are
two coiled strips of aluminum each 1-inch wide. One of these strips is specially crimped
and the other is flat. When these two strips are tightly wound simultaneously on the
spider, they form a series of ducts or channels not unlike a honey comb. The gas from
the digester passes up through the ducts and through the outlet to the service
connection. The ducts formed by the aluminum strips are such that a flame cannot pass
through them. These ducts are so numerous that they will allow the gas to pass through
in large quantities with a very small loss of head.
The elements in the flame arresters and the flame traps should be serviced every three
months to ensure that the gas ducts are clear. Ensure that the flame arresters or flame
traps are isolated before servicing begins. When the unit is placed back into service it
should be tested for leaks.
7.3.9.4

Pressure Relief Valve and Waste Gas Flame Trap

The operation of each individual piece of equipment has been previously discussed
earlier in this section. The pressure relief valve and the waste gas flame trap are placed
in the gas line from the gas distribution system to the waste gas burner. The pressure
relief valve maintains a constant gas pressure at the digesters and in the gas distribution
system. When gas production is in excess of consumption, it is disposed of at the waste
gas burner. The waste gas burner reduces the possibilities of odors.
Any pressure developed in the gas piping system in excess of the pressure set on the
pressure relief valve will be transmitted through the pressure control tubing to the
underside of the diaphragm. The diaphragm is lifted and likewise the valve attached to
it, as shown in Figure No. 7-57. This will permit excess gas to pass to the waste gas
burner until the pressure returns to normal. The pressure is controlled and can be
adjusted as desired by the amount of weights provided on the upper side of the
diaphragm.
7-152

The waste gas after passing through the pressure relief valve also passes through a
flame trap element. The flame trap protects the gas system from the flame of the waste
gas burner.
7.3.9.5

Pressure Regulator

Pressure regulators are used to maintain a constant gas pressure at various points in
the gas system. Spring tension on the diaphragm determines the gas pressure that will
be maintained in the system. Adjusting the spring tension will adjust the operating
pressure of the regulator, as shown in Figure No. 7-58. Whenever a pressure setting
adjustment is made, the system pressure must also be checked.
7.3.9.6

Sediment and Condensate Accumulators

A sediment and condensate accumulator is a tank approximately 12 to 20 inches in
diameter and 2 to 3 feet high. The accumulators are used where considerable amounts
of condensate are expected. The accumulators keep the gas lines free from condensate
by acting as a storage tank. They also serve to remove a considerable part of the slime
producing material that is normally encountered in sludge gas lines. These units have a
capacity of approximately 5 gallons of accumulated sediment or condensate. The
material can be removed by a drain plug located at the bottom of the unit.
The inlet gas line is located near the top of the tank and on the side of the unit, as shown
in Figure No. 7-59. The outlet pipe also comes from near the top of the tank. Inside the
tank is a baffle that acts similar to a trap. The gas enters the accumulator, passes under
the baffle and then travels upward to the outlet pipe. Moisture and large pieces of scale
in the gas flow are collected in the tank before it passes to the gas system. The
accumulator should be drained of condensate frequently, and may have to be drained
daily during the winter months because of the greater amounts of water that will be
condensed during the cooler weather.
7.3.9.7

Drip Traps

Digester gas is quite wet and in traveling from the heated tank to a cooler temperature
the water condenses. The water must be trapped at low points in the system and
removed, or it will hinder gas flow and cause damage to equipment, such as
compressors, and interfere with gas utilization. Traps are usually constructed to have a
storage capacity of 1 to 2 quarts of water, as shown in Figure No. 7-60. All drip traps on
gas lines should be located at the low spots and be of the manual operation type. Traps
should be drained at least once a day and possibly more often during the winter months
when the temperatures are cooler. Actual required frequency of draining traps depends
on location of trap in the gas system, temperature changes and digester mixing system.
Automatic drip traps are not recommended because many automatic traps are equipped
with a float and needle valve orifice and corrosion, sediment, or scale in the gas system
can keep the needle from seating. The resulting leaks may create gas concentrations
with a potential hazard to life and equipment. If automatic drip traps are used, then they
should be maintained on a regular schedule.
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7.3.9.8

Gas Check Valves

Gas check valves are provided in the gas system to prevent the flow of higher pressure
gas from entering into a lower pressure gas system or from flowing back into a digester.
The gas check valves are built to allow the gas to flow in only one direction. The gas
check valves should be inspected and cleaned annually to ensure that all moving parts
are free of corrosion and debris.
7.3.9.9

Manometers

Manometers are installed at several locations to indicate the gas pressure within the
system in inches of water column.
7.3.9.10

Waste Gas Burners

Waste gas burners are used to burn the excess gas from the digestion system, as
shown in Figure No. 7-61. Waste gas burners can be equipped with either a natural gas
pilot light or an electric ignitor burning pilot flame so that any excess gas will pass
through the gas regulator and be burned. The pilot light or electric ignitor should be
checked daily for proper operation. The waste gas burner starts and stops automatically
depending on the digester gas pressure.
7.3.10

Laboratory Control of Anaerobic Digestion

7.3.10.1

Introduction

Anaerobic sludge digestion is essentially a complex biochemical process. Its effective
management and control requires frequent observations of the raw product, intermediate
product and end product.
In deciding what measurement and tests are essential and desirable, the inconsistencies
in the quantity and quality of the feed sludge, the kind and number of units in the
digester system, and the acceptable range of quality of the digester sludge and
supernatant should be considered. If sludge gas is used for heat or power, its volume
and composition becomes important.
When satisfactory digestion is in progress, the following measurements and tests are
useful for determining digester loading, departures from normal operation and
performance, degree of digestion, digested sludge and supernatant and quality, impact
of digestion on other plant units, and performance trends:
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1.

Feed Sludge (Blended Sludge to the Digester):

:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
2.

Sludge in digester:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

3.

Physical characteristics,
Volume removed,
Percentage TS and VS,
Volatile acids,
Bicarbonate alkalinity,
Ammonia and total Kjeldahl nitrogen, and
pH;

Digester gas:
(a)
(b)
(c)
(d)

5.

Volatile acids,
Percentage TS and VS,
Bicarbonate alkalinity,
pH,
Ammonia and total Kjeldahl nitrogen,
Temperature,
Physical characteristics, and
Quantity transferred to other digesters;

Digested Sludge:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

4.

Flow rate, volume, and time of feed,
Percentage TS and VS,
Volatile Acids,
pH,
Alkalinity,
Ammonia and total Kjeldahl nitrogen,
COD,
Temperature, and
Heavy metals;

Rate of production,
CH4 and/or CO2 composition,
H2S concentration, and
Gas temperature at the location where it is used, for example, just
upstream of the gas compressors;

Supernatant

:
(a)
(b)
(c)
(d)
(e)
(f)

Volume removed,
Ammonia and total Kjeldahl nitrogen,
Volatile acids,
Suspended Solids,
COD and/or BOD, and
pH;
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6.

Temperature of sludge heater water and of the sludge at the sludge
heater, digester inlet, and the return lines; and

7.

Quantity of fuel used for heating.

7.3.10.2

Primary Sludge/Thickened Sludge (Blended Sludge)

Tests performed on samples of primary sludge/thickened sludge or thickened blended
sludge tell an Operator what type of food is being fed to the digesters. By knowing the
influent sludge conditions (pH and temperature) and the characteristics (total solids and
volatile solids); the Operators can predict to some degree how the digester will react.
This sample is normally taken at the thickened sludge transfer pumps if the primary
sludge and waste activated sludge is first sent to the air flotation thickeners prior to the
anaerobic digesters.
7.3.10.3

Digester Sludge

The second major sample should be taken from a point in the digester that represents
the well-mixed active portion of the primary digester. This determines what is happening
inside the tank. This sample gives the Operators information on:
1.
2.
3.
4.

the progress of digestion,
reasons for unusual digester performance,
required changes in controls,
material balances.

Samples may be taken from sample lines, from the sludge recirculation pumps, or from a
line where a sample valve has been installed.
1.

Temperature: The optimum temperature range for normal digestion
should be within 95-98ºF. The temperature of the digesting sludge should
be recorded so that both short and long term fluctuation and trends may
be observed and recorded. Digester temperature should not be changed
more than 1ºF per day once the operating temperature has stabilized.
During start-up or after recovery from other difficulties which cause the
temperature to drop more than 40-45ºF, the temperature can be brought
up to normal at a faster rate. However, once the normal operating
temperature has been reached it should be stabilized and held at that
temperature. This is particularly true when starting the digester because
it may be necessary to rise from 60 to 95ºF in seven or eight days.

2.

pH: One of the most important environmental requirements affecting
biological action is proper pH. For example, the acid formers can function
satisfactorily at any pH level above 5, but the methane formers are
inhibited when the pH falls below 6.2. In digester operation, slight
decreases in pH will seriously inhibit the activity of the methane formers.
Best Operating Range
Tolerable
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=

6.8 to 7.2

=

6.4 to 7.4

Cases are known where efficient digestion occurs at pH’s lower than 6.4,
probably due to the development of a strain of bacteria able to live in this
environment.
The pH of the liquid undergoing anaerobic digestion is controlled by the
amount of volatile acids produced and the alkalinity in the digester.
Ordinarily, the pH of the digesting sludge need not be measured more
than once or twice weekly unless other observations show unfavorable
conditions are developing in the digester. If pH changes are suspected or
observed, frequent checks should be made until normal values are
restored.
3.

Volatile Acids: The total volatile acids concentration provides an excellent
indication of the progress of digestion and may forecast possible future
trouble. It should be performed daily under normal conditions and
possibly two times per day if digestion problems arise. Values below 500
mg/L usually indicate favorable progress in digestion.
Of more
significance is the relative change in volatile acids content. A rise after
digestion has been stabilized is a danger sign, and a gradual fall from
high values is usually indicative of improvement. During the acid stage of
digestion start-up, volatile acids may reach levels of several thousand
milligrams per liter; a completely digested sludge and good supernatant
will fall well below 300 mg/L.
Measuring the volatile acid of the feed sludge can also provide valuable
information for the control of the digestion process. If the volatile acid of
the feed sludge is high, say 4,000 mg/L, then this would indicate the
sludge entering the digester is septic. These high feed sludge volatile
acid concentrations could affect the operation of digestion process.
Typical feed sludge volatile solids concentration will be in the range of
300-1,200 mg/L.

4.

Bicarbonate Alkalinity: Process stability relies largely on a digester’s
ability to resist a change in pH. This is commonly known as its buffering
capacity measured as alkalinity. Buffers are essential in digesters.
During the digestion process, the methane workers also produce some
buffering material, such as bicarbonates, carbonates and ammonia, which
goes into solution. The amount of buffer produced in this stage is usually
enough to balance the acid produced by the acid formers so that the pH
will remain at a constant level.
Bicarbonate alkalinity is somewhat proportional to the total solids (TS)
concentration of the feed sludge. Bicarbonate alkalinity will normally
exceed 2,000 mg/L as CaCO3 in high rate digesters. The test permits the
detection of smaller changes in the digestion process than noted by the
pH test.

5.

Percentage Total and Volatile Solids: These tests provide information
about the total amount of solids destroyed by the digestion process.
Furthermore, they provide information for ultimate disposal decision
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making. If the reduction in both TS and VS is minimal, for example, less
than 30 percent, it could indicate that the feed sludge is only moderately
biodegradable or that the digester detention time should be increased. A
sizeable reduction in both types of solids may produce a diluted sludge
requiring further concentration before ultimate disposal.
Ordinarily, samples would be collected at the same frequency and for the
same reasons as outlined for pH.
6.

Nitrogen: Ammonia nitrogen determinations are needed to guard against
ammonia toxicity and to plan for sludge loading rates on agricultural land
so that the soil does not receive more nutrients than it can use. By
comparison, the total Kjeldahl nitrogen will indicate the extent of
conversion of the organic nitrogen to ammonia nitrogen. Nitrogen
measurements are necessary for material balances, and sludge nitrogen
concentrations are somewhat proportional to the solids concentration of
the feed sludge.

7.

Physical Characteristics: Physical characteristics of digesting sludge
often give the Operator a good indication of the progress of digestion.
Color, texture, and odor change markedly. Each sample collected for
laboratory tests should be critically examined and compared with previous
observations.

7.3.10.4

Volume Transferred

Whenever sludge is transferred between digesters the volume should be recorded to
determine the loading on other units and for calculating the work performed by the unit
from which it is transferred.
7.3.10.5

Digester Gas

1.

Gas Production: The quantity of gas produced during digestion in each
digester should be measured continuously and the total recorded daily.
Departure from normal values should be investigated and compared with
the results from other laboratory tests and known process data. Falling
gas production may indicate a reduction in rate of digestion or that
digestion has proceeded to the point where removal of digested sludge is
overdue or that there is a meter failure. This is an excellent indicator of
the presence of a toxic waste. Sharp increases in gas production may
indicate the presence of high organic wastes.

2.

Gas Components: Tests for methane, carbon dioxide, hydrogen, and
hydrogen sulfide assist the Operators in determining the cause of poor
burning characteristics of the gas as well as the progress of digestion.
These tests generally are performed infrequently; however, they may be
quite informative and are to be performed regularly if equipment and
personnel are available. This information is especially useful when the
gas is used in equipment engines.
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When the gas contains more than 40 percent carbon dioxide, it may not
burn well. This high CO2 content is usually accompanied by poor
digestion and may lead to foaming, usually resulting from lack of proper
balance among food supply, temperature, and digestion time.
7.3.10.6

Digested Sludge

Before withdrawing sludge, tests should be made to determine the completeness of
digestion.
1.

Physical Characteristics: The sludge should be examined for color,
texture, and odors. These are excellent indicators of the extent of
digestion.

2.

Volume Removed: The volume removed should be calculated and
recorded to assist the Operators in figuring digester inventories, checking
the amount of total volatile solids removed from the system, and for
determining the loadings and volumes to the sludge dewatering
equipment.

3.

Percent Total Solids: The concentration of the sludge, as measured by
total solids contents, indicates the extent to which the sludge has given
up its “bound” water. It also indicates the extent of compaction and
separation. If other tests indicate that digestion is reasonable complete,
but moisture content is high, more time may be needed for quiescent
settling to improve separation and compaction.

4.

Percent Volatile Solids: This test indicates the extent of digestion by
measuring the amount of solids destroyed by the digestion process.

5.

pH: The pH of the digested sludge should be close to 7.0. Sludge with a
much lower value is not ready for dewatering.

7.3.10.7

Supernatant

The quantity of supernatant in the digesters should be determined before it is transferred
to the other treatment processes. If this is done, the zone with the best quality
supernatant can be located. After this is completed then adjustments can be made in
the discharge locations, supernatant quantities, and time periods to reduce adverse
effects on other treatment plant units. Analysis for suspended solids, nitrogen and COD
are most useful for quantifying these effects. Also, with floating cover type digesters,
supernatant withdrawals usually can be deferred for a short period of time.
1.

Volume Removed: The quantity may be observed and recorded as a
basis for determining the weight of total solids and volatile matter
removed from one plant unit and added to another. Normally, it is best to
remove supernatant at a very low rate to minimize disturbance at the
source and to minimize the effect of shock loadings on the receiving unit.

2.

pH: This test helps the Operators to decide whether to change the
supernatant discharge location so that it will not disrupt the process. For
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example, a supernatant with an extremely low or high pH ordinarily would
not be discharged to an aeration tank in the secondary treatment process.
Supernatant samples are easier to collect and test than digested sludge,
and for this reason they are relied upon to give information on the general
state of sludge digestion.
3.

Volatile Acids: This test should be performed for the same reasons that
pH is measured. It is more sensitive and is generally a better indicator of
the progress of digestion. Good quality supernatant should have a
volatile acid content below 500 mg/L and be closer to 300 mg/L.

4.

Suspended Solids: This test is useful in determining the concentration
and quantity (when coupled with quantity of flow) of suspended solids
loading on receiving units. This is particularly important if the supernatant
is returned to the primary sedimentation tanks. The concentration is
indicative of the extent of separation and compaction of the sludge. If the
supernatant is high in suspended solids, it could cause some higher
loadings on the plant, so it may be necessary to dispose of the
supernatant by another means (e.g. by not removing supernatant but
sending additional sludge to the dewatering process to provide additional
space in the digester).

5.

COD/BOD: This test is useful in determining the loading on other plant
units as outlined for suspended solids. The COD test would be a better
test for the supernatant because the results would be known in a few
hours whereas the BOD test results require five days.

7.3.10.8

Temperature of Hot Water and Recirculated Sludge

Thermometers are always installed in the hot water lines for the heat exchangers.
Thermometers are also installed on the sludge recirculation lines between the sludge
heaters and the digester. It is important to observe the temperatures each shift and
make adjustments whenever necessary.
7.3.10.9

Fuel Used

Records of fuel purchased and digester gas or natural gas consumed are useful for
budgeting purposes. Gas consumption is also important to help the Operators
determine if the sludge pipes in the heat exchanger require maintenance because the
heat transfer has been hindered.
7.3.10.10

Non-Standard Test

There are some additional non-standard tests which will provide additional useful
information.
1.

Visual Gas Test: A yellow flame with blue at the base is normal at the
waste gas burner. A flame that contains too much yellow is present and
will not stay lit may indicate too much CO2. An orange flame with smoke
may be present when the digester has a high sulfur content.
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7.3.11

2.

Test for Grit: Estimates on the amount of grit in the sludge may be
obtained by allowing tap water to run into an open beaker of sludge at a
slow rate to wash most of the light solids out, leaving the grit in the bottom
of the beaker. If the amount of water run into the beaker is the same
each time, then the Operators can get some visual feeling for the amount
of grit in the raw sludge, the sludge being withdrawn from the digester,
and the amount in the recirculated sludge. It is difficult to assign numbers
to these amounts, but visually the Operators can tell if the amount is
increasing or decreasing. Using this information along with actual
sounding of the digester can give him/her a feel for the probable grit build
up in the digester.

3.

Sniff Test: Another bit of information can be gained by the non-standard
“sniff” test. Simply smelling the sludge samples can tell the Operators
whether it is septic, sour, well-digested or, in the case of raw sludge
samples, whether there are chemicals such as oils, solvents, or other
types of materials that might be harmful to the digester. Experience is the
best teacher for drawing conclusions from this type of a test, but it should
not be ignored by the rotten egg odors which may indicate organic
overload and a rancid butter smell which may be present when heavy
metals toxicity exists. Health and safety precautions should be observed
when performing this test.
Digester Safety

Sludge handling areas and equipment are potentially among the most dangerous in a
wastewater treatment plant.
Plant Operators should be thoroughly familiar with the problem areas, the safety devices
that should be used, the precautions to take and some general rules for working safely.
Pumps and equipment areas can accumulate combustible gas, deplete oxygen in the air
and be the site of mechanical problems. These areas should be adequately ventilated.
Piping, connections, and equipment should be checked on a frequent basis for leaks.
Dried sludge and powdered chemicals present dust problems. Operators should wear
goggles and face type breathing filters when working with these compounds.
Methane gas is explosive when in contact with air: A gas mixture ratio of 5.7% to 13.5%
digester gas to air is explosive. Maintain a positive pressure in all gas lines to prevent
leakage of air into the pipeline. Methane gas is also produced from digested or partially
digested sludge found in holding tanks. Therefore, wherever digester gas may be
present, there should be NO SMOKING, SPARKS or ANY OPEN FLAME. Gas
detectors and Confined Space Entry measures must always be used before entering any
empty digester. Extreme caution must also be followed when draining a digester and
when the cover rests on the corbels. It is important not to create a vacuum within the
digester or the cover may collapse or an explosion may occur. When the digester is in
operation the cover should never be allowed to rest on the corbels.
Electrical installations, including light switches, temporary devices or fixtures must be of
the explosion-proof type.
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Mechanical equipment should always have machine guards in place. Operators must be
trained in the proper use of mechanical equipment and follow all applicable safety rules.
If an Operator must enter an empty digester, the following basic safety rules must be
observed for his/her protection and, in addition, Operators must follow all Confined
Space Entry measures. Note: Digester gas is not only explosive when mixed with air, it
also can cause asphyxiation.
1.

When a digester is taken out of service, make sure the gas collection
system is isolated and provide adequate ventilation through the access
holes with the use of explosion-proof vent fans. Adequate ventilation
must be provided at all times.

2.

Test for explosive conditions with an explosion meter.

3.

Before entering a digester, always test the atmosphere within the digester
for oxygen content and toxic gases (e.g. hydrogen sulfide).

4.

Always use explosion-proof motors and electrical equipment when
working near openings in the digester.

5.

Never enter a digester alone. As a general rule, there should always be
at least two people on top of the digester for every person inside the tank.

6.

When working in the digester always use a safety harness equipped with
a safety line. Be extremely careful about footing.

7.

Always use a bucket and rope to lower tools and equipment.

Plant employees must follow all Sanitary District safety rules and regulations when
working in the anaerobic digestion area.
7.3.12

Formulas

The following formulas and definitions are to help the Operators better understand and
control the sludge digestion process of the plant. The following example operational and
control calculations are provided to assist the Operators:
1.

Estimating the Amount of Feed Sludge to the Digesters

2.

Digester Organic Loading Rate

3.

Digester Hydraulic Detention Time

4.

Digester Efficiency

5.

Volatile Acids/Alkalinity Ratio (VA/Alk)

6.

Gas Production

7.

Seed Sludge Estimation
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Below is a list of assumed conditions for the purpose of the examples. As an Operator,
you should be taking the actual conditions as they exist at your plant.
Assumed:
Wastewater Flow
Primary Influent S.S.
Primary Influent BOD
Primary Effluent SS
Primary Effluent BOD
Plant Effluent BOD
Primary Sludge Conc.
Lbs SS Production/lbs BOD Removed
WAS Concentration
Thickened Sludge Concentration
DAFT Capture Rate
Number of Primary Digesters
Number of Secondary Digesters
Dimensions per Digester
Diameter
Sidewater Depth
Cone Deptha.
Average Digester Feed V.S.
Digested Volatile Solids
Volatile Acid
Alkalinity
a.

1.

=
=
=
=
=
=
=
=
=
=
=
=
=

42 mgd
494 mg/L
363 mg/L
247 mg/L (assume 50% rem.)
236 mg/L (assume 35% rem.)
10 mg/L
2% (20,000 mg/L)
0.85
6,000 mg/L
4% (40,000 mg/L)
55%
4
1

=
=
=
=
=
=
=

100
23
12.5
70%
50%
289 mg/L
2,500 mg/L

For the purpose of the following examples, it is assumed all digesters have the
same cone depth.

Estimating the Amount of Feed sludge to the Digesters:

The sludge collected in the primary sedimentation tanks should be removed on a regular
basis. The amount of sludge withdrawn is dependent on the plant influent flow and
suspended solids content of the influent. Pumping should be for short durations at
frequent intervals rather than for long periods at infrequent intervals. The proper solids
concentration of the sludge pumped from the primary sedimentation tanks will vary from
plant to plant, but will generally be from 4 to 6 percent. Generally, the Metro Wastewater
Treatment Plant has an average primary sludge concentration in the range of 1.5-3%.
The volume of sludge to be removed from any sedimentation tank may be estimated by
measuring the influent and effluent suspended solids, the total solids in the sludge
pumped and the raw wastewater flow.
The Metro Wastewater Treatment Plant can use two (2) methods of feeding sludge to
the anaerobic digesters. The first method would be to feed the primary sludge and
thickened waste activated sludge as separate flow streams into the primary digesters.
The second method would be to feed the primary sludge and waste activated sludge to
the air flotation thickeners and then only send the thickened sludge to the anaerobic
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digesters. The following equations will show both methods of feeding the anaerobic
digesters.
From the calculations below, the Operator can determine the length of time required for
pumping with pumps of known capacity. Also, the Operators will be able to determine
the loading on the digesters which is important so the digesters do not become
overloaded with sludge.
A.

Method No. 1 – Two Separate Flow Streams to the Anaerobic Digesters
1.

2.

Plant Influent Loadings
a)

BOD, lbs/day =
=
=

Conc; mg/L x Flow, mgd x 8.34 lbs/gal
363 mg/L x 42 mgd x 8.34 lbs/gal
127,152 lbs/day say 127,200 lbs/day

b)

SS, lbs/day

Conc; mg/L x Flow, mgd x 8.34 lbs/gal
494 mg/L x 42 mgd x 8.34 lbs/gal
173,038 lbs/day say 173,000 lbs/day

=
=
=

Primary Sludge
a) Settled Solids, lbs/day = Plant Inf. SS, lbs/day x Percent Removal
= 494 mg/L x 42 mgd x 8.34 lbs/gal x 0.5
= 86,519 lbs/day say 86,500 lbs/day
b) Primary Sludge to be Pumped to the Anaerobic Digesters
Primary Sludge, lbs/day =
86,500 lbs/day
=
Flow, mgd
=
Flow, mgd

3.

=

Conc, mg/L x Flow, mgd x 8.34 lbs/gal
20,000 mg/L x Flow, mgd x 8.34 lbs/gal
86,500 lbs/day
166,800
0.519 mgd = 519,000 gpd

Waste Activated Sludge
a) Pounds of Primary Effluent BOD
BOD, lbs/day =
=
=

Conc, mg/L x Flow, mgd x 8.3 lbs/gal
236 mg/L x 42 mgd x 8.34 lbs/gal
82,666 lbs/day say 82,700 lbs/day

b) Pounds of Plant (Secondary) Effluent BOD
BOD, lbs/day =
=
=

Conc, mg/L x Flow, mgd x 8.34 lbs/gal
10 mg/L x 42 mgd x 8.34 lbs/gal
3,503 lbs/day say 3,500 lbs/day
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c) Pounds of Waste Activated Sludge Produced
WAS SS, lbs/day =
=
=
=

Pounds BOD rem. X 0.85 lbs SS/lb BOD rem.
(82,700 lbs/day – 3,500 lbs/day) x 0.85
79,200 lbs/day x 0.85 lbs SS/lb BOD rem.
67,320 lbs/day

d) Pounds of Waste Activated Sludge Produced
WAS, lbs/day
67,320 lbs/day
67,320 lbs/day
Flow, mgd
Flow, mgd =

=
=
=
=

Conc, mg/L x Flow, mgd x 8.34 lbs/gal
6,000 mg/L x Flow, mgd x 8.34 lbs/gal
50,040 x Flow, mgd
67,320 lbs/day
50,040

1.35 mgd = 1,350,000 gpd to the DAFT’s

e) Thickened Waste Activated Sludge (lbs/day)
Thickened Sludge, lbs/day

f)

=
=
=

DAFT Feed, lbs/day x Cap. Rate,%
67,320 lbs/day x 0.55
37,026 lbs/day say 37,000 lbs/day

Thickened Waste Activated Sludge (lbs/day)
Thickened Sludge, lbs/day = Conc, mg/L x Flow, mgd x 8.34 lbs/gal
37,000 lbs/day
= 40,000 mg/L x Flow, mgd x 8.34 lbs/gal
37,000 lbs/day
= 333,600 x Flow, mgd
Flow, mgd
= 37,000 lbs/day
333,600
Flow, mgd

4.

=

0.111 mgd = 111,000 gpd

Total Suspended Solids to the Anaerobic Digesters
a) Total Feed Solids, lbs/day = Prim. Sludge, ppd + Thickened WAS, ppd
= 86,500 lbs/day + 37,000 lbs/day
= 123,500 lbs/day
b) Total V.S., lbs/day

=
=
=

Total Solids, lbs/day x Percent VS, %
123,500 lbs/day x 0.70
86,450 lbs VS/day

c) Total Feed Solids, gpd

=
=
=

Primary Sludge, gpd + WAS, gpd
519,000 + gpd + 111,000 gpd
630,000 gpd

7-171

B.

Method No. 2 – One Combined Flow Stream to the Anaerobic Digesters
During this method the primary sludge and waste activated sludge are first sent
to the air flotation thickeners and then the combined thickened sludge is sent to
the anaerobic digesters as one feed stream.
a)

Total Pounds of Sludge to the DAFT’s
Total Sludge, lbs/day =
=
=

Primary Sludge, lbs/day + WAS, lbs/day
86,500 lbs/day + 67,320 lbs/day
153,820 lbs/day

(Please note the primary sludge and WAS was calculated
in the previous Method No. 1 calculation Nos. 2a and 3c).
b)

Thickened Sludge to the Anaerobic Digesters
Thickened Sludge, lbs/day

c)

Flow, mgd

=
=
=
=

Conc, mg/L x Flow, mgd x 8.34 lbs/gal
40,000 mg/L x Flow, mgd x 8.34 lbs/gal
333,600 x Flow, mgd
84,600 lbs/day
333,600

=

0,254 mgd = 254,000 gpd

Thickened VS Sludge to the Anaerobic Digesters (lbs VS/day)
Thickened VS Sludge, lbs/day

2.

DAFT Feed, lbs/day x Capture Rate, %
153,820 lbs/day x 0.55
84,601 lbs/day say 84,600 lbs/day

Thickened Sludge to the Anaerobic Digesters (gpd)
Thickened Sludge, lbs/day
84,585 lbs/day
84,585 lbs/day
Flow, mgd

d)

=
=
=

=
=
=

Thick. Sludge, lbs/day x Vol. Solids
84,600 lbs/day x 0.70
59,220 lbs VS/day

Digester Organic Loading Rate:

The digester organic loading is the amount of food (volatile solids) fed to the digester
each day.
The digester organic loading rate is significant because it influences the rate of gas
production and the stability of the anaerobic digestion process. The volume of gas
produced from each pound of volatile solids destroyed will range from 15 to 18 cubic
feet. The rate of gas production is nearly proportional to the rate of organic loading.
This is true for both the average 24 hour loading rate and the instantaneous loading rate.
Problems may arise when the digesters are loaded with quantities of organic solids on
an infrequent basis, for example, only once a day. In this situation, the gas production
rate may be so vigorous that severe foaming may result.
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Digester stability may also be affected by excessive organic loading rates. This is true
for both the average 24 hour loading rate and the instantaneous loading rate. Excessive
organic loading rates may yield a rapid build-up of short chain fatty acids, also referred
to as total volatile acids that may inhibit the methane forming organisms.
Organic loading rate is a key parameter used to characterize the two different modes of
digester design and operation. These two modes are referred to as Standard Rate
Digestion and High Rate Digestion. The loading range for a standard rate digester is
generally between 0.03 to 0.1 lb. VS/day/ft3 (30-100 lbs VS/day/1000 ft3), while for the
high rate digester the range is between 0.1 to 0.4 lb. VS/day/ft3 (100-400 lbs
VS/day/1000 ft3). The digesters at the Metro Wastewater Treatment Plant are operated
as high rate digesters.
Digester Organic Loading lbs VS/day/ft3

=

Volatile Solids Applied, lbs/day___
Total Primary Digester Volume, ft3

First find the total volume of the primary digesters used in the anaerobic digestion
process. In this example it is assumed that 4 digesters are used as primary digesters
and 1 digester is used as a secondary digester.
(a)

Volume per Digester


Side Wall Volume
=

π x (Diameter, ft)2 x Side Wall Depth, ft
4

=

3.14 x (100 ft)2 x 23 ft.
4

=

180,550 ft3



Cone Volume

=

0.785 x (Diameter, ft)2 x Cone Depth, ft
3

=

0.785 x (100 ft)2 x 12.5 ft
3

=

32,708 ft3

Note:


π (Diameter, ft)2 = 0.785 (Diameter)2
4

Total Volume per Digester
=

Side Wall Volume ft3 + Cone Volume, ft3

=

180,550 ft3 + 32,708 ft3

=

213,258 ft3
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(b)

Total Primary Digester Volume
=

Volume per Digester, ft3 x No. of Primary Digester

=

213,258 ft3/digester x 4 tanks

=

853,032 ft3

Notes:
1. For this example, we assumed both the primary sludge and waste
activated sludge had a V.S. concentration of 70%, but for actual
conditions the primary sludge and waste activated sludge could have
different V.S. concentrations.
2. For control purposes, the organic loading is based only on the
capacity of the primary digesters.
The remaining calculations show the digester organic loading for the two feeding
methods. The first feeding method (Method No. 1) is for two individual flow streams
(primary sludge and thickened waste activated sludge) being fed to the anaerobic
digesters. The second feeding method (Method No. 2) is for one flow stream (thickened
primary and waste activated sludge) to the anaerobic digesters.
A.

Method No. 1 Digester Organic Loading Rate
Digester Organic Loading Rate, lbs VS/day/ft3

=

Vol. Solids Applied, lbs/day
Total Primary Digester Vol., ft3

=

86,450 lbs VS/day
853,032 ft3

=

0.1 lbs VS/day/ft3

(The 86,450 lbs VS/day was previously calculated on 4b from Problem No. 1)
B.

Method No. 2 Digester Organic Loading Rate
Digester Organic Loading Rate, lbs VS/day/ft3

=

Vol. Solids Applied, lbs VS/day
Total Primary Digester Vol., ft3

=

59,220 lbs VS/day
853,032 ft3

=

0.07 lbs VS/day/ft3

The 59,220 lbs VS/day was previously calculated on Method No. 2 “d” from
Problem No. 1).
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3.

Digester Hydraulic Detention Time:

The hydraulic detention time is the average time in days that the liquid remains in the
digesters.
There is a minimum time required by a digester to convert the solids into an acceptable
sludge. The detention time of the digester should be in the range of 15 to 20 days when
operating in the mesophilic temperature range.
If the detention time is too short, the methane formers will not have enough time to
convert the acids produced by the acid formers to methane gas. Some wastes require a
longer time. For example, a purely domestic waste needs a fairly short time to complete
the decomposition of solids, but the same kind of municipal waste containing cellulose
from an industry would require a much longer time.
Detention time
(a)

=

Total Primary Digester Volume ft3 x 7.48 gals/ft3
Total Digester Flow Feed, gals/day

Method No. 1 – Two Separate Flow Streams to the Anaerobic Digesters
Detention Time, days

Total Primary Digester Volume, ft3 x 7.48 gals/ft3

=

Total Digester Feed Flow, gals/day
Total Primary Digester Volume, ft3 x 7.48 gals/ft3
Primary Sludge Flow, gpd + Thickened WAS

=

(b)

=

853,032 ft3 x 7.48 gals/ft3
519,000 gpd + 111,000 gpd

=

6,380,679 gallons
630,000 gpd

=

10.1 days

Method No. 2 – One Flow Stream
Detention Time, days

=

Total Primary Digester Vol., ft3 x 7.48 gals/ft3

Total Digester Feed Flow, gals/day
=

Total Primary Digester Vol., ft3 x 7.48 gals/ft3
Thickened WAS Flow, gpd

=

853,032 ft3 x 7.48 gals/ft3
254,000 gpd

=

6,380,679 gallons
254,000 gpd

=

25.1 days
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Note: For control purposes, the detention time is based on the time spent
in the primary digesters where the major portion of digestion occurs.
4.

Digester Efficiency:

The efficiency of the digester is based on the volatiles entering and leaving the digestion
system. Normally samples are drawn from the digester feed sludge and from the
digested sludge. The digester efficiency test can be used for indication purposes. For
example, if the trend shows a decrease in percent reduction, then this might mean that
the:
1.

Volume of the digester has decreased.

2.

The flow through the digesters has increased.

3.

Temperature is not high enough.

4.

An inhibitory or toxic material has entered the digester.

A good efficiency range for the digester system should be in the range of 40-60%, with
50-60% being a good average.
Digester Efficiency

=

VS IN (%) – VS OUT (%)
VS IN (%) – (VS IN (%) x VS OUT (%))

=

0.7 – 0.5
x 100
0.7 – (0.7 x 0.5)

=

0.20 x 100
0.35

=

57%

x 100

Digester efficiency can also be calculated using the following formula:
Digester Efficiency

=

VS IN (lbs) – VS OUT (lbs) x 100
VS IN (lbs)

The first digester efficiency formula uses only the digester percentages where the
second formula uses the pounds of volatile solids to find the digester efficiency. For
example:
Feed Sludge VS
=
Digested Sludge VS =
Digester Efficiency

59,220 lbs/day (Thickened Primary and WAS)
25,460 lbs/day

=

VS IN (lbs) – VS OUT (lbs) x 100
VS IN (lbs)

=

59,220 lbs – 25,460 lbs x 100
59,220 (lbs)
57%

=
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5.

Volatile Acids/Alkalinity Ratio (VA/Alk):

The major internal control of a digester combines two laboratory tests:
1. Volatile Acids
2. Alkalinity
The alkalinity of a digester is important because it represents the ability of the digester to
neutralize the acids formed during digestion or present in the incoming raw sludge. The
results of these two tests expressed in milligrams per Liter (mg/L) are combined as a
ratio and expressed as a single number.
These two tests are run on sludge samples from the primary digester. Typical sampling
points are from the recirculated sludge line and from the different levels of the digester
using the supernatant lines. (Note: It is important to let the sludge line run for a few
minutes in order to obtain a representative sample). Do not take a sample immediately
after adding raw sludge to a digester because of possible short-circuiting. Mix the
contents thoroughly first.
The concentrations of volatile solids and alkalinity are the first measureable changes that
take place when the process of digestion is becoming upset. As long as the volatile
acids remain low, compared to alkalinity, the digester can be considered healthy with
good digestion taking place. The volatile acid/alkalinity relationship can vary from less
than 0.1 to about 0.35 without significant changes in digestion. Each plant has its own
characteristic ratio for good digestion. An increase in the ratio is the first warning that
trouble is starting in the digester and that serious changes will occur unless the increase
is stopped.
Typical Ranges:
Volatile Acids =

Below 500 mg/L favorable,
Below 300 mg/L good

Alkalinity

2,500-3,500 mg/L

=

VA/Alk Ratio =

6.

Volatile Acids, mg/L
Alkalinity, mg/L

=

289 mg/L
2,500 mg/L

=

0.12

Gas Production:

Gas production is one of the most important measurable digestion parameters. The total
volume, rate and composition of gas produced are indicative of a digester’s
performance. The total volume of gas produced, assuming that the feed sludge (raw
sludge) composition remains constant, is a measure of the degree of reaction in the
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digester. The number of cubic feet of gas produced per pound of volatile solids entering
the digester can be calculated by the Operator. The results should be charted for a
number of months to characterize digester performance. Once charted, determinations
may be made and compared with the long term values previously calculated. Deviations
from the norm may be an indication of a change in the extent of digestion or a change in
the character of the volatile solids being fed.
The anaerobic digestion process produces 8 to 12 ft3 of gas for every pound of volatile
matter applied and from 12 to 18 ft3 of gas for every pound of volatile matter destroyed
depending upon the characteristics of the sludge. The gas consists mainly of methane
(CH4) and carbon dioxide (CO2). The methane content of the gas in a properly
functioning digester will vary from 65 to 70 percent, with the carbon dioxide running
around 30 to 35 percent by volume. One or two percent of the digester gas is composed
of various other gases.
Digester (due to the methane) possesses a heat value of approximately 500 to 600
Btu/cu.ft.
Gas Production
=

Est. Gas Prod. (ft3/lbs VS applied) x Sludge VS applied (lbs/day)

or
Gas Production
=

Est. Gas Prod. (ft3/lbs VA destroyed) x VS destroyed (lbs/day)

Assume:
A.

Est. Gas Prod. =
Est. Gas Prod. =

12 ft3/lb VS applied
15 ft3/lb VS destroyed

Gas Production Based on Volatile Solids Applied
1. Method No. 1 – Two Separate Flow Streams
(a)

Volatile Solids Applied to the Digesters
Primary Sludge and Thickened Waste Activated Sludge

= 86,450 lbs VS/day
Note: Refer to Step 4b from Problem No. 1 above to see how to calculate the
volatile solids loading to the digesters.
(b)

Gas Production
=

Est. Gas Prod. (ft3/lb VS applied) x Sludge VS applied (lb/day)

=

12 ft3/lb VS applied x 86,450 lbs VS/day

=

1,037,400 ft3 gas/day
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B.

Method No. 2 – One Separate Flow Stream
a)

Volatile Solids Applied to the Digesters
Thickened Sludge (Combined Primary and
Waste Activated Sludge) = 59,220 lbs VS/day

Note: Refer to Steps a-d (Method 2) from Problem No. 1 above to see
how to calculate the volatile solids loading to the digesters.
b)

Gas Production
=
=
=

C.

Est. Gas Prod., ft3/lb VS Applied x Sludge VS Applied, lbs/day
12 ft3 /lb VS Applied x 59,220 lbs VS/day
710,640 ft3 gas/day

Gas Production Based on Volatile Solids Destroyed
Assume:
(a)

(b)

Incoming Sludge Volatile Solids = 70% = 0.7
Digested Sludge Volatile Solids = 50% = 0.5

Digester Efficiency
=

VS IN – VS OUT
VS IN – (VS IN x VS OUT)

=

0.7 – 0.5
x 100
0.7 – (0.7 x 0.5)

=

0.20 x 100
0.35

=

57%

x 100

Volatile Solids Destroyed (Based on Method No. 1)
=

Incoming Sludge Vs (lb/day) x Digester Efficiency (%)
100

=

86,450 lbs VS/day x

=

86,450 lbs VS/day x 0.57

=

49,277 lbs VS/day destroyed

57
100
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(c)

D.

Gas Production (Based on Method No. 1)
=

Est. Prod. (ft3/lb VS destroyed) x VS destroyed (lbs/day)

=

15 ft3/lb VS destroyed x 49,277 lbs VS/day

=

739,155 ft3/day

Calculating the Cubic Feet of Gas per Volatile Solids Destroyed

In this section it is assumed that the gas produced (ft3/day) is known and the amount of
volatile solids destroyed is known (lbs/day). The Operator must find the amount of gas
produced per pound of volatile solids destroyed (ft3/lb).
Assume:
Total Gas Produced = 740,000 ft3/day
Volatile Solids Destroyed = 49,277 lbs/day
Gas Produced

7.

=

Total Gas Produced (ft3day)____
Volatile Solids Destroyed (lbs/day)

=

740,000 ft3/day
49,277 lbs/day

=

15 ft3 gas/lb of VS destroyed

Seed Sludge Estimation:

The goal for starting a new digester is to begin reducing the volatile matter as soon as
possible and produce burnable gas under stable operating conditions. A stable
condition usually means the proper volatile acids-alkalinity ratio and near neutral pH
without continued addition of chemicals. Several factors enter into choosing the best
method. These include:
1.

Availability of seed sludge (active solids from a well operating digester).

2.
3.

Ability to control feed rate.
Type of feed.

4.

Availability of other digesters and conditions of their contents.

Starting a digester without seed sludge will require approximately 50-60 days to reach
optimum conditions. If sufficient buffered seed sludge is available, then starting a
digester can be reduced to approximately 14 days.
The easiest way to start a digester is with seed sludge (actively digesting material) from
another digester. The amount of seed sludge to use is dependent upon factors such as
mixing, digester size and sludge characteristics. One method is to add seed sludge in
percent of the digester capacity. Normally, 10 to 50% of the digester capacity has been
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filled with seed sludge when starting a digester. When using this method, the amount of
seed sludge to add to a digester will be determined by experience.
Rather than estimate the volume of seed sludge on the basis of digester capacity, a
better approach is to determine the volume of seed necessary to maintain digestion
under the expected raw sludge loading. To use this approach, allow 0.03 to 0.10
pounds of new volatile solids to be added per day per pound of volatile solids under
digestion.
PART 1:

(Determining Seed Sludge Base on Digester Capacity):

Seed Sludge Volume =
Assume:
(a)

Tank Volume (ft3) x Percent Capacity (%)

Starting of only one primary digester.

Volume per Digester
Side Wall Volume
=

π x (Diameter, ft)2 x Side Wall Depth (ft)
4

=

3.14 x (100 ft)2 x 23 ft.
4

=

180,550 ft3

Cone Volume
=

0.785 x (Diameter, ft)2 x Cone Depth (ft)
3

=

0.785 x (100 ft)2 x 12.5 ft
3

=

32,708 ft3

Note:

π (D)2 =
4

0.785 (D)2

Volume per Digester
=

Side Wall Volume, ft3 + Cone Volume, ft3

=

180,550 ft3 + 32,708 ft3

=

213,258 ft3
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(b)

PART 2:

Seed Sludge Volume
=

Tank Volume (ft3) x Percent Capacity (%)

=

213,258 ft3 x 25
100

=

213,258 ft3 x 0.25

=

53,315 ft3 or 398,796 gallons of seed sludge required for one digester

(Seed Sludge Requirement Under Expected Loading):
=

Seed Sludge (lbs VS)
(% total Solids of seed) x (% VS of Seed) x (Density of Seed Sludge)

Assume:
VS added per digester = 29,323 lbs VS/day
Seed Sludge Concentration (TS) = 3.0% (with 55% VS)
Seed Sludge Density = 9.2 lbs/gal*
Selected Digester Loading

=

0.08 lbs VS/day
1 lb VS Undergoing Digestion

*Note: Digested sludge with a 3.0% solids concentration may weigh
more than water (8.34 lbs/gal) which contains no solids.
a)

Pounds of Seed Volatile Solids Needed
0.08 lbs VS/day
1 lb VS Undergoing Digestion

=

29,323 lbs VS added/day
Seed Sludge (lbs VS)

Seed Sludge (lbs VS) x 0.08 lbs VS/day = 29,323 lbs VS Added/day x 1 lb VS
Seed Sludge =
=
b)

29,323 lbs VS added/day
0.08 lbs VS added/day
366,538 lbs VS

Seed Sludge Required (gals.)
=
=

Seed Sludge (lbs VS)
(% Total Solids) x (% VS of Seed) x (Weight of Seed Sludge)/gal
366,538 lbs VS
0.3 x 0.55 x 9.2 lbs/gal
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=

366,538 lbs VS
1.518 lbs/gal

=

241,461 gallons

The above examples are seven mathematical methods for checking the performance of
the sludge digestion process against the design values. However, laboratory analysis of
samples is the only reliable method of measuring the sludge digestion efficiency. If
laboratory results indicate a poor operating system, then the mathematical methods may
help you identify the problem. It should be pointed out that a laboratory result is only as
good as the sample, so proper sampling procedures should be followed.
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7.4

TROUBLESHOOTING

7.4.1

General

The section of the chapter represents two (2) major sets of troubleshooting guides. The
first set of troubleshooting information represents equipment related issues; such as,
level alarms or specific manufacturer’s equipment information. The second set of
troubleshooting guides is general process related issues that can be experienced in the
anaerobic digestion process.
The following recommendations are based on information from manufacturers and
operating experience of similar equipment. This section is not intended to be a total list,
a replacement for manufacturers' instructions or your own experience. It does represent
remedies for operating problems common to this type of equipment.
It is most important to approach the correction of an operating problem carefully. If
several changes in operating conditions seem to be needed, make changes one at a
time. In this way, you can determine the effect of every change.
7.4.2

Troubleshooting Guides

The following Troubleshooting Guide was obtained from the EPA publication EPA 430/976-001, Operations Manual-Anaerobic Sludge Digestion. The Operators should note
that not all of the items are applicable to the Metro Wastewater Treatment Plant.
Troubleshooting begins by knowing the system. The Operator needs to know:
1.

What each part of the system is supposed to do?

2.

How each process and piece of equipment operates normally?

3.

How to recognize abnormal conditions?

4.

What alternatives are available when trouble develops?

Briefly, to recognize when something is bad you must know how it works when no
trouble exists.
The Troubleshooting Guides are arranged in columns as explained below:
INDICATORS – The information in this column shows what has been indicated or
observed by the Operator.
PROBABLE CAUSE – This shows the most likely causes of the indicated upset.
CHECK OR MONITOR – The Operator should perform the listed monitoring until the
process has recovered. Usually no single indicator tells the whole story.
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SOLUTIONS – The Operator should perform any of the suggested solutions available to
him as indicated.
Reading across the page, follow the numbers. As an example, the number one in the
Solutions column refers to the number one in the Indicator column.
After the EPA Troubleshooting Table there is a Troubleshooting Table for the Waste Gas
Burner as provided from the Manufacturer’s Operation and Maintenance Manual.
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TROUBLESHOOTING GUIDE 1

LOADING

INDICATORS/OBSERVATIONS

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

1.

A rise in the volatile acid/alkalinity
VA/Alk.) ratio due to hydraulic
overload.

1.

Overfeeding caused by storm
infiltration, accidental overpumping, withdrawing too
much sludge.

1.

Monitor the following
twice daily until problem is
corrected:
 Volatile acids
 Alkalinity
 Temperature

1.

If ratio increases to 0.3:
a. Add seed sludge from
secondary digester (or)
b. Decrease sludge withdrawal
rate to keep seed sludge in
digester (and/or)
c. Extend mixing time.
d. Check sludge temperatures
closely and control heating if
needed.

2.

A rise in volatile acid/alkalinity ratio
due to organic overload.

2.

Discharge of industrial waste
or increase in septic tank
sludge to the plant.

2.

Monitor sludge pumping
volume and amount of
volatile solids in feed
sludge.

2.

If ratio increases to 0.3:
a. Add secondary seed sludge (if
available).
b. Increase mixing time.
c. Decrease bottom sludge
withdrawal.
d. Check temperatures and hold
heating at rate to maintain
even temperature.

3.

If VA/Alk. ratio rises to 0.5, the
concentration of CO2 in the gas
starts to increase.

3.

See 1 and 2.

3a.
3b.

Waste gas burner.
Gas analyzer.

3.

Continue 1b, 1c and 1d as above
and start adding lime or other caustic
solution using the volatile acids to
calculate the amount.

TROUBLESHOOTING GUIDE 1

LOADING (con’t)

INDICATORS/OBSERVATIONS
4.

If ratio rises to 0.8, the pH will start
to drop CO2 will have increased to
the point (42-45%) that no
burnable gas is obtained.

PROBABLE CAUSE
4.

See 1 and 2.

CHECK OR MONITOR
4a.
4b.

4c.

5.

Meter temporarily out or never
installed.

Monitor as indicated
above.
Hydrogen sulfide (rotten
egg) odor.
Rancid butter odor.

5a.

Meter failure.

5a.

Check meter operation.

5b.

No meter in system.

5b.

Check piping or system.

SOLUTIONS
4a.

Add lime or other caustic solution.

4b. Decrease loading to less than 0.01 lb.
Vol. Solids/cu. ft./day until ratio drops
to 0.5 or below.
4c. Decrease loading and check for toxic
material.

5.

Install some type of measuring
indicator and attach a cord to the
floating cover so that the end can
indicate the distance the dome
travels when pumping in and not
removing supernatant. Calculate the
amount pumped in a 24-hour period
by this method. Volume computed
by the inch or by the foot.

TROUBLESHOOTING GUIDE 2

SUPERNATANT

INDICATORS/OBSERVATIONS
1.

2.

3.

Foam observed in digester liquid
from primary digester.

Lumps and particles of scum in
digester liquid from primary
digester.

Digester liquid is a gray or brown
color from primary digester.

PROBABLE CAUSE
1a.
1b.

CHECK OR MONITOR
Check condition of scum
blanket.
Volatile solids loading
ratio.

1a.

Visual observation
through digester cover.
(Unusual increase in gas
production also an
indicator).
Depth of scum by
measuring through thief
hole or in gap beside
floating cover.

2a.

Decrease mixing time. Readjust
sludge feed. Add more seed sludge.
Add lime or other caustic.

2b.

See TG 7, “Scum Blanket.”

3a.

Check mixing-may be
under mixed. Take
samples at various depths
to detect pockets of
undigested sludge. Check
temperature gradient in
the digester.

3a.

Increase mixing or increase
frequency of feeding or increase
recirculation.

3b.

Probe digester to
determine grit deposits.

3b.

Readjust feed concentration.
Increase mixing or clean out
digester.

3c.

CO2 content, compare gas
production to amount of
volatile solids being fed.
Gas production should
average 8-12 cu. ft./day/lb.
volatile solids applied.

3c.

Reduce feed rate by diverting to
another digester or by some other
means increase detention time.

Scum blanket breaking up.
Excessive gas recirculation.
Loading at approximately 0.4
lb. vol. Solids/cu. ft./day will
produce natural mixing.

1a.

2a.

Scum blanket breaking up
caused by excessive mixing
or excessive gas production.

2a.

2b.

Scum blanket too thick.

2b.

3a.

Inadequate stratification, raw
sludge laying in pockets in the
sludge digester.

3b.

Digestion time is too short.
Sludge concentration is too
low or digester capacity is
reduced due to grit and scum
layers.
Digester ecological balance is
upset.

3c.

SOLUTIONS

1b.

1b.

Normal condition but should stop
withdrawing supernatant if possible.
This condition may indicate an
organic overload in digester, making
it necessary to slow down feeding.

TROUBLESHOOTING GUIDE 2

SUPERNATANT (con’t)

INDICATORS/OBSERVATIONS

4.

Supernatant has a sour odor from
either primary or secondary
digester.

PROBABLE CAUSE

The SS solids in supernatant
returning to process is too high,
causing plant upsets.

See alternatives in sections on
digester feeding.

pH of supernatant should
be 6.8.

4a.

Add lime or other caustic.

4b.

See TG 1, “Loading.”

4b.

See TG 1, “Loading.”

4c.

See TG 10, “Toxicity.”

4c.

See TG 10, “Toxicity.”

5a.

Put 10-20 liters in glass
carboy and observe
separation pattern.

5a.

Allow longer periods for settling
before withdrawing supernatant.

Supernatant draw-off point
not at same level as
supernatant layer.
Inlet feed point too close to
supernatant draw-off line.

5b.

Locate stratum of
supernatant by sampling
at different depths.
Determine volatile solids
content. Should be close
to value found in well
mixed sludge and much
lower than raw sludge.

5b.

Adjust tank operating level or drawoff pipe to get into stratum.

5c.

Schedule pipe revision for soonest
possible time when digester can be
dewatered.

5d.

Compare feed and
withdrawal rates – check
volatile solids to see if
sludge is well-digested.

5d.

Not withdrawing enough
digested sludge.

Increase digested sludge withdrawal
rates. CAUTION: withdrawal should
not exceed 5% of digester volume
per day.

5e.

No solution, due to poor settling
sludge as primary-activated sludge
mixture.

Overloading digester. See
TG 1, “Loading.”

4a.

The pH of digester is too low.

4a.

4b.

Overloaded digester (“rotten
egg odor”).
Toxic load (rancid butter
odor).
Excessive mixing and not
enough settling time.

5a.

5b.

5c.

5d.

SOLUTIONS
3d.

3d.

4c.
5.

CHECK OR MONITOR

5c.
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DIGESTED SLUDGE

INDICATORS/OBSERVATIONS
1.

2.

3.

4.

Foam observed in digester liquid
from primary digester.

Sour odor.

Bottom of sludge too watery or
disposal point too thin.

Digester full of well-digested
sludge and supernatant SS are
high.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

Layers of unmixed sludge
in tank bottom.
Raw sludge feed point too
close to draw-off.

1a.

See TG 6 “Sludge Mixing.”

1b.

Change feed point either by external
valve or pipe arrangement or revise
internally when tank is empty.

2a.

2a.

Add lime.

2b.

Check CO2 content of gas.

2b.

Let digester rest.

2c.

Second stage of digestion is
retarded.
Overloaded digester.

Check pH at different
levels.

2c.

Check ratio of volatile
solids added to primary
digester.

2c.

See TG 1, “Loading.”

3a.

Short-circuiting.

3a.

3a.

Change to bottom draw-off line.

3b.

Excessive mixing.

Draw-off line open to
Supernatant Zone.

3b.

Take sample and check
how it concentrates in
settling vessel.

3b.

Shut off mixing for 24-48 hrs. before
drawing sludge.

4a.

Check process indicators.
All should be near normal
values. Check withdrawal
records and compare to
feed records.

4a.

Increase digested sludge withdrawal
to dewatering or disposal.
Withdrawal should not exceed 5% of
digester volume per day.

1a.

Improper digestion.

1a.

1b.

Short-circuiting, insufficient
mixing.

1b.

2a.

pH of digester is too low.

2b.

4a.

Not withdrawing enough
digested sludge.
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DIGESTED SLUDGE (con’t)

INDICATORS/OBSERVATIONS
5.

Complete lack of biological
activity.

PROBABLE CAUSE
5a.

Highly toxic waste such as
metals or bacteriocide.

CHECK OR MONITOR
5a.
5b.

Gas production (or lack
of).
Analyze sample by
spectrophotometer or
chemical means. (May
need commercial lab).

SOLUTIONS
5a.

Empty contents. Be sure to get
necessary approvals as required.

TROUBLESHOOTING GUIDE 4

SLUDGE PUMPING AND PIPELINES

INDICATORS/OBSERVATIONS
1.

Sludge concentration below
normal in raw sludge sample.

PROBABLE CAUSE

1.

Sludge bridging or coning in
the primary tank, allowing
excess water to be pumped.

CHECK OR MONITOR

1a.
1b.

1c.

2.

3.

Sludge concentration below
normal in sludge from bottom of
digester.

Pump suction and discharge
pressure erratic. Pump makes
unusual sounds.

2.

3a.
3b.

Sludge coning, allowing
lighter solids to be pulled into
pump suction.

Sand, grease or debris
plugging suction line.
Grease from scum trough
plugging line.

2.

3a.
3b.

SOLUTIONS

Total solids or visual
sample.
Pump discharge pressure
lower than normal due to
less resistance in line.
Rising solids in the
clarifier.

1.

Use water or air to break up raw
sludge by attaching a 15’ length of
pipe to an air hose or to a nonpotable water source, then direct the
stream into the built-up sludge.
Adjust raw sludge pump cycle. If the
cause is coning in a digester, several
options are available. See Item 2
below.

Total solids test or visual
observation.

2a.

“Bump” the pump 2 or 3 times by
starting and stopping.

2b.

Use whatever means available to
pump digester contents back through
the withdrawal line.

2c.

If available, attach a water hose to the
pump suction line and force water
through it. (Water source must be
nonpotable). CAUTION: Run this for
no more than 2 or 3 min. to avoid
diluting the digester.

3a.

Backflush the line with heated
digester sludge.

3b.

Use mechanical cleaner.

3c.

Apply water pressure. CAUTION: Do
not exceed working line pressure.

Pump suction and
discharge pressure.
Pump suction and
discharge pressure.

TROUBLESHOOTING GUIDE 4
INDICATORS/OBSERVATIONS

SLUDGE PUMPING AND PIPELINES (con’t)
PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS
3d.

Add approx. 3 lb./100 gal. water of
trisodium phosphate (TSP.) or
commercial degreasers. (Most
convenient method is to fill scum pit
to a volume equal to the line, add
TSP or other chemical, then admit to
the line and let stand for an hour).
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SLUDGE TEMPERATURE CONTROL USING HEAT EXCHANGERS

INDICATORS/OBSERVATIONS
1.

Low rate of sludge fed through the
exchanger.

PROBABLE CAUSE

3.

4.

Use water or air in the primary tank
to break up raw sludge by attaching
a 15’ length of pipe to an air hose or
to a non-potable water source, then
direct the stream into the built-up
sludge. Adjust raw sludge pump
cycle. If the cause is coning in a
digester, several options are
available. See Item 2 below.

Visual check, on sludge
line.

2a.

Allow system to cool.

2b.

Check temperature control circuits.

Check inlet and outlet
pressure of exchanger.
Check pump inlet and
outlet pressure.

3a. Open heat exchanger and clean.

3c.

Check temperature profile
in digester.

3c. Increase mixing time.

4.

Check water temperature
and controller setting.

4.

Temperature over-ride in
circuit to prevent pumping too
hot water through tubes.

2.

3a.

3b.

Sludge is plugging heat
exchanger.
Sludge recirculation is
partially or completely
plugged.

3c.

Inadequate mixing.

4.

Temperature controller is not
working properly.

2.

Sludge temperature is falling and
cannot be maintained at normal
level.

3a.

Sludge temperature is rising.

1.

1a.

Recirculation pump not running;
power circuits O.K.

SOLUTIONS

Total solids or visual
sample.
Pump discharge pressure
lower than normal due to
less resistance in line.
Rising solids in the
clarifier.

High temperature overridge
shuts pump down to prevent
caking of sludge on the
exchanger.
Check high temperature
circuit

1a.

1b.

2.

CHECK OR MONITOR

1b.

1c.

3b.

3b. See TG 4, “Line Plugging.”

If over 120 deg. F., reduce
temperature. Repair or replace
controller.
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SLUDGE TEMPERATURE CONTROL USING HEAT EXCHANGERS (con’t)

INDICATORS/OBSERVATIONS

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

5.

Temperature readings not
accurate.

5.

Probes have electrical short
or separation internally.

5.

Compare with
thermometer known to be
accurate.

5.

Leave probe connected to readout
device, immerse in bucket of water at
approximate digester temperature
with thermometer in it. Compare
readings. (Replace probe if bad, if
O.K., see problems above for
checking heating system).

6.

Unable to maintain temperature.

6.

Hydraulic overloading.

6.

Incoming sludge
concentration.

6.

See TG 1 “Loading”.
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SLUDGE MIXING – GAS MIXERS

INDICATORS/OBSERVATIONS
1.

Compressor running hot and/or
noisy.

PROBABLE CAUSE

1a.
1b.

Low oil level.
High ambient temperature.

CHECK OR MONITOR

1.

Visual or audible
observation; or by feeling
of the unit.

SOLUTIONS

1a.
1b.

1c.

2.

3.

4.

Gas feed lines plugging.

Sequence controller not operable.

Faulty motorized valve.

2a.
2b.

3.

4.

Lack of flow through gas line.
Debris in gas lines.

Mechanical or electrical
problem.

Mechanical or electrical
problem.

2.

Check oil level in the compressor.
Check for excessive ambient
temperature, provide cover and/or
ventilation if necessary.
Check compressor for excessive
wear.

Identify low temperature of
gas feed pipes or low
pressure in the
manometer.

2a.

Flush out with water.

2b.

Clean feed lines and/or valves.

2c.

Give thorough service when tank is
drained for inspection.

3a.

Rate of volatile loading to
digester.

3a.

Natural gas evolution will cause
mixing if loading is held at 0.3-0.5
lb.VS/cu.ft./day. Closer monitoring
will be necessary to prevent process
upset (See TG 1, “Loading”).

3b.

Repair or replace controller.

3b.

Check controller.

4.

Check valve.

4.

Repair or replace valve.
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SCUM BLANKET

INDICATORS/OBSERVATIONS
1.

Rolling movement is slight or
absent.

2.

Scum blanket is too high.

3.

Scum blanket is too thick.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

1a.
1b.

Inadequate mixing time.
Scum blanket is too thick.

1a.
1b.

Check timer.
Measure blanket
thickness.

1a.
1b.

Consider increasing the mixing time.
See Item 3.

2.

Supernatant overflow line is
plugged.

2a.

Check gas pressure, it may
be above normal or relief
valve may be venting to
atmosphere.

2a.

Lower contents through bottom
drawoff then rod supernatant line to
clear plugging.

2b.

See 1a above.

2b.

Increase mixing time or break-up
blanket by some other physical
means.

3.

Probe blanket for thickness
through thief hole or in gap
beside floating cover.

3a.

Break up blanket by using mixers.

3b.

Use sludge recirculation pumps and
discharge above the blanket.

3c.

Use Sanafax or Digest-aide to soften
blanket.

3d.

Break up blanket physically with pole.

3e.

Tank modification.

3.

Lack of mixing, high grease
content.
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DIGESTER GAS SYSTEM

INDICATORS/OBSERVATIONS
1.

Gas is leaking through pressure
relief valve (PRV) on roof.

2.

Manometer shows digester gas
pressure is above normal.

3.

Manometer shows digester gas
pressure below normal.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

1.

Valve not seating properly or
is stuck open.

1.

Check the manometer to
see if digester gas
pressure is normal.

1a.
1b.

Consider increasing the mixing time.
See Item 3.

2a.

Obstruction or water in main
burner gas line.

2a.

If all points are operating
and normal, then check for
waste gas line restriction or
a plugged or stuck safety
device.

2a.

Lower contents through bottom drawoff then rod supernatant line to clear
plugging.

2b.

Digester PRV is stuck shut.

2b.

Gas is not escaping as it
should.

2b.

2c.

Waste gas burner line
pressure control valve is
closed.

2c.

Gas meters show excess
gas is being produced, but
not going to waste gas
burner.

Increase mixing time or break-up
blanket by some other physical
means.

3a.

Too fast withdrawal causing a
vacuum inside digester.

3a.

3a.

Break up blanket by using mixers.

3b.

Adding too much lime.

Check vacuum breaker to
be sure it is operating
properly.

3b.

Sudden increase in CO2 in
digester gas.

3b.

Use sludge recirculation pumps and
discharge above the blanket.

3c.

Use Sanafax or Digest-aide to soften
blanket.

3d.

Break up blanket physically with pole.

3e.

Tank modification.
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DIGESTER GAS SYSTEM (con’t)

INDICATORS/OBSERVATIONS
4.

Frozen PRV valve.

5.

Pressure regulating valve not
opening as pressure increases.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

4.

Winter conditions.

4.

Remove valve cover and
inspect PRV.

4.

Possible remedies are:
a. Mixture of salt and grease
applied to seat ring.
b. Place vented barrel over valve
with an explosion-proof light bulb
inside.

5a.

Inflexible diaphragm.

5.

Isolate valve and open
cover.

5a.

5b.

Ruptured diaphragm.

If no leaks are found (using soap
solution) diaphragm may be
lubricated and softened using neatsfoot oil.

5b.

Ruptured diaphragm would require
replacement.

6.

Yellow gas flame from waste gas
burner.

6.

Poor quality gas with a high
CO2 content.

6.

Check CO2, content will be
higher than normal.

6.

Check concentration of sludge feedmay be too dilute. If so, increase
sludge concentration.

7.

Gas flame lower than usual.

7a.

High gas usage in plant.

7a.

Check production rate
against gas usage.

7a.

This may be normal.

7b.

Gas leak from digester piping
or safety devices.

7b.

Check gas collection and
distribution system, starting
at digester main collection
point.

7b.

Check for escaping gas, when found,
isolate and repair.

7c.

Low gas production due to
process problems.

7c.

See TG 1, “Loading.”

7c.

See TG 1, “Loading.”
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DIGESTER GAS SYSTEM (con’t)

INDICATORS/OBSERVATIONS
8.

Waste gas burner not lit.

PROBABLE CAUSE

10.

Gas meter failure (propeller or
lobe type).

Gas meter failure (bellows type).

SOLUTIONS

Pilot line pressure at
waste gas burner.
See 8a.
Waste gas pressure
control valve.

8a.
8b.

8d.

See 8c.

8d.

Debris in line.

9a.

Condition of gas line.

9a.

Mechanical failure.

9b.

Fouled or worn parts.

Flush with water, isolating digester
and working from digester toward
points of usage.

9b.

Wash with kerosene or replace worn
parts.

10.

Isolate valve and open
cover.

Pilot flame not burning.
Obstruction or water in pilot
gas line.
Obstruction or water in main
waste gas line.

8a.

8d.

Pressure control valve closed.

9a.

9b.

8a.
8b.
8c.

9.

CHECK OR MONITOR

10a. Inflexible diaphragm.

8b.
8c.

10b. Ruptured diaphragm.

8c.

Relight if there is pressure.
Purge with air and check for spots in
line if there is no pressure.
Drain condensate traps, check for
low spots, purge with air pressure.
(Care must be taken not to force air
into digester).
Open valve & verify that setting will
allow valve to open when pressure is
about ¼” water column above all
other use point pressures.

10a. If no leaks are found (using soap
solution) diaphragm may be
lubricated and softened using neatsfoot oil.
10b. Ruptured diaphragm.
10c. Metal guides may need to be
replaced if corroded.

11.

Manometer leaking or not reading
accurately.

11a. Leak in gas line to
manometer.

11a. Inspect for leaks.

11a. Tighten fittings or replace corroded or
damaged line.

11b. Line plugged.

11b. Disconnect and note flow,
check for gas flow.

11b. Rod out or use water pressure to
clean. (NOTE: Replace with proper
liquid, some use special oil, mercury
or water).
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DIGESTER COVERS - FLOATING

INDICATORS/OBSERVATIONS
1.

2.

Cover tilting, little or no scum
around the edges.

Cover tilting, heavy thick scum
accumulating around edges.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

1a.

Weight distributed unevenly.

1a.

Location of weights.

1a.

If moveable ballast or weights are
provided, move them around until
the cover is level. If no weights are
provided, use a minimal number of
sand bags to cause cover to level up
(NOTE: pressure relief valves may
need to be reset if significant
amounts of weights are added).

1b.

Water from condensation or
rain water collecting on top of
metal cover in one location.

1b.

Check around the edges
of the metal cover.

1b.

Use siphon or other means to
remove the water. Repair roof if
leaks in the roof are contributing to
the water problem.

2a.

In one area, causing excess
drag.

2a.

Probe with a stick or some
other method to determine
the condition of the scum.

2a.

2b.

Guides or rollers out of
adjustment.

Use chemicals or degreasing agents
such as Digest-aide or Sanfax to
soften the scum, then hose down with
water. Continue on regular basis
every two or three months or more
frequently if needed.

2b.

Distance between guides
or rollers and the wall.

2b.

Soften up the scum (as in 2a) and readjust rollers for guides so that skirt
doesn’t rub on the walls.

2c.

Rollers or guides broken.

2c.

Determine the normal
position if the suspected
broken part is covered by
sludge. Verify correct
location using
manufacturer’s information
and/or prints if necessary.

2c.

Drain tank if necessary taking care as
cover lowers to corbels not to allow it
to bind or come down unevenly. It
may be necessary to use a crane or
jacks in order to prevent structural
damage with this case.
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DIGESTER COVERS – FLOATING (con’t)

INDICATORS/OBSERVATIONS
3.

4.

Gas pressure higher than normal
during freezing weather.

Gas pressure lower than normal.

PROBABLE CAUSE

CHECK OR MONITOR

SOLUTIONS

3a.

Supernatant line plugged.

3a.

Supernatant overflow lines.

3a.

3b.

Pressure relief valve stuck or
closed.

Check every two hours during
freezing conditions, inject stream,
protect line from weather by covering
and insulating overflow box.

3b.

Weights on pressure relief
valve.

3b.

If freezing is a problem, apply light
grease layer impregnated with rock
salt.

4a.

Pressure relief valve or other
pressure control devices
stuck open.
Gas line or hose leaking.

4a.

Pressure relief valve and
devices.

4a.

4b.

Gas line and/or hose.

4b.

Manually operate vacuum relief and
remove corrosion if present and
interfering with operation.
Repair as needed.

4b.
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TOXICITY

INDICATORS/OBSERVATIONS
1.

Heavy metals
a.

VA/ALK increases.

b.

pH drops.

c.

Gas production decreases.

d.

2.

3.

4.

PROBABLE CAUSE
1.

Industrial discharges.

Odor or Butyric Acid (rancid
butter).

Sulfides

Ammonia Toxicity

CHECK OR MONITOR
1a.

1b.

2a.

Discharge from metallurgical
industries.

2b.

Anaerobic activity in sewers
or clarifiers.

Use a silver/silver sulfide
electrode to measure pH
(Values greater than 14.0
indicate inhibitory
concentrations).

a.

Solids recycle.

b.

Liquid dilution.

c.

Decrease feed concentration.

d. Precipitate heavy metals with
a sulfur compound. Be sure
pH in digester is greater than
7.0.

Industrial wastes at source.

2a.

Dilution.

2b.

Flat sewers or inadequate
sludge pumping.

2b.

Use iron salts to precipitate sulfides.

2c.

Containment and slow feeding.

2d.

Institute source control program for
industrial wastes.

3a.

Dilution and solids recycle.

3b.

Decrease feed if possible.

4a.

Use an antagonistic compound.

4b.

Recycle from bottom of secondary to
primary digester at 50% of feed rate.

3b.

Organic overload.

3c.

Over-correcting a pH
problem.

3b.

Pounds volatile solids/day in
feed.

Alkali and Alkaline earth salts:

4a.

Industrial wastes.

4a.

Sodium

4b.

Over-correcting a pH
problem.

Wastes from industries
handling industrial
chemicals, fertilizer, etc.

Magnesium

Use any or combination of the
following:

2a.

Industrial discharges.

Calcium

1.

Use atomic absorption to
identify specific metals.

3a.

Potassium

SOLUTIONS

3a.

4b.

Wastes from industries
handling nitrogenous
products.

Alkalinity and specific
constituent amounts.
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WASTE GAS BURNER
(VAREC BIOGAS)

The following is intended for guidance in troubleshooting on the ignition system. Only qualified
personnel should carry out troubleshooting.

1.

SYMPTOM
Pilot will not light.

2.

Ignition system cycling in automatic.

3.

Nozzle Assembly not functioning
properly.

4. Flame is too high at tip and burning yellow.

POSSIBLE CAUSE
1a. Insufficient pilot gas supply.
1b. Plugged regulator valves and/or solenoid
valves.
1c. Faulty spark plug or wiring.
1d. Incorrect air/gas mixture.
2a. Open circuit on thermocouple.
2b. Thermocouple set point too close to
operating temperature.
2c. Controller failure.
3a. Plugged valve.
3b. Faulty or plugged solenoid valve.
3c. Open circuit to solenoid valve.
3d. Plugged pilot lines.
3e. Plugged threaded fittings and connections
on pilot gas control components panel.
4a. Flowing past maximum capacities
specified.
4b. Pilot is out.

WARNING
The controller is not field repairable and should be
returned to Varec Biogas for repair.

7-204

TROUBLESHOOTING GUIDE
DIGESTED SLUDGE RECIRCULATION PUMPS (MOYNO)
AND DIGESTED TRANSFER PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS
1. Pump does not rotate.

2. Pump does not discharge.

3. Discharge output low.

PROBABLE CAUSE OR REMEDY
1a. Incorrect power supply; drive not properly wired.
Check motor nameplate data; test voltage, phase,
and frequency.
1b. Foreign matter in pump. Remove foreign matter.
1c. If pump or stator is new, too much static friction.
Fill with liquid, and hand turn.
1d. Stator swells due to chemical attack. Change
stator material.
1e. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
1f. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
1g. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
1h. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
1i. Packing too tight. Loosen gland nuts, and
lubricate packing.
1j. Drive and pump misaligned. Re-align drive and
pump.
1k. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
2a. Suction pipe not submerged. Reposition suction
pipe.
2b. Air in suction pipe. Tighten connections to stops
leaks.
2c. Pump speed too low. Increase drive speed.
2d. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
2e. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.
2f. Stator worn excessively. Replace stator and
inspect rotor.
2g. Rotor worn excessively. Replace rotor.
2h. Wrong direction of rotation. Reverse drive motor
polarity.
2i. Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
2j. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
3a. Incorrect power supply; drive not properly wired.
Check motor nameplate data; test voltage, phase,
and frequency.
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DIGESTED SLUDGE RECIRCULATION PUMPS (MOYNO)
AND DIGESTED TRANSFER PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS

PROBABLE CAUSE OR REMEDY
3b. Foreign matter in pump. Remove foreign matter.
3c. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
3d. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
3e. Suction pipe not submerged. Reposition suction
pipe.
3f. Air in suction pipe. Tighten connections to stop
leaks.
3g. Pump speed too low. Increase drive speed.
3h. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
3i. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.
3j. Stator worn excessively. Replace stator and
inspect rotor.
3k. Rotor worn excessively. Replace rotor.
3l.

Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
3m. Suction pipe leaks. Tighten pipe connections.
3n. Shaft packing leaks. Tighten packing gland;
replace packing; lubricate packing.
3o. Stator material brittle. Replace stator.
3p. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
3q. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
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DIGESTED SLUDGE RECIRCULATION PUMPS (MOYNO)
AND DIGESTED TRANSFER PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS
4. Discharge output fluctuates.

5. Pump drive overloaded.

PROBABLE CAUSE OR REMEDY
4a. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
4b. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
4c. Suction pipe not submerged. Reposition suction
pipe.
4d. Air in suction pipe. Tighten connections to stop
leaks.
4e. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
4f. Stator worn excessively. Replace stator and
inspect rotor.
4g. Rotor worn excessively. Replace rotor.
4h. Suction pipe leaks. Tighten pipe connections.
4i. Shaft packing leaks. Tighten packing gland;
replace packing; lubricate packing.
4j. Pump speed too high. Reduce drive speed.
4k. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
4l. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
5a. Incorrect power supply; drive not properly wired.
Check motor nameplate data; test voltage, phase,
and frequency.
5b. Foreign matter in pump. Remove foreign matter.
5c. If pump or stator is new, too much static friction.
Fill with liquid, and hand turn.
5d. Stator swells due to chemical attack. Change
stator material.
5e. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
5f. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
5g. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
5h. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.

TROUBLESHOOTING GUIDE
DIGESTED SLUDGE RECIRCULATION PUMPS (MOYNO)
AND DIGESTED TRANSFER PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS

PROBABLE CAUSE OR REMEDY
5i.

5j.

6. Pump noisy.

Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
Pump speed too high. Reduce drive speed.

5k. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
5l. Packing too tight. Loosen gland nuts, and
lubricate packing.
5m. Bent drive shaft. Replace drive shaft.
5n. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
6a. Foreign matter in pump. Remove foreign matter.
6b. Blockage due to solids in liquid. Decrease solidsto-liquid ration.
6c. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
6d. Suction pipe not submerged. Reposition suction
pipe.
6e. Air in suction pipe. Tighten connections to stop
leaks.
6f. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
6g. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.
6h. Stator worn excessively. Replace stator and
inspect rotor.
6i. Rotor worn excessively. Replace rotor.
6j. Suction pipe leaks. Tighten pipe connections.
6k. Stator material brittle. Replace stator.
6l. Pump speed too high. Reduce drive speed.
6m. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
6n. Bent drive shaft. Replace drive shaft.
6o. Drive and pump misaligned. Re-align drive and
pump.
6p. Flexible drive coupling worn. Repair or replace
coupling.
6q. Drive shaft bearings worn. Replace bearings.
6r. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.

TROUBLESHOOTING GUIDE
DIGESTED SLUDGE RECIRCULATION PUMPS (MOYNO)
AND DIGESTED TRANSFER PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS
7. Shaft seal leaks.

8. Stator wears too fast.

9. Rotor wears too fast.

PROBABLE CAUSE OR REMEDY
7a. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
7b. Wrong direction of rotation. Reverse drive motor
polarity.
7c. Drive shaft bearings worn. Replace bearings.
7d. Incorrect packing. Change packing material.
7e. Packing too loose. Tighten gland nuts, and
lubricate.
8a. Stator swells due to chemical attack. Change
stator material.
8b. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
8c. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
8d. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
8e. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
8f. Rotor worn excessively. Replace rotor.
8g. Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
8h. Stator material brittle. Replace stator.
8i. Pump speed too high. Reduce drive speed.
8j. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
9a. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
9b. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
9c. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
9d. Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
9e. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
9f. Stator material brittle. Replace stator.
9g. Pump speed too high. Reduce drive speed.
9h. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.

TROUBLESHOOTING GUIDE
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

1. No Discharge.

POSSIBLE CAUSE

CORRECIVE ACTION

1a. Incorrect direction of
rotation.

1a. Reverse motor leads.

1b. Pump un-primed.

1b. Expel gas from supply
line and pumping
chamber and introduce
liquid.

1c. Insufficient NPSH
available.

1c. Increase supply line
diameter. Increase
suction head. Simplify
supply line configuration
and reduce length.
Reduce speed decrease
product temperature –
check effect of increased
viscosity on available and
permitted power imputes.

1d. Product vaporizing in
supply.

2.

Under Capacity.

1e. Insufficient head above
supply vessel outlet.

1e. False product level.
Lower outlet position.
Increase submergence of
supply line.

1f. Metal to metal contact of
pumping element.

1f. Check rated and duty
pressured. Refer to
pump manuf.

2a. Insufficient NPSH
available.

2a. Increase supply line
diameter. Increase
suction head. Simplify
supply line configuration
and reduce length.
Reduce speed decrease
product temperature –
check effect of increased
viscosity on available and
permitted power imputes.

2b. Product vaporizing in
supply.
2c. Air entering supply line.

2c. Remake pipework joints.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

3.

Irregular Discharge

CORRECIVE ACTION

POSSIBLE CAUSE
2d. Gas Supply.

2d. Expel gas from supply
line and pumping
chamber and introduce
liquid.

2e. Insufficient head above
supply vessel outlet.

2e. False product level.
Lower outlet position.
Increase submergence of
supply line.

2f. Product viscosity above
rated figure.

2f. Decrease pump speed.
Increase product
temperature.

2g. Product viscosity below
rated figure.

2g. Increase pump speed.
Decrease product
temperature.

2h. Delivery pressure above
rated figure.

2h. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

2i.

Pump speed above rated
figure.

2i.

Decrease pump speed.

2j.

Rotor case strained by
pipework.

2j.

Check alignment of pipes.
Fit flexible pipes or
expansion fixings Support
pipework.

2k. Metal to metal contact of
pumping element.

2k. Fit new components.

3a. Insufficient NPSH
available.

3a. Increase supply line
diameter. Increase
suction head. Simplify
supply line configuration
and reduce length.
Reduce speed decrease
product temperature –
check effect of increased
viscosity on available and
permitted power inputs.

3b. Product vaporizing in
supply.
3c. Air entering supply line.

3c. Remake pipework joints.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

CORRECIVE ACTION

POSSIBLE CAUSE
3d. Gas Supply.

3d. Expel gas from supply
line and pumping
chamber and introduce
liquid.

3e. Insufficient head above
supply vessel outlet.

3e. False product level.
Lower outlet position.
Increase submergence of
supply line.

3f. Foot valve strainer
obstructed or blocked.

3f. Service fittings.

3g. Delivery pressure above
rated figure.

3g. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

3h. Worn pumping element.

3h. Check pressure setting
and re-adjust if
necessary. Example and
clean seating surfaces.
Replace worn parts.

3i.

Relief valve leakage.

3i.

Check for water sealing
surfaces, guides, etc.,
replace as necessary.

3j.

Relief valve incorrectly set.

3j.

Re-adjust spring
compression. Valve
should fit about 10%
above duty pressure.

3e. Insufficient head above
supply vessel outlet.

3e. False product level.
Lower outlet position.
Increase submergence of
supply line.

3f. Foot valve strainer
obstructed or blocked.

3f. Service fittings.

3g. Delivery pressure above
rated figure.

3g. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

4. Prime Lost After Starting

CORRECIVE ACTION

POSSIBLE CAUSE
3h. Worn pumping element.

3h. Check pressure setting
and re-adjust if
necessary. Example and
clean seating surfaces.
Replace worn parts.

3i.

Relief valve leakage.

3i.

Check for water sealing
surfaces, guides, etc.,
replace as necessary.

3j.

Relief valve incorrectly set.

3j.

Re-adjust spring
compression. Valve
should fit about 10%
above duty pressure.

4a. Insufficient NPSH
available.

4a. Increase supply line
diameter. Increase
suction head. Simplify
supply line configuration
and reduce length.
Reduce speed decrease
product temperature –
check effect of increased
viscosity on available and
permitted power imputes.

4b. Product vaporizing in
supply.
4c. Air entering supply line.

4c. Remake pipework joints.

4d. Gas Supply.

4d. Expel gas from supply
line and pumping
chamber and introduce
liquid.

4e. Insufficient head above
supply vessel outlet.

4e. False product level.
Lower outlet position.
Increase submergence of
supply line.

4f. Foot valve strainer
obstructed or blocked.

4f. Service fittings.

4g. Product viscosity above
rated figure.

4g. Decrease pump speed.
Increase product
temperature.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

5.

6.

Pump Stalls When
Starting

Pump Overheats

POSSIBLE CAUSE

CORRECIVE ACTION

4h. Delivery pressure above
rated figure.

4h. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

5a. Product viscosity above
rated figure.

5a. Decrease pump speed.
Increase product
temperature.

5b. Product temperature
below rated figure.

5b. Heat the product pumping
chamber. (Check with
pump maker).

5c. Delivery pressure above
rated figure.

5c. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

5d. Shaft bearing wear or
failure.

5d. Refer to pump maker for
advice and replacement
parts.

5e. Gear case oil quantity
incorrect.

5e. Refer to pump manuf’s.
instructions.

6a. Product viscosity above
rated figure.

6a. Decrease pump speed.
Increase product
temperature.

6b. Product temperature
above rated figure.

6b. Cool the product pumping
chamber.

6c. Delivery pressure above
rated figure.

6c. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

6d. Rotor case strained by
pipework.

6d. Check alignment of pipes.
Fit flexible pipes or
expansion fittings Support
pipework.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

7.

Motor Overheats

CORRECIVE ACTION

POSSIBLE CAUSE
6e. Belt driving slipping.

6e. Re-tension to manuf’s.
recommendation.

6f. Insecure pump driving
mountings.

6f. Fit lock washers to slack
fasteners and re-tighten.

6g. Shaft bearing wear or
failure.

6g. Refer to pump manuf.
advice and replacement
parts.

6h. Worn un-synchronized
timing gears.

6h. Refer to pump manuf. for
advice and replacement
parts.

6i.

6i.

Gear case oil quantity
incorrect.

Refer to pump manuf’s.
instructions.

7a. Product viscosity above
rated figure.

7a. Decrease pump speed.
Increase product
temperature.

7b. Product temperature
below rated figure.

7b. Heat the product pumping
chamber. (Check with
pump maker).

7c. Delivery pressure above
rated figure.

7c. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

7d. Pump speed above rated
figure.

7d. Decrease pump speed.

7e. Rotor case strained by
pipework.

7e. Check alignment of pipes.
Fit flexible pipes or
expansion fittings Support
pipework.

7f. Belt driving slipping.

7f. Re-tension to manuf’s.
recommendation.

7g. Insecure pump driving
mountings.

7g. Fit lock washers to slack
fasteners and re-tighten.

7h. Shaft bearing wear or
failure.

7h. Refer to pump manuf. for
advice and replacement
parts.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

8.

Excessive Power
Absorbed

CORRECIVE ACTION

POSSIBLE CAUSE
7i.

Worn un-synchronized timing
gears.

7i.

Refer to pump manuf. for
advice and replacement
parts.

7j.

Gear case oil quantity incorrect.

7j.

Refer to pump manuf’s.
instructions.

7k. Worn pumping element.

7k. Fit new components.

8a. Product viscosity above rated
figure.

8a. Decrease pump speed.
Increase product
temperature.

8b. Product temperature below
rated figure.

8b. Heat the product pumping
chamber. (Check with
pump manuf.).

8c. Delivery pressure above rated
Figure.

8c. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

8d. Pump speed above rated figure.

8d. Decrease pump speed.

8e. Rotor case strained by
pipework.

8e. Check alignment of pipes.
Fit flexible pipes or
expansion fittings Support
pipework.

8f. Belt driving slipping.

8f. Re-tension to manuf’s.
recommendation.

8g. Insecure pump driving
mountings.

8g. Fit lock washers to slack
fasteners and re-tighten.

8h. Shaft bearing wear or failure.

8h. Refer to pump manuf. for
advice and replacement
parts.

8i.

Worn un-synchronized timing
gears.

8i.

8j.

Gear case oil quantity incorrect.

8J. Refer to pump manuf’s.
instructions.

Refer to pump manuf. for
advice and replacement
parts.

8k. Relief valve leakage.
8l.

Relief valve chatter.

8l.

Check for water sealing
surfaces, guides, etc.,
replace as necessary.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM
9.

Noise and Vibration

CORRECIVE ACTION

POSSIBLE CAUSE
9a. Insufficient NPSH
available.

9a. Increase supply line
diameter. Increase
suction head. Simplify
supply line configuration
and reduce length.
Reduce speed decrease
product temperature –
check effect of increased
viscosity on available and
permitted power inputs.

9b. Product vaporizing in
supply.
9c. Air entering supply line.

9c. Remake pipework joints.

9d. Gas Supply.

9d. Expel gas from supply
line and pumping
chamber and introduce
liquid.

9e. Insufficient head above
supply vessel outlet.

9e. False product level.
Lower outlet position.
Increase submergence of
supply line.

9f. Foot valve strainer
obstructed or blocked.

9f. Service fittings.

9g. Product viscosity above
rated figure.

9g. Decrease pump speed.
Increase product
temperature.

9h. Product temperature
above rated figure.

9h. Cool the product pumping
chamber.

9i.

Unexpected solids in
product.

9i.

Clean the system. Fit
strainer to supply line.

9j.

Delivery pressure above
rated figure.

9j.

Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

9k. Pump speed above rated
figure.

9k. Decrease pump speed.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM
9l.

10. Pump Element Water

CORRECIVE ACTION

POSSIBLE CAUSE
Rotor case strained by
pipework.

9l.

Check alignment of pipes.
Fit flexible pipes or
expansion fittings Support
pipework.

9m. Belt driving slipping.

9m. Re-tension to manuf’s.
recommendation.

9n. Flexible coupling
misaligned.

9n. Check flange alignment
and adjust mounting
accordingly.

9o. Insecure pump driving
mountings.

9o. Fit lock washers to slack
fasteners and re-tighten.

9p. Shaft bearing wear or
failure.

9p. Refer to pump manuf. for
advice and replacement
parts.

9q. Worn un-synchronized
timing gears.

9q. Refer to pump manuf. for
advice and replacement
parts.

9r. Gear case oil quantity
incorrect.

9r. Refer to pump manuf’s.
instructions.

10a. Product temperature
above rated figure.

10a. Cool the product pumping
chamber.

10b. Unexpected solids in
product.

10b. Clean the system. Fit
strainer to supply line.

10c. Delivery pressure above
rated figure.

10c. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

10d. Rotor case strained by
pipework.

10d. Check alignment of pipes.
Fit flexible pipes or
expansion fittings Support
pipework.

10e. Insecure pump driving
mountings.

10e. Fit lock washers to slack
fasteners and re-tighten.

TROUBLESHOOTING GUIDE (cont.)
DIGESTER SLUDGE RECIRCULATION PUMPS
(VOGELSANG PUMPS)
POSITIVE DISPLACEMENT ROTARY LOBE

PROBLEM

11. Excessive Seal Wear

12. Seizure

POSSIBLE CAUSE

CORRECIVE ACTION

10f. Shaft bearing wear or
failure.

10f. Refer to pump manuf. for
advice and replacement
parts.

10g. Gear case oil quantity
incorrect.

10g. Refer to pump manuf’s.
instructions.

11a. Unexpected solids in
product.

11a. Clean the system. Fit
strainer to supply line.

11b. Seal flushing inadequate.

11b. Check that fluid flows
freely into seal. Increase
flow rates.

12a. Product temperature
above rated figure.

12a. Cool the product pumping
chamber.

12b. Unexpected solids in
product.

12b. Clean the system. Fit
strainer to supply line.

12c. Delivery pressure above
rated figure.

12c. Check for obstruction.
Service system and
revise to prevent problem
recurring. Simplify
delivery line.

12d. Rotor case strained by
pipework.

12d. Check alignment of pipes.
Fit flexible pipes or
expansion fittings Support
pipework.

12e. Insecure pump driving
mountings.

12e. Fit lock washers to slack
fasteners and re-tighten.

12f. Shaft bearing wear or
failure.

12f. Refer to pump manuf. for
advice and replacement
parts.

12d. Rotor case strained by
pipework.

12d. Check alignment of pipes.
Fit flexible pipes or
expansion fittings Support
pipework.

12g. Worn un-synchronized
timing gears.

12g. Refer to pump manuf. for
advice and replacement
parts.

12h. Gear case oil quantity
incorrect.

12h. Refer to pump manuf’s.
instructions.

TROUBLESHOOTING GUIDE
SLUDGE HEATER AND HEAT EXCHANGERS
(Siemens/Envirex)

PROBLEM

A. General Troubleshooting
1. Electrical

ACTIONS TO BE TAKEN

1a. Are all fuses, circuit breakers, overloads and all
resets in operating position?
1b. Are any thermostats calling for heat?

2. Mechanical

B. Electrical Controls
1. No Power Line 1 or Line 2
(with control power
transformer).

2a. Is the water level visible in the expansion tank?
2b. Is there fuel available at the heater?
2c. Are the flues, combustion chamber and the stack
free from obstruction?
2d. Is the heater receiving sufficient combustion air
(any outside air openings closed recently)?

1a. Check D-77 and Main Line Circuit Breaker.
1b. Check line X1 and X2 for 115 volt power.
1c. Check for Main Line Current.

2. Sludge recirculation pump
fails to start.

1a. Check starter overloads, reset if necessary.
1b. Check Cycle Timer TR46.
1c. Check remote lock-outs (if present).
1d. Turn Sludge Recirculation Pump Selector to
continuous. If Pump does not start, check starter
coil and replace if needed.

3. Sludge heating water pump
fails to start.

3a. Check motor overloads, reset (3 phase only).
3b. Turn Sludge Heater Switch to “Manual” – If pump
starts, check Sludge Thermostat setting and
electrical connection. Check Sludge Header
Switch (Turn to “Auto”).

PROBLEM

B. Electrical Controls (con’t)
4. Header cycles and shut-off
(No Pilot – No Fire).

ACTIONS TO BE TAKEN

4a. Check Air Proving Switch.
4b. Check belt breakage or slippage at the Blower.
4c. Check for power at terminal “P” “FIREEYE” after
Blower has been running for 5 seconds.

5. Heater Does Not Start.

C. Digester Gas Supply
1. Unit cycles but pilot fails to
ignite and alarm sounds.

2. Unit ignites but main flame
is erratic due to:

5a. Check MS134 A & B coil (3 phase).
5b. Check water level in Expansion tank and Low
Water Cut-Off Switch.
5c. Check Hi-Limit Thermostat manual reset button.
5d. Check Operating Thermostat, water bath must be
below 100° F. for Heater to start.
5e. Check of power at terminal “3” “FIREEYE”.

1a. (Sight Spark through Furnace Rear Sight Glass).
1b. Check 6KV transformer for voltage, check ignition
cable and spark gap (shown in BURNER section)
for voltage.
1c. Check that pilot line has been purged and that
good quality gas is present at burner. Check that
pilot shut-off Cock is open.
1d. Check that pilot gas Regulator is set for 1-1/2”
W.C.
1e. Check that pilot Solenoid is opening when called
for by the “FIREEYE”.
1f. Check pilot visually, to see if it is attempting to
light. If it is blowing out, cut down air supply to
Burner and/or check the pilot gas pressure
Regulator for approximately 1-1/2” W.C.
A good Digester Gas flame should be blue in color and
have tongues of light yellow at the extremity of the
flame. As the moisture content of the gas increases,
the flame will become more yellow.

PROBLEM

C. Digester Gas Supply (con’t)
a. Varying digester gas fuel
flow.

ACTIONS TO BE TAKEN

1a. The flow of fuel to the Burner can be affected by:
2a. A fluctuating main gas Regulator – Check the vent
line, make sure it is clear and vented to nonpressurized or non-vacuum outside atmosphere.
3a. Check to make sure that no water has
accumulated in the low points of the piping to
alternately bridge and break the internal flow area
of the pipe and pulse the flow of gas to the Burner.
Use a Manometer on the pet cock after the
Regulator and before the Burner to determine if
the gas pressure if fluctuating.
4a. Check to see that the Digester Gas Pressure
Switch has turned off the flow of gas to the burner
at 1-1/2” W.C. If this switch malfunctions or
becomes corroded, gas will continue to flow to the
burner until a vacuum is drawn on the digester
cover.
5a. Check the stem of the main gas Shut-Off Valve. If
this stem is fluctuating, check the Scanner to make
sure that the lens is clean. Sight the flame from
the sight port at the rear of the furnace. Check to
see that the Scanner is seeing the main part of the
flame and that the flame is not blowing out in the
vicinity of the scanner. The quality of gas must be
such that it will support combustion.

b. Varying air flow

1b. The air supply to the Burner can be affected by:
2b. The misadjustment at the Burner and the auxiliary
Damper.
3b. Air openings into the room from the outside may
have been closed. Check louvred openings, door,
window and skylight openings that might have
been open previously. Check power operated
openings that might have closed or may not be
operating.
4b. The Blower motor belt may be slipping, tighten the
belt to give approximately 1/8” movement when
the belt is flexed between the fingers.

PROBLEM

C. Digester Gas Supply (con’t)
c. Stack back pressure.

d. Carbon/soot buildup.

D. Gas Pilot
1. Unit cycles but fails to
ignite pilot and alarm
sounds.

ACTIONS TO BE TAKEN

1c. The Heater is designed to have an adequately
sized stack directly above the blower discharge,
with no horizontal runs and no elbows along its
entire length. This permits the escape of exhaust
gases without excessive back pressure on the
burner.
2c. Varying wind conditions, effecting draft, can cause
an erratic flame. If a Heater is adjusted during
these conditions, it should be readjusted when the
condition is normal.
1d. When the flame is dirty or smoky, soot will be
generated. If the soot is permitted to build-up for a
long period of time, the flame will be affected as
the openings in the tubes begin to decrease in
diameter. Periodic cleaning must be performed to
insure the correct amount of heat transfer fire tube
area and air supply. As the soot build-up
increases, it will result in greater soot generation
and the problem will become more serious. A
periodic flue gas analysis is recommended.

1a. Check spare visually through furnace rear sight
glass.
1b. Check 6KV transformer for voltage, check ignition
cable and spark gap. (shown on burner dwg.)
1c. Check that pilot line has been purged and that gas
is present at the burner.
1d. Check that the pilot solenoid is opening when
called for by the “FIREEYE”.
1e. Check that pilot gas Regulator is set for 1-1/2”
W.C.
1f. Check pilot visually to see if it is attempting to light.
If it is blowing out, cut down air supply to Burner,
and/or increase pilot gas pressure to 1-1/2” W.C.
1g. Check that sufficient Auxiliary Gas is being
supplied to the pilot line and that gas valve is
open.

PROBLEM

D. Gas Pilot (con’t)
2. Unit cycles but fails to
ignite pilot and alarm
sounds.

ACTIONS TO BE TAKEN

2a. Check spare visually through furnace rear sight
glass.
2b. Check 6KV transformer for voltage, check ignition
cable and spark gap. (shown on burner dwg.)
2c. Check that pilot line has been purged and that gas
is present at the burner.
2d. Check that the pilot solenoid is opening when
called for by the “FIREEYE”.
2e. Check that pilot gas Regulator is set for 1-1/2”
W.C.
2f. Check pilot visually to see if it is attempting to light.
If it is blowing out, cut down air supply to Burner,
and/or increase pilot gas pressure to 1-1/2” W.C.
2g. Check that sufficient Auxiliary Gas is being
supplied to the pilot line and that gas valve is
open.

TROUBLESHOOTING GUIDE
PEARTH GAS RECIRCULATION SYSTEM
(Siemens/Envirex)

Look for any unusual sounds, odors, or other signs of abnormal performance. Detecting
failures in their early stages will save unnecessary downtime. Before attempting to repair a
failure, diagnose the problem and follow a logical troubleshooting procedure. Envirex Field
Service is available to assist as needed.

PROBLEM

1. Compressor is running
warmer than usual,
“Squealing” or draws more
current than that shown on
its nameplate.

2.

3.

Discharge pressure is low,
or mechanical scum
break-up seems to be
retarded.

Discharge pressure
remains at the relief
setting of the Fisher Relief
Valve.

CHECK

REMARK

1a. Check the oil level in the
gear case or drive cover.

1a. There may be too much
oil.

1b. Check the impeller
clearances, they may be
worn and in need of
replacement. Or,
introduce engine cleaner
into the compressor.

1b. This will eliminate sludge
deposits in the rotor
housing or in the rotor
blade slots. Expensive
shutdowns result from
permitting these
conditions to continue
without immediately
taking corrective steps.
See Manuf. O&M Manual.

2a. The low pressure regulator
may be bypassing and
may require an increase in
setting.
2b. The pressure control line
to the gas dome may be
plugged, or the gas tubing
between the regulators
and the control line may
be plugged or frozen.

2a. Clean out the line or
tubing.

3a. The rotary valve may be
stuck between ports.

3a. Isolate rotary valve and
repair.

3b. The discharge line may be
plugged.

3b. Clear line when digester
is out of service for
maintenance or repairs.

2b. There may be a faulty
gasket inside the
discharge well.

TROUBLESHOOTING GUIDE (con’t)
PEARTH GAS RECIRCULATION SYSTEM
(Siemens/Envirex)

PROBLEM

4. The unit is constantly
shutting down due to
tripping of the overload
heater coils.

CHECK

4a. Check the actual motor
amperage on all three legs
of the power wires.

REMARK

4a. If the amperage is higher
than the nameplate full
load current rating, a) the
discharge pressure may
be stuck, or b) the suction
line may be clogged. If
the amperage is lower
than the nameplate full
load current rating of the
motor, the nuisance
tripping may be caused
by improper heater coil
selection. See the chart
on the inside cover of the
starter and check the
heater coil selection. See
Manuf. O&M Manual.

NOTE: At the time of transfer from one discharge lance to another there will be a short interval of
time when no discharge lines are open. This periodically causes the pressure relief valve to
open and ensures against its becoming fouled in the closed position.

TROUBLESHOOTING GUIDE
LOW PRESSURE DISPLACEMENT GAS HOLDER
(Siemens/Envirex)

PROBLEM

1. Gas Holder Piston moves
too close to top of its travel
before compressor starts.

POSSIBLE CAUSE

CORRECIVE ACTION

1a. Counterweight on control
switch chain is not moving.

1a. Clear counterweight
travel path.

1b. Adjustable start collar has
moved.

1b. Reposition start collar.

2.

Compressor does not shut
off when gas holder piston
reaches low point.

2a. Adjustable stop collar has
moved.

2a. Reposition stop collar.

3.

Gas holder piston does
not lift.

3a. Piston is ballasted heavier
than operating pressure of
system.

3a. Remove fuel oil from
pontoon oil reservoir until
proper pressure is
achieved.

7.5

DESIGN AND EQUIPMENT SUMMARY

7.5.1

Digester Parametersa.

Plant Maximum Design Flow, mgd

90

Plant Influent BOD, mg/L

376

Plant Influent BOD, lbs/day

282,226

Plant Influent SS, mg/L

346

Plant Influent SS, lbs/day

259,708

Primary Tank SS Removal, %

50

Primary Tank BOD Removal, %

30

Primary Sludge Total Solids, %

1.5

Primary Sludge Total Solids, lbs/day

129,854

Primary Sludge Flow Rate, gpd

1,040,000

Primary Effluent BOD, lbs/day

197,558

Waste Activated Sludge, lbs/day

148,169

Total Sludge To DAFT, lbs/day

278,023

Assume DAFT Capture Rate, %

85

Thickened Sludge T.S., %

4

Thickened Sludge T.S., lbs/day

236,320

Thickened Sludge Flow Rate, gpd

708,400

Thickened Sludge VS, %

75

Thickened Sludge VS, lbs/day

177,240
3

Digester Organic Loading, lbs VS/day/ft

0.21b

Digester V.S. Reduction, %

60

Digester Gas Production, ft3 gas/lb VS destroyed

15

3

Digester Gas Production ft gas/day

1,595,160

a

Based on calculated numbers. No original design data

b

Based on four primary digesters (Nos. 2, 3, 4 and 5) and one secondary digester (No. 1)

7.5.2

Anaerobic Digester Nos. 1 and 2

Number of Digesters

2

Dimensions per Digester, ft.
Diameter

100
7-228

Sidewall Depth

23

Cone Depth

14.83

Volume per Digester
Cubic Feet

219,355

Gallons

1,640,775

Total Volume
Cubic Feet

438,710

Gallons

3,281,550

7.5.3

Anaerobic Digester Nos. 3, 4, and 5

Number of Digesters

3

Dimensions per Digester, ft.
Diameter

100

Sidewater Depth

23

Cone Depth

12.5

Volume per Digester
Cubic Feet

213,258

Gallons

1,595,170

Total Volume
Cubic Feet

639,774

Gallons

4,785,510

7.5.4

Sludge Heat Exchanger Nos. 1-5

Manufacturer

Siemens (Envirex)

Number of Units

5

Model

2006

Serial Number
Location

Two heat exchangers located in
Digester Building A, one in Digester
Building B and two in Digester
Building C.

Function

To maintain the sludge in the
digesters at 95°F

Type of Units

Boiler/hot water bath

Rating per Unit, BTU/hr

2,000,000 (min.)

Hot Water Bath Temperature, °F

180

Total Heating Surface, ft2

221
7-229

Sludge Flow Rate, gpm

350

Sludge Temperature, °F

95

Expansion Tank Capacity, gallons

80

Hot Water Recirculating Pumps
Manufacturer

Bell & Gossett

Number of Pumps

2

Model

PD-37

Series

60

Type of Pump

In-line centrifugal type pump

Location

On top of the heater/heat
exchanger

Function

To circulate the hot water in the
water bath

Capacity per Pump

135

Total Dynamic Head, ft

11

Motor Manufacturer

Bell & Gossett

Motor Horsepower

0.75

Motor Speed, rpm

1725

Motor Voltage

460

Type of Drive

Constant Speed

Induced Draft Fan
Manufacturer

Barry Blower

Number of Fans

1

Capacity, cfm

1,850 @ 70” W.C.

Motor Manufacturer
Motor Horsepower

5

Motor Speed, rpm

3,450

Motor Voltage

460

Type of Drive

Constant Speed

7.5.5

Digested Sludge Grinder Nos. 1-4 (Digester
Control Building No. 3 (Digester Headhouse C))

Manufacturer

Waste Disposal (Muffin Monster)

Number of Units

4

Model

30004T-1208

7-230

Service Order
Serial Number

27051

Location

In the lower level of Digester
Control Building No. 3 (Digester
Headhouse C)

Function

To grind and shred the digested
sludge before entering sludge
recirculation and transfer pumps

Capacity per Unit, gpm

400

Gear Reducer Manufacturer

Waste Disposal

Gear Reducer Model

TDVC611-182TC

Gear Reducer Serial Numbers

20661105

Gear Reducer Ratio

2.9

Gear Reducer Service Factor
Motor Manufacturer

Baldor

Motor Horsepower

3

Motor Speed, rpm

1725

Motor Voltage

460

Type of Drive

Constant Speed

7.5.6

Sludge Recirculation Pump Nos. 1 and 2 (Digester
Control Building No. 3 (Digester Headhouse C))

Manufacturer

Vogelsang

Number of Units

2

Model

VX136-210QM0H2

Serial Numbers

01-4451

Type of Pumps

Positive displacement rotary lobe
type pump

Location

In Digester Control Building No. 3
(Digester Headhouse C)

Function

To recirculate sludge from Digester
Nos. 1 and 2 through the heat
exchangers and back to the
digesters.

Capacity per Pump, gpm

350

Design Feed Solids, % T.S.

5

Total Dynamic Head, ft (psig)

162 (60)

Gear Reducer Manufacturer

SEW Eurodrive
7-231

Gear Reducer Type

RX107DV180 M4

Gear Reducer Ratio

4.2

Gear Reducer Torque, in. lbs

3760

Motor Manufacturer

SEW Eurodrive

Motor Horsepower

25

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed

7.5.7

Sludge Transfer Pump Nos. 1 and 2 (Digester
Control Building No. 3 (Digester Headhouse C))

Manufacturer

Robbins & Myers (Moyno)

Number of Units

2

Model

2H175G1-CSQ-3-SRSX

Serial Numbers

AS4012301A-1-ED
AS4012301A-2-ED

Type of Pumps

Positive displacement, progressive
cavity type pumps

Location

In Digester Control Building No. 3
(Digester Headhouse C)

Function

To transfer sludge from Digester
Nos. 1 and 2 to another digester or
to the Sludge Tank in the Sludge
Dewatering Building

Capacity per Pump, gpm

557

Total Dynamic Head, ft (psig)

69 (30)

Number of Stages

2

Stator Material

Nitrile 70-Durameter

Rotor Material

Alloy Steel/Hard Chrome

Gear Reducer Manufacturer

Nord

Gear Reducer Type

52N28OTC

Gear Reducer Serial No.

800233045200001 (2)

Gear Reducer Torque, in-lbs

3434

Gear Reducer Ratio

7.27

Gear Reducer Revolutions, rpm

240

Motor Manufacturer

Baldor

Motor Horsepower

25
7-232

Motor Speed, rpm

1750

Motor Voltage

460

Type of Drive

Constant Speed

7.5.8

Digester Gas Mixing System Nos. 1 and 2 (Digester
Control Building No. 3 (Digester Headhouse C))

Manufacturer

Siemens (Envirex)

Number of Units

2

Type of Units

Pearth Gas Mixing System

Location

In Digester Control Building No. 3
(Digester Headhouse C)

Function

To mix the digester contents using
digester gas

Discharge Points per Digester

12

7.5.9

Digester Gas Mixing Compressor Nos. 1 and 2
(Digester Control Building No. 3 (Digester Headhouse C))

Manufacturer

Sutorbilt (Gardner Denver)

Number of Units

2

Model

GAEHDRB

Serial Number

5328292

Catalog

5HR

Type of Compressor

Positive displacement, rotary lobe

Location

In Digester Control Building No. 3
(Digester Headhouse C)

Function

To remove digester gas from
Digester Nos. 1 and 2 and
discharge back through the rotary
valve to the digesters

Capacity per Unit, cfm

210

Discharge pressure, psig

14

Motor Manufacturer

Siemens

Motor Horsepower

30

Motor Speed, rpm

1755

Motor Voltage

460

Type of Drive

Constant Speed, Belt Driven

7-233

7.5.10

Digester Gas Blower Nos. 1 and 2 (Digester
Control Building No. 3 (Digester Headhouse C))

Manufacturer

Sutorbilt (Gardner Denver)

Number of Units

2

Model

GAFHDPB

Serial Number

8098185 (8098186)

Type of Compressor

Positive displacement, rotary lobe

Location

In Digester Control Building No. 3
(Digester Headhouse C)

Function

To pump digester gas into the gas
storage sphere

Capacity per Unit, scfm

293

Discharge Pressure, psig

13

Motor Manufacturer

Siemens

Motor Horsepower

25

Motor Speed, rpm

1765

Motor Voltage

460

Type of Drive

Constant Speed, Belt Driven

7.5.11

Digester Recirculation Pump No. 5A (Digester
Control Building No. 2 (Digester Headhouse B))

Manufacturer

Cornell

Number of Units

1

Model

71498

Serial Number

F272B-A01

Type of Pump

Vertically mounted, non-clog,
centrifugal type pump

Location

In Digester Control Building No. 2
(Digester Headhouse B)

Function

To recirculate sludge from Digester
No. 5 through the heat exchanger
and then back to Digester No. 5

Capacity per Pump, gpm

350

Total Dynamic Head, ft

30

Motor Manufacturer

U.S. Electric

Motor Horsepower

15

Motor Speed, rpm

1165
7-234

Motor Voltage

460

Type of Drive

Constant Speed

7.5.12

Digester Recirculation Pump No. 5B (Digester
Control Building No. 2 (Digester Headhouse B))

Manufacturer

Robbins & Myers (Moyno)

Number of Units

1

Model

No Data on Pump

Serial Number

No Data on Pump

Type of Pump

Positive displacement, progressive
cavity type pump

Location

In Digester Control Building No. 2
(Digester Headhouse B)

Function

To recirculate sludge from Digester
No. 5 through the heat exchanger
and then back to Digester No. 5.

Capacity per Pump, gpm

557

Total Dynamic Head, ft (psig)

69 (30)

Number of Stages

2

Stator Material

Nitrile 70-Durameter

Rotor Material

Alloy Steel/Hard Chrome

Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Type

R87DV180H4TH-KS

Gear Reducer Serial No.

850277394-04-04-002

Gear Reducer Torque, in-lbs.

4745

Gear Reducer Ratio

5.30

Gear Reducer Revolutions, rpm

332-1760

Motor Manufacturer

SEW Eurodrive

Motor Horsepower

25

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed; Belt Driven

7.5.13

Sludge Transfer Pump No. 5 (Digester Control
Building No. 2 (Digester Headhouse B))

Manufacturer

Robbins & Myers (Moyno)

Number of Units

1

Model

2H115G1-CDQ-AAA
7-235

Serial Numbers

AS4281594-1

Type of Pump

Positive displacement, progressive
cavity

Location

In Digester Control Building No. 2
(Digester Headhouse B)

Function

To transfer sludge from Digester
No. 5 to another digester or the
Sludge Storage Tank

Capacity per Pump, gpm

200

Total Dynamic Head, ft (psig)

69 (30)

Number of Stages

2

Stator Material

Nitrile 70-Durameter

Rotor Material

Alloy Steel/Hard Chrome

Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Type

R80DV160N4

Gear Reducer Serial No.

850000252.95.94.0002

Gear Reducer Torque, in-lbs.

5250

Gear Reducer Ratio

9.65

Gear Reducer Revolutions, rpm
Motor Manufacturer

SEW Eurodrive

Motor Horsepower

15

Motor Speed, rpm

1740

Motor Voltage

460

Type of Drive

Constant Speed

7.5.14

Digester Gas Mixing System No. 5 (Digester
Control Building No. 2 (Digester Headhouse B))

Manufacturer

Siemens (Envirex)

Number of Units

1

Type of Units

Pearth Gas Mixing System

Location

On the roof of Digester No. 5

Function

To mix the digester contents using
digester gas

Discharge Points per Digester

11

7-236

Gas Compresssor
Manufacturer

Sutorbilt

Number of Units

1

Model

5HL-LHC-MS

Type of Compressor

Positive displacement, rotary lobe

Capacity, cfm

200

Discharge Pressure, psig

10

Motor Manufacturer

Siemens

Motor Horsepower

20

Motor Speed, rpm

1800

Motor Voltage

460

Type of Drive

Constant Speed, Belt Driven

Rotary Valve
Manufacturer

Boston Gear

Number of Units

1

Model

FWC326C-3000H1-T4

Motor Manufacturer

Reliance

Motor Horsepower

¼

Motor Speed, rpm

1725

Motor Voltage

120

Type of Drive

Constant Speed

7.5.15

Digester Gas Blower Nos. 3, 4 and 5 (Digester
Control Building No. 2 (Digester Headhouse B))

Manufacturer

Sutorbilt (Gardner Denver)

Number of Units

3

Model
Blower No. 3 (1)

GAFHDPB

Blower No. 4 (2)

GH-L-MS

Blower No. 5 (3)

GAFHDPB

Serial Numbers
Blower No. 3 (1)

S303896

Blower No. 4 (2)

311103

Blower No. 5 (3)

S286343

Location

In Digester Control Building No. 2
(Digester Headhouse B)
7-237

Function

To remove digester gas from the
Low Pressure Gas System for
Digester Nos. 3, 4 and 5 and
discharge the gas back into the
high pressure Gas Storage Sphere
or to the incinerators at a higher
pressure

Capacity per Unit, cfm

293

Discharge Pressure, psig

13

Motor Manufacturer

US Electric

Motor Horsepower

25

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed

7.5.16

Sludge Recirculation Pump No. 1 (Digester Control
Building No. 1 (Digester Headhouse A))

Manufacturer

Robbins & Myers (Moyno)

Number of Units

1

Model

2H115G1-CDQ-SAA

Serial Number

AS122110-FIGJ

Type of Pump

Positive displacement, progressive
cavity

Location

In Digester Control Building No. 1
(Digester Headhouse A)

Function

To remove sludge from Digester
Nos. 3 and 4 and discharge it
through the sludge heat exchanger
and back to the digesters

Capacity per Pump, gpm

557

Total Dynamic Head, ft (psig)

69 (30)

Number of Stages

2

Stator Material

Nitrile 70-Durameter

Rotor Material

Alloy Steel/Hard Chrome

Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Type

R87DV180M4TH-KS

Gear Reducer Serial

850277394.04.04.001

Gear Reducer Torque, in-lbs.

4745

Gear Reducer Ratio

5.30
7-238

Gear Reducer Revolutions, rpm
Motor Manufacturer

SEW Eurodrive

Motor Horsepower

25

Motor Speed, rpm

1760

Motor Voltage

460

Type of Drive

Constant Speed

7.5.17

Sludge Transfer Pump Nos. 3 and 4 (Digester Control
Building No. 1 (Digester Headhouse A))

Manufacturer

Robbins & Myers (Moyno)

Number of Units

2

Model
Pump No. 3

2H115G1-CDQ-AAA

Pump No. 4

2H115G1-CDQ-AAAA

Serial Number
Pump No. 3

AS4281594.2

Pump No. 4

AS4797001.D8DB

Type of Pump

Positive displacement, progressive
cavity

Location

In Digester Control Building No. 1
(Digester Headhouse A)

Function

To transfer sludge from Digester
Nos. 3 or 4 to another digester or
Sludge Storage Tank

Capacity per Pump, gpm

200

Total Dynamic Head, ft (psig)

69 (30)

Number of Stages

2

Stator Material

Nitrile 70-Durameter

Rotor Material

Alloy Steel/Hard Chrome

Gear Reducer Manufacturer

SEW Eurodrive

Gear Reducer Type
Pump No. 3

R86DV1GON4

Pump No. 4

SK52-180MM-4TW

Gear Reducer Serial Number
Pump No. 3

850000252.95.94.801

Pump No. 4

800130706000
7-239

Gear Reducer Torque, in-lbs.
Pump No. 3

5250

Pump No. 4

0000

Gear Reducer Ratio
Pump No. 3

9.65

Pump No. 4

7.27

Gear Reducer Revolutions, rpm
Motor Manufacturer

SEW Eurodrive

Motor Horsepower

25

Motor Speed, rpm

1770

Motor Voltage

460

Type of Drive

Constant Speed

7.5.18

Digester Gas Mixing System Nos. 3 and 4 (Digester
Control Building No. 1 (Digester Headhouse A))

Manufacturer

Siemens (Envirex)

Number of Units

2

Type of Units

Pearth Gas Mixing System

Location

On the roof of Digester Nos. 3 and
4

Function

To remove digester gas from
Digester No. 3 and discharges
back to the digester

Discharge Points per Digester

11

Gas Compressor
Manufacturer

Sutorbilt

Number of Units

1

Model

5HL-LHC-MS

Type of Compressor

Positive displacement, rotary lobe

Capacity, cfm

200

Discharge Pressure, psig

10

Motor Manufacturer

Siemens

Motor Horsepower

20

Motor Speed, rpm

1800

Motor Voltage

460

Type of Drive

Constant Speed, Belt Driven
7-240

Rotary Valve
Manufacturer

Boston Gear

Number of Units

2

Model

FWC326C-3000H1-T4

Motor Manufacturer

Reliance

Motor Horsepower

¼

Motor Speed, rpm

1725

Motor Voltage

120

Type of Drive

Constant Speed

7.5.19

Waste Gas Burner Nos. 1-3

Manufacturer

Siemens (Envirex)

Number of Units

3

Model

1348

Type of Unit

Propane gas pilot electronic ignition

Location

One burner is located outside on
the south side of Air Flotation
Thickener Building No. 1 and two
burners are located outside on the
north side of Digester Control
Building No. 2 (Digester
Headhouse B)

Function

To burn excess digester gas not
used in the process

Ignitor Transfer, KV

11

Waste Gas Burner Size, inches

6

Waste Gas Burner Capacity, ft3/hr

20,000 @ ½” W.C.

7.5.20

Low Pressure Displacement Gas Holder Nos. 1-4

Manufacturer

Siemens (US Filter)

Number of Units

4

Model Number

6T00H

Serial Numbers

19776-05-1 (2)

Customer Number

10446

Order Number

19776

Type of Unit

Steel low pressure displacement
gas holders

7-241

Location

Two are located outside on the
south side of Air flotation Thickener
Building No. 1 and two are located
outside on the north of Digester
Building No. 2 (Digester
Headhouse B)

Function

To store methane gas from the
digesters

Dimensions per Unit, ft
Diameter

9.58

Sidewall Height

19.5

Overall Height

21

Piston Height, ft

10.5

Maximum Piston Travel, ft

9

Capacity per Unit, ft3

500

Operating Pressure, in W.C.

8-14

7.5.21

Digester Gas Sphere

Manufacturer

Bridge and Iron Company

Number of Units

1

Contract No.

71-2917

Manufacturer No.

B4931

Type of Unit

Hortonsphere

Location

Located outside between Air
Flotation Thickener Building No. 1
and Digester Control Building No. 3
(Digester Headhouse C)

Function

To store digester gas at an
elevated pressure so it can sent to
burners

Diameter, ft
Capacity, ft

32

3

17,125

Operating Pressure, psig

10-25

7-242

7.6

OPERATIONAL CHECKLISTS

It is imperative that Operators make rounds throughout the treatment plant to ensure that
the process and the equipment are operating properly and efficiently. Making a round
through an area does not mean the Operator should just walk through the area without
observing the equipment or process. When an Operator makes a round through an area
they should note the following major aspects:
a)

Is the process operating properly?
odors, appearance, noises, etc.

This can be seen by liquid color,

b)

Is the equipment operating properly? This can be determined when the
equipment is running, so listen for any unusual noises, are there coupling
shavings under a pump, is the correct equipment in service, what
equipment is out of service, etc.

c)

Are there any major maintenance needs that need to be reported to the
Maintenance Department?

d)

Are there any housekeeping tasks that need to be performed, such as
picking up trash, cleaning up spills, stopping leaks, etc? If there
housekeeping needs, then do not just walk by it. As an Operator you
need to take care of the situation.

The following tables provided in this section are a listing of items that must be checked
while making rounds through this particular area of the treatment plant. These checklists
can be copied from this manual and either posted in the treatment area or carried by the
Operator.
The checklists in this section are for the following areas within the anaerobic digestion
process:


Anaerobic Digestion Process



Digester Control Building No. 1 (Digester Headhouse A)



Digester Control Building No. 2 (Digester Headhouse B)



Digester Control Building No. 3 (Digester Headhouse C)



Digester Outside Gas Equipment

7-243

CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
ANAEROBIC DIGESTION PROCESS
OPERATIONAL CHECKLIST
The following checklist is to assist the Operators with the control of the anaerobic
digestion process. Items on the following process control checklist need to be checked
on a daily basis or several times throughout the day.

Area
1.

Frequency

Feed Sludge


Check Total Solids

Daily



Check Volatile Solids

Daily



Check Volatile Acids

Daily



Check Alkalinity

Daily



Record Flow Rate per Primary
Digester



Check pH

Twice per Shift
Daily

2. Recirculated Sludge


Sludge Temperature

Daily



Water Bath Temperature

Daily



Recirculated Sludge Flow Rate
(350 gpm)

Daily



Check Volatile Acid

Daily

3. Digested Sludge


Check Total Solids

Daily



Check Volatile Solids

Daily



Check pH

Daily
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Remarks

Area

Frequency

4. Supernatant


Check Total Suspended Solids

When Decanting



Check Biochemical Oxygen
Demand

When Decanting



Check Ammonia Nitrogen

When Decanting



Check pH

When Decanting
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Remarks

CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
ANAEROBIC DIGESTER CONTROL BUILDING NO. 1
(ANAEROBIC DIGESTER HEADHOUSE A)
OPERATIONAL CHECKLIST

Area

Yes

1. Lower Level (Sludge Side)


Are the Recirculation Pumps operating
properly?



Are the Recirculation Pumps leaking
oil?



Are the Recirculation Pumps leaking
sludge?



Are the Transfer Pumps operating
properly?



Are the Transfer Pumps leaking sludge?



Any sludge leaks in the basement?

2. Lower Level (Gas Side)


Have the Drip Traps been drained?



Are the gas compressors operating
properly?



Is the gas safety equipment in good
working order?



Are there any gas leaks?
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No

Remarks

Area

Yes

3. Upper Level (Sludge Side)


Are the heater/heat exchangers
operating properly?



Is the water bath at the proper
temperature (180°F)?



Is the heater/heat exchanger gas
system operating properly?



Are the hot water recirculation pumps
operating properly?



Is the water in the expansion tank sight
glass at the proper level?



Are there any gas leaks?



Is the building ventilation system
operating properly?

4. Upper Level (Gas Side)


Are the PEARTH gas recirculation
systems operating properly?



Are the digester gas compressors
operating properly?



Is the gas safety equipment in place and
functioning properly?



Are there any gas leaks?



Is the building ventilation system
operating properly?
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No

Remarks

Area

Yes

5. Digesters


Is there excessive sludge on the
digester covers?



Are the pressure and vacuum relief
valves on the digesters functioning
properly?



Are there problems with the digester
covers?

6. Miscellaneous


Are there any housekeeping needs in
this building and/or area? If so, then
correct.



Are there any maintenance needs? If
so, then report to the maintenance
department.

7-248

No

Remarks

CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
ANAEROBIC DIGESTER CONTROL BUILDING NO. 2
(ANAEROBIC DIGESTER HEADHOUSE B)
OPERATIONAL CHECKLIST

Area
1.

Yes

Lower Level (Sludge Side)


Are the Recirculation Pumps operating
properly?



Are the Recirculation Pumps leaking
oil?



Are the Recirculation Pumps leaking
sludge?



Are the Transfer Pumps operating
properly?



Are the Transfer Pumps leaking sludge?



Any sludge leaks in the basement?

2. Lower Level (Gas Side)


Have the Drip Traps been drained?



Are the gas compressors operating
properly?



Is the gas safety equipment in good
working order?



Are there any gas leaks?
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No

Remarks

Area

Yes

3. Upper Level (Sludge Side)


Are the heater/heat exchangers
operating properly?



Is the water bath at the proper
temperature (180°F)?



Is the heater/heat exchanger gas
system operating properly?



Are the hot water recirculation pumps
operating properly?



Is the water in the expansion tank sight
glass at the proper level?



Are there any gas leaks?



Is the building ventilation system
operating properly?

4. Upper Level (Gas Side)


Are the PEARTH gas recirculation
systems operating properly?



Are the digester gas compressors
operating properly?



Is the gas safety equipment in place and
functioning properly?



Are there any gas leaks?



Is the building ventilation system
operating properly?
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No

Remarks

Area

Yes

5. Digesters


Is there excessive sludge on the
digester covers?



Are the pressure and vacuum relief
valves on the digesters functioning
properly?



Are there problems with the digester
covers?

6. Miscellaneous


Are there any housekeeping needs in
this building and/or area? If so, then
correct.



Are there any maintenance needs? If
so, then report to the maintenance
department.
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No

Remarks

CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
ANAEROBIC DIGESTER CONTROL BUILDING NO. 3
(ANAEROBIC DIGESTER HEADHOUSE C)
OPERATIONAL CHECKLIST

Area
1.

Yes

Lower Level (Sludge Side)


Are the Recirculation Pumps operating
properly?



Are the Recirculation Pumps leaking
oil?



Are the Recirculation Pumps leaking
sludge?



Are the in-line sludge grinders operating
properly?



Are the Transfer Pumps operating
properly?



Are the Transfer Pumps leaking sludge?



Any sludge leaks in the basement?

2. Lower Level (Gas Side)


Have the Drip Traps been drained?



Are the gas compressors operating
properly?



Is the gas safety equipment in good
working order?



Are there any gas leaks?



Are the in-line sludge grinders operating
properly?
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No

Remarks

Area

Yes

3. Upper Level (Sludge Side)


Are the heater/heat exchangers
operating properly?



Is the water bath at the proper
temperature (180°F)?



Is the heater/heat exchanger gas
system operating properly?



Are the hot water recirculation pumps
operating properly?



Is the water in the expansion tank sight
glass at the proper level?



Are there any gas leaks?



Is the building ventilation system
operating properly?

4. Upper Level (Gas Side)


Are the PEARTH gas recirculation
systems operating properly?



Are the digester gas compressors
operating properly?



Is the gas safety equipment in place and
functioning properly?



Are there any gas leaks?



Is the building ventilation system
operating properly?
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No

Remarks

Area

Yes

5. Digesters


Is there excessive sludge on the
digester covers?



Are the pressure and vacuum relief
valves on the digesters functioning
properly?



Are there problems with the digester
covers?

6. Miscellaneous


Are there any housekeeping needs in
this building and/or area? If so, then
correct.



Are there any maintenance needs? If
so, then report to the maintenance
department.
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No

Remarks

CITY OF COLUMBIA
METRO WASTEWATER TREATMENT PLANT
ANAEROBIC DIGESTER OUTSIDE AREAS
OPERATIONAL CHECKLIST

Area
1.

Yes

Gas Storage Sphere


Are the valves to the gas storage
sphere open?



Does the valve pit or low areas around
the sphere in water? If so, remove the
water.



Is the gas pressure within the sphere at
the proper pressure?



Are there any gas leaks? If so, report it
to the Plant Supervisors and
Maintenance Department immediately.



Is the pressure relief valve going off?



Is there any debris around the sphere?
If so, then remove.



Are there any maintenance needs with
the sphere such as tank rust, peeling
paint, faulty valves or faulty safety
equipment, etc.? If so, then inform the
Maintenance Department.



Are there any safety issues? If so, then
immediately notify the Plant Supervisors
and have the situation corrected?

2. Low Pressure Gas Storage Tanks


Are the valves to the gas storage tanks
open?



Does the tank pit contain water? If so,
then drain.
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No

Remarks

Area

Yes



Are there any gas leaks? If so, report it
to the Plant Supervisors and
Maintenance Department immediately.



Are there any maintenance needs with
the low pressure gas storage tanks,
such as rust, peeling paint, faulty
valves, faulty safety equipment, etc.? If
so, then inform the Maintenance
Department.



Are there any housekeeping needs
around the low pressure gas storage
tanks? If so, then take care of them.

3. Waste Gas Burners


Are the waste gas burners operating
properly?



Are the valves to the waste gas burners
open?



Is the ignitor operating properly? Press
the “Test” button to test the ignitor.



Is there any rusted sections? If so,
report to the Maintenance Department.



Is the gas safety equipment operating
properly?



Have you checked any drip traps in the
line for condensation?



What is the color of the flame coming
from the waste gas burners? If it is
more yellow than blue, then make
digester process adjustments.



Any housekeeping needs around the
waste gas burners? If so, then take
care of them.
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No

Remarks

7.7

MAINTENANCE

For detailed maintenance aspects for individual pieces of equipment, consult the
Operations and Maintenance Manuals provided by the equipment manufacturers. Hard
copies of the manufacturer’s Operation and Maintenance Manuals are located in the
Maintenance Building and in the Administration Building at the Metro Wastewater
Treatment Plant. In the future these manuals will also be provided electronically on the
plant’s Supervisory Control and Data Acquisition System (SCADA).
This section of the manual contains the Maintenance Schedules from the different
manufacturer’s Operation and Maintenance Manuals. This section of the manual will
provide plant personnel with a quick reference of the Daily, Weekly, Monthly and Yearly
maintenance needs of the equipment. Further information concerning equipment
maintenance can be located in the manufacturer’s manual.
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7.8

STANDARD OPERATING PROCEDURES

This section of the manual provides Standard Operating Procedures (SOP’s) for the
different equipment and/or processes in this area of the treatment facility. A Standard
Operating Procedure is a procedure created to provide specific documentation for
various processes. A Standard Operating Procedure provides a written document that
plant personnel can follow in order to ensure that all personnel are following similar
operating task or routines. At a wastewater treatment plant, if plant personnel on
different shifts are using different methods to control a process, then this type of control
could result in a reduction of process efficiency which may lead to a compliance issue.
Also, Standard Operating Procedures can provide guidance on how to operate
complicated equipment so equipment damage and/or Operator injuries do not occur.
Any SOP must provide the procedure name and a description of what the goal or intent
is for this procedure. The SOP’s in this section focus on direct approaches to operate a
piece of equipment, process or system. For further details, such as step by step control
settings, then refer to the Equipment Operating section of this chapter. The SOP’s in
this section provide abbreviated steps for starting, normal operating, shutdown
procedures, and alternate operation of a particular piece of equipment or process.
SOP’s must be periodically reviewed and updated in order to refine operating
procedures for the plant personnel. SOP’s must be amended if a piece of equipment,
such as a pump, is replaced with a different vendor or style of pump. It is recommended
that SOP’s be reviewed and/or updated on a yearly basis.
Since the anaerobic digestion process contains various pumps, equipment and
individual systems located in multiple buildings and outside, then additional SOP’s in this
portion of the treatment process may need to be written. Also, since the anaerobic
digestion process produces methane gas, ensure that there are proper safety
considerations in each SOP. The following SOP’s are provided as an initial guidance for
preparing SOP’s.
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Columbia Metro WWTP
Digester Sludge Feed System
Standard Operating Procedure
______________________________________________________________________________________

DIGESTER SLUDGE FEED SYSTEM
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Where to Find
Procedure:
Reference
Equipment
Needed

DIG-1
Operation of the Digester Sludge Feed Systems
To feed the thickened sludge to the primary digesters.
Monitored by the Operators.
The digester gas is continuous.
a) Operator to contact Shift Supervisor.
b) Where to find Contact Lists Control Room.
Plant Operations Manual
Plant drawings and Equipment O&M Manual
Sludge valves, heat exchangers and sludge recirculation pumps.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: 10-Dec-11
Revision Date

Revisions Made

1

Columbia Metro WWTP
Digester Sludge Feed System
Standard Operating Procedure
______________________________________________________________________________________

DIGESTER SLUDGE FEED SYSTEM

Safety Concerns:
The feeding of sludge into a digester requires the use of motorized
valves, sludge heaters, and pumps. This equipment includes rotary parts, digester gas,
flames, all that can cause injuries to plant personnel.

NORMAL START-UP
1. Ensure that the motorized sludge feed valves are in “Automatic”.
2. Ensure that the Sludge Heater/Heat Exchangers are in “Automatic”.
3. Ensure that the Sludge Recirculation Pumps are in “Automatic”.
4. Ensure that the digester gas system at Sludge Heater/Heat Exchangers is
functioning and operating properly.
5. Set the valves from the Sludge Thickened Pumps to the primary digester that is
to be fed sludge.
6. Ensure that the thickened sludge wet wells are full of sludge and ready for
pumping.
7. Determine the organic loading for the primary digester.

NORMAL OPERATION
1. Feed sludge consistently and regularly to the primary digesters.
2. Feed the primary digesters at a constant organic loading rate 80-110 lbs
V.S./1000 ft3/day).
3. Feed the primary digesters every 1 to 2 hours.

2

Columbia Metro WWTP
Digester Sludge Feed System
Standard Operating Procedure
______________________________________________________________________________________

DIGESTER SLUDGE FEED SYSTEM

NORMAL SHUTDOWN
1. For a short-term shutdown, place a piece of equipment to the “Off” position.
Ensure that the equipment that is shutdown does not affect the feed system.
2. For a long-term shutdown, re-direct the sludge flow around the out of service
equipment so the primary digester can still be fed sludge.

ALTERNATIVE OPERATION
The first alternate mode of operation would be to operate one or more pieces of
equipment manually.
The second alternate mode of operation would be to re-direct the sludge flow around out
of service equipment in order to feed the primary digester.

3

Columbia Metro WWTP
Sludge Recirculation System
Standard Operating Procedure
______________________________________________________________________________________

SLUDGE RECIRCULATION SYSTEM
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Where to Find
Procedure:
Reference
Equipment
Needed

DIG-2
Operation of the Sludge Recirculation System
To circulate the digester sludge through the sludge heaters.
Monitored by the Operators.
Recirculate sludge every 2 to 6 hours.
a) Operator to contact Shift Supervisor.
b) Where to find Contact Lists Control Room.
Plant Operations Manual
Plant drawings and Equipment O&M Manual
Sludge valves, heat exchangers and sludge recirculation pumps.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: 10-Dec-11
Revision Date

Revisions Made

1

Columbia Metro WWTP
Sludge Recirculation System
Standard Operating Procedure
______________________________________________________________________________________

SLUDGE RECIRCULATION SYSTEM

Safety Concerns:
The Operators must be aware that the equipment for this system
starts and stops automatically. The sludge is pumped through the sludge heater/heat
exchanger that uses digester gas and a flame. The Operators must be careful of burns
and explosions.

NORMAL START-UP
1. Ensure that the valves from the anaerobic digester through the sludge heater and
back to the anaerobic digester.
2. Ensure that the Sludge Recirculation Pumps are in the “Automatic” mode of
operation.
3. Ensure that the Sludge Heater/Heat Exchanger is in the “Automatic” mode of
operation.
4. Ensure that the digester gas system for the Sludge Heater/Heat Exchangers is
operational.

NORMAL OPERATION
During normal operation, the timeclock starts the Sludge Recirculation Pump. The
sludge pump operates until the digester sludge temperature reaches 95°F, as
determined by the thermostat at the sludge heater. The sludge recirculation system
should start every 2 to 6 hours, as required for process operation. The sludge
recirculation pump will also start when cold feed sludge is sensed at the sludge heater
thermostat.

2

Columbia Metro WWTP
Sludge Recirculation System
Standard Operating Procedure
______________________________________________________________________________________

SLUDGE RECIRCULATION SYSTEM

NORMAL SHUTDOWN
1. For a short-term shutdown, the Sludge Recirculation Pump is placed in the “Off”
position.
2. For a long-term shutdown, re-route the sludge flow using another Sludge
Recirculation Pump or heat exchanger.

ALTERNATIVE OPERATION
1. The first alternate mode of operation would be to place the Sludge Recirculation
Pump in the “Manual” mode of operation.
2. The second alternate mode of operation would be to re-route the sludge flow
through a different Sludge Recirculation Pump or sludge heater, if possible.
3. The third alternate mode of operation would be to use a Sludge Transfer Pump
as a Sludge Recirculation Pump.

3

Columbia Metro WWTP
Sludge Transfer System
Standard Operating Procedure
______________________________________________________________________________________

SLUDGE TRANSFER SYSTEM
DIG-3
Operation of the Sludge Transfer System.
To transfer sludge from one digester to another or to transfer digested
sludge to the sludge storage tank.
Responsibility Monitored by the Operators.
Transfer sludge as required.
Frequency
a) Operator to contact Shift Supervisor.
Emergency
b) Where to find Contact Lists Control Room.
Contact
Where to Find
Plant Operations Manual
Procedure:
Plant drawings and Equipment O&M Manual
Reference
Sludge valves, heat exchangers and sludge recirculation pumps.
Equipment
Needed
SOP #
Scope
Purpose

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: 10-Dec-11
Revision Date

Revisions Made

1

Columbia Metro WWTP
Sludge Transfer System
Standard Operating Procedure
______________________________________________________________________________________

SLUDGE TRANSFER SYSTEM

Safety Concerns:
The pumps are rotary pieces of equipment so Operators must be
careful of moving parts. The pumps are in Digester Control Buildings so Operators must
be aware of digester gas leaks. Also, Operators must be aware of slippery conditions
due to sludge spills.

NORMAL START-UP
1. Ensure that the valves on the suction and discharge of the Sludge Transfer
Pumps are open and that the valves to the point of discharge are properly set.
2. Ensure that the digester levels and/or the Sludge Storage Tank levels are at the
proper levels before pumping.
3. Ensure that the Sludge Transfer Pump controls are properly set.

NORMAL OPERATION
Determine quantity of sludge to be transferred to another digester and estimate the
pumping time to achieve that goal. Stop any sludge transferring if the digester cover
rests on the digester corbels. Do not remove a large ________ of a quantity sludge from
a digester that will result in losing the buffer in the digester.
When transferring sludge to the Sludge Storage Tank carefully watch the sludge level in
the secondary digester and sludge storage tank.

2

Columbia Metro WWTP
Sludge Transfer System
Standard Operating Procedure
______________________________________________________________________________________

SLUDGE TRANSFER SYSTEM

NORMAL SHUTDOWN
1. For a short-term shutdown, place the Sludge Transfer Pump into the “Off”
position.
2. For a long-term shutdown, take the duty pump out of service. Also, re-route the
sludge flow to another transfer pump.

ALTERNATIVE OPERATION
There are several alternate modes of operation for the Sludge Transfer System. The
first alternate mode of operation would be to use another pump to transfer sludge. The
second alternate mode of operation would be to transfer sludge to different locations
within the anaerobic digestion process.

3

Columbia Metro WWTP
Digester Gas System
Standard Operating Procedure
______________________________________________________________________________________

DIGESTER GAS SYSTEM
SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Where to Find
Procedure:
Reference
Equipment
Needed

DIG-4
Operation of the Digester Gas System
To distribute the digester gas to the proper locations.
Monitored by the Operators.
The digester gas is continuous.
a) Operator to contact Shift Supervisor.
b) Where to find Contact Lists Control Room.
Plant Operations Manual
Plant drawings and Equipment O&M Manual
Sludge valves, heat exchangers and sludge recirculation pumps.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: 10-Dec-11
Revision Date

Revisions Made

1

Columbia Metro WWTP
Digester Gas System
Standard Operating Procedure
______________________________________________________________________________________

DIGESTER GAS SYSTEM

Safety Concerns:
Operators must be extremely careful working around methane gas
(digester gas) since a spark or open flame could result in an explosion. The Operators
must ensure that all gas safety equipment is properly maintained and working properly.

NORMAL START-UP
1. Ensure all valves in the low pressure and high pressure gas systems are properly
set.
2. Ensure all gas safety equipment is in proper working order.
3. Ensure all driptraps and sediment traps are drained.
4. Ensure all gas equipment is in the “Automatic” mode of operation.

NORMAL OPERATION
The digester gas is removed from the digesters and enters the low pressure gas system
or digester gas mixing system. In the low pressure digester gas system the digester gas
travels to the sludge header/heat exchangers and Low Pressure Gas Displacement
Holders. Once the low pressure gas system rises to a preset pressure then the Gas
Blowers start and raise the gas pressure to 10-15 psig. The high pressure gas is sent to
the Digester Gas Sphere. From the gas sphere the digester gas is sent to the burners at
the incinerators. Any excess digester gas not used in the digester gas system is sent to
waste gas burners to be flared.

2

Columbia Metro WWTP
Digester Gas System
Standard Operating Procedure
______________________________________________________________________________________

DIGESTER GAS SYSTEM

NORMAL SHUTDOWN
1. For a short-term shutdown, an individual piece of digester as equipment can be
turned “off” or taken off line as long as the gas system is not stopped.
2. For a long-term shutdown, ensure that the digester gas continuously flows out of
the digesters. If a piece of equipment is shutdown, ensure that the digester gas
is directed to a standby piece of equipment.

ALTERNATIVE OPERATION
There are several alternate modes of operation for the digester gas system. The first
alternate mode of operation would be to operate the equipment in “Manual” rather than
“Automatic.” The second alternate mode of operation would be to place the standby
piece of equipment into operation if the duty equipment is taken out of service for
maintenance or repairs.

3

7.9

VALVE INDICES

The valve indices are provided to show the valve size, type of valve, type of operator,
type of line, normal position, and the purpose of explanation of all major valves. The
valve indices are labeled to correspond to the flow diagrams in the preceding sections.
The valve numbers shown on the valve indices are shown on the corresponding flow
diagrams. The size of the pipeline in which the valve is located is shown in the
corresponding column. The type of valve is self-explanatory.
The type of operator indicates how the valve is controlled. In most cases, the valves are
controlled manually and are indicated as "Manual". Other valve operators include motor,
pneumatic, solenoid, etc. which are indicated as "Automatic". The type of line indicates
what liquid or gas is being conveyed. In most cases, only one type of liquid is carried in
a pipe.
The normal position indicates, as the title implies, the position in which the valve will
usually be placed. Generally, the valve position is classified into three positions: open,
closed, or varied. The operator must use his or her best judgment after studying the flow
diagrams to determine how the valve should be regulated. Some valves require that
they be continuously opened or closed depending on the mode of operation or flow rate.
These valves can be regulated by hand or automatically.
The purpose or explanation is to define briefly why the valve is used. The explanation
does not necessarily explain the normal position. For example, a normally open valve is
provided ahead of each pump so that the pump can be isolated for maintenance or
repairs.
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FIGURE NO. 7-1
THICKENED/DIGESTED SLUDGE INTERCONNECTION OUTSIDE PIPING

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

2-TS-9

8

Plug

Manual

Thickened
Sludge

Open

2-TS-10

8

Plug

Manual

Thickened
Sludge

Closed

Open to send primary and/or
thickened sludge to Anaerobic
Digester Nos. 3 and 4.

2-TS-11

8

Plug

Manual

Thickened
Sludge

Closed

Open to send primary and/or
thickened sludge to Anaerobic
Digester No. 5.

2-TS-12

8

Plug

Manual

Thickened
Sludge

Closed

1. Open to re-direct thickened
sludge from Thickener Building
No. 1 to Anaerobic No. 5.
2. Open to send thickened sludge
from Anaerobic Digester Nos. 3,
4 and 5 to Digester Nos. 1 and 2.

2-TS-13

8

Plug

Manual

Thickened
Sludge

Closed

Open to transfer thickened sludge
from Thickener Building No. 1 to
Anaerobic Digester Nos. 3 and 4.

1-TS-9

6

Plug

Automatic

Thickened
Sludge

Closed

Open to send thickened sludge from
Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

Close for pipe or valve maintenance
or repairs.

FIGURE NO. 7-1
THICKENED/DIGESTED SLUDGE INTERCONNECTION OUTSIDE PIPING (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-TS-10

6

Plug

Automatic

Thickened
Sludge

Open

Close to re-direct thickened sludge
from Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

1-TS-11

6

Plug

Automatic

Thickened
Sludge

Open

Close to stop digested sludge from
Anaerobic Digester Nos. 3, 4 and 5
to Digester Nos. 1 and 2.

1-TS-12

6

Plug

Manual

Thickened
Sludge

Closed

Open to send thickened sludge from
Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

1-TS-13

6

Plug

Automatic

Thickened
Sludge

Open

Close to re-direct thickened sludge
from Thickener Building No. 1 to
Anaerobic Digester Nos. 1 and 2.

1-TS-14

6

Plug

Automatic

Thickened
Sludge

Open

Close to re-direct sludge from
Anaerobic Digester Nos. 3, 4 and 5
to Digester Nos. 1 and 2.

1-TS-15
thru
1TS-16

-

-

-

-

-

Not Used.

FIGURE NO. 7-1
THICKENED/DIGESTED SLUDGE INTERCONNECTION OUTSIDE PIPING (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

1-TS-17

6

Plug

Manual

Thickened
Sludge

Closed

Open to send primary sludge from
Treatment Train No. 1 to Anaerobic
Digester Nos. 1 and 2.

1-TS-18

6

Plug

Manual

Thickened
Sludge

Closed

Open to send primary sludge from
Treatment Train No. 1 to Anaerobic
Digester Nos. 1 and 2.

1-TS-19

6

Plug

Manual

Thickened
Sludge

Closed

Open to send primary sludge from
Treatment Train No. 1 to Anaerobic
Digester Nos. 1 and 2.

1-TS-20

8

Plug

Automatic

Thickened
Sludge

Open

Close to stop digested sludge from
Anaerobic Digester Nos. 3, 4 and 5
to the Sludge Dewatering Building.

1-TS-21

6

Plug

Manual

Thickened
Sludge

Closed

Open to transfer primary sludge to
the Sludge Dewatering Building.

1-TS-22

6

Plug

Manual

Thickened
Sludge

Closed

Open to transfer primary sludge to
the Sludge Dewatering Building.

1-TS-23

8

Plug

Automatic

Thickened
Sludge

Open

Close to stop digested sludge from
Anaerobic Digester Nos. 3, 4 and 5
to the Sludge Dewatering Building.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-FS-1

6

Plug

Manual

Feed Sludge

Open

Close for meter maintenance
or repairs.

A-FS-2

6

Plug

Manual

Feed Sludge

Open

Close for meter maintenance
or repairs.

A-FS-3

6

Plug

Manual

Feed Sludge

Open

1) Close to re-direct the
sludge flow.
2) Close for meter
maintenance or repairs.

A-FS-4

6

Plug

Manual

Feed Sludge

Open

1) Close to re-direct the
sludge flow.
2) Close for meter
maintenance or repairs.

A-FS-5

6

Plug

Manual

Feed Sludge

Open

1) Close to re-direct the
sludge flow.
2) Close for meter
maintenance or repairs.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-SR-1

6

Plug

Manual

Sludge
Recirculation

Closed

Open to withdrawn sludge
from this location of Anaerobic
Digester No. 3 for sludge
recirculation.

A-SR-2

6

Plug

Manual

Sludge
Recirculation

Closed

Open to withdraw sludge from
this location of Anaerobic
Digester No. 3 for sludge
recirculation.

A-SR-3

6

Plug

Manual

Sludge
Recirculation

Closed

Open to withdraw sludge from
this location of Anaerobic
Digester No. 4 for sludge
recirculation.

A-SR-4

6

Plug

Manual

Sludge
Recirculation

Closed

Open to withdraw sludge from
this location of Anaerobic
Digester No. 4 for sludge
recirculation.

A-SR-5

6

Plug

Manual

Sludge
Recirculation

Open

Close to re-route the sludge
recirculation flow.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-SR-6

6

Plug

Manual

Sludge
Recirculation

Open

Close to re-route the sludge
recirculation flow.

A-SR-7

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump out of
service for maintenance or
repairs.

A-SR-8

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump out of
service for maintenance or
repairs.

A-SR-9

6

Plug

Manual

Sludge
Recirculation

Closed

Out of Service

A-SR-10

6

Plug

Manual

Sludge
Recirculation

Closed

Out of Service

A-SR-11

6

Plug

Manual

Sludge
Recirculation

Closed

Out of Service

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-SR-12

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 3
out of service for maintenance
or repairs.

A-SR-13

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 3
out of service for maintenance
or repairs.

A-SR-14

6

Plug

Manual

Sludge
Recirculation

Closed

Open to bypass Sludge
Heater/Heat Exchanger No. 3
when it is taken out of service
for maintenance or repairs.

A-SR-15

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 4
out of service for maintenance
or repairs.

A-SR-16

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 4
out of service for maintenance
or repairs.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-SR-17

6

Plug

Manual

Sludge
Recirculation

Closed

Open to bypass Sludge
Heater/ Heat Exchanger No. 4
when it is taken out of service
for maintenance or repairs.

A-SR-18

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to the
periphery of the Anaerobic
Digester No. 3.

A-SR-19

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to the
opposite side of Anaerobic
Digester No. 3.

A-SR-20

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to the
center of Anaerobic Digester
No. 3.

A-SR-21

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to the
periphery of Anaerobic
Digester No. 3.

A-SR-22

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to the
periphery of Anaerobic
Digester No. 4.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-SR-23

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to the
periphery side of Anaerobic
Digester No. 4.

A-SR-24

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to
center of Anaerobic Digester
No. 4.

A-SR-25

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to return sludge to the
periphery of Anaerobic
Digester No. 4.

A-TRS-1

8

Plug

Manual

Sludge
Transfer

Open

Close to stop sludge transfer
from Anaerobic Digester No. 3.

A-TRS-2

3

Plug

Manual

Sludge
Transfer

Open

Close to take the level sensor
for Anaerobic Digester No. 3
out of service for maintenance
or repairs.

A-TRS-3

8

Plug

Manual

Sludge
Transfer

Open

Close to take Sludge Transfer
Pump No. 3 out of service for
maintenance or repairs.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

A-TRS-4

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

8

Plug

Manual

Sludge
Transfer

Open

Purpose and
Explanation
1)
2)

Close to re-direct the
sludge flow.
Close to take flow meter
out of service for
maintenance or repairs.

A-TRS-5

8

Plug

Manual

Sludge
Transfer

Open

Close to stop sludge transfer
from Anaerobic Digester No. 4.

A-TRS-6

3

Plug

Manual

Sludge
Transfer

Open

Close to take the level sensor
for Anaerobic Digester No. 4
out of service for maintenance
or repairs.

A-TRS-7

8

Plug

Manual

Sludge
Transfer

Open

Close to take Sludge Transfer
Pump No. 4 out of service for
or maintenance or repairs.

A-TRS-8

8

Plug

Manual

Sludge
Transfer

Open

1)
2)

A-TRS-9

8

Plug

Manual

Sludge
Transfer

Closed

Close to re-direct the
sludge flow.
Close to take flow meter
out of service for
maintenance or repairs.

Open to re-direct the sludge
flow.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-TRS-10

8

Plug

Manual

Sludge
Transfer

Closed

Open to circulate sludge from
Anaerobic Digester No. 3,
through Sludge Transfer Pump
No. 3 and back to Anaerobic
Digester No. 3.

A-TRS-11

8

Plug

Manual

Sludge
Transfer

Closed

Open to circulate sludge from
Anaerobic Digester No. 4,
through Sludge Transfer Pump
No. 4 and back to Anaerobic
Digester No. 4.

A-TRS-12

8

Plug

Manual

Sludge
Transfer

Closed

Open to re-direct the sludge
flow.

A-TRS-13

8

Plug

Manual

Sludge
Transfer

Closed

Open to use Transfer Pump
Nos. 3 or 4 as Sludge
Recirculation Pump.

A-TRS-14

8

Plug

Manual

Sludge
Transfer

Closed

Open to transfer sludge from
Anaerobic Digester Nos. 3 and
4 to the Sludge Dewatering
Building.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-TRS-15

6

Plug

Manual

Sludge
Transfer

Closed

Open to transfer sludge from
Anaerobic Digester Nos. 3 and
4 to Valve Box No. 2.

A-SN-1

6

Plug

Manual

Supernatant

Open

1)

2)

Close to stop overflow
from Anaerobic Digester
No. 3. Note: This valve
must remain open for the
digester overflow system.
Close when decanting
from a different digester
level.

A-SN-2

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Digester No.
3.

A-SN-3

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 3.

A-SN-4

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 3.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-SN-5

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 3.

A-SN-6

3

Plug

Manual

Supernatant

Closed

Open to send supernatant to
the Supernatant Sight Glass.

A-SN-7

3

Plug

Manual

Supernatant

Closed

Open to drain the Supernatant
Sight Glass.

A-SN-8

6

Plug

Manual

Supernatant

Open

Close to stop the supernatant
flow from Anaerobic Digester
No. 3.

A-SN-9

6

Plug

Manual

Supernatant

Open

Close to stop the supernatant
and/or overflow flow from
Anaerobic Digester No. 3.

A-SN-10

6

Plug

Manual

Supernatant

Closed

Open to drain sludge from
Anaerobic Digester No. 3 to
the supernatant line.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

A-SN-11

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

3

Plug

Manual

Supernatant

Open

Purpose and
Explanation
1)

2)

Close to stop overflow
from Anaerobic Digester
No. 4. Note: This valve
must remain open for the
digester overflow system.
Close when decanting
from a different digester
level.

A-SN-12

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 4.

A-SN-13

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 4.

A-SN-14

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 4.

A-SN-15

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 4.

A-SN-16

3

Plug

Manual

Supernatant

Closed

Open to send supernatant to
the Supernatant Sight Glass.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-SN-17

3

Plug

Manual

Supernatant

Closed

Open to drain the Supernatant
Sight Glass.

A-SN-18

6

Plug

Manual

Supernatant

Open

Close to stop the Supernatant
flow from Anaerobic Digester
No. 4.

A-SN-19

6

Plug

Manual

Supernatant

Open

Close to stop the supernatant
and/or overflow flow from
Anaerobic Digester No. 4.

A-SN-20

6

Plug

Manual

Supernatant

Closed

Open to drain sludge from
Anaerobic Digester No. 4 to
the supernatant line.

A-NPW-1

6

Plug

Manual

Non-potable
Water

Closed

Open to flush the supernatant
line with non-potable water for
Anaerobic Digester No. 3.

A-NPW-2

6

Plug

Manual

Non-potable
Water

Closed

Open to flush the supernatant
line with non-potable water for
Anaerobic Digester No. 4.

FIGURE NO. 7-2
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-NPW-3

1

Solenoid

Automatic

Non-potable
Water

Varied

Opens at preset time to flush
the level sensor for Anaerobic
Digester No. 3 and closes after
flush cycle has completed.

A-NPW-4

1

Ball

Manual

Non-potable
Water

Closed

Open to bypass the solenoid
valve if it is out of service.

A-NPW-5

1

Solenoid

Manual

Non-potable
Water

Varied

Opens at preset time to flush
the level sensor for Anaerobic
Digester No. 4 and closes after
flush cycle has completed.

A-NPW-6

1

Ball

Manual

Non-potable
Water

Closed

Open to bypass the solenoid
valve if it is out of service.

FIGURE NO. 7-3
SLUDGE RECIRCULATION SYSTEM (DIGESTER HEADHOUSE B)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-FS-1

6

Plug

Automatic

Feed Sludge

Closed

Open to feed thickened sludge
to Digester No. 5.

B-SR-1

6

Plug

Manual

Sludge
Recirculation

Closed

Open to circulate sludge from
this location in Digester No. 5.

B-SR-2

6

Plug

Manual

Sludge
Recirculation

Open

Close to circulate sludge from
another location in Digester
No. 5.

B-SR-3

6

Plug

Manual

Sludge
Recirculation

Closed

Open to send the Digester No.
5 contents out into the
supernatant line.

B-SR-4

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump No. 5A out
of service for maintenance or
repairs.

B-SR-5

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump No. 5A out
of service for maintenance or
repairs.

FIGURE NO. 7-3
SLUDGE RECIRCULATION SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-SR-6

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump No. 5B out
of service for maintenance or
repairs.

B-SR-7

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump No. 5B out
of service for maintenance or
repairs.

B-SR-8

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge Heater
No. 5 out of service for
maintenance or repairs.

B-SR-9

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge Heater
No. 5 out of service for
maintenance or repairs.

B-SR-10

6

Plug

Manual

Sludge
Recirculation

Closed

Open to bypass Sludge Heater
No. 5 when it is out of service
for maintenance or repairs.

FIGURE NO. 7-3
SLUDGE RECIRCULATION SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-SR-11

6

Plug

Manual

Sludge
Recirculation

Open

1) Close for pipe
maintenance or repairs.
2) Close to send transfer
sludge to Digester No. 5.

B-SR-12

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to send recirculated
sludge to the periphery of
Anaerobic Digester No. 5.

B-SR-13

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to send recirculated
sludge to the opposite side of
Anaerobic Digester No. 5.

B-SR-14

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to send recirculated
sludge to the top of the liquid
level of Anaerobic Digester
No. 5.

B-SR-15

6

Plug

Automatic

Sludge
Recirculation

Closed

Open to send recirculated
sludge to the periphery of the
Anaerobic Digester No. 5.

FIGURE NO. 7-3
SLUDGE RECIRCULATION SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-SN-1

6

Plug

Manual

Supernatant

Open

B-SN-2

6

Plug

Manual

Supernatant

Closed

Open to decant from this
digester liquid level.

B-SN-3

6

Plug

Manual

Supernatant

Closed

Open to decant from this
digester liquid level.

B-SN-4

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this digester liquid level in
Anaerobic Digester No. 5.

B-SN-5

3

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this digester liquid level in
Anaerobic Digester No. 5.

B-SN-6

6

Plug

Manual

Supernatant

Closed

Open to drain supernatant line.

Close when decanting from a
different digester level. Note:
This valve must remain open
for the digester overflow
system.

FIGURE NO. 7-3
SLUDGE RECIRCULATION SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-SN-7

3

Plug

Automatic

Supernatant

Closed

Open to drain the supernatant
site glass.

B-SN-8

6

Plug

Manual

Supernatant

Closed

Open to withdraw supernatant
from this level in Anaerobic
Digester No. 5.

B-SN-9

6

Plug

Automatic

Supernatant

Open

Close to stop supernatant
and/or overflow from
Anaerobic Digester No. 5.

FIGURE 7- 4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-FS-1

6

Plug

Manual

Feed Sludge

Open

Close to stop feed sludge from
this line for flow meter
maintenance or repairs.

C-FS-2

6

Plug

Manual

Feed Sludge

Open

Close to stop feed sludge from
this line for flow meter
maintenance or repairs.

C-FS-3

6

Plug

Automatic

Feed Sludge

Varied

1) Open to feed sludge to
Anaerobic Digester No. 1.
2) Close to stop feed sludge
to Anaerobic Digester No.
1.

C-FS-4

6

Plug

Automatic

Feed Sludge

Varied

1) Close to feed sludge to
Anaerobic Digester No. 2.
2) Close to stop feed sludge
to Anaerobic Digester No.
2.

C-FS-5

6

Plug

Manual

Feed Sludge

Open

Close to isolate the two sludge
feed lines so each feed line
sends sludge to individual
sludge heaters.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-SR-1

6

Plug

Manual

Sludge
Recirculation

Open

Close to withdraw sludge from
another location in Anaerobic
Digester No. 1.

C-SR-2

6

Plug

Manual

Sludge
Recirculation

Closed

Open to withdraw sludge from
another location within
Anaerobic Digester No. 1.

C-SR-3

6

Plug

Manual

Sludge
Recirculation

Closed

Open to send Anaerobic
Digester No. 1 contents to the
overflow line.

C-SR-4

3

Plug

Manual

Sludge
Recirculation

Open

Close to take the pH meter out
of service for maintenance or
repairs.

C-SR-5

3

Plug

Manual

Sludge
Recirculation

Open

Close to take the pH meter out
of service for maintenance or
repairs.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

C-SR-6

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

6

Plug

Manual

Sludge
Recirculation

Closed

Purpose and
Explanation
1)

2)

Open to send sludge to
the suction side of Sludge
Transfer Pump No. 1.
Open to send sludge to
the suction side of Sludge
Recirculation Pump No.
1.

C-SR-7

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump No. 1 out
of service for maintenance or
repairs.

C-SR-8

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Recirculation Pump No. 1 out
of service for maintenance or
repairs.

C-SR-9

6

Plug

Manual

Sludge
Recirculation

Closed

1)

2)

Open to send sludge to
the suction side of Sludge
Transfer Pump No. 1.
Open to send sludge to
the suction side of Sludge
Recirculation Pump No.
1.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-SR-10

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 1
out of service for maintenance
or repairs.

C-SR-11

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 1
out of service for maintenance
or repairs.

C-SR-12

6

Plug

Manual

Sludge
Recirculation

Closed

Open when Sludge
Heater/Heat Exchanger No. 1
is out of service for
maintenance or repairs.

C-SR-13

6

Plug

Manual

Sludge
Recirculation

Closed

1)

2)

C-SR-14

6

Plug

Manual

Sludge
Recirculation

Open

Open to send sludge to
the suction side of Sludge
Transfer Pump No. 1.
Open to send sludge to
the suction side of Sludge
Recirculation Pump No.
1.

Close when flushing the
sludge line with non-potable
water.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-SR-15

6

Plug

Automatic

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the periphery of
Anaerobic Digester No. 1.

C-SR-16

6

Plug

Automatic

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the center of
Anaerobic Digester No. 1.

C-SR-17

6

Plug

Automatic

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the opposite side of
Anaerobic Digester No. 1.

C-SR-18

6

Plug

Automatic

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the periphery of
Anaerobic Digester No. 1.

C-SR-19

6

Plug

Manual

Sludge
Recirculation

Open

Close to withdraw sludge from
another location in Anaerobic
Digester No. 2.

C-SR-20

6

Plug

Manual

Sludge
Recirculation

Open

Close to withdraw sludge from
another location in Anaerobic
Digester No. 2.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-SR-21

6

Plug

Manual

Sludge
Recirculation

Closed

Open to send Anaerobic
Digester No. 2 contents to the
overflow line.

C-SR-22

3

Plug

Manual

Sludge
Recirculation

Open

Close to take the pH meter out
of service for maintenance or
repairs.

C-SR-23

3

Plug

Manual

Sludge
Recirculation

Open

Close to take the pH meter out
of service for maintenance or
repairs.

C-SR-24

6

Plug

Manual

Sludge
Recirculation

Closed

1)

2)

C-SR-25

6

Plug

Manual

Sludge
Recirculation

Open

Open to send sludge to
the suction side of Sludge
Transfer Pump No. 2.
Open to send sludge to
the suction side of Sludge
Recirculation Pump No.
2.

Close to take Sludge
Recirculation Pump No. 2 out
of service for maintenance or
repairs.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

C-SR-26

6

Plug

Manual

Sludge
Recirculation

Open

C-SR-27

6

Plug

Manual

Sludge
Recirculation

Closed

Purpose and
Explanation
Close to take Sludge
Recirculation Pump No. 2 out
of service for maintenance or
repairs.
1)

2)

Open to send sludge to
the suction side of Sludge
Transfer Pump No. 2.
Open to send sludge to
the suction side of Sludge
Recirculation Pump No.
2.

C-SR-28

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 2
out of service for maintenance
or repairs.

C-SR-29

6

Plug

Manual

Sludge
Recirculation

Open

Close to take Sludge
Heater/Heat Exchanger No. 2
out of service for maintenance
or repairs.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-SR-30

6

Plug

Manual

Sludge
Recirculation

Closed

Open when Sludge
Heater/Heat Exchanger No. 2
is out of service for
maintenance or repairs.

C-SR-31

6

Plug

Manual

Sludge
Recirculation

Closed

1)

2)

Open to send sludge to
the suction side of Sludge
Transfer Pump No. 2.
Open to send sludge to
the suction side of Sludge
Recirculation Pump No.
2.

C-SR-32

6

Plug

Manual

Sludge
Recirculation

Open

Close when flushing the
sludge line with non-potable
water.

C-SR-33

6

Plug

Manual

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the periphery of
Anaerobic Digester No. 2.

C-SR-34

6

Plug

Manual

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the opposite side of
Anaerobic Digester No. 2.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-SR-35

6

Plug

Manual

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the center of
Anaerobic Digester No. 2.

C-SR-36

6

Plug

Manual

Sludge
Recirculation

Open

Close to stop recirculated
sludge to the periphery of
Anaerobic Digester No. 2.

C-TRS-1

3

Plug

Manual

Sludge
Transfer

Open

Close to take the level
transmitter for Anaerobic
Digester No. 1 out of service
for maintenance or repairs.

C-TRS-2

8

Plug

Manual

Sludge
Transfer

Open

1)

2)

C-TRS-3

3

Plug

Manual

Sludge
Transfer

Open

Close to stop sludge
transfer from Anaerobic
Digester No. 1.
Close to take the sludge
grinder out of service for
maintenance or repairs.

Close to take the level
transmitter for Anaerobic
Digester No. 2 out of service
for maintenance or repairs.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

C-TRS-4

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

8

Plug

Manual

Sludge
Transfer

Open

Purpose and
Explanation
1)

2)

Close to stop sludge
transfer from Anaerobic
Digester No. 2.
Close to take the sludge
grinder out of service for
maintenance or repairs.

C-TRS-5

5

Plug

Manual

Sludge
Transfer

Open

Close to take the sludge
grinder out of service for
maintenance or repairs.

C-TRS-6

6

Plug

Manual

Sludge
Transfer

Open

Close to take the sludge
grinder out of service for
maintenance or repairs.

C-TRS-7

6

Plug

Manual

Sludge
Transfer

Closed

Open to re-direct the sludge to
another Sludge Transfer
Pump.

C-TRS-8

6

Plug

Manual

Sludge
Transfer

Open

Close to take Sludge Transfer
Pump No. 1 out of service for
maintenance or repairs.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-TRS-9

6

Plug

Manual

Sludge
Transfer

Closed

C-TRS-10

6

Plug

Manual

Sludge
Transfer

Open

Close to take Sludge Transfer
Pump No. 2 out of service for
maintenance or repairs.

C-TRS-11

6

Plug

Manual

Sludge
Transfer

Closed

Open to send sludge into the
sludge recirculation line.

C-TRS-12

6

Plug

Manual

Sludge
Transfer

Open

Close to stop sludge to the
Sludge Dewatering Building.

C-TRS-13

6

Plug

Manual

Sludge
Transfer

Open

Close to stop sludge to the
Sludge Dewatering Building.

C-NPW-1

4

Plug

Manual

Non-potable
Water

Open

Close to stop non-potable
water.

C-NPW-2

4

Plug

Manual

Non-potable
Water

Closed

Open to flush the sludge line
at Anaerobic Digester No. 1.

C-NPW-3

4

Plug

Manual

Non-potable
Water

Closed

Open to flush the sludge line
at Anaerobic Digester No. 2.

Open to re-direct the sludge
transfer to another direction.

FIGURE 7-4
SLUDGE RECIRCULATION AND TRANSFER SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-NPW-4

4

Plug

Manual

Non-potable
Water

Open

Close to stop non-potable
water.

C-NPW-5

1

Solenoid

Automatic

Non-potable
Water

Varied

Opens at a preset time and
flushes the level transmitter for
a preset time with non-potable
water.

C-NPW-6

1

Solenoid

Automatic

Non-potable
Water

Varied

Opens at a preset time and
flushes the level transmitter for
a preset time with non-potable
water.

C-NPW-7

1

Ball

Manual

Non-potable
Water

Closed

Opens to flush the pH meter
with non-potable water.

C-NPW-8

1

Ball

Manual

Non-potable
Water

Closed

Opens to flush the pH meter
with non-potable water.

FIGURE NO. 7-5
SLUDGE TRANSFER SYSTEM (DIGESTER HEADHOUSE B)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-TRS-1

3

Plug

Manual

Digester
Transfer
Sludge

Open

Close to take the level
transmitter out of service for
maintenance or repairs.

B-TRS-2

6

Plug

Manual

Digester
Transfer
Sludge

Open

Close to take the Sludge
Transfer Pump No. 5 out of
service for maintenance or
repairs.

B-TRS-3

6

Plug

Manual

Digester
Transfer
Sludge

Closed

Open to transfer sludge from
Digester No. 5 to Dewatering
Building.

B-TRS-4

6

Plug

Manual

Digester
Transfer
Sludge

Closed

Open to transfer sludge from
Digester No. 5 to Digester
Nos. 3 and 4.

B-TRS-5

6

Plug

Manual

Digester
Transfer
Sludge

Open

Close to stop sludge transfer
from Digester No. 5 to
Digester Nos. 1 and 2 so it can
be redirected to another
location.

FIGURE NO. 7-5
SLUDGE TRANSFER SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

B-TRS-6

6

Plug

Manual

Digester
Transfer
Sludge

Open

Close to stop sludge transfer
from other digesters.

B-SR-11

6

Plug

Manual

Digester
Sludge
Recirculation

Open

1)

Non-potable
Water

Varied

B-NPW-1

1

Ball

Automatic

Purpose and
Explanation

2)

1)
2)

B-NPW-2

1

Ball

Manual

Non-potable
Water

Closed

Close for pipe
maintenance or repairs.
Close to direct transferred
sludge to Digester No. 5 if
not recirculating sludge.
Opens at a preset time to
flush the level sensor.
Closes when the flush
timer cycle completes.

Open when the solenoid valve
is taken out of service for
maintenance or repairs.

FIGURE NO. 7-6
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-1

4

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 1
Gas Mixing System out of
service for maintenance or
repairs.

C-DG-2

3

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Mixing Compressor No. 1 out
of service for maintenance or
repairs.

C-DG-3

3

Plug

Automatic

Digester
Gas

Varied

1)

2)

C-DG-4

3

Plug

Manual

Digester
Gas

Open

Opens when Digester
Gas Rotary Valve No. 1 is
operating.
Closes when Digester
Gas Rotary Valve No. 1 is
not operating.

Closes to take the motorized
valve out of service for
maintenance or repairs.

FIGURE NO. 7-6
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-5

2½

Low
Pressure
Regulator

Automatic

Digester
Gas

Varied

Opens and closes
automatically based on the
pressure on the digester side
of the valve.

C-DG-6

2½

High
Pressure
Regulator

Automatic

Digester
Gas

Varied

Opens and closes
automatically based on the
pressure on the compressor
side of the valve.

C-DG-7

4

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 2
Gas Mixing System out of
service for maintenance or
repairs.

C-DG-8

3

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Mixing Compressor No. 2 out
of service for maintenance or
repairs.

FIGURE NO. 7-6
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-9

3

Plug

Automatic

Digester
Gas

Varied

1) Opens when Digester Gas
Rotary Valve No. 2 is
operating.
2) Closes when Digester
Gas Rotary Valve No. 2 is
not operating.

C-DG-10

3

Plug

Manual

Digester
Gas

Open

Close to take the motorized
valve out of service for
maintenance or repairs.

C-DG-11

2½

Low
Pressure
Regulator

Automatic

Digester
Gas

Varied

Opens and closes
automatically based on the
pressure on the digester side
of the valve.

C-DG-12

2½

High
Pressure
Regulator

Automatic

Digester
Gas

Varied

Opens and closes
automatically based on the
pressure on the compressor
side of the valve.

FIGURE NO. 7-8
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE A)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-DG-1

8

Plug

Manual

Digester
Gas

Open

Close to stop digester gas
from Digester No. 3.

A-DG-2

8

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
out of service for maintenance
or repairs.

A-DG-3

8

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
out of service for maintenance
or repairs.

A-DG-4

8

Plug

Manual

Digester
Gas

Closed

Open to bypass the Sediment
and Condensate Accumulator
when it is taken out of service
for maintenance or repairs.

A-DG-5

8

Plug

Manual

Digester
Gas

Open

Close to stop digester gas
from Digester No. 4.

A-DG-6

8

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
out of service for maintenance
or repairs.

FIGURE NO. 7-8
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-DG-7

8

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
out of service for maintenance
or repairs.

A-DG-8

8

Plug

Manual

Digester
Gas

Closed

Open to bypass the Sediment
and Condensate Accumulator
when it is taken out of service
for maintenance or repairs.

A-DG-9

6

Plug

Manual

Digester
Gas

Open

Close to stop digester gas to
Sludge Heater Nos. 3 and 4.

A-DG-10

10

Plug

Manual

Digester
Gas

Open

Close to stop digester gas
between Digester Headhouse
A and B.

A-DG-11

4

Plug

Manual

Digester
Gas

Open

1)

2)

Close to stop digester gas
to Sludge Heater No. 3
for maintenance or
repairs.
Close for flame trap,
pressure regulator or gas
valve maintenance or
repairs.

FIGURE NO. 7-8
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-DG-12

4

Pressure
Regulating
Valve

Automatic

Digester
Gas

Varied

Automatically regulates to
maintain gas pressure to
Sludge Heater No. 3.

A-DG-13

4

Gas Valve

Automatic

Digester
Gas

Varied

Automatically adjusts to
regulate gas flow to Sludge
Heater No. 3.

A-DG-14

4

Plug

Manual

Digester
Gas

Open

Close to stop digester gas to
Sludge Heater No. 3 Burner
for maintenance or repairs.

A-DG-15

4

Plug

Manual

Digester
Gas

Open

1)

2)

A-DG-16

4

Pressure
Regulating
Valve

Automatic

Digester
Gas

Varied

Close to stop digester gas
to Sludge Heater No. 4
for maintenance or
repairs.
Close for flame trap,
pressure regulator or gas
valve maintenance or
repairs.

Automatically regulates to
maintain gas pressure to
Sludge Heater No. 4.

FIGURE NO. 7-8
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE A) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

A-DG-17

4

Gas Valve

Automatic

Digester
Gas

Varied

Automatically adjusts to
regulate gas flow to Sludge
Heater No. 4.

A-DG-18

4

Plug

Manual

Digester
Gas

Open

Close to stop digester gas to
Sludge Heater No. 4 Burner
for maintenance or repairs.

FIGURE NO. 7-9
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE B)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-DG-1

8

Plug

Manual

Digester
Gas

Open

Close to stop digester gas
from Anaerobic Digester No. 5.

B-DG-2

8

Plug

Manual

Digester
Gas

Closed

Open to bypass the Sediment
and Condensate Accumulator.

B-DG-3

10

Plug

Manual

Digester
Gas

Open

Close to stop digester gas to
Low Pressure Gas
Displacement Holder Nos. 3
and 4 for maintenance or
repairs.

B-DG-4

6

Plug

Manual

Digester
Gas

Open

Close to take Low Pressure
Gas Displacement Holder No.
3 out of service for
maintenance or repairs.

B-DG-5

6

Plug

Manual

Digester
Gas

Open

Close to take Low Pressure
Gas Displacement Holder No.
4 out of service for
maintenance or repairs.

B-DG-6

6

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 3 (1) out of service
for maintenance or repairs.

FIGURE NO. 7-9
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-DG-7

6

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 3 (1) out of service
for maintenance or repairs.

B-DG-8

6

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 4 (2) out of service
for maintenance or repairs.

B-DG-9

6

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 4 (2) out of service
for maintenance or repairs.

B-DG-10

6

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 5 (3) out of service
for maintenance or repairs.

B-DG-11

6

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 5 (3) out of service
for maintenance or repairs.

B-DG-12

6

Plug

Manual

Digester
Gas

Closed

This valve is no longer in
service since the gas meter
was removed.

FIGURE NO. 7-9
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-DG-13

6

Plug

Manual

Digester
Gas

Closed

B-DG-14

6

Plug

Manual

Digester
Gas

Open

Close only if the gas meter is
replaced in the pipeline.

B-DG-15

6

Plug

Manual

Digester
Gas

Open

Close to take the pressure
regulator/reducer valves out of
service for maintenance or
repairs.

B-DG-16

6

Pressure
Reducer
Valve

Automatic

Digester
Gas

Varied

Modulates to adjust and
reduce the gas pressure to the
sludge heater.

B-DG-17

6

Pressure
Regulator
Valve

Automatic

Digester
Gas

Varied

Modulates to regulate the gas
pressure to the sludge heater.

B-DG-18

6

Plug

Manual

Digester
Gas

Open

Close to take the pressure
regulator/reducer valves out of
service for maintenance or
repairs.

This valve is no longer in
service since the gas meter
was removed.

FIGURE NO. 7-9
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

B-DG-19

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

6

Plug

Manual

Digester
Gas

Open

Purpose and
Explanation
1)

2)

B-DG-20

4

Plug

Manual

Digester
Gas

Open

1)

2)

Close to stop digester gas
to Sludge Heater No. 5
for maintenance or
repairs.
Close for maintenance or
repairs on the flame trap.
Close to stop digester gas
to Sludge Heater No. 5
for maintenance or
repairs.
Close for pressure
regulator or gas valve
maintenance or repairs.

B-DG-21

4

Pressure
Regulator
Valve

Automatic

Digester
Gas

Varied

Automatically regulates to
maintain the gas pressure to
Sludge Heater No. 5.

B-DG-22

4

Gas Valve

Automatic

Digester
Gas

Varied

Automatically adjusts to
regulate gas flow to Sludge
Heater No. 5.

FIGURE NO. 7-9
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-DG-23

4

Plug

Manual

Digester
Gas

Open

Close to stop gas to Sludge
Heater No. 5 Burner for
maintenance or repairs.

B-DG-24

6

Plug

Manual

Digester
Gas

Open

1)

2)

Close to stop digester gas
to Waste Gas Burner No.
1 for maintenance or
repairs.
Close for pressure relief
valve and/or flame trap
maintenance or repairs.

B-DG-25

6

Pressure
Relief
Valve

Automatic

Digester
Gas

Varied

Opens and closes
automatically to send digester
gas to Waste Gas Burner No.
1 based on the pressure in the
low pressure digester gas
piping.

B-DG-26

6

Plug

Manual

Digester
Gas

Open

Close to take Waste Gas
Burner No. 1 out of service for
maintenance or repairs.

FIGURE NO. 7-9
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

B-DG-27

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

6

Plug

Manual

Digester
Gas

Open

Purpose and
Explanation
1)

2)

Close to stop digester gas
to Waste Gas Burner No.
2 for maintenance or
repairs.
Close for pressure relief
valve and/or flame trap
maintenance or repairs.

B-DG-28

6

Pressure
Relief
Valve

Automatic

Digester
Gas

Varied

Opens and closes
automatically to send digester
gas to Waste Gas Burner No.
2 based on the pressure in the
low pressure digester gas
piping.

B-DG-29

6

Plug

Manual

Digester
Gas

Open

Close to take Waste Gas
Burner No. 2 out of service for
maintenance or repairs.

B-DG-30

6

Plug

Manual

Digester
Gas

Open

1)

Close to stop digester gas
from Digester Headhouse
B to the Digester Gas
Storage Sphere for
maintenance or repairs.

FIGURE NO. 7-9
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE B) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

B-NG-1

2

Plug

Manual

Natural
Gas

Open

Not In Use at this time.

B-NG-2

2

Pressure
Regulating
Valve

Automatic

Natural
Gas

Varied

Not In Use at this time.

B-NG-3

2

Gas Valve

Automatic

Natural
Gas

Varied

Not In Use at this time.

B-NG-4

2

Plug

Manual

Natural
Gas

Open

Not In Use at this time.

C-DG-37

6

Plug

Manual

Digester
Gas

Open

Close to stop digester gas
from Digester Headhouse C to
the Digester Gas Sphere for
maintenance or repairs.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-1

4

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 1
Gas Mixing System out of
service for maintenance or
repairs.

C-DG-2

3

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Mixing Compressor No. 1 out
of service for maintenance or
repairs.

C-DG-7

4

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 2
Gas Mixing System out of
service for maintenance or
repairs.

C-DG-8

3

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Mixing Compressor No. 2 out
of service for maintenance or
repairs.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-10

3

Plug

Manual

Digester
Gas

Open

Close to take the motorized
valve out of service for
maintenance or repairs.

C-DG-11

2½

Low
Pressure
Regulator

Automatic

Digester
Gas

Varied

Opens and closes
automatically based on the
pressure on the digester side
of the valve.

C-DG-12

2½

High
Pressure
Regulator

Automatic

Digester
Gas

Varied

Opens and closes
automatically based on the
pressure on the compressor
side of the valve.

C-DG-13

8

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 2
out of service for maintenance
or repairs.

C-DG-14

8

Plug

Manual

Digester
Gas

Closed

Open to bypass the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 2
when it is out of service for
maintenance or repairs.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-15

8

Plug

Manual

Digester
Gas

Open

Close to take the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 2
out of service for maintenance
or repairs.

C-DG-16

8

Plug

Manual

Digester
Gas

Closed

Open to bypass the Sediment
and Condensate Accumulator
for Anaerobic Digester No. 2
when it is out of service for
maintenance or repairs.

C-DG-17

6

Plug

Manual

Digester
Gas

Open

Close to stop digester gas
Sludge Heater Nos. 1 and 2.

C-DG-18

4

Plug

Manual

Digester
Gas

Open

1)
2)

Close to stop digester gas
Sludge Heater No. 1.
Close for pressure
regulator valve, gas valve
and/or flame trap
maintenance or repairs.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-19

4

Pressure
Regulator
Valve

Automatic

Digester
Gas

Varied

Modulates to maintain the gas
pressure to Sludge Heater No.
1.

C-DG-20

4

Gas
Valve

Automatic

Digester
Gas

Varied

Modulates the digester gas
flow to Sludge Heater No. 1.

C-DG-21

4

Plug

Manual

Digester
Gas

Open

Close to take Sludge Heater
No. 1 Burner out of service for
maintenance or repairs.

C-DG-22

4

Plug

Manual

Digester
Gas

Open

1)
2)

C-DG-23

4

Pressure
Regulator
Valve

Automatic

Digester
Gas

Varied

Close to stop digester gas
Sludge Heater No. 2.
Close for pressure
regulator valve, gas valve
and/or flame trap
maintenance or repairs.

Modulates to maintain the gas
pressure to Sludge Heater No.
2.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-24

4

Gas
Valve

Automatic

Digester
Gas

Varied

Modulates the digester gas
flow to Sludge Heater No. 2.

C-DG-25

4

Plug

Manual

Digester
Gas

Open

Close to take Sludge Heater
No. 2 Burner out of service for
maintenance or repairs.

C-DG-26

6

Plug

Manual

Digester
Gas

Open

Close to take Low Pressure
Gas Displacement Holder No.
1 out of service for
maintenance or repairs.

C-DG-27

6

Plug

Manual

Digester
Gas

Open

Close to take Low Pressure
Gas Displacement Holder No.
2 out of service for
maintenance or repairs.

C-DG-28

10

Plug

Manual

Digester
Gas

Open

1)

2)

Close to stop digester gas
to Waste Gas Burner No.
3 for maintenance or
repairs.
Close for pressure relief
valve and/or flame trap
maintenance or repairs.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-29

10

Pressure
Relief
Valve

Automatic

Digester
Gas

Varied

Opens and closes
automatically to send digester
gas to the Waste Gas Burner
based on the pressure in the
low pressure digester gas
piping.

C-DG-30

6

Plug

Manual

Digester
Gas

Open

Close to take the Waste Gase
Burner out of service for
maintenance or repairs.

C-DG-31

4

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 1 out of service for
maintenance or repairs.

C-DG-32

4

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 1 out of service for
maintenance or repairs.

C-DG-33

4

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 2 out of service for
maintenance or repairs.

C-DG-34

4

Plug

Manual

Digester
Gas

Open

Close to take Digester Gas
Blower No. 2 out of service for
maintenance or repairs.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-35

6

Plug

Manual

Digester
Gas

Open

Close to take the high
pressure Sediment and
Condensate Accumulator out
of service for maintenance or
repairs.

C-DG-36

4

Plug

Manual

Digester
Gas

Open

Close to take the high
pressure Sediment and
Condensate Accumulator out
of service for maintenance or
repairs.

C-DG-37

6

Plug

Manual

Digester
Gas

Open

Close to stop high pressure
digester gas to or from the
Gas Storage Sphere to
Digester Headhouse C.

C-DG-38

6

Plug

Manual

Digester
Gas

Open

Close to stop high pressure
digester gas to the Incinerator
Building Burners.

C-DG-39

4

Plug

Manual

Digester
Gas

Open

Close to take a pressure
reducing/regulating valve out
of service for maintenance or
repairs.

FIGURE NO. 7-10
DIGESTER GAS SYSTEM (DIGESTER HEADHOUSE C) (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

C-DG-40

4

Pressure
Reducing
Valve

Automatic

Digester
Gas

Varied

Modulates to reduce the gas
pressure to Sludge Heater
Nos. 1 and 2.

C-DG-41

4

Plug

Manual

Digester
Gas

Open

Close to take a pressure
reducer/regulating valves out
of service for maintenance or
repairs.

C-DG-42

4

Pressure
Regulating
Valve

Automatic

Digester
Gas

Varied

Modulates to regulate and
maintain gas pressure to
Sludge Heater Nos. 1 and 2.

C-DG-43

4

Plug

Manual

Digester
Gas

Open

Close to take a pressure
reducer/regulating valves out
of service for maintenance or
repairs.

B-DG-30

6

Plug

Manual

Digester
Gas

Open

Close to stop high pressure
digester gas to or from the
Gas Storage Sphere to
Digester Headhouse A and B.
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CHAPTER 8
SLUDGE DEWATERING
8.1

GENERAL DESCRIPTION

8.1.1

Introduction

Sludge treatment and disposal remains one of the primary concerns in the field of wastewater
treatment. Organic residuals from the primary and secondary treatment processes make-up the
majority of the sludge (biosolids); however, it will also contain grit, scum and floatable material.
Not only is sludge aesthetically unpleasant to deal with, it also represents one of the most costly
aspects of the treatment process. Some people have spent their careers trying to determine the
most practical and effective use for sludge, or trying to find a more efficient and inexpensive
method for reducing its volume prior to disposal.
After the sludge has been stabilized in the anaerobic digestion process, it is transferred to the
Sludge Dewatering Building for sludge dewatering using centrifuges. The sludge (biosolids) is
dewatered prior to being transferred to the incineration process or being transferred to the truck
unloading area for off-site disposal at a landfill. Dewatering the solids reduces the quantity of
the solids that must be incinerated or hauled off site. Reducing the volume and weight of the
solids to be disposed reduces operation and maintenance costs for this portion of the process.
The accepted terminology used today for solids that are removed from a wastewater treatment
plant is “Biosolids”. The term biosolids was selected to improve public acceptance of the solids
to be used in land application, composting facilities, or other such disposal processes that would
involve the public.
8.1.2

Centrifuge Feed System

At the Metro Wastewater Treatment Plant the digested sludge (biosolids) are removed from the
anaerobic digesters and pumped by positive displacement, progressive cavity type pumps to the
Sludge Dewatering Building. The digested solids are first pumped into a Digested Sludge
Storage Tank located on the ground floor of the Sludge Dewatering Building. The Digested
Sludge Storage Tank is 10 ft. in diameter with a maximum liquid depth of 12.5 ft. The Digested
Sludge Storage Tank has a maximum capacity of 7,340 gallons.
The sludge (biosolids) is removed from the Storage Tank by two (2) positive displacement,
progressive cavity type pumps each rated at 100-300 gpm at a total dynamic head of 185 ft. (80
psig). These pumps are referred to as Centrifuge Sludge Feed Pumps. Prior to entering the
Centrifuge Sludge Feed Pumps, the sludge passes through in-line Sludge Grinders
(Macerators), as shown in Figure No. 8-1. Each sludge grinder is rated at 400 gpm. Each
Centrifuge Sludge Feed Pump is driven by a variable speed drive so the pump output can be
adjusted to meet the conditions of the sludge being fed to the centrifuges.
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8.1.3

Centrifuges

The sludge removed from the Digested Sludge Storage Tank is pumped to the upper floor of the
Sludge Dewatering Building to two (2) solid bowl type centrifuges. Centrifugation is a process in
which centrifugal force is applied to the sludge to accelerate the separation of the solid and
liquid portions of the sludge. The process consists of both a clarification step where particles
are settled out from the surrounding liquid and a compaction step where free water is removed
from the settled solids. In theory, this dewatering process is similar to gravity clarification. A
centrifuge, however, uses centrifugal force which is 500 to 3,000 times the gravitational force.
The sludge that is pumped to the centrifuge enters the center of the centrifuge through a feed
tube where it is immediately thrown to the outer edges of the centrifuge by centrifugal forces.
The centrifuge rotates at a normal speed of approximately 2,400 to 2,600 rpm’s. The sludge
and water separate as the bowl rotates at high speeds thus causing water to be on the inward
side of the centrifuge and the sludge to be along the outer edge. A conveyor (scroll) inside the
centrifuge moves at a slightly slower speed than the bowl and this conveyor moves the sludge
to one end of the centrifuge. The sludge (biosolids) falls through a set of holes and out of the
centrifuge. The dewatered biosolids drop through a discharge chute connected to each
centrifuge and then onto the Receiving Conveyors (Conveyor Nos. 1A and 2A) located below
the centrifuges.
The centrate flows from the centrifuge through holes on the opposite end of the unit from the
dewatered biosolids. There are adjustable weirs (dams) on the centrate end which are used to
adjust the pool (water) depth in the centrifuge. These dams are set during the initial start-up
and are very rarely changed. To change the pool depth the centrifuge must be shutdown and
parts of the centrifuge must be dissembled to get to the dams. The centrate that leaves the
centrifuges flows by gravity to the 54-inch Gills Creek Influent Sewer and back to the Plant
headworks.
The two centrifuges were originally installed in 1994 and recently refurbished in 2012. The
original capacity of each centrifuge was 2,200 lbs/hr. After the 2012 modifications each
centrifuge is currently rated at 2,750 lbs/hr which is based on an influent feed rate of 275 gpm at
an influent solids concentration of 2% total solids. This is equivalent to approximately 33 dry
tons of solids per day per unit. The centrifuges are designed to produce a dewatered sludge
cake with a total solids concentration of 27-28%.
8.1.4

Polymer Feed System

The successful operation of the centrifuges requires that the anaerobically digested sludge be
conditioned prior to entering the centrifuges. A cationic or emulsion type polymer is typically
used to condition the anaerobically digested sludge to enhance the dewatering process.
The polymer system was originally designed to mix dry polymer with water and then send the
polymer solution to the centrifuges. The dry polymer would be mixed with water and stored in
two (2) Polymer Solution Tanks, as shown in Figure No. 8-2. Each Polymer Solution Tank
contains a mixer to keep the polymer in solution. The polymer solution is then removed from
the Polymer Solution Tanks by two (2) positive displacement, progressive cavity type pumps.
Each Polymer Feed Pump is rated at 1.4-14 gpm at a total dynamic head of 162 ft (70 psig).
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The polymer solution is discharged into the sludge feed pipes to centrifuges. There are two (2)
polymer application points for polymer to the centrifuges. The first application point is on the
second floor of the Sludge Dewatering Building and the other application point is located on the
upper floor of the Sludge Dewatering Building located next to the centrifuge, as previously
shown in Figure No. 8-2.
Presently, the plant personnel are evaluating and using a liquid polymer. The concentrated
liquid polymer (neat polymer) is stored in a tote located on the ground floor of the Sludge
Dewatering Building. The neat polymer is blended in a high energy mix unit and then the
polymer solution is sent to the application points.
8.1.5

Dewatered Biosolids Conveying System

The dewatered solids drop through a discharge chute at each centrifuge. The dewatered solids
fall onto individual screw conveyors (Sludge Screw Conveyor Nos. 1A and 2A), as shown on
Figure No. 8-3. The dewatered sludge is then transferred to Sludge Conveyor Nos. 1B or 2B
depending upon which centrifuge is in service and how the discharge gates are set on Sludge
Conveyor Nos. 1A and 2A. To feed the Sludge Incinerators, the dewatered sludge falls onto
Sludge Conveyor Nos. 1C and 2C. The dewatered sludge from Centrifuge No. 1 is typically fed
to Incinerator No. 1 and Centrifuge No. 2 feeds dewatered sludge to Incinerator No. 2; however,
if only one incinerator is in service, then both centrifuges can feed that in-service incinerator by
properly setting the gates on the feed conveyors.
If dewatered sludge is to be taken off-site and sent to a landfill for disposal, then the dewatered
sludge is transferred from Sludge Conveyor Nos. 1B and/or 2B to the Bypass Conveyor. The
By-pass Conveyor discharges the dewatered sludge into the Sludge Loading Bin. The
Unloading Conveyor located beneath the Sludge Loading Bin is used to remove the sludge from
the sludge bin to a dumpster or truck for off-site disposal.
It is important to note that Sludge Conveyor Nos. 1A and 2A are reversing type conveyors.
These conveyors operate in the reverse direction when the centrifuge is first starting up and
when the centrifuge is in a Clean-In-Place (CIP) mode of operation. During centrifuge start-up
the sludge conveyor will run in the reverse direction until the centrifuge makes a “Plug” (seal).
At that time the conveyor will change direction and send dewatered sludge cake to the other
conveyors. Sludge Conveyor Nos. 1A and 2A also contain a wash water spray system to clean
the conveyor while it is in the reverse direction so it does not plug with solids. By reversing the
direction of the conveyor it stops sloppy (watery) sludge from getting to the other conveyors and
resulting in problems.
Sludge Conveyor Nos. 1A and 2A will also reverse when the centrifuge is shutdown and it goes
in the Clean-In-Place mode of operation. Again, this is to keep water from passing to the
downstream conveyors.
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8.2

EQUIPMENT OPERATION

8.2.1

Introduction

This section describes the equipment for the plant solids dewatering process. It includes the
operation of the sludge storage tank mixer, in-line sludge grinders, centrifuge sludge feed
pumps, centrifuges, polymer feed system, conveyor system and the controls systems, meters,
etc., associated with this equipment. The operation as described here involves only normal
operation and control of the equipment. For further information regarding the internal operation
and maintenance of a particular piece of equipment, consult the equipment manufacturer’s
operation and maintenance manual and shop drawings on file in the Maintenance Building and
record room of the Administration Building. In describing the energizing of the equipment, it is
assumed that the proper circuit breakers on the control panels are closed.
Most electric motors are equipped with a “Lock-Out-Stop” or “Emergency Stop” switch located at
the unit. These switches are provided as a safety measure for emergency shutdown of the
motor or for “locking-out” the motor to prevent accidental starting while maintenance or repair is
in progress. When a piece of equipment is locked out, the Employees must follow the City’s
Lock-out/Tag-out Program. A copy of the City’s Lock-out/Tag-out requirements is provided in
Appendix B of this manual. The switches are normally in the “Start” or “On” position so that
control of the motors is from the motor control center, selector switches at the motor, remote
control panels or on the Supervisory Control and Data Acquisition (SCADA) System.
Operators must be aware that there are multiple ways to navigate through the SCADA screens
and the following write-ups discuss only one method of maneuvering through these screens.
Operators must find a method that makes them feel comfortable and enables them to control
the equipment efficiently. Please note that depending upon the control location within the plant
the equipment can be controlled by using different procedures on SCADA. For example, if the
Operator is controlling thickening equipment from an Air Flotation Thickener Building, the
Operators would use the function buttons (F) to step through the screens and control
equipment. However, if that same equipment is being controlled from a computer in a remote
location, then the Operator must use the cursor to select and control equipment. The basic
controls are the same but how an Operator pulls up and controls that equipment at the various
SCADA screens is different.
8.2.2

Sludge Storage Tank Mixer

8.2.2.1

Introduction

A mechanical mixer is installed in the Digested Sludge Storage (Mix) Tank located in the Sludge
Dewatering Building. The mixer is a vertically mounted mixer that is used to keep the solids in
the storage tank in suspension so the centrifuges receive a consistent sludge concentration.
The mixer is driven by 10 Hp motor that receives 480 volt, three phase, electrical power from
Motor Control Center MCC4 located in the Sludge Dewatering Building Electrical Room.
8.2.2.2

Start-up Procedures
1.

Ensure that there is liquid in the storage tank above the mixer blades.
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2.

Ensure that the Emergency Stop button located near the Sludge Storage Tank
Mixer is properly set, so the mixer will start and stop as required.

3.

Place the “On-Off” circuit breaker located on Motor Control Center MCC4 for the
Sludge Storage Tank Mixer to the “On” position. During normal operation, this
switch is always in the “On” position and only requires occasional checking to
ensure it has not tripped.

4.

Place the “Off-Auto” selector switch located on Motor Control Center MCC4 for
the Sludge Storage Tank Mixer to the “Auto” position. In the “Off” position, the
Mixer will not operate.

The Operators can now control the Sludge Storage Tank Mixer from the Sludge Dewatering
System Control Station located in the Control Room of the Sludge Dewatering Building or from a
remote SCADA Operator Interface Panel.
5.

Pull up the Main Menu, as shown in Figure No. 8-4.

6.

On the Main Menu, the Operator must log-in so he/she can control equipment
from this location.

7.

On the Main Menu place the cursor on the button that indicates Sludge/Polymer
Feed System display and click the left mouse button.

8.

The Sludge/Polymer Feed System display will appear on the screen, as shown in
Figure No. 8-5.

9.

On this display screen place the cursor on the Sludge Mixer motor and click the
left mouse button. The Sludge Mixer Control pop-up display will appear on the
screen, as shown in Figure No. 8-6.

10.

On the Sludge Mixer Control pop-up screen place the cursor on the Mixer Start
Level box and click the left mouse button. Type in the desired start liquid level
setting and confirm the setting by placing the cursor on the “Set” button and
clicking the left mouse button. The initial recommended setting is 6 ft.

11.

On the Sludge Mixer Control pop-up screen place the cursor on the Mixer Stop
Level box and click the left mouse button. Type in the desired stop liquid level
setting and confirm the setting. The initial recommended setting is 5 ft.

12.

On the Sludge Mixer Control pop-up screen place the cursor on the “Auto/Man”
mode button and click the left mouse button. Set the Mixer on “Auto” mode of
operation. In the “Man” mode of operation the Mixer is controlled by using the
“Start” and “Stop” buttons on the pop-up display.

13.

Close the Sludge Mixer Control pop-up screen by placing the cursor on the “X” in
the upper right hand corner and clicking the left mouse button.
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FIGURE NO. 8-4 – DEWATERING AND INCINERATION MAIN MENU DISPLAY SCREEN
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FIGURE NO. 8-5 – SLUDGE/POLYMER FEED SYSTEM DISPLAY SCREEN
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FIGURE NO. 8-6 – SLUDGE MIXER CONTROL DISPLAY SCREEN

8.2.2.3

Normal Operation

The Sludge Storage Tank Mixer is normally operated in the “Automatic” mode of operation. In
this mode of operation the Mixer will automatically start when the liquid level in the Sludge
Storage Tank reaches the preset liquid level of say 6 ft. As long as the liquid level is above
preset “Start” liquid level, as set on Sludge Mixer Control display, then the Mixer will be in
operation. The Mixer will automatically stop when the liquid level in the Sludge Storage Tank
recedes down to preset “Stop” liquid level, as set on the Sludge Mixer Control display. At this
time the “Stop” liquid level is at 5 ft. Therefore, once the liquid level in the Sludge Storage Tank
reaches 5 ft., then the Mixer will stop. The “Stop” elevation should be located near the mixer
blades.
The Sludge Mixer Control pop-up display shows the actual Sludge Storage Tank Liquid Level.
This Sludge Mixer Control pop-up display also shows what mode (Auto/Man) of operation the
Mixer is in and whether Mixer is running or stopped.
8.2.2.4

Shutdown Procedures
1.

For a short-term shutdown, pull up the Sludge Mixer Control pop-up display at
the Sludge Dewatering System Control Station and place the cursor on the
“Auto/Man” button. Press the left mouse button to change the operating mode to
“Manual”. Once the Mixer is in the manual mode of operation then place the
cursor on “Stop” button and click the left mouse button.
The Mixer can also be stopped by placing the “Off-Auto” selector switch located
on Motor Control Center MCC4 to the “Off” position.

2.
8.2.2.5

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC4 to the “Off” position.
Alternate Operation

During normal operation, the Sludge Storage Tank Mixer is operated in the “Automatic” mode of
operation. The Mixer can be operated in the “Manual” mode of operation from the Dewatering
System Control Station. The Mixer can also be operated in the “Manual” mode of operation
from the SCADA system. At the Sludge Dewatering System Control Station, pull up the pop-up
display showing the Sludge Mixer Control panel. Place the cursor on the “Auto/Man” button and
place the Mixer in “Manual”. The Mixer can now be controlled at this location using the “Start”
and “Stop” buttons on the computer screen.
It is important to note that when the Mixer is being operated in the “Manual” mode of operation
the Operators must carefully monitor the liquid level in the Sludge Storage Tank. The Mixer
should not be operated if the liquid level is below the lower mixer blades. A liquid level of 5 ft.
should be used as the “Stop” level. Operating the Mixer below the mixing blades will serve no
purpose. In addition, the Mixer may become damaged if the mixer shaft is spinning without
liquid to keep it stabilized. The long shaft could wobble excessively when there is no liquid in
the tank, thus resulting in bearing problems.
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8.2.2.6

Power Failure

If there is a power failure, the Mixer will stop if it is operating. After utility power is restored the
Mixer will automatically come back on-line if the liquid in the Sludge Storage Tank is above the
“Start” liquid level. If the Mixer was in the “Manual” mode of operation, the Mixer will
automatically come back on-line regardless of the liquid level in the storage tank.
8.2.3

Centrifuge Feed In-line Grinder Nos. 1 and 2

8.2.3.1

Introduction

The digested sludge is removed from the Sludge Storage Tank (Sludge Mix Tank) on the
ground floor of the Sludge Dewatering Building where it first passes through two (2) in-line
sludge grinders (macerators). The grinders are used to reduce the size of the solids in the
digested sludge prior to being pumped to the centrifuges. The in-line sludge grinders can be
operated automatically or manually but they are typically operated automatically. Each in-line
sludge grinder is rated at 400 gpm.
The in-line sludge grinders are each driven by a 3 Hp motor that receives 480 volt, three phase,
electrical power from Motor Control Center MCC4 located in the Electrical Room of the Sludge
Dewatering Building.
8.2.3.2

Start-up Procedures
1.

Ensure that the valves on the inlet and discharge side of the grinders are open.

2.

Ensure that the Emergency Stop button located near each Centrifuge Feed
Grinder (Macerator) is properly set, so the grinders will start and stop as
required.

3.

Place the “On-Off” circuit breaker located on Motor Control Center MCC4 for
each Centrifuge Feed Grinder (Macerator) to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

4.

Place the “Off-Auto” selector switch located on Motor Control Center MCC4 for
each Centrifuge Feed Grinder (Macerator) to the “Auto” position. In the “Off”
position the Grinder (macerator) will not operate.

The Operators can now control the Centrifuge Feed Grinders (Macerators) from the Sludge
Dewatering System Control Station located in the Control Room of the Sludge Dewatering
Building or from a remote SCADA Operator Interface Panel.
5.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

6.

On the Main Menu, the Operator must log-in so he/she can control the equipment
from this location.
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7.

On the Main Menu screen place the cursor on the button that indicates
Sludge/Polymer Feed System display and click the left mouse button.

8.

The Sludge/Polymer Feed System display will appear on the screen, as
previously shown in Figure No. 8-5.

9.

On this display screen place the cursor on the Centrifuge Feed Grinder (Muffin
Monster) icon and click the left mouse button. The Centrifuge Feed Grinder popup display will appear on the screen, as shown in Figure No. 8-7.

10.

On the Centrifuge Feed Grinder (Muffin Monster) pop-up screen place the cursor
on the “Auto/Man” mode button and click the left mouse button. Set the Grinder
in the “Auto” mode of operation. In the “Man” mode of operation the Grinder is
controlled by using the “Start” and “Stop” buttons on the pop-up display.

11.

Close the Muffin Monster Control (Grinder) pop-up screen by placing the cursor
on the “X” in the upper right hand corner and click the left mouse button.

8.2.3.3

Normal Operation

During normal operation the Centrifuge Feed Grinders are operated in the “Automatic” mode of
operation. In this mode of operation the Grinder will start when its respective Centrifuge Sludge
Feed Pump starts and the Grinder will stop when the Centrifuge Sludge Feed Pump stops.
While a centrifuge is in operation receiving sludge, then its respective sludge grinder must be in
operation.
8.2.3.4

Shutdown Procedures
1.

For a short-term shutdown, pull up the Centrifuge Feed Grinder (Muffin Monster)
pop-up display at the Sludge Dewatering System Control Station and place the
cursor on the “Auto/Man” button. Press the left mouse button to change the
operating mode to “Manual”. Once the Grinder is in the manual mode of
operation, then place the cursor on the “Stop” button and click the left mouse
button.
The Grinder can also be stopped by placing the “Off-Auto” selector switch
located on Motor Control Center MCC4 to the “Off” position.
Please note as long as the centrifuge is operational then the Centrifuge Feed
Grinder should not be stopped.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC4 to the “Off” position.
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FIGURE NO. 8-7 – SLUDGE GRINDER CONTROL DISPLAY SCREEN

8.2.3.5

Alternate Operation

As previously stated, the Centrifuge Feed Grinders are operated in the “Automatic” mode of
operation. An alternate mode of operation would be to place a Grinder into the “Manual” mode
of operation at the Sludge Dewatering System Control Station. Once the Grinder is in “Manual”
then it can be controlled by using the “Start” and “Stop” buttons on the Grinder pop-up display at
the Control Station. As long as a centrifuge is in operation, the Grinder must be in operation. In
the “Manual” mode of operation, once the Grinder is started it will operate continuously until the
Operator stops the unit.
8.2.3.6

Safety Conditions

The Grinders have a safety device that protects them from damage. The grinder is designed to
automatically reverse if a jam is sensed by the grinder. The grinder will automatically reverse
three (3) times before it shuts down if the jam does not clear. After the grinder shuts down an
alarm will sound at the Sludge Dewatering System Control Station. Also, a fault light will
illuminate on Motor Control Center MCC4. If the grinder shuts down because of an overload or
jam, then the grinder must be “Reset” after the problem has been corrected. This is
accomplished by pressing the “Reset” button located on Motor Control Center MCC4.
8.2.3.7

Power Failure

If there is a power failure and the grinder was operating, it will stop. After utility power is
restored and the grinder was in the “Automatic” mode of operation, then the grinder will not start
until its respective Centrifuge Sludge Feed Pump starts.
8.2.4

Centrifuge Sludge Feed Pump Nos. 1 and 2

8.2.4.1

Introduction

There are two (2) positive displacement, progressive cavity type pumps located on the ground
floor of the Sludge Dewatering Building. These pumps are referred to as Centrifuge Sludge
Feed Pumps and they are used to transfer sludge from the Digested Sludge Storage (Mix) Tank
to the centrifuges located in the Sludge Dewatering Building. Each pump is rated at 100-300
gpm at a total dynamic head of 185 ft. (80 psig).
Each pump is driven by a 30 Hp motor that receives 480 volt, three phase, electrical power from
the Variable Frequency Drive Panels located in the Electrical Room of the Sludge Dewatering
Building. The Variable Frequency Drive Panels receive 480 volt, three phase, electrical power
from Main Switchboard MS (Distribution Panel DP5) located in the Electrical Room of the
Sludge Dewatering Building.
8.2.4.2

Start-up Procedures
1.

Ensure that the valves on the suction and discharge side of the pumps are open.

2.

Ensure that the valves on the suction and discharge side of the centrifuge feed
in-line grinders are open.
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3.

Ensure that the Centrifuge Feed Grinders are in service. Refer to Section 8.2.3.

4.

Place the “On-Off” circuit breaker located on Main Switchboard MS (Distribution
Panel DP5) for each Centrifuge Feed Pump to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

5.

Place the “On-Off” circuit breaker located on the Variable Speed Drive Panel for
each Centrifuge Sludge Feed Pump to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

6.

On the Variable Frequency Drive Panel use the keypad on the programmable
logic controller (PLC) to place the drive in the “Automatic” mode of operation.
The Operator will have to scroll through the PLC Menu using the up and down
arrows and the “Select” (SEL) keypads. Once the unit is in “Automatic” use the
“Enter” keypad (a left turning arrow keypad) to confirm the selection.

7.

Place the “Local-Remote” selector switch located on the Variable Frequency
Drive (VFD) to the “Remote” position. In the “Local” position, the pump can be
operated locally using the “Start” and “Stop” pushbuttons on the Variable
Frequency Drive Panel. The pump output can also be changed at this location
using the PLC and when the VFD is in the “Local” mode of operation.

The Operator can now control the Centrifuge Sludge Feed Pumps from the Sludge
Dewatering System Control Station located in the Control Room of the Sludge
Dewatering Building or from a remote SCADA Operator Interface Panel.
8.

Pull-up the Main Menu, as previously shown in Figure No. 8-4.

9.

On the Main Menu, the Operator must log-in so he/she can control the equipment
from this location.

10.

On the Main Menu screen place the cursor on the button that indicates
Sludge/Polymer Feed System and click the left mouse button.

11.

The Sludge/Polymer Feed System display will appear on the screen, as
previously shown in Figure No. 8-5.

12.

On this display screen place the cursor on the Centrifuge Sludge Feed Pump
icon and click the left mouse button. The Centrifuge Feed Pump pop-up display
will appear on the screen, as shown in Figure No. 8-8.

13.

On the Centrifuge Sludge Feed Pump pop-up screen place the cursor on the
“Auto/Man” mode button and click the left mouse button. Set the Centrifuge
Sludge Feed Pump in the “Auto” mode of operation. In the “Man” mode of
operation the Centrifuge Sludge Feed Pump is started and stopped by using the
“Start” and “Stop” buttons on the pop-up display.

8-16
L:\Columbia Operations Manual-Chap 8

8-17

L:\Columbia Operations Manual-Chap 8

FIGURE NO. 8-8 – CENTRIFUGE SLUDGE FEED PUMP CONTROL DISPLAY SCREEN

14.

The pump output can be adjusted by placing the cursor on the “Speed Output”
box and clicking the left mouse button. A number pop-up display will appear.
Set the pump output to the required speed based on the sludge characteristics to
the centrifuge.

15.

Once the desired pump output has been set, place the cursor on “Set” and click
the left mouse button.

16.

Close the Centrifuge Sludge Feed Pump Control pop-up screen by placing the
cursor on the “X in the upper right hand corner and clicking the left mouse button.

17.

Repeat Step Nos. 11-15 to place the second Centrifuge Sludge Feed Pump into
operation, if required.

18.

Once the sludge grinder, polymer feed pump and sludge feed pump are placed in
automatic, then place the cursor on the “Auto Start” button for the Centrifuge
Feed System and click the left mouse button.

8.2.4.3

Normal Operation

During normal operation the Centrifuge Sludge Feed Pumps will be in the “Automatic” mode of
operation. In this mode of operation the feed pumps will start and stop automatically as
controlled by the automatic starting and stopping sequence of the Centrifuge. When the “Auto
Start” button is pressed for the Centrifuge there are a sequence of steps before the sludge is
pumped to the centrifuge.
The centrifuge start-up steps are as follows:
a)

Bring bowl up to speed.

b)

Start initial flush water.

c)

Start the incline conveyor (Conveyor 1A or 2A depending upon the centrifuge
being started) in the reverse direction.

d)

Start the incline conveyor flush water.

e)

Start the polymer feed pump.

f)

Start the sludge feed pump

g)

Start the sludge in-line grinder (Macerator/Muffin Monster).

h)

After the centrifuge makes a “seal”, then the incline conveyor (Conveyor Nos. 1A
or 2A) will change to the “Forward” position and the conveyor spray water will
stop.

When the “Centrifuge Stop” button is pressed then the centrifuge shuts down in a sequence of
steps. The first piece of equipment that stops is the centrifuge sludge feed pump, followed by
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the centrifuge feed grinders and the polymer feed pump. For further information concerning the
operation of the centrifuges, refer to Section 8.2.6 in this section of the chapter.
While the centrifuge is in service the Centrifuge Sludge Feed Pump will automatically increase
and decrease in speed to maintain the preset loading rate on the centrifuge.
The centrifuge feed pumps are interlocked with the operation of the centrifuge and the liquid
level in the Digested Sludge Storage (Mix) Tank. If the centrifuge shuts down due to a problem,
or if the centrifuge shuts down due to a conveyor stoppage, then the centrifuge feed pump will
also stop. The Centrifuge Sludge Feed Pump will also automatically stop if the liquid level in the
Digested Sludge Storage (Mix) Tank reaches a preset low level.
8.2.4.4

8.2.4.5

Shutdown Procedures
1.

For a short-term shutdown, stop the Centrifuge Sludge Feed Pump at the Sludge
Dewatering System Control Station by pulling up the Centrifuge Feed Pump
Control pop-up display and placing the pump into the “Manual” mode of
operation. Once the pump has been placed into the “Manual” mode of operation,
then the pump can be stopped using the “Stop” button on the pop-up display.
The pump can be stopped on SCADA or the Variable Frequency Control Panel;
however, these are not the preferred methods. It is recommended that the
Operator be near a centrifuge when there is a shutdown.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” disconnect switch on the Variable Frequency Controller, and the “On-Off”
circuit breaker on Main Switchboard MS (Distribution Panel DP5) to the “Off”
positions.
Alternate Operation

There are several alternate modes of operation for the Centrifuge Sludge Feed Pumps.
Typically, one or two centrifuges will be in operation at one time.
The first alternate mode of operation would be to operate the Centrifuge Sludge Feed Pump
manually from Sludge Dewatering System Control Station. This is accomplished by pulling up
the pump control panel screen. Once the pump controls are displayed, place the cursor on
“Man” (Manual) and click the left mouse button. The Operator can now start and stop the
sludge feed pump from this location by using the “Start” and “Stop” buttons on the Sludge Feed
Pump pop-up display. The Operator can also change the pump output by placing the cursor on
the pump output box and typing in the new pump output. Once the new pump output is
determined, then the Operator must place the cursor on the “Set” button and click the left mouse
button to confirm the setting. In this mode of operation, the Operator working with the centrifuge
must be in frequent communication with the Operator in the Control Room so the pump output
can be properly adjusted to ensure the best centrifuge performance.
A second alternate mode of operation would be to control the Centrifuge Sludge Feed Pump
from the Variable Frequency Drive Panel. This is accomplished by placing the “Local-Remote”
selector switch on the variable frequency drive panel to the “Local” position. The pump output
can now be controlled using the output arrows located on the variable frequency drive panel.
This mode of operation should only be used as a temporary control mode.
8-19
L:\Columbia Operations Manual-Chap 8

8.2.4.6

Power Failure

If there is a power failure, the Centrifuge Sludge Feed Pump will stop. After utility power is
restored, the pumps must be restarted in the proper sequence of operation for the centrifuge.
8.2.5

Centrifuge Polymer Feed Pump Nos. 1 and 2

8.2.5.1

Introduction

The concentrated (neat) polymer is mixed with water in the two (2) Polymer Mixing Tanks.
Originally, the plant personnel were using a dry polymer that was supplied in “super sacks”.
The dry polymer was fed to a mixing device where water was added to make a polymer
solution. The polymer solution was then transferred to the Polymer Mixing Tanks. Presently,
plant personnel are using a liquid polymer for the centrifugation process.
There are two (2) positive displacement progressive cavity type pumps that are used to remove
polymer solution from the Polymer Mixing Tanks and discharge it into the sludge piping to the
centrifuges. Each Centrifuge Polymer Feed Pump is rated at 1.4-14 gpm at a total dynamic
head of 162 ft. (70 psig). The polymer feed pumps are connected to variable frequency drive
panels so the pump output can be adjusted to meet the sludge characteristics being fed to the
centrifuges.
Each Centrifuge Polymer Feed Pump is connected to a variable frequency drive (VFD) unit
located in the Electrical Room of the Sludge Dewatering Building. Each pump is driven by a 3
Hp motor that receives 480 volt, three phase electrical power from Main Switchboard MS
(Distribution Panel DP5) located in the Electrical Room of the Sludge Dewatering Building.
8.2.5.2

Start-up Procedures
1.

Ensure that the valves on the suction and discharge side of the pumps are open.

2.

Ensure that there is polymer solution in the Polymer Mixing Tanks.

3.

Ensure that the manual valves and solenoid valve for the non-potable water
supply system on the discharge side of the polymer feed pumps are open and
ready for operation. The non-potable water connections for each polymer pump
discharge are located at the Digested Sludge Mix Tank.

4.

Ensure that the “Emergency Stop” button located at each Centrifuge Polymer
Feed Pump is properly set, so the pumps will start and stop as required.

5.

Place the “On-Off” circuit breaker located on Distribution Panel DP5 for each
Centrifuge Polymer Feed Pump to the “On” position. During normal operation,
these switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.

6.

Place the “On-Off” circuit breaker located on the Variable Speed Drive Panel for
each Centrifuge Polymer Feed Pump to the “On” position. During normal
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operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.
7.

On the Variable Frequency Drive Panel use the keypad on the programmable
logic controller (PLC) to place the drive in the “Automatic” mode of operation.

8.

Place the “Local-Remote” selector switch located on the Variable Frequency
Drive Panel to the “Remote” position. In the “Local” position, the pump can be
operated locally using the “Start” and “Stop” pushbuttons on the Variable
Frequency Drive Panel. The pump output can also be changed at this location
using the PLC and when the VFD is in the “Local” mode of operation.

The Operator can now control the Centrifuge Polymer Feed Pumps from the Sludge Dewatering
System Control Station located in the Control Room of the Sludge Dewatering Building or from a
remote SCADA Operator Interface Panel.
9.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

10.

On the Main Menu, the Operator must log-in so he/she can control the equipment
from this location.

11.

On the Main Menu screen place the cursor on the button that indicates
Sludge/Polymer Feed System display and click the left mouse button.

12.

The Sludge/Polymer Feed System display will appear on the screen, as
previously shown in Figure No. 8-5.

13.

On this display screen place the cursor on the Centrifuge Polymer Feed Pump
icon and click the left mouse button. The Centrifuge Feed Pump pop-up display
will appear on the screen, as shown in Figure No. 8-9.

14.

On the Centrifuge Polymer Feed Pump pop-up screen place the cursor on the
“Auto/Man” mode button and click the left mouse button. Set the Centrifuge
Polymer Feed Pump in the “Auto” mode of operation. In the “Man” mode of
operation the Centrifuge Polymer Feed Pump is started and stopped by using the
“Start” and “Stop” buttons on the pop-up display.

15.

The pump output can be adjusted by placing the cursor on the “Speed Output”
box and clicking the left mouse button. A number pop-up display will appear.
Set the pump output to the required speed based on the sludge characteristics to
the centrifuge.

16.

Once the desired pump output has been set place the cursor on “Set” and click
the left mouse button.

17.

Close the Centrifuge Polymer Feed Pump Control pop-up screen by placing the
cursor on the “X” in the upper right hand corner and clicking the left mouse
button.
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`` FIGURE NO. 8-9 – CENTRIFUGE POLYMER FEED PUMP CONTROL DISPLAY SCREEN

18.
8.2.5.3

Repeat Step Nos. 11-17 to place the second Centrifuge Polymer Feed Pump into
operation if required.
Normal Operation

During normal operation the Centrifuge Polymer Feed Pumps will be in the “Automatic” mode of
operation. In this mode of operation the feed pumps will start and stop automatically as
controlled by the automatic starting and stopping sequence of the Centrifuge. When the “Auto
Start” button is pressed for the Centrifuge there are a sequence of steps before polymer is
pumped to the centrifuge.
The centrifuge start-up steps are as follows:
a)

Bring bowl up to speed.

b)

Start initial flush water.

c)

Start the incline conveyor (Conveyor 1A or 2A depending upon the centrifuge
being started) in the reverse direction.

d)

Start the incline conveyor flush water.

e)

Start the polymer feed pump.

f)

Start the sludge feed pump

g)

Start the sludge in-line grinder (Macerator/Muffin Monster).

h)

After the centrifuge makes “seal”, then the incline conveyor (Conveyor Nos. 1A or
2A) will change to the “Forward” position and the conveyor spray water will stop.

When the “Centrifuge Stop” button is pressed then the centrifuge shuts down in a sequence of
steps. The first piece of equipment that stops is the centrifuge sludge feed pump, followed by
the centrifuge feed grinders and the polymer feed pump. For further information concerning the
operation of the centrifuges, refer to Section 8.2.6 in this section of the chapter.
While the centrifuge is in service the Centrifuge Polymer Feed Pump will automatically increase
and decrease in speed to maintain the preset polymer rate on the centrifuge.
The Centrifuge Polymer Feed Pumps are interlocked with the operation of the centrifuge and
the liquid level in the Digested Sludge Storage (Mix) Tank. If the centrifuge shuts down due to a
problem, or if the centrifuge shuts down due to a conveyor stoppage, then the centrifuge
polymer feed pump will also stop. The Centrifuge Polymer Feed Pump will also automatically
stop if the liquid level in the Digested Sludge Storage (Mix) Tank reaches a preset low level.
8.2.5.4

Shutdown Procedures
1.

For a short-term shutdown, stop the Centrifuge Polymer Feed Pump at the
Sludge Dewatering System Control Station by pulling up the Centrifuge Polymer
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Feed Pump Control pop-up display and placing the pump into the “Manual” mode
of operation. Once the pump has been placed into the “Manual” mode of
operation then the pump can be stopped using the “Stop” button on the pop-up
display. The pump can be stopped on SCADA or the Variable Frequency Control
Panel; however, these are not the preferred methods. It is recommended that
the Operator be near a centrifuge when there is a shutdown.
2.

8.2.5.5

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” disconnect switch on the Variable Frequency Drive, and the “On-Off” circuit
breaker on Main Switchboard MS (Distribution Panel DP5) to the “Off” positions.
Alternate Operation

There are several alternate modes of operation for the Centrifuge Polymer Feed Pumps.
Typically, one or two centrifuges will be in operation at one time.
The first alternate mode of operation would be to operate the Centrifuge Polymer Feed Pump
manually from the Sludge Dewatering System Control Station. This is accomplished by pulling
up the pump control panel screen. Once the pump controls are displayed, place the cursor on
“Man” (Manual) and click the left mouse button. The Operator can now start and stop the
polymer feed pump from this location by using the “Start” and “Stop” buttons on the Polymer
Feed Pump pop-up display. The Operator can also change the pump output by placing the
cursor on the pump output box and typing in the new pump output. In this mode of operation,
the Operator working with the centrifuge must be in frequent communication with the Operator
in the Control Room so the pump output can be properly adjusted to ensure the best centrifuge
performance.
A second alternate mode of operation would be to control the Centrifuge Polymer Feed Pump
from the Variable Frequency Drive Panel. This is accomplished by placing the “Local-Remote”
selector switch on the variable frequency drive panel to the “Local” position. The pump output
can now be controlled using the output arrows located on the variable frequency drive panel.
This mode of operation should only be used as a temporary control mode.
8.2.5.6

Power Failure

If there is a power failure, the Centrifuge Polymer Feed Pump will stop. After utility power is
restored, the pumps must be restarted in the proper sequence of operation for the centrifuge.
8.2.6

Centrifuge Nos. 1 and 2

8.2.6.1

Introduction

The digested sludge from the Digested Sludge Storage (Mix) Tank is pumped to two (2) solid
bowl centrifuges located on the upper floor of the Sludge Dewatering Building. The bowl for
each centrifuge rotates at speeds between 2,400 to 2,600 rpm’s. At these speeds when the
sludge is conditioned with polymer it causes the water and solids to separate along the outer
walls of the unit. A screw conveyor inside the centrifuge moves the dewatered solids to one end
of the unit. Towards the discharge end of the centrifuge there is a conical section where the
screw conveyor moves the solids up the conical section towards the sludge discharge ports. As
the solids are traveling up the conical section the water falls back into the centrifuge. The water
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(centrate) that falls back into the pool leaves the centrifuge on the opposite end of the machine
over a set of weirs (dams). Each centrifuge is designed for a hydraulic capacity of 275 gpm and
a solids loading rate of 2,750 lbs dry solids/hr, at a feed sludge total solids concentration of 2%.
Each centrifuge is driven by a Main Motor that is 300 Hp in size and receives 480 volt, three
phase, electrical power from the Centrifuge Control Panels located on the upper floor of the
Sludge Dewatering Building. The Centrifuge Control Panels receive 480 volt electrical power
from Main Switchboard MS (Distribution Panel DP5) located in the Electrical Room of the
Sludge Dewatering Building. Each centrifuge also utilizes a 100 Hp, direct current, motor to
drive the screw conveyor (scroll) inside the centrifuge. This motor is referred to as the
Backdrive Motor. The backdrive motors receive power from the Centrifuge Control Panels
located on the upper floor of the Sludge Dewatering Building.
8.2.6.2

Start-up Procedures
1.

2.

Conduct the centrifuge pre-start-up checks. These pre-start-up checks include,
but are not limited to:
a)

Check Main Bearing Oil Reservoir. Check for proper oil level in the sight
glass.

b)

Ensure that the manual valves on the non-potable water lines are open
and/or properly set. This includes the valves to the incline screw
conveyor (Conveyor Nos. 1A and 2A), to the centrifuge flush system, etc.

c)

Ensure that the automatic non-potable water valves have power and they
are properly set.

d)

Ensure that the dewatered sludge conveyor gates are properly set.

e)

Ensure that the dewatered sludge conveyors are ready for operation.

f)

If the dewatered sludge is going to the truck loading station, then ensure
that there is a dumpster or truck in place to receive the sludge.

g)

Ensure that all of the safety guards are in place on the centrifuges.

h)

Ensure all centrifuge alarms are cleared.

i)

Ensure that the polymer system is ready.

j)

Ensure that the sludge valves from the Digester Sludge Storage (Mix)
Tank to the centrifuges are open.

k)

Ensure that sludge grinders and sludge pumps have power and they are
ready for operation.

Inside each Centrifuge Control Panel ensure that all of the “On-Off” circuit
breakers are to the “On” position. These circuit breakers will be for the Lube Oil
Pump, D.C Blower, transformer, 120 volt control power, etc. This step should be
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accomplished by an Electrician. During normal operation, these switches are
always in the “On” position and only require occasional checking to ensure that
they have not tripped.
3.

Place the “On-Off” circuit breaker located on Main Switchboard MS (Distribution
Panel DP5) for each Centrifuge to the “On” position. During normal operation,
these switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.

4.

Place the “On-Off” circuit breaker located on each Centrifuge Control Panel to
the “On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they have not
tripped.

5.

Ensure that the Centrifuges are in the “Remote” and “Automatic” mode of
operation at the Centrifuge Control Panel using the keypad.

6.

At the Centrifuge Control Panel press the “Start” button for the Centrifuge Lube
Pump for the Centrifuge to be started. Please note that the Centrifuge Lube
Pump must be manually started before the Centrifuge can be started. Check the
lube oil pressure and flow before leaving the area. The flow should be
approximately 1.2-1.5 gpm at a pressure of 15 psig.

7.

Place the “Hand-Off-Auto” selector switch located on the Centrifuge Control
Panel for the NPW Flush Valve to the “Auto” position. In the “Off” position the
Flush Water System will not operate. In the “Hand” position, the Flush Water will
be controlled at this local panel.

The Operator can now control the Centrifuges from the Sludge Dewatering System
Control Station located in the Control Room of the Sludge Dewatering Building or from a
remote SCADA Operator Interface Panel.
8.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

9.

On the Main Menu the Operator must log-in so he/she can control the system.

10.

On the Main Menu screen place the cursor on the button that indicates
Sludge/Polymer Feed System and click the left mouse button.

11.

Sludge/Polymer Feed System display will appear on the screen, as previously
shown in Figure No. 8-5.

12.

Place the cursor on the Non-potable Water valve on the discharge side of the
Centrifuge Sludge Feed Pumps and click the left mouse button.

13.

The Centrifuge NPW Valve Control pop-up display will appear on the screen, as
shown in Figure No. 8-10.
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FIGURE NO. 8-10 – CENTRIFUGE NON-POTABLE WATER VALVE DISPLAY SCREN

14.

Place the cursor on the “Auto/Man” mode button and click the left mouse button.
Set the Centrifuge NPW Valve in the “Auto” mode of operation. In the “Man”
mode of operation, the NPW Valve can be controlled by using the “Open” and
“Close” buttons on the pop-up display.

15.

Close the pop-up display and repeat Step Nos. 12-14 for the second NPW Valve.

16.

Close the pop-up display by placing the cursor on the “X” in the right hand corner
and click the left mouse button.

17.

Return to the Main Menu by placing the cursor on the “Main Menu” icon on the
left side of the display and clicking the left mouse button.

18.

On the Main Menu screen place the cursor on the button that indicates
Centrifuges and click the left mouse button.

19.

The Centrifuge display will appear on the screen, as shown in Figure 8-11.

20.

On this display screen, place the cursor on the Centrifuge and click the left
mouse button.

21.

The Centrifuge No. 1 or 2 Remote Control Panel pop-up display will appear on
the screen, as shown in Figure No. 8-12.

22.

On the pop-up display there are three (3) Centrifuge Modes of Control and an
indication of the Bowl Speed in revolutions per minute. The three (3) Control
Modes are


Pinion Speed



Delta Speed



Load

The “Pinion Speed” control is used if the Operator wants to control the centrifuge
by setting the scroll at a set speed. The “Delta Speed” control is used if the
Operator wants to control the centrifuge by setting the differential speed between
the bowl speed and scroll speed. The third control mode is the “Load” mode. In
the “Load” mode of operation, the Operator sets the sludge load into the
centrifuge. To use the required control mode the Operator must place the cursor
on the Control Mode to be used and click the left mouse button. The Control
Mode is set using the control indications located below the boxes. After the
desired Control Mode is selected, then place the cursor on the “Set” button and
click the left mouse button. Place the cursor on “Local” or “Remote” control and
click the left mouse button. In the “Remote” mode of operation the controller for
the centrifuge will automatically make the adjustments. In the “Local” mode the
Operator at the Sludge Dewatering System Control Station controls the settings.
Place the cursor on the “Set” button and click the left mouse button.
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`` FIGURE NO. 8-11 – CENTRIFUGE SYSTEM DISLAY SCREEN
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FIGURE NO. 8-12 – CENTRIFUGE CONRTROL PANEL DISPLAY SCREEN

23.

Typically the Operators control the centrifuges in the “Load” mode of operation.
Therefore, place the cursor on the “Percent” box and click the left mouse button.
Type in the desired load setting between 0-100%. The “Load” setting is based
on the feed sludge characteristics. An initial recommended setting is 50%, but
the centrifuge could be loaded heavier. After the desired load has been typed in
the box, then place the cursor on the “Set” box and click the left mouse button.

24.

Place the cursor on the box labeled “Low Load Alarm” and click the left mouse
button. Type in the desired setting and then “Set” that number. The initial
recommended setting is 40%.

25.

Once the centrifuge settings have been established, then place the cursor on the
“X” in the upper right hand corner of the pop-up display and the left mouse button
to close the pop-up display.

26.

Place the cursor on the “Centrifuge Start” and click the left mouse button.

8.2.6.3

Normal Operation

During normal operation, one or two centrifuges will be in operation. The centrifuges are
manually started by pressing the “Centrifuge Start”; however, the centrifuges start-up by going
through preset commands and a start-up sequence. Each centrifuge is capable of processing
approximately 25-26 dry tons of solids/day if operated 24 hrs/day. The centrifuges are designed
to process 2,200 lbs of dry solids/hour. The Operators need to operate the centrifuges at this
loading and not go over this limit.
The Backdrive is controlled by the Advanced Backdrive Controller (ABC) that controls the scroll
speed in the Pinion Control Mode (pinion), differential (delta) revolutions per minute (rpm) in the
Speed Control Mode (Delta Speed Control) or the Cake Solids feed rate in the
Torque/Automatic Control Mode (Load Control). In the Torque Mode, the backdrive speed
automatically adjusts to maintain a constant torque, thereby compensating for varying feed
sludge characteristics while optimizing the residence time and separation within the unit.
Basically, the automatic backdrive controller (ABC) controls the differential speed between the
bowl and conveyor of the centrifuge. The common names of the three (3) control modes that
can be selected by the Operator are “Pinion Speed Control”, “Delta Speed Control” or “Load
Control” (automatic torque).


Pinion Speed Control Mode: In pinion control mode the operator sets the scroll
speed to achieve the cake dryness and centrate quality based on the feed sludge
characteristics. In this mode of operation the Operator must monitor the sludge cake
dryness and centrate frequently and make adjustments to the scroll speed to
compensate for the changing feed sludge characteristics.



Differential (Delta) Speed Control Mode: In the differential control mode the ABC
controller maintains a desired differential setpoint regardless of load conditions. The
differential speed is measured in units of rpm.
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Load Control Mode: In the load control mode (automatic torque), the ABC controller
adjusts the differential speed to maintain a desired load setpoint. This load is
measured in units of percent.

The Operator can change between “Pinion Speed Control”, “Delta Speed Control” or “Load
Control” by pressing the Mode” on the Centrifuge Remote Control Panel pop-up display screen
on the Sludge Dewatering System Control Panel. After selecting the desired mode, the
Operator must carefully monitor the effect on the machine.
The “Setpoint” button allows the setpoint to be changed. Pressing the “Setpoint” button prompts
the Operator to enter a new setpoint value using the numeric keypad. The Operator must then
press “Set” to accept the new setpoint.
The Centrifuge Remote Control Panel pop-up display also provides a digital display of:


Bowl Speed



Pinion Speed



Differential RPM

The applicable setpoint values are entered using the numeric keypad on the unit.
At the Sludge Dewatering System Control Station the Operator is capable of controlling the
centrifuges in the automatic mode or manually using “Start” and “Stop” buttons. The Operator
can also monitor the following conditions:


Centrifuge Drive Motor Speed



Sludge and Polymer Actual Flow Rates



Sludge and Polymer Setpoint Flow Rates



Fault Monitoring



Preset and Actual Timing Operations



Local/Remote Control Station



Manual/Automatic Control Status



Equipment Status

After the “Centrifuge Start” button is pressed, the centrifuge will slowly start to rotate until the
bowl reaches a speed of approximately 2,600 rpm. Once the bowl is up to speed, the Polymer
Feed Pump will start, followed by the Centrifuge Sludge Feed Pump and Digested Sludge
Grinder. After the polymer and sludge feed systems start, then set the Advanced Backdrive
Controller (ABC) in the “Delta Speed” mode. The differential speed can be lowered until the
load increases. The “Differential” is the speed difference (delta) between the Bowl and Scroll.
The scroll (conveyor) operates at a slower speed than the bowl.
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When the centrifuge first starts up, the solids that fall from the centrifuge are watery until the unit
makes a “Seal”. A seal will occur when the centrifuge reaches approximately 20% load. In
order that the watery solids do not travel to the other Dewatered Sludge Conveyors, the
Receiving Conveyor (Incline Conveyor 1A and/or 2A) runs in the reverse direction during the
centrifuge start-up phase. Also, non-potable water is sprayed into the conveyor to flush out the
solids and keep the screw conveyor clean. Once the centrifuge makes “Seal” then the nonpotable water valve closes and the Receiving Conveyor (Incline Conveyor) changes back into
the forward running mode.
Once the unit is operating use the differential speed to set the desired load setting. After the
load is set where the centrifuge performance is good, the machine can be set to “Load Control”
and enter the setpoint. Some Operators start with “Load Control” and remain with this mode of
operation the entire time. The Operators feel that they have better control of the centrifuge in
this mode of operation.
As the process requirements vary, the backdrive speed will adjust via the setting on the controls
at the Operator station which will maintain the set speed utilizing a closed loop feedback. In this
mode, the backdrive speed shall be maintained while the torque is allowed to vary as the
process parameters change.
The centrifuge is designed to receive a sludge flow rate of 0-220 gpm at a total solids
concentration of 2 to 3% and a polymer flow rate of 0-10 gpm at a polymer concentration of 0.25
to 0.5%. At the time the centrifuges were initially commissioned, the centrifuges were set at the
approximate settings:


Transition Time

360 seconds



Flush Time

1400 seconds



CIP Time Overall

3600 seconds



Coast Down Time

1800 seconds



Off Delay Time

120 seconds



CIP Forward Time

120 seconds



CIP Reverse Time

240 seconds



Make Seal

22%



Lose Seal

19%

(THESE NUMBERS ARE TO BE FIELD CHECKED)

While the centrifuges are operating, the Operators should make rounds every hour and check
the following:
1.

If the dewatered sludge (biosolids) is going to the Truck Loading Station, then
check the solids level in the truck or dumpster (move as required). If the
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dewatered sludge is going to the incinerators, check the incinerator feed
conveyors and incinerator parameters.
2.

The cleanliness around the centrifuges.

3.

Machine vibration.

4.

Bearing noises.

5.

Loose fasteners.

6.

Monitor lube oil flow (1.2 to 1.7 gpm).

7.

Check oil pressure gauge (15 psig)

8.

Check oil temperature to and from bearings.


To Bearings 100ºF (max).



From Bearings 165ºF (max).

9.

Check for leaks (oil, sludge, water, polymer)

10.

Check ammeter readings.

11.

Check hoses and flexible connectors.

12.

Check indicating lights.

13.

Check backdrive operation.

14.

Record sludge flow.

15.

Record polymer flow.

16.

Check polymer day tank liquid level.

17.

Check centrate quality.

18.

Check sludge cake concentration.

The centrifuges can be monitored on SCADA; however, the Operators in the Sludge Dewatering
Building will have full control of the centrifuges.
8.2.6.4

Shutdown Procedures
1.

For a short-term shutdown, there are several ways the operation of the centrifuge
can be stopped. The first shutdown method would be to press the “Centrifuge
Stop” button on the centrifuge pop-up control screen on the Sludge Dewatering
System Control Station. The second short-term shutdown method would be to
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stop the centrifuge feed sludge and polymer feed but keep the centrifuge
operating.
2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on the Centrifuge Control Panel and the “On-Off”
circuit breaker located on Main Switchboard MS to the “Off” positions. A
centrifuge should only be shutdown for a long period of time for maintenance or
repairs.

After the Operator presses the “Centrifuge Stop” button on the screen, or at the Centrifuge
Control Panel (Operator Interface Panel), then the centrifuge will go through an automatic
shutdown and cleaning cycle. When the stop button is pressed the following will occur:
1.

The sludge feed pump, sludge grinder and polymer feed pump will stop.

2.

The Main Drive will stop allowing the bowl to coast to rest.

3.

The Backdrive Motor will go to start-up speed to provide maximum cleaning of
the solids from the bowl.

4.

After a preset time the Backdrive Motor will go to a reduce speed so the scroll
operates at approximately 300 rpm’s.

5.

The Flush Valve will open for approximately 30 minutes so the centrifuge can go
through a clean cycle.

6.

At the reduced scroll speed during the cleaning mode, the scroll will go forward
and reverse in order to thoroughly flush the solids from the centrifuge.

7.

After the cleaning timer times out then the Backdrive Motor will stop and coast
down. At the same time the Flush Valve will close.

8.

During the cleaning cycle the Receiving Conveyor (Incline Conveyor 1A or 2A)
will go in the reverse direction.

After a centrifuge is stopped, it is recommended that the unit be lubricated.
8.2.6.5

Alternate Operation

The centrifuge is normally operated in the “Automatic” mode once the centrifuge is in operation.
The centrifuge will automatically adjust to maintain optimum conditions. Typically one centrifuge
is in operation. An alternate mode of operation would be to start the second centrifuge if the
first unit cannot process all of the plant solids that need to be disposed, or if the first centrifuge
is out of service for maintenance or repairs.
A second alternate mode of operation for the centrifuges is to start, stop and operate the
centrifuges and auxiliary equipment manually. The digested sludge grinder, sludge feed pump,
polymer feed pump, dewatered sludge conveyors, flush valve and receiving screw conveyor can
all be manually operated without the centrifuge running. This is accomplished in the “Manual”
on the Sludge Dewatering System Control Panel by pressing the appropriate buttons. The
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sludge feed pump and polymer feed pump should only be operated when the centrifuge is at full
speed. Never operate the sludge feed pump and polymer feed pump when the centrifuge(s) is
not operating. If a centrifuge is to be operated manually, then the following basic steps are
recommended. (Refer to the Manufacturer’s Operation and Maintenance Manual for further
details).
1.

Complete all pre-start checks.

2.

Start the Dewatered Sludge Conveyors.

3.

Place Receiving Conveyor (Incline Conveyor No. 1A or 2A) in the reverse
direction to direct water and solids away from the other conveyors until the seal is
made.

4.

Initiate a “Clean In Place” (CIP); if needed.

5.

After the CIP has completed start the “Main Drive”.

6.

Start the Backdrive and set the ABC to start-up speed.

7.

Once bowl is at full speed start the Polymer Feed Pump.

8.

Start Centrifuge Sludge Feed Pump. Digested Sludge Grinder will start
automatically if it is in the “Automatic” mode. If the grinder is in “Manual” then
start the grinder.

9.

Once machine is sealed change the direction of the Receiving Conveyor (Incline
Conveyor No. 1A or 2A).

10.

Adjust Backdrive.

11.

The centrifuge is now in production.

At this point the Operator must monitor the sludge cake consistency and centrate. The
Operator will need to adjust the backdrive unit, sludge feed and polymer feed to maintain
optimum performance of the machine. The backdrive should be adjusted first to improve
performance. If this does not work, then adjust the sludge feed rate. Lastly, the polymer should
be adjusted.
When the centrifuge is to be shutdown, the sludge feed should be shutdown first followed by the
polymer feed. The Operator then must follow the manufacturer’s recommendation for the
remaining shutdown steps.
IMPORTANT: It is recommended that the Centrifuges not be operated in “Manual” because
damage to the equipment and Operator safety are a concern if the machine is not monitored
continuously.
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8.2.6.6

Safety Features

The centrifuge is monitored by numerous safety features that will alarm and/or shutdown the
unit if an abnormal condition is detected by any of the monitors. These safety devices are to
protect the Operators from injury and/or protect the equipment from damage.
If a fault is detected the main motor will de-energize and the centrifuge will coast to rest. The
flush water solenoid valve will open for a predetermined time. The backdrive will run at a preprogrammed speed until the coast down timer times out. Once this timer times out then the
backdrive will stop. An alarm will sound and an alarm signal will be transmitted to the Control
Station. The type of alarm will be displayed on the Operator Interface Panel located on the
Centrifuge Control Panel and at the Sludge Dewatering System Control Station to inform the
Operator of the type fault.
Each centrifuge is equipped with a vibration monitor which is mounted on the frame. If an
excessive vibration is detected at the machine, it will automatically shutdown and an alarm will
sound. The vibration monitor is bypassed during machine start-up.
An “Alarm Acknowledge” pushbutton is mounted on the front panel of the Centrifuge Control
Panel. When an alarm occurs, it will flash and the horn will sound. After the “Alarm
Acknowledge” pushbutton is pressed the horn will silence and the flashing alarm light will go
steady. The alarm light will go out after the alarm has been cleared.
Table No. 8-1, Centrifuge Alarm Conditions, provides a summary of the various alarms
associated with centrifuges. Please note that there are other alarms that are associated with
the ancillary equipment that are part of the overall Sludge Dewatering Process. These other
alarms are not mentioned in this table because they may not affect the centrifuges and/or they
are described in other sections of this chapter.
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TABLE NO. 8-1
CENTRIFUGE ALARM CONDITIONS

Fault Indication

Alerta.

Alarm and Shutdownb.

High Vibration

X

Right Bearing High Temp.

X

Left Bearing High Temp.

X

Right Bearing Low Oil

X

Left Bearing Low Oil

X

Low Delta Speed

X

High Torque

X

High Torque Shutdown

X

Sludge Feed Pump Fault

X

Polymer System Fault

X

Grinder Fault

X

Conveyor Fault

X

Emergency Stop
a.
b.

X

Alert conditions shutdown the sludge feed to the centrifuge.
Alarm conditions shutdown the centrifuge.

A red “Emergency Stop” pushbutton is provided for each centrifuge that will immediately
shutdown the centrifuges if it is pressed. This will also result in the shutdown of the sludge feed
pumps and the polymer feed pumps. This button should only be used in an emergency.
For further Operator instructions concerning alarm conditions, refer to the Manufacturers
Equipment O&M Manual.
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8.2.6.7
1.

Clean In Place (CIP) Procedures and Routine Cleanup Procedures
Clean-In-Place (CIP)
The centrifuges are provided with a cleaning option referred to as Clean-In-Place (CIP).
This system is used for optimal cleaning of the centrifuge and can be used after the
machine shutdown or prior to start-up.
The CIP run cycle can be started anytime the main drive motor is at rest as determined
by the shutdown time during a shutdown sequence. Before initiating the CIP start
sequence, all faults must be cleared. After the bowl has stopped and the alarms have
been cleared, then the CIP “On” button on the Operator Interface Panel located on the
Centrifuge Control Panel or on the Centrifuge display screen at the Dewatered Sludge
System Control Station can be pressed. After the CIP “On” button is pressed the
cleaning sequence will occur:
a)

The backdrive will be energized and begin to rotate in the reverse
direction (of normal bowl speed direction).

b)

The backdrive will operate at a speed referred to as “Backdrive CIP
Speed” and it will operate at this speed for the time set on the “CIP REV”
(Reverse) timer.

c)

After the “CIP REV” time has completed, then the “CIP FWD” (Forward)
time will start. The changing of direction causes a “sloshing” effect within
the centrifuge bowl and conveyor.

d)

This action of switching the backdrive back and forth at preset intervals
will continue until the “CIP Overall” timer times out.

e)

The CIP can be stopped using three (3) different methods as follows:


CIP Overall Timer



CIP Stop pushbutton



Fault occurrence

The “CIP REV” and “CIP FWD” timers are programmed in the ABC controller. The “Backdrive
CIP Speed” and the acceleration/deceleration rate of the backdrive VFD is programmed in the
VFD on the VFD Control Panel.
Any shutdown fault will terminate the CIP cycle.
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2.

Routine Cleaning Procedure
Before stopping the centrifuge raise the differential to scroll out the residual solids. Then
flush with water until the liquid discharge appears clean (approximately 5 to 10 minutes).
Ensure that the Receiving Conveyor (Incline Conveyor 1A or 2A) is operating in the
reverse direction so water is not sent to the other conveyors.
Switch off the Main Motor and continue flushing. Close the flush water solenoid valve
before the bowl drops to 300 rpm’s.
Do not flush the decanter when it is inactive or rotating less than 300 rpm. If this should
occur, the conveyor bearings should be lubricated to ensure they are free from liquid
contamination. Refer to the Lubrication Section of the manufacturer’s Operation and
Maintenance Manual.
Check whether the flushing had the intended effect, for example by checking if the bowl
is easily rotated by hand while keeping the sunwheel shaft fixed.
If not, rotate the bowl above 300 rpm and clean thoroughly with water. Do it immediately
after stopping the centrifuge, because it is easier to remove fairly moist and soft deposits
than to remove deposits hardened over time in an inactive machine.
The cleaning water may escape through the solids discharge opening. Take precautions
to avoid liquid being fed to downstream equipment as required. Set the direction of the
Receiving Conveyor.
Clean the upper and lower casings every six months or as required by process
conditions.
Flushing time required is site specific. If the centrifuge appears to have higher than
normal vibration during centrifuge starting, but runs with normal vibration on process,
then flushing time should be extended on shut down. If there are no abnormal
vibrations, the flushing time is adequate.
If cleaning as outlined above proves unsuccessful, the bowl must be disassembled for
cleaning.

8.2.6.8

Power Failure

If there is a power failure, the centrifuges will shutdown. After utility power is restored, the
centrifuges must be restarted by the Operator. However, if the centrifuge is full of sludge, then
this sludge must be flushed from the unit before the centrifuge is restarted. Refer to Section
8.2.6.7 in this chapter and to the Manufacturer’s Operator and Maintenance Manual for cleaning
instructions.
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8.2.7

Dewatered Sludge Conveyor Nos. 1A and 2A

8.2.7.1

Introduction

Located on the floor below each centrifuge there is an incline conveyor. The dewatered sludge
from each centrifuge leaves the centrifuge at one end of the unit and travels down a chute to its
associated incline conveyor. The Dewatered Sludge Conveyors located under the centrifuges
are referred to as Conveyor Nos. 1A and 2A. These incline conveyors have the ability to
operate in a forward or reverse mode of operation.
Each sludge conveyor is driven by a 3 Hp motor that receives 480 volt, three phase, electrical
power from Motor Control Center MCC4 located in the Electrical Room of the Sludge
Dewatering Building.
8.2.7.2

Start-up Procedures
1.

Ensure that the area around the conveyors are clear.

2.

Ensure that the safety covers on the conveyors are in place.

3.

Ensure that the “Emergency Stop” safety cord is not engaged so the conveyors
will be able to start.

4.

Ensure that the manual non-potable water valves are open and the solenoid
valve is powered and ready for operation.

5.

Ensure that the other Dewatered Sludge Conveyors are in the “Automatic” mode
of operation.

6.

Place the “On-Off” circuit breaker located on Motor Control Center MCC4 for
Dewatered Sludge Conveyor Nos. 1A and 2A to the “On” position. During normal
operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

7.

Place the “Hand-Off-Auto” selector switches located on Motor Control Center
MCC4 for Dewatered Sludge Conveyor Nos. 1A and 2A to the “Auto” position. In
the “Off” position, the conveyor will not operate. In the “Hand” position, the
conveyor will operate continuously in the direction set on the “FWD-Off-REV”
selector switch.

8.

Place the “FWD-Off-REV” selector switches located on Motor Control Center
MCC4 for Dewatered Sludge Conveyor Nos. 1A and 2A to the “FWD” (Forward)
position. In the “Off” position, the conveyor will not operate. In the “REV”
(Reverse) position, the conveyor will operate in the reverse or opposite direction.

The Operator can now control Dewatered Sludge Conveyor Nos. 1A and 2A from the
Sludge Dewatering System Control Station located in the Control Room of the Sludge
Dewatering Building or from a remote SCADA Operator Interface Panel.
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8.2.7.3

9.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

10.

On the Main Menu, the Operator must log-in so he/she can control the equipment
from this location.

11.

On the Main Menu screen place the cursor on the button that indicates Sludge
Conveyors and click the left mouse button.

12.

The Sludge Conveyor display will appear on the screen, as shown on Figure No.
8-13.

13.

On this display screen place the cursor on the motor icon for Dewatered Sludge
Conveyor No. 1A or 2A and click the left mouse button. The Sludge Conveyor
pop-up display will appear on the screen, as shown in Figure No. 8-14.

14.

On the Sludge Conveyor pop-up screen place the cursor on the “Auto/Man”
mode button and click the left mouse button. Set the Sludge Conveyor in the
“Auto” mode of operation. In the “Man” mode of operation the Sludge Conveyor
is started and stopped by using the “Start” and “Stop” buttons on the pop-up
display.

15.

Close the Dewatered Sludge Conveyor pop-up screen by placing the cursor on
the “X” in the upper right hand corner and click the left mouse button.

16.

Repeat Step Nos. 12 through 15 for the second Sludge Conveyor (1A or 2A).

17.

Once all the Dewatered Sludge Conveyors are in the “Automatic” mode of
operation then a complete system (1A, B, C, Bypass or 2A, B, C, Bypass) can be
started or stopped by using the Conveyor System No. 1 and/or No. 2 “Auto Start”
and “Auto Stop” buttons on the Sludge Dewatering System Control Station. Pull
up the Dewatered Sludge Conveyor screen and place the cursor “Auto Start”
button under Conveying System No. 1 or 2 and click the left mouse button. The
conveyors in that system will start. The “Auto Stop” button stops the conveyors
in order.
Normal Operation

During normal operation, Dewatered Sludge Conveyor Nos. 1A and 2A are in the “Automatic”
mode of operation. In this mode of operation when the centrifuge is started, the centrifuge goes
through its’ start-up sequence and when it progresses to a preset step, then the incline sludge
conveyor will start. When the incline sludge conveyor starts, it first starts in the “Reverse”
mode. At the same time, the non-potable water solenoid valve to the incline screw conveyor
opens supplying water to the water sprays in the conveyor. The screw conveyor operates in the
“Reverse” mode of operation when the centrifuge first starts because the sludge is too wet to
send to the truck loading station or incinerators. Once the dewatered sludge from the centrifuge
reaches the correct consistency and the centrifuge makes a “Seal”, then the non-potable water
solenoid valve will close and the incline screw conveyor will switch to the “Forward” mode
operation sending dewatered sludge to the other dewatered sludge conveyors where it will be
taken to the truck loading station or incinerators.
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`` FIGURE NO. 8-13 – DEWATERED SLUDGE CONVEYOR DISPLAY SCREEN
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`` FIGURE NO. 8-14 – DEWATERED SLUDGE CONVEYOR NOS. 1A AND 2A DISPLAY SCREEN

8.2.7.4

8.2.7.5

Shutdown Procedures
1.

For a short-term shutdown, stop the Screw Conveyor by pulling up the Screw
Conveyor pop-up display and placing the conveyor into the “Manual” mode of
operation. Once the conveyor has been placed into the “Manual” mode of
operation, then the conveyor can be stopped by using the “Stop” button on the
pop-up display. The conveyor can also be stopped by placing the “Hand-OffAuto” selector switch located on Motor Control Center MCC4 to the “Off” position.
IMPORTANT: As long as the centrifuge is processing sludge a screw conveyor
should not be stopped. If the conveyor is stopped while the centrifuge is
operating, then the conveyor and centrifuge would be overloaded with sludge,
thus shutting down the centrifuge; however, before that would occur, sludge
would spill over the conveyor floor. The sludge conveyors and centrifuges are
electrically interlocked so they will all stop if there is a problem.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC4 to the “Off” position.
Alternate Operation

As previously stated, Dewatered Sludge Conveyor Nos. 1A and 2A are operated in the
“Automatic” mode of operation. There are several alternate modes of operation for the
conveyors. The first alternate mode of operation would be to operate the conveyors manually
by pulling up the conveyor pop-up control display on the Sludge Dewatering System Control
Station. Place the conveyor in “Manual” and operate the conveyor using the “Start” and “Stop”
buttons on the pop-up display screen.
The second alternate mode of operation would be to manually control the conveyor from Motor
Control Center MCC4 by placing the “Hand-Off-Auto” selector switch into the “Hand” position to
start the conveyor and “Off” position to stop the conveyor. The direction of the incline conveyors
can be controlled at Motor Control Center MCC4 by placing the “FWD-Off-REV” selector switch
to the desired position.
When the dewatered Sludge Conveyors are operated in the manual mode of operation, then the
Operators must carefully monitor and control the operation of these conveyors. Note:
Presently, the Operators control all of the dewatered sludge conveyors in the “Manual” mode of
operation due to control issues that shut down the conveyors when they are in the “Automatic”
mode of operation. The biggest issue is the loss of signal and/or control issues with the
Incinerator Feed Gates when sludge is being sent to the incinerators.
8.2.7.6

Safety Considerations

The Dewatered Sludge Conveyors are interlocked with the other conveyors. If one conveyor in
the line stops, then the other conveyors will also stop. The centrifuge, centrifuge sludge feed
pump, and polymer feed pump will also stop.
Another safety feature on all of the Dewatered Sludge Conveyors are the safety ropes. If there
is a problem, the safety rope located along the side of the conveyor can be pulled. When this
rope is pulled a switch is activated that stops the conveyor motor.
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8.2.7.7

Power Failure

If there is a power failure, the Dewatered Sludge Conveyors will stop. After utility power is
restored and if the dewatered sludge conveyors are in the “Automatic” mode of operation, then
they will not start until the sludge dewatering sequence requires them to start.
8.2.8

Dewatered Sludge Conveyor Nos. 1B and 2B

8.2.8.1

Introduction

The sludge that is discharged from Dewatered Sludge Conveyor Nos. 1A and 2A falls into
Dewatered Sludge Conveyor Nos. 1B and 2B. Conveyor Nos. 1B and 2B travel from the Sludge
Dewatering Building through the Incinerator Building. These conveyors are used to transfer the
dewatered sludge to the Bypass Conveyor or Dewatered Sludge Conveyor Nos. 1C and 2C.
Digested Sludge Conveyor Nos. 1B and 2B each contain two conveyors that make up one
conveyor. For example, the digested sludge from Conveyor No. 1A falls onto Conveyor No. 1B.
The first half of Conveyor No. 1B is driven by its own motor located in the Sludge Dewatered
Sludge. In the Incinerator Building the dewatered sludge is transferred to the second half of
Conveyor No. 1B that is driven by a second motor. The same arrangement is used for
Conveyor No. 2B.
Each conveyor motor is driven by a 3 Hp motor that receives 480 volt, three phase, electrical
power from Motor Control Center MCC3 or MCC4. Motor Control Center MCC3 is located in the
Electrical Room on the first floor of the Incinerator Building. Motor Control Center MCC4 is
located in the Electrical Room of the Sludge Dewatering Building.
8.2.8.2

Start-up Procedures
1.

Ensure that the area around the conveyors are clear.

2.

Ensure that the safety covers on the conveyors are in place.

3.

Ensure that the “Emergency Stop” safety cord is not engaged so the conveyors
will be able to start.

4.

Ensure that the other Dewatered Sludge Conveyors are in the “Automatic” mode
of operation.

5.

Open the required slide gates to the appropriate conveyors.

6.

Place the “On-Off” circuit breaker located on Motor Control Center MCC3 and
MCC4 for Dewatered Sludge Conveyor Nos. 1B and 2B to the “On” position.
During normal operation, these switches are always in the “On” position and only
require occasional checking to ensure that they have not tripped.

7.

Place the “Off-Auto” selector switches located on Motor Control Center MCC4 for
Dewatered Sludge Conveyor Nos. 1B and 2B to the “Auto” position. In the “Off”
position, the conveyor will not operate.
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The Operator can now control Dewatered Sludge Conveyor Nos. 1B and 2B from the Sludge
Dewatering System Control Station located in the Control Room of the Sludge Dewatering
Building or from a remote SCADA Operator Interface Panel.

8.2.8.3

8.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

9.

On the Main Menu the Operator must log-in so he/she can control the equipment
from this location.

10.

On the Main Menu screen place the cursor on the button that indicates Sludge
Conveyors and click the left mouse button.

11.

The Sludge Conveyor display will appear on the screen, as previously shown on
Figure No. 8-13.

12.

On this display screen place the cursor on the motor icon for Dewatered Sludge
Conveyor No. 1B or 2B and click the left mouse button. The Sludge Conveyor
pop-up display will appear on the screen, as shown on Figure No. 8-15. Note: If
the dewatered sludge is being transferred to the Truck Loading Station, then only
the conveyor motors in the Sludge Dewatering Building for Conveyor Nos. 1B
and 2B need to be started. If the dewatered sludge is being sent to sludge
incinerators, then the two motors on each conveyor are to be operational.

13.

On the Sludge Conveyor pop-up screen place the cursor on the “Auto/Man”
mode button and click the left mouse button. Set the Sludge Conveyor in the
“Auto” mode of operation. In the “Man” mode of operation the Sludge Conveyor
is started and stopped by using the “Start” and “Stop” buttons on the pop-up
display.

14.

Close the Dewatered Sludge Conveyor pop-up screen by placing the cursor on
the “X” in the upper right hand corner and clicking the left mouse button.

15.

Repeat Step Nos. 11 through 14 for the second Sludge Conveyor (1B or 2B).

16.

Once all the Dewatered Sludge Conveyors are in the “Automatic” mode of
operation then a complete system (1A, B, C, Bypass or 2A, B, C, Bypass) can be
started or stopped by using the Conveyor System No. 1 and/or No. 2 “Auto Start”
and “Auto Stop” buttons on the Sludge Dewatering System Control Station. Pull
up the Dewatered Sludge Conveyor screen and place the cursor “Auto Start”
button under Conveying System No. 1 or 2 and click the left mouse button. The
conveyors in that system will start. The “Auto Stop” button stops the conveyors
in order.
Normal Operation

During normal operation, Dewatered Sludge Conveyor Nos. 1B and 2B are in the “Automatic”
mode of operation. In this mode of operation, when the centrifuge is started the centrifuge goes
through its’ start-up sequence and when it progresses to a preset step, then the sludge
conveyors will start.
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`` FIGURE NO. 8-15– DEWATERED SLUDGE CONVEYOR NOS. 1B AND 2B DISPLAY SCREEN

8.2.8.4

8.2.8.5

Shutdown Procedures
1.

For a short-term shutdown, stop the Screw Conveyor by pulling up the Screw
Conveyor pop-up display and placing the conveyor into the “Manual” mode of
operation. Once the conveyor has been placed into the “Manual” mode of
operation, then the conveyor can be stopped by using the “Stop” button on the
pop-up display. The conveyor can also be stopped by placing the “Off-Auto”
selector switch located on Motor Control Center MCC3 or MCC4 to the “Off”
position. IMPORTANT: As long as the centrifuge is processing sludge a screw
conveyor should not be stopped. If the conveyor is stopped while the centrifuge
is operating, then the conveyors and centrifuges would be overloaded with
sludge, thus shutting down the centrifuge; however, before that would occur,
sludge would spill over the conveyor floor.
The sludge conveyors and
centrifuges are electrically interlocked so they will all stop if there is a problem.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC3 or MCC4 to the “Off”
position.
Alternate Operation

As previously stated, Dewatered Sludge Conveyor Nos. 1B and 2B are operated in the
“Automatic” mode of operation. An alternate mode of operation would be to operate the
conveyors manually by pulling up the conveyor pop-up control display on the Sludge
Dewatering System Control Station. Place the conveyor in “Manual” and operate the conveyor
using the “Start” and “Stop” buttons on the pop-up display screen.
When the Dewatered Sludge Conveyors are operated in the manual mode of operation, then
the Operators must carefully monitor and control the operation of these conveyors. Note:
Presently, the Operators control all of the dewatered sludge conveyors in the “Manual” mode of
operation due to control issues that shut down the conveyors in the “Automatic” mode of
operation. The biggest control issue is the loss of signal and/or other control issues with the
Incinerator Feed Gates when the sludge is being sent to the incinerators.
8.2.8.6

Safety Considerations

The Dewatered Sludge Conveyors are electrically interlocked with the other conveyors. If one
conveyor in the line stops, then the other conveyors will also stop. The centrifuge, centrifuge
sludge feed pump, and polymer feed pump will also stop.
Another safety features on all of the Dewatered Sludge Conveyors are the safety ropes. If there
is a problem, the safety rope located along the side of the conveyor can be pulled. When this
rope is pulled, a switch is activated that stops the conveyor motor.
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8.2.8.7

Power Failure

If there is a power failure, the Dewatered Sludge Conveyors will stop. After utility power is
restored the sludge conveyors will not start until the sludge dewatering sequence requires them
to start.
8.2.9

Dewatered Sludge Conveyor Nos. 1C and 2C

8.2.9.1

Introduction

The sludge that is discharged from Dewatered Sludge Conveyor Nos. 1B and 2B falls into
Dewatered Sludge Conveyor Nos. 1C and 2C. Conveyor Nos. 1C and 2C feed dewatered
sludge to the incinerators.
Each conveyor motor is driven by a 3 Hp motor that receives 480 volt, three phase, electrical
power from Motor Control Center MCC3 located in the Electrical Room on the first floor of the
Incinerator Building.
8.2.9.2

Start-up Procedures
1.

Ensure that the area around the conveyors are clear.

2.

Ensure that the safety covers on the conveyors are in place.

3.

Ensure that the “Emergency Stop” safety cord is not engaged so the conveyors
will be able to start.

4.

Ensure that the other Dewatered Sludge Conveyors are in the “Automatic” mode
of operation.

5.

Ensure that the in-service incinerator feed gate is open.

6.

Place the “On-Off” circuit breaker located on Motor Control Center MCC3 for
Dewatered Sludge Conveyor Nos. 1C and 2C to the “On” position. During
normal operation, these switches are always in the “On” position and only require
occasional checking to ensure that they have not tripped.

7.

Place the “Off-Auto” selector switches located on Motor Control Center MCC3 for
Dewatered Sludge Conveyor Nos. 1C and 2C to the “Auto” position. In the “Off”
position, the conveyor will not operate.

The Operator can now control Dewatered Sludge Conveyor Nos. 1C and 2C from the
Sludge Dewatering System Control Station located in the Control Room of the Sludge
Dewatering Building or from a remote SCADA Operator Interface Panel.
8.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

9.

On the Main Menu the Operator must log-in so he/she can control the equipment
from this location.
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10.

On the Main Menu screen place the cursor on the button that indicates Sludge
Conveyors and click the left mouse button.

11.

The Sludge Conveyor display will appear on the screen, as previously shown on
Figure No. 8-13.

12.

On this display screen place the cursor on the motor icon for Dewatered Sludge
Conveyor No. 1C or 2C and click the left mouse button. The Sludge Conveyor
pop-up display will appear on the screen, as shown on Figure No. 8-16.

13.

On the Sludge Conveyor pop-up screen place the cursor on the “Auto/Man”
mode button and click the left mouse button. Set the Sludge Conveyor in the
“Auto” mode of operation. In the “Man” mode of operation the Sludge Conveyor
is started and stopped by using the “Start” and “Stop” buttons on the pop-up
display.

14.

Close the Dewatered Sludge Conveyor pop-up screen by placing the cursor on
the “X” in the upper right hand corner and clicking the left mouse button.

15.

Repeat Step Nos. 11 through 14 for the second Sludge Conveyor (1C or 2C).

16.

Once all the Dewatered Sludge Conveyors are in the “Automatic” mode of
operation then a complete system (1A, B, C, Bypass or 2A, B, C, Bypass) can be
started or stopped by using the Conveyor System No. 1 and/or No. 2 “Auto Start”
and “Auto Stop” buttons on the Sludge Dewatering System Control Station. Pull
up the Dewatered Sludge Conveyor screen and place the cursor “Auto Start”
button under Conveying System No. 1 or 2 and click the left mouse button. The
conveyors in that system will start. The “Auto Stop” button stops the conveyors
in order.

8.2.9.3

Normal Operation

During normal operation, Dewatered Sludge Conveyor Nos. 1C and 2C are in the “Automatic”
mode of operation. In this mode of operation, when the centrifuge is started the centrifuge goes
through its’ start-up sequence and when it progresses to a preset step, then the sludge
conveyors will start.
When the centrifuge is stopped the screw conveyors will stop.
8.2.9.4

Shutdown Procedures
1.

For a short-term shutdown, stop the Screw Conveyor by pulling up the Screw
Conveyor pop-up display and placing the conveyor into the “Manual” mode of
operation. Once the conveyor has been placed into the “Manual” mode of
operation, then the conveyor can be stopped by using the “Stop” button on the
pop-up display. The conveyor can also be stopped by placing the “Off-Auto”
selector switch located on Motor Control Center MCC3 to the “Off” position.
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FIGURE NO. 8-16 – DEWATERED SLUDGE CONVEYOR NOS. 1C AND 2C DISPLAY SCREEN

IMPORTANT: As long as the centrifuge is processing sludge a screw conveyor
should not be stopped. If the conveyor is stopped while the centrifuge is
operating, then the conveyors and centrifuges would be overloaded with sludge,
thus, shutting down the centrifuge; however, before that would occur, sludge
would spill over the conveyor floor. The sludge conveyors and centrifuges are
electrically interlocked so they will all stop if there is a problem.
2.
8.2.9.5

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC3 to the “Off” position.
Alternate Operation

As previously stated, Dewatered Sludge Conveyor Nos. 1C and 2C are operated in the
“Automatic” mode of operation. The alternate mode of operation would be to operate the
conveyors manually by pulling up the conveyor pop-up control display on the Sludge
Dewatering System Control Station. Place the conveyor in “Manual” and operate the conveyor
using the “Start” and “Stop” buttons on the pop-up display screen.
When the Dewatered Sludge Conveyors are operated in the manual mode of operation, then
the Operators must carefully monitor and control the operation of these conveyors. Note:
Presently, the Operators control all of the dewatered sludge conveyors in the “Manual” mode of
operation due to control issues that shut down the conveyors in the “Automatic” mode of
operation. The biggest control issue is the loss of signal and/or other control issues with the
Incinerator Feed Gates when the sludge is being sent to the incinerators.
8.2.9.6

Safety Considerations

The Dewatered Sludge Conveyors are electrically interlocked with the other conveyors. If one
conveyor in the line stops, then the other conveyors will also stop. The centrifuge, centrifuge
sludge feed pump, and polymer feed pump will also stop.
Another safety feature on all of the Dewatered Sludge Conveyors are the safety ropes. If there
is a problem, the safety rope located along the side of the conveyor can be pulled. When this
rope is pulled, a switch is activated that stops the conveyor motor.
8.2.9.7

Power Failure

If there is a power failure, the Dewatered Sludge Conveyors will stop. After utility power is
restored and if the dewatered sludge conveyors are in the “Automatic” mode of operation, then
they will not start until the sludge dewatering sequence requires them to start.
8.2.10

Dewatered Sludge Bypass Conveyor

8.2.10.1

Introduction

When the incinerators are not in operation the dewatered sludge can be diverted to a truck
loading station located on the east side of the Sludge Dewatering Building. Dewatered sludge
can be diverted off Dewatered Sludge Conveyor Nos. 1B and 2B onto the Dewatered Sludge
Bypass Conveyor. There are diversion gates located on Conveyor Nos.1B and 2B that would
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be opened when sludge is to be diverted to the Bypass Conveyor. When sludge is sent to the
Bypass Conveyor then no sludge is sent to the Incinerator from Conveyor B. Please note that
Conveyor Nos. 1B and 2B can be set up so one conveyor could be feeding sludge to the
Bypass Conveyor and the second “B” conveyor could be sending dewatered sludge to an
incinerator.
The dewatered sludge that is deposited onto the Bypass Conveyor is transferred to the Sludge
Loading Bin. From the Sludge Loading Bin the dewatered sludge is deposited into a truck or
dumpster for off-site disposal.
The Dewatered Sludge Bypass Conveyor is driven by a 7.5 Hp motor that receives 480 volt,
three phase, electrical power from Motor Control Center MCC4 located in the Electrical Room of
the Sludge Dewatering Building.
8.2.10.2

Start-up Procedures

1.

Ensure that the area around the conveyor is clear.

2.

Ensure that the safety covers on the conveyor are in place.

3.

Ensure that the “Emergency Stop” safety cord is not engaged so the conveyor
will be able to start.

4.

Ensure that the other Dewatered Sludge Conveyors are in the “Automatic” mode
of operation.

5.

Ensure that the Diverter Gate(s) from Dewatered Sludge Conveyor Nos. 1B
and/or 2B is “Open”.

6.

Place the “On-Off” circuit breaker located on Motor Control Center MCC4 for the
Dewatered Sludge Bypass Conveyor to the “On” position. During normal
operation, this switch is always in the “On” position and only requires occasional
checking to ensure that it has not tripped.

7.

Place the “Off-Auto” selector switch located on Motor Control Center MCC4 for
the Dewatered Sludge Bypass Conveyor to the “Auto” position. In the “Off”
position, the conveyor will not operate.

The Operator can now control Dewatered Sludge Bypass Conveyor from the Sludge Dewatering
System Control Station located in the Control Room of the Sludge Dewatering Building or from a
remote SCADA Operator Interface Panel.
8.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

9.

On the Main Menu the Operator must log-in so he/she can control the equipment
from this location.

10.

On the Main Menu screen place the cursor on the button that indicates Sludge
Conveyors and click the left mouse button.
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11.

The Sludge Conveyor display will appear on the screen, as previously shown on
Figure No. 8-13.

12.

On this display screen place the cursor on the Motor icon for Dewatered Sludge
Bypass Conveyor and click the left mouse button. The Sludge Conveyor pop-up
display will appear on the screen, as shown in Figure No. 8-17.

13.

On the Sludge Conveyor pop-up screen place the cursor on the “Auto/Man”
mode button and click the left mouse button. Set the Sludge Conveyor in the
“Auto” mode of operation. In the “Man” mode of operation the Sludge Conveyor
is started and stopped by using the “Start” and “Stop” buttons on the pop-up
display.

14.

Close the Dewatered Sludge Bypass Screw Conveyor pop-up screen by placing
the cursor on the “X” in the upper right hand corner and click the left mouse
button.

15.

Once all the Dewatered Sludge Conveyors are in the “Automatic” mode of
operation then a complete system (1A, B, C, Bypass or 2A, B, C, Bypass) can be
started or stopped by using the Conveyor System No. 1 and/or No. 2 “Auto Start”
and “Auto Stop” buttons on the Sludge Dewatering System Control Station. Pull
up the Dewatered Sludge Conveyor screen and place the cursor “Auto Start”
button under Conveying System No. 1 or 2 and click the left mouse button. The
conveyors in that system will start. The “Auto Stop” button stops the conveyors
in order.

8.2.10.3

Normal Operation

During normal operation, Dewatered Sludge Bypass Conveyor is in the “Automatic” mode of
operation. In this mode of operation when the centrifuge is started, the centrifuge goes through
its’ start-up sequence and when it progresses to a preset step, then the sludge conveyor will
start.
When the centrifuge is stopped the screw conveyor will stop after a slight delay. If the Sludge
Loading Bin becomes too high, then the Bypass Conveyor will stop, which in turn, would stop
the “A” and “B” conveyors and the Centrifuge Sludge Feed Pump.
8.2.10.4
1.

Shutdown Procedures
For a short-term shutdown, stop the Bypass Screw Conveyor by pulling up the
Bypass Screw Conveyor pop-up display and placing the conveyor into the
“Manual” mode of operation. Once the conveyor has been placed into the
“Manual” mode of operation, then the conveyor can be stopped by using the
“Stop” button on the pop-up display. The conveyor can also be stopped by
placing the “Off-Auto” selector switch located on Motor Control Center MCC4 to
the “Off” position. IMPORTANT: As long as the centrifuge is processing sludge
the screw conveyor should not be stopped. If the conveyor is stopped while the
centrifuge is operating, then the conveyor and centrifuge would be overloaded
with sludge, thus shutting down the centrifuge; however, before that would occur,
sludge would spill over the conveyor floor.
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`` FIGURE NO. 8-17– DEWATERED SLUDGE BYPASS CONVEYOR DISPLAY SCREEN

2.
8.2.10.5

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC4 to the “Off” position.
Alternate Operation

As previously stated, Dewatered Sludge Bypass Screw Conveyor is operated in the “Automatic”
mode of operation. An alternate mode of operation for this conveyor would be to operate this
conveyor manually by pulling up the conveyor pop-up control display on the Sludge Dewatering
System Control Station. Place the conveyor in “Manual” and operate the conveyor using the
“Start” and “Stop” buttons on the pop-up display screen.
When the dewatered Sludge Conveyors are operated in the manual mode of operation, then the
Operators must carefully monitor and control the operation of these conveyors. Note:
Presently the Operators control all of the dewatered sludge conveyors in the “Manual” mode of
operation due to control issues that shut down the conveyors in the “Automatic” mode of
operation. The biggest issue is the loss of signal and/or other control issues with the Incinerator
Feed Gates when the sludge is being sent to the incinerators.
8.2.10.6

Safety Considerations

The Dewatered Sludge Bypass Screw Conveyor is electrically interlocked with the other
conveyor. If one conveyor in the line stops, then the other conveyors will also stop. The
centrifuge, centrifuge sludge pump, and polymer feed pump will also stop.
Another safety feature on all of the Dewatered Sludge Conveyors are the safety ropes. If there
is a problem, the safety rope located along the side of the conveyor can be pulled. When this
rope is pulled a switch is activated that stops the conveyor motor.
8.2.10.7

Power Failure

If there is a power failure, the Dewatered Sludge Conveyors will stop. After utility power is
restored and if the dewatered sludge conveyors are in the “Automatic” mode of operation, then
they will not start until the sludge dewatering sequence requires them to start.
8.2.11

Dewatered Sludge Unloading Conveyor

8.2.11.1

Introduction

The dewatered sludge that is transferred by the Dewatered Sludge Bypass Conveyor is
deposited into the Sludge Loading Bin. The Sludge Loading Bin is a storage hopper for the
dewatered sludge for truck or dumpster loading. The dewatered sludge that is deposited into
the truck or dumpster is taken off-site for disposal. Located in the bottom of the Sludge Loading
Bin is the Dewatered Sludge Unloading Screw Conveyor. The Dewatered Sludge Unloading
Conveyor transfer the dewatered sludge from the Sludge Loading Bin and transfers it to a truck
or dumpster. This type of screw conveyor is also referred to as the Live Bottom Screw
Conveyor.
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The Dewatered Sludge Unloading Screw Conveyor is driven by a 10 Hp motor that receives 480
volt, three phase, electrical power from Motor Control Center MCC4 located in the Electrical
Room of the Sludge Dewatering Building.
8.2.11.2

Startup Procedures

1.

Ensure that the area around the conveyor is clear.

2.

Ensure that the Emergency Stop safety cord is not engaged so the conveyor will
be able to start.

3.

Ensure that the other Dewatered Sludge Conveyors are in the “Automatic” mode
of operation.

4.

Place the “On-Off” circuit breaker located on Motor Control Center MCC4 for
Dewatered Sludge Unloading Conveyor (Live Bottom Screw Conveyor) to the
“On” position. During normal operation, this switch is always in the “On” position
and only requires occasional checking to ensure that it has not tripped.

5.

Place the “Off-Auto” selector switch located on Motor Control Center MCC4 for
Dewatered Sludge Unloading Conveyor to the “Auto” position. In the “Off”
position, the conveyor will not operate.

The Operators can now control Dewatered Sludge Unloading Conveyor from the Sludge
Dewatering System Control Station located in the Control Room of the Sludge
Dewatering Building or from a remote SCADA Operator Interface Panel.
6.

Pull up the Main Menu, as previously shown in Figure No. 8-4.

7.

On the Main Menu the Operator must log-in so he/she can control the equipment
from this location.

8.

On the Main Menu screen place the cursor on the button that indicates Sludge
Conveyors and click the left mouse button.

9.

The Sludge Conveyor display will appear on the screen, as previously shown on
Figure No. 8-13.

10.

On this display screen place the cursor on the motor icon for Dewatered Sludge
Unloading Conveyor and click the left mouse button. The Sludge Conveyor popup display will appear on the screen, as shown on Figure No. 8-18.

11.

On the Sludge Conveyor pop-up screen place the cursor on the “Auto/Man”
mode button and click the left mouse button. Set the Sludge Conveyor in the
“Auto” mode of operation. In the “Man” mode of operation the Sludge Conveyor
is started and stopped by using the “Start” and “Stop” buttons on the pop-up
display.

12.

Close the Dewatered Sludge Unloading Conveyor pop-up screen by placing the
cursor on the “X” in the upper right hand corner and click the left mouse button.
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`` FIGURE NO. 8-18– DEWATERED SLUDGE UNLOADING CONVEYOR DISPLAY SCREEN

13.
8.2.11.3

The Dewatered Sludge Unloading Screw Conveyor can now be controlled by
using the “On-Off” selector switch located in the truck loading area.
Normal Operation

During normal operation, Dewatered Sludge Unloading Conveyor is in the “Automatic” mode of
operation. In this mode of operation the Operator controls the starting and stopping of the
screw conveyor based on the truck or dumpster situation. The Operator uses the “On-Off”
selector located in the truck loading area to control screw conveyor.
When sending dewatered sludge to the truck loading station, the Operators in the Truck Loading
Area and Sludge Dewatering Building Control Room must carefully watch the level in the Sludge
Loading Bin and truck or dumpster. The Operator in the truck loading area must be in constant
communication with the Operator running the centrifuge. There will be times when the truck or
dumpster will have to be moved to distribute sludge within the container, or when a truck or
dumpster has to be replaced or if the truck driver is gone to transport the solids to the landfill.
The time it takes to fill up the Sludge Loading Bin will depend on how much sludge (throughput)
is being processed by the centrifuges.
8.2.11.4

Shutdown Procedures

1.

For a short-term shutdown, stop the Unloading Screw Conveyor using the “OnOff” selector switch located in the Truck Loading Area. The Screw Conveyor can
also be stopped by pulling up the Screw Conveyor pop-up display an placing the
conveyor into the “Manual” mode of operation. Once the conveyor has been
placed into the “Manual” mode of operation, then the conveyor can be stopped
by using the “Stop” button on the pop-up display. The conveyor can also be
stopped by placing the “Off-Auto” selector switch located on Motor Control
Center MCC4 to the “Off” position.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place the “OnOff” circuit breaker located on Motor Control Center MCC4 to the “Off” position.
Please note if the Unloading Screw Conveyor is taken out of service for extended
period of time, then the dewatered sludge would have to be directed to the
incinerators.

8.2.11.5

Alternate Operation

As previously stated, Dewatered Sludge Unloading Conveyor is operated in the “Automatic”
mode of operation; however, it is controlled by the Operator using the “On-Off” selector switch
located in the truck loading area. An alternate mode of operation for this conveyor would be to
operate this conveyor manually by pulling up the conveyor pop-up control display on the Sludge
Dewatering System Control Station. Place the conveyor in “Manual” and operate the conveyor
using the “Start” and “Stop” buttons on the pop-up display screen.
When the Dewatered Sludge Unloading Conveyor is operated in the manual mode of operation
from the Sludge Dewatering System Control Station, then the Operators must carefully monitor
the level in the Sludge Loading Bin.
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8.2.11.6

Safety Considerations

The sludge level in the Sludge Unloading Bin is measured by a level sensor. If the sludge level
in the Sludge Bin becomes too high, then a signal will be transmitted to the Centrifuge Feed
Pumps, thus, stopping sludge feed pumps. This, in turn, will stop the sludge grinders and
polymer feed pumps.
Another safety feature on all of the Dewatered Sludge Conveyors are the safety ropes. If there
is a problem, the safety rope located along the side of the conveyor can be pulled. When this
rope is pulled a switch is activated that stops the conveyor motor.
8.2.11.7

Power Failure

If there is a power failure, the Dewatered Sludge Unloading Conveyor will stop. After utility
power is restored, the sludge conveyor can be restarted using the “On-Off” selector switch
located in the Truck Loading Area.
8.2.12

Centrate Pump Nos. 1 and 2

8.2.12.1

Introduction

The Metro Wastewater Treatment Plant previously used submersible pumps to transfer the
centrate from the Sludge Dewatering Building to the High Strength Aeration Tanks next to
Secondary (Final) Clarifier Nos. 1-4. The centrate from the centrifuges and various drainage
lines from the Sludge Dewatering Building and Sludge Incinerator Building travel to the Centrate
Pumping Station located outside in the Sludge Truck Loading Area on the east side of the
Sludge Dewatering Building. The Centrate Pumping Station contains two (2) submersible type
pumps, as shown in Figure No. 8-19. Since the High Strength Aeration Tanks are no longer in
service these pumps were also removed from service. Presently, all centrate from the two
centrifuges located in the Sludge Dewatering Building now flows by gravity to the 54-inch Gills
Creek Plant Influent Sewer where it then travels to the Plant Influent Pumping Station.
It should be noted that the electrical controls for these pumps still appear on Main Switchboard
MS located in the Electrical Room of the Sludge Dewatering Building; however, they are not in
use. Also, the pumps are still located in the submersible pump station located outside on the
east side of the Sludge Dewatering Building but again they are not in service.
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8.3

PROCESS THEORY

8.3.1

Centrifuge

The process of separating solids from liquids by the use of centrifugal force is called
centrifugation. The centrifuge is a cylindrical drum that rotates at high speeds to develop the
separating force (centrifugal force). When sludge is introduced into the interior of the rotating
centrifuge, it is thrown against the bowl wall forming a circular pool. Since the solids are denser
than the liquid, separation takes place within the pool. The denser materials are separated out
from the sludge and hug the interior wall of the rotating centrifuge. The centrifugal force
developed by the centrifuge is capable of removing most of the water from the solids in a matter
of seconds. How fast a particle settles in the centrifuge is determined by a formula known as
Stokes Law.
All centrifuges operate on this principle of solids separation but it is the technique of feeding the
sludge, the removal of the centrate (clarified liquid), or the unloading of the sludge cake
(separated solids) that distinguishes one centrifuge from another.
The objective of
centrifugation is to increase the solids recovery while decreasing the sludge cake moisture and
the centrate solids. The most common centrifuge designs are the solid bowl-conveyor, the
basket and the disc.
The centrifuge system used at the Metro Wastewater Treatment Plant is the solid bowlconveyor (decanter/centrifuge). The Metro Wastewater Treatment Plant uses two solid bowl
type centrifuges. The solid bowl-conveyor is the most commonly used centrifuge for sludge
dewatering. The main components of this type of centrifuge are the solid bowl, sludge
conveyor, main drive, and backdrive, as shown in Figure No. 8-20. The bowl is cylindrical with a
conical (cone) section at one end. The conical section is the discharge end for the sludge and
also serves as a sludge drying deck. There are discharge ports located at the end of the
cylindrical section for centrate discharge. These discharge ports are adjustable to regulate the
pool depth that forms as the unit rotates. The sludge conveyor (scroll) moves at a slightly
slower speed than the bowl. This difference in the sludge conveyor speed and bowl speed is
referred to as “Differential Speed”. The sludge conveyor (scroll) pushes the sludge up the
drying deck and out the sludge discharge ports. The centrate (clarified liquid) continuously
flows from the unit as new sludge is introduced into the bowl.
8.3.2

Process and Machine Variables

Like all mechanical sludge dewatering systems, the centrifuge has a number of variables
affecting performance that the Operator must understand completely. For simplicity, the
variables have been classified into two categories:
1.
2.

Process Variables
Machine Variables

Some of the variables can be controlled by the Operator, but others, mainly dealing with the
machine design, cannot.
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The performance of the centrifuge is usually measured by an increase or decrease in the
amount of solids recovered from the feed (digested) sludge. The solids recovery rate is the
percentage of solids from the feed sludge that are retained in the sludge cake. The following
table, Table No. 8-2, shows some typical values of centrifuge performance.

TABLE NO. 8-2
TYPICAL CENTRIFUGE PERFORMANCE

Type of Sludge

Sludge Cake Solids, %

Solids Recovery, %

Raw Sludge

25-36

70-90 without polymer
85-95 with polymer

Raw Sludge plus
Activated Sludge

15-30

50-65 without polymer
80-95 with polymer

Activated Sludge

8-12

80-85 with polymer

Anaerobically Digested

20-35

65-80 without polymer
82-95 with polymer

8.3.2.1

Process Variables

The basic process variables that affect the performance (efficiency) of the centrifuge are:





1.

Sludge Feed Rate
Sludge Solids Characteristics (particle size, sludge age, etc.)
Sludge Concentration
Sludge Temperature
Polymer Addition

Sludge Feed Rate – The liquid residence time within the centrifuge bowl has a direct
effect on the centrate clarity. The liquid residence time is the actual time the sludge
spends in the bowl before it is removed as concentrate. Increasing the speed of the
feed pump decreases the residence time of the liquid within the bowl and, in turn, the
concentrate will be sacrificed. Also a sludge feed rate which is too high could cause
the bowl to become overloaded with solids, causing the sludge conveyor to stop
because of a high torque. By decreasing the sludge feed rate (decreasing the speed
of the feed pump), the liquid residence time within the bowl is increased, thus giving
the centrifuge more time to remove solids.
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This increased residence time within the bowl is especially important in the recovery
of the smaller particles. This implies that if the feed rate is reduced to a very low
value, a very high concentrate quality will be produced. The centrate quality must,
however, be balanced against operating costs of the centrifuge which could be quite
high. Therefore, in practice the feed rate must be reduced only to a rate where the
centrate quality is acceptable while keeping the operating time of the centrifuge to a
minimum.
Operator experience, along with a thorough knowledge of the problems and other
variables available will dictate whether to increase or decrease the sludge feed rate.
2.

Sludge Solids Characteristics – The solids characteristics are concerned with particle
size, shape, and density. These are all important factors that could affect the
centrifuge performance, but in most cases cannot be controlled by the Operator.
However, there are two main areas in which the Operator has control of the sludge
characteristics and they are both related to how long the solids stay in the solids
handling processes prior to the centrifuge and/or how well the sludge stabilization
process is operating at the facility. For example:
(a)

Septic conditions can affect the operation of the centrifuge. For example,
if thickened sludge from the Sludge Thickener Buildings was bypassed
around the anaerobic digesters and sent directly to the centrifuges, this
could result in operational issues and adjustments.

(b)

The quantity of waste activated sludge will affect the operation of the
centrifuges. When the quantity of the thickened waste activated sludge is
higher than the quantity of the primary sludge, then the dewatered solids
concentration reduces and the quality of the centrate is reduced.
Activated sludge will produce a wetter sludge cake because the particle
size is much smaller than a raw sludge particle. A longer residence time
must be maintained in the centrifuge to achieve higher solids recovery
when there are larger quantities of waste activated sludge. Stabilizing the
sludge in anaerobic digesters prior to the centrifuge process helps lessen
this affect.

At the Metro Wastewater Treatment Plant the primary sludge and waste
activated sludge are pumped to air flotation thickeners before it is pumped to the
anaerobic digesters. The digested sludge from the anaerobic digesters is
transferred to the centrifuges for dewatering.

3.

Sludge Concentration – In the centrifuge, one of the limiting factors for dewatering
sludge is the sludge feed rate. There is a top limit to the amount of hydraulic loading
(sludge feed rate) a centrifuge can handle before centrate clarification is reduced. To
overcome the hydraulic limitations of the centrifuge, the solids concentration from the
anaerobic digesters should be increased. By increasing the solids concentration, the
sludge feed rate (pumping rate) can be reduced. Concentrating the digested sludge in
the secondary digester will help increase the solids concentration to the centrifuges.
This can be accomplished by effectively managing supernatant withdrawal and sludge
residence time in the digesters.
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Figure No. 8-21 shows the relationship between the maximum suggested sludge flow
rate and % solids in the digested sludge. At the design solids concentration of 2-3% the
sludge feed rate to the centrifuges is between 147-220 gpm. However, if the solids
concentration is increased to 6%, the sludge feed rate may be reduced to approximately
73 gpm.
Increasing the digested sludge concentration has the following beneficial effect on the
centrifuge:
(a)

There is a higher proportion of feed sludge being discharged as cake. This
reduces the centrate overflow rate and hence increases the clarification
capacity of the machine.

An increase in the feed concentration and the solids capacity of the centrifuge will
increase cake moisture. This occurs because there is a recovery of the finer solids and
the increased solids loading on the drying deck of the bowl.

4.

Sludge Temperature – The clarity of the centrate plus the cake dryness will be
influenced by the temperature of the digested sludge. The digested sludge temperature
should be fairly constant throughout the year. This will result in a higher solids recovery
and clearer centrate. Also, when the sludge is warmer, a thinner film of water will be left
around the sludge particles causing the sludge cake to be dryer.

5.

Polymer Addition – The addition of polymer (polyelectrolyte) to the sludge before it
enters the centrifuge can result in a significant increase to the solids recovery rate.
Polymer addition causes the fine sludge solids to group together and form larger solids.
This process in which the solids are grouped together is known as flocculation. Larger
solids will move more easily and quickly to the walls of the centrifuge bowl and can be
collected by the conveyor whereas a smaller solid will be washed out of the bowl with
the centrate.
The use of polymers is most effective when the particle size of the solids is smaller, as in
the case of activated sludge. When the thickened sludge is comprised of raw sludge
alone, the addition of polymer may only improve the efficiency of the centrifuge slightly
because the particle size of the raw sludge is generally larger. There could be a large
proportion of smaller particles in the thickened sludge if the detention time of the primary
sedimentation tanks was long. In this case the addition of polymer would be effective.
Any changes that need to be made in the polymer feed rate can be determined by direct
observation of the centrate as it leaves the centrifuge. A good centrate should be
relatively clear. A black centrate indicates that the sludge is under dosed with polymer.
A milky white centrate indicates that the sludge is being overdosed with polymer. The
milky white centrate occurs because the polymer has not attached itself to any sludge
particles and is leaving the centrifuge with the centrate. The polymer dosing rate can be
increased or decreased by adjusting the output of the dilute polymer feed pumps.
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Polymers (polyelectrolytes) are effective coagulants because they have a high molecular
weight, they are water soluble compounds and they are long chain organic molecules.
The high molecular weight is important because it makes the sludge heavier which in
turn improves settling (sludge is thrown against the bowl faster). Since polymer is water
soluble (dissolves in water) it is easy to batch into the required solutions without any
residue. The long chain organic molecules of polymer are what make it effective in
attaching together the smaller sludge particles into larger particles.
The type of polymer can affect the performance of a centrifuge. There are many
polymers on the market, therefore, proper testing of the plant sludge with different
polymers is important to determine the most efficient and cost-effective polymer to use at
the facility.
8.3.2.2

Machine Variables

Other variables which can affect the centrifuge efficiency have to do with the machine operation
and design. These variables are:

1.
2.
3.

Rotational Speed of the Bowl
Depth of Liquid Pool within the Bowl
Differential Speed of the Sludge Conveyor (scroll)

Some machine variables can only be changed, such as the liquid depth in the bowl and bowl
speed, by the Maintenance personnel or authorized personnel and not by the Operators. The
Operator has the ability to change the differential speed at the control panel. A complete
understanding of the machine variables by the Operators and Maintenance personnel can be
helpful in co-coordinating work on the machine.

1.

Bowl Speed – From the relationship of bowl speed to process performance, it would
seem that the bowl speed needs only to be increased to improve the quality of the
centrate and sludge cake. While increasing the bowl speed increases the centrifugal
forces and favors increased clarification, the solids that settle against the bowl become
more difficult to discharge. Excessive bowl speeds tend to lock the bowl and conveyor
together, increases abrasion and increases maintenance problems. Also, as the bowl
rotates, a force on the sludge is developed that tends to push the sludge back down the
drying deck into the pool. This force, known as “slippage force”, varies with the speed of
the bowl. The faster the bowl the stronger the force. Typically, the manufacturer has
determined the best bowl speed range for the facility.

2.

Pool Depth – Pool depth affects both centrate clarity and cake dryness. Lowering the
pool exposes more drainage deck area, increases the dewatering time, and produces a
drier cake. Within limits, increasing the pool depth increases clarification by increasing
detention time. However, the pool depth can be compared to plain sedimentation
(primary or secondary sedimentation) in the fact that too great a depth prevents the
sludge particles from reaching the settled sludge layer and are therefore discharged with
the effluent. At shallow depths, the moving sludge conveyor tends to resuspend the
settled solids.
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The pool depth within the bowl can be changed by adjusting the centrate discharge
dams located at the end of the unit. This would have to be accomplished when the
machine is down for maintenance.

3.

Sludge Conveyor Speed – Conveyor (scroll) speeds are adjusted to maintain minimum
turbulence inside the pool while still providing sufficient conveying capacity. Low speeds
reduce the rate of wear on the conveyor blades, especially when poorly degritted
sludges are handled. Increasing the conveyor speed sometimes produces a drier
sludge cake because the fines are washed from the cake.
The conveyor (scroll) operates at a slightly slower speed than the bowl. The sludge
conveyor is able to operate at a different speed than the bowl because of a differential
gearbox called the backdrive. Adjustments to the backdrive gearbox, the conveyor
pulley system or the sludge conveyor (backdrive) motor would enable the sludge
conveyor speed to be increased or decreased. This speed can be changed at the
Centrifuge Control Panel. The difference in bowl speed to conveyor speed is referred to
as “Differential”.

8.3.3

Start-up and Shutdown

8.3.3.1

Start-up

Typically, when the Operator presses the start button the centrifuge starts automatically through
a sequential start-up procedure. The following are the basic start-up steps for a centrifuge.
More specific steps for the Alfa Laval centrifuges at the Metro Wastewater Treatment Plant are
described in Section 8.2 of this chapter.

1.

The centrifuge bowl will ramp up to full speed and backdrive motor will start and operate
at a minimum rpm (revolutions per minute) and then go up in speed.

2.

After the operating speed is met the bowl and conveyor operate at different speeds per
the controllers.

3.

The polymer and sludge are introduced into the machine. (Note: Some centrifuges
require that the polymer start first followed by the sludge feed while on other machines
the polymer and sludge start at the same time.

4.

The centrifuge may take 10 to 20 minutes to reach a steady state.

Once the unit is operating the Operator must monitor the sludge cake and centrate quality. In
addition, the Operator must observe the machine for any unusual noises or vibrations.
8.3.3.2

Shutdown

Usually on today’s centrifuges when the Operator presses the stop button alarms will sound
alerting the Operator of a shutdown. Typically, the centrifuge will shutdown in the following
order.
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1.

The sludge feed and polymer will stop. (Note: Some centrifuges require that the
sludge stop first followed by the polymer while on other machines the polymer
and sludge stop at the same time.

2.

The flush water must be started while the centrifuge (conveyor/bowl) is operating
at full speed. The flush system typically operates for approximately 10 minutes.

3.

After the flush water sequence is completed and the water clears then shutdown
the centrifuge.

4.

The flush water should be turned off after the centrifuge stops.

8.3.4

Formulas

The following formulas and definitions are intended to help the Operators better understand and
control the sludge dewatering process. The following problems are concerned with computing:
1.
2.
3.

Solids feed rate to the centrifuge
Solids recovery from the centrifuge (Solids Capture Rate)
Polymer usage

Below is a list of assumed conditions for the purpose of the examples. As an Operator you
should be taking the actual conditions as they exist at your plant.
Assumed:

1.

Sludge Feed Rate

=

210 gpm

Feed Solids

=

2.5%

Cake Solids

=

30%

Centrate Solids

=

0.5%

Centrifuge Run Time

=

16 hrs

Polymer Feed Concentration

=

0.25%

Polymer Feed Rate

=

10 gpm

(or 302,400 gallons per 24 hrs.)

Solids Feed Rate to the Centrifuge:
The Solids Feed rate is the amount of dry solids fed to the Centrifuge. There are several
ways to determine the amount of solids being fed to the centrifuges. The following
calculations show several methods:
a)

Feed Solids lb/day = Flow, gpm x 60 min/hr x Run Time hr/day x Feed Solids, %
x 8.34 lbs/gal
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Feed Solids

= 210 gpm x 60 min/hr x 16 hr/day x 0.025 x 8.34 lbs/gal
= 42,034 lbs/16 hrs or 2,627 lbs/hr.
or

b)

Feed Solids lbs/day = Conc, mg/L x Flow, mgd x 8.34 lbs/gal x Run Time, hrs
24 hrs/day
=

25,000 mg/L x 0.302400 mgd x 8.34 lbs/gal x 16 hr
24 hrs/day

=

42,034 lbs/16 hrs or 2,627 lbs/hr
or

c)

2.

Feed Solids lbs/day = Flow, gpd x Total Solids, % x 8.34 lbs/gal x Run Time, hrs
24 hrs/day
=

302,400 gpd x 0.025 x 8.34 lbs/gal x 16 hrs
24 hrs/day

=

42,034 lbs/16 hrs or 2,627 lbs/hr

Solids Recovery from the Centrifuge (Solids Capture Rate):
Solids recovery rate is the percentage of solids from the digested sludge feed solids that
are retained in the sludge cake and deposited into the solids discharge. In other words,
it is a measure of the centrifuge efficiency.
The recovery rate can be influenced by factors such as the sludge feed rate, the polymer
feed rate, the temperature of the sludge and the solids concentration of the digested
sludge. The solids characteristics from the anaerobic digesters can also influence the
solids recovery rate in the centrifuge.
Solids Capture Rate %=

(Cake Solids, %) x (Feed Solids %- Filtrate Solids %) x 100
(Feed Solids, %) x (Cake Solids, % - Centrate Solids, %)

=

(30%) x (2.5%-0.5%) x 100
(2.5%) x (30%-0.5%)

=

81.4% say 81%
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3.

Polymer Usage
This formula will assist the Operator in determining the amount of polymer used per ton
of solids dewatered. Each facility is different; however, the typical range for polymer
usage is 14-20 lbs polymer/ton of solids.
a)

Find Polymer Used:
Polymer Used, lbs

b)

=

Polymer Used, gallons x Polymer Feed Conc. % x 8.34
lbs/gal

=

(10 gpm x 60 min/hr x 16 hrs/day) x 0.0025 x 8.34
lbs/gal

=

9,600 gallons x 0.0025 x 8.34 lbs/gal

=

200 lbs of polymer/day

Solids Captured:

Solids Captured, lbs = Feed Flow, gpd x Total Solids, % Run Time x Capture, % x 8.34 lbs/gal
24 hrs/day

c)

=

302,400 gpd x 0.025 x

16 hrs x 0.81 x 8.34 lbs/gal
24 hrs/day

=

34,047.22 lbs say 34,047 lbs

Pounds of Polymer per Ton of Solids:
Polymer Usage

=

Pounds of Polymer
Ton of Solids

=

200 lbs/day
34,047 lbs/day ÷ 2,000 lbs/ton

=

120 lbs/day
17 Tons

=

11.77 lbs polymer/ton of solids dewatered
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8.4

TROUBLESHOOTING

8.4.1

Introduction

The following troubleshooting guide indicates some of the process problems supplied by the
manufacturer which may occur in your centrifugation process. It would be impossible to
mention every problem that could occur in this area, however, through experience, the Operator
should write down his/her observations, the causes, and the solutions so he/she and fellow
workers could be aware of this problem if it occurred again.
The design engineers have allowed for equipment failures by providing spare units. A standby
unit has been provided for the centrifuges, the centrifuge feed pumps, the digested sludge
grinder and the polymer feed pumps. If a failure occurs to one of these units, the Operator must
re-route the flow to the standby equipment. The standby equipment enables the sludge
dewatering process to continue with little delay.
It is important to remember that the equipment in the centrifugation process is connected by an
electrical interlock system. If there is a failure of one piece of equipment, all the equipment
interconnected by the interlock system will also shutdown. All those items that shutdown in the
centrifuge system will show as a “Fault” on the Centrifuge Control Panels and on the plant
SCADA system. A thorough knowledge of the interlock system is necessary to enable the
Operator to quickly identify an equipment failure.
When a problem does occur, whether it is mechanical or process, the Shift Supervisor should
be notified immediately, so that he/she can have the problem corrected and also write any
necessary reports.
8.4.2

Specific Troubleshooting Guides

The following recommendations are based on information from manufacturers and operating
experience of similar equipment. This section is not intended to be a total list, a replacement for
manufacturers' instructions or your own experience. It does represent remedies for operating
problems common to these types of equipment.
It is most important to approach the correction of an operating problem carefully. If several
changes in operating conditions seem to be needed, make changes one at a time. In this way,
you can determine the effect of every change.
The following specific troubleshooting guides are for the sludge grinders, centrifuge sludge feed
pumps, centrifuges, centrifuge bearings, AC motor, DC motor, motor starter, motors controls
and centrifuge polymer feed pumps.
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TROUBLESHOOTING GUIDE
CENTRIFUGATION

INDICATIONS/OBSERVATIONS
1. Centrate clarity inadequate

2. Cake dryness inadequate

3. Centrifuge torque control
keeps tripping

PROBABLE CAUSE

CHECK OR MONITOR

1a.
1b.

Sludge feed rate too high
Conveyor flights worn

1c.

Feed solids too high

1d.
2a.
2b.
2c.

Chemical conditioning
Sludge feed rate too high
Chemical conditioning too
high
Feed sludge too warm

3a.

Sludge feed rate too high

3a. Flow records

3b.

Sludge feed solids too high

3c.

Bad cleaning after previous
running
Foreign material such as
metal or rags in machine
Gear unit is misaligned

3b. Spin test on feed sludge –
should be < 40% by volume
3c. Interior of machine

3d.
3e.
3f.

Gear unit has faulty bearing,
gear or spline

1a. Flow records
1b. Vibration, excessive solids
buildup in machine
1c. Spin test on feed sludge –
should be 40% by volume
1d. Chemical feed rate
2a. Flow records
2b. Chemical feed rate
2c. Feed sludge temperature

3d. Inspect interior

SOLUTIONS
1a. Reduce sludge flow
1b. Repair or replace conveyor
1c. Dilute feed sludge
1d. Increase chemical dosage
2a. Reduce sludge flow
2b. Decrease chemical dosage
2c. Reduce feed sludge
temperature if possible or
reduce sludge feed rate to
increase residence time
3a. Reduce sludge flow
3b. Dilute feed sludge
3c. Flush out centrifuge

3e. Vibration

3d. Remove conveyor and
remove foreign material
3e. Correct alignment

3f.

3f.

Inspect gear unit

Replace faulty parts

TROUBLESHOOTING GUIDE
CENTRIFUGATION (cont.)

INDICATIONS/OBSERVATIONS
4. Excessive vibration

PROBABLE CAUSE
Improper lubrication
Vibrating damping rubber
washers have lost elasticity

4a. Check lubrication
4b. Rubber washers

4a.
4b.

4c.

Discharge funnels may be
contacting centrifuge
Portion of conveyor flights
may be plugged with solids
causing imbalance
Gearbox improperly aligned
Bearings damage
Bowl out of balance

4c. Position of funnels

4c.

4d. Interior of machine

4d.

4e. Gearbox alignment
4f. Inspect bearings

4e.
4f.
4g.

4e.
4f.
4g.

6. Gradual increase in power
consumption
7. Spasmodic, surging solids
discharge

SOLUTIONS

4a.
4b.

4d.

5. Sudden increase in power
consumption

CHECK OR MONITOR

4h.
4i.
5a.

Parts not tightly assembled
Uneven wear of conveyor
Contact between bowl and
accumulated solids in
centrifuge case

5b.

Centrate pipe plugged

6a. Conveyor blade wear
7a.

Conveyor blade rough

7b.

Sludge feed pipe (if
adjustable too near drainage
deck)
Machine vibration excessive
(see Item 4)

7c.

4i. Inspect conveyor
5a. Solids build up, look for
polished area on outer bowl

4h.
4i.
5a.

Correct lubrication
Renew rubber washers
regularly or at least every
second year
Reposition slip joints at
funnels
Flush out centrifuge

Align Gearbox
Replace bearings
Return rotating parts to
manufacturer for rebalance
Tighten parts
Resurface, rebalance
Apply hard surfacing to
areas with wear

5b. Check for free discharge of
solids
6a. Conveyor conditions

5b.

Clear centrate pipe

6a.

Resurface blades

7a. Improper hard surfacing or
corrosion

7a.

Refinish conveyor blade
areas
Move sludge feed pipe
closer to the outlet end of
the screw conveyor

7b.

TROUBLESHOOTING GUIDE
CENTRIFUGATION (cont.)

INDICATIONS/OBSERVATIONS
8. Centrifuge shuts down (or will
not start)

PROBABLE CAUSE
8a.

Blown fuses

10. Noise from gearbox

11. Centrate exits Centrifuge via
Sludge Cake Discharge
Chute – no Centrate evident
at Centrate Sampling Point

SOLUTIONS

8a. Fuses

8a.

Overload relay tripped
Motor overheated, thermal
protectors tripped
8d. Torque control tripped
8e. Dilution water solenoid valve
defective
9a. Generally more than two
successive starts have been
performed causing
overheating of motor
10a. Oil quantity wrong

8b. Overload relay
8c. Thermal protectors

8b.
8c.

10b. Gear worn
10c. Bearing worn out or
damaged
11a. Centrifuge bowl blockage

10b. Check gearbox

8b.
8c.

9. Motor stops during running-up

CHECK OR MONITOR

8d. See Item 3
8e. “Low Flow” indication on the
Control Panel
9a. Feel if the motor is hot

10a. Oil quantity and quality

8e.
9a.

Replace fuses, flush
machine
Flush machine, reset relay
Repair, lubricate or replace
solenoid valve
Repair, lubricate or replace
solenoid valve
Let motor rest for
approximately one hour

10a. Renew oil and fill to
recommended level
10b. Overhaul gearbox
10c. Overhaul gearbox
11a. Shutdown centrifuge and
close appropriate valves

11b. Remove inlet pipe

TROUBLESHOOTING GUIDE
CENTRIFUGATION (cont.)

INDICATIONS/OBSERVATIONS

12. Sludge Cake
Discharge Chute
High Level Alarm

PROBABLE CAUSE

12a. Cake too dry

12b. Sludge Cake Feed Conveyor
has failed/or cannot be
started

CHECK OR MONITOR

SOLUTIONS

11c. Clean out centrifuge by
manually rotating the
backdrive, via the V-belt
drive, in the opposite
direction to normal bowl
rotation. CAUTION: DO
NOT USE EXCESSIVE
FORCE. If the backdrive is
jammed against the bowl,
the centrifuge will need to be
dismantled. Refer to Alfa
Laval’s “Operation and
Maintenance Manual”
12a. Stop and clear chute

12b. If problem reoccurs, change
centrifuge sunwheel rotation
to obtain wetter cake
12c. If problem reoccurs
repeatedly, check sludge
cake feed conveyor motor

TROUBLESHOOTING GUIDE
IN-LINE GRINDERS
JWC ENVIRONMENTAL

INDICATIONS/OBSERVATIONS
1. Muffin Monster Will Not Start when Start
Switch Is Pushed

2. Muffin Monster Will Not Stop When Stop
Switch Is Pushed

PROBABLE CAUSE

SOLUTION

1a. Check electrical power.

1a.

Use voltmeter to verify correct 3 phase
input voltage is supplied to controller.
Check voltage balance.

1b. Check start switch.

1b.

With power off make a continuity test
across the start switch. Check for
shorted wires.

1c. Check Fuses.

1c.

Remove fuse and verify with continuity
test that fuse is good. Replace as
needed. Check for shorted wires.

1d. Check solid state relay.

1d.

Refer to manufacturer’s manual.

1e. Check logic block.

1e.

Refer to manufacturer’s manual.

1f.

1f.

Refer to manufacturer’s manual.

1g. Check power transformer.
2a. Check stop switch.

1g.
2a.

Refer to manufacture’s manual.
Refer to 1b.

2b. Check solid state relay.

2b.

Refer to manufacturer’s manual.

2c.

Check logic block.

2c.

Refer to manufacturer’s manual.

2d. Check contactors.

2d.

Refer to manufacturer’s manual.

Check contactors.

TROUBLESHOOTING GUIDE
IN-LINE GRINDERS
JWC ENVIRONMENTAL (cont.)

INDICATIONS/OBSERVATIONS
3. Line Active Lamp Does Not Light When
Power is Applied

4. Muffin Monster Will Start But Goes Off In A
Few Seconds
5. Muffin Monster Will Start But Goes Off
After 2 Minutes
6. Muffin Monster Does Not Reverse When
Jammed

PROBABLE CAUSE

SOLUTION

3a. Check 24V bulb.

3a.

Check pilot light circuit. Replace bulb.

3b. Check fuses.

3b.

Refer to 1c.

3c.

Check electrical power.

3c.

Refer to 1a.

3d. Check power transformer.
4a. Check current phase sensor.

3d.
4a.

Refer to manufacturer’s manual.
Check current phase sensor.

4b. Check logic block.
5a. Check electrical power.

4b.
5a.

Check logic block.
Refer to 1a.

5b. Check current phase sensor.
6a. Check current phase sensor.

5b.
6a.

Refer to 4a.
Refer to 4a.

6b. Check solid state relay.

6b.

Refer to manufacturer’s manual.

6c.

Check contactors.

6c.

Refer to manufacturer’s manual.

6d. Check logic block.

6d.

Refer to manufacturer’s manual.

TROUBLESHOOTING GUIDE
IN-LINE GRINDERS
JWC ENVIRONMENTAL (cont.)

INDICATIONS/OBSERVATIONS
7. Controller Will Not Reset After Overload

PROBABLE CAUSE

SOLUTION

7a.

Check stop switch.

7a.

Refer to 1b.

7b.

Check solid state relay.

7b.

Refer to manufacturer’s manual.

7c.
8a.

Check logic block.
Check solid state relay.

7c.
8a.

Refer to manufacturer’s manual.
Refer to manufacturer’s manual.

8b.

Check start switch.

8b.

Refer to 1b.

8c.
9a.
10a.

Check logic block.
Check current phase sensor.
Check electrical power.

8c.
Refer to manufacturer’s manual.
9a. Refer to 4a.
10a. Refer to 1a.

10b.

Check V.D.R. or M.O.V.

11. Fuse on Chassis Repeatedly Blows

11a.

Check power transformer.

10b. Check V.D.R. or M.O.V. for shorts.
Inspect for physical damage. Replace
as needed.
11a. Refer to manufacturer’s manual.

12. Contactors Operate Erratically

11b.
12a.

Check V.D.R. or M.O.V.
Check contactors.

11b. Refer to 10b.
12a. Refer to manufacturer’s manual.

12b.

Check solid state relay.

12b. Refer to manufacturer’s manual.

12c.

Check logic block.

12c. Refer to manufacturer’s manual.

8. Muffin Monster Starts When Power Is
Applied

9. Muffin Monster Jams too Easily
10. Controller Fuses F1 & F2 Are Blowing

TROUBLESHOOTING GUIDE
IN-LINE GRINDERS
JWC ENVIRONMENTAL (cont.)

Note: The Muffin Monster is designed to operate smoothly and quietly. If any excessive noise is
noted inspect and consult factory if necessary.
3.1

Reducer making noise:
1.
Needs grease
2.
Contaminated by influent

3.2

Grinder making noise:
1.
Cutter with burr on it
2.
Off centered cutter hitting side rail
3.
Broken cutter or spacer
4.
Seal failure
5.
Bearing failure
6.
Bent shaft
7.
Broken shaft

3.3

Driven shaft not turning:
1.
Gear key broken or missing
2.
Shaft broken

3.4

Drive shaft not turning:
1.
Shaft broken below gear

3.5

Neither shaft turns:
1.
Coupling key broken or missing
2.
Combination of 3.3 and 3.4

3.6

Shaft bobbing up and down:
1.
Bearing failure
2.
Retaining rings broken or not in groove
3.
Castle nut loose

3.7

Seal failure:
1.
Worn seal parts (i.e., races, rubbers, o-rings)
2.
Worn bushing
3.
Cutter and spacers worn thin
4.
Broken cutter or spacer

3.8

Hole worn through side rail:
1.
Bearing failure
2.
Bent shaft

TROUBLESHOOTING GUIDE
CENTRIFUGE SLUDGE FEED PUMPS (MOYNO)
AND CENTRIFUGE POLYMER FEED PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS
1. Pump does not rotate.

2. Pump does not discharge.

3. Discharge output low.

PROBABLE CAUSE OR REMEDY
1a. Incorrect power supply; drive not properly wired.
Check motor nameplate data; test voltage, phase,
and frequency.
1b. Foreign matter in pump. Remove foreign matter.
1c. If pump or stator is new, too much static friction.
Fill with liquid, and hand turn.
1d. Stator swells due to chemical attack. Change
stator material.
1e. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
1f. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
1g. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
1h. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
1i. Packing too tight. Loosen gland nuts, and
lubricate packing.
1j. Drive and pump misaligned. Re-align drive and
pump.
1k. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
2a. Suction pipe not submerged. Reposition suction
pipe.
2b. Air in suction pipe. Tighten connections to stops
leaks.
2c. Pump speed too low. Increase drive speed.
2d. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
2e. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.
2f. Stator worn excessively. Replace stator and
inspect rotor.
2g. Rotor worn excessively. Replace rotor.
2h. Wrong direction of rotation. Reverse drive motor
polarity.
2i. Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
2j. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
3a. Incorrect power supply; drive not properly wired.
Check motor nameplate data; test voltage, phase,
and frequency.

TROUBLESHOOTING GUIDE
CENTRIFUGE SLUDGE FEED PUMPS (MOYNO)
AND CENTRIFUGE POLYMER FEED PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS

PROBABLE CAUSE OR REMEDY
3b. Foreign matter in pump. Remove foreign matter.
3c. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
3d. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
3e. Suction pipe not submerged. Reposition suction
pipe.
3f. Air in suction pipe. Tighten connections to stop
leaks.
3g. Pump speed too low. Increase drive speed.
3h. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
3i. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.
3j. Stator worn excessively. Replace stator and
inspect rotor.
3k. Rotor worn excessively. Replace rotor.
3l.

Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
3m. Suction pipe leaks. Tighten pipe connections.
3n. Shaft packing leaks. Tighten packing gland;
replace packing; lubricate packing.
3o. Stator material brittle. Replace stator.
3p. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
3q. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.

TROUBLESHOOTING GUIDE
CENTRIFUGE SLUDGE FEED PUMPS (MOYNO)
AND CENTRIFUGE POLYMER FEED PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS
4. Discharge output fluctuates.

5. Pump drive overloaded.

PROBABLE CAUSE OR REMEDY
4a. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
4b. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
4c. Suction pipe not submerged. Reposition suction
pipe.
4d. Air in suction pipe. Tighten connections to stop
leaks.
4e. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
4f. Stator worn excessively. Replace stator and
inspect rotor.
4g. Rotor worn excessively. Replace rotor.
4h. Suction pipe leaks. Tighten pipe connections.
4i. Shaft packing leaks. Tighten packing gland;
replace packing; lubricate packing.
4j. Pump speed too high. Reduce drive speed.
4k. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
4l. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
5a. Incorrect power supply; drive not properly wired.
Check motor nameplate data; test voltage, phase,
and frequency.
5b. Foreign matter in pump. Remove foreign matter.
5c. If pump or stator is new, too much static friction.
Fill with liquid, and hand turn.
5d. Stator swells due to chemical attack. Change
stator material.
5e. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
5f. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
5g. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
5h. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.

TROUBLESHOOTING GUIDE
CENTRIFUGE SLUDGE FEED PUMPS (MOYNO)
AND CENTRIFUGE POLYMER FEED PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS

PROBABLE CAUSE OR REMEDY
5i.

5j.

6. Pump noisy.

Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
Pump speed too high. Reduce drive speed.

5k. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
5l. Packing too tight. Loosen gland nuts, and
lubricate packing.
5m. Bent drive shaft. Replace drive shaft.
5n. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
6a. Foreign matter in pump. Remove foreign matter.
6b. Blockage due to solids in liquid. Decrease solidsto-liquid ration.
6c. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
6d. Suction pipe not submerged. Reposition suction
pipe.
6e. Air in suction pipe. Tighten connections to stop
leaks.
6f. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
6g. Pump running dry; no prime. Fill pump with liquid;
relocate suction piping.
6h. Stator worn excessively. Replace stator and
inspect rotor.
6i. Rotor worn excessively. Replace rotor.
6j. Suction pipe leaks. Tighten pipe connections.
6k. Stator material brittle. Replace stator.
6l. Pump speed too high. Reduce drive speed.
6m. Liquid viscosity or specific gravity too high.
Measure and compare with specification.
6n. Bent drive shaft. Replace drive shaft.
6o. Drive and pump misaligned. Re-align drive and
pump.
6p. Flexible drive coupling worn. Repair or replace
coupling.
6q. Drive shaft bearings worn. Replace bearings.
6r. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.

TROUBLESHOOTING GUIDE
CENTRIFUGE SLUDGE FEED PUMPS (MOYNO)
AND CENTRIFUGE POLYMER FEED PUMPS (MOYNO)
(POSITIVE DISPLACEMENT PUMP)

PUMP PROBLEMS
7. Shaft seal leaks.

8. Stator wears too fast.

9. Rotor wears too fast.

PROBABLE CAUSE OR REMEDY
7a. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
7b. Wrong direction of rotation. Reverse drive motor
polarity.
7c. Drive shaft bearings worn. Replace bearings.
7d. Incorrect packing. Change packing material.
7e. Packing too loose. Tighten gland nuts, and
lubricate.
8a. Stator swells due to chemical attack. Change
stator material.
8b. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
8c. Blockage due to solids in liquid. Decrease solidsto-liquid ratio.
8d. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
8e. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
8f. Rotor worn excessively. Replace rotor.
8g. Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
8h. Stator material brittle. Replace stator.
8i. Pump speed too high. Reduce drive speed.
8j. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.
9a. Stator swells due to high liquid temp. Reduce
liquid temp. or use an undersized rotor.
9b. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
9c. Suction lift too high (cavitation). Reduce suction
losses; move pump to lower elevation; increase
pipe size.
9d. Discharge pressure too high. Open discharge
valve; reduce discharge pipe length; remove
obstruction, increase pipe size.
9e. Liquid settles and hardens after pump shut down.
Clean and rinse pump after each use.
9f. Stator material brittle. Replace stator.
9g. Pump speed too high. Reduce drive speed.
9h. Incorrect parts. If pump has been rebuilt, check to
verify original Moyno parts used.

TROUBLESHOOTING GUIDE
CENTRIFUGES
(ALFA LAVAL)

TROUBLE
1. Centrifuge will not start.

PROBABLE CAUSE
1a. Vibration switch tripped.
1b. No power or blown fuse.
1c.
1d.
1e.
1f.

2. Centrifuge shuts down.

3. Excessive vibration.

Motor starter failure.
Motor failure.
Motor overheated.
Lubricating oil flow switch
tripped.

2a. Blown fuse.
2b. Overload relays tripped.
2c. Drive motor or backdrive
motor overheated.
2d. Vibration switch tripped.
2e. Lubricating oil flow switches
or oil temperature switches
tripping.
3a. Vibration isolator.
3b. Flexible piping not used
where required.
3c. Conveyor flights plugged
with solids.
3d. Gear box and gear box
adapter misaligned.
3e. Pillow block bearings
damaged.
3f. Conveyor bearings
damaged.
3g. Loose components.
3h. Bowl or conveyor out of
balance due to wear.

REMEDY
1a. Reset switch.
1b. Check power source; check
fuse.
1c. Repair or replace starter.
1d. Repair motor.
1e. Cool, restart, trace cause.
1f. Refer to lubrication system
remedies.
2a. Replace fuse.
2b. Reset relays.
2c. Cool and trace cause.
2d. Reset, trace cause.
2e. Refer to lubrication system
remedies.
3a. Check for improper
adjustment.
3b. Install flexible piping.
3c. Flush out conveyor.
3d. Correct alignment.
3e. Replace bearings.
3f. Replace bearings damaged.
3g. Tighten components.
3h. Repair; rebalance by
Pennwalt.

TROUBLESHOOTING GUIDE
CENTRIFUGES
(ALFA LAVAL) (cont.)

TROUBLE
4. Incomplete clarify or dryness.

PROBABLE CAUSE
4a.
4b.
4c.
4d.

Wrong pond depth chosen.
Conveyor flights worn.
Feed temperature too low.
Feed rate too high.

REMEDY
4a. Re-evaluate.
4b. Repair or replace.
4c. Adjust temperature.
4d. Adjust feed rate.

5. Centrifuge shutdown
resulting from lubrication
system.

6. Torque monitoring device
trips.

5a. Filter element clogged.
5b. Strainers plugged.
5c. Dirt in pillow block oil
nozzles.
5d. Oil temperature too high.
6a. Feed rate too high.
6b. Solids concentration too
high.
6c. Foreign material lodged in
bowl.

5a. Replace filter.
5b. Clean strainers.
5c. Clean nozzles.
5d. Check for pillow block
bearing failure.
6a. Adjust feed rate.
6b. Reduce solids concentration.
6c. Remove all foreign matter.

TROUBLESHOOTING GUIDE
BEARING TROUBLESHOOTING
(ALFA LAVAL)

TROUBLE
1. Bearings Run Hot:
In General

PROBABLE CAUSE

1a.
1b.
1c.
1d.

Belts too tight.
Misalignment.
Bent Shaft.
Bearings stiff.

1e. Bearings Damaged.
1f. Pulley located or sized
wrong.
1g. Dirt surrounding bearing.

REMEDY

Consult Centrifuge Drive
Alignment Instructions.

Consult Motor Manufacturers
Instructions

1h. High ambient temperature.
1i. Acid atmosphere.
1j. Humid atmosphere.
2. Grease-lubricated

2a. Too much or too little
grease.
2b. Wrong grease.
2c. Grease contaminated or
deteriorated.
2d. Bearing overloaded.
2e. Bearing damaged.
2f.

3. Oil-lubricated

Consult Centrifuge Drive
Alignment Instructions.
Consult Motor Manufacturers
Instructions

Grease leaking onto
insulation.

3a. Oil too heavy or too light.
3b. Too little oil.
3c. Bearing dirty.
3d. Bearing worn or damaged.
3e. Motor not level.
3f. Wrong oil.
3g. Dirty oil.
3h. Coupling to centrifuge
misaligned.

Consult Centrifuge Drive
Alignment Instructions.

Consult Motor Manufacturers
Instructions

TROUBLESHOOTING GUIDE
BEARING TROUBLESHOOTING
(ALFA LAVAL) (cont.)

4. Self-lubricated (Sleeve)

4a. Bent or damaged oil rings.
4b. Too much end thrust.
4c. Bearing dirty.
4d. Bearing surface not true.
4e. Clogged oil grooves.
4f. Bent shaft.
4g. Belts too tight.
4h. Misalignment with
Centrifuge.

Consult Centrifuge Drive
Alignment Instructions.

Consult Motor Manufacturers
Instructions

TROUBLESHOOTING GUIDE
AC MOTOR
(ALFA LAVAL)

TROUBLE
1. Motor connected but
does not start.

PROBABLE CAUSE
1a. One phase open. Motor
may be overloaded.
1b. Rotor defective.
1c. Poor stator coil connection.
1d. Fuses blown.
1e. Jammed.
1f. Improper line voltage.
1g. Bearings stiff.

REMEDY

Consult Centrifuge
Operating Instructions.

Consult Motor Manufacturer
Instructions

1h. Grease stiff.
1i. Overload relay tripped.
1j. Open circuit in stator or
rotor.
2. Motor runs, then stops.

2a. Power failure.
2b. Motor overheated.
2c. Misphased Wye – Delta
motor line connections.

Thermal protectors or thermisters
have opened the circuits.

3. Motor does not come
up to speed.

3a. Voltage too low at motor
terminals.

Consult Centrifuge
Electrical Department.

3b. If wound rotor, improper
control operation of
secondary resistance.
3c. Starting load too high.
3d. Low pull-in torque of
synchronous motor.
3e. Brushes are not riding on
rings.
3f. Broken rotor bars.
3g. Open primary circuit.
4. Motor takes too long
to accelerate.

4a. Excess loading.
4b. Poor circuit.
4c. Defective squirrel-cage rotor.
4d. Applied voltage too low.

Consult Centrifuge
Operating Instructions.

TROUBLESHOOTING GUIDE
AC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
5. Motor overheats while
running under load.

PROBABLE CAUSE
5a. Overload.
5b. Wrong blowers, or air shields
may be clogged with dirt and
prevent proper ventilation of
motor.
5c. Motor may have one phase
open.
5d. Grounded coil.
5e. Unbalanced terminal
voltage.
5f. Shorted stator coil.
5g. Faulty connection.
5h. High voltage.
5i. Low voltage.
5j. Rotor rubs stator bore.
5k. Overgreased bearings.
5l. Bearings stiff.
5m. Belts too tight.

6. Motor vibrates after
corrections have been
made.

6a. Motor misaligned.
6b. Weak foundations.
6c. Coupling out of balance
(If supplied).
6d. Centrifuge unbalanced.
6e.
6f.
6g.
6h.
6i.

Defective bearing.
Bearings not in line.
Balancing weights shifted.
Wound rotor coils replaced.
Polyphase motor running
single phase or misphased
Wye.
6j. Wye – Delta connections.
6k. Excessive end play.

REMEDY
Consult Centrifuge
Operating Instructions.

Consult Centrifuge Drive
Alignment Instructions.

Consult Centrifuge
Operating Instructions.

TROUBLESHOOTING GUIDE
AC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
7. Scraping noise.

8. Magnetic noise.

9. Motor stalls.

PROBABLE CAUSE
7a.
7b.
7c.
8a.
8b.
8c.
9a.

Fan rubbing air shield.
Fan striking insulation.
Motor loose on bedplate.
Air gap not uniform.
Loose bearings.
Rotor unbalance.
Overloaded motor.

REMEDY

Consult Centrifuge
Operating Instructions.

9b. Low motor voltage.
9c. Open circuit.
9d. Incorrect control resistance
of wound rotor.
10. Wrong rotation.

10a. Wrong sequence of
phases.

11. Unbalanced line current
on polyphase motors
during normal operation.

11a. Unequal terminal volts.
11b. Single phase operation.
11c. Poor rotor contacts in
control wound resistance
(tight or loose).
11d. Brushes not in proper
position in wound rotor.

Reverse leads of two of the three
lines.

TROUBLESHOOTING GUIDE
DC MOTOR
(ALFA LAVAL)

TROUBLE
1. Will not start.

2. Motor unstable (starts, then
stops and reverses direction
of rotation).

3. Motor does not come up to
rated speed.

PROBABLE CAUSE
1a. Power may be cut off.
1b. Circuit not complete.
1c. Brushes not down on
commutator.
1d. Brushes stuck in holders.
1e. Armature locked by frozen
bearings in motor or main
drive.
1f. Bearings stiff.
1g. Overload relay tripped.
1h. Overload.
1i. Control not operating.
1j. Jammed.
1k. Blown fuses.
1l. Poor or improper
connections.
1m. Bad SCR.
1n. Grease is stiff.
1o. Low armature voltage.
1p. Weak field.
1q. Winding grounded.
1r. Open or short circuit.
1s. Improper line voltage.
2a. Reverse polarity of
generator that supplies
power.
2b. Shunt and series fields are
bucking each other.
3a. Overload.
3b. Starting resistance not all
out.
3c. Voltage low.
3d. Short circuit in armature
windings or between bars.
3e. Starting heavy load with very
strong field.
3f. Motor off neutral.
3g. Motor cold.
3h. Tachometer Generator not
producing rated voltage.
3i. Improper adjustment.

REMEDY

Consult Motor Manufacturer
Instructions.

Consult Centrifuge
Operating Instructions.

Consult Motor Manufacturer
Instructions.

Consult Centrifuge
Operating Instructions.
Consult Motor Manufacturer
Instructions.

TROUBLESHOOTING GUIDE
DC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
4. Motor runs too fast.

5. Motor gaining speed steadily
and increasing load does not
slow it down.

6. Motor runs too slow
continuously.

PROBABLE CAUSE
4a. Voltage above rated.
4b. Load too light.
4c. Shunt field coil shorted.
4d. Shunt field coil reversed.
4e. Shut field coil shorted or
reversed.
4f. Series field coil shorted or
reversed.
4g. Neutral setting shifted off
neutral.
4h. Part of shunt field rheostat
or unnecessary resistance in
field circuit.
4i. Motor ventilation restricted
causing hot shunt field.
4j. Low field voltage.
5a. Unstable speed load
regulation.
5b. Reversed field oil shunt or
series.
5c. Too strong a commutating
pole or commutating pole air
gap too small.
5d. Tach connection improper.
6a. Voltage below rated.
6b. Overload.
6c. Neutral setting shifted.
6d. Armature has shorted coils
or commutator bars.
6e. Interpole polarity reversed.
6f. Brushes ahead of neutral.
6g. Brushes stuck in holders.
6h. Wrong brush tension.
6i. Control not operating.
6j. Open circuit.
6k. Motor/Control resistance too
light.

REMEDY

Consult Centrifuge
Operating Instructions.

Consult Motor Manufacturer
Instructions.

Consult Motor Manufacturer
Instructions.

TROUBLESHOOTING GUIDE
DC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
7. Motor overheats or runs hot
(General)

8. Motor overheats or runs hot
(Hot Fields)

9. Motor vibrates and indicates
unbalance.

PROBABLE CAUSE
7a. Voltage above rated.
7b. Inadequately ventilated.
7c. Draws excessive current due
to shorted coil. Grounds in
armature.
7d. Armature rubs pole faces
due to off-center rotor
causing friction and
excessive current.
7e. Overgreased bearings.
7f. Bearings stiff.
7g. Belts too tight.
7h. Blocked air passages.
7i. Overloaded.
7j. Overcycled.
8a. In adequate ventilation.

REMEDY
Consult Motor Manufacturer
Instructions.

Consult Motor Manufacturer
Instructions.

8b. Voltage too high.
8c. Shorted turns or grounded
turns.
8d. Resistance of each coil not
the same.
8e. Coil not large enough to
radiate its loss wattage.
9a. Armature out of balance.
9b. Misalignment. Loose or
eccentric pulley.
9c. Belt whip.
9d. Mismating of gear and
pinion. (If provided).
9e. Unbalance in coupling.
(If provided).
9f. Bent shaft.
9g. Foundation inadequate.
9h. Motor loosely mounted.
9i. Motor feet uneven.

Consult Motor Manufacturer
Instructions.

TROUBLESHOOTING GUIDE
DC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
10. Motor sparks at brushes or
does not communicate.

PROBABLE CAUSE
10a. Neutral setting not true
neutral.
10b. Commutator rough,
eccentric or dirty.
10c. Mica high – not undercut.
10d. Commutating pole strength
too great-wrong gap.
10e. Shorted commutating pole
turns.
10f. Reversed or shorted
armature coils on
commutator bars.
10g. Open or short circuit coils.
10h. Grounded windings.
10i. Partial short in shunt field.
10j. Poor soldered connection
to communicator bars from
armature coils.
10k. High bar or loose bar in
commutator at high
speeds.
10l. Brush grade wrong
10m. Brushes worn.
10n. Brushes improperly
seated.
10o. Brushes off neutral.
10p. Copper picking.
10q. Motor overloaded.
10r. Unequal air gap.
10s. Brush pressure too light.
10t. Brushes stuck in holders.
10u. Brush shunts loose.
10v. Brushes chatter due to
dirty film on commutator.
10w. Vibration.
10x. Brushholders improperly
spaced.
10y. Reversed or shorted
compensating field
winding.
10z. Brushes not parallel with
commutator bar.
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Consult Motor Manufacturer
Instructions.

TROUBLESHOOTING GUIDE
DC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
11. Brush wear excessive.

12. Burned brushes

13. Brush breakage and noise
(chatter)

PROBABLE CAUSE
11a. Brushes too soft.
11b. Commutator rough.
11c. Abrasive dust in ventilating
air.
11d. Off neutral setting.
11e. Bad communication.
11f. High, low or loose bar.
11g. Brush tension excessive.
11h. Electrical water due to loss
of film on commutator
face.
11i. Threading and grooving.
11j. Oil or grease from
atjmosphere or bearings.
11k. Weak acid and moisture
laden atmosphere.
11l. Wrong brushes, or
composition.
11m. Severe sparking.
12a. Poor communication.
12b. Brushes off neutral.
12c. Too fast current changes.
12d. Wrong brushes used as
replacement.
12e. Vibration upsetting
commutation.
12f. Coupling loose on tach
generator.
13a. Rough commutation.
13b. High vibration.
13c. Wrong brushes used as
replacement.
13d. Atmospheric
contamination.
13e. Dirty commutator creating
friction.
13f. High mica.
13g. Brushes tight in holders.
13h. Wrong brush size.
13i. Incorrect brush pressure.
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Consult Motor Manufacturer
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Consult Motor Manufacturer
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TROUBLESHOOTING GUIDE
DC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
14. Motor noisy.

PROBABLE CAUSE
14a. Brush chatter.
14b. Motor loosely mounted.
14c. Foundation hollow and
acts as sounding board.
14d. Strained frame.
14e. Armature punching loose.
14f. Armature rubs pole faces.
14g. Magnetic hum.
14h. Belts loose.

Consult Motor Manufacturer
Instructions.

14i.
14j.
14k.
14l.
14m.
14n.
14o.
14p.
14q.

15. Short insulation life.

Excessive current load.
Mechanical vibration.
Noisy bearings.
Noisy fan.
Single phased.
Air gap not uniform.
Loose fittings or couplings.
Misaligned with centrifuge.
Electrical unbalanceimproper voltage and
current.
15a. Contamination.
15b. Overheating.

REMEDY

15c.
16. Low insulation resistance or
arcing.
17. Commutator bar marking.

18. Commutator bar etching.

19. Flashing
20. Motor runs in opposite
direction.

Consult Motor Manufacturer
Instructions.

Vibration.

16a. Moisture.
16b. Dirt.
17a. Wrong brush type.
17b. Opening present in
armature circuit.
18a. Atmospheric acid action
on commutator-usually
when not running
19a. Sudden change in current
voltage or field strength.
20a. Improperly connected
armature.

Consult Motor Manufacturer
Instructions.
Consult Motor Manufacturer
Instructions.

Consult Motor Manufacturer
Instructions.
Consult Motor Manufacturer
Instructions.
Consult Motor Manufacturer
Instructions.

TROUBLESHOOTING GUIDE
DC MOTOR
(ALFA LAVAL) (cont.)

TROUBLE
21. Streaking or threading of
commutator surface.

PROBABLE CAUSE
21a. Surface breakdown Heavy atmospheric
film of sulphur dioxide,
chlorine, etc.
 Copper particles
embedded in brush
face.
21b. Wrong terminal
connection.
21c. Wrong spring pressure.
21d. Wrong brush size.
21e. Wrong brushholder
spacing.
21f. Wrong brush material.
21g. Mixed brushes.
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Consult Motor Manufacturer
Instructions.

TROUBLESHOOTING GUIDE
MOTOR STARTER
(ALFA LAVAL)

TROUBLE
1. Contactor or relay does
not open.

2. Excessive corrosion of
contacts – Contact weld
shut – Contacts overheat.

3. Arc lingers across
contacts.

PROBABLE CAUSE
1a. Pushbutton not connected
correctly.
1b. Shim in magnetic circuit
worn, allowing residual
magnetism to hold
armature closed.
1c. Pushbutton, interlock, or
relay contact not opening
coil circuit.
1d. Feedback circuits.
1e. Permanent magnetism
buildup.
1f. Contacts weld shut.
1g. Damaged, worn, or poorly
adjusted mechanical
parts.
1h. Incorrect wiring.
2a. Insufficient contact spring
pressure causing contacts
to overheat or draw an
arc on closing.
2b. Rough contact surface
causing current to be
carried by too small an
area.
2c. Abnormal operating
conditions.
2d. Chattering of contacts as
a result of vibrations
outside of controller
cabinet.
2e. Sluggish operation.
3a. If blowout is series it may
be shorted.
3b. If blowout is shunt it may
be open circuited.
3c. Ineffective blowout coil.
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TROUBLESHOOTING GUIDE
MOTOR STARTER
(ALFA LAVAL) (cont.)

TROUBLE
3. Arc lingers across
contacts (cont.)

4. Noisy AC magnet.

PROBABLE CAUSE
3d. If no blowout is used, note
travel of contacts.
3e. If used, arc box might be
left off or not in correct
position.
3f. Overload.
3g. Arcing or voltage
breakdown over or
through arc box wall.
4a. Improper seating of the
armature.
4b. Broken shading coil.

REMEDY

Consult Motor Manufacturers
Instructions

Consult Motor Manufacturers
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4c. Low voltage.
4d.
Dirty coil.
5. Abnormally short coil life.

6. Panel and apparatus
burned by heat from
starting resistor.
7. Contactor or relay does
not close.

5a. High voltage.
5b. Gap in magnetic circuit.
5c. Too high an ambient
temperature.

Consult Motor Manufacturers
Instructions

6a. Motor being started too
frequently.

Consult Motor Manufacturers
Instructions

7a.
7b.
7c.
7d.
7e.
7f.

7g.
7h.
7i.
7j.

Blown fuses.
No supply voltage.
Low voltage.
Incorrect wiring.
Open-circuited coil.
Pushbutton, interlock, or
relay contacts not making
contact.
Loose connections or
broken wire.
Pushbutton not connected
correctly.
Overload relay contact
open.
Damaged, worn, or poorly
adjusted mechanical
parts.

Consult Motor Manufacturers
Instructions

TROUBLESHOOTING GUIDE
MOTOR CONTROLS
(ALFA LAVAL)

TROUBLE
1. Excessive motor amps.

PROBABLE CAUSE
1a. High line voltage.
1b. Overloaded motor.
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Consult Control Manufacturer
Instructions

1c. Partially burned out motor.
2. Motor runs, but control does
not.

2a. Welded starter contacts.

3. Motor and control do not run.

3a. Disconnect devices
malfunctioning.
3b. Improper transformer
voltage.
3c. Open secondary connection
or transfer contactor.

4. Contacts
a. Contact Chatter

4a. Broken shading coil.

Consult Control Manufacturer
Instructions

Consult Control Manufacturer
Instructions

4b. Poor contact in control
circuit.
4c. Low voltage.
b. Welding or Freezing

c.

Short Tip Life or
Overheating of Tips

4d.
4e.
4f.
4g.

Abnormal inrush of current.
Rapid jogging.
Insufficient tip pressure.
Low voltage preventing
magnet from sealing.
4h. Foreign matter preventing
contacts from closing.
4i. Short circuit.

4j. Filing or dressing.
4k. Interrupting excessive high
currents.
4l. Excessive jogging.
4m Weak tip pressure.
4n. Dirt or foreign matter on
contact surface.
4o. Short circuits.
4p. Loose connnection.
4q. Sustained overload.

Consult Control Manufacturer
Instructions

Consult Control Manufacturer
Instructions

TROUBLESHOOTING GUIDE
MOTOR CONTROLS
(ALFA LAVAL) (cont.)

TROUBLE
5. Coils
a. Open Circuit
b. Burst Coil

6. Overload Relays
a. Tripping

7. Magnetic and
Mechanical Parts
a. Noisy Magnet

PROBABLE CAUSE

5a. Mechanical damage.
5b. Over voltage or high ambient
temperature.
5c. Incorrect coil.
5d. Shortened turns caused by
mechanical damage or
corrosion.
5e. Under voltage, failure of
magnet to seal in.
5f. Dirt or rust on pole faces
increasing air gap.

6a. Sustained overload.
6b. Loose connection on load
wires.
6c. Incorrect heater.

7a.
7b.
7c.
7d.
7e.

Improper air gap.
Broken shading coil.
Magnet faces not mating.
Dirt or rust on magnet faces.
Low voltage.

b. Failure to Pick up
and Seal

7f.
7g.
7h.
7i.

Low voltage.
Coil open or shorted.
Wrong coil.
Mechanical obstruction.

c.

7j. Gummy substance on pole
faces.
7k. Voltage not removed.
7l. Worn or rusted parts causing
binding.
7m. Residual magnetism due to
lack of air gap in magnet
path.

Failure to Drop Out
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TROUBLESHOOTING GUIDE
MOTOR CONTROLS
(ALFA LAVAL) (cont.)

TROUBLE

PROBABLE CAUSE

8. Pneumatic Timers
a. Eratic Timing

8a. Foreign matter in valve.

b. Contacts Do
Not Operate

9. Limit Switches
a. Broken Parts
10. Manual Starters
a. Failure to Reset

11. Compensators
(Manual)
a. Welding of Contacts
on Starting Side
b. Welding of Contacts
Running Side

8b. Maladjustment of actuating
screw.
8c. Worn or broken parts in snap
switch.

9a. Overtravel of actuator.

10a. Latching mechanism worn
or broken.

11a. Itching, jogging and
operating handle slowly.
11b. Moving handle slowly to
run position.
11c. Lack of sufficient spring
pressure.
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8.5

DESIGN AND EQUIPMENT SUMMARY

8.5.1

Dewatering Design Parameters
Digested Sludge Flows, gpd
Annual Average
Maximum Month
Maximum Day
Digested Sludge TSS Loading, lbs/day
Annual Average
Maximum Month
Maximum Day

8.5.2

Design Digested Sludge TS, %

2

Design Dewatered Sludge, TS %

27

Design Capture Rate, %

90-95

Digested Sludge Storage Tank Mixer
Manufacturer
Number of Units

1

Model
Mixer Impeller Diameter, inches
Motor Manufacturer
Motor Horsepower

10

Motor Speed, rpm
Motor Voltage

460

Type of Drive

Constant Speed
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8.5.3

8.5.4

Centrifuge In-line Grinder Nos. 1 and 2
Manufacturer

JWC Environmental

Number of Units

2

Model

30004-0012-DI

Serial Numbers

G005014-1-1 (10573 and
10574)

Location

On the grade floor of the
Sludge Dewatering Building

Function

To grind and shred solids in
the digested sludge before it
reaches the centrifuges

Capacity per Unit, gpm

400 (max.)

Motor Manufacturer

Baldor

Motor Horsepower

3

Motor Speed, rpm

1725

Motor Voltage

460

Type of Drive

Constant Speed

Centrifuge Sludge Feed Pump Nos. 1 and 2
Manufacturer

Robbins & Myers (Moyno)

Number of Pumps

2

Model

2H115G1-CDQ-A-RS-A

Serial Numbers

AS4278494-1 (2)

Type of Pump

Positive displacement,
progressive cavity type pump

Location

On the grade floor of the
Sludge Dewatering Building

Function

To pump digested sludge up
to the centrifuges

Capacity per Pump, gpm

100-300
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Total Dynamic Head, ft (psig)

185 (80)

Number of Stages

2

Stator Material

Nitrile 70 - Durameter

Rotor Material

Alloy Steel/Hard Chrome

Gear Reducer Manufacturer

SEW (Eurodrive)

Gear Reducer Type

R92LP286

Gear Reducer Size

8.5.5

Gear Reducer Customer No.

25191-A9

Gear Reducer Torque, in-lbs

7,928

Gear Reducer Ratio

5:82:1

Gear Reducer Revolutions, rpm

107-285

Motor Manufacturer

Reliance

Motor Horsepower

30

Motor Speed, rpm

1765

Motor Voltage

460

Type of Drive

Variable Speed

Centrifuge Polymer Feed Pump Nos. 1 and 2
Manufacturer

Robbins & Myers (Moyno)

Number of Pumps

2

Model

2L65SF-AAA

Serial Numbers

AS4278594-1 (2)

Type of Pump

Positive displacement,
progressive cavity type pump

Location

On the grade floor of the
Sludge Dewatering Building

Function

To pump polymer up to the
centrifuges
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Capacity per Pump, gpm

1.4-14

Total Dynamic Head, ft (psig)

162 (70 psig)

Number of Stages

2

Stator Material

Fluoroelastomer

Rotor Material

316 SS /Hard Chrome plated

Gear Reducer Manufacturer

SEW (Eurodrive)

Gear Reducer Type

R602PP184

Gear Reducer Size

R60LP180TC

Gear Reducer Torque, in-lbs.

8.5.6

Gear Reducer Ratio

4.34:1

Gear Reducer Revolutions, rpm

75-356

Motor Manufacturer

Reliance

Motor Horsepower

3

Motor Speed, rpm

1770

Motor Voltage

460

Type of Drive

Variable Speed

Centrifuge Nos. 1 and 2
Manufacturer

Alfa Laval

Number of Units

2

Model

DS706

Serial Numbers

95-DS706-079 (082)

Type of Unit

Horizontal, solid bowl type
centrifuges

Location

On the upper floor of the
Sludge Dewatering Building

Function

To dewater the digested
sludge before disposal
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Hydraulic Capacity per Unit, gpm

275 @ 2% T.S.

Solids Loading Rate, lbs/gal

1.7

Solids Loading Rate, lbs/hr

2,750

Feed Sludge Total Solids Conc., %

2-3

Dewatered Sludge Total Solids Conc., %

25 – 28

Solids Capture Rate, %

95

Bowl Length, inches
Bowl Diameter, inches
Bowl Speed, rpm

2,400-2,600

Flush Water Requirement, gpm
Clean In Place Water Rate, gpm
Main Motor Manufacturer

Weg

Main Motor Horsepower

300

Main Motor Speed, rpm

1785

Main Motor Voltage

460

Main Motor Type of Drive

Belt driven, constant speed

Backdrive Motor Manufacturer
Backdrive Motor Horsepower

100

Backdrive Motor Speed, rpm

2400

Backdrive Motor Voltage

460

Backdrive Type of Drive

Variable Speed

Lube Pump Manufacturer

Tuthill

Number of Pumps

2

Pump Series

LA

Type of Pump

Gear pump

Capacity per Pump, gpm

2.70
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8.5.7

Discharge Pressure, psig

10

Lube Pump Manufacturer

U.S. Electric Motor

Lube Pump Horsepower

0.25

Lube Pump Speed, rpm

1770

Lube Pump Voltage

460

Lube Pump Type of Drive

Variable Speed

Dewatered Sludge Conveyor Nos. 1A and 2A
Manufacturer

Asdor

Number of Units

2

Model

N/A

Conveyor Numbers

23214-100

Type of Conveyor

Shaft type spiral conveyors

Location

On the floor below the
centrifuges

Function

To transfer the dewatered
biosolids from the centrifuges
to Dewatered Biosolids
Conveyor Nos. 2A and 2B

Capacity per Conveyor, ft3/hr

7

Diameter per Conveyor, inches

20

Length per Conveyor, ft

15

Speed per Conveyor, rpm

50

Gear Reducer Manufacturer

Nord

Gear Reducer Type (Model)

SK3282AZBHMR100

Gear Reducer Serial Number

9514693.001 (002)

Gear Reducer Ratio

25:88:1

Gear Reducer Torque, lb. in.

7,735 (max.)

Motor Manufacturer

Emerson
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8.5.8

Motor Horsepower

3

Motor Speed, rpm

1750

Motor Voltage

460

Type of Drive

Constant Speed, reversible

Dewatered Sludge Conveyor Nos. 1B and 2B
Manufacturer

Asdor

Number of Units

4 conveyors/4 motors/2
conveyor sets

Model

N/A

Conveyor Numbers

23214-110

Type of Conveyors

Shaft type spiral conveyors

Location

On the floor below the
centrifuges

Function

To transfer the dewatered
biosolids from Conveyor Nos.
1A and 2A to Conveyor Nos.
1C and 2C and/or the Bypass
Conveyor

Capacity per Conveyor, ft3/hr

14

Diameter per Conveyor, inches

16

Length per Conveyor, ft

58.6

Speed per Conveyor, rpm

60

Gear Reducer Manufacturer

Nord

Gear Reducer Type (Model)

SK4282AZBHMK112

Gear Reducer Serial Number

9514691.00-1

Gear Reducer Ratio

22:39:1

Gear Reducer Torque, lb. in.

14,054 (max.)

Motor Manufacturer

Emerson

Motor Horsepower

5 (4 motors)
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8.5.9

Motor Speed, rpm

1750

Motor Voltage

460

Type of Drive

Constant Speed

Dewatered Sludge Conveyor Nos. 1C and 2C
Manufacturer

Asdor

Number of Units

2

Model

N/A

Serial Number

23214-120

Type of Conveyors

Shaft type spiral conveyors

Location

On the floor below the
centrifuges

Function

To transfer dewatered
biosolids from Conveyor Nos.
2A and 2B to the incinerators

Capacity per Conveyor, ft3/hr

7

Diameter per Conveyor, inches

16

Length per Conveyor, ft

13

Speed per Conveyor, rpm

60

Gear Reducer Manufacturer

Nord

Gear Reducer Type (Model)

SK3282

Gear Reducer Serial Number
Gear Reducer Ratio

23.71:11

Gear Reducer Torque, lb. in.

6,673 (max.)

Motor Manufacturer

Emerson

Motor Horsepower

3

Motor Speed, rpm

1750

Motor Voltage

460
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Type of Drive
8.5.10

Constant Speed

Dewatered Sludge Bypass Conveyor
Manufacturer

Asdor

Number of Units

1

Model

N/A

Conveyor Number

23214-130

Type of Conveyor

Shaft type spiral conveyor

Location

On the floor below the
centrifuges

Function

To transfer the dewatered
biosolids from Conveyor Nos.
1B and 2B to the Truck Loadout Station

Capacity of Conveyor, ft3/hr

7

Diameter of Conveyor, inches

20

Length of Conveyor, ft

26.25

Speed of Conveyor, rpm

50

Gear Reducer Manufacturer

Nord

Gear Reducer Type (Model)

SK5282AZBHMK132

Gear Reducer Serial Number

951469200

Gear Reducer Ratio

30.5:1

Gear Reducer Torque, lbs. in.

22,559 (max.)

Motor Manufacturer

U. S. Electric

Motor Horsepower

7.5

Motor Speed, rpm

1750

Motor Voltage

460

Type of Drive

Constant Speed
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8.5.11

Dewatered Sludge Unloading Conveyor
Manufacturer

Asdor

Number of Units

1

Model

N/A

Conveyor Numbers

23214-140

Type of Conveyor

Shaft type spiral conveyor

Location

Under the Sludge Loading
Bin in the Truck Loading Area

Function

To remove dewatered sludge
from the Sludge Loading Bin
and transfer it to a dumpster
or truck

Capacity of Conveyor, ft3/hr

20

Diameter of Conveyor, inches

20

Length of Conveyor, ft

13

Speed of Conveyor, rpm

10

Gear Reducer Manufacturer

Nord

Gear Reducer Type (Model)

SK8382AZB-MK-IV

Gear Reducer Serial Number
Gear Reducer Ratio

143.95:1

Gear Reducer Torque, lb. in.

93,899 (max.)

Motor Manufacturer

U.S. Electric

Motor Horsepower

7.5

Motor Speed

17.50

Motor Voltage

460

Type of Drive

Constant Speed
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8.5.12

Centrate Pump Nos. 1 and 2 (Out of Service)
Manufacturer

Goulds

Number of Pumps

2

Model
Size
Serial Numbers
Type of Pump

Submersible type pumps

Location

In a wet well located outside
on the east side of the Sludge
Dewatering Building

Function

To transfer centrate from the
centrifuges to the High
Strength Aeration Tanks

Capacity per Pump, gpm
Total Dynamic Head, ft
Motor Manufacturer

Goulds

Motor Horsepower
Motor Speed, rpm
Motor Voltage

460

Type of Drive

Constant Speed
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8.6

OPERATIONAL CHECKLISTS

It is imperative that Operators make rounds throughout the treatment plant to ensure that the
process and the equipment are operating properly and efficiently. Making a round through an
area does not mean the Operator should just walk through the area without observing the
equipment or process. When an Operator makes a round through an area they should note the
following major aspects:
a)

Is the process operating properly?
appearance, noises, etc.

This can be seen by liquid color, odors,

b)

Is the equipment operating properly? This can be determined when the
equipment is running, so listen for any unusual noises, are there coupling
shavings under a pump, is the correct equipment in service, what equipment is
out of service, etc.

c)

Are there any major maintenance needs that should be reported to the
Maintenance Department?

d)

Are there any housekeeping tasks that need to be performed, such as picking up
trash, cleaning up spills, stopping leaks, etc? If there are housekeeping needs,
then do not just walk by it. As an Operator you need to take care of the situation.

The following table provided in this section is a listing of items that must be checked while
making rounds through this particular area of the treatment plant. This checklist can be copied
from this manual and either posted in the treatment area or carried by the Operator.
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METRO WASTEWATER TREATMENT PLANT
CENTRIFUGE OPERATIONAL CHECKLIST
(ALFA LAVAL (SHARPLES))

DAILY
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Check for cleanliness around centrifuge – noting oil spills, grease spots, liquid spills, etc.
Check for excessive vibration with machine empty and machine on stream.
Check for excessive bearing noise.
Check for loose fasteners.
Check that the lube oil flow eyes register proper flow – 75% to 100%.
Check that the pressure gauge registers approximately 15 psig.
Check that temperature of oil to bearings does not exceed 100°F.
Check that temperature of oil from bearings does not exceed 165°F. (max.)
Check for oil leaks from gear box, hoses, etc.
Check ammeter readings.
Check for general condition of vibration isolators-springs for breakage and snubber
properly set.
12. Check flexible connectors for deterioration.
13. Check lamps of fault lights by depressing RESET/LAP TEST pushbutton.
14. Check that backdrive is operative.
WEEKLY
1.

Check lubricating oil reservoir level.

MONTHLY
1.
2.
3.

Check for abrasion on hydraulic hoses.
Check that centrifuge is level. Readjust vibration isolators, if necessary.
Remote feed tube and check that it is not clogged. At the same time look into the interior
of the machine and check for material packing.

THREE MONTHS
1.
2.
3.
4.

Review operational procedures.
Review and/or re-train maintenance and operating personnel.
Initially check for conveyor wear. After this period experience should dictate inspection
intervals. Each time conveyor is removed conveyor bearings and seals must be replaced.
Check gear box oil level.
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METRO WASTEWATER TREATMENT PLANT
CENTRIFUGE OPERATIONAL CHECKLIST
(ALFA LAVAL (SHARPLES)) (cont.)

SIX MONTHS
1.
2.
3.

Change gear box oil every six months for 24 hours per day operation; yearly for one shift
per day operation – Refer to the manufacturer’s operation and maintenance manual.
Change oil and filter in the lubrication system. Clean strainers.
Check drive belt tension – Refer to the manufacturer’s operation and maintenance
manual.

YEARLY
1.

Replace seals and bearings on conveyor.

TWO YEARS
1.

Clean gear box, replace seals, O-rings, and anti-friction bearings.

THREE YEARS
1.

Clean lubrication oil reservoir.
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8.7

MAINTENANCE

For detailed maintenance aspects for individual pieces of equipment, consult the Operations
and Maintenance Manuals provided by the equipment manufacturers. Hard copies of the
manufacturer’s Operation and Maintenance Manuals are located in the Maintenance Building
and in the Administration Building at the Metro Wastewater Treatment Plant. In the future these
manuals will also be provided electronically on the plant’s Supervisory Control and Data
Acquisition System (SCADA).
This section of the manual contains the Maintenance Schedules from the different
manufacturer’s Operation and Maintenance Manuals. This section of the manual will provide
plant personnel with a quick reference of the Daily, Weekly, Monthly and Yearly maintenance
needs of the equipment. Further information concerning equipment maintenance can be
located in the manufacturer’s manual.
The centrifuge Equipment O&M Manuals by the manufacturer Alfa Laval (Sharples) should be
consulted for further maintenance of this machine. The following is a basic summary of the
maintenance needs of the centrifuges.
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8.8

STANDARD OPERATING PROCEDURES

This section of the manual provides Standard Operating Procedures (SOP’s) for the different
equipment and/or processes in this area of the treatment facility. A Standard Operating
Procedure is a procedure created to provide specific documentation for various processes. A
Standard Operating Procedure provides a written document that plant personnel can follow in
order to ensure that all personnel are following similar operating task or routines. At a
wastewater treatment plant, if plant personnel on different shifts are using different methods to
control a process, then this type of control could result in a reduction of process efficiency which
may lead to a compliance issue. Also, Standard Operating Procedures can provide guidance
on how to operate complicated equipment so equipment damage and/or Operator injuries do
not occur.
Any SOP must provide the procedure name and a description of what the goal or intent is for
this procedure. The SOP’s in this section focus on direct approaches to operate a piece of
equipment, process or system. For further details, such as step by step control settings, then
refer to the Equipment Operating section of this chapter. The SOP’s in this section provide
abbreviated steps for starting, normal operating, shutdown procedures, and alternate operation
of a particular piece of equipment or process.
SOP’s must be periodically reviewed and updated in order to refine operating procedures for the
plant personnel. SOP’s must be amended if a piece of equipment, such as a pump, is replaced
with a different vendor or style of pump. It is recommended that SOP’s be reviewed and/or
updated on a yearly basis.
Since the sludge dewatering area contains various pumps, equipment and individual systems,
then additional SOP’s in this area of the treatment process may need to be written. The
following SOP’s are provided as an initial guidance for preparing SOP’s.
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Centrifuge Pre-Start-up Inspection
______________________________________________________________________________________

SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

Centrifuge SOP-1
Pre-Start-up Inspection
To review the status of the equipment before starting it up.
Plant Operator
Each time the centrifuge is to be started.
a) Operator to contact Shift Supervisor.
b) Where to fine Contact List: Control Room
a) Where to find Procedures: Plant Operations Manual
b) References: Plant drawings and Equipment O&M Manuals
None

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: August 12, 2011
Revision Date

Revisions Made
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Safety Concerns:
The Operator must check all safety systems and perform all safety checks. These
include:
 Centrifuge Alarms
 Centrifuge Emergency Systems
 Safety Guards on Machinery
 Vibration Sensing Indicators
 Clean-up all polymer spills
 Repair any polymer leaks
 Check oil system
 Follow all safety requirements stated on the Material Safety Data Sheets
(MSDS) for polymer.
Never operate a centrifuge unless all of the alarms and interlocks are checked and
functioning properly.
Watch your step while around the polymer area since polymer is slippery.

PRE START-UP INSPECTION
1.

On the main bearing oil reservoir, check for proper oil level in the sight
glass.

2.

“Open” the cooling water valve for the main bearing oil.

3.

On the ground floor ensure that the sludge valves to the Sludge Mix Tank
are “Open”.

4.

On the ground floor, ensure that the sludge inlet and discharge valves to
the grinders and sludge feed pumps are “Open”.

5.

On the ground floor ensure that the manual valves starting from the neat
polymer area, to the polymer mix tanks, polymer feed pumps and static
mixer area are properly set.

6.

On the mezzanine, at the centrifuge, position the manual polymer valves
as follows.

a)

“Open” the polymer solution to one application point.

b)

“Close” the polymer valve to the second application point.
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7.

On the grade floor ensure that the non-potable water automatic valves for
the Clean-In-Place operation have power and they are in the “Automatic”
and Remote” mode of operation.

8.

Next to each centrifuge, check that the main power panel breaker on the
Control Panel is closed.

9.

On the Control Room floor in the Electrical Room:

a)

Check that the circuit breaker for the In-grinders are closed.

b)

Check that the circuit breaker for the centrifuge Sludge Feed
Pumps are closed.

c)

Check that the circuit breaker for the centrifuge Polymer Feed
Pumps are closed.

10.

Perform a manual CIP (Clean-In-Place) if the machine has been out of
service for an extended period of time to remove dried sludge and other
debris in the bowl of the centrifugal to avoid startup vibration. NOTE:
During the CIP process, the inner screw conveyor oscillates like a
washing machine to remove trapped debris.

11.

Record your inspection results on the Operator Log Sheet.
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SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

Centrifuge-SOP-2
Operation of the Polymer System
This procedure is to provide the Operator with an overview of the
Polymer System start-up procedures for the Alfa Laval centrifuges.
Monitored and controlled by the Centrifuge Operators.
Each shift every hour.
a) Operator to contact Shift Supervisor.
b) Where to find Contact List: Control Room.
a) Where to find Procedures: Plant Operations Manual.
b) References: Plant drawings and Equipment O&M Manuals.
Neat polymer, polymer mixing equipment, polymer pumping
equipment.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: August 12, 2011
Revision Date

Revisions Made
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Safety Concerns:
The Operator must check all safety systems and perform all safety checks. These
include:
 Centrifuge Alarms
 Centrifuge Emergency Systems
 Safety Guards on Machinery
 Vibration Sensing Indicators
 Clean-up all polymer spills
 Repair any polymer leaks
 Check oil system
 Follow all safety requirements stated on the Material Safety Data Sheets
(MSDS) for polymer.

INITIAL START-UP
The Metro Wastewater Treatment Plant currently can use a dry or liquid polymer for the
centrifuges. If the liquid polymer system is used, then a rapid mixing system is used to
blend the concentrated (neat) polymer with water and then that polymer solution is
pumped to the centrifuges. If the dry polymer system is used, then the dry polymer is
mixed with water, sent to the polymer mixing tanks and then pumped to the centrifuges.
1.
2.
3.
4.

Ensure that there is dry or liquid neat polymer available for processing.
Ensure that the water supply is available.
Ensure that the valves are properly set.
Ensure that the “Emergency Stop” button next to the polymer feed pumps
are properly set.

NORMAL START-UP
1.

Place the “On-Off” circuit breaker located on Main Switchboard MS
(Distribution Panel DP5) for each Centrifuge Polymer Feed Pump to the
“On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they
have not tripped.
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2.

Place the “On-Off” circuit breaker located on the Variable Speed Drive
Panel for each Centrifuge Polymer Feed Pump to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

3.

On the Variable Frequency Drive Panel use the keypad on the
programmable logic controller (PLC) to place the drive in the “Automatic”
mode of operation.

4.

Place the “Local-Remote” selector switch located on the Variable
Frequency Drive Panel to the “Remote” position. In the “Local” position,
the pump can be operated locally using the “Start” and “Stop”
pushbuttons on the Variable Frequency Drive Panel. The pump output
can also be changed at this location using the PLC and when the VFD is
in the “Local” mode of operation.

The Operator can now control the Centrifuge Polymer Feed Pumps from the Sludge
Dewatering System Control Station located in the Control Room of the Sludge
Dewatering Building or from a remote SCADA Operator Interface Panel.
5.

Pull up the Main Menu.

6.

On the Main Menu, the Operator must log-in so he/she can control the
equipment from this location.

7.

On the Main Menu screen place the cursor on the button that indicates
Sludge/Polymer Feed System display and click the left mouse button.

8.

The Sludge/Polymer Feed System display will appear on the screen.

9.

On this display screen place the cursor on the Centrifuge Polymer Feed
Pump icon and click the left mouse button. The Centrifuge Feed Pump
pop-up display will appear on the screen.

10.

On the Centrifuge Polymer Feed Pump pop-up screen place the cursor
on the “Auto/Man” mode button and click the left mouse button. Set the
Centrifuge Polymer Feed Pump in the “Auto” mode of operation. In the
“Man” mode of operation the Centrifuge Polymer Feed Pump is started
and stopped by using the “Start” and “Stop” buttons on the pop-up
display.

11.

The pump output can be adjusted by placing the cursor on the “Speed
Output” box and clicking the left mouse button. A number pop-up display
will appear. Set the pump output to the required speed based on the
sludge characteristics to the centrifuge.
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12.

Once the desired pump output has been set place the cursor on “Set” and
click the left mouse button.

13.

Close the Centrifuge Polymer Feed Pump Control pop-up screen by
placing the cursor on the “X” in the upper right hand corner and clicking
the left mouse button.

14.

Repeat Step Nos. 9-12 to place the second Centrifuge Polymer Feed
Pump into operation, if required.

NORMAL OPERATION
During normal operation the Centrifuge Polymer Feed Pumps will be in the “Automatic”
mode of operation. In this mode of operation the feed pumps will start and stop
automatically as controlled by the automatic starting and stopping sequence of the
Centrifuge. When the “Auto Start” button is pressed for the Centrifuge there are a
sequence of steps before polymer is pumped to the centrifuge.
The centrifuge start-up steps are as follows:
a)

Bring bowl up to speed.

b)

Start initial flush water.

c)

Start the incline conveyor (Conveyor 1A or 2A depending upon the
centrifuge being started) in the reverse direction.

d)

Start the incline conveyor flush water.

e)

Start the polymer feed pump.

f)

Start the sludge feed pump

g)

Start the sludge in-line grinder (Macerator/Muffin Monster).

h)

After the centrifuge makes a “Seal” then the incline conveyor (Conveyor
Nos. 1A or 2A) will change direction to the forward position and the
conveyor spray water will stop.
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When the “Centrifuge Stop” button is pressed then the centrifuge shuts down in a
sequence of steps. The first piece of equipment that stops is the centrifuge sludge feed
pump, followed by the centrifuge feed grinders and the polymer feed pump. For further
information concerning the operation of the centrifuges, refer to Section 8.2.6 in this
section of the chapter.
While the centrifuge is in service the Centrifuge Polymer Feed Pump will automatically
increase and decrease in speed to maintain the preset polymer rate on the centrifuge.
The Centrifuge Polymer Feed Pumps are interlocked with the operation of the centrifuge
and the liquid level in the Digested Sludge Storage (Mix) Tank. If the centrifuge shuts
down due to a problem with the operation of the centrifuge, or if the centrifuge shuts
down due to a conveyor stoppage, then the centrifuge polymer feed pump will also stop.
The Centrifuge Polymer Feed Pump will also automatically stop if the liquid level in the
Digested Sludge Storage (Mix) Tank reaches a preset low level.

NORMAL SHUTDOWN
1.

For a short-term shutdown, stop the Centrifuge Polymer Feed Pump at
the Sludge Dewatering System Control Station by pulling up the
Centrifuge Polymer Feed Pump Control pop-up display and placing the
pump into the “Manual” mode of operation. Once the pump has been
placed into the “Manual” mode of operation then the pump can be
stopped using the “Stop” button on the pop-up display. The pump can be
stopped on SCADA or the Variable Frequency Control Panel; however,
these are not the preferred methods. It is recommended that the
Operator be near a centrifuge when there is a shutdown.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” disconnect switch on the Variable Frequency Controller, and
the “On-Off” circuit breaker on Main Switchboard MS (Distribution Panel
DP5) to the “Off” positions.

______________________________________________________________________________________

5 of 6

Columbia Metro WWTP
Centrifuge Polymer System Operation
Standard Operating Procedure
______________________________________________________________________________________

Centrifuge Polymer System Operation
______________________________________________________________________________________

ALTERNATIVE OPERATION
There are several alternate modes of operation for the Centrifuge Polymer Feed Pumps.
Typically, one or two centrifuges will be in operation at one time.
The first alternate mode of operation would be to operate the Centrifuge Polymer Feed
Pump manually from the Sludge Dewatering System Control Station.
This is
accomplished by pulling up the pump control panel screen. Once the pump controls are
displayed, place the cursor on “Man” (Manual) and click the left mouse button. The
Operator can now start and stop the polymer feed pump from this location using the
“Start” and “Stop” buttons on the Polymer Feed Pump pop-up display. The Operator can
change the pump output by placing the cursor on the pump output box and typing in the
new pump output. In this mode of operation, the Operator working with the centrifuge
must be in frequent communication with the Operator in the Control Room so the pump
output can be properly adjusted to ensure the best centrifuge performance.
A second alternate mode of operation would be to control the Centrifuge Polymer Feed
Pump from the Variable Frequency Drive Panel. This is accomplished by placing the
“Local-Remote” selector switch on the variable frequency drive panel to the “Local”
position. The pump output can now be controlled using the output arrows located on the
variable frequency drive panel. This mode of operation should only be used as a
temporary control mode.
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SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

Centrifuge-SOP-3
Operation of the Sludge System
This procedure is to provide the Operators with an overview of the
Centrifuge Sludge System procedures for the Alfa Laval centrifuges.
Monitored and controlled by the Centrifuge Operators.
Each shift every hour.
a) Operator to contact Shift Supervisor.
b) Where to find Contact List: Control Room.
a) Where to find Procedures: Plant Operations Manual.
b) References: Plant drawings and Equipment O&M Manuals.
Sludge grinders, sludge tank mixer, centrifuge sludge feed pumps.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: August 12, 2011
Revision Date

Revisions Made
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Safety Concerns:
The Operator must check all safety systems and perform all safety checks before
starting the dewatering system. These include





All Valves open and/or properly set
Safety Guards on Machinery
Pressure switches functioning properly
Centrifuge Emergency Systems operating properly

INITIAL START-UP
Prior to each centrifuge sludge feed pump there is an in-line sludge grinder. These
sludge grinders must be operational along with the centrifuge sludge feed pumps. The
following are some initial start-up tasks that must be performed prior to starting the
centrifuge sludge feed pumps.
1.
2.
3.
4.
5.

Ensure that all of the sludge valves from the Digested Sludge Storage
Tank (Digested Sludge Mix Tank) to the centrifuges are open.
Ensure that the Digested Sludge Storage Tank Mixer is operational and in
the “Automatic” mode of operation.
Ensure that the Sludge Grinder is operational and in the “Automatic”
mode of operation.
Ensure that the “Emergency Stop” buttons next to the equipment are
properly set.
Ensure that the pump and centrifuge safety and automatic shut-off
systems are functioning properly.

NORMAL START-UP
1.

Place the “On-Off” circuit breaker located on Main Switchboard MS
Distribution Panel DP5 for each Centrifuge Feed Pump to the “On”
position. During normal operation, these switches are always in the “On”
position and only require occasional checking to ensure that they have
not tripped.
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2.

Place the “On-Off” circuit breaker located on the Variable Speed Drive
Panel for each Centrifuge Sludge Feed Pump to the “On” position.
During normal operation, these switches are always in the “On” position
and only require occasional checking to ensure that they have not tripped.

3.

On the Variable Frequency Drive Panel use the keypad on the
programmable logic controller (PLC) to place the drive in the “Automatic”
mode of operation.

4.

Place the “Local-Remote” selector switch located on the Variable
Frequency Drive to the “Remote” position. In the “Local” position, the
pump can be operated locally using the “Start” and “Stop” pushbuttons on
the Variable Frequency Drive Panel. The pump output can also be
changed at this location.

The Operator can now control the Centrifuge Sludge Feed Pumps from the
Sludge Dewatering System Control Station located in the Control Room of the
Sludge Dewatering Building or from a remote SCADA Operator Interface Panel.
5.

Pull-up the Main Menu.

6.

On the Main Menu, the Operator must log-in so he/she can control the
equipment from this location.

7.

On the Main Menu screen place the cursor on the button that indicates
Sludge/Polymer Feed System and click the left mouse button.

8.

The Sludge/Polymer Feed System display will appear on the screen.

9.

On this display screen place the cursor on the Centrifuge Sludge Feed
Pump icon and click the left mouse button. The Centrifuge Feed Pump
pop-up display will appear on the screen.

10.

On the Centrifuge Sludge Feed Pump pop-up screen place the cursor on
the “Auto/Man” mode button and click the left mouse button. Set the
Centrifuge Sludge Feed Pump in the “Auto” mode of operation. In the
“Man” mode of operation the Centrifuge Sludge Feed Pump is started and
stopped by using the “Start” and “Stop” buttons on the pop-up display.

11.

The pump output can be adjusted by placing the cursor on the “Speed
Output” box and clicking the left mouse button. A number pop-up display
will appear. Set the pump output to the required speed based on the
sludge characteristics to the centrifuge.

12.

Once the desired pump output has been set, place the cursor on “Set”
and click the left mouse button.
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13.

Close the Centrifuge Sludge Feed Pump Control pop-up screen by
placing the cursor on the “X in the upper right hand corner and clicking
the left mouse button.

14.

Repeat Step Nos. 9-12 to place the second Centrifuge Sludge Feed
Pump into operation, if required.

NORMAL OPERATION
During normal operation the Centrifuge Sludge Feed Pumps will be in the “Automatic”
mode of operation. In this mode of operation the feed pumps will start and stop
automatically as controlled by the automatic starting and stopping sequence of the
Centrifuge. When the “Centrifuge Start” button is pressed for the Centrifuge, there are a
sequence of steps before sludge is pumped to the centrifuge.
The centrifuge start-up steps are as follows:
a)

Bring bowl up to speed.

b)

Start initial flush water.

c)

Start the incline conveyor (Conveyor 1A or 2A depending upon the
centrifuge being started) in the reverse direction.

d)

Start the incline conveyor flush water.

e)

Start the polymer feed pump.

f)

Start the sludge feed pump

g)

Start the sludge in-line grinder (Macerator/Muffin Monster).

h)

After the centrifuge makes a “Seal” then the incline conveyor (Conveyor
Nos. 1A or 2A) will change direction to the forward position and the
conveyor spray water will stop.

When the “Centrifuge Stop” button is pressed then the centrifuge shuts down in a
sequence of steps. The first piece of equipment that stops is the centrifuge sludge feed
pump, followed by the centrifuge feed grinders and the polymer feed pump. For further
information concerning the operation of the centrifuges, refer to Section 8.2.6 in this
section of the chapter.
______________________________________________________________________________________
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While the centrifuge is in service the Centrifuge Sludge Feed Pump will automatically
increase and decrease in speed to maintain the preset loading rate on the centrifuge.
The centrifuge feed pumps are interlocked with the operation of the centrifuge and the
liquid level in the Digested Sludge Storage (Mix) Tank. If the centrifuge shuts down due
to a problem with the operation of the centrifuge, or if the centrifuge shuts down due to a
conveyor stoppage, then the centrifuge feed pump will also stop. The Centrifuge Sludge
Feed Pump will also automatically stop if the liquid level in the Digested Sludge Storage
(Mix) Tank reaches a preset low level.

NORMAL SHUTDOWN
1.

For a short-term shutdown, stop the Centrifuge Sludge Feed Pump at the
Sludge Dewatering System Control Station by pulling up the Centrifuge
Feed Pump Control pop-up display and placing the pump into the
“Manual” mode of operation. Once the pump has been placed into the
“Manual” mode of operation, then the pump can be stopped using the
“Stop” button on the pop-up display. The pump can be stopped on
SCADA or the Variable Frequency Control Panel; however, these are not
the preferred methods. It is recommended that the Operator be near
centrifuge when there is a shutdown.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” disconnect switch on the Variable Frequency Controller, and
the “On-Off” circuit breaker on Main Switchboard MS (Distribution Panel
DP5) to the “Off” positions.

ALTERNATIVE OPERATION
There are several alternate modes of operation for the Centrifuge Sludge Feed Pumps.
Typically, one or two centrifuges will be in operation at one time.
The first alternate mode of operation would be to operate the Centrifuge Sludge Feed
Pump manually from Sludge Dewatering System Control Station. This is accomplished
by pulling up the pump control panel screen. Once the pump controls are displayed,
place the cursor on “Man” (Manual) and click the left mouse button. The Operator can
now start and stop the sludge feed pump from this location by using the “Start” and
“Stop” buttons on the Sludge Feed Pump pop-up display. The Operator can change the
______________________________________________________________________________________
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pump output by placing the cursor on the pump output box and typing in the new pump
output. In this mode of operation, the Operator working with the centrifuge must be in
frequent communication with the Operator in the Control Room so the pump output can
be properly adjusted to ensure the best centrifuge performance.
A second alternate mode of operation would be to control the Centrifuge Sludge Feed
Pump from the Variable Frequency Drive Panel. This is accomplished by placing the
“Local-Remote” selector switch on the variable frequency drive panel to the “Local”
position. The pump output can now be controlled using the output arrows located on the
variable frequency drive panel. This mode of operation should only be used as a
temporary control mode.

______________________________________________________________________________________

6 of 6

Columbia Metro WWTP
Centrifuge Operation
Standard Operating Procedure
________________________________________________________________________________ ______

Centrifuge Operation
______________________________________________________________________________________

SOP #
Scope
Purpose
Responsibility
Frequency
Emergency
Contact
Reference
and Procedures
Equipment
Needed

Centrifuge-SOP-4
Operation of the Centrifuges
This procedure is to provide Operator with an overview of the
Centrifuge operational procedures for the Alfa Laval centrifuges.
Monitored and controlled by the Centrifuge Operators.
Each shift every hour.
a) Operator to contact Shift Supervisor.
b) Where to find Contact List: Control Room.
a) Where to find Procedures: Plant Operations Manual.
b) References: Plant drawings and Equipment O&M Manuals.
Sludge grinders, sludge feed pumps, polymer feed pumps,
centrifuges, NPW System, and dewatered sludge conveyors.

APPROVED BY:

___________________________________________
(Operations Manager)

DATE:

________________________________________

Revision History
Original Issue Date: August 12, 2011
Revision Date

Revisions Made
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Safety Concerns:
The Operator must check all safety systems and perform all safety checks before starting the
dewatering system. These include









Centrifuge Alarms
Centrifuge Emergency Systems
Safety Guards on Machinery
Vibration Sensing Indicators
Clean-up all polymer spills
Repair any polymer leaks
Check oil system
Follow all safety requirements stated on the Material Safety Data Sheets (MSDS) for
polymer.

Never operate a centrifuge unless all of the alarms and interlocks are checked and functioning
properly.

INITIAL START-UP
Refer to Centrifuge-SOP-1, the Pre-start-up Standard Operating Procedures, for the initial
centrifuge checks.

NORMAL START-UP
1.

Inside each Centrifuge Control Panel ensure that all of the “On-Off” circuit
breakers are to the “On” position. These circuit breakers will be for the Lube Oil
Pump, D.C. Blower, transformer, 120 volt control power, etc. This step should be
accomplished by an Electrician. During normal operation, these switches are
always in the “On” position and only require occasional checking to ensure that
they have not tripped.

2.

Place the “On-Off” circuit breaker located on Main Switchboard MS (Distribution
Panel DP5) for each Centrifuge to the “On” position. During normal operation,
these switches are always in the “On” position and only require occasional
checking to ensure that they have not tripped.
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3.

Place the “On-Off” circuit breaker located on each Centrifuge Control Panel to
the “On” position. During normal operation, these switches are always in the
“On” position and only require occasional checking to ensure that they have not
tripped.

4.

Ensure that the Centrifuges are in the “Remote” and “Automatic” mode of
operation at the Centrifuge Control Panel using the keypad.

5.

At the Centrifuge Control Panel press the “Start” button for the Centrifuge Lube
Pump for the Centrifuge to be started. Please note that the Centrifuge Lube
Pump must be manually started before the Centrifuge can be started. Check the
lube oil pressure and flow before leaving the area. The flow should be
approximately 1.2-1.5 gpm at a pressure of 15 psig.

6.

Place the “Hand-Off-Auto” selector switch located on the Centrifuge Control
Panel for the NPW Flush Valve to the “Auto” position. In the “Off” position the
Flush Water System will not operate. In the “Hand” position, the Flush Water will
be controlled at this local panel.

The Operator can now control the Centrifuges from the Sludge Dewatering System
Control Station located in the Control Room of the Sludge Dewatering Building or from a
remote SCADA Operator Interface Panel.
7.

Pull up the Main Menu.

8.

On the Main Menu the Operator must log-in so he/she can control the system.

9.

On the Main Menu screen place the cursor on the button that indicates
Sludge/Polymer Feed System and click the left mouse button.

10.

The Sludge/Polymer Feed System display will appear on the screen.

11.

Place the cursor on the Non-potable Water valve on the discharge side of the
Centrifuge Sludge Feed Pumps and click the left mouse button.

12.

The Centrifuge NPW Valve Control pop-up display will appear on the screen.

13.

Place the cursor on the “Auto/Man” mode button and click the left mouse button.
Set the Centrifuge NPW Valve in the “Auto” mode of operation. In the “Man”
mode of operation, the NPW Valve can be controlled by using the “Open” and
“Close” buttons on the pop-up display.

14.

Close the pop-up display and repeat Step Nos. 11-13 for the second NPW Valve.
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15.

Close the pop-up display by placing the cursor on the “X” in the right hand corner
and click the left mouse button.

16.

Return to the Main Menu by placing the cursor on the “Main Menu” icon on the
left side of the display and clicking the left mouse button.

17.

On the Main Menu screen place the cursor on the button that indicates
Centrifuges and click the left mouse button.

18.

The Centrifuge display will appear on the screen.

19.

On this display screen, place the cursor on the Centrifuge and click the left
mouse button.

20.

The Centrifuge No. 1 or 2 Remote Control Panel pop-up display will appear on
the screen.

21.

On the pop-up display there are three (3) Centrifuge Modes of Control and an
indication of the Bowl Speed in revolutions per minute. The three (3) Control
Modes are


Pinion Speed



Delta Speed



Load

The “Pinion Speed” control is used if the Operator wants to control the centrifuge
by setting the scroll at a set speed. The “Delta Speed” control is used if the
Operator wants to control the centrifuge by setting the differential speed between
the bowl speed and scroll speed. The third control mode is the “Load” mode. In
the “Load” mode of operation, the Operator sets the sludge load into the
centrifuge. To use the required mode the Operator must place the cursor on the
Control Mode to be used and click the left mouse button. The Control Mode is
set using the control indications located below the boxes. After the desired
Control Mode is selected, then place the cursor on the Set” button and click the
left mouse button. Place the cursor on “Local” or “Remote” Control and click the
left mouse button. In the “Remote” mode of operation the controller for the
centrifuge will make the adjustments. In the “Local” mode the Operator at the
Sludge Dewatering System Control Station controls the settings. Place the
cursor on the “Set” button and click the left mouse button.
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22.

Typically the Operators control the centrifuges in the “Load” mode of
operation. Therefore, place the cursor on the “Percent” box and click the
left mouse button. Type in the desired load setting between 0-100%.
The “Load” setting is based on the feed sludge characteristics. An initial
recommended setting is 50%, but the centrifuge could be loaded heavier.
After the desired load has been typed in the box, then place the cursor on
the “Set” box and click the left mouse button.

23.

Place the cursor on the box labeled “Low Load Alarm” and click the left
mouse button. Type in the desired setting and then “Set” that number.
The initial recommended setting is 40%.

24.

Once the centrifuge settings have been established, then place the cursor
on the “X” in the upper right hand corner of the pop-up display and the left
mouse button to close the pop-up display.

25.

Place the cursor on the “Centrifuge Start” and click the left mouse button.

NORMAL OPERATION
During normal operation, one or two centrifuges will be in operation. The centrifuges are
manually started by pressing the “Centrifuge Start”; however, the centrifuges start-up by
going through preset commands and a start-up sequence. Each centrifuge is capable of
processing approximately 25-26 dry tons of solids/day if operated 24 hrs/day. The
centrifuges are designed to process 2,200 lbs of dry solids/hour. The Operators need to
operate the centrifuges at this loading and not go over the limit.
The Backdrive is controlled by the Advanced Backdrive Controller (ABC) that controls
the scroll speed in the Pinion Control Mode, differential (delta) revolutions per minute
(rpm) in the Speed Control Mode (Delta Speed Control) or the Cake Solids feed rate in
the Torque/Automatic Control Mode (Load Control). In the Torque Mode, the backdrive
speed automatically adjusts to maintain a constant torque, thereby compensating for
varying feed sludge characteristics while optimizing the residence time and separation
within the unit. Basically, the automatic backdrive controller (ABC) controls the
differential speed between the bowl and conveyor of the centrifuge. The common
names of the three (3) control modes that can be selected by the Operator are “Pinion
Speed Control”, “Delta Speed Control” or “Load Control” (automatic torque).
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Pinion Speed Control Mode: In pinion control mode the operator sets the
scroll speed to achieve the cake dryness and centrate quality based on the
feed sludge characteristics. In this mode of operation the Operator must
monitor the sludge cake dryness and centrate frequently and make
adjustments to the scroll speed to compensate for the changing feed sludge
characteristics.



Differential (Delta) Speed Control Mode: In the differential control mode the
ABC controller maintains a desired differential setpoint regardless of load
conditions. The differential speed is measured in units of rpm.



Load Control Mode: In the load control mode (automatic torque), the ABC
controller adjusts the differential speed to maintain a desired load setpoint.
This load is measured in units of percent.

The Operator can change between “Pinion Speed Control”, “Delta Speed Control” or
“Load Control” by pressing the Mode” on the Centrifuge Remote Control Panel pop-up
display screen on the Sludge Dewatering System Control Panel. After selecting the
desired mode, the Operator must carefully monitor the effect on the machine.
The “Setpoint” button allows the setpoint to be changed. Pressing the “Setpoint” button
prompts the Operator to enter a new setpoint value using the numeric keypad. The
Operator must then press “Set” to accept the new setpoint.
The Centrifuge Remote Control Panel pop-up display also provides a digital display of:


Bowl Speed



Pinion Speed



Differential RPM

The applicable setpoint values are entered using the numeric keypad on the unit.
At the Sludge Dewatering System Control Station the Operator is capable of controlling
the centrifuges in the automatic mode or manually using “Start” and “Stop” buttons. The
Operator can also monitor the following conditions:


Centrifuge Drive Motor Speed



Sludge and Polymer Actual Flow Rates



Sludge and Polymer Setpoint Flow Rates



Fault Monitoring
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Preset and Actual Timing Operations



Local/Remote Control Station



Manual/Automatic Control Status



Equipment Status

______________

After the “Centrifuge Start” button is pressed, the centrifuge will slowly start to rotate until
the bowl reaches a speed of approximately 2,600 rpm. Once the bowl is up to speed,
the Polymer Feed Pump will start, followed by the Centrifuge Sludge Feed Pump and
Digested Sludge Grinder. After the polymer and sludge feed systems start, then set the
Advanced Backdrive Controller (ABC) in the “Delta Speed” mode. The differential speed
can be lowered until the load increases. The “Differential” is the speed difference (delta)
between the Bowl and Scroll. The scroll (conveyor) operates at a slower speed than the
bowl.
When the centrifuge first starts up, the solids that fall from the centrifuge are watery until
the unit makes a “Seal”. A seal will occur when the centrifuge reaches approximately
20% load. In order that the watery solids do not travel to the other Dewatered Sludge
Conveyors, the Receiving Conveyor (Incline Conveyor 1A and/or 2A) runs in the reverse
direction during the centrifuge start-up phase. Also, non-potable water is sprayed into
the conveyor to flush out the solids and keep the screw conveyor clean. Once the
centrifuge makes a “Seal” then the non-potable water valve closes and the Receiving
Conveyor (Incline Conveyor) changes back into the forward running mode.
Once the unit is operating use the differential speed to set the desired load setting. After
the load is set, where the centrifuge performance is good, the machine can be set to
“Load Control” and enter the setpoint. Some Operators start with “Load Control” and
remain with this mode of operation the entire time. The Operators feel that they have
better control of the centrifuge in this mode of operation.
As the process requirements vary, the backdrive speed will adjust via the setting on the
controls at the Operator station which will maintain the set speed utilizing a closed loop
feedback. In this mode, the backdrive speed shall be maintained while the torque is
allowed to vary as the process parameters change.
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The centrifuge is designed to receive a sludge flow rate of 0-220 gpm at a total solids
concentration of 2 to 3% and a polymer flow rate of 0-10 gpm at a polymer concentration
of 0.25 to 0.5%. At the time the centrifuges were initially commissioned, the centrifuges
were set at the approximate settings:


Transition Time

360 seconds



Flush Time

1400 seconds



CIP Time Overall

3600 seconds



Coast Down Time

1800 seconds



Off Delay Time

120 seconds



CIP Forward Time

120 seconds



CIP Reverse Time

240 seconds



Make Seal

22%



Lose Seal

19%

(These numbers are to be
checked in the field)

While the centrifuges are operating, the Operators should make rounds every hour and
check the following:
1.

If the dewatered sludge (biosolids) is going to the Truck Loading Station,
then check the solids level in the truck or dumpster (move as required). If
the dewatered sludge is going to the incinerators, check the incinerator
feed conveyors and incinerator parameters.

2.

The cleanliness around the centrifuges.

3.

Machine vibration.

4.

Bearing noises.

5.

Loose fasteners.
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6.

Monitor lube oil flow (1.2 to 1.7 gpm).

7.

Check oil pressure gauge (15 psig)

8.

Check oil temperature to and from bearings.


To Bearings 100ºF (max).



From Bearings 165ºF (max).

9.

Check for leaks (oil, sludge, water, polymer)

10.

Check ammeter readings.

11.

Check hoses and flexible connectors.

12.

Check indicating lights.

13.

Check backdrive operation.

14.

Record sludge flow.

15.

Record polymer flow.

16.

Check polymer day tank liquid level.

17.

Check centrate quality.

18.

Check sludge cake concentration. The sludge cake concentration should
be maintained between 26-28%.

The centrifuges can be monitored on SCADA; however, the Operators in the Sludge
Dewatering Building will have full control of the centrifuges.
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NORMAL SHUTDOWN
1.

For a short-term shutdown, there are several ways the operation of the
centrifuge can be stopped. The first shutdown method would be to press
the “Centrifuge Stop” button on the centrifuge pop-up control screen on
the Sludge Dewatering System Control Station. The second short-term
shutdown method would be to stop the centrifuge feed sludge and
polymer feed but keep the centrifuge operating.

2.

For a long-term shutdown, repeat Step No. 1 above. In addition, place
the “On-Off” circuit breaker located on the Centrifuge Control Panel and
the “On-Off” circuit breaker located on Main Switchboard MS to the “Off”
positions. A centrifuge should only be shutdown for a long period of time
for maintenance or repairs.

After the Operator presses the “Centrifuge Stop” button on the screen, or at the
Centrifuge Control Panel (Operator Interface Panel), then the centrifuge will go through
an automatic shutdown and cleaning cycle. When the stop button is pressed the
following will occur:
1.

The sludge feed pump, sludge grinder and polymer feed pump will stop.

2.

The Main Drive will stop allowing the bowl to coast to rest.

3.

The Backdrive Motor will go to start-up speed to provide maximum
cleaning of the solids from the bowl.

4.

After a preset time the Backdrive Motor will go to a reduce speed so the
scroll operates at approximately 300 rpm’s.

5.

The Flush Valve will open for approximately 30 minutes so the centrifuge
can go through a clean cycle.

6.

At the reduced scroll speed during the cleaning mode, the scroll will go
forward and reverse in order to thoroughly flush the solids from the
centrifuge.

7.

After the cleaning timer times out then the Backdrive Motor will stop and
coast down. At the same time the Flush Valve will close.
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8.

During the cleaning cycle the Receiving Conveyor (Incline Conveyor 1A
or 2A) will go in the reverse direction.

After a centrifuge is stopped, it is recommended that the unit be lubricated.

ALTERNATIVE OPERATION
The centrifuge is normally operated in the “Automatic” mode once the centrifuge is in
operation. The centrifuge will automatically adjust to maintain optimum conditions.
Typically one centrifuge is in operation. An alternate mode of operation would be to start
the second centrifuge if the first unit is out of service for maintenance or repairs or if it is
needed to keep up with the plant solids.
A second alternate mode of operation for the centrifuges is to start, stop and operate the
centrifuges and auxiliary equipment manually. The digested sludge grinder, sludge feed
pump, polymer feed pump, dewatered sludge conveyors, flush valve and receiving
screen conveyor can all be manually operated without the centrifuge running. This is
accomplished in the “Manual” menu on the Sludge Dewatering System Control Panel by
pressing the appropriate buttons. The sludge feed pump and polymer feed pump should
only be operated when the centrifuge is at full speed. Never run the sludge feed pump
or polymer feed pump when the centrifuges are not operating. If a centrifuge is to be
operated manually, then the following basic steps are recommended. (Refer to the
Manufacturer’s Operation and Maintenance Manual for further details).
1.

Complete all pre-start checks.

2.

Start the Dewatered Sludge Conveyors.

3.

Place Receiving Conveyor (Incline Conveyor No. 1A or 2A) in the reverse
direction to direct water and solids away from the other conveyors until
the seal is made.

4.

Initiate a “Clean In Place” (CIP); if needed.

5.

After the CIP has completed start the “Main Drive”.

6.

Start the Backdrive and set the ABC to start-up speed.

7.

Once bowl is at full speed start the Polymer Feed Pump.
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8.

Start Centrifuge Sludge Feed Pump. Digested Sludge Grinder will start
automatically if it is in the “Automatic” mode. If the grinder is in “Manual”
then start the grinder.

9.

Once machine is sealed change the direction of the Receiving Conveyor
(Incline Conveyor No. 1A or 2A).

10.

Adjust Backdrive.

11.

The centrifuge is now in production.

At this point the Operator must monitor the sludge cake consistency and centrate. The
Operator will need to adjust the backdrive unit, sludge feed and polymer feed to maintain
optimum performance of the machine. The backdrive should be adjusted first to improve
performance. If this does not work, then adjust the sludge feed rate. Lastly, the polymer
should be adjusted.
When the centrifuge is to be shutdown, the sludge feed should be shutdown first
followed by the polymer feed. The Operator then must follow the manufacturer’s
recommendation for the remaining shutdown steps.
IMPORTANT: It is recommended that the Centrifuges NOT be operated in “Manual”
because damage to the equipment and Operator safety are a concern if the machine is
not monitored continuously.

SAFETY FEATURES
The centrifuge is monitored by numerous safety features that will alarm and/or shutdown
the unit if an abnormal condition is detected by any of the monitors. These safety
devices are to protect the Operators from injury and/or protect the equipment from
damage.
If a fault is detected the main motor will de-energize and the centrifuge will coast to rest.
The flush water solenoid valve will open for a predetermined time. The backdrive will
run at a pre-programmed speed until the coast down timer times out. Once this timer
times out then the backdrive will stop. An alarm will sound and an alarm signal will be
transmitted to the Control Station. The type of alarm will be displayed on the Operator
Interface Panel located on the Centrifuge Control Panel and at the Sludge Dewatering
System Control Station to inform the Operator of the type fault.
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Each centrifuge is equipped with a vibration monitor which is mounted on the frame. If
an excessive vibration is detected at the machine, it will automatically shutdown and an
alarm will sound. The vibration monitor is bypassed during machine start-up.
An “Alarm Acknowledge” pushbutton is mounted on the front panel of the Centrifuge
Control Panel. When an alarm occurs, it will flash and the horn will sound. After the
“Alarm Acknowledge” pushbutton is pressed the horn will silence and the flashing alarm
light will go steady. The alarm light will go out after the alarm has been cleared.
Table No. 1, Centrifuge Alarm Conditions, provides a summary of the various alarms
associated with centrifuges. Please note that there are other alarms that are associated
with the ancillary equipment that are part of the overall Sludge Dewatering Process.
These other alarms are not mentioned in this table because they may not affect the
centrifuges and/or they are described in other sections of this chapter.
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TABLE NO. 1
CENTRIFUGE ALARM CONDITIONS

Fault Indication

Alerta.

Alarm and Shutdownb.

High Vibration

X

Right Bearing High Temp.

X

Left Bearing High Temp.

X

Right Bearing Low Oil

X

Left Bearing Low Oil

X

Low Delta Speed

X

High Torque

X

High Torque Shutdown

X

Sludge Feed Pump Fault

X

Polymer System Fault

X

Grinder Fault

X

Conveyor Fault

X

Emergency Stop
a.
b.

X

Alert conditions shutdown the sludge feed to the centrifuge.
Alarm conditions shutdown the centrifuge.

A red “Emergency Stop” pushbutton is provided for each centrifuge that will immediately
shutdown the centrifuges if it is pressed. This will also result in the shutdown of the
sludge feed pumps and the polymer feed pumps. This button should only be used in an
emergency.
For further Operator instructions concerning alarm conditions, refer to the Manufacturers
Equipment O&M Manual.
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CLEAN IN PLACE (CIP)
The centrifuges are provided with a cleaning option referred to as Clean-In-Place
(CIP). This system is used for optimal cleaning of the centrifuge and can be
used after the machine shutdown or prior to start-up. The CIP flush system uses
a different automatic flush valve then the regular flush system.
The CIP run cycle can be started anytime the main drive motor is at rest as
determined by the shutdown time during a shutdown sequence. Before initiating
the CIP start sequence, all faults must be cleared. After the bowl has stopped
and the alarms have been cleared, then the CIP “On” button on the Operator
Interface Panel located on the Centrifuge Control Panel or on the Centrifuge
display screen at the Dewatered Sludge System Control Station can be pressed.
After the CIP “On” button is pressed the cleaning sequence will occur:
a)

The backdrive will be energized and begin to rotate in the reverse
direction (of normal bowl speed direction).

b)

The backdrive will operate at a speed referred to as “Backdrive
CIP Speed” and it will operate at this speed for the time set on the
“CIP REV” (Reverse) timer.

c)

After the “CIP REV” time has completed, then the “CIP FWD”
(Forward) time will start. The changing of direction causes a
“sloshing” effect within the centrifuge bowl and conveyor.

d)

This action of switching the backdrive back and forth at preset
intervals will continue until the “CIP Overall” timer times out.

e)

The CIP can be stopped using three (3) different methods as
follows:


CIP Overall Timer



CIP Stop pushbutton



Fault occurrence

The “CIP REV” and “CIP FWD” timers are programmed in the ABC controller. The
“Backdrive CIP Speed” and the acceleration/deceleration rate of the backdrive VFD is
programmed in the VFD on the VFD Control Panel.
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Any shutdown fault will terminate the CIP cycle.
2.

Routine Cleaning Procedure
Before stopping the centrifuge raise the differential to scroll out the residual
solids.
Then flush with water until the liquid discharge appears clean
(approximately 5 to 10 minutes). Ensure that the incline conveyor (Conveyor 1A
or 2A) is in the reverse direction so water is not sent to the other conveyors.
Switch off the Main Motor and continue flushing. Close the flush water solenoid
valve before the bowl drops to 300 rpm’s.
Do not flush the decanter when it is inactive or rotating less than 300 rpm. If this
should occur, the conveyor bearings should be lubricated to ensure they are free
from liquid contamination. Refer to the Lubrication Section of the manufacturer’s
Operation and Maintenance Manual.
Check whether the flushing had the intended effect, for example by checking if
the bowl is easily rotated by hand while keeping the sunwheel shaft fixed.
If not, rotate the bowl above 300 rpm and clean thoroughly with water. Do it
immediately after stopping the centrifuge, because it is easier to remove fairly
moist and soft deposits than to remove deposits hardened over time in an
inactive machine.
The cleaning water may escape through the solids discharge opening. Take
precautions to avoid liquid being fed to downstream equipment as required. Set
the direction of the incline conveyor.
Clean the upper and lower casings every six months or as required by process
conditions.
Flushing time required is site specific. If the centrifuge appears to have higher
than normal vibration during centrifuge starting, but runs with normal vibration on
process, then flushing time should be extended on shut down. If there are no
abnormal vibrations, the flushing time is adequate.
If cleaning as outlined above proves unsuccessful, the bowl must be
disassembled for cleaning.
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VALVE INDICES

The valve indices are provided to show the valve size, type of valve, type of operator, type of
line, normal position, and the purpose of explanation of all major valves. The valve indices are
labeled to correspond to the flow diagrams in the preceding sections. The valve numbers shown
on the valve indices are shown on the corresponding flow diagrams. The size of the pipeline in
which the valve is located is shown in the corresponding column. The type of valve is selfexplanatory.
The type of operator indicates how the valve is controlled. In most cases, the valves are
controlled manually and are indicated as "Manual". Other valve operators include motor,
pneumatic, solenoid, etc. which are indicated as "Automatic". The type of line indicates what
liquid or gas is being conveyed. In most cases, only one type of liquid is carried in a pipe.
The normal position indicates, as the title implies, the position in which the valve will usually be
placed. Generally, the valve position is classified into three positions: open, closed, or varied.
The operator must use his or her best judgment after studying the flow diagrams to determine
how the valve should be regulated. Some valves require that they be continuously opened or
closed depending on the mode of operation or flow rate. These valves can be regulated by
hand or automatically.
The purpose or explanation is to define briefly why the valve is used. The explanation does not
necessarily explain the normal position. For example, a normally open valve is provided ahead
of each pump so that the pump can be isolated for maintenance or repairs.
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FIGURE NO. 8-1
CENTRIFUGE SLUDGE FEED

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-DS-1

6

Plug

Manual

Digested
Sludge

Open

Close to stop digested sludge

DB-DS-2

6

Plug

Manual

Digested
Sludge

Open

Close to stop digested sludge

DB-DS-3

6

Plug

Manual

Digested
Sludge

Closed

Open to drain the sludge mix
tank

DB-DS-4

3

Plug

Manual

Digested
Sludge

Closed

1) Open to load digested

sludge to truck.
2) Open to receive sludge from
a truck.
3) Open to flush pipes or tank.

DB-DS-5

3

Plug

Manual

Digested
Sludge

Open

Close for level sensor
maintenance or repairs

DB-DS-6

8

Plug

Manual

Digested
Sludge

Open

Close to take In-line Grinder
No. 1 out of service for
maintenance or repairs

DB-DS-7

8

Plug

Manual

Digested
Sludge

Open

Close to take Centrifuge Feed
Pump No. 1 out of service for
maintenance or repairs

FIGURE 8-1
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Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-DS-8

4

Plug

Manual

Digested
Sludge

Open

Close for Centrifuge Feed
Pump No. 1 maintenance or
repairs

DB-DS-9

8

Plug

Manual

Digested
Sludge

Open

Close to take In-line Grinder
No. 2 out of service for
maintenance or repairs

DB-DS-10

8

Plug

Manual

Digested
Sludge

Open

Close to take Centrifuge Feed
Pump No. 2 out of service for
maintenance or repairs

DB-DS-11

4

Plug

Manual

Digested
Sludge

Open

Close to take Centrifuge Feed
Pump No. 2 out of service for
maintenance or repairs

DB-P-19

2

Ball

Manual

Polymer

Open

Close to stop polymer feed on
second level for Centrifuge
No. 1

DB-P-20

2

Ball

Manual

Polymer

Closed

Open to feed polymer near
Centrifuge No. 1 on upper
floor

DB-P-24

2

Ball

Manual

Polymer

Open

Close to stop polymer feed
and second level for
Centrifuge No. 2
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Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-P-25

2

Ball

Manual

Polymer

Closed

Open to feed polymer near
Centrifuge No. 2 on upper
floor

DB-NPW-200

4

Plug

Automatic

Non-potable
Water

Varied

Open to supply non-potable
water for Centrifuge No. 1
Clean-In-Place

DB-NPW-201

4

Plug

Automatic

Non-potable
Water

Varied

Open to supply non-potable
water for Centrifuge No. 2
Clean-In-Place

DB-NPW-210

2

Solenoid

Automatic

Non-potable
Water

Varied

Opens during the starting and
stopping of Centrifuge No. 1

DB-NPW-211

1

Ball

Manual

Non-potable
Water

Open

Close to stop non-potable
water to the conveyor spray

DB-NPW-212

1

Ball

Manual

Non-potable
Water

Open

Close to stop non-potable
water to the conveyor spray

DB-NPW-213

1

Ball

Manual

Non-potable
Water

Open

Close to stop non-potable
water to the conveyor spray
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Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-NPW-214

2

Solenoid

Automatic

Non-potable
Water

Varied

Opens during the starting and
stopping of Centrifuge No. 2

DB-NPW-215

1

Ball

Manual

Non-potable
Water

Open

Close to stop non-potable
water to the conveyor spray

DB-NPW-216

1

Ball

Manual

Non-potable
Water

Open

Close to stop non-potable
water to the conveyor spray

DB-NPW-217

1

Ball

Manual

Non-potable
Water

Open

Close to stop non-potable
water to the conveyor spray

FIGURE 8-2
CENTRIFUGE POLYMER SYSTEM

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-P-1

2

Ball

Manual

Polymer

Open

Close to stop polymer solution
to Polymer Solution Tank No.
1

DB-P-2

3

Ball

Manual

Polymer

Open

Close to stop polymer solution
from Polymer Solution Tank
No. 1

DB-P-3

2

Ball

Manual

Polymer

Open

Close to stop polymer solution
to Polymer Solution Tank No.
2

DB-P-4

3

Ball

Manual

Polymer

Open

Close to stop polymer solution
from Polymer Solution Tank
No. 2

DB-P-5

3

Ball

Manual

Polymer

Open

Close to drain Polymer
Solution Tank No. 1

DB-P-6

3

Ball

Manual

Polymer

Open

Close to drain Polymer
Solution Tank No. 2

DB-P-7

3

Ball

Manual

Polymer

Closed

Open to drain Polymer
Solution Tank No. 1

FIGURE 8-2
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Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-P-8

3

Ball

Manual

Polymer

Closed

Open to drain Polymer
Solution Tank No. 2

DB-P-9

3

Ball

Manual

Polymer

Open

Close to take Centrifuge
Polymer Feed Pump No. 1 out
of service for maintenance or
repairs

DB-P-10

2

Ball

Manual

Polymer

Open

Close to take Centrifuge
Polymer Feed Pump No. 1 out
of service for maintenance or
repairs

DB-P-11

3

Ball

Manual

Polymer

Open

Close to take Centrifuge
Polymer Feed Pump No. 2 out
of service for maintenance or
repairs

DB-P-12

2

Ball

Manual

Polymer

Open

Close to take Centrifuge
Polymer Feed Pump No. 2 out
of service for maintenance or
repairs

FIGURE 8-2
CENTRIFUGE POLYMER SYSTEM (cont.)

Valve No.

DB-P-13

Size
Inches
2

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Ball

Manual

Polymer

Closed

Purpose and
Explanation
1)

2)

Open to pump polymer
solution from Polymer
Feed Pump No. 1 to
Centrifuge No. 2.
Open to pump polymer
solution from Polymer
Feed Pump No. 2 to
Centrifuge No. 1.

DB-P-14

2

Ball

Manual

Polymer

Open

Close to stop feeding polymer
solution to Centrifuge No. 1

DB-P-15

2

Ball

Manual

Polymer

Open

Close to stop feeding polymer
solution to Centrifuge No. 2

DB-P-16

2

Ball

Manual

Polymer

Open

Close to take static mixer out
of service for maintenance or
repairs

DB-P-17

2

Ball

Manual

Polymer

Open

Close to take static mixer out
of service for maintenance or
repairs

DB-P-18

2

Ball

Manual

Polymer

Closed

Open to bypass the static
mixer

FIGURE 8-2
CENTRIFUGE POLYMER SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-P-19

2

Ball

Manual

Polymer

Open

Close to stop feeding polymer
solution to Centrifuge No. 1 at
the second level of the Sludge
Dewatering Building

DB-P-20

2

Ball

Manual

Polymer

Closed

Open to feed polymer solution
near Centrifuge No. 1

DB-P-21

2

Ball

Manual

Polymer

Open

Close to take static mixer out
of service for maintenance or
repairs

DB-P-22

2

Ball

Manual

Polymer

Open

Close to take static mixer out
of service for maintenance or
repairs

DB-P-23

2

Ball

Manual

Polymer

Closed

DB-P-24

2

Ball

Manual

Polymer

Open

Close to stop feeding polymer
solution to Centrifuge No. 2 at
the second level of the Sludge
Dewatering Building

DB-P-25

2

Ball

Manual

Polymer

Closed

Open to feed polymer solution
near Centrifuge No. 2

Open to bypass the static
mixer

FIGURE 8-2
CENTRIFUGE POLYMER SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-NPW-100

2

Ball

Manual

Non-potable
Water

Open

1) Close to take the
rotameter out of service for
maintenance or repairs.
2) Adjust to regulate nonpotable water flow.

DB-NPW-101

2

Ball

Manual

Non-potable
Water

Open

Close to take the rotameter
out of service for maintenance
or repairs

DB-NPW-102

2

Solenoid

Automatic

Non-potable
Water

Varied

Opens when Centrifuge
Polymer Feed Pump No. 1
starts and closes when
Centrifuge Polymer Feed
Pump No. 1 stops

DB-NPW-103

2

Ball

Manual

Non-potable
Water

Open

1) Close to take the
rotameter out of service for
maintenance or repairs.
2) Adjust to regulate nonpotable water flow.

DB-NPW-104

2

Ball

Manual

Non-potable
Water

Open

Close to take the rotameter
out of service for maintenance
or repairs

FIGURE 8-2
CENTRIFUGE POLYMER SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-NPW-105

2

Solenoid

Automatic

Non-potable
Water

Varied

Opens when Centrifuge
Polymer Feed Pump No. 2
starts and stops when
Centrifuge Feed Pump No. 2
stops.

DB-PW-100

2

Ball

Automatic

Potable
Water

Closed

Open to add potable water to
Polymer Solution Tank No. 1.

DB-PW-101

2

Ball

Automatic

Potable
Water

Closed

Open to add potable water to
Polymer Solution Tank No. 2.

FIGURE 8-3
DEWATERED SLUDGE CONVEYOR SYSTEM

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-DWS-1

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to transfer dewatered
sludge to Screw Conveyor No.
1B from Screw Conveyor No.
1A

DB-DWS-2

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to transfer dewatered
sludge to Screw Conveyor No.
2B from Screw Conveyor No.
2A

DB-DWS-3

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to transfer dewatered
sludge to the Bypass Screw
Conveyor from Screw
Conveyor No. 1B

DB-DWS-4

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to transfer dewatered
sludge to the Bypass Screw
Conveyor from Screw
Conveyor No. 2B

DB-DWS-5

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to transfer dewatered
sludge to Screw Conveyor No.
2C from Screw Conveyor No.
1B

FIGURE 8-3
DEWATERED SLUDGE CONVEYOR SYSTEM (cont.)

Valve No.

Size
Inches

Type of
Valve

Type of
Operator

Type of
Line

Normal
Position

Purpose and
Explanation

DB-DWS-6

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to transfer dewatered
sludge to Screw Conveyor No.
2C from Screw Conveyor No.
2B

DB-DWS-7

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to feed dewatered
sludge to Incinerator No. 2

DB-DWS-8

Slide Gate

Manual

Dewatered
Sludge

Closed

Open to feed dewatered
sludge to Incinerator No. 1
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CHAPTER 9
INCINERATION
9.1

GENERAL DESCRIPTION

9.1.1

Introduction

Digested sludge is pumped from the anaerobic digesters to the centrifuges located in the
Sludge Dewatering Building. The centrifuges are used to dewater the sludge (biosolids) prior to
final disposal. The dewatered sludge from the centrifuges is deposited onto screw conveyors
and transported to the incinerators and/or the truck loading station.
The sludge incineration facilities at the Metro Wastewater Treatment Plant consists of two (2)
vertical multiple hearth incinerators with their related appurtenances and ash disposal systems.
The multiple hearth incinerators were first commissioned in 1972 when the Metro Wastewater
Treatment Plant was a trickling filter plant at the original average design flow of 20 mgd. The
incinerators were upgraded and modified in 1994. The 1994 incineration modifications included
an external exhaust gas recycle system that took exhaust gas from the top hearth and recycled
it to the lower burner hearths. Another 1994 incinerator upgrade included removing of exhaust
gas from Hearth No. 4 and transferring it to the Flue Gas Heat Exchanger. This modification
minimizes the release of volatile organic carbons (VOC’s) into the atmosphere. Other
incineration improvements included new hearths, new refractory lining, new rabble arms, new
dual fuel burners, new pneumatic ash handling system, new continuous emission monitors
(CEM’s) and other process improvements.
9.1.2

Dewatered Sludge Conveyor System

The dewatered sludge from the two (2) centrifuges located in the Sludge Dewatering Building
falls onto incline conveyors located below the centrifuges. These conveyors are referred to
Sludge Dewatering Conveyor Nos. 1A and 2A. The dewatered sludge is then transferred to
Sludge Dewatering Conveyor Nos. 1B and 2B, as shown in Figure No. 9-1. Sludge Dewatering
Conveyor Nos. 1B and 2B transport the dewatered sludge to the Sludge Incinerator Feed
Conveyors (Dewatered Sludge Conveyor Nos. 1C and 2C) or to the Sludge Bypass Conveyor.
The dewatered sludge that is deposited onto the Sludge Bypass Conveyor is transported to the
Truck Loading Bin. The dewatered sludge that is deposited into the Truck Loading Bin is then
sent to a truck and/or dumpster for off-site disposal at a landfill.
The dewatered sludge that is deposited onto Dewatered Sludge Conveyor Nos. 1C and 2C is
transferred to the two (2) multiple hearth incinerators. Dewatered Sludge Conveyor Nos. 1C
and 2C travel across the top of the incinerators. At the discharge end of Conveyor Nos. 1C and
2C there is a feed gate for each incinerator. The dewatered sludge falls off the end of the feed
conveyors into a small hopper at the top of the incinerator. The incinerator feed gate at the top
of the incinerator opens and closes to regulate the sludge entering the incinerator. The gate is
also used to minimize the escape of hot gases from the incinerator and to maintain the proper
gas flows within the incinerator by not allowing in outside air.
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9.1.3

Multiple Hearth Incinerators

The dewatered sludge is fed into the top of each incinerator, as shown in Figure No. 9-2. Once
the sludge enters the incinerator it then travels down the incinerator where it exits the bottom of
the incinerator as ash.
Each multiple hearth incinerator consists of a cylindrical steel shell containing seven (7)
refractory hearths. Each incinerator (furnace) is 16 ft. 9 inches in diameter. As previously
stated, the incinerators were originally commissioned in 1972 when the plant had an average
design flow of 20 mgd and it was a trickling filter plant with primary and secondary clarifiers.
The multiple hearth incinerators were originally rated at 7,000 lbs of wet sludge per hour (1,120
lbs dry solids/hr) at a feed sludge concentration of 16% total solids. The incinerators were
modified and upgraded in 1994 and included with these upgrades was the installation of new
centrifuges that produced a drIer dewatered sludge cake. By producing a drIer cake with less
water in turn increased the rated capacity of the incinerators. After the incinerator modifications
were completed in 1996 the rated capacity of each incinerator increased to 8,025 lbs of wet
solids per hour (2,166 lbs dry solids/hr) at a feed sludge concentration of 27% total solids.
The 1994 incinerator upgrades also included an external gas recirculation system that removed
800°F exhaust gas from the top hearth and discharged it back into Hearth No. 6. Another
modification made to the incinerators was to remove the furnace exhaust from the highest
burning hearth (Hearth No. 4) rather than removing the exhaust from the top hearth (Hearth No.
1). The temperature of Hearth No. 4 is approximately 1,400 to 1,600°F. The gases removed
from Hearth No. 4 are sent to the Flue Gas Heat Exchanger and then to a scrubber before being
released into the atmosphere. Removing the gases from the incinerator at 1,600° F will
minimize the release of volatile organic carbons (VOC’s) without the need of an external
afterburner. The Flue Gas Heat Exchanger is not only used to reduce the temperature of the
off-gases to 1,100°F but it is also used to preheat the Combustion Air to approximately 1,000°F
before entering the incinerator. Increasing the combustion air will help reduce fuel costs.
As previously stated, the dewatered sludge is fed into the top of the incinerator top where it falls
into Hearth No. 1. This top hearth (Hearth No. 1) is referred to as a drying hearth. There are no
burners in this hearth but the temperature in this hearth is between 800-900°F. The sludge that
enters this hearth is moved away from the center of the incineration towards the outer portion of
the incinerator and the water is driven off because of the heat within the incinerator. Traveling
vertically through the center of the incinerator there is a rotating shaft referred to as the “Center
Shaft”. The center shaft is designed to rotate at a speed of 0.7 to 2.0 rpm. Attached to the
center shaft and located in each hearth there are horizontal arms referred to as “Rabble Arms”,
as shown in Figure No. 9-3. The upper hearths each contain four (4) rabble arms and the lower
hearths each contain two (2) arms. Attached to the lower side of each rabble arm are scrapers
referred to as “Rabble Teeth”. The rabble teeth are set at an angle so they can move the
sludge to the outer portion of the incinerator or move it to the center of the incinerator depending
upon which hearth. As the center shaft is rotating the rabble arms are also turning where the
odd number hearths move the sludge to the outer edge of the incinerator and the even
numbered hearths move the sludge towards the center of the incinerator. This is referred to a
“Forward Rabbling”. For this reason the odd number hearths are called “Out Hearths” and the
uneven numbered hearths are called “In Hearths”.
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The “In Hearths” contain a large circular opening between the inner rim of the hearth and the
center shaft. It is through this circular opening where the material falls to the hearth below. The
“Out Hearths” have a number of ports or drop holes around the outer edge of the hearth. The
teeth on the rabble arms of these hearths push the material outward where the material falls
through these drop holes to the hearth below. The drop holes are designed to evenly distribute
the material to the next hearth. These openings also tend to regulate the gas velocities. The
bottom hearth, which is an “Out Hearth”, differs from the other “Out Hearths” in that it has a
single drop hole on the outer edge. The material, now converted to ash, falls through this single
drop hole to the Ash Handling System.
The speed at which the sludge passes through the incinerator is determined by the speed of the
center shaft and rabble arm tooth arrangement. Increasing the speed of the center shaft moves
the burning zones downwards in the incinerator. Conversely, decreasing the speed of the
center shaft moves the burning zone upwards in the incinerator. However, the day to day
movements of the combustion zone is not a common occurrence once the incinerator loading
rate and type of sludge being fed to the incinerator have been established. The center shaft
should never be stopped while sludge is being incinerated.
As part of the 1994 incinerator modifications and upgrades dual fuel burners were installed on
Hearth Nos. 2, 4, 5 and 6. These dual burners were designed to use digester gas or natural
gas. Based on the placement of the burners the incinerator hearths are divided into the
following three (3) zones:


Hearth Nos. 1, 2 and 3 – Drying Zone



Hearth Nos. 4 and 5 – Combustion Zone



Hearth Nos. 6 and 7 – Cooling Zone

The center shaft is driven by a motor and gear drive located below the incinerator.
9.1.4

Center Shaft Cooling Air System

The center shaft and rabble arms receive forced air in order to keep them cool to avoid warping
and damage due to excessive heat. The center shaft cooling air fan draws in ambient air that is
introduced at the bottom of the center shaft.
The center shaft contains an inner tube that is blanked off at the top incinerator. Surrounding
the inner tube is an outer shell which is opened at the top of the incinerator. The rabble arms
also contain inner tubes surrounded by the walls of the rabble arms, as previously shown in
Figure No. 9-3. Since the inner tube of the center shaft is blanked off at the top, the cooling air
is forced into the inner tubes of the rabble arms. The cooling air then passes out of the rabble
arm inner tubes and escapes into the outer shell of the center shaft. After entering the center
shaft outer shell, the air is discharged into the atmosphere through the stack. The cooling air
leaving the stack is typically in the temperature range of 250-350°F.
The center shaft receives cooling air at a fixed quantity and pressure from the Center Shaft
Cooling Air Fan located below the incinerator. There is one (1) centrifugal type fan per
incinerator supplying cooling air to the center shaft. Each cooling fan is rated at 4,000 cfm at a
static pressure of 11.8 in. W.C.
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9.1.5

Induced Draft Fan

A centrifugal type fan is provided at each incinerator to draw the exhaust gases from the
incinerator, through the heat exchanger, the quench system and scrubber and then discharge it
into the atmosphere through the stack. This fan is referred to as an Induced Draft Fan. The
induced draft fan produces the required draft for the operation of solids incinerator and scrubber
system. The induced draft fan is continuously removing exhaust gases from the incinerator and
drawing combustion air through the incinerator to help sustain combustion. The Metro
Wastewater Treatment Plant is designed so the exhaust gases are withdrawn from the
incinerator at Hearth No. 4.
The exhaust gases removed from the incinerator first pass through the Flue Gas Heat
Exchanger. The Flue Gas Heat Exchanger is used to reduce the exhaust gas temperature
while increasing the combustion air temperature, as previously stated. After the heat
exchanger, the exhaust gases pass through the quencher and scrubber where particulate
matter is removed from the exhaust gases.
The flow of combustion air through the incinerator is caused by maintaining a slightly negative
pressure within the incinerator as controlled by the induced draft fan and damper system. The
induced draft fan is driven by a variable speed motor so the fan speed (output) can be
automatically adjusted to maintain the proper negative pressure within the incinerator. The draft
is measured at Hearth No. 4 and the normal operating range is -0.15 to -0.5 inches water
gauge. The induced draft fan is rated at 7,450 cfm at a static pressure of 36 in. W.C.
9.1.6

Combustion Air Fan

Combustion air is required within an incinerator for two main purposes. The first purpose is to
supply oxygen across the sludge within the incinerator to help combustion. The second
purpose of the combustion air is to supply air to the burners. The burner combustion air is
provided by different fan from the sludge Combustion Air Fan. The combustion air for the
sludge within the incinerator is supplied from two sources as follows:
a)

Combustion Air Fan

b)

Hearth No. 7 Ambient Air Openings

The Combustion Air Fan discharges air through the Flue Gas Heat Exchanger where the
combustion air is preheated to approximately 1,000°F before being discharged into the
incinerator. The preheated combustion air is discharged into Hearth Nos. 5 and/or 6.
Preheating the combustion air will save operating costs by supplying the incinerator with heated
air rather than colder air that will require additional fuel to keep the proper temperature within
the incinerator.
The combustion air from the Combustion Air Fan is automatically regulated by a 24-inch damper
in the duct work. The 24-inch combustion air duct divides to two 20-inch ducts that enter Hearth
Nos. 5 and 6. The combustion air is distributed into each hearth by manually operated dampers
in the 20-inch ducts.
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On the discharge side of the Combustion Air Fan in the combustion air line after the heat
exchanger there is an exhaust vent damper. This vent damper automatically opens to control
the heat exchanger temperature if the combustion air flow to the hearths is insufficient for proper
heat exchanger operation. By opening the vent the combustion air will flow through the heat
exchanger faster, thus taking away the heat faster within the heat exchanger, and thereby
lowering the heat exchanger temperature. The vent automatically adjusts as controlled by a
desired setpoint temperature on the outlet side of the heat exchanger.
The combustion air fan is rated at 4,900 cfm at a static pressure of 17 inches W.C.
Additional combustion air can be drawn into the incinerator through two (2) openings located in
Hearth No. 7. The function of these openings is to provide supplemental combustion air for the
sludge and also to assist with cooling the ash in Hearth No. 7 before being transported to the
ash handling system. The opening percentage is manually set by the Operators based on the
operating conditions.
9.1.7

Burner Combustion Air Fan

The third combustion air source that is supplied to the incinerators is from a Burner Combustion
Air Fan located at each incinerator. The Burner Combustion Air Fan supplies air to the burners
located on Hearth Nos. 2, 4, 5 and 6. The combustion air to the burners helps with their
efficiency by atomizing the fuel source and providing the necessary high volume of air for the
combustion of the fuel.
Each Burner Combustion Air Fan is rated at 2,700 cfm at a static pressure of 35 inches W.C.
9.1.8

Flue Gas Recycle Fan

During the 1994 incinerator improvement project each incinerator was equipped with a Flue Gas
Recycle Fan. This fan is designed to remove incinerator exhaust gases from Hearth No. 1 and
recycle these gases back into Hearth No. 6. By recycling the gases back to Hearth No. 6 helps
to reduce hydrocarbon emissions from the incinerators in order to meet the 503 Sludge
Regulations as stipulated from the United States Environmental Protection Agency.
The recycle fan is driven by a variable speed motor that automatically adjusts in speed, as
controlled by a temperature sensor located on Hearth No. 3. The recycle fan is designed to
operate with high temperature gases and abrasive material. The Flue Gas Recycle Fan is rated
at 20,000 cfm at a static pressure of 4.5 inches W.C.
9.1.9

Flue Gas Heat Exchanger

The exhaust gas from a multiple hearth incinerator is usually removed from Hearth No. 1 and
sent to the exhaust gas treatment system. However, at the Metro Wastewater Treatment Plant
the exhaust gas is removed from Hearth No. 4 of the incinerator and sent to Flue Gas Heat
Exchanger. If the exhaust gases were removed from Hearth No. 1 and sent to the heat
exchanger, then the gas temperature would be in the range of 800-900°F. By removing the
exhaust gas from Hearth No. 4 to the heat exchanger, the exhaust gas temperatures will be in
the range of 1,400 to 1,600°F. Removing the exhaust gas at the higher temperature serves
several purposes:
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1.

It minimizes the release of volatile organic carbons (VOC’s) without the use of an
afterburner.

2.

Provides heat which is transferred to the incoming combustion air. This saves fuel
costs.

3.

Capital and operating costs can be reduced since an afterburner does not need to
be installed into the off-gas system.

The hot flue gases that enter the heat exchanger are reduced by transferring the heat to the
combustion air that is traveling in the opposite direction within a pipe. The hot flue gases
surround the combustion air pipe. As the flue gas travels in one direction it loses temperature
and as the combustion air travels in the other direction it picks up heat. The flue gases leaving
the heat exchanger will be approximately 1,100°F. The combustion air enters the heat
exchanger at ambient temperature and leaves the heat exchanger at approximately 1,000°F.
If the temperature in the heat exchanger reaches approximately 1,800°F, then there are safety
features that will shutdown the incinerator.
9.1.10

Wet Scrubber System

After the flue gas leaves the Flue Gas Heat Exchanger it travels to the Wet Scrubber System.
The Wet Scrubber System consists of a Saturation Quench unit and a Wet Scrubber. The flue
gases enter the Saturation Quench where plant water (non-potable water) is applied at a
pressure of 40 psig. The Saturation Quench is used to reduce the flue gas temperature to
approximately 180°F. If there is a problem with the plant water system, such as loss of water or
high scrubber temperature, then the Saturation Quench water spray system will automatically
switch to potable water to avoid damage to the equipment due to high temperatures. The
Saturation Quench is equipped with a seal water joint which allows thermal expansion of the
quench duct. Plant water (non-potable water) is supplied to the seal at 1 psig of pressure using
manually adjustable valves. A gas seal must be maintained at all times. As an emergency
backup a potable water system is provided for the seal system.
After the gases leave the quench unit it travels the Scrubber Vessel. The gases enter near the
bottom of the scrubber and first travel through the packed bed section. The function of the
packed bed section is to provide some scrubbing, provide additional gas cooling, remove a
portion of the particulate matter, and pre-condition the flue gases before entering the venturi
stage. Water is sprayed above the packed bed and travels through the bed as the gas is
traveling upward. The water pressure for the packed bed spray system is typically maintained
at 20 psig. This pressure is manually adjusted and can range between 7 to 50 psig as
necessary to maintain the proper gas exit temperature. The venturi section provides the most
efficient scrubbing of the gases. The venture section speeds up the gases and this mixes with
the water to reduce particulates in the gas stream. The gases travel upward through the
scrubber and the water travels downward in the opposite direction. By having the gas and
water traveling in the opposite directions improves the efficiency of the scrubbing system by
providing a higher gas to liquid exposure. The water from the quench enters the scrubber and
combines with the water from the scrubber. The quench water and spray water for the scrubber
packed bed exits the scrubber at the bottom of the scrubber. The water from the ring jet exits
the scrubber on the side of the unit and then combines with other water exiting the scrubber.
The spray water from the quench and scrubber are returned to the treatment plant for
processing.
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The flue gases pass by a demister before it exits the scrubber at the top. The demister is used
to remove moisture from the exhaust gas stream before being discharged into the atmosphere.
There are two (2) demister modules that are in series to provide a higher capture rate of
moisture before leaving the scrubber. The flue gas that exits the scrubber is drawn into the
Induced Draft Fan and then discharged into the atmosphere through the stack. Prior to entering
the stack the Shaft Cooling Air is combined with the Incinerator Flue Gas on the discharge side
of the Induced Draft Fan. Both air/gas streams travel up the exhaust stack and are discharged
into the atmosphere.
9.1.11

Emergency Exhaust System

The emergency exhaust system serves several functions. If there is an unusually high gas
temperature detected at the incinerator, then the Emergency Bypass Damper at the top of the
incinerator will automatically open to allow more cooling air to enter and hot air to escape the
atmosphere.
In addition, if the Induced Draft Fan fails, scrubber water fails, scrubber temperatures too high,
etc., then Emergency Bypass Damper will open sending hot gases out into the atmosphere.
9.1.12

Continuous Emissions Monitoring System

During the 1994 incinerator modifications a continuous emissions monitoring system was
installed in the flue gas as required by the 503 Sludge Regulations. The Continuous Emissons
Monitoring (CEM) system consists of a total hydrocarbon (THC) analyzer, dry oxygen analyzer,
in-site wet oxygen analyzer, sample extraction/handing system and a programmable logic
controller (PLC). The CEM controller monitors and controls all necessary sequencing to
perform automatic calibration checks, probe blowback (purge system) and performs the
calculations for the incinerator emissions per the regulations. The CEM system reads the raw
THC data, the dry oxygen concentration and wet oxygen concentration in the flue gas. The
system takes these readings and calculates the corrected THC and percent moisture and then
logs and records that data.
9.1.13

Ash Handling System

The ash that exits at the bottom of each incinerator is transported away from the incinerator by
the Ash Handling Systems. During the 1994 incinerator modifications and upgrades, a new
pneumatic ash conveying system was installed to move the ash from the incinerators to the Ash
Bins (Ash Silos).
Each ash handling system is designed for the following parameters:


Ash conveying capacity, continuous

1,000 lbs/hr



Ash particle size range

2 microns – 14”



Material temperature, minimum range(1)

20 – 400 °F



Material Bulk density

25 – 60 lb/ft3
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1

Some components designed for higher temperatures, particularly at incinerator outlet. Range
shown is minimum for any ash system components i.e. filter bags, diverter valves, etc. For
individual component temperature ratings, see Nol-Tec drawings in the VonRoll Equipment, O
& M Volume 4, Sec. 2.

Each ash handling system consists of a surge hopper, automatic slidegate, and eductor located
below the incinerator. In addition, each ash system consists of a high pressure blower to supply
conveying air, conveying pipe and special ceramic backed elbows, diverter valves, and ash bin
filter and exhauster system. The system is designed to collect the ash exiting the incinerator
and convey it to any one of two ash bins using the diverter valves. Three capacitance type level
probes are located in the ash bins to indicate low, high, and high-high bin levels to the Operator
workstation and for the controls. A dust collector fabric filter the top of the ash bins and
exhauster fan exhaust cleaned, dust-free conveying air to the atmosphere.
A pneumatically operated 20-inch stainless steel slide gate located at each ash bin outlet is
used to allow feed from the bins to unloading screw conveyors.
A lumpbreaker located at the incinerator outlet crushes and screens larger ash particles to the
proper size for pneumatic conveying prior to the ash surge hopper. The lumpbreaker utilizes a
belt drive to operate twin crushing rotors, which crush the solids and pass them through a
maximum ¼-inch mesh size screen prior to the entering the conveying system.
The crusher rotor shaft seals require seal air to prevent ash from infiltrating and damaging the
seals, as well as to protect from overheating. About 3-4 psig of clean, oil free air is required at
each seal (approximately 1 cfm each).
9.1.14

Computer Screens

Some of the incinerator equipment can be controlled at the Incinerator Control Panel (Operate
Interface Panel) located in the Control Room of the Sludge Dewatering Building. However, not
all of the incineration equipment can be operated from the Incinerator Control Panel. For
example, the incinerator burners are operated through the Master Burner Control Pane located
next to each incinerator. At the Incinerator Control Panel, the burner status and alarms are
provided on the control panel to allow the Operators to monitor the burner performance.
At the Incinerator Control Panel the Operator has the ability to “Start” and “Stop” equipment, set
the output of the induced draft fan and flue gas recycle fan, monitor temperatures, monitor gas
flow rates, monitor water rate, monitor numerous alarms and other necessary parameters in
order to effectively operate the sludge incineration process.
At this time the sludge incinerators are not in service; however, this manual has included some
of the incinerator computer screens to provide the Operators with an understanding of some of
the parameters and controls associated with the incineration process. It should be noted that
the computer screen displays for the Continuous Emissions Monitoring and Ash Handling
Systems have not been included with the following figures because the printers and computer
links in the Sludge Dewatering Control Building have been out of service for the past few
months. The following incineration process screen displays, Figure Nos. 5-4 through 5-8 have
been included in this chapter:
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Figure No. 9-4 – Incineration Process Overview Display Screen



Figure No. 9-5 – Incinerator Inlet Value Control Display Screen



Figure No. 9-6 – Center Shaft Drive Control Display Screen



Figure No. 9-7 – Shaft Cooling Fan Control Display Screen



Figure No. 9-8 – Induced Draft Fan Control Display Screen
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FIGURE NO. 9-4 – INCINERATION PROCESS OVERVIEW DISPLAY SCREEN
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FIGURE NO. 9-5 – INCINERATOR INLET VALVE CONTROL DISPLAY SCREEN
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FIGURE NO. 9-6 – CENTER SHAFT DRIVE CONTROL DISPLAY SCREEN
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FIGURE NO. 9-7 – SHAFT COOLING FAN CONTROL DISPLAY SCREEN
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FIGURE NO. 9-8 – INDUCED DRAFT FAN CONTROL DISPLAY SCREEN

9.2

EQUIPMENT OPERATION

9.2.1

Introduction

This section describes the equipment for the plant incineration process. It includes the
operation of the sludge inlet valves, incinerators, center shaft system, center shaft cooling air
fan, flue gas recycle fan, combustion air fan, burner combustion air fan, induced draft fan, flue
gas heat exchanger, saturation quench, wet scrubber, continuous emissions monitoring system,
ash handling system, emergency exhaust system, and the controls systems, meters, etc.,
associated with this equipment. The operation as described here involves only normal
operation and control of the equipment. For further information regarding the internal operation
and maintenance of a particular piece of equipment, consult the equipment manufacturer’s
operation and maintenance manual and shop drawings on file in the Maintenance Building and
record room of the Administration Building. In describing the energizing of the equipment, it is
assumed that the proper circuit breakers on the control panels are closed.
Most electric motors are equipped with a “Lock-Out-Stop” or “Emergency Stop” switch located at
the unit. These switches are provided as a safety measure for emergency shutdown of the
motor or for “locking-out” the motor to prevent accidental starting while maintenance or repair is
in progress. When a piece of equipment is locked out, the Employees must follow the City’s
Lock-out/Tag-out Program. A copy of the City’s Lock-out/Tag-out requirements is provided in
Appendix B of this manual. The switches are normally in the “Start” or “On” position so that
control of the motors is from the motor control center, selector switches at the motor, remote
control panels or on the Supervisory Control and Data Acquisition (SCADA) System.
Operators must be aware that there are multiple ways to navigate through the SCADA screens
and the following write-ups discuss only one method of maneuvering through these screens.
Operators must find a method that makes them feel comfortable and enables them to control
the equipment efficiently. Please note that depending upon the control location within the plant
the equipment can be controlled by using different procedures on SCADA. For example, if the
Operator is controlling equipment from an Air Flotation Thickener Building, the Operators would
use the function buttons (F) to step through the screens and control equipment. However, if the
equipment is being controlled from a computer in a remote location, then the Operator must use
the cursor to select and control equipment. The basic controls are the same but how an
Operator pulls up and controls that equipment at the various SCADA screens is different.
9.2.2

VonRoll Operation and Maintenance Manual (Volume No. 1)

9.2.2.1

Introduction

The remaining content of this chapter is a copy of the Manufacturer’s Operation and
Maintenance Manual; Volume No. 1; System Operation Description Manual as prepared by
VonRoll Environmental Technology. Other volumes of the Manufacturer’s Operation and
Maintenance Manuals can be found in the Maintenance Building or the File Room in the
Administration Building.
The following VonRoll manual provides an overview of the incineration system which includes
process information, system descriptions, control systems, alarm conditions, ash handling
system and other components that make up the incineration process. This manual provides a
good overview of the incineration process at the Metro Wastewater Treatment Plant.
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As previously stated, the incineration equipment is out of service and is in need of some major
improvements. In the future if incineration process improvements are made, then this chapter
needs to be updated at that time using the format established in other process chapters.
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CHAPTER 10
ODOR CONTROL SYSTEMS
10.1

GENERAL DESCRIPTION

10.1.1

Introduction

If wastewater remains in the collection system too long it can become septic and odorous.
When wastewater becomes septic it forms hydrogen sulfide which can be dangerous at high
concentrations to Operators. Excessive hydrogen sulfide concentrations can also result in
corrosion problems to equipment and structures. Old and decaying sludge can also result in
increased levels of hydrogen sulfide and odors.
Since the Air Flotation Thickener Buildings receive both primary sludge and waste activated
sludge the potential of elevated hydrogen sulfide levels within the buildings will occur due to the
primary sludge. Due to the possibility of elevated levels of hydrogen sulfide concentrations in
the two Air Flotation Thickener Buildings, an odor control system was installed in each building
to remove and treat the hydrogen sulfide and other odorous compounds before releasing it out
into the atmosphere. The two Air Flotation Thickener Buildings at the Metro Wastewater
Treatment Plant use chemical scrubber units to treat the hydrogen sulfide. These odor control
systems were installed in 1992 for Dissolved Air Flotation Building No. 1 and 1996 for Dissolved
Air Flotation Building No. 2.
At this time the odor control equipment in both Air Flotation Thickener Buildings is no
longer in service or operational. The following discussion will provide a brief description
of the odor control systems but there will be no write-up on equipment, controls or
process parameters since this equipment is non-functioning.
10.1.2

Odor Control Systems (Dissolved Air Flotation Thickener
Building Nos. 1 and 2)

The two dissolved Air Flotation Thickener Buildings each contain odor control equipment to
remove and treat odorous air produced in these two buildings. Each building contains similar
odor control systems. Odorous air is drawn into duct work that collects air from within the
building. The odorous air is drawn into the duct work by a 33,000 cfm in-line fan located in the
Odor Control Room. The odorous air from the building is discharged into the bottom of a
chemical scrubber tower where the odorous air is mixed with sodium hypochlorite (NaOCl). The
chemical scrubber contains a plastic media to help distribute the odorous air and chemical
solution throughout the entire scrubber. The odor control system in the Air Flotation Thickener
Building was designed to treat odorous air with a hydrogen sulfide concentration of 30 mg/L
(ppm).
The odor control systems chemically change the odorous compounds in the contaminated air.
The odor control units are designed to treat hydrogen sulfide, ammonia, organic amines and
organic sulfur compounds (mercaptans) that can be generated at a wastewater treatment plant.
The sodium hypochlorite used in the chemical scrubber is generated on-site in the Odor Control
Room. A brine solution is recirculated through electrolytic cells. The sodium hypochlorite is
produced when alternating current (A.C) is converted to direct current (D.C.) by a rectifier which
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then converts the salt in the brine solution to sodium applied to the electrolytic cell, thus,
converting a portion of the salt (brine) to sodium hypochlorite. This oxidizing solution is then
used to scrub the contaminated air within the packed tower (chemical scrubber). It requires
approximately 2-3 Kwh of electricity per pound of sodium hypochlorite produced.
The main contaminants in the odorous air are hydrogen sulfide (H2S) and ammonia (NH3).
Sodium hypochlorite is chemically reduced to salt which is recovered and pumped back to the
sodium hypochlorite generation system by the two (2) Chemical Recycle Pumps. Typically, one
pump serves as the “Duty” pump and the second pump serves as the “Standby” pump.
Additional salt solution (brine) is added as necessary to enhance the salt content for the
conversion of salt to sodium hypochlorite. The brine solution is made-up in a separate tank and
pumped into the pump recycle system. After the sodium hypochlorite is generated the solution
is pumped through sprays at the top chemical scrubber. The sodium hypochlorite solution
trickles down through the media to the bottom of the scrubber. The odorous air is introduced
near the bottom of the scrubber and travels upward where it is released at the top of the
scrubber. By having the chemical solution travel in one direction, and the air travel in the
opposite direction, makes the odor control system more effective.
After the air is treated in the chemical scrubber tower it is exhausted through the top of the
tower into the atmosphere in a stack that extends above the building.
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10.2

DESIGN AND EQUIPMENT SUMMARY

10.2.1

Odor Control System (Air Flotation Thickener Building No. 1)

Manufacturer

Pepcon

Number of Units

1

Model
Serial Number

6357

Type of Units
Location

On the north side of Air
Flotation Thickener Building
No. 1

Function

To remove odorous air from
the thickener building and
mixed sludge wet well

Design Hydrogen Sulfide Conc., mg/L

30

Total Reactor Air Flow Rate, scfm

33,000

2

Reactor Surface Area, ft

Reactor Detention Time, seconds
Chemical Pump Manufacturer
Number of Chemical Pumps
Caustic Soda
Bleach
Acid
Chemical Pump Model
Caustic Soda
Bleach
Acid
Chemical Pump Flow Rates, gph
Caustic Soda
Bleach
Acid
Chemical Pump Discharge Head, psig
Caustic Soda
Bleach
Acid
Chemical Pump Voltage

120
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Odor Control Fan Manufacturer

Hartzell

Odor Control Fan Model
Number of Fans

1

Type of Odor Control Fan

In-line centrifugal type fan

Capacity per Odor Control Fan, scfm

33,000

Static Pressure per Fan, inches W.C.
Odor Control Fan Motor Manufacturer
Odor Control Fan Motor Horsepower
Odor Control Fan Motor Speed
Odor Control Fan Motor Voltage

460

Odor Control Fan Type of Drive

Constant Speed

10.2.2

Odor Control System (Air Flotation Thickener Building No. 2)

Manufacturer

Pepcon

Number of Units
Model
Serial Number
Type of Units
Location

On the east side of Air
Flotation Thickener Building
No. 2

Function

To remove and treat
odorous air from the
building

Design Hydrogen Sulfide Conc., mg/L

30

Total Reactor Air Flow Rate, scfm
Reactor Surface Area, ft2
Reactor Detention Time, seconds
Chemical Pump Manufacturer
Number of Chemical Pumps
Caustic Soda
Bleach
Acid
Chemical Pump Model
Caustic Soda
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Bleach
Acid
Chemical Pump Flow Rates, gph
Caustic Soda
Bleach
Acid
Chemical Pump Discharge Head, psig
Caustic Soda
Bleach
Acid
Chemical Pump Voltage

120

Odor Control Fan Manufacturer
Odor Control Fan Model
Number of Fans

1

Type of Odor Control Fan

In-line centrifugal type fan

Capacity per Odor Control Fan, scfm

33,000

Static Pressure per Fan, inches W.C.
Odor Control Fan Motor Manufacturer
Odor Control Fan Motor Horsepower
Odor Control Fan Motor Speed
Odor Control Fan Motor Voltage

460

Odor Control Fan Type of Drive

Constant Speed
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CHAPTER 11
ELECTRICAL SYSTEMS
11.1

GENERAL DESCRIPTION

11.1.1

Introduction

The Metro Wastewater Treatment Plant site is served by the South Carolina Electric & Gas
(SCE&G) overhead 115 kV transmission line system. The 115 kV line to the plant is a single
feeder along the east side of the equalization lagoon. The feeder is served by a dual-fed
transmission line switch located near the northeast corner of the lagoon. The switch allows
power to be supplied by the 115 kV Saluda Hydro-Eastover transmission line from the west or
from the 115 kV Bluff Road transmission line from the east. The switch is normally positioned
so that the Bluff Road line supplies power to the plant. The reliability is very high due to the
transmission system’s wide right-of-way and reduced customer service connections. The 115
kV line connects to the 115 – 23.9/13.8 kV SCE&G 23 kV Substation (SCE&G Substation
00652) is located at the WWTP, north of the Train No. 1 Sludge Thickening Building and east of
the Train No. 2 Sludge Thickening Building. The transformer is 10.5 MVA and a dedicated
spare transformer is available at SCE&G.
Train No. 1 is currently served via a 2.5/3.5 MVA, 4160 V transformer in a 23.9 kV – 4160 V
substation near Train No. 1. The high side of this transformer is connected via an overhead 23
kV distribution line connected to the low side of SCE&G’s 115 – 23.9 kV substation transformer
for the WWTP. A spare 23.9 kV – 4160 V transformer is located at the Train No. 1 substation.
The 23.9 kV – 4160 V substation was the first power source on the plant site and has been in
service since the mid-1970s. Although the ownership boundary with SCE&G (point of common
coupling) is at the 115 – 23.9 kV substation, SCE&G claims ownership of the 23.9 kV – 4160 V
substation and maintains this substation under its maintenance agreement with the City.
This section will discuss the following items:
23kV Substation
23kV Distribution Service Loop
Medium-voltage Switchgear
Pad-mounted Transformers
Low-voltage Switchgear
Unit Substations
Low-voltage Switchboards
Motor Control Centers
Power Distribution Panels
Lighting Panels

11-1
L:\Columbia Operations Manual -Chap 11

11.1.2

23 kV Substation

The 23kV Substation utilizes an SCE&G 7.5/10.5 MVA, three-phase, oil-filled power transformer
to convert 115 kV to 23.9/13.8 kV, which is referred to as 23kV and is the primary distribution
service for the plant. The 23 kV Substation is located within a fenced area north of the Train 1
Sludge Thickening Building and east of the Train 1 Sludge Thickening Building. The 23 kV
Substation serves as the primary metering point for the plant.
11.1.3

Plant 23 kV Electrical Distribution Service Loop

The 23kV distribution service for the plant consists of an overhead power line around the
perimeter of the plant site with a portion of underground near the plant entrance. The 23kV
distribution service loop provides connections that supply power to Influent Pumping Station and
Preliminary Treatment Facility, Treatment Train Nos. 1 and the Flow Equalization Lagoon,
Sludge Thickening, Sludge Digestion, Sludge Dewatering and Incineration, and the
Administration Building.
The Influent Pumping Station and Preliminary Treatment Facility is supplied power by a portion
of the 23kV distribution service loop overhead line that leaves the 23 kV Substation’s overhead
buses to the north, runs east of the Preliminary Treatment Facility, and then runs along the east
side of the Influent Pumping Station and Preliminary Treatment Facility. An underground dip
from the overhead line is connected to Transformers T1 and T2 south of the Headworks
Electrical Building. The overhead line continues north and completes the 23kV distribution
service loop around the plant site.
Another section of the 23kV distribution service loop overhead line leaves the 23 kV
Substation’s overhead buses to the south and runs along the east side of the plant site. The
overhead line dips underground near the Incinerator Facilities and continues east southeast
corner of the plant site then runs south of the plant site where connections are made for the
Administration Building. The 23kV distribution service transitions back to an overhead line west
of the at the Administration Building and continues overhead along the south of the plant site,
along the west side of the plant, and turns east and runs south along the Equalization Lagoon
where connections are made back into loop running east of the Influent Pumping Station and
Preliminary Treatment Facility.
The conductors of the 23kV distribution service loop overhead lines are protected by
an autorecloser (circuit breaker equipped to automatically re-close the breaker after opening
due to a fault), which also serves as a disconnecting means. An autorecloser is provided on
both the north and south sections of the loop leaving the 23 kV Substation’s overhead buses.
Train 2 power is supplied by dual connections from the 23 kV Substation’s overhead buses to a
23kV Main Switchgear that is outside and west of the 23 kV Substation fence.
Refer to Figure No. 11-1 for the single-line diagram of the plant electrical distribution system.
11.1.4

Medium-voltage Switchgear

The outdoor medium-voltage switchgear line-ups are located in two plant locations to distribute
power to the transformers located throughout the plant that power 480 volt switchgear,
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switchboards, motor control centers, 480 volt distribution panelboards, and various 480 volt
loads.
11.1.4.1

23 kV Main Switchgear

The 23 kV Main Switchgear is located on the west side of the plant’s 23 kV Substation. It
consists of six metal clad panels assembled together. The power enters through incoming
Panels No. 1 and No. 12, which contain 200 ampere switches. Two separate horizontal buses
are provided within the panel. Panels No. 1, No. 2, No. 3, No. 4, No. 5 and No. 6 are connected
to one bus. Panels No. 8, No. 9, No. 10, No. 11 and No. 12 are connected to the second bus.
Panel No. 7 is the bus tie panel, which also contain a 200 ampere switch. By closing the
breaker in Panel No. 7; the two buses are tied together. Interlocks are provided at Panels No.
1, No. 7, and No. 12 to prevent closing the tie switch at Panel No. 12 unless either the switch in
Panel No. 1 or No. 12 is open to prevent paralleling the lines. Panels No. 1 and No. 12 contain
lightning arresters and surge capacitors to protect the equipment in the panel if an excessive
surge voltage occurs. Panels No. 3 and No. 10 contain metering instrument transformers and
meters that indicate operating voltage and amperes for each section of bus in the switchgear.
Panels No. 4, No. 5, No. 8 and No. 9 includes four 600 ampere fused switches that supply
power to two sets of 23 kV underground feeds to Train 2. Panels No. 4 and No. 8 distribute
power to Transformer 1A for Switchboard A, Transformer 2A for Switchboard B, and
Transformer 3A for Switchboard C. Panels No. 5 and No. 9 distribute power to Transformer 1B
for Switchboard A, Transformer 2B for Switchboard B, and Transformer 3B for Switchboard C.
These two feeds also supply the line side of an automatic transfer switch, which has its load
side connected as the redundant power supply to the Influent Pumping Station and Preliminary
Treatment Facility Transformers T1 and T2 south of the Headworks Electrical Building.
11.1.4.2

4,160 Volt Switchgear

The 4,160 Volt Switchgear is located on the south side of the plant, near the SCE&G 23.9 kV4.160V Substation and west of Train 1 Aeration Basin No. 1. It consists of two line-ups of metal
clad panels assembled together. The power enters each line-up’s incoming panel from the
secondary of the 4160V transformer in a 23.9 kV – 4160V substation. The 4160 Volt
Switchgear A has a 1200 ampere horizontal bus, which has three 250 ampere feeder circuit
breakers connected to it. The 4160 Volt Switchgear B has a 1200 ampere horizontal bus, which
has two 250 ampere feeder circuit breakers connected to it. Each line-up has a panel that
contains metering instrument transformers and meters that indicate operating voltage and
amperes for each switchgear bus.
Panel No. 1 of the 4160 Volt Switchgear A supplies power to 480 Volt Substation No. 3 in the
Aeration Control Building. Panel No. 2 supplies power to a 480 Volt, pad-mounted primary
switch for Unit Substation No. 1 in the Maintenance Building. Panel No. 3 supplies power to a
480 Volt, pad-mounted primary switch for Unit Substation No. 2 in the Utility Building.
Panel No. 1 of the 4160 Volt Switchgear B supplies power to a 480 Volt, pad-mounted primary
switch for Unit Substation No. 2 in the Utility Building. Panel No. 2 of the 4160 Volt Switchgear
B supplies power to a 480 Volt, pad-mounted primary switch for Substation No. 1 in the
Maintenance Building.
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11.1.5

480 Volt Pad-mounted Transformers

The outdoor 480 volt pad-mounted transformers are located throughout the plant to distribute
power to the 480 volt switchgear, switchboards, motor control centers, 480 volt distribution
panelboards, and various 480 volt loads.
11.1.5.1

Headworks Electrical Building Transformers T1 and T2

The Headworks Electrical Building Transformers T1 and T2 are outdoor, pad-mounted, oil-filled
transformers located south of the building. Each transformer lowers the plant’s 23 kV
distribution service loop voltage of 23,900 volts to 480 volts and is rated 3,750 kVA. Each
transformer enclosure consists of an incoming feeder section with a 25 kV load-break elbow
disconnects, the transformer to step down the incoming 23,900 volts to 480 volts, and a low
voltage section with load-break elbow disconnects that are connected to each of the Headworks
Electrical Building’s 480 volt Switchgear main breakers. Included in the incoming feeder
sections are lightning arresters to protect the panel and loads from surges.
11.1.5.2

Administration Building Transformer

The Administration Building Transformer is an outdoor, pad-mounted, oil-filled transformer
located within the brick screened utility area near northwest corner of the building. The
transformer lowers the plant’s 23 kV distribution service loop voltage of 23,900 volts to 480 volts
and is rated 750 kVA. The transformer enclosure consists of an incoming feeder section with a
25 KV load-break elbow disconnects, transformer to step down the incoming 23,900 volts to 480
volts, and a low voltage section with load-break elbow disconnects that are connected to the
associated 480 volt panel main breaker. Included in the incoming feeder sections are lightning
arresters to protect the panel and loads from surges. The transformer provides power to the
low-voltage panelboard located in the building’s electrical room to distribute power to the various
480 volt loads.
11.1.5.3

Train 2 DAF Building Transformer 1A and 1B

The Train 2 DAF Building Transformers No. 1A or 1B are outdoor, pad-mounted, oil-filled
transformers located with Switchboard A near southeast corner of the Train 2 DAF Building.
Transformers No. 1A and 1B lower the plant’s 23 kV distribution service loop voltage of 23,900
volts to 480 volts and are rated 1500 kVA. Each transformer enclosure consists of an incoming
feeder section with a 25 KV load-break elbow disconnects, the transformer to step down the
incoming 23,900 volts to 480 volts, and a low voltage section with load-break elbow disconnects
that are each connected to one of the associated Switchboard A main breakers. Included in the
incoming feeder sections are lightning arresters to protect the panel and loads from surges.
11.1.5.4

Train 2 Return Sludge Pumping Station Transformer 2A and 2B

The Train 2 Return Sludge Pumping Station Transformers No. 2A or 2B are outdoor, padmounted, oil-filled transformers located with Switchboard B located near the near the southeast
corner of the Train 2 Sludge Recirculation Pumping Station Building. Transformers No. 2A and
2B lower the plant’s 23 kV distribution service loop voltage of 23,900 volts to 480 volts and are
rated 1000 kVA. Each transformer enclosure consists of an incoming feeder section with a 25
KV load-break elbow disconnects, the transformer to step down the incoming 23,900 volts to
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480 volts, and a low voltage section with load-break elbow disconnects that are each connected
to one of the associated Switchboard B main breakers. Included in the incoming feeder
sections are lightning arresters to protect the panel and loads from surges.
11.1.5.5

Train 2 Aeration Blower Building Transformer 3A and 3B

The Train 2 Blower Building Transformers No. 3A or 3B are outdoor, pad-mounted, oil-filled
transformers located with Switchboard C located near northeast corner of the Train 2 Aeration
Basins and north of the Train 2 Blower Building. Transformers No. 3A and 3B lower the plant’s
23 kV distribution service loop voltage of 23,900 volts to 480 volts and are rated 1500 kVA.
Each transformer enclosure consists of an incoming feeder section with a 25 KV load-break
elbow disconnects, the transformer to step down the incoming 23,900 volts to 480 volts, and a
low voltage section with load-break elbow disconnects that are each connected to one of the
associated Switchboard C main breakers. Included in the incoming feeder sections are
lightning arresters to protect the panel and loads from surges.
11.1.6

Low-voltage Switchgear

The indoor low-voltage switchgear panels are located throughout the plant to distribute power to
the 480 V motor control centers and low-voltage panels.
11.1.6.1

Headworks Electrical Building Switchgear

The Headworks Building Switchgear is indoor, dual-fed, low-voltage switchgear that is located in
the Headworks Electrical Building. It consists of eight (8) metal-clad panels assembled
together. The power enters from the secondary of 23,900 - 480 volt, 3750 kVA Transformers T1
and T2 through incoming Panels 4 and 6. Two separate horizontal buses are provided within
the panel. Panel Nos. 1, 2, 3, and 4 are connected to one bus. Panel Nos. 6, 7, and 8 are
connected to the second bus. Panel No. 5 contain a bus tie breaker, which connects the two
buses together if closed. Electrical interlocks are provided at Panel Nos. 4, 5, and 6 to prevent
closing breaker at Panel No. 5 unless either the breaker at Panel Nos. 4 or 6 is open to prevent
paralleling the lines.
Panel Nos. 4 and 6 contain surge arresters to protect the equipment in the panel if an excessive
surge voltage occurs.
Within Panels 4 and 6 are 480 - 120 volt transformers to provide control and metering voltage
for the switchgear. Mounted on the front of Panel Nos. 4 and 6 are digital meters for amperes,
volts, power factor, and watts.
The breakers on each panel are electrically-operated, air-interrupter switches rated 480 V,
three-phase. They are operated by stored energy mechanisms. Control switches that control
the circuit breakers and indicator lights are located on the doors of each panel.
The following loads receive power from the Headworks Building Switchgear:
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Load Description
Spare 800A Feeder Breaker
Influent Pump P-1A RVAT
Influent Pump P-1B RVAT
Influent Pump P-2A RVAT
Influent Pump P-2B RVAT
Influent Pump P-3A RVAT
IPS-ATS to IPS-MCC
PTF-ATS to PTF-MCC
Spare 5000A (Future STDBY)
Main Breaker
Tie Breaker
Load Description
Metering
Main Breaker
Influent Pump P-3B RVAT
Influent Pump P-4A RVAT
IPS-ATS to IPS-MCC
PTF-ATS to PTF-MCC
Influent Pump P-4B RVAT
Influent Pump P-5A RVAT
Influent Pump P-5B RVAT
Spare 800A Feeder Breaker
11.1.6.2

Section
(from left to right)
1
1
1
1
2
2
2
2
3
4
5

Cubicle
(from top to bottom)
1
2
3
4
1
2
3
4
1
2
1

Section
(from left to right)
6
6
7
7
7
7
8
8
8
8

Cubicle
(from top to bottom)
1
2
1
2
3
4
1
2
3
4

Unit Substation No. 1

The Unit Substation No. 1 line-up with dual-fed low-voltage switchgear and two associated
transformers is located in the Maintenance Building. The switchgear and transformer line-up is
indoors on the grade floor of the building in the Electrical Room. It consists of five (5) metal-clad
panels assembled together. The power enters from the secondary of 4,160 - 480 volt, 750 kVA
transformers through incoming Panels 1 and 5. Two separate horizontal buses are provided
within the panel. Panel Nos. 1 and 2 are connected to one bus. Panel Nos. 3, 4, and 5 are
connected to the second bus. Panel No. 3 contains a bus tie breaker, which connects the two
buses together if closed. Electrical interlocks are provided at Panel Nos. 1, 3, and 5 to prevent
closing breaker at Panel No. 3 unless either the breaker at Panel Nos. 1 or 5 is open to prevent
paralleling the lines.
Panel Nos. 1 and 5 contain surge arresters to protect the equipment in the panel if an excessive
surge voltage occurs.
Within Panels 1A and 5A are 480 - 120 volt transformers to provide control and metering
voltage for the switchgear.
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Mounted on the front of Panel Nos. 1 and 5 are digital meters for amperes, volts, power factor,
and watts. Mounted on Panel Nos. 1, 2, 3, 4, and 5 are control switches to control the circuit
breakers, and indicator lights.
The breakers on each panel are electrically-operated, air-interrupter switches rated 480 volts,
three-phase. They are operated by stored energy mechanisms.
The following loads receive power from the Unit Substation No. 1:

Load Description
Metering
Main Breaker
Blank
Maintenance Building Panel HD
Primary PS MCC-1
Tie Breaker
Dewatering MCC-4A & 4B
Incinerator 3A & 3B
Digester #1 MCC-1
Metering
Main Breaker
Blank
11.1.6.3

Section
(from left to right)
1
1
1
2
2
3
4
4
4
5
5
5

Cubicle
(from top to bottom)
1
2
3
1
2
2
2
3
2
1
2
3

Unit Substation No. 2

The Unit Substation No. 2 line-up with dual-fed low-voltage switchgear and two associated
transformers is located in the Train 1 Aeration Control Building. The switchgear and transformer
line-up is indoors on the grade floor of the building. It consists of five (5) metal-clad panels
assembled together. The power enters from the secondary of 4,160 - 480 volt, 1500 kVA
transformers through incoming Panels 1 and 4. Two separate horizontal buses are provided
within the panel. Panel Nos. 1 and 2 are connected to one bus. Panel Nos. 3 and 4 are
connected to the second bus. Panel No. 2 contains a bus tie breaker, which connects the two
buses together if closed. Electrical interlocks are provided at Panel Nos. 1, 2, and 4 to prevent
closing breaker at Panel No. 2 unless either the breaker at Panel Nos. 1 or 4 is open to prevent
paralleling the lines.
Panel Nos. 1 and 4 contain surge arresters to protect the equipment in the panel if an excessive
surge voltage occurs.
Within Panels 1A and 4A are 480 - 120 volt transformers to provide control and metering
voltage for the switchgear.
Mounted on the front of Panel Nos. 1 and 4 are digital meters for amperes, volts, power factor,
and watts. Mounted on Panel Nos. 1, 2, 3, and 4 are control switches to control the circuit
breakers, and indicator lights.
11-7
L:\Columbia Operations Manual -Chap 11

The breakers on each panel are electrically-operated, air-interrupter switches rated 480 V,
three-phase. They are operated by stored energy mechanisms.
The following loads receive power from the Unit Substation No. 2:

Load Description
Metering
Main Breaker
South Primary PS MCC-8
Aeration Control Building
Panel HH
Blank
Tie Breaker
North Aeration MCC-9
Recirculation PS DP-1
Blank
North Primary PS MCC-7
South Aeration MCC-10
Recirculation PS DP-2
Metering
Main Breaker
Blank
11.1.6.4

Section
(from left to right)
1
1
1
1

Cubicle
(from top to bottom)
1
2
3
4

2
2
2
2
3
3
2
2
4
4
4

1
2
3
4
1
2
3
4
1
2
3

Unit Substation No. 3

The Unit Substation No. 3 line-up with dual-fed low-voltage switchgear and two associated
transformers is located in the Train 1 Utility Building. The switchgear and transformer line-up is
indoors on the south side of the building. It consists of five (5) metal-clad panels assembled
together. The power enters from the secondary of 4,160 - 480 volt, 1500 kVA transformers
through incoming Panels 1 and 4. Electrical interlocks are provided at Panel Nos. 1 and 4 to
prevent closing a main breaker unless the other main breaker is open, in order to prevent
paralleling the lines.
Panel Nos. 1 and 4 contain surge arresters to protect the equipment in the panel if an excessive
surge voltage occurs.
Within Panels 1A and 4A are 480 - 120 volt transformers to provide control and metering
voltage for the switchgear.
Mounted on the front of Panel Nos. 1 and 4 are digital meters for amperes, volts, power factor,
and watts. Mounted on Panel Nos. 1, 2, 3, and 4 are control switches to control the circuit
breakers, and indicator lights.
The breakers on each panel are electrically-operated, air-interrupter switches rated 480 V,
three-phase. They are operated by stored energy mechanisms.
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The following loads receive power from the Unit Substation No. 3:

Load Description
Metering
Main Breaker
MCC-2A
Utility Building Panel HG
Blank
MCC-3A
SO2 QMR
Raw PS MCC-1
Metering
Main Breaker
11.1.7

Section
(from left to right)
1
1
2
2
2
3
3
3
4
4

Cubicle
(from top to bottom)
1
2
3
4
1
3
4
2
1
2

Low-voltage Switchboards

There are low-voltage switchboards located throughout the plant to distribute power to the 480
volt motor control centers, other 480 volt panels, and various 480 volt loads. They are metalclad enclosures that contain main and feeder protection circuit breakers that automatically open
to protect an electrical circuit from damage caused by overload or short circuit. The breakers in
each panel are manually operated and are rated 480 V, three-phase.
11.1.7.1

Train 2 Sludge Thickener (DAF) Building Switchboard A

The Train 2 DAF Building Switchboard A is a 480/277 volt, three-phase, four-wire outdoor panel
located near southeast corner of the Train 2 Sludge Thickener (DAF) Building. The switchboard
is a dead-front design, which has only the circuit breaker operator handles exposed for access
inside the weather-proof doors on the front panels. The power enters from the secondary of
nearby Transformers No. 1A or 1B through two 1600 ampere main circuit breakers.
Transformers No. 1A and 1B are pad-mounted transformers that lower the plant’s incoming
service of 23,900 volts to 480 volts and are rated 1500 kVA. Two separate horizontal buses
rated 480/277 volts and 2000 amperes are provided within the panel. Panel Nos. 1 and 2 are
connected to one bus. Panel Nos. 3, 4, and 5 are connected to the second bus. Panel No. 3
contain a bus tie breaker, which connects the two buses together if closed. Electrical interlocks
are provided on the main and tie breakers in Panel Nos. 1, 3, and 5 to prevent closing bus tie
breaker in Panel No. 3 unless one of the main breakers in Panel Nos. 1 or 5 is open to prevent
paralleling the lines.
The following loads receive power from the Switchboard A:
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Load Description

Position

Panel

Breaker

(left, center or right)

(top to bottom)

Metering

1

C

1

-

Blank

1

C

2

-

Main Breaker

1

C

3

1600A, 3P

Incoming Power
Cables from T-1A
Space

1

C

4

-

2

C

1

-

Digester #5 MCC-12

2

C

2

300A, 3P

HV Switchgear Space
Heater & CPT
HV Switchgear Space
Heater & CPT
Train 2 Thickener
Building (DAF) DP-4
Tie Breaker

2

C

3

20A, 3P

2

C

4

20A, 3P

2

C

5

1200A, 3P

3

C

1

1600A, 3P

Space

4

C

1

-

Digester #3 & #4
MCC-13
Train 1 Sludge
Thickener Odor Control
Building (DAF) DP-3
Spare

4

C

2

300A, 3P

4

C

3

300A, 3P

4

C

4

Metering

5

C

1

-

Blank

5

C

2

-

Main Breaker

5

C

3

1600A, 3P

Incoming Power
Cables from T-1B
Blank

5

C

4

-

6

C

1

-

6

C

2

70A, 3P

6

C

3

-

6

C

4

200A, 3P

6

C

5

1200A, 3P

Operator’s Laboratory
Building
Blank
Grease Receiving
Contractor
Train 1 Sludge
Thickener Building
(DAF) MCC-61
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11.1.7.2

Train 2 Return Sludge Pumping Station Switchboard B

The Train 2 Return Sludge Pumping Station Switchboard B is a 480/277 volt, three-phase, fourwire outdoor panel located near the near the southeast corner of the Train 2 Sludge
Recirculation Pumping Station Building. The switchboard is a dead-front design, which has only
the circuit breaker operator handles exposed for access inside the weather-proof doors on the
front panels. The power enters from the secondary of nearby Transformers No. 1A or 1B
through two 1200 ampere main circuit breakers. Transformers No. 2A and 2B are pad-mounted
transformers that lower the plant’s incoming service from 23,900 volts to 480 volts and are rated
1000 kVA. Two separate horizontal buses rated 480/277 volts and 2000 amperes are provided
within the panel. Panel Nos. 1 and 2 are connected to one bus. Panel Nos. 3, 4, and 5 are
connected to the second bus. Panel No. 3 contain a bus tie breaker, which connects the two
buses together if closed. Electrical interlocks are provided on the main and tie breakers in
Panel Nos. 1, 3, and 5 to prevent closing bus tie breaker in Panel No. 3 unless one of the main
breakers in Panel Nos. 1 or 5 is open to prevent paralleling the lines.
The following loads receive power from the Switchboard B:

Load Description

Position

Panel

Breaker

(left, center or right)

(top to bottom)

Metering

1

C

1

-

Blank

1

C

2

-

Main Breaker

1

C

3

1200A, 3P

Incoming Power
Cables from T-2A
Space

1

C

4

-

2

C

1

-

Spare

2

C

2

15A, 3P

Space

2

C

3

-

Train 2 Sludge
Recirculation Pump
Station DP-1
Control Power
Transformer
Tie Breaker

2

C

4

450A, 3P

2

C

5

30A, 3P

3

C

1

1200A, 3P

Space

4

C

1

-

Train 2 Final Clarifier
#1
Train 2 Final Clarifier
#2
Train 2 Final Clarifier
#3
Train 2 Final Clarifier
#4

4

C

2

15A, 3P

4

C

3

15A, 3P

4

C

4

15A, 3P

4

C

5

15A, 3P
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Spare

4

C

4

100A, 3P

Metering

5

C

1

-

Blank

5

C

2

-

Main Breaker

5

C

3

1200A, 3P

Incoming Power
Cables from T-2B

5

C

4

-

11.1.7.3

Train 2 Aeration Blower Building Switchboard C

The Train 2 Blower Building Switchboard C is a 480/277 volt, three-phase, four-wire outdoor
panel located near northeast corner of the Train 2 Aeration Basins and north of the Train 2
Blower Building. The switchboard is a dead-front design, which has only the circuit breaker
operator handles exposed for access inside the weather-proof doors on the front panels. The
power enters from the secondary of nearby Transformers No. 3A or 3B through two 1600
ampere main circuit breakers. Transformers No. 2A and 3B are pad-mounted transformers that
lower the plant’s incoming service from 23,900 volts to 480 volts and are rated 1500 kVA. Two
separate horizontal buses rated 480/277 volts and 2000 amperes are provided within the panel.
Panel Nos. 1 and 2 are connected to one bus. Panel Nos. 3, 4, and 5 are connected to the
second bus. Panel No. 3 contain a bus tie breaker, which connects the two buses together if
closed. Electrical interlocks are provided on the main and tie breakers in Panel Nos. 1, 3, and 5
to prevent closing bus tie breaker in Panel No. 3 unless one of the main breakers in Panel Nos.
1 or 5 is open to prevent paralleling the lines.
The following loads receive power from the Switchboard C:

Load Description

Position

Panel

Breaker

(left, center or right)

(top to bottom)

Metering

1

C

1

-

Blank

1

C

2

-

Main Breaker

1

C

3

2000A, 3P

Incoming Power
Cables from T-3A
Spare

1

C

4

-

2

C

1

20A, 3P

Flood Lights

2

C

2

20A, 3P

Train 2 Aeration
Blower Building MCC15A
Spare

2

C

3

1200A, 3P

2

C

4

20A, 3P

Spare

2

C

5

20A, 3P

Tie Breaker

3

C

1

2000A, 3P

Train 2 Primary Pump
Station DP-2

4

C

1

400A, 3P
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Flood Lights

4

C

2

20A, 3P

Train 2 Aeration
Blower Building MCC15B
Spare

4

C

3

1200A, 3P

4

C

4

20A, 3P

Spare

4

C

5

20A, 3P

Blank

4

C

6

-

Metering

5

C

1

-

Blank

5

C

2

-

Main Breaker

5

C

3

2000A, 3P

Incoming Power
Cables from T-3B

5

C

4

-

11.1.7.4

Dewatering Building Switchboard

The Dewatering Building Switchboard (DP No. 5) is a 480/277 volt, three-phase, four-wire
indoor panel located along the north wall of the Electrical Room on Level 2 of the Dewatering
Building. DP No. 5 consists of three panels connected to a three-phase, four-wire 480/277 V
copper bus, and has a 1600 ampere main breaker in the middle panel. The switchboard is a
dead-front design, which has only the circuit breaker operator handles exposed for access. The
power enters from a 1600 ampere circuit breaker of Substation No. 1-Switchboard in the
northeast corner of the Maintenance Building Electrical Room. The Substation No. 1Switchboard is powered from the Maintenance Building Electrical Room’s Unit Substation No. 1
with a bus-tap connection. Unit Substation No. 1 is a dual-fed, low-voltage switchgear that is
powered from the secondary of 23,900 - 480 V Transformers. The transformers are powered
from the 4160 V Switchgear.
The following loads receive power from DP No. 5:

Load Description

Position

Panel

Breaker

(left, center or right)

(top to bottom)

Blank

1

C

1

-

Compressor

1

L

2

40A, 3P

Compressor

1

R

2

40A, 3P

45 kVA Transformer

1

L

3

70A, 3P

Centrate Pump

1

R

3

70A, 3P

VFD Sludge Pump #1

1

L

4

70A, 3P

VFD Sludge Pump #2

1

R

4

70A, 3P

VFD Recycle Fan #1

1

L

5

90A, 3P

VFD Recycle Fan #2

1

R

5

90A, 3P
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MCC-4

1

L

6

100A, 3P

Blank

1

R

6

-

VFD ID Fan #1

1

L

7

25A, 3P

VFD ID Fan #2

1

R

7

25A, 3P

Centrifuge CP #1

1

C

8

600A, 3P

Centrifuge CP #2

1

C

9

600A, 3P

Metering

2

C

1

-

Main

2

C

2

1600A, 3P

Incoming Line

2

C

3

-

Blank

3

C

1

-

Polymer Drive #1

3

L

2

15A, 3P

Polymer Drive #2

3

R

2

15A, 3P

Gate Operator

3

L

3

15A, 3P

NPW Valves

3

R

3

15A, 3P

Air Handler #1

3

L

4

15A, 3P

Air Conditioner #2

3

R

4

15A, 3P

Spare ???

3

L

5

15A, 3P

Bridge Crane

3

R

5

15A, 3P

Unit Heater UH-4

3

L

6

15A, 3P

Unit Heater UH-4

3

R

6

15A, 3P

Unit Heater UH-2

3

L

7

15A, 3P

Unit Heater UH-2

3

R

7

15A, 3P

Trolley Hoist

3

L

8

15A, 3P

Trolley Hoist

3

R

8

15A, 3P

Spare

3

L

9

15A, 3P

Water Heater

3

R

9

60A, 3P

Unit Heater UH-3

3

L

10

25A, 3P

Unit Heater UH-3

3

R

10

25A, 3P

Unit Heater UH-1

3

L

11

30A, 3P

Unit Heater UH-1

3

R

11

30A, 3P

11.1.7.5

Maintenance Building Switchboard

The Substation No. 1-Switchboard is a 480/277 volt, three-phase, four-wire indoor panel located
in the northeast corner of the Maintenance Building Electrical Room. Substation No. 1Switchboard is one panel that provides 1600 ampere circuit breaker protection for the power
feeder to Dewatering Building distribution panel DP No. 5. The power enters the from a bus-tap
connection to the Maintenance Building Electrical Room’s Unit Substation No. 1. Unit
Substation No. 1 is a dual-fed, low-voltage switchgear that is powered from the secondary of
23,900 - 480 V Transformers. The transformers are powered from the 4160 V Switchgear.
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11.1.7.6

Administration Building Switchboard

The Administration Building Switchboard (MSB) is a 480/277 volt, three-phase, four-wire indoor
panel located along the north wall of the ground floor Electrical Room #130 of the Administration
Building. MSB consists of two panels connected to a three-phase, four-wire 480/277 V copper
bus, and has a 1000 ampere main breaker. The main bus is rated 1000 amperes and the
neutral bus is rated 1000 amperes. The incoming power to the distribution panel is provided by
pad-mounted transformer MT-1 that lowers the plant’s 23 kV distribution service loop voltage of
23,900 volts to 480 volts; the transformer is rated 750 kVA. The connection to the 23 kV
distribution service loop is dip underground from the overhead line at the southwest corner of
the Administration Building.
The following loads receive power from MSB:

Load Description

Position

Panel

Breaker

(left, center or right)

(top to bottom)

Metering

1

L

1

-

Surge Protection

1

R

1

-

Main

1

C

2

1000A, 3P

Incoming Line

1

C

3

-

Blank

2

C

1

-

Blank

2

C

2

-

Blank

2

C

3

-

TLP2A

3

L

4

200A, 3P

Space

3

R

4

-

HP2

3

L

5

100A, 3P

TLP1

3

R

5

125A, 3P

PP-2

3

L

6

225A, 3P

HP1

3

R

6

100A, 3P

AHU2-2

3

L

7

125A, 3P

PP-1

3

R

7

175A, 3P

Elevator

3

L

8

100A, 3P

AHU1-1

3

R

8

80A, 3P

11.1.8

Motor Control Centers

The motor control center panels are provided to distribute 480 volts to motor and various other
loads. They are metal-clad enclosures that contain motor starters, circuit breakers, and control
transformers to provide 120 volts to the control circuits for motor loads. Feeder breakers for
non-motor loads are also included at some locations. On the front of the panels are circuit
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breaker operator handles, control switches and, in some instances, indicator lights to indicate
the load is powered.
11.1.8.1

Influent Pumping Station Motor Control Center

The Influent Pumping Station motor control center (IPS-MCC) is located in the east side of the
Headworks Electrical Building along the south wall. It contains a three-phase, four-wire
horizontal 480/277 V copper bus. The main horizontal bus is rated 800 amperes, the vertical
section busses are each rated 300 amperes, and the neutral bus is rated 800 amperes. The
incoming service to the Influent Pumping Station motor control center is supplied power by an
800 ampere automatic transfer switch (IPS-ATS). The automatic transfer switch (IPS-ATS) has
two incoming 800 ampere feeders from each bus half of the Headworks Switchgear, which is
also in the Headworks Electrical Building. The Headworks Switchgear is a dual-fed, low-voltage
switchgear that is powered from the secondary of 23,900 - 480 V Transformers T1 and T2.
Transformers T1 and T2 are powered by the 23kV distribution service loop.
The following loads receive power from the IPS-MCC. The following abbreviations are used for
convenience:
HW-SWGR
MCC
L
IPRVAT

-

Headworks Switchgear
Influent Pumping Station Motor Control Center
Load
Influent Pump Reduced-Voltage Starter

Load Description

MCC Section
(from left to right)

Cubicle
(from top to bottom)

Incoming Line
Metering
Surge Protection Device
IPS Lighting Panel IPS-LP-1
IPS-LP-1 Transformer Breaker
IPS-DP-1 Breaker
Blank
Distribution Panel IPS-DP-1
IPS-DP-2 Breaker
Blank
Distribution Panel IPS-DP-2
Grease Pump GP-1A

1
1
1
2
2
3
3
3
4
4
4
5

1
2
3
1
2
1
2
3
1
2
3
1

HW-SWGR, MCC
MCC
MCC
MCC
MCC
MCC
MCC
MCC
MCC
MCC, L, IPRVAT

Grease Pump GP-2A

5

2

MCC, L, IPRVAT

Grease Pump GP-3A
Grease Pump GP-4A
Grease Pump GP-5A
Spare FVNR-1 Starter
Grease Pump GP-1B
Grease Pump GP-2B
Grease Pump GP-3B
Grease Pump GP-4B

5
5
5
5
6
6
6
6

3
4
5
6
1
2
3
4

MCC, L, IPRVAT
MCC, L, IPRVAT
MCC, L, IPRVAT
MCC
MCC, L, IPRVAT
MCC, L, IPRVAT
MCC, L, IPRVAT
MCC, L, IPRVAT

Control From
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Grease Pump GP-5B
Spare FVNR-1 Starter
Exhaust Fan EF-1A
Exhaust Fan EF-1B
Exhaust Fan EF-100
Spare FVNR-3 Starter
Spare FVR-1 Starter
Septage Receiving Facility
LAB Building
Space
Space
Space

11.1.8.2

6
6
7
7
7
7
7
8

5
6
1
2
3
4
5
1

MCC, L, IPRVAT
MCC
MCC, L
MCC, L
MCC, L
MCC
MCC
MCC, L

8
8
8

2
3
4

-

Preliminary Treatment Facility Motor Control Center

The Preliminary Treatment Facility motor control center (PTF-MCC) is located along the north
wall in the Electrical Room. The Electrical Room is south of the Screenings Room, north of the
Grit Tanks, and above the Grit Pump Room. It contains a three-phase, four-wire horizontal
480/277 V copper bus, and has a 800 ampere main breaker. The main horizontal bus is rated
800 amperes, the vertical section busses are each rated 300 amperes, and the neutral bus is
rated 800 amperes. The incoming service to the Influent Pumping Station motor control center
is from an 800 ampere automatic transfer switch (PTF-ATS) connected to an 800 ampere main
breaker. The automatic transfer switch (PTF-ATS) has two incoming 800 ampere feeders from
each bus half of the Headworks Switchgear, which is located in the Headworks Electrical
Building. The Headworks Switchgear is a dual-fed, low-voltage switchgear that is powered from
the secondary of 23,900 - 480 V Transformers T1 and T2. Transformers T1 and T2 are
powered by the 23kV distribution service loop.
The following loads receive power from the PTF-MCC. The following abbreviations are used for
convenience:
HW-SWGR
MCC
L
PLC

-

Headworks Switchgear
Preliminary Treatment Facility Motor Control Center
Load
Preliminary Treatment Control Panel (PLC-01200)

Load Description

MCC Section
(from left to right)

Cubicle
(from top to bottom)

Main Breaker
Metering
Surge Protection Device
PTF Lighting Panel PTF-LP-1
PTF-LP-1Transformer Breaker
PTF-DP-1 Breaker
Blank

1
1
1
2
2
3
3

1
2
3
1
2
1
2

Control From
HW-SWGR, MCC
MCC
MCC
MCC
MCC
MCC
-
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Distribution Panel PTF-DP-1
Mechanical Screen No. 1
MECH-SCR-1
Screening Press No. 1
SCR-PRS-1
Spare FVNR-1 Starter
Mechanical Screen No. 4
MECH-SCR-4 (Future)
Screening Press No. 4
SCR-PRS-4 (Future)
Spare FVNR-1 Starter
Mechanical Screen No. 2
MECH-SCR-2
Screening Press No. 2
SCR-PRS-2
Spare FVNR-1 Starter
Mechanical Screen No. 5
MECH-SCR-4 (Future)
Screening Press No. 5
SCR-PRS-5 (Future)
Spare FVNR-1 Starter
Mechanical Screen No. 3
MECH-SCR-3
Screening Press No. 3
SCR-PRS-3
Spare FVNR-1 Starter
Mechanical Screen No. 6
MECH-SCR-6 (Future)
Screening Press No. 6
SCR-PRS-6 (Future)
Spare FVNR-1 Starter
Grit Pump No. 1A GP-1A
Grit Pump No. 1B GP-1B
Vortex Grit Collector Unit No. 1
VG-1
Grit Classifier No. 1
Spare FVNR-2 Starter
Spare FVNR-1 Starter
Grit Pump No. 2A GP-2A
Grit Pump No. 2B GP-2B
Vortex Grit Collector Unit No. 2
VG-2
Grit Classifier No. 2
Spare FVNR-2 Starter
Spare FVNR-1 Starter
Grit Pump No. 3A GP-3A
Grit Pump No. 3B GP-3B
Vortex Grit Collector Unit No. 3

3
4

3
1

MCC
MCC, L, PLC

4

2

MCC, L, PLC

4
4

3
4

MCC
MCC

4

5

MCC

4
5

6
1

MCC
MCC, L, PLC

5

2

MCC, L, PLC

5
5

3
4

MCC
MCC, L

5

5

MCC

5
6

6
1

MCC
MCC, L, PLC

6

2

MCC, L, PLC

6
6

3
4

MCC
MCC

6

5

MCC

6
7
7
7

6
1
2
3

MCC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC

7
7
7
8
8
8

4
5
6
1
2
3

MCC, L, PLC
MCC
MCC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC

8
8
8
9
9
9

4
5
6
1
2
3

MCC, L, PLC
MCC
MCC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
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VG-3
Grit Classifier No. 3
Spare FVNR-2 Starter
Spare FVNR-1 Starter
Grit Pump No. 4A
GP-4A (Future)
Grit Pump No. 4B
GP-4B (Future)
Vortex Grit Collector Unit No. 4
VG-4 (Future)
Spare FVNR-2 Starter
Spare FVNR-1 Starter
Vertical Mixer No. 1 VM-1
Vertical Mixer No. 2 VM-2
Vertical Mixer No. 3 VM-3
Vertical Mixer No. 4
VM-4 (Future)
Spare FVNR-1 Starter
Spare FVNR-1 Starter
PTF Lighting Panel PTF-LP-2
PTF-LP-2Transformer Breaker
PTF-DP-2 Breaker

9
9
9
10

4
5
6
1

MCC, L, PLC
MCC
MCC
MCC

10

2

MCC

10

3

MCC

10
10
11
11
11
11

5
6
1
2
3
4

MCC
MCC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
MCC

11
11
12
12
13

5
6
1
2
1

MCC
MCC
MCC
MCC
MCC

Blank

13

2

-

Distribution Panel PTF-DP-2

13

3

MCC

EF-200

14

1

MCC, L

EF-201

14

2

MCC, L

EF-202

14

3

MCC, L

EF-203

14

4

MCC, L

EF-2

14

5

MCC, L

11.1.8.3

Grease Receiving Facility Motor Control Center

The Grease Receiving Facility motor control center (GRF-MCC) is located along the north wall
in the Electrical Room. It contains a three-phase, four-wire horizontal 480/277 V copper bus,
and has a 400 ampere main breaker. The main horizontal bus is rated 600 amperes, the
vertical section busses are each rated 300 amperes, and the neutral bus is rated 600 amperes.
The incoming service to the Grease Receiving Facility motor control center is from a 400
ampere breaker from the Train 2 Switchboard A, which is located south of the Grease Receiving
Facility and west of the Train 2 Thickening Building. Switchboard A is a dual-fed, low-voltage
switchboard that is powered from the secondary of 23,900 - 480 V Transformers T1A and T1B.
Transformers T1A and T1B are powered from the 23 kV Switchgear, which is west of the
SCE&G Substation.
The following loads receive power from the GRF-MCC. The following abbreviations are used
for convenience:
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SWBD-A
MCC
L

-

Train 2 Switchboard A
Preliminary Treatment Facility Motor Control Center
Load

Load Description
Tank Mixing Pump No. 1
TMP-1
Tank Mixing Pump No. 2
TMP-2
Spare FVNR-1 Starter
Spare FVNR-1 Starter
Blank
Water Heater GRF-WH-1
Grease Transfer Pump No. 1
GTP-1
Grease Transfer Pump No. 2
GTP-2
Spare FVNR-2 Starter
GRF-PP-1 Breaker
Blank
Distribution Panel GRF-PP-1
PTF Lighting Panel GRF-LP-1
GRF-LP-1Transformer Breaker
Main Breaker
Metering
Surge Protection Device
11.1.8.4

MCC Section
(from left to right)

Cubicle
(from top to bottom)

1

1

MCC, L

1

2

MCC, L

1
1
1
2

3
4
5
1

MCC
MCC
MCC, L

2
2

2
3

MCC, L
MCC, L

2
3
3
3
4
4
5
5
5

4
1
2
3
1
2
1
2
3

MCC
MCC
MCC
MCC
MCC
HW-SWGR, MCC
MCC
MCC

Control From

Train 1 Central Primary Clarifier Pumping Station Motor Control Center

The Train 1 Central Primary Clarifier Pumping Station motor control center (MCC-2) is located in
the below grade primary sludge pump room along the west wall with the other electrical and
control equipment. It contains a three-phase, four-wire horizontal bus rated 480/277 volts. The
main horizontal bus is rated 600 amperes, the vertical section busses are each rated 300
amperes, and the neutral bus is rated 600 amperes. The incoming service to the Train 1
Central Clarifier Pumping Station is supplied power by a 225 ampere breaker in the Train 1
Primary Pumping Station 480 volt motor control center MCC-1, which is also in the pump motor
room. MCC-1 has an 800 ampere main breaker, which is supplied power from an 800 ampere,
480/277 volt, three-phase, four-wire connection to the Maintenance Building Unit Substation No.
1.
The following loads receive power from the MCC-2. The following abbreviations are used for
convenience:
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MCC-1
MCC
L
PLC

-

Train 1 Primary Pumping Station Motor Control Center
Train 1 Central Clarifier Pumping Station Motor Control Center
Load
Primary Control Panel C (PLC-13000)

Load Description
Main Breaker and Metering
Surge Protection
Blank
Blank
Blank
Skimmer Drive #5 & #6
Skimmer Drive #7 & #8
Clarifier #6
Clarifier #7
Clarifier #8
Submersible Pump Receptacle
Lighting Panel L2 Transformer
Lights
Clarifier #5
Roof Exhaust Fan
Spare (Starter?)
Spare (Starter?)
Spare (Starter?)
Spare (Starter?)
Electric Motor Operator #5
Electric Motor Operator #6
Electric Motor Operator #7
Electric Motor Operator #8
5 kW Unit Heater
5 kW Unit Heater
Spare (Feeder Breaker)
Spare (Feeder Breaker)
South Pole Lights
Site Lights
Spare (Feeder Breaker)
Blank
11.1.8.5

MCC Section
(from left to right)
1
1
1
1
1
2
2
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4

Cubicle
(from top to bottom)
1
2
3
4
5
1
2
3
4
5
6
7
8
1
2
3
4
5
6
1
2
3
4
5
6
7
8
9
10
11
12

Control From
MCC-1, MCC
MCC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, L
MCC
MCC
MCC
MCC, PLC
MCC, L
MCC
MCC
MCC
MCC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, L
MCC, L
MCC
MCC
MCC
MCC
MCC
-

Train 1 North Primary Clarifier Pumping Station Motor Control Center

The Train 1 North Primary Clarifier Pumping Station motor control center (MCC-7) is located in
the below grade primary sludge pump room along the east wall near the door to the North
Primary Clarifier Blower Room. It contains a three-phase, four-wire horizontal bus rated
480/277 volts. The main horizontal bus is rated 600 amperes, the vertical section busses are
each rated 300 amperes, and the neutral bus is rated 600 amperes. The incoming service to
the Train 1 North Primary Clarifier Pumping Station is supplied power by a 150 ampere breaker
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in the 480/277 volt, three-phase, four-wire connection to the Train 1 Aeration Control Building
Unit Substation No. 3.
The following loads receive power from the MCC-7. The following abbreviations are used for
convenience:
US-3
MCC
L
PLC

-

Aeration Control Building Unit Substation No. 3
Train 1 North Clarifier Pumping Station Motor Control Center
Load
Primary Control Panel N (PLC-12000)

Load Description
Lighting Panel L1 Transformer
Blower #1
Metering Transformers
TVSS (Surge Protection)
Main Breaker and Metering
Spare (Starter)
Spare (Starter)
Roof Exhaust Fan EF-1
Waste Sludge Pump #1
Waste Sludge Pump #2
Submersible Pump Receptacle
Clarifier #9
Clarifier #10
PCP-N
Blower #2
Clarifier #11
Clarifier #12
Skimmer Drive
Spare (Feeder Breaker)
Lights
3.3 kW Unit Heater (Door)
Spare (Feeder Breaker)
Spare (Feeder Breaker)
7.5 kW Unit Heater
Electric Motor Operator #9
Electric Motor Operator #10
Electric Motor Operator #11
Electric Motor Operator #12
Sump Pump Control Panel
11.1.8.6

MCC Section
(from left to right)
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4

Cubicle
(from top to bottom)
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
7
8
9
10
11
12

Control From
MCC
MCC, L
MCC
MCC, US-3
MCC
MCC
MCC, L
MCC, PLC
MCC, PLC
MCC
MCC, PLC
MCC, PLC
MCC, L
MCC, L
MCC, PLC
MCC, PLC
MCC, PLC
MCC
MCC
MCC, L
MCC
MCC
MCC, L
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, L

Train 1 South Primary Clarifier Pumping Station Motor Control Center

The Train 1 South Primary Clarifier Pumping Station motor control center (MCC-8) is located in
the below grade primary sludge pump room along the east wall near the door to the South
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Primary Clarifier Blower Room. It contains a three-phase, four-wire horizontal bus rated
480/277 volts. The main horizontal bus is rated 600 amperes, the vertical section busses are
each rated 300 amperes, and the neutral bus is rated 600 amperes. The incoming service to
the Train 1 South Primary Clarifier Pumping Station is supplied power by a 150 ampere breaker
in the 480/277 volt, three-phase, four-wire connection to the Train 1 Aeration Control Building
Unit Substation No. 3.
The following loads receive power from the MCC-8. The following abbreviations are used for
convenience:
US-3
MCC
L
PLC

-

Aeration Control Building Unit Substation No. 3
Train 1 South Clarifier Pumping Station Motor Control Center
Load
South Primary Control Panel S (PLC-14000)

Load Description
PCP-S
Blower #1
Metering Transformers
TVSS (Surge Protection)
Main Breaker and Metering
Clarifier #4
Clarifier #3
Clarifier #2
Waste Sludge Pump #1
Waste Sludge Pump #2
Submersible Pump Receptacle
Clarifier #1
Roof Exhaust Fan EF-1
7.5 kW Unit Heater (Door)
Blower #2
Spare (Starter)
Spare (Starter)
Lights
Skimmer Drive
Sump Pump Control Panel
Electric Motor Operator #4
Electric Motor Operator #3
Electric Motor Operator #2
Electric Motor Operator #1
3.3 kW Unit Heater
Electric Motor Operator #13
Lighting
Panel
LJ
(L3)
Transformer
Spare (Feeder Breaker)
Spare (Feeder Breaker)??

MCC Section
(from left to right)
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4

Cubicle
(from top to bottom)
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
7
8
9
10

4
4

11
12

Control From
MCC, L
MCC, L
MCC
MCC, US-3
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC
MCC, PLC
MCC, PLC
MCC, L
MCC, L
MCC
MCC
MCC
MCC, L
MCC, L
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, L
MCC, PLC
MCC
MCC
MCC
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11.1.8.7

Train 2 Primary Clarifier Pumping Station Motor Control Center

The Train 2 Primary Clarifier Pumping Station motor control center (MCC-16) is located in the
below grade primary sludge pump room along the east wall. It contains a three-phase, four-wire
horizontal bus rated 480/277 volts. The main horizontal bus is rated 600 amperes, the vertical
section busses are each rated 300 amperes, and the neutral bus is rated 600 amperes. The
incoming service to the Train 2 Primary Clarifier Pumping Station is supplied power by a 300
ampere breaker in the 480 volt panel DP-2, which is also in the pump room. Panel DP-2 has a
400 ampere main breaker from a 400 ampere breaker in Switchboard C. Switchboard C is a
480/277 volt, three-phase, four-wire outdoor panel located near northeast corner of the Train 2
Aeration Basins and north of the Train 2 Blower Building.
The following loads receive power from the MCC-16. The following abbreviations are used for
convenience:
DP-2
MCC
L
PLC

-

Load Description
Blank
Blower #1
Blower #2
Blank
Incoming Power
Clarifier #6
Clarifier #5
Clarifier #4
Clarifier #3
Clarifier #2
Clarifier #1
Exhauster #2
Exhauster #1
Blank
Blank
Blank
Blank
Sludge Pump #6
Sludge Pump #5
Sludge Pump #4
Sludge Pump #3
Sludge Pump #2
Sludge Pump #1

Distribution Panel DP-2
Train 2 Primary Clarifier Pumping Station Motor Control Center
Load
Train 2 Primary Clarifier Control Panel (PLC-22000)
MCC Section
(from left to right)
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
4
4
4

Cubicle
(from top to bottom)
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6

Control From
MCC, L
MCC, L
DP-2
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
MCC
MCC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
MCC, PLC
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11.1.8.8

Train 1 Sludge Thickener (DAF) Building Motor Control Centers

The Train 1 Sludge Thickener (DAF) Building motor control center (MCC-61) is located on the
ground floor of the building along the north wall, west of the Control Room. It contains a threephase, four-wire horizontal bus rated 480/277 volts. The main horizontal and vertical buses are
rated 1600 amperes, the remaining vertical section busses are each rated 600 amperes, and
the neutral bus is rated 200 amperes. MCC-61 has a 1200 ampere main breaker, which is
powered from a 1200 ampere breaker at Switchboard A. Switchboard A is a 480/277 volt,
three-phase, four-wire outdoor panel located near southeast corner of the Train 2 DAF Building.
The following loads receive power from the MCC-61. The following abbreviations are used for
convenience:
SWBD
MCC
L

-

Switchboard A
Motor Control Center, MCC-61
Load

Load Description
Metering
Main
Incoming Power Cables from
Switchboard A
Surge Protection Device,
TVSS
VFD Cabinet #2
(Mixed Sludge Pump
Nos. 1, 2, 3 and 4)
VFD Cabinet #1
(Thickened Sludge Pump
Nos. 1, 2, 3 and 4)
Spare
(FVNR-1 Starter, 15A MCP)
Spare
(FVNR-1 Starter, 15A MCP)
Blank
Spare
(FVNR-1 Starter, 15A MCP)
Eastside Exhaust Fan
Westside Exhaust Fan
MCC-6A1
Settled Sludge Collector #1
Settled Sludge Collector #3
Top Screw Conveyor #3
Top Screw Conveyor #4
Top Screw Conveyor #1
Top Screw Conveyor #2

MCC Section
(from left to right)
1
1
1

Cubicle
(from top to bottom)
1
2
3

2

1

MCC

2

2

L

2

3

L

2

4

MCC

2

5

MCC

2
3

6
1

MCC

3
3
3
4
4
4
4
4
4

2
3
4
1
2
3
4
5
6

MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L

Control From
MCC
MCC, SWBD
SWBD
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Settled Sludge Collector #2
Settled Sludge Collector #4
Spare
(FVNR-1 Starter, 15A MCP)
Blower #1
Bottom Screw Conveyor #3
Bottom Screw Conveyor #4
Panel LM
Spare (Feeder Breaker, 30A)
Unit Heater #1
Unit Heater #2
Blower #2
Bottom Screw Conveyor #1
Bottom Screw Conveyor #2
Blank
Spare (Feeder Breaker, 20A)
Sump Pump Control Panel
Spare (Feeder Breaker, 15A)
Spare (Feeder Breaker, 15A)
Spare (Feeder Breaker, 15A)
Electric Motor Operator
Electric Motor Operator
VFD Cabinet #3
(Skimmer Nos. 1, 2, 3 and 4)
Panel H1
Strainer Control Panel
Blank

5
5
5

1
2
3

MCC, L
MCC, L
MCC

5
5
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7

4
5
6
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8

MCC, L
MCC, L
MCC, L
L
MCC
L
L
MCC, L
MCC, L
MCC, L
MCC
L
MCC
MCC
MCC
L
L
L

7
7
7

9
10
11

L
L
-

The Train 1 Sludge Thickener (DAF) Building motor control center (MCC-6A1) is located on the
basement floor of the building along the north wall, below the Control Room. It contains a threephase, four-wire horizontal bus rated 480/277 volts. The main horizontal and vertical buses are
rated 1200 amperes, the remaining vertical section busses are each rated 300 amperes, and
the neutral bus is rated 200 amperes. MCC-6A1 is powered from a 600 ampere breaker at
MCC-61 above.
The following loads receive power from the MCC-6A1. The following abbreviations are used for
convenience:
MCC-61
MCC
L

-

Motor Control Center, MCC-61
Motor Control Center, MCC-6A1
Load
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Load Description
Incoming Power Cables from
MCC-61
Metering
Surge
Protection
Device,
TVSS
Pump 3
Pump 4
Spare
(FVNR-3 Starter, 100A MCP)
Spare
(FVNR-3 Starter, 100A MCP)
Pump 1
Pump 2
Spare
(FVNR-3 Starter, 100A MCP)
Spare
(FVNR-3 Starter, 100A MCP)
Spare
(FVNR-3 Starter, 100A MCP)
Spare
(FVNR-3 Starter, 100A MCP)
Spare
(FVNR-3 Starter, 100A MCP)
Spare
(FVNR-3 Starter, 100A MCP)
TCP-P
Spare
(FVNR-3 Starter, 100A MCP)
Compressor
Blank

11.1.8.9

MCC Section
(from left to right)
1

Cubicle
(from top to bottom)
1

1
1

2
3

MCC
MCC

1
1
2

4
5
1

MCC, L
MCC, L
MCC

2

2

MCC

2
2
3

3
4
1

MCC, L
MCC, L
MCC

3

2

MCC

3

3

MCC

3

4

MCC

4

1

MCC

4

2

MCC

4
4

3
4

L
MCC

4
4

5
16

L
-

Control From
MCC-61

Train 2 Sludge Thickener (DAF) Building Motor Control Center

The Train 2 Sludge Thickener (DAF) Building motor control center (MCC-17) is located in the
electrical room along the east wall. It contains a three-phase, four-wire horizontal bus rated
480/277 volts. The main horizontal and vertical buses are rated 800 amperes, the remaining
vertical section busses are each rated 300 amperes, and the neutral bus is rated 600 amperes.
The incoming service to MCC-17 is supplied power by an 800 ampere breaker in the 480 volt
panel DP-4, which is also in the electrical room opposite MCC-17. Panel DP-4 has a 1200
ampere main breaker that is powered from a 1200 ampere breaker at Switchboard A.
Switchboard A is a 480/277 volt, three-phase, four-wire outdoor panel located near southeast
corner of the Train 2 DAF Building.
The following loads receive power from the MCC-17. The following abbreviations are used for
convenience:
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DP-4
MCC
L

-

Load Description
Pressurization Pump #1
Pressurization Pump #2
Pressurization Pump #3
Incoming Power
Seal Water Pump #1
Seal Water Pump #2
Seal Water Pump #3
Seal Water Pump #4
Compressor #1
Compressor #2
Mixed Sludge Pump #1
Mixed Sludge Pump #2
Mixed Sludge Pump #3
Blower #1
Blower #2
Bottom Screw Conv. #1
Bottom Screw Conv. #2
Bottom Screw Conv. #3
Bottom Screw Conv. #4
Fan VF-1
Blank
Heavy Sludge Collector #1
Heavy Sludge Collector #2
Heavy Sludge Collector #3
Heavy Sludge Collector #4
Strainer
Blank
Top Screw Conveyor #1
Top Screw Conveyor #2
Top Screw Conveyor #3
Top Screw Conveyor #4
Fan VF-3
Fan VF-4
Skimmer #1
Skimmer #2
Skimmer #3
Skimmer #4
Blank
Blank

Distribution Panel DP-4
Train 2 DAF Building Motor Control Center
Load

MCC Section
(from left to right)
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
7
7

Cubicle
(from top to bottom)
1
2
3
4
1
2
3
4
5
6
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6

Control From
MCC, L
MCC, L
MCC, L
DP-4
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
-
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11.1.8.10

Train 1 Sludge Recirculation Pumping Station Motor Control Center

The Train 1 Return Sludge Pumping Station motor control center (MCC-11) is located in the
electrical/control room. It contains a three-phase, four-wire horizontal bus rated 480/277 volts.
The main horizontal bus is rated 600 amperes, the vertical section busses are each rated 300
amperes, and the neutral bus is rated 600 amperes. The incoming service to the Train 1 Return
Sludge Pumping Station is supplied power by a 100 ampere breaker in the 480 volt panel DP-2,
which is also in the electrical room. Panel DP-2 has a 600 ampere main breaker, which is
supplied power from a 600 ampere, 480/277 volt, three-phase, four-wire connection to the
Aeration Control Building Unit Substation No. 3.
The following loads receive power from the MCC-11. The following abbreviations are used for
convenience:
DP-2
MCC
L
PLC

-

Load Description
Incoming Line Metering
Blank
Sump Pump
Exhaust Fan
Incoming Line
Water Seal Pump #1
Water Seal Pump #2
Clarifier #6 (Out of Service)
Clarifier #5
Blank
Clarifier #4
Clarifier #3
Clarifier #2
Clarifier #1
Blank
11.1.8.11

Distribution Panel DP-2
Train 1 Return Sludge Pumping Station Motor Control Center
Load
Train 1 RAS Control Panel (PLC-18000)
MCC Section
(from left to right)
1
1
1
1
1
2
2
2
2
2
3
3
3
3
3

Cubicle
(from top to bottom)
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Control From
MCC
MCC, L
MCC
DP-2, MCC
MCC, L
MCC, L
MCC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
MCC, L, PLC
-

Train 2 Sludge Recirculation Pumping Station Motor Control Center

The Train 2 Sludge Recirculation Pumping Station motor control center (MCC-14) is located on
the ground floor of the pumping station along the west wall with all the electrical and control
equipment. It contains a three-phase, four-wire horizontal bus rated 480/277 volts. The main
horizontal bus is rated 600 amperes, the vertical section buss is rated 300 amperes, and the
neutral bus is rated 600 amperes. The incoming service to the Train 2 Sludge Recirculation
Pumping Station is supplied power by a 50 ampere breaker in the 480 volt Distribution Panel
DP-1, which is also on the ground floor of the pumping station. Distribution Panel DP-1 has an
800 ampere main breaker, which is supplied power from an 800 ampere, 480/277 volt, threephase, four-wire connection to the Train 2 Sludge Recirculation Pumping Station Switchboard B
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and Transformers No. 2A or 2B. Switchboard B is an outdoor panel located on the near the
southeast corner of the Train 2 Sludge Recirculation Pumping Station Building.
The following loads receive power from the MCC-11. The following abbreviations are used for
convenience:
DP-1
MCC

-

L

-

Distribution Panel DP-1
Train 2 Sludge Recirculation Pumping Station Motor Control
Center
Load

MCC Section
(from left to right)
1
1
1
1
1
1
1

Load Description
Blank
Roof Fan
Seal Water Pump #1
Seal Water Pump #2
Blank
Blank
Incoming Line
11.1.8.12

Cubicle
(from top to bottom)
1
2
3
4
5
6
7

Control From
MCC, L
MCC, L
MCC, L
DP-1, MCC

Digester Nos. 1 and 2 Building C Motor Control Center

The Digester Nos. 1 and 2 Building C Motor Control Center (MCC-1) is located in the Digester
Nos. 1 and 2 Heater/Control Room along the east wall. It contains a three-phase, four-wire
horizontal bus rated 480/277 volts. The main horizontal and vertical buses are rated 600
amperes, the remaining vertical section busses are each rated 300 amperes, and the neutral
bus is rated 600 amperes. The incoming service to the Digester Nos. 1 and 2 Building C is
supplied power from a 400 ampere, 480/277 volt, three-phase, four-wire connection to the
Maintenance Building Unit Substation No. 1.
The following loads receive power from the MCC-1. The following abbreviations are used for
convenience:
US-1
MCC
L
PLC

-

Maintenance Building Unit Substation No. 1
Digester Nos. 1 & 2 Building C Motor Control Center
Load
Digester Nos. 1 & 2 Main Control Panel (PLC-41000)

Load Description
Site Lights
HV-1
Surge Protection
Main Breaker and Metering
Sludge Recirculation Pump #1
Sludge Recirculation Pump #2

MCC Section
(from left to right)
1
1
1
1
2
2
11-30

Cubicle
(from top to bottom)
1
2
3
4
1
2

Control From
MCC
MCC
MCC
US-1, MCC
MCC, PLC
MCC, PLC
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Gas Blower #1
Air Compressor
EF-2
Gas Blower #2
Pearth Gas #1
Pearth Gas #2
Sludge Transfer Pump #1 VFD
Sludge Transfer Pump #2 VFD
Sump Pump
Spare (Feeder Breaker)
Heater C.P. #1
Heater C.P. #2
UH-1 & 2
EF-1
UH-3 & 4
Lighting Panel A Transformer
Spare (Feeder Breaker)
Blank
Blank
Blank
11.1.8.13

2
3
3
3
4
4
4
4
4
4
4
4
4
4
4
5
5
5
5
5

3
1
2
3
1
2
3
4
5
6
7
8
9
10
11
1
2
3
4
5

MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, PLC
MCC, PLC
MCC, L
MCC
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC
MCC
-

Digester Nos. 3 and 4 Building A Motor Control Center

The Digester Nos. 3 and 4 Building A motor control center (MCC-12) is located in the Digester
Nos. 3 and 4 Heater/Control Room along the east wall. It contains a three-phase, four-wire
horizontal bus rated 480/277 volts. The main horizontal and vertical buses are rated 600
amperes, the remaining vertical section busses are each rated 300 amperes, and the neutral
bus is rated 600 amperes. The incoming service to the Digester Nos. 3 and 4 Building A is
supplied power from a 300 ampere, 480/277 volt, three-phase, four-wire connection in
Switchboard A. Switchboard A is a 480/277 volt, three-phase, four-wire outdoor panel located
northeast of Digester #4 and near southeast corner of the Train 2 DAF Building.
The following loads receive power from the MCC-12. The following abbreviations are used for
convenience:
SWBD-A
MCC
L
PLC

-

Load Description
Main Breaker
Sludge Recirculation Pump
#3?
New Sludge Recirculation
Pump #3?

Switchboard A
Digester Nos. 3 and 4 Building A Motor Control Center
Load
Digester Nos. 3 & 4 Main Control Panel (PLC-42000)
MCC Section
(from left to right)
1
1

Cubicle
(from top to bottom)
1
2

1

3

Control From
SWBD-A, MCC
MCC
MCC, PLC
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Sludge Recirculation Pump #4
Sludge Transfer Pump #3
Pearth Gas Mixing System #3
Pearth Gas Mixing System #4
480V Supply Valves 1st Floor
480V Supply Valves Bsmt.
Roof Fan #1
Wall Fan #1
Sludge Transfer Pump #4
24 Circuit Lighting Panel
Heater/Heat Exchanger #3
Heater/Heat Exchanger #4
Unit Heater #1
Unit Heater #2
Unit Heater #3
Unit Heater #4
Sump Pump
30 kVA Lighting Transformer
11.1.8.14

1
1
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4

4
5
1
2
3
4
5
6
7
1
2
3
4
5
6
7
8
1

MCC, PLC
MCC, PLC
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, PLC
MCC
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC

Digester No. 5 Building B Motor Control Center

The Digester No. 5 Building B motor control center (MCC-13) is located in the Digester No. 5
Heater/Control Room along the east wall. It contains a three-phase, four-wire horizontal bus
rated 480/277 volts. The main horizontal and vertical buses are rated 600 amperes, the
remaining vertical section busses are each rated 300 amperes, and the neutral bus is rated 600
amperes. The incoming service to the Digester No. 5 Building B is supplied power from a 300
ampere, 480/277 volt, three-phase, four-wire connection in Switchboard A. Switchboard A is a
480/277 volt, three-phase, four-wire outdoor panel located northeast of Digester #4 and near
southeast corner of the Train 2 DAF Building.
The following loads receive power from the MCC-13. The following abbreviations are used for
convenience:
SWBD-A
MCC
L
PLC

-

Load Description
Main Breaker
Blower #1?
Blower #2?
Blower #3?
Sludge Transfer Pump #5
Sludge Recirculation Pump
#5A

Switchboard A
Digester No. 5 Building B Motor Control Center
Load
Digester No. 5 Main Control Panel (PLC-43000)
MCC Section
(from left to right)
1
1
1
1
1
2

Cubicle
(from top to bottom)
1
2
3
4
5
1

Control From
SWBD-A, MCC
MCC, L
MCC, L
MCC, L
MCC, PLC
MCC, PLC
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Sludge Recirculation Pump
#5B
?? #1
?? #2
Roof Fan #3
Fuel Pump
24 Circuit Lighting Panel
Pearth Gas Mixing System #5
Heater/Heat Exchanger #5
Unit Heater #5
VMO (Valve Motor Operators)
Unit Heater #7
Unit Heater #8
Sump Pump
30 kVA Lighting Transformer
11.1.8.15

2

1

MCC, PLC

2
2
2
2
3
3
3
3
3
3
3
3
4

3
4
5
6
1
2
3
4
5
6
7
8
1

MCC, L
MCC, L
MCC, L
MCC, L
MCC
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC

Train 2 Aeration Blower Building Motor Control Center

The Train 2 Aeration Blower Building motor control center (MCC-15A) is located on the upper
level of the building along the east wall with all the electrical and control equipment. It contains
a three-phase, four-wire horizontal bus rated 480/277 volts. The main bus is rated 1200
amperes. The incoming service to the Train 2 Aeration Blower Building is supplied power by a
1200 ampere main breaker, which is supplied power from a 1200 ampere, 480/277 volt, threephase, four-wire connection to Switchboard C and Unit Substations Transformers No. 3A or 3B.
Switchboard C is an outdoor panel located on the near northeast corner of the Train 2 Aeration
Basins and north of the Train 2 Blower Building.
The following loads receive power from the MCC-15A. The following abbreviations are used for
convenience:
SWBD-C
MCC
L

-

Load Description
Blower #4
Blower #3
Exhauster #1
Exhauster #2
Exhauster #3
15 kW Unit Heater #1
15 kW Unit Heater #2
Valve Metering Vault
Inside Valves
Main Breaker
Incoming Terminals

Blower Building Switchboard C
Train 2 Aeration Blower Building Motor Control Center
Load
MCC Section
(from left to right)
1
2
3
3
3
3
3
3
3
4
4

Cubicle
(from top to bottom)
1
1
1
2
3
4
5
6
7
1
2

Control From
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, L
MCC, SWBD-C
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11.1.8.16

Train 2 Aeration Blower Building Motor Control Center

The Train 2 Aeration Blower Building motor control center (MCC-15B) is located on the upper
level of the building along the east wall with all the electrical and control equipment. It contains
a three-phase, four-wire horizontal bus rated 480/277 volts. The main bus is rated 1200
amperes. The incoming service to the Train 2 Aeration Blower Building is supplied power by a
1200 ampere main breaker, which is supplied power from a 1200 ampere, 480/277 volt, threephase, four-wire connection to Switchboard C and Unit Substations Transformers No. 3A or 3B.
Switchboard C is an outdoor panel located on the near northeast corner of the Train 2 Aeration
Basins and north of the Train 2 Blower Building.
The following loads receive power from the MCC-15B. The following abbreviations are used for
convenience:
SWBD-C
MCC
L

-

Blower Building Switchboard C
Train 2 Aeration Blower Building Motor Control Center
Load

Load Description
Main Breaker
Incoming Terminals
18 Circuit Lighting Panel
Bridge Crane
Sump Pump
Outside Valves
Blank
30 kVA Lighting Transformer
Blower #2
Blower #1
11.1.8.17

MCC Section
(from left to right)
1
1
2
2
2
2
2
3
4
5

Cubicle
(from top to bottom)
1
2
1
2
3
4
5
1
1
1

Control From
MCC, SWBD-C
MCC
MCC, L
MCC, L
MCC, L
MCC
MCC, L
MCC, L

Disinfection Building Motor Control Center

The Disinfection Building motor control center (MCC-1B) is located in the room along the west
wall of the Non-potable Pump Room. It contains a three-phase, four-wire horizontal bus rated
480/277 volts. The main horizontal bus is rated 600 amperes, the vertical busses of sections 1
and 2 are each rated 300 amperes, and the neutral bus is rated 600 amperes. The vertical
busses of sections 3 and 4 are each rated 300 amperes. The de-chlorination motor control
center has a 225 ampere main breaker that is supplied power by a 300 ampere breaker in the
480/277 volt, three-phase, four-wire connection to the Train 1 Utility Building Unit Substation No.
2.
The following loads receive power from the Disinfection Building motor control center MCC-1B.
The following abbreviations are used for convenience:
US-2
MCC
L

-

Utility Building Unit Substation No. 2
De-chlorination Building Motor Control Center
Load
11-34
L:\Columbia Operations Manual -Chap 11

Load Description
Blank
Non-potable Water Pump #1
Non-potable Water Pump #2
Main Breaker (Off and nonfunctioning?)
Blank
Blank
Blank
Blank
Non-potable Water Pump #3
225A Main Breaker
Blank
Air Compressor Outside
(Microscreen #1)
Microscreen #2
Froth Spray #3
Froth Spray #1
Hoist (Yale 3 ton)
Lighting Panel LC Transformer
Panel “HC”
Spare (Feeder Breaker)
11.1.9

MCC Section
(from left to right)
1
1
1
1

Cubicle
(from top to bottom)
1
2
3
4

MCC
MCC
MCC

2
2
2
2
2
3
3
3

1
2
3
4
5
1
2
3

MCC
MCC
MCC

3
3
4
4
4
4
4

4
5
1
2
3
4
5

MCC
MCC
MCC
MCC, L
MCC
MCC, L
MCC

Control From

Panelboards

Distribution or Lighting Panels are located throughout the plant to distribute either 480 or 120
volts to lighting, heating and ventilating equipment, fractional horsepower motors, equipment
control panels and instrumentation equipment. These panels are supplied power from either a
service disconnect panel or a Motor Control Center Panel. The 120 volt panels have step down
transformers and supplies power from 480 volts from the MCC to step down the power service
to 120/240 or 120/208 volts, three-phase power. The panels consist of main breakers with
individual breakers for each of the loads.
11.1.9.1

Power Distribution Panels

Power Distribution Panels are located throughout the plant to distribute 480 volts three-phase,
or 277 volts single-phase, to lighting, heating and ventilating equipment, fractional horsepower
motors, equipment control panels and instrumentation equipment. These panels are supplied
power from Low-voltage Switchgear, Switchboards, or Motor Control Centers. The panels
consist of main breakers with individual breakers for each of the loads.
Typically, one Low-voltage Switchgear, Switchboard, or Motor Control Center supplies 480 volts
through one breaker to a three-phase main breaker of the Power Distribution Panel. The
breaker is connected to a three-phase bus. Power from each bus goes through individual threephase, single-phase (480 volts, two-pole), or single-phase (277 volts, single-pole) breakers to
the loads. The connections to the single-phase breakers are alternated between the three
buses.
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The individual breakers are provided with overload and short-circuit protection, and will respond
to either an overload or short-circuit by opening the circuit. The breakers are not typically used
to be used as on and off operational switches for equipment. If a breaker opens, an electrician
should be notified to check the circuit rather than closing the circuit and possibly damaging
equipment.
The following table, Table No. 11-1, shows the 480 volt distribution panels with locations and
source of power:

TABLE NO. 11-1
480 V POWER DISTRIBUTION PANEL SCHEDULE

480 V Panel
IPS-DP-1
IPS-DP-2
PTF-DP-1

PTF-DP-2

GRF-PP-1
LB-PP-1
PP-EQRTV

DP-2
DP-1
DP-2
DP-1
HC
HF
H1
DP-3
DP-4

Location

Headworks Electrical Building
(integral to IPS-MCC)
Headworks Electrical Building
(integral to IPS-MCC)
Preliminary Treatment Facility
(integral to PTF-MCC located in the
Electrical Room)
Preliminary Treatment Facility
(integral to PTF-MCC located in the
Electrical Room)
Grease Receiving Facility (integral
to GRF-MCC in the Electrical Room)
Septage Receiving Facility Lab
Building
Flow Equalization Return Vault

Train 2 Primary Pump Station
Train 1 Sludge Recirculation Pump
Station
Train 1 Sludge Recirculation Pump
Station
Train 2 Sludge Recirculation Pump
Station
Chlorine Building (Heating Panel)
Chlorine Building
Train 1 Sludge Thickener Building
Train 1 Sludge Thickener Odor
Control Building
Train 2 Sludge Thickener Building

Powered From
IPS-MCC
IPS-MCC
PTF-MCC

PTF-MCC

GRF-MCC
IPS-MCC
23kV Distribution Loop & Pole
Mounted, 23kV-480V
Transformer
Train 2 Switchboard C
Unit Substation No. 3
Unit Substation No. 3
Switchboard B
MCC-1B
Panel HG (Utility Building)
MCC-61
Switchboard A
Switchboard A
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HV1
HD
HPF
HPM
DP No. 5
MCC-3-HP
HP-1
HP-2
PP-1
PP-2

Digester Nos. 1 and 2 Head House
Building
Maintenance Building Electrical Room
Maintenance Building Electrical Room
Maintenance Building Machine Shop

Unit Substation No. 1
(Maintenance Building)
Unit Substation No. 1
Panel HD
Panel HD

Dewatering Building, Level 2
Electrical Room
Incinerator Building, Level 1
(Heating Panel integral to MCC-3)
Administration Building Ground Floor
Electrical Room #130
Administration Building Second Floor
Electrical Room #211
Administration Building Ground Floor
Electrical Room #130
Administration Building Second Floor
Electrical Room #211

Substation No. 1-Switchboard
(Maintenance Building)
MCC-3
Switchboard MSB
Switchboard MSB
Switchboard MSB
Switchboard MSB

HH

Aeration

Unit Substation No. 3

H1

Septage Station and Monitoring
Building

Panel HG (Utility Building)

11.1.9.1.1.

Influent Pumping Station Distribution Panels

The Influent Pumping Station distribution panels (IPS-DP-1, IPS-DP-2) are integral to the
Influent Pumping Station motor control center (IPS-MCC), which is located in the east side of
the Headworks Electrical Building along the south wall. Each contains a three-phase, four-wire
480/277 V copper bus. Each main bus is rated 225 amperes and the neutral bus is rated 225
amperes. The incoming power to each distribution panel is from a 225 ampere breaker in the
motor control center IPS-MCC.
The following loads receive power from IPS-DP-1:

Position

Load Description
Bridge Crane Hoist &Trolley #1
Bridge Crane Hoist &Trolley #2
Electrical Building HVAC Unit
#AC-150
Electrical Building HVAC Unit
#AC-151
IPS Motor Operated Gates
MOG-01101A, MOG-01102A
IPS Motor Operated Gates

Breaker

(left, center or right)

(top to bottom)

L
R
L

1
1
2

30A, 3P
30A, 3P
70A, 3P

R

2

70A, 3P

L

3

30A, 3P

R

3

30A, 3P
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MOG-01101B, MOG-01102B
IPS Motor Operated Gates
MOG-01100,-01103A,-01104A
IPS Motor Operated Gates
MOG-01103B-01, -01104B-01
Electrical Building CU-150
Electrical Building CU-151
IPS Area Lights
Spare
IPS Area Lights
Septage Channel Sluice Gate
MOG-SRS-P-1
Spare
Roadway Lights via LC-2
Roadway Lights via LC-2
Roadway Lights via LC-2

L

4

30A, 3P

R

4

30A, 3P

L
R
L
R
L
R

5
5
6
6
7
7

20A, 3P
20A, 3P
20A, 1P
100A, 3P
20A, 1P
20A, 3P

L
L
L
L

8
9
10
11

20A, 1P
20A, 1P
20A, 1P
20A, 1P

The following loads receive power from IPS-DP-2:

Position

Load Description
Septage Receiving Screen
Spare
Spare
EQ Vault Feeder to FCV01104A, -01104B, -01105A
Sump Pump (IPS Eqt. Rm.)
Spare
5 kVA Mini Power Center
Spare
Spare
Spare
UH-100
Spare
UH-101
Blank
Blank
11.1.9.1.2.

Breaker

(left, center or right)

(top to bottom)

L
R
L
R

1
1
2
2

40A, 3P
30A, 3P
100A, 3P
100A, 3P

L
R
L
R
L
R
L
R
L
R
L

3
3
4
4
5
5
6
6
7
7
8

20A, 3P
30A, 3P
20A, 2P
20A, 3P
20A, 1P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
-

Preliminary Treatment Facility Distribution Panels

The Preliminary treatment Facility distribution panels (PTF-DP-1, PTF-DP-2) are integral to the
Preliminary treatment Facility motor control center (PTF-MCC), which is located along the north
wall in the Electrical Room. Each contains a three-phase, four-wire 480/277 V copper bus.
Each main bus is rated 225 amperes and the neutral bus is rated 225 amperes. The incoming
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power to each distribution panel is from a 225 ampere breaker in the motor control center PTFMCC.
The following loads receive power from PTF-DP-1:

Position

Load Description
Screening Channel Gate
Actuators
MOG-01201, MOG-01202
Spare
Screening Channel Gate
Actuators
MOG-01203, MOG-01204
Electric Unit Htrs
UH-200, UH-201
Storage Rm 202
Electric Unit Htr
UH-204
Grit Pump Rm
Electric Unit Htrs
UH-202, UH-203
Storage Rm 201
Electric Unit Htr
UH-205
Grit Pump Rm
Spare
Electric Unit Htr
UH-206
Dumpster Rm
Electric Unit Htr
UH-208
Dumpster Rm
Electric Unit Htr
UH-207
Dumpster Rm
Electric Unit Htr
UH-209
Dumpster Rm
Spare
Spare

Breaker

(left, center or right)

(top to bottom)

L

1

30A, 3P

R
L

1
2

20A, 3P
30A, 3P

R

2

30A, 3P

L

3

40A, 3P

R

3

30A, 3P

L

4

40A, 3P

R
L

4
5

20A, 3P
40A, 3P

R

5

40A, 3P

L

6

40A, 3P

R

6

40A, 3P

L
R

7
7

20A, 3P
20A, 3P
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The following loads receive power from PTF-DP-2:

Position

Load Description
Electric Unit Htr
UH-210 Screening Rm
Electric Unit Htr
UH-211 Screening Rm
Electric Unit Htr
UH-212 Screening Rm
Electric Unit Htr
UH-213 Screening Rm
East Roll-up Door
Dumpster Rm
West Roll-up Door
Dumpster Rm
JIB Crane #1
PTF Top Floor
Spare
West Floor Winch
PTF Bottom Floor
Duplex Pump Grit Pump Rm
East Floor Winch
PTF Bottom Floor
Spare
Spare
Spare

11.1.9.1.3.

Breaker

(left, center or right)

(top to bottom)

L

1

30A, 3P

R

1

30A, 3P

L

2

30A, 3P

R

2

30A, 3P

L

3

20A, 3P

R

3

20A, 3P

L

4

20A, 3P

R
L

4
5

100A, 3P
20A, 3P

R
L

5
6

20A, 3P
20A, 3P

R
L
R

6
7
7

20A, 3P
20A, 3P
20A, 3P

Septage Receiving Facility Distribution Panel

The Septage Receiving Facility distribution panel (LB-PP-1) is located in the Electrical Room on
the west wall. It contains a three-phase, four-wire 480/277 V copper bus, and has a 225
ampere main breaker. The main bus is rated 225 amperes and the neutral bus is rated 225
amperes. The incoming power to the distribution panel is from a 225 ampere breaker in the
motor control center IPS-MCC, which is located in the Headworks Electrical Building.
The following loads receive power from LB-PP-1:

Position

Load Description
LB-LP-1 Transformer
HP-125
Space

Breaker

(left, center or right)

(top to bottom)

L
R
L

1
1
2

70A, 2P
20A, 3P
-
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Spare
Spare
Spare
Spare
Spare
Spare
Main Breaker
11.1.9.1.4.

R
L
R
L
R
R
L

2
3
3
4
4
5
6

20A, 3P
50A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
225A, 3P

Grease Receiving Facility Distribution Panel

The Grease Receiving Facility distribution panel (GRF-DP-1) is integral to the Grease Receiving
Facility motor control center (GRF-MCC), which is located along the north wall in the Electrical
Room. It contains a three-phase, four-wire 480/277 V copper bus. The main bus is rated 100
amperes and the neutral bus is rated 100 amperes. The incoming power to the distribution
panel is from a 100 ampere breaker in the motor control center GRF-MCC.
The following loads receive power from GRF-PP-1:

Position

Load Description
UH-225
UH-226
EF-225
Electric Hoist
MOG-1, MOG-2, MOG-3
Mechanical Screen SCN-CP
SF-225
Duplex Sump Pumps
Spare
Spare
Spare
Spare
Spare
Spare
11.1.9.1.5.

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
R
L
R
L
R
L
R

1
1
2
2
3
3
4
4
5
5
6
6
7
7

20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P

Flow Equalization Return Vault Distribution Panel

The Flow Equalization Return Vault distribution panel (PP-EQRTV) is located in the east side of
the Headworks Electrical Building along the south wall. It contains a three-phase, four-wire
480/277 V copper bus, and has a 100 ampere main breaker. The main bus is rated 100
amperes and the neutral bus is rated 100 amperes. The incoming power to the distribution
panel is provided by three pole-mounted transformers lower the plant’s 23 kV distribution
service loop voltage of 23,900 volts to 480 volts; each transformer is rated 25 kVA. The
connection to the 23 kV distribution service loop is provided by an overhead line extended from
the northwest corner of the plant power distribution loop.
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The following loads receive power from PP-EQRTV:

Position

Load Description
Main
5 kVA Mini Power Center
Duplex Sump Control Panel
Spare
FCV-01003
Drain Pump Station
Blank
Blank
11.1.9.1.6.

Breaker

(left, center or right)

(top to bottom)

C
L
R
L
R
L
R
L

1
2
2
3
3
4
4
5

100A, 3P
30A, 2P
20A, 1P
20A, 3P
20A, 3P
60A, 3P
-

Train 2 Primary Pumping Station Distribution Panel

The Train 2 Primary (Clarifier) Pumping Station distribution panel (DP-2) is located along the
north wall in the Primary Sludge Pump Room. It contains a three-phase, four-wire 480/277 V
copper bus, and has a 400 ampere main breaker. The main bus is rated 400 amperes and the
neutral bus is rated 400 amperes. The incoming service to the Train 2 Primary (Clarifier)
Pumping Station distribution panel is from a 400 ampere breaker from the Train 2 Switchboard
C, which is located north of the Train 2 Blower Building. Switchboard C is a dual-fed, lowvoltage switchboard that is powered from the secondary of 23,900 - 480 V Transformers T3A
and T3B. Transformers T3A and T3B are powered from the 23 kV Switchgear, which is west of
the SCE&G Substation.
The following loads receive power from the DP-2:

Position

Load Description

(left, center or right)
Main
MCC-16
Macerator No. 1
Transformer LB-3
Sump Pump
Wall Heater, North
Wall Heaters
Heater, South
Ceiling Heaters, North
Spare
Spare
Spare
Spare

(top to bottom)

C
C
L
R
L
R
L
R
L
R
R
R
DP-2 SUB-PANEL
L

Breaker
1
2
3
3
4
4
5
5
6
6
6
6

400A, 3P
300A, 3P
15A, 3P
25A, 3P
20A, 3P
15A, 3P
20A, 3P
15A, 3P
15A, 3P
15A, 1P
15A, 1P
15A, 1P

1

15A, 3P
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Spare
Spare
Macerator No. 2
Macerator No. 3
Macerator No. 4
Macerator No. 5
Macerator No. 6
Spare
Spare
11.1.9.1.7.

R
L
R
L
R
L
R
L
R

1
2
2
3
3
4
4
5
5

15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P

Train 1 Sludge Recirculation Pumping Station Distribution Panels

The Train 1 Sludge Recirculation Pumping Station distribution panels (DP-1, DP-2) are located
along the north wall in the Electrical Room. Each contains a three-phase, four-wire 480/277 V
copper bus, and has a 600 ampere main breaker. The main bus is rated 600 amperes and the
neutral bus is rated 600 amperes. The incoming service to the Train 1 Sludge Recirculation
Pumping Station distribution panels is from a 600 ampere breaker from the Train 1 Unit
Substation No. 3, which is located north of the Train 1 Aeration Building. Unit Substation No. 3
is a dual-fed, low-voltage switchgear that is powered from the secondary of 23,900 - 480 V
Transformers. The transformers are powered from the 4160 V Switchgear.
The following loads receive power from DP-1:

Position

Load Description
VFD 1
VFD 3
VFD 2
VFD 4
TVSS
Blank
AH-1
CU-1
Blank
Blank
Main

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
R
L
R
C

1
1
2
2
3
3
4
4
5
5
1

200A, 3P
200A, 3P
200A, 3P
200A, 3P
30A, 3P
20A, 3P
30A, 3P
600A, 3P

The following loads receive power from DP-2:

Position

Load Description
Blank
VFD 5
Blank

Breaker

(left, center or right)

(top to bottom)

L
R
L

1
1
2

200A, 3P
-
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VFD 6
Panel LL Transformer
VFD 7
Heater 10
TVSS
Blank
Heater 11
Blank
Hoist
Main

11.1.9.1.8.

R
L
R
L
R
L
R
L
R
C

2
3
3
4
4
5
5
6
6
1

200A, 3P
25A, 3P
200A, 3P
20A, 3P
30A, 3P
20A, 3P
20A, 3P
600A, 3P

Train 2 Sludge Recirculation Pumping Station Distribution Panel

The Train 2 Sludge Recirculation Pumping Station distribution panel (DP-1) is located along the
west wall in the Electrical Room. It contains a three-phase, four-wire 480/277 V copper bus,
and has an 800 ampere ?????? main breaker. The main bus is rated 800 amperes and the
neutral bus is rated 800 amperes. The incoming service to the Train 2 Sludge Recirculation
Pumping Station distribution panel is from a 450 ampere breaker from the Train 2 Switchboard
B, which is located southeast of the Train 2 Sludge Recirculation Pumping Station. Switchboard
B is a dual-fed, low-voltage switchboard that is powered from the secondary of 23,900 - 480 V
Transformers T2A and T2B. Transformers T2A and T2B are powered from the 23 kV
Switchgear, which is west of the SCE&G Substation.
The following loads receive power from DP-1:

Position

Load Description
AFC #4
MCC-14
AFC #3
Unit Heater
AFC S.B. (Standby)
Unit Heater
AFC #2
Spare
AFC #1
Sump Pump
Spare
Hoist
Spare
Spare
30 kVA Transformer LA
Blank
Main

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
R
L
R
L
R
L
R
L
R
C

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9

100A, 3P
50A, 3P
200A, 3P
20A, 3P
100A, 3P
20A, 3P
100A, 3P
20A, 3P
100A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
45A, 3P
45A, 3P
800A, 3P ??
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11.1.9.1.9.

Disinfection Building Distribution Panels

The Disinfection Building distribution panels (HF, HC) are located along the west wall in the
Non-potable Pump (and abandoned Microscreen) Room. Each contains a three-phase, fourwire 480/277 V copper bus. Panel HF has a 225 ampere main breaker and has a main bus that
is rated 225 amperes and the neutral bus is rated 225 amperes. The incoming service to the
Disinfection Building distribution panel HF is from a 225 ampere breaker in Distribution Panel
HG, which is located in the Train 1 Utility Building. Distribution Panel HG is powered from Unit
Substation No. 2 in the Utility Building. Unit Substation No. 2 is a dual-fed, low-voltage
switchgear that is powered from the secondary of 23,900 - 480 V Transformers. The
transformers are powered from the 4160 V Switchgear.
Panel HC is a heating panel has a main bus that is rated 100 amperes and the neutral bus is
rated 100 amperes. Panel HC receives power from a 100 ampere breaker in MCC-1B, which is
located along the west wall in the Non-potable Pump (and abandoned Microscreen) Room in
the Disinfection Building.
The following loads receive power from Panel HF:

Position

Load Description
???
EUH-101
???
EUH-102
???
EUH-103
???
PRV-101
???
EWH-101
???
NHS Induction Unit
???
30 kVA Transformer LF
Blank
TVSS
Main

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
R
L
R
L
R
L
R
L
R
C

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9

80A, 3P
15A, 3P
20A, 3P
15A, 3P
20A, 3P
15A, 3P
20A, 3P
15A, 3P
15A, 3P
25A, 3P
15A, 3P
25A, 3P
15A, 3P
50A, 3P
30A, 3P
600A, 3P
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The following loads receive power from Panel HC:

Position

Load Description
Heating?
Heating?
Heating?
Heating?
Heating?
Spare?
Heating?
Spare?
Heating?
Blank

11.1.9.1.10.

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
R
L
R

1
1
2
2
3
3
4
4
5
8

20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
-

Train 1 Sludge Thickener Building Distribution Panel

The Train 1 Sludge Thickener Building distribution Panel H1 is a lighting panel has a main bus
that is rated 150 amperes and the neutral bus is rated 150 amperes, and has a 150 ampere
main breaker. Panel H1 receives power from a 150 ampere breaker in MCC-61. Panel H1 and
MCC-61 are located along the north wall Train 1 Sludge Thickener Building, east of the Control
Room. Panel H1 has 23 single-pole breakers that provide 277 volts for branch circuits to
building and area lighting.
11.1.9.1.11.

Train 1 Sludge Thickener Odor Control Building Distribution Panel

The Train 1 Sludge Thickener Odor Control Building distribution panel (DP-3) is located on the
south wall in the building. It contains a three-phase, four-wire 480/277 V copper bus, and has a
400 ampere main breaker. The main bus is rated 400 amperes and the neutral bus is rated 400
amperes. The incoming service to the Train 1 Sludge Thickener Odor Control Building
distribution panel is from a 400 ampere breaker from the Train 2 Switchboard A, which is
located near southeast corner of the Train 2 Sludge Thickener (DAF) Building. Switchboard A is
a dual-fed, low-voltage switchboard that is powered from the secondary of 23,900 - 480 V
Transformers T1A and T1B. Transformers T1A and T1B are powered from the 23 kV
Switchgear, which is west of the SCE&G Substation.
The following loads receive power from DP-3:

Position

Load Description
Main
Exhaust Fan
Water Seal

Breaker

(left, center or right)

(top to bottom)

C
L
R

1
2
2

400A, 3P
15A, 3P
15A, 3P
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Heater (East Wall)
Heater (West Wall)
Spare
Spare
UNI-center (7.5 kVA Transf.)
Pole Light
Spare
11.1.9.1.12.

L
R
L
R
L
R
R

3
3
4
4
5
5
5

20A, 3P
20A, 3P
15A, 3P
20A, 3P
30A, 2P
15A, 1P
15A, 1P

Train 2 Sludge Thickener Building Distribution Panel

The Train 2 Sludge Thickener Odor Control Building distribution panel (DP-4) is located on the
west wall of the Electrical Room of the building. It contains a three-phase, three-wire 480 V
copper bus, and has a 1200 ampere main breaker. The main bus is rated 1200 amperes. The
incoming service to the Train 2 Sludge Thickener Building distribution panel is from a 1200
ampere breaker from the Train 2 Switchboard A, which is located near southeast corner of the
Train 2 Sludge Thickener (DAF) Building. Switchboard A is a dual-fed, low-voltage switchboard
that is powered from the secondary of 23,900 - 480 V Transformers T1A and T1B.
Transformers T1A and T1B are powered from the 23 kV Switchgear, which is west of the
SCE&G Substation.
The following loads receive power from the DP-4:

Position

Load Description

(left, center or right)
Odor Control Panel
Unit Heater
Unit Heater
Spare ???
Outside Pole Light
Unit Heater
Unit Heater
Sump Pump
Grit Valves 3&4
Hoist Upper Level
Unit Heater
Strainer Valve
Grit Valves 1&2
Main
MCC-17
Hoist Lower Level
Panel LC Transformer
Pressurization Tank No. 1
Pressurization Tank No. 3
Pressurization Tank No. 2
Pressurization Tank No. 4

(top to bottom)

C
L
R
L
R
L
R
L
R
L
R
L
R
C
DP-4 SUB-PANEL
C
L
R
L
R
L
R

Breaker
1
2
2
3
3
4
4
5
5
6
6
7
7
1

400A, 3P ????
20A, 3P
20A, 3P
20A, 3P ???
20A, 3P ???
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
1200A, 3P

1
2
2
3
3
4
4

800A, 3P
20A, 3P
25A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
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Spare
Spare
Thickened Sludge Pump No. 1
Thickened Sludge Pump No. 3
Thickened Sludge Pump No. 2
Thickened Sludge Pump No. 4
11.1.9.1.13.

L
R
L
R
L
R

5
5
6
6
6
6

20A, 3P
20A, 3P
70A, 3P
70A, 3P
70A, 3P
70A, 3P

Digester Nos. 1 and 2 Distribution Panel

The Digester Nos. 1 and 2 distribution panel (HV1) is located along the north wall in the
Electrical Room. Each contains a three-phase, four-wire 480/277 V copper bus, and has a 200
ampere main breaker. The main bus is rated 200 amperes and the neutral bus is rated 200
amperes. The incoming service to the Digester Nos. 1 and 2 distribution panel is from a 200
ampere breaker from MCC-1, which is located on the south wall of the room. MCC-1 is
powered from Unit Substation No. 1, which is located in the Maintenance Building Electrical
Room. Unit Substation No. 1 is a dual-fed, low-voltage switchgear that is powered from the
secondary of 23,900 - 480 V Transformers. The transformers are powered from the 4160 V
Switchgear.
The following loads receive power from HV1:

Position

Load Description
Main
Blank
Blank
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
Spare
VMO 9 &10
Spare
VMO 7 & 8
Spare
VMO 3 & 4
VMO 11 & 12
VMO 5 & 6
Heat Exchanger Control Panel
Spare

Breaker

(left, center or right)

(top to bottom)

C
L
R
L
R
L
R
L
R
L
R
L
R
L
R
L
R
L
R
L
R

1
2
2
3
3
4
4
5
5
6
6
7
7
8
8
9
9
10
10
2
2

600A, 3P
20A, 1P
20A, 1P
20A, 1P
20A, 1P
20A, 1P
20A, 1P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
70A, 3P
40A, 3P
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11.1.9.1.14.

Administration Building Distribution Panels

The Administration Building has two distribution panels (HP-1, HP-2) that power 277 volt lighting
circuits for the building interior and exterior. Panel HP1 is located on the east wall of the ground
floor Electrical Room #130; Panel HP2 is located on the south wall of the second floor Electrical
Room #211. Each contains a three-phase, four-wire 480/277 V copper bus. Panel HP-2 has a
100 ampere main breaker. Each panel’s main and neutral buses are rated 100 amperes. Panel
PP1 and PP-2 receive power from 100 ampere breakers in the Administration Building
switchboard MSB, which is located in the ground floor Electrical Room #130. Panel H1 and H2
have 24 single-pole breakers that provide 277 volts for branch circuits.
The Administration Building has two other distribution panels (PP-1, PP-2). PP-1 is located on
the west wall of the ground floor Electrical Room #130. PP-2 is located on the south wall of the
second floor Electrical Room #211. Each contains a three-phase, four-wire 480/277 V copper
bus. Panel PP-2 has a 225 ampere main breaker. Each panel’s main and neutral buses are
rated 225 amperes. Panel PP1 and PP-2 receive power from 225 ampere breakers in the
Administration Building switchboard MSB, which is located in the ground floor Electrical Room
#130.
The following loads receive power from PP-1:

Position

Load Description
VAV-1-1
VAV-1-7
VAV-1-2
VAV-1-8
VAV-1-3
VAV-1-9
VAV-1-4
VAV-1-10
VAV-1-5
VAV-1-11
VAV-1-6
VAV-1-12
Water Heater
Space

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
R
L
R
L
R
L
R

1
1
2
2
3
3
4
4
5
5
6
6
7
7

30A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 3P
20A, 2P
20A, 1P
30A, 2P
20A, 1P
50A, 2P
-
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The following loads receive power from PP-2:

Position

Load Description
VAV-2-1
VAV-2-4
VAV-2-2
VAV-2-5
VAV-2-3
AHU-2-1
MAU-2-1
Spare
CU-2-1
Spare
11.1.9.1.15.

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
R
L
R

1
1
2
2
3
3
4
4
5
5

50A, 3P
20A, 3P
20A, 3P
20A, 3P
40A, 3P
30A, 3P
20A, 3P
20A, 3P
50A, 2P
20A, 1P

Maintenance Building Distribution Panels

The Maintenance Building has three distribution panels (HD, HM, and HPF). Panels HD and
HPF are located on the west wall in the Electrical Room. Panels HD and HPF are powered
from breakers in Panel HD. Panel HM is located on the west wall in the Machine Shop. Each
contains a three-phase, four-wire 480/277 V copper bus. Panel HD has main and neutral buses
rated 600 amperes and Panel HPF has main and neutral buses rated 225 amperes. Panel HM
has main and neutral buses rated 100 amperes, and the panel has a 100 ampere main breaker.
Panel HD is powered from a 600 ampere breaker in Unit Substation No. 1, which is located in
the Maintenance Building Electrical Room. Unit Substation No. 1 is a dual-fed, low-voltage
switchgear that is powered from the secondary of 23,900 - 480 V Transformers. The
transformers are powered from the 4160 V Switchgear.
The following loads receive power from HD:

Position

Load Description
EUH
Hoist
Panel G Transformer
Panel HM
Electric Shop
Panel HA (Abandoned)
Panel HPF

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L

1
1
2
2
3
3
4

40A, 3P
20A, 3P
200A, 3P
100A, 3P
60A, 3P
300A, 3P
150A, 3P
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The following loads receive power from HPF:

Position

Load Description

Moto Rail
RTU-1,2,4
HW Heater

Breaker

(left, center or right)

(top to bottom)

L
R
L
R
L
R
L
L

1
1
2
2
3
3
4
4

30A, 3P
40A, 3P
40A, 3P
50A, 3P
30A, 3P
30A, 3P
50A, 3P
40A, 3P

The following loads receive power from HM:

Position

Load Description
Main
Band saw
Drill Press
Bead Blaster
Spare
Spare
Pedestal Grinder
Milling Machine
20 Amp Welder
Spare
Lathe
Spare
60 Amp Welder

11.1.9.2

Breaker

(left, center or right)

(top to bottom)

C
L
R
L
R
L
R
L
L
L
L
L
L

1
2
2
3
3
4
4
5
5
6
6
7
7

100A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
15A, 3P
20A, 3P
20A, 3P
20A, 3P
70A, 3P
60A, 3P

Lighting Panels

Lighting Panels are located throughout the plant to provide 120 volts to lighting, fractional
horsepower motors, equipment control panels and instrumentation equipment. These panels
are supplied power from either a power distribution panel or a Motor Control Center. The 120
volt panels have step down transformers and supplies power from 480 volts from the MCC to
step down the power service to 120/208 volts, three-phase power. The panels consist of main
breakers with individual breakers for each of the loads.
The incoming power from lighting panel transformers is connected to a three-phase main
breaker. The breaker is connected to a three-phase bus. Power from each bus goes through
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three-phase load breakers or individual single-phase breakers to the loads. The connections to
the single-phase breakers are alternated between the three buses.
The individual breakers are provided with overload and short-circuit protection, and will respond
to either an overload or short-circuit by opening the circuit. The breakers are not typically used
to be used as on and off operational switches for equipment. If a breaker opens, an electrician
should be notified to check the circuit rather than closing the circuit and possibly damaging
equipment.
The following table, Table No. 11-2, shows the 120/208 volt, three-phase lighting panels with
locations and source of power:
TABLE NO. 11-2
LIGHTING PANEL SCHEDULE

Lighting Panel
IPS-LP-1
PFT-LP-1
LB-LP-1
GRF-LP-1
EQRETV Mini-Center
L1
L2
L3
LB – 3
MCC-15B-LP
LL
LA
LC
LF
LM
LM2
UNI-Center

Location
Headworks Electrical Building
(integral to IPS-MCC)
Pretreatment Facility Electrical
Room (integral to IPS-MCC)
Septage Receiving Facility LAB
Electrical Room
Grease Receiving Facility Electrical
Room (integral to GRF-MCC)
Flow Equalization Return Vault
Train 1 North Primary Clarifier Pump
Station
Train 1 Center Primary Clarifier
Pump Station
Train 1 South Primary Clarifier
Pump Station
Train 2 Primary Clarifier Pump
Station
Train 2 Blower Building
Train 1 Sludge Recirculation Pump
Station
Train 2 Sludge Recirculation Pump
Station
Disinfection Building
Disinfection Building
Train 1 Thickener (DAF) Building
Train 1 Thickener (DAF) Building
Train 1 Thickener (DAF) Odor
Control Building

Powered From
IPS-MCC
PFT-MCC
LAB-PP-1
GRPF-MCC
PP – EQRETV
MCC – 7

MCC – 2
MCC – 8
DP – 2 (Train 2 Primary
Clarifier Pump Station)
MCC-15B
DP – 2 (Train 1 Sludge
Recirculation Pump Station)
DP – 1 (Train 2 Sludge
Recirculation Pump Station)
MCC – 1B (Froth Spray
MCC)
HF
MCC – 61
LM
DP – 3 (Train 1 Odor Control
Building)
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L

Train 2 Thickener (DAF) Building

R
A

Train 2 Thickener (DAF) Building
Digester Nos. 1 & 2 Head House
Control Room
Digester Nos. 3 & 4 Head House
Control Room
Digester No. 5 Head House Control
Room
Maintenance Building Electrical
Room
Maintenance Building Electrical
Room
Maintenance Building Electrical
Room
Maintenance Building Electrical
Room
Dewatering Building Level 2
Electrical Room

MCC-12-LP
MCC-13-LP
E
F
G
LPF
J

H

Incinerator Building Level 1

LPO
LP1

Operator’s LAB Building
Administration Building Ground Floor
Electrical Room #130
Administration Building Second Floor
Electrical Room #211

LP2

11.1.10

DP – 3 (Train 2 Thickener
Building)
L (Train 2 Thickener Building)
MCC – 1
MCC – 12
MCC – 13
HD (Maintenance Building
Electrical Room)
HD (Maintenance Building
Electrical Room)
HD (Maintenance Building
Electrical Room)
HD (Maintenance Building
Electrical Room)
DP No. 5 (Dewatering
Building Level 2 Electrical
Room)
H (MCC-3, Incinerator
Building Level 1)
Switchboard A
MSB
MSB

Outdoor Lighting

Outdoor lighting is provided for the plant perimeter and area, building exteriors, and process
basins. The plant area lights are typically 150 watt high pressure sodium fixtures on the site
poles. The lights are controlled by individual photo cell on each fixture.
11.1.11

Indoor Lighting

Indoor lighting is provided throughout the facility for operator safety. The various buildings,
control rooms and pipe galleries contain either fluorescent, incandescent, or high pressure
sodium fixtures. The lights receive their power from the Lighting Panels serving that particular
area. Controlling of the lights is typically accomplished by light switches in the lighting area.
Some lights are not on switches and operate continuously. These lights not on switches are
called night lights. They are provided for operator safety when they enter an area. In addition,
the high pressure sodium lights do not illuminate immediately so the night lights provide lighting
until they reach full power.
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11.1.12

Emergency Lighting

Emergency light units are located at various locations around the plant to provide enough light
to exit safely in the event of a power outage.
The emergency lights are self contained battery operated units which operate automatically in
the event of a power outage. The units consist of the battery, battery charger, relay, monitoring
circuit, and lighting heads.
When the power is on, the lights are off and the battery is being charged to maintain the proper
voltage. When a power outage occurs, the relay senses the outage and closes the circuit
between the battery and the lights and the lights illuminate. When power is restored, the lights
will extinguish and the battery will be charged by the charger at a high charge rate until the
battery is at full charge. The charger will then go to a low charge state.
On the outside of the unit is a test switch which when pressed will cause lights to illuminate until
the switch is released.
In the event of an extended outage, the battery is of a capacity that will keep the lights on for a
minimum of one and one half hours.
The emergency light units are also connected to exit lights in the area and the batteries will also
supply power to the exit lights in an outage.
11.1.13

Exit Lights

Located at all points of egress are exit lights to direct people in the area to the exits. The exit
signs are normally powered from local lighting panels from separate circuits to prevent being
turned off. In the event of a power outage, the exit lights will remain on and will be powered
from local battery operated emergency lights.
11.1.14

Grounding

Grounding is provided by grounding electrodes located at the service entrance poles. The
electrodes are copper-clad steel, ¾-inch in diameter and eight feet long. The rods have been
driven into the ground and bonded to the metallic underground water system and to the interior
metallic cold water piping system.

11-54
L:\Columbia Operations Manual -Chap 11

11.2

EQUIPMENT OPERATING DESCRIPTION

11.2.1

Transfer Switches

Transfer switches are provided to switch power automatically to the standby source if the
normal source of power fails. The switch contains a controller that monitors the voltage in each
phase of the normal and standby sources of power. If the voltage of the normal source fails or
drops below 70 percent of rated voltage, the transfer switch will switch to the standby source of
power. When the normal source is restored to a minimum of 90 percent of rated voltage on all
phases, the load will be retransferred to the normal source after an adjustable time delay of 0 to
2 minutes.
The system may be operated manually to allow for transfer in either direction in the event of
failure of the automatic controls. In the manual mode, interlocking in the circuit will prevent the
system from operating automatically.
If the standby source fails, retransfer to the normal source will occur instantaneously upon
restoration of the normal source of power. The selection of the normal source of power is
determined by the controller program settings. To test the operation of the transfer switch, a
test selector button is provided which when pressed will simulate failure of normal power.
To operate, the following controls are provided on the transfer switch panel:
1)
Time delay relay, 0 to 2 minutes, to adjust the time delay on transfer from standby
to normal power.
2)
A test selector.
3)
A manual selector to manually control the transfer switch.
4)
Program functions to set transfer switch operation options.
5)
Override selector to hold transferred switch to standby power.
The following indicators are provided:
1)
Automatic Mode.
2)
Test Mode.
3)
Program Mode.
4)
Source 1 (Source 2) Available.
5)
Source 1 (Source 2) Connected.
6)
Source 1 (Source 1) Preferred.
7)
Load Energized.
To operate:
1)
2)
3)
Sequence:
1)
2)

Verify that breaker supplying power to transfer switch is closed.
Set 0 to 2 minute time delay relay to desired setting.
Put select normal source.

When one or more of the phases of the normal source drop below 70 percent of
rated voltage, the switch will transfer to standby power after a delay.
When the normal power on all phases rises to 90 percent of rated voltage or
above, the switch will transfer back to normal after a delay of 0 to 2 minutes.
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11.2.2

Low-voltage Switchgear

The low-voltage switchgear line-ups consist of a series of compartments containing circuit
breakers, metering, metering transformers, control switches, and indicators.
11.2.2.1

Circuit Breaker Operation

The circuit breaker is closed by means of a two-step stored energy mechanism. Status
indicators on the front of the circuit breaker indicate whether the circuit breaker is open or
closed, and whether the closing spring is charged or discharged. Opening springs are
automatically charged when the circuit breaker closes.
The circuit breaker is designed to mechanically provide an anti-pumping function. If either the
shunt close or shunt trip coil is continuously powered, or both are powered at the same time, the
circuit breaker will open and cannot be closed until the power has been removed. This prevents
the circuit breaker from cycling between closing and opening (called pumping). A continuous
closing interlock will not be maintained by the breaker closing mechanism.
An opening signal and a closing signal cannot be sent simultaneously. Make sure there is a
minimum of four seconds for the spring charging motor to completely charge the circuit breaker
closing springs prior to actuating the close.
To close the circuit breaker, the closing spring must be charged with sufficient energy for
closing. Manual charge by using the charging handle to charge closing spring, or automatic
charge if the spring-charging motor is installed. The spring-charging motor will automatically
charge the closing spring after closing the breaker.
The closing spring on a draw-out circuit breaker will automatically discharge when circuit
breaker is moved from disconnect to withdrawn position.
11.2.2.2

Close Circuit Breaker

To close the circuit breaker, the following conditions must be met:
 The breaker must be open as indicated by the green, Open (O) indicator.
 The charging spring is charged.
The circuit breaker cannot be closed while an opening order is being received. If an order to
open is being received (electrically or manually), it must be ended before the breaker will close.
When the above conditions are met, close the breaker:
 Mechanically, by pressing the “Push to close” button on the circuit breaker.
 Electrically, if the a electrical operation option is installed, by pressing the optional electricalclose push button on the circuit breaker or a push button at a remote location.
11.2.2.3

Open Circuit Breaker

To close the circuit breaker:
 Mechanically, by pressing “Push to open” button on the circuit breaker.
 Electrically, remote operation can be done through the optional shunt trips or by the
protective trip device.
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11.2.2.4

Reset Circuit Breaker

After a fault trip, the circuit breaker must be reset mechanically, by pressing the “Reset” button
located above the trip unit.
11.2.2.5

Circuit Breaker Status Indicators

The following status informational indicators are located on each draw-out circuit.

Spring Position

Description

Open (Green)

Discharged

Open (Green)

Charged

Closed (Red)

Discharged

Closed (Red)

Charged

Breaker is off (contacts open),
closing spring is discharged
Breaker is off (contacts open),
closing spring is charged, OK
to turn device on
Breaker is on (contacts
closed), closing spring is
discharged
Breaker is on (contacts
closed), closing spring is
charged

Breaker Position

11.2.3

Motor Control Centers

The Motor Control Center panels consist of a series of compartments containing circuit
breakers, motor starters, control transformers, control switches, and indicators.
When in normal operation, all breakers should be to the "On" position unless the equipment
being supplied from the breakers are out of service. In many instances, indicator lights are
provided which are on when the equipment is running.
If a breaker trips, before resetting, the cause of the tripping should be reviewed as a possible
problem area could exist. When the problem has been corrected, the breaker should be put to
the "On" position.
Some equipment is controlled by "Start-Stop" switches on the panel. In the event of an outage,
this equipment will shut down and require restarting when power is restored. The starting of the
equipment should be staggered to prevent excessive voltage drop on the system with
simultaneous starting currents. Low voltages may damage equipment.
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11.3

MAINTENANCE

11.3.1

Preventative Maintenance

Plant maintenance of electrical equipment provides an important influence in the reliability of the
plant system keeping electrical clean, dry, and within design temperature ranges will extend
equipment life. Loose or corroded connections are the cause of the majority of electrical
failures. A bi-annual check of connections is recommended. Also, contracting with a testing
firm that specializes in infrared testing should be considered every five years since hot-spots are
an indication of an approaching failure point. Maintenance frequencies must be balanced
against the criticalness of the equipment to the plant function, availability of maintenance
personnel, special equipment availability, replacement cost of the equipment, and the age of the
equipment maintained.
The switchgear is designed to give top performance when installed in normal indoor or outdoor
locations. However, many areas of the Metro WWTP have corrosive atmospheres and special
precautions must be taken to minimize their effect. Exposed metallic surfaces, bus bars,
disconnect switches, primary and secondary disconnecting contacts, wire ends, instrument
terminals, etc. must all be protected. At each maintenance inspection, all of the old grease
should be wiped off of the contacts and new lubricant applied to all sliding surfaces. Other
exposed components can be protected with a coat of red alkyd insulating coating (Glyptol®) or
other corrosion-resistant coating. When old grease becomes dirty, wipe the part clean and
apply new grease immediately.
11.3.2

Power Transformers

Large oil-filled power transformers represent a class of equipment that is normally considered
one of the most reliable pieces of equipment within a system. Average equipment lives of 40-50
years are common. Even though there are no moving parts transformers require some
maintenance. The oil within the transformer provides virtually all of the electrical insulation
within the unit. The dielectric strength of the oil is therefore critical to its operation.
Contaminants within the oil create the largest problem for this item. Moisture is a contaminant
that enters the transformer during the normal heating and cooling during load cycles.
Transformer oil is subject to deterioration and contamination. The principal factors that affect
the chemical action within a transformer liquid and cause its deterioration are moisture, oxygen,
temperature, and the presence of catalysts, such as copper. Some of the products of chemical
reaction are acids which attack the oil and insulation. Air and moisture are the chief enemies of
insulating oils. Oxygen in the air causes oil to oxidize when heated. The result is the formation
of acids and sludge which may settle on the internal parts and impede cooling. A sludge
deposit 1/8 in. to ¼ in. thick on the core and windings may increase the temperature from 10 to
15º C at full load. Therefore sludge buildup must be prevented if transformers will be relied
upon during emergency load conditions. Sludge also reduces the basic insulation level (BIL).
The presence of sludge buildup can only be determined by lowered the level of the oil in the
transformer by qualified testing companies.
The acid content of the oil is a measure of its deterioration and its tendency to form sludge.
Most maintenance of these transformers is limited to visual inspection, recording of maximum
loads and oil temperatures, and drawing oil samples for testing by independent testing firms. In
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the event that tests show deteriorated oil, then the oil can be replaced or remanufactured with
the transformer in place and operating. Obviously such repair requires specialized equipment
and skills and must be accomplished by firms regularly engaged in such practices.
All pad-mounted and substation oil-filled transformers should have oil tests accomplished every
two years after the first five years of operation. Samples should be drawn from the valves at
each transformer in clean containers in quantities sufficient for lab tests. Large transformers
with demand meters should have maximum demands and oil temperatures recorded annually.
During emergency load switching conditions or during operation of the transformer above its
rated capacity temperatures and loading must be monitored hourly. Maximum temperatures
must not be exceeded. Transformers rated at 55º C should not show total oil temperatures of
95º C at maximum loading.
11.3.3

Surge Arresters

Surge arresters, sometimes referred to as lightning arresters, are items with lower life
expectances. Their life is directly related to the frequency and severity of the voltage surges to
which they are subjected. When an arrester fails, a temporary line-to-ground fault occurs on the
system. The fault magnitude may be great enough to blow high-voltage fuses. Unfortunately,
there are no test methods presently available to predict the remaining life in arresters.
Maintenance of these devices is typically visual only. Visual inspections should be made to
determine whether the arrester has failed. Failure of most arresters at this plant can be
determined by checking the lead attached to the bottom side of the arrester. If the lead has
separated from the bottom of the arrester, the arrester has failed and must be replaced.
11.3.4

Automatic Transfer Switches

The function of the automatic transfer switch is to monitor in the incoming voltage from the
normal and the standby sources and switch loads to the appropriate source. The logic of
control within the transfer switch is such that automatic transfer to the standby source will only
occur upon failure of the normal source. Transfer to the standby source when the normal
source is present is only possible by manual methods. Any time a load is rapidly transferred
from one source to the other within an alternating current system the two systems must be
synchronized with each other in time (in phase). If loads are rapidly transferred without
synchronization of the sources, damage can occur to large motors or smaller motors driving
high-inertia loads. In addition, circuit breakers or fuses feeding motors may operate due to the
resultant abnormally high inrush currents. During a typical failure of the utility company (normal)
source synchronization of the generator is not a problem. This is because all motors will have
coasted to a stop by the time the generator as started and stabilized. A transfer switch should
never be manually forced to transfer from a normal source to the generator source if both
sources are present unless the transfer switch has been programmed to delay the closing of
second source breaker following the opening of the first source breaker.
11.3.5

Switchgear

Failure to properly maintain the equipment can result in serious injury or product failure, and can
prevent successful functioning of connected process equipment. The instructions contained
herein should be carefully reviewed, understood, and followed. The maintenance tasks in must
be performed regularly.
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11.3.5.1

High Voltage Switchgear and Switches

High-voltage switchgear must be maintained according to the manufacturers’ recommendations.
Air break switches do not normally require routine maintenance except for exercising the
operating mechanism and visual inspection of the switch and insulators. Since the cabinets are
ventilated dust and contaminants can enter the switch. Excessive dirt buildup must be removed
according to the manufacturer’s recommendations. Prior to any cleaning the switchgear must
be de-energized and normally live parts grounded. Untrained personnel should not attempt
such maintenance
11.3.5.2

Low-Voltage Switchgear

The low-voltage switchgear should be maintained on a regular basis in order to maintain correct
equipment operation. Before maintenance, all personnel affected by the equipment shutdown
should be notified. It should be noted that for some maintenance procedures, the complete
switchgear may need to be disconnected. Before work is undertaken, make certain that the
equipment is properly de-energized, tested, grounded and properly identified in an authorized
manner. The switchgear operates on hazardous voltage that will cause death or serious
injury. Untrained personnel must keep out. All work on the switchgear must be provided by
qualified personnel only.
Periodic inspections and maintenance are essential to obtain safe and reliable operation of the
switchgear. When switchgear is operated under “Usual Service Conditions,” maintenance and
lubrication is recommended at five-year intervals. “Usual” and “Unusual” service conditions for
Low Voltage Metal-enclosed Switchgear are defined in ANSI C37.20.1. Generally, “usual
service conditions” are defined as an environment in which the equipment is not exposed to
excessive dust, acid fumes, damaging chemicals, salt air, rapid or frequent changes in
temperature, vibration, high humidity, and extremes of temperature. The definition of “usual
service conditions” is subject to a variety of interpretations. Because of this, maintenance and
lubrication intervals should be adjusted based upon experience with the equipment in the actual
service environment. Regardless of the length of the maintenance and lubrication interval,
circuit breakers should be inspected and exercised annually.
For the safety of maintenance personnel as well as others who might be exposed to hazards
associated with maintenance activities, the safety related work practices of NFPA 70E, parts
II and III should always be followed when working on electrical equipment. Maintenance
personnel should be trained in the safety practices, procedures and requirements that pertain to
their respective job assignments. This manual should be reviewed and retained in a location
readily accessible for reference during maintenance of this equipment.
The user must establish a periodic maintenance program to ensure trouble-free and safe
operation. The frequency of inspection, periodic cleaning and preventative maintenance
schedule will depend upon the operation conditions. NFPA Publication 70B, “Electrical
Equipment Maintenance” may be used as a guide to establish such a program. A preventative
maintenance program is not intended to cover reconditioning or major repair, but should be
designed to reveal, if possible, the need for such actions in time to prevent malfunctions during
operation.
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The use of improper parts in the repair of the equipment, or tampering by unqualified personnel
will result in dangerous conditions which can cause death, serious injury or equipment damage.
Follow all manufacturer’s recommendations and plant safety instructions.
11.3.5.3

Annual Procedures

The list of tasks does not represent an exhaustive survey of maintenance steps necessary to
ensure safe operation of the equipment. Particular applications may require further procedures.
Annual procedures should include the following items:
1.

Before any maintenance work is performed within primary compartments,
make certain that the equipment is completely de-energized, tested,
grounded, tagged and properly identified and released for work in an
authorized manner.

2.

Before starting work on the switchgear, the following should be completed on any
equipment that will affect the area of the work:

3.

a.

Disable remote control and automatic transfer schemes.

b.

De-energize all direct and back-feed power and control sources, test
and ground.

c.

Disconnect all voltage and control power transformers.

d.

Open all disconnects.

Include the following items in your inspection procedure:
a.

Check general condition of switchgear installation.

b.

Inspect switchgear interior for accumulation of dust, dirt or any foreign
matter, and clean as needed.

c.

Check whether insects or rodents have entered the enclosure and if so,
carry out measures to prevent this. Similarly, check for the possible ingress
of moisture and other condensation problems and rectify as necessary.

d.

Clean air filters by washing in any mild household detergent.

e.

Examine indicating lamps and replace as required.

f.

Check terminal block contacts for loose connections.

g.

Check instrument and control switches and inspect their contacts.

h.

Check for proper condition of instrument transformers. Replace burned out
fuses, if any. Check primary and secondary connections.

i.

Remove dust from all insulators and insulation.
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11.3.5.4

j.

Inspect bus bars and connections for proper condition. If bus bars are
overheating, check for poor or loose connections or for overload.

k.

Check wiring for loose connections.

l.

Examine automatic shutters (if any) for proper operation.

m.

Check MOC and TOC switches (if provided) and their operating
mechanisms for proper operation, and check their contacts.

n.

Examine all safety interlocks for correct function.

o.

Perform maintenance of circuit breakers outlined in circuit breaker
instruction manual.

p.

Check space heaters and thermostat (if equipped) for proper operation.

q.

Maintain other equipment per the relevant instruction manual requirements.

r.

Lubricate mechanisms, contacts, and other moving components.

s.

Replace, reassemble, re-insulate, return all items to proper operating
conditions and remove grounds prior to energization.

Bi-Annual Procedures

In addition to the annual procedures above, it is recommended that every two years the
following items should be included:
1. Before any maintenance work is performed within primary compartments, make
certain that the equipment is completely de-energized, tested, grounded, tagged
and properly identified and released for work in an authorized manner.
2. Before starting work on the switchgear, the following should be completed on any
equipment that will affect the area of the work:
a. Disable remote control and automatic transfer schemes.
b. De-energize all direct and back-feed power and control sources, test and
ground.
c. Disconnect all voltage and control power transformers.
d. Open all disconnects.
3. Include the following items in your inspection procedure:
a. Infrared testing of all connections to measure heat generation from joints.
b. Insulation resistance test with a DC Megger.
11.3.5.5

Lubrication

Lubrication is most essential in maintaining the performance of switchgear and should not be
ignored. It will aid in protecting the switchgear from corrosion and wear, and will help assure that
all operating mechanisms work freely. Lubrication intervals should be adjusted to suit the
operating conditions. Lubrication is required at more frequent intervals under severe operating
conditions of when exposed to contaminated atmosphere. Electrical contact lubricant is, not
11-62
L:\Columbia Operations Manual -Chap 11

only an excellent contact lubricant, but also excellent general purpose grease for mechanical
parts. This grease has very good thermal stability to cover the wide range of conditions to which
switchgear may be exposed, and aids in protecting silver-plated contact surfaces from tarnish.
The following areas or parts must be lubricated:




Wiping electrical contacts.
Mechanical devices.
Circuit breakers

Circuit breakers are shipped with a special lubricant applied, as required, at the factory. This
lubricant should not be mixed with other lubricants, as they may interact and lose essential
properties.
11.3.5.6

Wiping Electrical Contacts

The silver-plated contact surfaces of primary disconnects and secondary disconnects, when
properly lubricated, will greatly outwear contacts without grease, and will be protected from
severe tarnishing. After wiping off old grease, apply a thin film of electrical contact periodically.
Avoid getting contact lubricant on insulating materials. Electrical contact lubricant should be
applied to:



Primary disconnects.
Secondary disconnects.

In extremely corrosive atmospheres, it is recommended that a heavier coating be applied (0.030.06 inches thick). With this heavier coat, grease will migrate more readily to areas wiped clean
by contact finger movement.
11.3.5.7

Mechanical Devices

After wiping off old grease, moving parts should be lubricated with electrical contact lubricant.
The following parts or assemblies should receive a light coating of lubricant.



Hinges.
Traveling crane (hoist) – apply a heavy coat of lubricant to the gears.

11.3.5.8

Circuit Breakers

Circuit breakers should be lubricated as described in the instruction manual for the circuit
breakers.
If optional shutters are included with the equipment, refer to the applicable section in the
breaker's instruction manual and study the operation of the shutter before attempting to open
the shutter. The shutter must be open in order to allow lubrication of the primary disconnects in
the switchgear.
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11.3.5.9
Cleaning Insulation
DANGER
Most of the plastics and synthetics used in insulation systems are attacked by solvents
containing aromatics or halogenated hydrocarbons. The use of these may cause crazing and
deformation of the material, which will reduce the dielectric strength of the material. Isopropyl
alcohol is the only recommended solvent cleaner.
11.3.5.10

Relays and Instruments

To insure satisfactory operation of relays and instruments, do not leave device covers off longer
than necessary. When a cover has been broken, cover the device temporarily and replace
broken glass or plastic as soon as possible.
11.3.6

Motor Control Centers

The motor control centers should be maintained on a regular basis to insure correct equipment
operation. Before maintenance, all personnel affected by the equipment shutdown should be
notified. It should be noted that for some maintenance procedures, the complete motor control
center may need to be disconnected by the utility. Before work is undertaken, make certain that
the equipment is properly de-energized, tested, grounded and properly identified in an
authorized manner.
The following maintenance schedule is recommended for the motor control centers. In addition,
refer to Table No. 11-1.
11.3.6.1

Annual Procedures

Annual procedures should include the following items:
1.

Open main circuit breaker.

2.

Clean the inside of the motor control center of all dust, moisture, and foreign
material. Check whether insects or rodents have entered the motor control center
and if so, carry out measures to prevent this. Similarly, check for the possible
ingress of moisture and other condensation problems and rectify as necessary.

3.

Inspect all connections and tighten where necessary.
(NOTE: Bus bar
connections must only be tightened using a torque wrench set at the correct
setting).

4.

Inspect insulators for possible tracking (particular note should be made of
insulating supports for vertical bus bars where dust build-up is greatest).

5.

Inspect contacts for extent of wear. Do not clean silver contacts.
contacts when less than 20% of the contact material remains.

6.

Exercise all switches on the motor control center.

Replace

11-64
L:\Columbia Operations Manual -Chap 11

7.

Check all fuses and replace all cartridges that have blown. Check that a spare
set of three fuse cartridges are provided for each different rating of fuse used in
the motor control center.

8.

Conduct an operational check of all motors and starters with particular note of the
following items:

11.3.6.2

a.

Start and stop equipment and check running current on each phase.

b.

Check all indicator lights and replace.

c.

Check starter operation.

d.

Where possible, simulate shut-down conditions (e.g., high pressure cutoff) and check safety equipment operation.

Bi-Annual Procedures

In addition to the annual procedures above, it is recommended that every two years the
following items should be included:
1.

Infrared testing of all connections with a current draw of 100 amps or more, to
measure heat generation from joints.

2.

Insulation resistance test with a DC Megger at voltage recommended by the
manufacturer.

11.3.7

Lighting

11.3.7.1

Outdoor Lighting

The outdoor lighting fixtures are operated by local photocells. The indoor lighting is supplied
power from local lighting panels and controlled by local switches.
To maintain the fixtures properly:
1.

When lamps are replaced, the replacement must be of identical wattage and
color. Mercury and high pressure sodium lamps will only work in fixtures
constructed for that wattage. Incandescent lamps with wattages higher than
recommended will cause premature burnout of lamps and may damage wiring
due to excessive heat.

2.

It is recommended that group re-lamping be considered. It is more economical
than individual re-lamping and insures that areas will have adequate lighting
without the bother of continuous maintenance.

3.

A record should be kept of fixtures that appear to have premature burnouts. The
fixture may have a bad ballast, loose or defective sockets, or a voltage problem
could exist. These items should be checked and corrected if necessary.
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4.

Special care should be taken in changing lamps in explosion proof or vapor tight
fixtures. When reassembling, the gasketing must seat properly to assure a
proper seal. If this is not accomplished, the benefits of these fixtures are lost.

5.

Reflectors and lens should be cleaned semi-annually. This will insure efficiency
and proper lighting. Lamps should also be cleaned at this time.

6.

Efficient use of lighting requires that a schedule be prepared to extinguish some
lighting during hours when not required.

11.3.7.2

Emergency Lighting

Periodically, the "Press-To-Test" switch on the unit should be pressed and held for at least one
minute. The lights should turn on immediately and remain on at even illumination.
1.

Clean the terminals and battery cables with a wire brush to remove any oxidation.

2.

Clean the housing of the unit.

3.

Check that all bulbs are in working order. If they are burned out, replace with the
proper bulb.
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11.4

ELECTRICAL TROUBLESHOOTING

11.4.1

Typical Electrical Problems

Typical electrical problems in a water treatment facility are:
Circuit Breaker Trips
Motor Will Not Run
1.

Circuit Breaker Trips

The operator should contact the electrical maintenance personnel to troubleshoot circuit breaker
tripping problems. Typically, the electrical maintenance personnel have test equipment and
tools at their disposal to be able to quickly determine where the problem lies in the system.
Before any maintenance work, the operator should tag and properly identify equipment needing
work.
The electrical maintenance personnel should investigate which loads the circuit breaker is
feeding. In some cases, a circuit breaker may have a wide load range due to such equipment
as lights, receptacles, and small equipment. The electrical maintenance personnel will have to
sequentially investigate each piece of equipment in the system in order to determine which
piece of equipment is causing the trouble.
Once the failed equipment has been identified, disconnected from the line, repaired or replaced,
the circuit and the circuit breaker can be turned on. When the electrical maintenance personnel
have determined the circuit is properly functioning, the operator may return the equipment
system to operation as needed.
2.

Motor Will Not Run

A non-operational motor is the most frequent equipment malfunction that will be experienced.
Table No. 11-3 has been provided to help the operator determine if the problem is in the motor
or in the controls.
11.4.2

Motor Control Center Troubleshooting

The motor control center elements which are of primary concern to the operators are the control
switches, indicating lights, circuit breaker operators, and overload resets. These items are all
mounted on panel faces. Work required on these panels should be performed only by properly
qualified electrical maintenance personnel.
The motor control center is provided with two basic troubleshooting devices, the external circuit
breaker operators and the overload resets. Check the condition of these devices whenever an
item of equipment will not function. If the motor does not run, make sure that the cubicle's
circuit breaker handle is "On". Push the overload “RESET” button. Proceed as indicated under
Electric Motor Overload. If the motor does not run after the overload button is reset, it indicates
an open control circuit.
Checking procedures are as follows:
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TABLE NO. 11-3
MOTOR TROUBLESHOOTING CHART
Problem

Problem With

Motor Circuit
Breaker Trip

Very high current in motor or
motor wiring that is result of
short-circuit or ground fault
condition.

Motor Overload

Motor current in excess of 125%
of rating for extended period.

Breaker “ON”; Overload
“RESET” pushed; Motor
Will Not Operate

Control power or control
interlocks preventing start.

Corrective Action

Visually inspect as described
under Circuit Breaker Trips. If
no damage noted, turn circuit
breaker operator to the “OFF”
position; then back to the “ON”
position to reset. Attempt to
start the motor. Call electrical
maintenance if breaker trips
again to check wiring for short,
check motor for short, check
breaker sizing. Replace
equipment if required.
Check for overheated motor.
Check driven equipment for
wear or binding. Replace motor
if required. Push overload
“RESET” button.
* Call electrical maintenance to
check control transformer fuse.
Replace if necessary. Check
interlocks with other devices.

*Because of the wide variation of possible control schemes experience in electrical maintenance
is required to read control diagrams and troubleshoot the circuitry. Many control systems are
set up to be operated in conjunction with other pieces of equipment if one piece of equipment is
not operating another one may be dependent upon it to operate.
The indicating lights and other devices on the motor control center and control cubicle are the
starting place for troubleshooting a malfunctioning item of equipment.
Call electrical
maintenance personnel to assist with checking fuse status and interlocks.
1.

Control Power Fuse Open

An open (blown) control fuse is the result of a short circuit or ground has occurred in the control
circuit. Call electrical maintenance personnel to assist with checking fuse to replace the fuse
with one of equal size. Attempt to start the motor while electrician is observing operation. If the
fuse again blows, have an electrician further examine the control circuit.
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2.

Control Circuit Problems

If the control fuse is not blown and the motor will not run, first check the motor by operating it in
the “HAND” mode to eliminate any issues introduced from any automatic controls. If the motor
starts, the problems are being caused by wiring associated with the automatic mode. An open
control circuit may be caused by an alarm condition, an open switch or by a break in the wiring
or wiring connection. Check control switch positions on the motor control center cubicle and on
any control stations located near the motor. Also, check the setting of automatic safety devices
such as level, temperature, and pressure switches.
11.4.3

Motor Overload

Tripping of a motor overload relay is the result of any condition that causes the motor to draw
current in excess of the relay protective settings for each motor. Operations and electrical
maintenance personnel should use the following procedures to aid in locating the cause of the
overload:
1.

Check the rating of the overload device to see that it matches the rated motor
running current.

2.

Determine whether the driven device has been subjected to any unusual
operating load.

3.

Check the equipment for freedom of rotation, overheated bearings and signs of
undue wear.

4.

Determine whether the equipment is starting frequently. Repeated starting loads
can cause excessive temperature rise in the motor.

5.

If none of the above conditions are abnormal, the person authorized to do
electrical maintenance should tighten all terminal screws and bolts in the motor
control center. In addition, starter and relay contacts should be checked for
foreign material or tarnish.

When a problem has been corrected, the electrical maintenance personnel should check the
motor current with a clip-on ammeter to verify that the motor is running at nameplate rated
current or less.
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