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Section 1 Program Summary and Intent 
1.1 Introduction and Objectives 
The City of Columbia (City) has developed a continuing sewer assessment program (CSAP) to establish 
procedures and schedules for prioritizing and implementing the continual assessment of the City’s 
wastewater collection and transmission system (WCTS).  The CSAP also includes a description of the 
methods and standard procedures that are used for assessment of the WCTS and the systems used to 
manage information collected by the CSAP.  

Results of the CSAP will be used under other programs required by the Consent Decree (CD) to identify 
and prioritize specific rehabilitation measures and projects to address infiltration and inflow (I/I) and 
other conditions causing sanitary sewer overflows (SSOs) within the WCTS. 

This CSAP has been prepared in accordance with the requirements of Paragraph 14 of the Consent Decree 
entered by order dated May 21, 2014 in The United States of America and State of South Carolina by and 
through the Department of Health and Environmental Control vs. The City of Columbia, Civil Action No. 3:13-
2429-TWL, DOJ Case Number 90-5-1-1-00954.  

Below is a list of the CD requirements for the CSAP and the sections of this document that address each 
requirement.   

 Subparagraph 14.a. - Establish procedures for setting priorities and schedules for undertaking the 
continual assessment of the WCTS.  This is addressed in Section 2 Prioritization Procedures and 
Subsection 4.2 Performance Goals and Scheduling. 

 Subparagraph 14.a. – Notification to property owner that a private lateral is a source of I/I to the 
WCTS or is a source of a release.  This is addressed in Subsection 3.7 Gravity System Defect 
Analysis and Appendix E – Example for Private Lateral Defect Notification. 

 Subparagraph 14.b.(i) - Standard procedures for evaluating the physical condition of the WCTS.  
This is addressed in Subsection 3.1 Physical Condition. 

 Subparagraph 14.b.(ii) - Standard procedures for conducting dyed water testing to locate sources 
of inflow and infiltration (I/I) to the WCTS.  This is addressed in Subsection 3.2 Dyed Water 
Flooding and Appendix A – Dye Testing Procedures. 

 Subparagraph 14.b.(iii) - Standard procedures for inspecting and identifying sewer infrastructure 
that is either corroded or at risk of corrosion. This is addressed in Subsection 3.3 Corrosion Defect 
Identification. 

 Subparagraph 14.b.(iv) - Standard procedures and frequencies for routine inspection of manholes 
within the WCTS. This is addressed in Subsection 3.4 Routine Manhole Inspection and Appendix 
B – Routine Manhole Inspection Procedures. 

 Subparagraph 14.b.(v) - Standard procedures for routine flow monitoring during dry and wet-
weather to support engineering analyses related to WCTS capacity and peak flow studies, including 
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an initial determination of the number and location of permanent and temporary flow meters, with 
a map showing such locations. This is addressed in Subsection 3.5 Flow Monitoring and Appendix 
C – Flow Monitoring Location Map. 

 Subparagraph 14.b.(vi) - Standard procedures for routine use of closed circuit television and/or 
zoom camera video inspections to support sewer assessment activities. This is addressed in 
Subsection 3.6 Video Inspection and Appendix D – Video Inspection Procedures. 

 Subparagraph 14.b.(vii) - Standard procedures for analysis of gravity sewer line defects. This is 
addressed in Subsection 3.7 Gravity System Defect Analysis. 

 Subparagraph 14.b.(viii) - Standard procedures for smoke testing of gravity sewer lines to identify 
sources of I/I to the WCTS. This is addressed in Subsection 3.8 Smoke Testing and Appendix F – 
Smoke Testing Procedures. 

 Subparagraph 14.b.(ix)(A) - Standard procedures for the evaluation of pump station performance 
and adequacy including the use of pump run time meters, pump start counters, computation of 
Nominal Average Pump Operating Time, root cause failure analysis protocols, and supervisory 
control and data acquisition. This is addressed in Subsections 3.10.1 and 3.10.2. 

 Subparagraph 14.b.(ix)(B) - Standard procedures for the evaluation of pump station capacity.  This 
is addressed in Subsection 3.10.3 Evaluation of Pump Station Capacity. 

 Subparagraph 14.b.(ix)(C) - Standard procedures for the evaluation of pump station critical 
response time. This is addressed in Subsection 3.10.4 Evaluation of Critical Response Time. 

 Subparagraph 14.b.(ix)(D) - Standard procedures for the evaluation of pump station conditions. 
This is addressed in Subsection 3.10.5 Evaluation of Pump Station Condition. 

 Subparagraph 14.b.(ix)(E) - Standard procedures for the evaluation of pump station design and 
equipment. This is addressed in Subsection 3.10.6 Evaluation of Pump Station Design and 
Equipment and Appendix G – Pump Station Design and Equipment Checklist. 

 Subparagraph 14.c - Standard procedures for a CSAP information management system and 
performance goals for each component of the CSAP.  This is addressed in Section 4 CSAP 
Information Management System and Performance Goals and Appendix H – Sewer Mapping 
Program Report. 

 

1.2 Acronyms 
ARV – air release valve 

BWWF – base wastewater flow 

CAP – capacity assurance program 

CCTV – closed circuit television 
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CD – consent decree 

CMMS – Computerized Maintenance Management System 

CSAP – continuing sewer assessment program 

CW2020 – City’s program, Clean Water 2020, to manage the consent decree compliance 

EPA – United States Environmental Protection Agency 

FOG – fats, oils and grease 

GIS – geographic information system 

GPS – global positioning system 

GWI – groundwater infiltration 

I/I – inflow and infiltration 

IMS – information management system 

IR – infrastructure rehabilitation 

MACP – Manhole Assessment and Certification Program 

NAPOT – nominal average pump operating time 

NASSCO – National Association of Sewer Service Company 

PACP – Pipeline Assessment and Certification Program 

RDI/I – rainfall dependent inflow and infiltration 

RHR – run hour ratio 

SCADA – supervisory control and data acquisition 

SCDHEC – South Carolina Department of Health and Environmental Control 

SMP – Sewer Mapping Program 

SSO – sanitary sewer overflow 

SSOAP – Sanitary Sewer Overflow Analysis and Planning Toolbox 

WCTS – wastewater collection and transmission system 
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Section 2 Prioritization Procedures 
This section describes the City of Columbia’s procedures for setting priorities for the Continuing Sewer 
Assessment Program (CSAP) of the Wastewater Collection and Transmission System (WCTS), as required 
in Paragraph 14.a. of the Consent Decree (CD).  These procedures are discussed in the following sections 
for each of the key WCTS elements (gravity sewers and manholes, force mains, and pump stations).  In 
general, the procedures include prioritization of WCTS elements by two groups: 

Major components of the WCTS – includes all pipes 15 inches in diameter or larger and their 
appurtenances, such as manholes and pump stations.  Major components of the WCTS also includes Major 
Gravity Sewer Lines and Major Pump Stations as defined in the CD.   

Minor components of the WCTS – includes all other City pipes, manholes, and pump stations that do not 
fall under the major WCTS elements category.   

A map of the City of Columbia major and minor WCTS components is included in Figure 2-1. 

All system components (major and minor) will receive an initial prioritization and condition assessment 
and future continuing condition assessment.  Sections 2.1 and 2.2 further describe the prioritization 
approach for the major and minor components. 

2.1 Prioritization of Major WCTS Components 
The City owns and operates a sanitary sewer collection system that consists of approximately 110 miles 
of Major Gravity Sewer Lines ranging from 15 inches diameter to 60 inches in diameter, which are located 
along the trunk sewer branches in each of the City’s sewer basins as listed below.   

 Broad River Basin 

 Crane Creek Basin 

 Gills Creek Basin 

 Mill Creek Basin 

 Rocky Branch Basin 

 Saluda River Basin 

 Smith Branch Basin 

The WCTS also includes seven Major Pump Stations downstream of gravity sewers that are 15 inches in 
diameter and larger and approximately 13 miles of major force mains.    
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2.1.1   Initial Prioritization and Condition Assessment of Major 
Components 
All pipes 15 inches in diameter or larger and associated manholes, Major Pump Stations, and Major Gravity 
Sewer Lines are considered high priority for initial condition assessment under the CSAP.  Initial condition 
assessment of these major WCTS components will be completed within 24 months of the CSAP approval 
according to Paragraph 14.a. of the CD (as given in Section 4.2 of this report) using methods described in 
Section 3.   

At the time of this report, the following assessments have been initiated: 

 Major Gravity Sewer Lines – Contracts for assessment of Major Gravity Sewer Lines, as identified in 
the SMP, have been started.  Assessment will be performed using the video inspection procedure 
discussed in Section 3.6 and Appendix D or potentially the multi-sensor inspection discussed in 
Section 3.9.1.     

 Major Force Mains (force mains 15 inches in diameter or larger) – Assessment of the Major Force 
Mains has been initiated.  Assessment will be performed using the desktop analysis approach 
discussed in Section 3.11. 

 Associated major manholes (manholes associated with pipes 15 inches in diameter or larger) – 
Assessment of the major manholes, as identified in the Sewer Mapping Program (SMP) has been 
started.  Assessment is being performed using the routine manhole inspection procedure discussed 
in Section 3.4 and Appendix B.   

 Major Pump Stations – Assessment of the Major Pump Stations has been started. Assessment is 
being performed using the field evaluation approach discussed in Section 3.10.5. 

For a limited number of Major Gravity Sewer Lines or associated major manholes, an initial field condition 
assessment is not warranted in cases where the major component has been installed or rehabilitated 
within five years from start of the CSAP inspection period. These assets are in newly installed condition 
and thus the condition is already reasonably known. Also, inspections will not be performed on major 
components for which the City has already committed to funding a project that will lead to the 
abandonment of those major components. New or to be abandoned gravity sewer and manholes account 
for less than 3 percent of the Major Gravity Sewer Lines and less than 5 percent of the major manholes. 

 

2.1.2   Continuing Condition Assessment of Major Components 
Once the initial condition of a facility is determined from the initial assessment, the components will be 
reprioritized, as necessary, for further assessment.  Continuing assessment of the major WCTS 
components will be prioritized by evaluating condition/probability of failure and criticality/consequence 
of failure as is described in Section 2.2.  Continuing condition assessment will be performed using the 
methods described in Section 3. 
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2.2  Prioritization of Minor WCTS Components 
The City’s minor WCTS components include approximately 950 miles of gravity sewers and associated 
manholes, forty-eight pump stations downstream of minor gravity sewers, and approximately 25 miles of 
force mains that convey flow from minor pump stations. 

The minor WCTS components are prioritized for condition assessment under the CSAP according to the 
procedures described in the following sections.   

 

2.2.1   Initial Prioritization and Condition Assessment of Minor Gravity 
Sewers & Manholes  
A prioritization procedure is used to prioritize the minor gravity sewers and manholes for condition 
assessment.  The initial prioritization will be performed primarily on a sub-basin level.  The steps in 
this procedure are outlined below.   Initial condition assessment will be performed on the highest priority 
facilities using methods described in Section 3.   

STEP 1: DATA COLLECTION 
Existing data related to the condition of the gravity sewer system will be collected and compiled, as 
available. The data is categorized into different condition criteria.  The criteria used in the prioritization 
will be determined based upon availability and quality of existing WCTS data.   Condition criteria may 
include the following. 

 Age – Age can be used as a surrogate for pipe and manhole condition for the purposes of setting 
initial priorities for further field condition assessment.  It is assumed that newer pipes and 
manholes will be in better structural condition than those that are older.  In addition, newer pipes 
typically reflect newer, more advanced technology in terms of materials and installation methods.  
Age of gravity sewers and manholes may be approximated using information available in the City’s 
GIS, or garnered from other sources such as historical sewer maps. Age can also be assigned based 
on the age of the buildings on parcels adjacent to it, which can be obtained through GIS tax parcel 
data from Richland and Lexington Counties.   

 Material – Material can be used as a surrogate for pipe and manhole condition for the purposes of 
setting initial priorities for further field condition assessment.  Certain types of material, such as 
vitrified clay and concrete, are more prone to deterioration or corrosion over time.  Pipe materials 
such as polyvinyl chloride (PVC) and high density polyethylene (HDPE) have come into use fairly 
recently and are corrosion resistant; therefore, it is generally assumed that these pipes would be in 
better condition.  Pipe and manhole material may be determined using information available in the 
City’s GIS or assumed based on age and knowledge of common materials used in the City during the 
time period when the pipe or manhole was installed.   

 Work Orders and Customer Service Requests – The number of work orders, including the 
locations where frequent cleaning is required, and the number of customer service requests in a 
particular area can be used to evaluate the typical maintenance requirements.  Those pipes with 
more frequent maintenance issues are assumed to have a higher probability of failure.  Service 
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requests and work orders for the past two years that are available from the City’s maintenance 
management system can be geocoded.  Work orders can be categorized based on type (e.g. sewer 
stoppages, repairs, etc.).    Statistics can be calculated, such as the number of service requests and 
work orders, by type, per mile of gravity sewer.    

 Flow Monitoring Data – Data from temporary flow monitoring efforts can be used to identify areas 
that have high I/I into the wastewater collection system during wet weather storm events.   Factors 
that are used to evaluate I/I can include the R value, which represents the fraction of rainfall 
entering the collection system as rainfall dependent inflow/infiltration (RDI/I); RDI/I volume per 
linear foot of sewer; and ratio of peak wet-weather to average dry-weather flow.  These statistics 
can be obtained for each flow monitor basin and applied to the appropriate City sub-basins.  

 Sanitary Sewer Overflows (SSOs) – The City tracks and records SSOs that occur within the WCTS, 
along with information categorizing the spill as either wet-weather related, structural defect, debris 
blockage, etc.  Depending on the cause of the SSO, this information indicates areas with frequent 
maintenance or high I/I.  SSO records can be obtained and mapped in GIS to calculate statistics 
including number of SSOs, by category, per mile of gravity sewer. 

 Ongoing Remediation Work – Locations where remediation work is already ongoing, or has been 
recently completed, will be identified, as data is available, and can be factored into the prioritization 
process.  

 Preliminary Sewer Assessments, such as Midnight Flow Monitoring or Flow Isolation Studies 
– The City does not have an ongoing midnight flow monitoring or flow isolation program and thus 
this information will not be used in prioritization. Data from temporary and permanent flow 
monitors installed in the system, including data from pump station records, may be used in lieu of 
this. 

 Maintenance Staff Observation of Field Conditions and Problem Areas – In addition to the data 
categories listed above, the City’s field maintenance staff have first-hand knowledge of condition of 
various portions of the WCTS.  This information can be used to help verify and inform the 
prioritization. 

STEP 2:  ASSIGN LEVELS TO CONDITION CRITERIA 
After the data is compiled, a numerical level of 1 through 5 is assigned for each of the condition criteria.  
A higher level is indicative of worse condition relative to the overall WCTS.  For example, for age, 
increasing levels are assigned based on increasing age of the pipes, with level 5 pipes being the oldest in 
the system and level 1 being the newest.  For each condition criteria, a weighted average level is computed.   

STEP 3:  CALCULATE CONDITION SCORE 
After assigning levels, each condition criteria is considered to determine the overall score based on its 
relative importance, which is determined using professional judgment of the data quality and applicability 
to the goals of the CSAP.   The final condition score may be a weighted average of several criteria or in 
some cases may be determined by the highest of the condition criteria to identify an immediate problem.  
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STEP 4:  CALCULATE CRITICALITY SCORE 
In addition to the condition score, a criticality score is assigned based on factors such as consequence of 
SSOs, location in relation to population density, need for additional system capacity, or others. 

STEP 5: PRIORITIZE FOR CONDITION ASSESSMENT 
Gravity sewer are ranked in order of condition and criticality scores and grouped into priority categories.  
Those with the highest condition and criticality scores will be prioritized the highest for condition 
assessment (Figure 2-2).  The procedures used to assess the condition of the gravity system will be 
selected based on which criteria contributed to the high condition score and engineering judgment. A 
typical list of procedures that would be used based on condition criteria is shown in Table 2-1.  Other 
procedures than shown in the table may be used based on engineering judgment.  The procedures are 
further discussed in Section 3. 

Figure 2-2. Prioritization Matrix 

 

Table 2-1. Assessment Methods by Criteria 

Condition Criteria Assessment Methods 
Description of 
Methods and 
Procedures 

Inflow and Infiltration 

Desktop Evaluation of Condition Data Section 2.2.1 
Dyed Water Flooding Section 3.2 
Routine Manhole Inspection  Section 3.4 
Flow Monitoring Section 3.5 
Video Inspection – Zoom Camera Section 3.6 
Video Inspection – CCTV Section 3.6 
Gravity System Defect Analysis Section 3.7 and 3.8 
Smoke Testing Section 3.8 
Desktop Evaluation of Condition Data Section 2.2.1 
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Condition Criteria Assessment Methods 
Description of 
Methods and 
Procedures 

Work Orders, 
Customer Service 
Requests, SSOs, 
Maintenance Staff 
Observation of Field 
Conditions and 
Problem Areas 

Dyed Water Flooding Section 3.2 
Corrosion Defect Identification Section 3.3 
Routine Manhole Inspection  Section 3.4 
Video Inspection – Zoom Camera Section 3.6 
Video Inspection – CCTV Section 3.6 
Gravity System Defect Analysis Section 3.7 
Smoke Testing Section 3.8 
Acoustic Inspection Tool Section 3.9.2 

Age or Material 

Desktop Evaluation of Condition Data Section 2.2.1 
Routine Manhole Inspection  Section 3.4 
Video Inspection – Zoom Camera Section 3.6 
Video Inspection – CCTV Section 3.6 
Gravity System Defect Analysis Section 3.7 
Smoke Testing Section 3.8 
Acoustic Inspection Tool Section 3.9.2 

 

2.2.2   Continuing Condition Assessment of Minor Gravity Sewers & 
Manholes  
Continuing assessment of the minor gravity sewer and associated manholes will be prioritized by 
periodically evaluating condition/probability of failure and criticality/consequence of failure using the 
same approach as is described in Section 2.2.1.  It is the intent to incorporate a pipe by pipe prioritization 
when appropriate in addition to a sub-basin prioritization.  Condition assessment will be performed on 
the highest priority facilities using methods described in Section 3. 

 2.2.3   Initial Prioritization and Condition Assessment of Minor 
Pump Stations 
The minor pump stations are prioritized for condition assessment using a procedure that considers the 
condition (probability of failure) and criticality (consequence of failure) for each pump station.  The steps 
in this procedure are outlined below.  Initial condition assessment will be performed on the highest 
priority facilities using methods described in Section 3.   

STEP 1:  DATA COLLECTION 
Existing data related to the probability of failure and consequence of failure will be collected and compiled 
for each pump station, as available. The criteria used in the prioritization of pump stations will be 
determined based upon availability and quality of existing pump station data.   Probability of failure and 
consequence of failure criteria may include the following.  
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 Pump Station Age – based on the installation date or the date of subsequent renovation or upgrade 
of the pump station based on record drawings or other City records.   

 Odor/Corrosion Control Issues – based on knowledge of the City’s field maintenance staff and 
other data, such as customer odor complaints, as available. Sanitary Sewer Overflows (SSOs) – 
based on compilation of recent pump station related SSO records. 

 Reliability – based on historical routine pump station maintenance inspections.  

 Redundancy – based on the availability of backup power supply or reserve pumps.  

 Pump Run Times – based on recent pump run time records; pump stations with variable frequency 
drives are considered separately.      

 Response Time/Time to Overflow – based on the time between the trigger of the high wet well 
alarm and the point of overflow of the pump station compared with the time it takes maintenance 
crews from the Metro wastewater treatment plant to respond after a high wet well alarm is 
triggered.   

 Pump Station Firm Capacity – based on pumping capacity with the largest pump out of service.   

 Proximity to Critical Areas – based on the linear distance from the pump station to critical areas 
such as State water bodies, public water supply/reservoirs, hospitals, schools, parks, or other 
critical areas. 

 Potential for Pump Station Flooding during Wet Weather Events – based on historical 
knowledge of flooding from City maintenance staff and 100-year floodplain data.  

 Difficulty of Repair at the Pump Station – based on historical knowledge of difficult to repair 
assets located at the pump station. 

 Pump Station Accessibility – based on City staff historical knowledge of pump stations that are 
difficult to access for maintenance. 

STEP 2:  CALCULATE PROBABILITY OF FAILURE SCORE 
The probability of failure criteria represent the pump station condition, its performance capabilities, and 
the level of maintenance or inspection it receives. After the data are compiled, a numerical level is assigned 
for each of the probability of failure criteria for each pump station, depending on the availability of the 
data.  A higher level is indicative of a higher probability of failure relative to the overall WCTS.  The criteria 
are weighted according to relative importance, and an overall weighted probability of failure score is 
calculated for each pump station. 

STEP 3:  CALCULATE CONSEQUENCE OF FAILURE SCORE 
The consequence of failure criteria indicate the impact when a pump station fails to perform as intended, 
under design conditions, in support of the system operation.  Similar to Step 2, after the data are compiled, 
a numerical level is assigned for each of the consequence of failure criteria for each pump station.  A higher 
level is indicative of a higher consequence of failure relative to the overall WCTS.  The criteria are weighted 
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according to relative importance, and an overall weighted consequence of failure score is calculated for 
each pump station.  

STEP 4: PRIORITIZE PUMP STATIONS FOR CONDITION ASSESSMENT 
The relative risk of a pump station failure is calculated by multiplying the weighted consequence of failure 
score by the weighted probability of failure score.  Pump stations are ranked in order of risk of failure and 
grouped into priority categories.  Those pump stations with the highest risk of failure will be prioritized 
the highest for condition assessment. 

2.2.4   Continuing Condition Assessment of Minor Pump Stations  
Continuing assessment of the minor pump stations will be prioritized by periodically evaluating 
condition/probability of failure and criticality/consequence of failure using the same approach as is 
described in Section 2.2.3.    Continuing condition assessment will be performed on the highest priority 
facilities using the methods described in Section 3. 

2.2.5   Initial Prioritization and Condition Assessment of Minor Force 
Mains  
The force mains may be divided into segments based on pipe diameter, material, age, junctions with other 
force mains, or other applicable criteria.  Force mains are prioritized for condition assessment on a 
segment-by-segment basis to facilitate both the collection of condition information and implementation 
of any subsequent rehabilitation.  Like the pump station prioritization procedure described in Section 
2.2.2, this procedure considers the condition (probability of failure) and criticality (consequence of 
failure) for each force main to determine priority based on risk of failure. The steps in this procedure are 
outlined below.  Initial condition assessment will be performed on the highest priority facilities using 
methods described in Section 3.   

STEP 1: DATA COLLECTION 
Data related to the probability of failure and consequence of failure will be collected and compiled for 
each force main segment, as available. The criteria used in the prioritization of force mains will be 
determined based upon availability and quality of existing WCTS data.  Probability of failure and 
consequence of failure criteria may include age, material, SSOs, corrosion issues, or proximity to critical 
areas as described in previous subsections.  In addition, the following criteria may be considered, 
depending upon data quality and availability. 

 Force Main Failure History – based on number of recorded force main failures. 

 Aerial Crossings – includes force mains that cross water bodies with an aerial crossing. 

 Soils – based on whether the soil type in which the force main is installed is considered highly 
corrosive to concrete or ferrous pipe. 

 Force Main Taps – based on the number of taps made in the force main. 

 Remaining Useful Life – based on the estimated years of service remaining 
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 Evidence of Internal Corrosion – based on high points in the force main profile, sulfide modeling, 
or known odor issues 

 Pipe Size – based on the diameter of the force main 

 Proximity to Critical Areas – based on the distance from the force main to surface water, potable 
water supply, population centers, key transportation links, or other critical areas 

 Manifold force mains – based on if more than one pump station is tied to a force main 

STEP 2:  CALCULATE PROBABILITY OF FAILURE SCORE 
After the data are compiled, a numerical level is assigned for each of the probability of failure criteria for 
each force main segment.  A higher level is indicative of a higher probability of failure relative to the overall 
WCTS.  The criteria are weighted according to relative importance, and an overall weighted probability of 
failure score is calculated for each force main segment. 

STEP 3:  CALCULATE CONSEQUENCE OF FAILURE SCORE 
After the data are compiled, a numerical level is assigned for each of the consequence of failure criteria 
for each force main segment.  A higher level is indicative of a higher consequence of failure relative to the 
overall WCTS.  The criteria are weighted according to relative importance, and an overall weighted 
consequence of failure score is calculated for each force main segment.  

STEP 4:  PRIORITIZE FORCE MAINS FOR CONDITION ASSESSMENT 
The relative risk of a force main failure may be calculated by considering the weighted consequence of 
failure score by the weighted probability of failure score.  Force main segments are ranked and grouped 
into priority categories based on weighted probability and consequence of failure scores.  Those force 
main segments with high probability and high consequence of failure scores will be prioritized the highest 
for physical condition assessment. 

2.2.6   Continuing Condition Assessment of Minor Force Mains  
Continuing assessment of the minor force mains will be prioritized by periodically evaluating 
condition/probability of failure and criticality/consequence of failure using the same approach as is 
described in Section 2.2.5.  Continuing condition assessment will be performed on the highest priority 
facilities using the methods described in Section 3. 
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Section 3 Assessment Methods and Procedures 
This section includes methods and procedures that may be used by the City to assess the condition of the 
wastewater collection and transmission system during implementation of the continuing sewer 
assessment program.  Several of these methods are often used in combination based on system size and 
needs, with some methods serving as a preliminary screening tool to target areas for more intensive 
inspection methods. For example, flow monitoring can be used to identify sub-basins with the highest 
infiltration and inflow issues.  Smoke testing within that sub-basin can confirm the presence of I/I sources 
within a particular section of gravity sewer.  Follow-up dye testing and video inspection can identify the 
location of defects in the pipeline. In some instances, a desktop or field screening method may be sufficient 
to determine that a portion of the WCTS is in adequate condition and not in need of more intensive 
inspection methods. 

The City will employ a combination of assessment methods to evaluate the condition of the City of 
Columbia WCTS in order to identify rehabilitation needs and select appropriate rehabilitation approaches. 
Appropriate assessment methods for each portion of the WCTS will be selected based on the City’s best 
professional judgment. 

Table 3-1 lists the general methods available to assess physical condition by WCTS component. A 
description of the individual methods and procedures are provided in subsequent sections, as indicated 
in the table. 
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Table 3 -1. Assessment Methods 

WCTS 
Component 

Assessment Methods 
Description of 
Methods and 
Procedures 

Gravity Sewer 

Desktop Evaluation of Condition Data Section 2.2.1 
Dyed Water Flooding Section 3.2 
Corrosion Defect Identification Section 3.3 
Flow Monitoring Section 3.5 
Video Inspection – Zoom Camera Section 3.6 
Video Inspection – CCTV Section 3.6 
Gravity System Defect Analysis Section 3.7 
Smoke Testing Section 3.8 
Multi-Sensor Inspection Section 3.9.1 
Acoustic Inspection Tool Section 3.9.2 

Manholes 

Desktop Evaluation of Condition Data Section 2.2.1 
Corrosion Defect Identification Section 3.3 
Routine Manhole Inspection Section 3.4 
Gravity System Defect Analysis Section 3.8 

Pump Stations 

Desktop Evaluation of Condition Data Section 2.2.2 
Corrosion Defect Identification Section 3.3 
Evaluation of Pump Station Operating Time Section 3.10.1 
Root Cause Failure Analysis Section 3.10.2 
Evaluation of Pump Station Capacity Section 3.10.3 
Evaluation of Critical Response Time Section 3.10.4 
Evaluation of Pump Station Conditions Section 3.10.5 
Evaluation of Pump Station Design and Equipment Section 3.10.6 

Force Mains 

Desktop Evaluation of Condition Data Section 2.2.3 
Corrosion Defect Identification Section 3.3 
Desktop Force Main Assessment  Section 3.11 
Air Release Valve Inspection Section 3.11.1 
Hydrostatic Testing Section 3.11.2 
Transient Pressure Analysis and Surge Modeling Section 3.11.3 
Flow Conservation Checks Section 3.11.4 
Coupon Extraction Section 3.11.5 
Ultrasonic Thickness Testing Section 3.11.6 
Acoustic Leak Detection Section 3.11.7 
Broadband Electromagnetics Section 3.11.8 
External Inspection Section 3.11.9 
Acoustic Monitoring for PCCP Section 3.11.10 
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3.1 Physical Condition 
The existing physical condition of the WCTS is assessed using a variety of field inspection and desktop 
evaluation methods.  Methods are selected based on applicability to the WCTS component, the type of 
information required to identify defects and prioritize rehabilitation, and the availability of equipment 
and manpower to perform the inspection method.  The age and material of construction, as well as other 
condition factors, may be considered when prioritizing areas for field condition assessment, as discussed 
in Section 2. Where material of the WCTS components is unknown or assumed, field inspection methods 
may be used to confirm and document the actual materials of construction.  In addition to observations of 
existing physical condition, WCTS components constructed of materials that are prone to corrosion or 
deterioration over time or suspected to be less durable will be factored into the prioritization process. For 
areas with no known problems and materials that are known to be in good condition, further field 
condition assessment will be given a low priority. 

3.2 Dyed Water Flooding 
Dyed water flooding, or dye testing, may be used to identify specific entry points of I/I into the WCTS, 
identify cross connections between the sanitary sewer and storm sewer, or confirm pipe connectivity.  
Used in conjunction with smoke testing, dye testing may also be used to confirm direct or indirect 
connections between the location of smoke exit point and the sewer system.     

A non-toxic fluorescent dye is introduced into the suspected I/I sources, such as visible defects (cave-ins 
or open pipes), storm sewers, ditches, catch basins, low spots, or creeks/streams in close proximity to the 
sanitary sewer.  After the dyed water is introduced, the downstream sanitary sewer manhole is checked 
for dyed water.  The presence of dyed water indicates that an I/I source exists.  Closed circuit television 
(CCTV) inspection is often used in conjunction with dye testing to record and document the entry point 
and type of leak into the sewer or manhole.   

The findings and conclusions of dye testing activities are documented in a digital database of the 
inspection along with digital photographs and GPS locations. 

The methods and procedures for dye testing are described in the City’s specifications.  The City 
periodically updates the specifications to provide clarification and maintain consistency with current 
industry practice.  The most recent version of the following specifications related to dye testing are 
included in Appendix A: 

 Specification 02761 – Dye Testing:  Used for dye testing activities under the CSAP. 

 Specification 02762 – Database Template Description for Dye Testing:  Used to document and 
deliver the results of all work related to dye testing for integration with the City’s CSAP information 
management system (IMS). 

3.3 Corrosion Defect Identification 
Corrosion in the WCTS can lead to material failures that may result structural failures and/or in excessive 
I/I entering the system. In addition, corrosion can result in catastrophic failures such as force main 
ruptures or sewer cave-ins that result in SSOs. Internal corrosion in sewers is typically a result of 
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hydrogen sulfide produced by biological reduction of sulfate to sulfide by anaerobic bacteria that reside 
in anoxic wastewater and on slime layers that accumulate on pipe, concrete structures, and sediment 
surfaces. The resulting sulfide is transformed into hydrogen sulfide (H2S) gas, which is then converted to 
sulfuric acid (H2SO4) by aerobic bacteria that reside above the water line in the WCTS. The acid can result 
in severe corrosion of metals, reinforced concrete and mortar.  

The City’s corrosion defect identification process includes the following elements as applicable: 

 Identification of WCTS components at risk of corrosion 

 Prioritization and inspection as needed of at-risk WCTS components to identify corrosion defects 

 Corrosion defect documentation and analysis 

 Prioritization of repairs for corrosion defects 

The elements of the corrosion defect identification process are described in detail in the following sections 
for the gravity system, force mains, and pump stations. 

STEP 1:  IDENTIFY AREAS OF THE WCTS AT RISK OF CORROSION 
Corrosion problems in the gravity system (gravity sewers and manholes) often occur in the vicinity of 
pump station force main discharges.  Residential wastewater contains sufficient quantities of sulfates to 
create a problem if they become anoxic, as they often do after initial wet well storage followed by force 
main residence time without opportunities for aeration. Hydrogen sulfide gas is released as soon as an 
air-water interface and turbulence occur at the discharge point of the force main into the gravity system.  
Other areas of the gravity system susceptible to internal corrosion may include areas of high turbulence 
(such as drop manholes), or flat, low velocity sections of sewer with long detention times that allow for 
solids to accumulate.   

Corrosion potential in force mains is typically greatest at high points or down slopes where the pipe may 
be flowing partially full and where turbulence from connecting force mains may release hydrogen sulfide 
gas.  High sulfides in wastewater,  long detention times, low velocities,  high strength wastewater, and 
pipe materials susceptible to hydrogen sulfide corrosion, such as concrete, steel, or iron, are all 
parameters indicating corrosion potential. 

A desktop evaluation of available data is used to identify areas that meet the following criteria for 
corrosion potential: 

 Manholes and gravity sewer segments directly downstream of a force main discharge, as 
determined from the city’s geographic information system (GIS) 

 Drop manholes or other manholes with excessive turbulence, as determined from review of GIS, 
existing inspection data, or maintenance personnel knowledge of the system 

 Areas with a concentration of odor complaints, as determined from review of service requests, or 
areas with odor problems as documented by maintenance personnel 
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 Areas with low velocity/long detention times, as determined from the hydraulic model (as model 
results are available), velocity calculations from pump run time records, or maintenance personnel 
knowledge of the system 

 High points in the force main and sections of down-sloping force main, as determined from record 
drawings or other available data sources 

 Air release valve (ARV) locations as determined from record drawings, GIS, or other available data 
sources 

 Force main pipe materials susceptible to hydrogen sulfide corrosion (concrete, metallic) as 
determined from GIS, or other available data sources 

 Pump stations with known corrosion issues, as determined from maintenance records or 
maintenance personnel knowledge of the system 

STEP 2:  PRIORITIZE AND INSPECT AREAS AT RISK OF CORROSION 
The gravity sewers, manholes, force mains, and pump stations at risk for corrosion, as identified in Step 
1, are included as higher priority in the overall prioritization process for condition assessment by physical 
inspection.   

 Manholes at risk of corrosion are inspected as necessary using routine manhole inspections, as 
described in Section 3.4.   

 Gravity sewers at risk of corrosion are inspected as necessary using CCTV or zoom camera 
inspection, as described in Section 3.6, or multi-sensor inspection, as described in Section 3.9. 

 Force main segments identified through desktop analysis as being at risk of corrosion and having a 
high probability and consequence of failure are inspected using one or a combination of the field 
inspection methods described in Section 3.11.  The selection of the most effective inspection 
technology or combination of technologies will be on a case-by-case basis. 

 Pump stations at risk of corrosion are visually inspected, as described in Section 3.10.5.   

 Corrosion inspection may also include installation of continuous odor monitors, liquid phase 
wastewater sampling, wastewater temperature readings, or assessment of ventilation in pump 
stations. 

STEP 3:  DOCUMENT AND ANALYZE CORROSION DEFECTS 
The corrosion defects identified through field inspections are documented in the City’s CSAP information 
management system (IMS).   Manhole and gravity sewer defects are coded using the National Association 
of Sewer Service Company’s (NASSCO) Manhole Assessment and Certification Program (MACP) and 
Pipeline Assessment and Certification Program (PACP) standard codes for corrosion defects, referencing 
the City of Columbia manhole and pipe identification numbers.  Force main and pump station defects are 
documented in standardized format with standard defect codes and condition ratings. 

Defects are reviewed and analyzed to determine the source and cause of the corrosion.  If necessary, 
additional investigation can be performed to determine the source of hydrogen sulfide gas or cause of 
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corrosion if no hydrogen sulfide is present.  This information can be used to evaluate and implement 
corrosion reduction measures for corrosion prone areas of the WCTS, as appropriate.  For example, 
operational changes can be evaluated to reduce the wastewater detention time and generation of 
hydrogen sulfide in the system.  If corrosion is due to the nature of the wastewater, upstream industrial 
discharges can be investigated through the industrial pretreatment program. 

STEP 4:  PRIORITIZE DEFECTS FOR REPAIR OR CORRECTIVE ACTION 
Corrosion defects identified through this process are incorporated into the overall repair and 
rehabilitation prioritization process under the infrastructure rehabilitation (IR) program.    

For those sites where corrosion could result in a failure or where odors must be abated, the City may 
evaluate alternative control technologies, including but not limited to, chemical addition, aeration, and 
replacement or armoring of materials subject to corrosion damage. Any WCTS components that are found 
to be in imminent danger of failure will be addressed. 

3.4 Routine Manhole Inspection 
Manhole inspections are used to locate manholes, collect basic information on manhole dimensions, 
depth, number and size of pipeline connections, and pipeline cover (i.e., street, year, easement, etc.), and 
provide data on defects in the manhole that could cause structural failure or contribute to excessive I/I.   

The Routine Manhole Inspection program includes visual inspection and/or video camera inspection of 
all manhole components including frame and cover, wall, steps, bench, invert/channel, service laterals, 
and pipe inlets and outlets, and documentation of conditions and defects with still photographs and digital 
video files.  Inspections are performed and documented to meet the requirements of NASSCO MACP. The 
frequency of routine manhole inspections is discussed under performance goals in Section 4.2 of this 
report. 

The findings of manhole inspections are documented in an MACP-compliant digital database of the 
inspection along with digital photographs and videos, referencing the City of Columbia manhole 
identification numbers.  

The methods and procedures for routine manhole inspection are described in the City’s specifications.  
The City periodically updates the specifications to provide clarification and maintain consistency with 
current industry practice.  The most recent version of the following specifications related to routine 
manhole inspection are included in Appendix B: 

 Specification 02777 – Gravity Sewer System Manhole Inspections:  Used for manhole inspections 
under the CSAP. 

 Specification 02778 – Database Template Description for MACP:  Used to document and deliver the 
results of all manhole inspections for integration with the City’s CSAP Information Management 
System (IMS). 

3.5 Flow Monitoring 
Flow monitoring is used to analyze system performance and identify capacity issues in the WCTS.  The 
data collected as part of a flow monitoring program is analyzed to characterize base wastewater flow and 
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rainfall dependent inflow and infiltration flow in portions of the WCTS, calibrate the hydraulic model, 
develop design wastewater flows for input in the hydraulic model, prioritize areas for CSAP assessment 
and rehabilitation, and/or evaluate the effectiveness of rehabilitation activities.   

Flow monitoring can be performed on either a permanent or temporary basis.  Permanent monitors are 
installed to track long-term base wastewater flow and RDI/I trends at a particular location over time, 
typically along a trunk sewer or upstream of a treatment facility.   

Temporary flow monitoring programs include the installation of temporary meters over a sufficient 
period of time to collect the required data.  The duration of a temporary flow monitoring program varies 
depending upon the program’s objectives and rainfall conditions, but should typically be conducted for a 
minimum of eight weeks.  Temporary monitoring may consist of an intensive system-wide monitoring 
effort to collect data for hydraulic modeling or identification of areas that are most susceptible to RDI/I.  
Temporary monitoring may also be focused on a particular area of the WCTS, such as for evaluation of the 
effectiveness of a rehabilitation program in a particular basin.   

The following subsections describe the procedures for flow monitoring data collection and analysis and 
the City’s strategies for flow monitoring under the CSAP. 

3.5.1   Flow Data Collection Procedures 
In order to measure the flow in the WCTS, on either a permanent or temporary basis, flow metering 
devices are installed in the sewer system to monitor the depth and velocity of wastewater flow at a 
selected location.  Ultrasonic Doppler technology or equivalent is typically used for measuring velocity.  
Pressure transducer or ultrasonic technology or equivalent is typically used for depth measurements.  The 
flow rate is calculated based on the depth and velocity measurements. 

The flow meters are placed within gravity sewers to capture wastewater flow from the appropriate 
upstream sewered area, or sewershed, depending on the objectives of the flow monitoring program. Flow 
meters are installed within the pipe, just upstream of a manhole. When considering locations for 
installation of flow meters, the following factors are typically taken into account: 

 Ease of accessibility for meter maintenance 

 Level of debris or sediment accumulation 

 Volume and continuity of flow through the sewer 

 Flow conditions near the site, avoid turbulent flow conditions 

 Known surcharge conditions near the site 

Meters are checked and maintained periodically to confirm that quality data is being collected.  Routine 
maintenance includes verification of the monitor calibration, verification of proper data collection and 
recording, cleaning of velocity and depth sensors, and removal of accumulated sediment or debris in the 
vicinity of the flow monitor installation. 

 



Continuing Sewer Assessment Program (CSAP) 2015 
 

Clean Water 2020 
 

24 

3.5.2 Rainfall Data Collection Procedures 
Rainfall data are collected in conjunction with flow data to determine the relationship between rainfall 
volume and RDI/I volume.  Continuous tipping-bucket type rain gauges or equivalent are typically used 
for rainfall data collection. In general, rain gauges are located to provide adequate coverage for spatial 
differences in rainfall over the monitored sewershed areas.  Rain gauges are checked and maintained 
periodically to confirm that quality data is being collected.   

3.5.3   Data Quality Review 
During the flow monitoring program, data from the flow meters and rain gauges are regularly collected to 
perform quality review. The velocity and level data are used to make scatter plots.  The cluster of data 
points in a scatter plot provides information regarding the site hydraulic behavior, data consistency, and 
reliability. Conditions such as turbulent flow, debris blockages or buildup, pipe surcharge conditions, and 
overflows can be identified in the scatter plots. In addition, the flow, depth, velocity and rainfall may be 
plotted over time and reviewed with respect to the following: 

 Data gaps – missing data may occur due to equipment malfunction or debris fouling the equipment 
sensors. 

 Consistency in dry-weather flow pattern – lack of a clear diurnal flow pattern or shifts and spikes 
in the level or velocity data could indicate turbulent flow conditions or debris buildup in the vicinity 
of the flow meter. 

 Consistency in wet-weather response – inconsistent flow response during wet weather events, 
including the magnitude of peak flows and shape of hydrographs, may indicate debris or other 
unusual flow conditions at the meter.  

 Flow balance – where meters are installed downstream of one another, the flow balance is checked 
by subtracting upstream flows from those downstream. 

If necessary, the flow meters or rain gauges may be moved to another location in order to collect quality 
data.  Missing or suspect data is excluded from flow monitoring data analysis. 

3.5.4   Flow Monitoring Data Analysis Procedures 
After collection and quality review of flow monitoring data, the data are analyzed, as necessary, to identify 
areas susceptible to RDI/I, prioritize areas for assessment and/or rehabilitation, and determine 
appropriate flows for input to the hydraulic model.  The data analysis approach typically includes the 
following steps. 

STEP 1: DECOMPOSITION OF FLOW DATA 
In general, wastewater flows can be divided into three components that make up the total flow 
hydrograph showing the quantities of wastewater over a period of time:  

 Base wastewater flow (BWWF) is domestic wastewater from residential, commercial, and 
institutional (schools, churches, hospitals, etc.) sources, as well as industrial wastewater sources. 
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 Groundwater infiltration (GWI) is defined as groundwater entering the collection system through 
defective pipes, pipe joints, and manhole walls. The magnitude of GWI depends on the depth of the 
groundwater table above the pipelines, the percentage of the system that is submerged, and the 
physical condition of the sewer system. 

 Rainfall dependent inflow/infiltration (RDI/I) is stormwater that enters the sanitary sewer system 
in direct response to the intensity and duration of rainfall events. 

Hydrograph decomposition is a method of estimating the different components of flow and may be used 
to analyze flow monitoring data to estimate BWWF, GWI, and RDI/I flow components. Hydrograph 
decomposition involves separating measured wastewater flows into base flow (including GWI) and RDI/I 
components. An average base flow hydrograph for a typical weekday and weekend day is developed from 
the recorded data for dry-weather conditions.  To determine the RDI/I component for each storm event, 
the typical base flow hydrographs are then subtracted from a wet weather hydrograph. 

STEP 2: DRY-WEATHER ANALYSIS 
The base flow hydrographs determined from Step 1 are used to calculate the average and peak daily dry-
weather flow in each sewershed.  GWI makes up a portion of the dry-weather flow and is typically 
measured by examining the minimum nighttime flows when most base wastewater flows would be very 
low. The average dry-weather infiltration rate, in gallons per day per inch-diameter mile, is determined 
for each sewershed as follows: 

  Average dry-weather infiltration    =           GWI (gal/day)    
∑[pipe length (miles) * diameter (inches)] 

STEP 3: WET WEATHER ANALYSIS 
In order to prioritize the sewersheds in terms of their RDI/I contribution, three factors may be considered:  
R value, peak wet-weather flow factor, and RDI/I per linear foot of sewer.  

The R value of an area represents the fraction of rainfall entering the collection system as RDI/I. Once the 
hydrograph decomposition is completed for each monitor, the volume of RDI/I is compared to the volume 
of rainfall that fell on the area contributing flow to each monitor. The ratio of RDI/I volume to rainfall 
volume (the inches of rain over the sewershed area) is defined as the R value. The higher the R value, the 
more RDI/I a sewer system conveys.  

The peak wet-weather flow factor is calculated as the ratio of peak wet-weather flow to average dry-
weather flow for each sewershed.  Even if the volume of infiltration is low, inflow could be producing high 
peaks that lead to overflows and surcharging.  This would be reflected in a high peak wet-weather flow 
factor. 

Another factor that may be considered when evaluating the amount of RDI/I entering each sewershed is 
the amount of RDI/I per foot of sewer.  A higher volume of rainfall infiltration per linear foot of sewer can 
be a good indicator for future cost-effective rehabilitation. The amount of RDI/I per foot of sewer can be 
calculated by applying a given design storm to the R value for each sewershed.  This allows all sewersheds 
to be compared on an equal basis, even if the measured rainfall varied over the service area during flow 
monitoring.  Dividing this value by the footage of sewer gives the RDI/I volume per foot of sewer.   
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All three factors discussed above may be used to prioritize sewersheds for further assessment and/or 
rehabilitation. The flow monitoring data and analysis results will be stored in a centralized document 
control site as part of the City’s CSAP IMS. 

3.5.5   Temporary/Permanent Flow Monitoring Program 
The City of Columbia initiated temporary flow monitoring programs in 2012 and 2014.  For the 2012 
temporary flow monitoring program, 65 meters and 10 rain gauges were installed in the collection 
system.  Meters were installed by February 20, 2012 and the flow monitoring period ended June 20, 
2012.  The data was used to gain a better understanding of the relative I/I contributions of the system 
sub-basins.  The general location of the temporary flow monitors are shown in Appendix C. 

The City implemented the 2014 temporary flow monitoring program in the winter/spring season.  Meters 
were installed in February 2014 and collected data for approximately 12 weeks.  The data will be used to 
supplement hydraulic modeling and for future analysis of RDI/I removal following sewer system 
rehabilitation.  A total of 27 flow monitors and ten rain gauges were identified for this program. The flow 
monitors were located primarily in the Saluda River, Rocky Branch, and Gills Creek basins. The general 
location of the temporary flow monitors and rain gauges for this temporary flow monitoring program are 
shown in Appendix C.   

The City currently maintains seven permanent flow monitors within the WCTS. These monitors are 
generally located along the major trunk sewers in the Broad River, Rocky Branch, Gills Creek, and Crane 
Creek basins.   

3.6  Video Inspection 
Video inspections are completed using either zoom camera or closed circuit television equipment.   

Zoom camera inspection is performed in conjunction with manhole inspection and uses a pole-mounted 
stabilized camera system with high-powered zoom lenses and high-intensity lighting to video the pipe 
condition while “moving” (zooming) upstream and downstream of a given manhole location.  The zoom 
camera may inspect approximately 50 feet into each line from the manhole depending on the equipment 
and assuming debris, high-water levels, bends, or defects do not obstruct the camera’s line of sight.  The 
zoom camera allows a quick inspection of pipes to reveal defects, blockages, infiltration sources, etc.  
Examples of pipe defects that may potentially be seen with zoom camera inspection include cracks, holes, 
offset joints, active infiltration, roots, and debris.   

CCTV inspection uses a color television camera mounted on a remotely controlled, self-propelled robotic 
device that is placed directly into the sewer through a manhole.  The camera device moves through the 
sewer and allows the operator to examine the condition of the entire pipeline between manholes via a live 
video feed to the mobile survey unit, typically a truck or van. The CCTV operator can stop the camera and 
control the pan and tilt to investigate any defects or lateral connections in the sewer.  The condition of the 
pipeline is documented using the NASSCO PACP standardized defect codes and data management 
practices.  Digital video files and photographs of the inspection are also created.  

CCTV inspection may be used to locate pipe defects, lateral connections, blockages (such as roots, grease, 
or debris), intrusions into the pipe, and infiltration/inflow sources.  CCTV can be used as a follow-up to 
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provide a more detailed inspection of defects identified via zoom camera.  CCTV may also be used in 
conjunction with dye testing to record and document the location of I/I and leaks into the sewer.  Sewer 
cleaning is often required prior to CCTV inspection to get a clear view of pipeline defects. 

The findings of video inspections are documented in a digital PACP-compliant database of the inspection 
along with digital photographs and videos, referencing the City of Columbia manhole identification 
numbers.  Although the zoom camera inspections are documented using PACP standards, any PACP codes 
assigned using zoom camera results will be noted as preliminary since the NASSCO standards were 
developed for CCTV inspection work. 

The methods and procedures for video inspection are described in the City’s specifications.  The City 
periodically updates the specifications to provide clarification and maintain consistency with current 
industry practice.  The most recent version of the following specifications related to video inspection are 
included in Appendix D: 

 Specification 02650 – Sanitary Sewer Line Cleaning:  Used for cleaning prior to CCTV inspection. 

 Specification 02731 – Sanitary Sewer Television Inspection:  Used for CCTV inspections under the 
CSAP. 

 Specification 02732 – Database Template Description for PACP:  Used to document and deliver the 
results of all CCTV and zoom camera inspections for integration with the City’s CSAP IMS. 

 Specification 02777 (in Appendix B) – Gravity Sewer System Manhole Inspections:  Includes 
specifications for zoom camera inspections under the CSAP. 

3.7  Gravity System Defect Analysis  
Data obtained through condition assessment of the gravity system is documented in a standard format 
and analyzed for use in prioritizing rehabilitation activities within the WCTS.  Gravity sewer defects 
identified from the gravity sewer assessments and inspection activities described in Section 3 are coded 
according to the NASSCO PACP and MACP standard defect codes by PACP/MACP certified personnel.   
Defect data is compiled in a standardized database, consistent with NASSCO PACP/MACP specifications.  
The database references the City of Columbia manhole and pipe identification numbers, which provide a 
linkage for integration within the City’s IMS and GIS.  Where the gravity system defect analysis results in 
a determination that a private lateral is a source of I/I to the WCTS or is a source of a release, the City will 
provide notification to the property owner, but will not be responsible for repairs. Attached at Appendix 
E is a sample letter which may be used to provide this notification to a property owner and may be revised 
as deemed appropriate necessary by the City. 

The methods and procedures for documenting gravity system defects are described in the City’s 
specifications.  The City periodically updates the specifications to provide clarification and maintain 
consistency with current industry practice.  The most recent version of the following specifications related 
to gravity system defect analysis are included in Appendix B and D: 
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 Specification 02778 (in Appendix B) – Database Template Description for MACP:  Used to 
document and deliver the results of all manhole inspections for integration with the City’s CSAP 
IMS. 

 Specification 02732 (in Appendix D) – Database Template Description for PACP:  Used to 
document and deliver the results of condition inspections for integration with the City’s CSAP IMS. 

3.8  Smoke Testing  
Smoke testing is typically used to quickly identify and quantify sources of I/I entering the sewer collection 
system through cracks, breaks, and/or areas not intended to drain into the sewer system.  Using a 
mechanical blower, a non-toxic, non-staining smoke is forced into the sewer collection system through a 
manhole. The smoke fills the sewer line and any connections and exits the system through the same points 
where inflow or RDI/I enter the system, such as a crack in a pipe, a cross-connection between a storm 
sewer and the sanitary sewer, a roof drain connected to the sanitary sewer, a broken cleanout cap/cover, 
or a defective or damaged manhole.  Records of the location of each resulting smoke “leak” are located 
using GPS and/or street address and include type of defect and severity of the problem. Each defect is 
photographed using a digital camera with GPS location capability, and documented to show its location 
relative to the closest manhole or other easily identifiable feature. 

The findings and conclusions of smoke testing activities are documented in a digital database of the 
inspection along with digital photographs and GPS locations. 

The methods and procedures for smoke testing are described in the City’s specifications.  The City 
periodically updates the specifications to provide clarification and maintain consistency with current 
industry practice.  The most recent version of the following specifications related to smoke testing are 
included in Appendix F: 

 Specification 02767 – Gravity Sewer System Smoke Testing:  Used for smoke testing under the 
CSAP. 

 Specification 02768 – Database Template Description for Gravity Sewer Smoke Testing:  Used to 
document and deliver the results of all smoke testing for integration with the City’s CSAP IMS. 

3.9  Other Gravity Sewer Assessments  
The following gravity sewer assessment technologies may be also be used for condition assessment under 
the CSAP. 

3.9.1   Multi-Sensor Inspection 
Multi-sensor inspection utilizes traditional CCTV video inspection in combination with other sensor 
technologies to provide a comprehensive assessment of the pipeline condition both above and below the 
water surface that is more detailed than visual inspection alone.  Multi-sensor inspection is used in large 
(36-inch diameter and larger) gravity sewers to identify structural defects, ovality, corrosion issues, 
sediment, and I/I sources.  Multi-sensor inspection can consist of several or all of the following inspection 
methods: 
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 CCTV – video image capture or digital pipeline scanner image is used for the purpose of assessing 
existing conditions.  

 Lidar Profiling/Laser Imaging – dimensional measurement to quantify section loss due to 
corrosion, fats, oils and grease (FOG) or other encrustation buildup, or geometric deformation. 

 Sonar Profiling – measures the presence, location, and depth of sediment deposits for volumetric 
debris calculations, and for the assessment of geometric deformation, offset joints, fractures and 
other vertical displacement defects. 

 Hydrogen Sulfide (H2S) Measurement – provides gas concentrations to assess the potential for 
corrosion of pipe materials within the trunk sewer. 

 Water temperature measurement – indicates conditions that may be indicative of inflow, 
infiltration or illicit connections to the sewer system.  

Multi-sensor inspections are conducted by contractors that have the appropriate equipment and 
experience to perform such inspections. The findings of multi-sensor inspections are documented in 
report format and a PACP-compliant digital database along with digital photographs and videos, 
referencing the City of Columbia’s manhole identification numbers. 

3.9.2   Acoustic Inspection  
Acoustic inspection is used to quickly identify gravity sewer blockages.  With this technology, the device 
transmits sound through the pipe and blockages are identified based on the sound received at the 
downstream manhole.  This device can be used to focus sewer line cleaning and inspection efforts on pipes 
suspected to have blockages.   

3.10 Pump Station Performance and Adequacy 
The performance and adequacy of pump stations can be assessed through several methods.  One or more 
of the standard procedures described in Subsections 3.10.1 through 3.10.6 may be used to determine 
if a pump station is capable of providing reliable service for the operating conditions.   

3.10.1   Evaluation of Pump Station Operating Time 
Records from the City’s SCADA system, pump run time meters, and/or pump start counters may be used, 
depending on data availability, to evaluate pump operating time, which is an indicator of pump station 
performance and adequacy.  This data may be compiled and reviewed for changes in trends over time.  A 
significant increase in pump run times or pump cycling may indicate increased flows due to I/I, decreased 
pumping capacity due to pump wear, clogging of the pumps or pipes, or air binding in the force main. 

For small pump stations with fixed speed pumps, cycle time is important because frequent motor starts 
can result in damage to the motor windings.  In larger pump stations, variable speed pumps are often used 
and designed so that one pump operates continuously, or nearly continuously.  Larger pump stations may 
also include pumps of different capacities.  Therefore, a single criterion for establishing a threshold or 
comparing average daily pump operating time is not applicable to all pump stations.   
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For fixed speed pump stations with pumps of the same size, the nominal average pump operating time 
(NAPOT) can be calculated as an indicator of pump station adequacy.  The NAPOT represents the daily 
average pump operating time and can be determined over one or more months. It is calculated by 
summing the total hours of pump operation over a given time period and dividing that value by the 
number of days included in the assessment period. The resulting number is then divided by one less than 
the total number of pumps installed at the station. Pump stations determined to have a NAPOT greater 
than a given threshold value may be targeted for further investigation, such as drawdown testing, to 
determine if the pumps are performing adequately or if maintenance activities or capacity upgrades are 
needed.  

NAPOT, however, is not a suitable analysis technique for pump stations with pumps of different sizes or 
for pumps with variable speed drives. The adequacy of these stations can be determined through an 
evaluation of pump operating times. 

3.10.2   Root Cause Failure Analysis 
A root cause failure analysis is a problem-solving technique that attempts to identify and correct the root 
cause of the event instead of focusing on the event itself. This process recognizes that most failures involve 
a progression of events and consequences that lead to the failure. In many cases, it is not necessary to 
prevent the root cause from occurring; it is only necessary to prevent the chain of events that precede the 
failure from occurring. For example, if a pump station experiences chronic lift failures due to blockages by 
rags, it is not necessary to prevent rags from entering the sewer. Instead, redesign of the system to include 
a screen or grinder may be more appropriate, unless a single source of rags can be identified. 

Available pump station failure data from maintenance records, SSO records, or SCADA is compiled as 
necessary to identify pump stations with a history of failures.  For those stations with a history of failures, 
a root cause failure analysis may be conducted to determine the root cause of the failures. The root cause 
failure analysis process involves development of a classification system to assign failure codes. For 
example, pump or pump station failures may be classified under major categories such as electrical, 
controls, mechanical, wastewater contents, wastewater flow, operations, etc., and then further 
categorized under related sub-categories.  Chronic failures of a particular pump or pump station may 
trigger further study to identify modifications or improvements to prevent future failures related to the 
same root cause. 

3.10.3   Evaluation of Pump Station Capacity  
As described in the CD, the capacity of each lift station may be evaluated relative to the guidance in the 
Pumping Systems chapter of WEF’s Manual of Practice FD-4: Design of Wastewater and Stormwater 
Pumping Stations. Because this document primarily provides guidance for the design of new lift stations, 
the use of the guidance when evaluating existing stations needs to recognize that important distinction. 
The capacity criteria listed in that document include:  

 The station should be designed to discharge the design peak flow, which is the maximum flow that 
the station will be required to discharge during the design life of the station. However, station 
design should consider approaches that allow the station to operate efficiently during initial, 
interim, and design year average flows.   
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 Pumps installed in a lift station should be capable of discharging the peak flow with the largest 
pump out of service, while accounting for age in the discharge force main. 

 System curves, which are a combination of the system head-capacity curve and the pump curve, 
should be developed to understand how the system will operate under average and peak flow 
conditions.  These curves also allow an assessment of the efficiency of the pump operation. 

Capacity is evaluated by comparing the peak design flows conveyed to the pump station and the station’s 
capacity.  Pump stations where the peak design flow is greater than the capacity will need further 
evaluation or improvements.  The capacity of each pump station is determined based on pump station 
design documents, engineering evaluation, or drawdown testing. 

For pump stations included in the hydraulic model, the capacity evaluation will be performed as part of 
the hydraulic model analysis.  The pump stations listed in Table 3-2 are included in the hydraulic model. 
For the remaining pump stations, the capacity evaluation will be performed as part of the Capacity 
Assurance Program (CAP). 

Table 3-2. Pump Stations Included in the Hydraulic Model 

Major Pump Stations in Hydraulic Model Minor Pump Stations in Hydraulic Model 
West Columbia Burnside #2 
Saluda River Versch Lock 
Mill Creek East Bluff 
North Columbia Starlite 
Broad River Meadowlands 
Garners Ferry Road (LR Crossing) Heathwood Hall 
 Homeless Shelter 
 Atlas Road 

 

3.10.4   Evaluation of Critical Response Time 
The critical response time for a pump station is defined as the time between activation of the high wet 
well level alarm and the first SSO under peak flow conditions. This may be calculated, using the estimated 
peak flow rate into a station and the station’s wet well geometry, as the wet well fill time from the high 
wet well alarm to either the top of the wet well or the elevation of the upstream critical manhole as 
identified in the City’s Contingency and Emergency Response Plan (CERP), whichever is lower.  The 
critical response time may then be evaluated in comparison with the time it takes maintenance crews 
from the City’s Metro Wastewater Treatment Plant to respond after a high wet well alarm is triggered.   

3.10.5   Evaluation of Pump Station Conditions  
The pump station condition assessment approach for the City of Columbia consists of a review of pump 
station operating history and visual inspection and assessment of the condition of pump station 
components to the extent possible without disrupting operations. From this data, the pump station is 
assigned an overall condition rating. The evaluation approach is outlined below.   
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 Review of Operating and Mechanical Failure History – The assets’ recent operating and mechanical 
failure history during the past five years is used, when available, as part of this inspection.  Data to 
be reviewed may include pump run (hours) data, maintenance records, work order history, and 
SSO records of lift station related spills.   

 Field Evaluation – Field evaluation consists of a site visit to the pump station and a non-invasive, 
visual inspection of the assets and discussions with pump station operations and maintenance 
staff.  Pertinent information on the pump station components is collected and input into the CSAP 
IMS along with a condition rating for each component (Table 3-3).  Components that are visually 
inspected during the field evaluation include the following, as applicable: 

- Control systems 

- Compressor 

- Communitor 

- Control Valves 

- Engine 

- Exterior lights 

- Generator 

- Mechanical meters 

- Motor 

- Pumps 

- Relief valves 

- System valves 

- Underground structures 

- Weight handling equipment 

- Transformer 

 

Table 3-3.  Pump Station Component Condition Index 

Likelihood of Failure  Characteristics of Condition 
Negligible = 1 No noticeable defects. Fully functional. 

Not Likely = 2 Only minor deterioration or defects. Noticeable wear or aging is visible. Fully 
functional. 

Possible = 3 Some deterioration or defects are evident. Significant aging or wear is visible. 
Function is not significantly affected. 

Likely = 4 Serious deterioration or defects in at least some portion of the asset. 
Extensive aging or wear is visible. Function is significantly affected.  

Failed = 5 General failure or complete failure or major functional component failure. No 
longer functions. 

 
 Data Development – Based on the results of the field evaluation, the inspector develops an overall 

condition rating for the pump station.   

 Data Validation – The inspector will meet with operations and maintenance staff to discuss and 
finalize the operational condition assessment findings.  The condition ratings will be input into the 
City’s CSAP IMS.  

  
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3.10.6   Evaluation of Pump Station Design and Equipment  
Pump station design and equipment, including redundancy of pumps and electrical power supply and 
other equipment installed, may be evaluated based on South Carolina Department of Health and 
Environmental Control (SCDHEC) regulation R.61-67 (Standards for Wastewater Facility Construction) 
and City of Columbia Utilities and Engineering Regulations Manual: Part 3 (Design of Sanitary Sewers).   

The checklist included in Appendix G is derived from SCDHEC regulation R.61-67 (Standards for 
Wastewater Facility Construction). The checklist will be used in conjunction with the City’s Pump Station 
Design Standards which are also included in Appendix G. The City periodically updates the design 
standards to provide clarification and maintain consistency with current industry practice.  The most 
recent version of the pump station design standard is included in Appendix G. Because these documents 
primarily provide guidance for the design of new pump stations, the recommendations described therein 
may not be applicable to the evaluation of existing stations. For assessment of existing pump stations 
under the CSAP, the items in the Appendix G checklist may be considered, and deficiencies may be noted 
for consideration in subsequent evaluations/decisions. 

3.11 Force Main Assessment  
Force main assessment involves a desktop analysis which may be followed by one or a combination of 
field inspection methods in limited areas as prioritized by the desktop analysis.  The desktop analysis is 
used to determine the most likely areas for corrosion or other failure modes.  This is done by examining 
the profile of the force main and identifying locations where the pipe may be partially full and where 
turbulence from connecting force mains may release hydrogen sulfide gas.  The desktop analysis may also 
include review of soil condition studies, investigation of groundwater levels, and investigation of surface 
conditions, as applicable.    

Force main field inspection methods vary depending on the size and material of the pipe and whether or 
not the pipe can be taken out of service to complete the inspection.  It is anticipated that few, if any, of the 
City’s force mains could be taken out of service to perform investigative techniques due to the quantity of 
flow and lack of storage or redundancy. The inspection methods described in the following sub-sections 
can be performed while the pipe is in service. The selection of the most effective inspection technology or 
combination of technologies is made on a case-by-case basis using the City’s best professional judgment. 

Force main field inspections are conducted by personnel that have the appropriate equipment and 
experience to perform such inspections. The findings of force main inspections are documented in 
standardized format with standard defect codes and condition ratings.  

3.11.1   Air Release Valve Inspection 
Air release valve (ARV) inspection involves visual evaluation of the general conditions of the valves 
including flanges, valve body, and metal surfaces for corrosion, pitting, leakage, discoloration, stress 
cracks, and other abnormalities of use and age. 
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3.11.2   Hydrostatic Testing 
Hydrostatic testing involves pressurizing a section of force main to determine if the pipe can maintain an 
allowable pressure over a specified duration. If the pipe cannot maintain pressure, this is an indication of 
a leakage.   

3.11.3   Transient Pressure Analysis and Surge Modeling   
Hydraulic transients, or pressure surges, are created when sudden changes in flow rates occur within a 
pumping or pipeline system.  Transient pressure analysis determines the presence and severity of 
hydraulic transients and determines if they adversely affect the condition of the pipeline.  Desktop surge 
modeling is performed to determine the anticipated and allowable pressures in the pipeline under various 
conditions. Model analysis also helps identify how operation of the pump station affects the pressure in 
the pipeline. If necessary, specialized high sample rate pressure monitoring equipment can also be 
installed in the pipeline to continuously monitor the pressure in the pipe for comparison with modeled 
pressures. 

3.11.4   Flow Conservation Checks 
Checking flow conservation involves comparing the flow pumped by the pump station with that exiting 
the force main.  An external Mag meter is installed on the end of the force main to monitor the flow.  This 
measurement is compared to the flow metered at the pump.  A loss of flow indicates that the force main 
has leaks or cracks.  This method is dependent on the accuracy of the meter installed and can only identify 
significant leaks given that there will always be some discrepancy between the meters. 

3.11.5   Coupon Extraction 
This inspection method involves extracting coupons (pipe samples) from selected locations of the force 
main to determine the amount of internal or external corrosion in any pipe material.  The disadvantage to 
taking coupons is that it provides information only at the location where the coupon was taken, and often 
corrosion is not uniform. It also creates a permanent change in the condition of the force main at that 
specific location should be recorded. 

3.11.6   Ultrasonic Thickness Testing 
This inspection method uses an ultrasonic thickness device to determine the thickness of the pipe wall for 
ductile iron, cast iron, or pre-stressed concrete cylinder pipe (PCCP).  A trench is dug so that the ultrasonic 
device can be applied around the circumference of the force main.  This testing may also be performed at 
locations where the pipe is already exposed such as an air release valve manhole.  Any exterior pipe 
coatings are removed before the device is applied.  A coupon of the force main may be taken to calibrate 
the ultrasonic testing device.   

3.11.7   Acoustic Leak Detection 
Acoustic leak detection technology has been successfully used in water transmission main testing and has 
recently been adapted to work with wastewater force mains.  Specialized acoustic leak detection 
equipment is used while the force main is in service to identify and pinpoint the location of leaks and air 
pockets in a force main.  Where air pockets are identified, more focused inspection, such as coupon 
extraction or thickness testing, can be performed.  The leak detection system is inserted into a live force 
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main through any tap larger than 2-inches.  In operation, the probe is carried along the pipe by the flow 
of water.  The system locates leaks through identification of the distinctive acoustic signals generated by 
leaks in the pipe wall, the joints, or steel welds.  In addition to locating the leak, the technology can 
estimate the magnitude of the leak.   

3.11.8   Broadband Electromagnetics 
Broadband electromagnetics uses a range of electromagnetic frequencies to detect a variety of thicknesses 
in ductile and cast iron pipe.  This technology can survey through ferrous pipe coatings and linings.  A 
combination of investigation pits and keyhole excavations are used to scan the upper part of the exposed 
pipe in the keyhole.  The whole exposed section of pipe is scanned for a full picture of pipe condition (loss 
of metal, cracks, etc.), not just a number of isolated points. 

3.11.9   External Inspection 
External inspection involves excavating to expose the force main.  A visual inspection of the main is 
performed to identify coating deterioration, cracks, leaks, or other signs of distress.  Any pipeline 
anomalies are photographed and documented.  Soil and groundwater samples are taken for laboratory 
analysis of properties aggressive to pipe material.   

3.11.10   Acoustic Monitoring for PCCP 
This method relies on acoustic monitoring of the pipe to “hear” wire breaks in a PCCP force main.  This 
technique accurately identifies wire breaks and their location.  An array of sensors is installed at different 
locations on the outside of the pipe.  The acoustic monitoring system is usually left in place for a period of 
months.  During this time, all wire break activity is reported.  Wire break information is then used to help 
establish the rate of deterioration and help predict the life remaining in individual pipe sections. 
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Section 4 CSAP Information Management System 
and Performance Goals 
This section describes the Continuing Sewer Assessment Program Information Management System 
(CSAP IMS) that is used to store and maintain information collected through CSAP assessments as well as 
track and measure CSAP performance goals. The CSAP IMS incorporates several information tracking 
platforms under the City of Columbia’s overall IMS Program.   

 

4.1 CSAP Information Management 
The procedures for documenting findings of the wastewater collection and transmission system (WCTS) 
inspections in standardized format are discussed in Sections 3.2 through 3.11 of this report. Inspection 
databases and other assessment data are stored within the CSAP IMS under the following applications. 

Computerized Maintenance Management System (CMMS) – The City is in the process of implementing 
a CMMS using Azteca Software’s Cityworks® Server Asset Management System (Cityworks).  Cityworks 
is seamlessly integrated with GIS and will serve as the City’s single IMS repository for information related 
to corrective and preventive maintenance history, asset inventory and attributes.   Information collected 
through CSAP assessments will be entered and maintained in the CMMS, as applicable.  System 
maintenance data, including sanitary sewer overflow (SSO), service request, and work order frequency 
and location, will also be stored in the CMMS.  This information will be periodically reviewed to update 
and inform the prioritization process for CSAP activities. 

Microsoft SQL Server Database – This centralized database will be used to store, manage and distribute 
both spatial (GIS) and various datasets, including CSAP inspection databases that are not stored within 
the CMMS.  Information in the inspection databases can be linked to GIS based on the City’s previously 
defined and implemented unique asset identification number that exists on each asset in the GIS.  

Document Control System – Other assessment data that are not specific to a single asset, such as flow 
monitoring data, will be stored within the CSAP IMS on a centralized document control site. 

Data Integration 

CSAP information will also be integrated with the following applications as available: 

Hydraulic Model – Information collected through the CSAP will be used to update the hydraulic model of 
the WCTS as necessary. 

Sewer Mapping Program – The Sewer Mapping Program Report, included in Appendix H, describes 
procedures that are used to integrate CSAP assessment data with the GIS, as well as standard operating 
procedures for incorporating and updating the data generated by the CSAP into thematic maps as part of 
the Sewer Mapping Program.   
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4.2 Performance Goals and Scheduling 
The City will complete an initial condition assessment of all major and minor WCTS components according 
to the schedule set forth in Paragraph 14.a. of the CD.  The initial assessment methods will be selected 
based upon the type and priority of the WCTS components. At a minimum, a desktop assessment will be 
completed.  Those areas identified as high priority from the desktop assessment will be targeted for 
additional field assessment methods and/or rehabilitation. The schedule for initial assessment is 
summarized in Table 4-1. 

Subsequent assessments will take place on a continuing basis, prioritized based upon results of the initial 
assessments, rehabilitation work completed, and other condition and criticality factors considered in the 
prioritization process discussed in Section 2 of this report. High priority WCTS components, which are 
those that are both highly critical and suspected to be in poor condition, will receive the most frequent 
assessment.  Other WCTS components that are highly critical, but not suspected to be in poor condition 
will receive a medium frequency assessment to determine their condition.  Remaining WCTS components 
will be assessed with lower frequency to determine if field investigations are needed. The performance 
goals for continuing assessment of the WCTS are summarized in Table 4-2.  In the future, it is the intent 
to incorporate a pipe by pipe prioritization when appropriate in addition to a sub-basin prioritization.   

The prioritization of WCTS components will be tracked along with assessment scheduling and results of 
field investigation and rehabilitation activities.   
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R 4TABLE 4-1. INITIAL CSAP ASSESSMENT SCHEDULE

YEAR 1 
after approval of CSAP

QT
R 1

QT
R 2

QT
R 3

QT
R 4

QT
R 1

QT
R 2

QT
R 3

QT
R 4

QT
R 1

QT
R 2

QT
R 3

QT
R 4

QT
R 1

QT
R 2

QT
R 3

QT
R 4

YEAR 2 
after approval of CSAP

YEAR 3 
after approval of CSAP

YEAR 4 
after approval of CSAP

YEAR 5 
after approval of CSAP

TASK 1.0  EPA APPROVAL OF CSAP
TASK 2.0  MAJOR COMPONENTS OF CSAP
     2.1  MAJOR GRAVITY SEWER - VIDEO INSPECTION OR MULTI-SENSOR INSPECTION

     2.2  MAJOR MANHOLES - MANHOLE INSPECTION

     2.3  MAJOR PUMP STATIONS - CONDITION ASSESSMENT USING ONE OR A COMBINATION OF THE
              METHODS LISTED IN TABLE 3.1, AS APPROPRIATE, BASED UPON PROFESSIONAL JUDGMENT

     2.4  MAJOR FORCE MAINS

 2.4.1  Desktop Condition Assessment / Prioritization for all major force mains
  
 2.4.2  Field assessment for selected high priority areas using one or a combination of
              the methods listed in Table 3.1, as appropriate, based upon professional judgment

TASK 3.0 MINOR COMPONENTS OF CSAP
     3.1  CURRENT ANNUAL ASSESSMENT PROGRAM FOR MINOR COMPONENTS

     3.2  MINOR GRAVITY SEWER AND MANHOLES

 3.2.1  Desktop Condition Assessment / Prioritization

 3.2.2  Condition assessment using one or a combination of the methods listed in Table 3.1, as 
              appropriate, based upon professional judgment

     3.3  MINOR PUMP STATIONS

 3.3.1  Desktop Condition Assessment / Prioritization

 3.3.2  Condition assessment using one or a combination of the methods listed in Table 3.1, as 
              appropriate, based upon professional judgment

     3.4   MINOR FORCE MAINS

 3.4.1  Desktop Condition Assessment / Prioritization for all minor force mains

 3.4.2  Field assessment for selected high priority areas using one or a combination of
             the methods listed in Table 3.1, as appropriate, based on professional judgment

1) As part of the Continuing Sewer Assessment Program, the prioritization of the WCTS components will be updated annually as part of the Capital Improvements Planning Process
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Table 4-2. Performance Goals for Continuing Assessment 
Assessment Action Category* Performance Goal 

Update Prioritization of WCTS 
Components n/a 

Periodically, as part of 
Capital Improvements 
Planning process 

Assessment of Gravity Sewers 
and Manholes 

High Priority 5 year frequency 

Highly Critical 10 year frequency 

Other 20 year frequency 

Assessment of Pump Stations  

Major Pump Stations 5 year frequency 

High Priority minor pump stations 5 year frequency 

Other minor pump stations 10 year frequency 

Assessment of Force Mains 

High Priority 5 year frequency 

Highly Critical 10 year frequency 

Other 20 year frequency 
* Categories are based upon the prioritization of WCTS components to be reviewed periodically.  High priority components 

are those that are both highly critical (high consequence of failure) and suspected to be in poor conditions.  Highly critical 
components are highly critical (high consequence of failure) but not suspected to be in poor condition. 
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SECTION 02761 

DYE TESTING 

PART 1 - GENERAL  

 

1.01  SCOPE OF WORK  

A. Furnish all labor, materials, equipment and incidentals required to perform dye testing for the 

purpose of identifying cross connections between the storm water and sanitary sewer.  

 

B. CONTRACTOR as defined in this specification is presumed to be operating under a direct 

contract with ENGINEER to provide this scope of services. ENGINEER is responsible for 

CONTRACTOR’s work and in some instances CONTRACTOR and ENGINEER may be the 

same entity. 

 

C. Document with digital photos and CCTV video as necessary to record the locations of positive 

and negative testing results.  Data shall be collected related to the test and entered into the 

OWNER’s Dye Testing database template with data entered into all fields. See Section 02762 

for Dye Testing database guidance.   

 

1.02  RELATED WORK  

A.     RELATED WORK 

1. Sanitary Sewer Line Cleaning is specified in Section 02650. 

 

2. Sanitary Sewer Television Inspection of sewers is specified in Section 02731. 

 

3. PACP Database Template is specified in Section 02732. 

 
4. Dye Testing Database Template is specified in Section 02762. 

 
5. Gravity Sewer System Smoke Testing is specified in Section 02767. 

 

6. Gravity Sewer System Smoke Testing Database Template is specified in Section 

02768. 

 

7. Gravity Sewer System Manhole Inspections is specified in Section 02777. 

 

8. MACP Database Template is specified in Section 02778. 

 

9. Sanitary Sewer Flow Control is specified in Section 02965 

1.03 SUBMITTALS 

A. Submit a Traffic Control Plan to the OWNER’s Representative, which includes the following 

items.  

 

1. Outline of permit acquisition procedure for lane closures. 

 

2. Methods for proper signing and barricades, which comply with local requirements and 
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the OWNER. 

 

3. Site CONTRACTOR emergency phone numbers. 

 

B. Submit schedules of planned work on a weekly basis for the upcoming week, including a map 

in PDF format showing the area of work, and a map and list of streets being affected. 

Submittal should be provided by electronic mail to the OWNER.  Provide 24-hour notice for 

deviations from the plan that are not caused by weather or natural causes. 

 

C. CONTRACTOR to submit confined space entry plan, certifications and hazardous atmosphere 

training certifications, if applicable. 

 

D. The work described in this Scope of Work, including any internal sewer or manhole 

inspections, shall meet the minimum requirements as presented in the OSHA Standard, Title 

29 CFR 1910.146, Permit Required Confined Spaces. Upon commencement of the Work, 

copies of all confined space entry permits must be submitted to ENGINEER. CONTRACTOR 

shall notify the OWNER or delegated representative each day by phone, email or fax when it 

is necessary for CONTRACTOR to enter a manhole(s). CONTRACTOR shall identify all 

manholes that CONTRACTOR plans on entering that day by street location and manhole 

number. 

 

E. Final data shall be submitted in accordance with the requirements of this specification. 

 

1.04  NOTIFICATIONS 

A. Notify OWNER: 

 

1. Submit schedules of planned work on a weekly basis for the upcoming week, including a 

map in PDF format showing the area of work, and a map and list of streets being 

affected. Submittal should be provided by electronic mail to the OWNER.  Provide 24-

hour notice for deviations from the plan that are not caused by weather or natural causes.  

 

2. Immediately, when a collapsed pipe or other pipe failure is identified.  

 

3. Immediately, if the conditions for inspection are found to be unsafe or impractical. 

 

4. Immediately, if a manhole is buried, cannot be found or cannot be accessed.  Along with 

the manhole name, provide a map showing the location of the manhole and what 

procedures were used to attempt to locate the manhole. 

 

5. Inspection crews shall immediately notify the OWNER and/or on-site inspector of any 

defects posing imminent danger to the public (missing lids, covers broken during 

inspection, sink holes, etc.) and any observed pipe blockages, active surcharging, 

evidence of surcharging, or potential overflow conditions. 

 

6. If the pipe configuration in the field is different than shown in OWNER supplied GIS 

data. The notification shall include a diagram clearly indicating the location of structures 

in relation to immediately adjacent structures in PDF format via electronic mail. In 

addition, the information should be updated in the GIS database and will be provided to 

the OWNER at the time of submittal of the manhole inspection data relevant to that 

particular area or manhole structure in order to facilitate review and timely update of the 
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OWNER’s GIS to match the manhole inspection database. 

 

B. Notify the public and coordinate with homeowners: 

 

1. A minimum of 48 hours prior to the inspection of any line segment, distribute door-to-

door an OWNER approved Homeowner Notification door hanger describing the work to 

be performed.  

 

2. CONTRACTOR must use approved magnetic car signs affixed to vehicles at all times 

during the project to identify affiliation with the City of Columbia, SC.  

PART 2 - PRODUCTS 

 
A. Dye shall be liquid, non-toxic and CONTRACTOR shall use multiple colors if simultaneous 

tests are being conducted to distinguish where the inflow source is originating. 

PART 3 - EXECUTION  

 

3.01  DYE TESTING  

A minimum of 48 hours prior to the inspection of any line segment, distribute door-to-door an 

OWNER approved Homeowner Notification door hanger describing the work to be performed. On 

the day of inspection and prior to the inspection, knock on the doors of all properties that will 

require entering their private property to access the manholes which will potentially be impacted by 

the work and notify occupants of this inspection. 

 

A. As shown on the drawings or maps, the CONTRACTOR shall attempt to identify and 

document any transfers of water from storm sewers, ditches, catch basins, low spots, or 

creeks/streams that cross or parallel sanitary sewers and laterals within the public right of way, 

or within the existing sanitary sewer easement. CONTRACTOR shall perform these tests in 

the areas as determined by the ENGINEER. 

 

B. For storm sewer crossings, the CONTRACTOR shall plug or block the downstream storm 

water manhole and flood the storm sewer as necessary to recreate a full flowing or surcharged 

storm sewer.  CONTRACTOR shall document any transfers of flow from the storm sewer to 

the sanitary sewer with CCTV video or manhole photos as approved by the ENGINEER. 

These areas may include sections of storm sewer that parallel or cross sanitary sewers. Storm 

sewer sections will be plugged and partially flooded with dyed water.  Catch basins, stream 

sections, ditch sections, and ponding areas in close proximity to sanitary sewers will be 

included (if present) in the areas tested.  

C. In all instances of dyed water testing, the downstream manhole of the sanitary sewer system 

will be monitored for evidence of dyed water.  The observed presence and concentration of 

dyed water is an indicator that an inflow/infiltration source exists.  When positive results are 

observed, a CCTV camera will be inserted into the sanitary sewer and the leak will be 

recorded by the project team’s CCTV equipment.  The results of the television inspection 

report will be used to document the types of sources of inflow/infiltration sources, whether 

from joints, brickwork or from laterals.  This inspection provides a basis for the appropriate 

sewer system rehabilitation techniques.  CCTV video submissions must meet all requirements 

of specification Section 02731 (Sanitary Sewer Television Inspection). 

 

D. The ENGINEER’S RESPONSIBILITIES include:   
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a. Furnish the necessary maps of the pipes and manholes to be investigated.. 

PART 4 - DELIVERABLES 

 

4.01 DELIVERABLES 

A. ENGINEER to provide inspection data on a monthly basis with the database and data on an 

external hard drive.  The ENGINEER to provide two hard drives on an alternating monthly 

basis.  The submittals shall be cumulative (i.e. each successive database delivery will include 

previous deliveries as well). CONTRACTOR shall provide OWNER with a final external hard 

drive capable of storing all anticipated data for the project upon completion.  The final hard 

drive shall be submitted on the first monthly submittal with the first month of data loaded and 

will become property of the OWNER upon project completion.  Data to be submitted shall 

include: 1) NASSCO PACP Database and Dye Testing database files, 2) .jpg files (still 

photos), 3).mpg files (videos) 4) a PDF of any reports or additional data sheets.  

 

B. Each database submittal shall indicate the range of dates for which the database is being 

submitted as well as a list of new items as of the last submittal so that the OWNER may 

separate out and review the newly delivered records from previous submittals in an Excel 

format.  

 

The databases shall be cumulative, with one database each for PACP CCTV inspections and 

one for Dye Testing.  Each subsequent submittal shall be added into these databases. 

 

Throughout the duration of the project, should ENGINEER discover inaccuracies in any of the 

videos, CONTRACTOR shall re-inspect those manholes and/or pipes at no additional cost to 

the ENGINEER or OWNER 

 

C. The results of each inspection must be delivered in a database formats using the dye testing 

and PACP template databases provided by the OWNER. The database filenames will use the 

following formats using upper case letters: 

 

D_XYZ_BR02_SS7207_YYYYMMDD.MDB (where D=Dye testing database; 

XYZ=Contractor name; BR02 = Example Basin_ID, SS7207 = Example 

PO_Number+C7, YYYYMMDD=8-digit date) 

 

P_XYZ_BR02_SS7207_YYYYMMDD.MDB (where P=PACP database; 

XYZ=Contractor name; BR02 = Example Basin_ID, SS7207 = Example PO_Number, 

YYYYMMDD=8-digit date) 

 

D. The dye test database records will include the unique test number, street address, date, time, 

weather conditions, etc. as documented within the template database provided by the 

OWNER. Unique test numbers for each test shall take the form of CONTRACTOR_ID 

(provided by the OWNER), the date of the test (YYYYMMDD format) and a sequential 

number denoting the test sequence performed on that date (i.e. 1, 2, 3, etc.). Each portion of 

the unique test number will be separated by an underscore. For example: 

 

XYZ_20121211_3 (where XYZ=Contractor name; 20121211 = Example of 8-digit date; 

and 3 = Example indicating 3rd test on December 11, 2012) 
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E. Digital photographs shall be in .JPG format and shall have a pixel resolution of at least 2 

megapixels or 1920 x 1080 using a 16:9 format. Photos shall include a GPS coordinate 

location collected at the time the photo is taken utilizing GPS enabled digital camera or similar 

technology. Image files are managed in a PACP database.  The dye test database shall include 

the name of the PACP database used to manage images specified in ImageVideo_DB_Name 

field of the Inspections table.  The dye test database shall provide the PACP database's 

InspectionID associated with the images in the ImageVideo_InspectionID field of the 

Inspections table.  Each photo shall be given a filename that consists of the unique dye test 

number followed by a number indicating the photograph sequence and using an underscore to 

separate the test number, photo sequence number (e.g., XYZ_20121211_3_1.JPG where 

XYZ=Contractor name; 20121211=example of 8-digit date; 3=test number; and 1=photo 

sequence number). No spaces or special characters will be allowed in the file names except 

dashes or underscores and the photograph test numbers must correlate exactly back to those 

entered in the digital database submission. 

 

F. Digital CCTV videos shall be recorded in .mpg format (unless otherwise approved by 

OWNER).  The CCTV video shall be visually clear and have audio that clearly describes the 

result of the test.  CCTV video submissions must meet all requirements of specification 

Section 02731 (Sanitary Sewer Television Inspection).  Video files are managed in a PACP 

database. The dye test database shall include the name of the PACP database used to manage 

images specified in ImageVideo_DB_Name field of the Inspections table.  The dye test 

database shall provide the PACP database's InspectionID associated with the images in the 

ImageVideo_InspectionID field of the Inspections table.  Video obtained for dye testing shall 

have a "D_" as prefix. There may be situations that require CONTRACTOR to televise an 

individual pipe segment from more than one direction, i.e. the camera is only able to televise 

75% of the segment heading downstream, and the remaining 25% is televised heading 

upstream. The name of additional database files etc. produced in these circumstances shall be 

that unique upstream structure ID followed by the unique downstream structure ID followed 

by 8-digit date and “_1”, “_2” etc. For example: 

 

 Initial file name:    

 

 D_SS-SR02-01673:SS-SR02-01674_YYYYMMDD.MPG  

 

Additional file name(s):   

 

D_SS-SR02-01673:SS-SR02-01674_YYYYMMDD_1.MPG (where D=dye testing; SS-

SR02-01673 is upstream structure ID;  SS-SR02-01674=downstream structure ID, 

YYYYMMDD= 8 digit date; 1=additional attempt at CCTV of sewer reach) 

 

Example file name for pipe segments associated with a relief sewer or multi-barreled sewer, 

facing downstream, between two identical structure IDs: 

  

SS-SR02-01673: SS-SR02-01674_(1,2 or 3)_YYYYMMDD.MPG  (where SS-SR02-

1673 = upstream structure ID; SS-SR02-1674 = downstream structure ID; 1,2 or 3 

represent the pipe segment from left to right (facing downstream), YYYYMMDD = 8 

digit date.  

 

The direction of camera pull versus the pipe flow must be noted in the inspection record in the 

database.  
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G.  For structural assets, with unknown ID, and constructed during or later than 2013, the 

contractor is required to obtain an ID from the GIS administrator. 

 

PART 4  DELIVERABLES (NOT USED) 
 

END OF SECTION 
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SECTION 02762  

DATABASE TEMPLATE DESCRIPTION DYE TESTING 

 

PART I  GENERAL  

 

 1.01  DATABASE TEMPLATE    

 

A. The attached database template (version 2) and formatting as specified must be used to 

document and deliver the results of all work related to dye testing. A description is 

provided in this specification for each field, and formatting notes and examples for fields 

to provide additional guidance.  Examples are provided for fields that are open that 

required additional clarity, and the lack of an example does not imply that the field can be 

left blank. 

 

B. All codes and descriptions must be used pursuant to Specification Section 02761 and the 

valid value tables within the attached database template.  

 

C. All database fields must be populated unless noted as optional in the Description field of 

the database table. 

 
PART 2  TABLE FORMAT AND DESCRIPTION 

A. The following tables show available Field Names, the data type allowed, field size, a 

description of the Field, additional formatting notes if needed, and an example if 

provided.   

 

2.01 INSPECTIONS TABLE 

 

A. This table shall be used to store the primary information regarding the inspection. 

 

Field  

Name 

Data 

Type 

Field 

Size 

Field  

Description 

Field Formatting  

Notes 

Field  

Example 

Inspection_ID Text 100 Unique 

identification code 

in the format 

specified in 

specification 

Section 02761 

Unique test numbers for each 

test shall take the form of 

CONTRACTOR_ID 

(provided by the OWNER), 

the date of the test 

(YYYYMMDD format) and 

a sequential number denoting 

the test sequence performed 

on that date (i.e. 1, 2, 3, etc.). 

Each portion of the unique 

test number will be separated 

by an underscore. For 

example: XYZ_20121211_3 

would be the third test 

performed by contractor 

XYZ staff on December 11, 

2012 

XYZ_20121211_3 
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Field  

Name 

Data 

Type 

Field 

Size 

Field  

Description 

Field Formatting  

Notes 

Field  

Example 

Contractor_ID Text 25 Unique contractor 

identification code 

Use consistent entry, all 

uppercase 

XYZ 

PO_Number Text 15 Customer's 

Purchase Order 

Number 

CIP number SS7207 

Inspection_Date Date/ 

Time 

8 Date the inspection 

was performed 

Any valid date entry allowed, 

displays as:  yyyymmdd 

20130726 

Inspection_Time Date/ 

Time 

8 Time of day the 

inspection was 

performed 

Any valid time entry allowed, 

displays as: h:mm 

13:41 

Owner Text 30 Owner of 

collection system 

surveyed 

Validated single-value entry; 

default populated 

City of Columbia 

City Text 64 City name where 

sewer located using 

the codes in the 

Valid_City table 

Validated entry list e.g., 

Irmo, Columbia, Lexington 

Irmo 

Basin_ID Text 15 City of Columbia 

wastewater system 

basin identification 

code from the 

City's GIS 

Validated entry list e.g., 

BR03, BR04, CC01 

BR02 

StreetNumber Text 30 Street address 

number of the 

building or 

structure nearest to 

the inspection or 

that the inspection 

was performed on, 

if applicable 

  842 
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Field  

Name 

Data 

Type 

Field 

Size 

Field  

Description 

Field Formatting  

Notes 

Field  

Example 

StreetName Text 200 Name of the street 

nearest to the 

inspection or that 

the inspection was 

performed on 

Indicate street name when 

applicable i.e., if asset is in 

street or crosses the street or 

can be associated with an 

address.  Use 

PREDIRECTIONAL 

STREET SUFFIX 

POSTDIRECTIONAL with 

no punctuation and all 

uppercase letters. 

Alleys or right-of-ways 

between two streets should 

remain unassigned.  Fields, 

parks, other open areas 

should receive a positive 

entry of "OTHER". 

N MAIN ST 

Location_Code Text 100 Location of the 

inspection using 

the codes in the 

Valid_Locations 

table 

Validated entry list e.g., 

Alley, Building, Creek 

Alley 

Location_Details Text 255 Free form text 

describing 

additional details 

of the location, if 

needed 

    

Pipe_Segment_ID Text 100 Unique 

identification code 

from the City's GIS 

of the pipe segment 

or last pipe 

segment involved 

in the dye test 

Upstream_structure_ID:down

stream_structure_ID.  See 

structure ID formatting 

details. 

SS-SR02-01674:SS-

SR02-01675 
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Field  

Name 

Data 

Type 

Field 

Size 

Field  

Description 

Field Formatting  

Notes 

Field  

Example 

Downstream_MH_ID Text 25 Unique 

identification code 

from the City's GIS 

of the manhole or 

structure used to 

monitor the test for 

the presence of dye 

Each manhole has been given 

unique structure 

identifications per OWNER 

guidelines, and the name of 

each database ID shall be that 

unique structure ID. If an 

unnamed structure is found, 

the letter “A” will be added 

to the end of the structure ID 

to form a new structure. If 

more than one unnamed 

manhole is found between 

two named manholes, 

subsequent new structure 

ID’s will be formed using the 

letters “B”, “C” etc. Spaces 

and special characters are not 

allowed in the unique ID 

codes.  For example, SS-

SR02-03123 or SS-SR02-

03123A 

SS-SR02-03123A 

Weather Text 30 Weather conditions 

at the time of the 

inspection using 

the codes in the 

Valid_Weather 

table 

Validated entry list e.g., 

Light Rain, Saturated, Snow 

Heavy Rain 

Dye_Present Yes / 

No 

1 Yes/no indication 

of the presence of 

dye at the 

monitoring location 

  Yes 

Dye_Intensity Text 15 Intensity of the dye 

observed using the 

codes in the 

Valid_Intensity 

table 

Validated entry list e.g., 

Dense, Medium, Trace 

Trace 
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Field  

Name 

Data 

Type 

Field 

Size 

Field  

Description 

Field Formatting  

Notes 

Field  

Example 

ImageVideo_DB_Name Text 100 Unique name of the 

PACP database 

used to manage the 

dye testing images 

and video 

The database filename will 

following the following 

format using upper case 

numbers: 

P_CONTRACTORNAME_B

ASINID_PONUMBER_YY

YYMMDD.MDB (where 

P=PACP database;Contractor 

name; Basin ID,  

PO_Number, 

YYYYMMDD=8-digit date) 

P_XYZ_BR02_SS72

07_YYYYMMDD.M

DB   

ImageVideo_InspectionID Text 100 Unique PACP 

database 

InspectionID  

InspectionID is 

autogenerated by PACP 

database 

155 

 

 

2.02 VALIDATED ENTRY TABLES 

These tables shall be used to determine the valid entries allowed in certain fields as specified in 

the tables above.  These tables are related to the above-mentioned tables within the database and 

provide predefined validated fields. The following tables are included in the database and should 

not be edited or modified: 

 

1. Valid_Basin 

2. Valid_City 

3. Valid_Intensity 

4. Valid_Locations 

5. Valid_Weather 
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