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Section 1:	 Continuous Sewer System Assessment Protocol

1.1.	 Purpose
The Louisville and Jefferson County Metropolitan Sewer District (MSD) conducts a wide-ranging sewer con-
dition evaluation to comply with its Second Amended Consent Decree (2ACD) as well as the Capacity, Man-
agement, Operations and Maintenance (CMOM) and Nine Minimum Control (NMC) programs. The Continuous 
Sewer System Assessment (CSSA) program, Emergency Evaluation and Escalation Program (EEEP), Infra-
structure Rehabilitation Program (IRP), and Gravity Line Preventive Maintenance (GLPM) program address 
certain aspects of Paragraph 37b., “CMOM (Capacity, Management, Operations and Maintenance) Programs 
Self-Assessment” and Paragraph 37a. “Nine Minimum Controls (NMC)” from the 2ACD. 

The primary objective of the CSSA is to develop and implement maintenance and rehabilitation recommen-
dations that reduce sewer overflows and improve the capacity, structural integrity and functionality of existing 
assets.

1.2.	 Goals 
The goal of the CSSA is to address sanitary sewer overflows (SSOs) and maintain or increase the functionality 
of existing assets. 

1.3.	 Acronyms
2ACD	 	 Second Amended Consent Decree

AWAM	 	 Associate in Water Asset Management

CCTV	 	 Closed Circuit Television

CHEMG	 Chemical Grease Control

CHEMR	 Chemical Root Control

CIP	 	 Capital Improvement Program

CIPP	 	 Cured-In-Place Pipe

CMOM	 	 Capacity Management, Operations and Maintenance

COF	 	 Consequence of Failure

CSO	 	 Combined Sewer Overflow

CSS	 	 Combined Sewer System

CSSA	 	 Continuous Sewer System Assessment

CTAM	 	 Certification of Training in Asset Management

EEEP	 	 Emergency Evaluation and Escalation Program 

GIS	 	 Geographic Information Systems

GLPM	 	 Gravity Line Preventive Maintenance

I/I	 	 Infiltration and Inflow

ICA	 	 Interceptor Condition and Assessment
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IPS	 	 Infor Public Sector

IRP	 	 Infrastructure Rehabilitation Program

ITCP	 	 Inspector Training Certification Program

LACP	 	 Lateral Assessment and Certification Program

LASA	 	 Linear Assets Support Administration

LF	 	 Linear Feet

LIDAR	 	 Light Detection and Ranging

LOF	 	 Likelihood of Failure

LOJIC	 	 Louisville and Jefferson County Information Consortium

MACP	 	 Manhole Assessment and Certification Program

MSD	 	 Louisville and Jefferson County Metropolitan Sewer District

NASSCO	 National Association of Sewer Service Companies

NMC	 	 Nine Minimum Controls

PACP	 	 Pipeline Assessment and Certification Program

PLOF	 	 Predicted Likelihood of Failure

POTW	 	 Publicly Owned Treatment Works

PSC	 	 Property Service Connection

PWAM	 	 Professional in Water Asset Management

RCAM	 	 Regulatory Compliance and Asset Management

SCAP	 	 System Capacity Assurance Plan

SL-RAT		 Sewer Line Rapid Assessment Tool

SSES	 	 Sanitary Sewer Evaluation Study

SSO	 	 Sanitary Sewer Overflow

SSS	 	 Separate Sanitary System

TISCIT	 	 Total Integrated Sonar & CCTV Inspection Technique

WQTC	 	 Water Quality Treatment Center

WUS	 	 Waters of the US
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Section 2:	 System and Organizational Framework

2.1.	 MSD Wastewater Collection, Transmission and Treatment 
System

MSD is responsible for the operation and maintenance of the sewer system within the public right-of-way and 
dedicated easements in Jefferson County, Kentucky, in addition to areas in Bullitt and Oldham Counties. The 
sanitary sewer collection system includes over 3,600 miles of sewers ranging from 6 inches to 27.5 feet in diam-
eter, built between the mid-1800’s and present day. The construction materials consist of brick, iron, polyvinyl 
chloride, clay, vitrified clay, and reinforced concrete. There are over 86,000 combined and separate sanitary 
manholes in the system constructed of reinforced concrete and brick materials. MSD also operates and main-
tains over 68,000 catch basins and yard drains, over 300 sanitary pump stations, 16 flood pump stations, and 
20 water quality treatment centers (WQTCs). 

The system is divided into 10 basins in Jefferson County, based on receiving WQTC and major infrastructure 
sewersheds, as shown in Figure 2.1. These basins are used to track capacity credits, as documented in MSD’s 
System Capacity Assurance Plan (SCAP). Basins in Bullitt and Oldham Counties are based on receiving 
WQTC.
2.1.1.	 Collection System

MSD owns and operates a system that transports wastewater by both gravity and force main systems. The 
gravity system collects wastewater at the property service connection (PSC) from the point of discharge from 
homes and businesses, and conveys it through a series of manholes, collector sewers, and interceptors to a 
Figure 2.1. Jefferson County SCAP Basins
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permitted Publicly Owned Treatment Works (POTW) before being discharged to the Waters of the United States 
(WUS).
2.1.2.	 Transmission and Treatment System

Wastewater is conveyed to MSD’s network of treatment facilities, which are permitted by the Kentucky Depart-
ment of Environmental Protection under the Kentucky Pollutant Discharge Elimination System. The treatment 
process provides the means to achieve beneficial reuse of wastewater biosolids, while treating the wastewater 
to a level that allows for sustained recreational and commercial uses, as well as natural habitats for aquatic 
wildlife. The MSD network includes both combined sewer system (CSS) and sanitary sewer system (SSS) 
treatment, employing a variety of activated sludge treatment processes that have received national awards for 
operational excellence.

2.2.	 Program Framework
The CSSA, EEEP, IRP and GLPM programs require a defined approach to prioritize, perform, and track the 
inspection, cleaning, rehabilitation, replacement, and maintenance of sewer assets on a scheduled cycle. While 
the programs are prescribed under CMOM, they are also intended to improve compliance with NMC 1 and 
2, which require the proper operation, regular maintenance, and maximum use of MSD’s CSS to prevent dry 
weather combined sewer overflows (CSOs) and reduce wet weather CSOs to the extent possible.

Assets are put into groups based on location and diameter. Once the inspection of an asset group is complete, 
the data is evaluated through a pipe condition assessment process and appropriate maintenance and rehabili-
tation actions are taken. The inspection activities are carried out under MSD’s CSSA program, while immediate 
repairs are addressed by the EEEP, rehabilitation activities are addressed by the IRP, and recurring mainte-
nance activities are addressed by the GLPM. The process workflow for the programs is outlined in Figure 2.2. 
Progress is updated annually in the 2ACD annual report.

The IRP, a subsidiary program of the CSSA, pertains to sewer lines identified through inspections and data 
analysis as having structural or significant maintenance issues. This program recommends a rehabilitation 
method to restore asset integrity, assigns work to available resources, tracks progress, and documents the work 
performed on designated segments.

The GLPM, formerly the Blockage Abatement Program, is another subsidiary program of the CSSA. This pro-
gram encompasses sewer lines identified through inspections and data analysis as having recurring mainte-
nance needs due to root blockages, sedimentation, or oil and grease deposits. Additionally, this program tracks 
the segments with operational defects, sets up recurring work orders, assigns work to available resources, 
tracks progress, and documents the work performed. 

To proactively address current and upcoming infrastructure issues, a detailed decision framework has been 
developed including inspecting, assessing, implementing, and reporting in a continuous cycle, as illustrated in 
Figure 2.2.

•	 Inspecting includes mainline and manhole inspections, including gravity lines and force mains, as well as 
flow monitoring in mains and at pump stations.

•	 Assessing includes evaluation of inspection data for major defects or issues, recommending remediation 
activities as needed, and prioritizing activities based on likelihood and consequence of failure.

•	 Implementing includes infrastructure rehabilitation and replacement as well as proactive maintenance ac-
tivities like periodic cleaning.

•	 Reporting includes post-construction inspection and monitoring as well as calculation of credits in accor-
dance with the approved SCAP procedure.
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Figure 2.2. CSSA Protocol Workflow
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The team that works to execute the protocol consists of MSD staff from a variety of departments, including the 
Regulatory Compliance & GIS and Technical Services departments in the Engineering Division, and the Drain-
age Maintenance & CSO/NMC, Linear Assets Support, and Sanitary departments in the Operations Division.

2.3.	 Information Management
Infor Public Sector (IPS) computerized maintenance management system, formerly known as Hansen, hous-
es the entire master asset inventory of MSD’s sewer and drainage infrastructure. All work performed on pipes, 
manholes, and other infrastructure, including detailed inspections and preventive maintenance activities, are 
managed in this system.

The data gathered from inspections, or from documenting work performed under the program, is imported into 
IPS using various import tools or manually entered into the system by staff or consultants.

Inspections are performed using coding defined in the Pipeline Assessment and Certification Program (PACP)  
and Manhole Assessment and Certification Program (MACP) defect coding standards, developed by the Na-
tional Association of Sewer Service Companies (NASSCO). Info regarding these standards may be found in 
Appendix A.

Mainline inspections are recorded using NASSCO-certified PACP software. MSD currently uses GraniteNet  
Web Solutions to perform and manage inspections. Contractors may use any NASSCO-certified PACP soft-
ware. Information regarding the certification requirements and a list of certified software vendors may be found 
on the webpage NASSCO PACP Software.

Deliverables for inspections conducted prior to implementing GraniteNet, including reports, videos and photos, 
are archived on the network at T:\TVI CSSA\NEZTEK. Inspections conduction since the implementation can be 
accessed in GraniteNet.

https://ljcprd-han-ips01.cloud.infor.com/IPSPROD/
https://louisvillemsdky.granitenetweb.com/
https://louisvillemsdky.granitenetweb.com/
https://nassco.org/education-and-training/pacp-lacp-macp/pacp-software
file:T:\TVI%20CSSA\NEZTEK
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Section 3:	 Inspection

Areas may be selected for an in-depth Interceptor Condition Assessment (ICA) or Sanitary Sewer Evaluation 
Study (SSES).These studies can include CCTV, sonar, laser profiling, manhole, and wet weather inspections. 
Other areas may include only CCTV, acoustic, and manhole inspections.

3.1.	 Mainline Inspections
Sewer conditions are assessed by performing CCTV and LIDAR/SONAR inspections and by coding defects 
using PACP defect codes. Defects are assigned a severity rating ranging from 1 to 5, with 5 being the most 
severe and 1 being the least severe. Defect reports are available in IPS and PACP defect codes can be found in 
Appendix A. Common PACP defects, along with their associated severity rating, are given in Table 3.1. CCTV 
inspections may be coded using artificial intelligence processing.

Table 3.1. PACP/MACP Defect Severity

GROUP DESCRIPTOR CRITERIA SEVERITY

Crack
Circumferential 1
Longitudinal 2
Multiple 3

Fracture
Circumferential 2
Longitudinal 3
Multiple 4

Pipe Failures
Broken Soil Visible 5
Hole Soil Visible 5

Collapse Pipe 5

Deformed Pipe
<=10% 4
> 10% 5

Joint
Offset

Med 1
Large 2

Separated
Med 1
Large 2

Surface Damage 
Chemical

Roughness Increased C 1
Surface Spelling C 2
Aggregate Visible C 3
Aggregate Missing C 4

Reinforcement Visible C 5

Deposits Attached Encrustation, Grease, or 
Ragging

<=10% 2
<=20% 3
<=30% 4
> 30% 5

Infiltration

Weeper 2
Dripper 3
Runner 4
Gusher 5



Continuous Sewer System
Assessment Protocol

July 31, 2025PAGE 8

For segments that are 6 to 12 inches in diameter and have a severity rating of 2 or less according to the most 
recent PACP data, acoustic inspections are used to assess defects in segments and pre-screen for additional 
CCTV. Sewer Line Rapid Assessment Tools (SL-RAT) emit an acoustic signal through a sewer segment from 
the transmitting device to the receiving device that are both inserted into the manholes on either end of the 
segment. A score is obtained ranging from 0 to 10, with 0 being a complete blockage and 10 being no blockage 
within the segment. If a score of 6 or less is received, the segment is flushed and retested. If the segment con-
tinues to score less than 6 after cleaning, it is referred for CCTV.
3.1.1.	 Routine Mainline Inspection

From FY08 through FY18, MSD committed to performing a baseline inspection of its gravity mainlines through 
SSES and ICA projects, as well as by SCAP sub-basin. Based on a risk register developed from the initial in-
spections, MSD has developed the inspection schedule shown in Table 3.2. The most critical and vulnerable 
infrastructure is on an annual inspection schedule and less critical infrastructure is on a schedule ranging from 
5 to 20 years. Development of the risk register is discussed further in Section 4. Interceptors are assigned for 
inspection as a single project per interceptor, and the inspection schedule is based on the interceptor segment 
with the highest risk rating. SCAP sub-basins are similarly assigned for inspection as a single project with 
schedule based on the segment within the sub-basin with the highest risk.
3.1.2.	 Post-Construction Inspection

Rehabilitation construction contracts require post-construction CCTV and coding to confirm defects have been 
addressed, to identify any rehabilitation construction issues, and to reset defect scores used in the recommen-
dation development.
3.1.3.	 New Asset Inspection

MSD requires inspections of newly constructed mainlines as they are brought into the system, as well as in-
spections of any newly-acquired gravity infrastructure.
3.1.4.	 Quality Control / Quality Assurance

Mainline inspection data captured via CCTV may be coded using artificial intelligence processing, which re-
ceives a 100% review by a certified PACP coder. Other inspection data is captured via CCTV is QA/QC’ed 
following NASSCO recommended standards, available on the webpage NASSCO PACP Quality Assurance. 
Videos and detailed observations for CCTV inspection may require additional work following QA/QC review 
until passing final acceptance criteria.

3.2.	 Manhole Inspections
Manhole asset information is field verified, including measurements and materials, and corrected in IPS as re-
quired. Structural condition is evaluated for each manhole component, including the cover, frame, rings, cone, 
wall, bench, channel and steps, as well as for each pipe connection. Characteristics and condition assessments 
are described in the inspection information. Infiltration and inflow (I/I) are rated for each component. Additional 

Table 3.2. Target frequency - Inspection

SCHEDULE PERIOD 
(YEARS)

CONSEQUENCE OF FAILURE (COF)
1 2 3 4 5

L
IK

E
L

IH
O

O
D

 
O

F 
FA

IL
U

R
E

 
( L

O
F)

1 1 2 3 4 5
2 2 4 6 8 10
3 3 6 9 12 15
4 4 8 12 16 20
5 5 10 15 20 25

https://nassco.my.salesforce.com/sfc/p/#4W000005j1mm/a/PW0000026En7/pio1BEB7Y67h1gI1Pa0Sp7Q2XDC_yrUzquAbpZ_6fs4
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information regarding structural defects or I/I presence may be included in the comments. Photos are taken of 
the inspection to document conditions.

MSD currently uses the MACP standard. Defect reports are available in IPS and MACP defect codes can be 
found in Appendix A. Common MACP defects, along with their associated severity rating, are given in Table 
3.1. Manhole conditions were previously assessed using a manhole inspection form and defect codes gener-
ated by MSD, available in Appendix B, which was created before NASSCO developed its MACP coding stan-
dard. MSD manhole inspection codes are identified with associated severity ratings in Table 3.3.
3.2.1.	 Routine Manhole Inspection

From FY08 through FY18, MSD committed to performing a baseline inspection of its gravity mainlines. Man-
holes were inspected as a part of ICA and SSES projects and where projects were planned under the IRP to 
address known problems in the system. MSD currently inspects manholes formally and proactively only when a 
main has been identified for rehabilitation under the IRP. As a part of the mainline inspection, MSD also inspects 
and refers manholes for repair when defects are noted. A formal inspection is not documented, but repairs are 
documented through work orders in IPS.
3.2.2.	 New Asset Inspection

MSD requires inspections of newly constructed manholes as they are brought into the system, as well as in-
spections of any newly-acquired gravity infrastructure.

3.3.	 Service Line Inspections
MSD currently inspects service lines proactively only when a main has been identified for rehabilitation under 
the IRP. The public portion of the lateral is inspected for defects that may interfere with cured-in-place lining and 
repairs are made as needed prior to rehabilitation. MSD also inspects service lines when an issue has been 
identified (e.g., backup), and, when appropriate, assigns the lateral for rehabilitation.

Table 3.3. MSD Manhole Defect Severity

GROUP DESCRIPTOR CRITERIA SEVERITY

Structural Condition 
Codes

Minor
Misaligned

1
Slight Separation

Moderate
Light Deterioration

2
Severe Separation

Heavy

Leaking

3
Medium Deterioration

Poor Fitting
Roots

Severe

Broken

4
Cracks

Heavy Deterioration
Material Missing

Multiple

I/I Quantity Codes

Minor Evidence I/I 1
Moderate Light I/I Seen Occurring 2

Heavy Medium I/I Seen 
Occurring 3

Severe Heavy I/I Seen Occurring 4
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3.4.	 Strengths and Limitations
Asset inspections inherently have strengths and limitations. A brief discussion of the strengths and limitations 
are included below.
3.4.1.	 Strengths

•	 Visual assessment of field conditions

•	 Ability to see underground assets

•	 Ability to assess severity with quantifiable severity codes

•	 Establishing a system-wide condition of assets 

•	 Awareness of asset conditions

•	 Verifying asset locations

•	 Ability to map defects

•	 Standardized data

•	 Allows regulatory compliance

•	 Proactive use of resources, facilitates remediation prior to failure
3.4.2.	 Limitations

•	 Inspection machinery has certain limitations due to the information collection device

•	 Length of the cable

•	 Speed of video collection

•	 Camera angles, pipe deviation angles or changes in pipe slope inhibiting collection of asset condition

•	 Abandoned or Incomplete surveys

•	 Omitted or erroneous defects

•	 Full assessment can only be conducted with complete surveys

•	 Flow conditions greater than 50% of pipe limits visual inspection

•	 Limited pipe visibility due to extensive amounts of roots or obstructions

•	 Consistency and quality of defect coding

•	 Variance in defect coding due to human interpretation

•	 Access to assets or difficulty locating assets, i.e. buried manholes or limited road access

•	 Weather conditions
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Section 4:	 Assessment

4.1.	 Data Gathering and Evaluation
Once an inspection has been performed, asset evaluation can begin. The evaluation process includes gath-
ering asset inspection data, evaluation of asset condition, quantifying asset defects, generating initial recom-
mendations for rehabilitation, maintenance and reinspection, and review of initial recommendations for final 
recommendation.

Data is gathered and prepared to quantify defects and make initial determination of rehabilitation and main-
tenance projects. A Microsoft Access database joins sewer infrastructure defects, asset information and work 
order history stored in IPS with geographic details stored in LOJIC. The data is then processed through a series 
of queries. The queries calculate ratings and indexes for each asset which are used to make recommendations. 
Recommended activities can vary from scheduled reinspection at a later date to complete replacement.

4.2.	 Recommendation Development
4.2.1.	 Pipe Evaluation and Initial Recommendations

Pipe ratings and indexes are calculated using the NASSCO PACP Condition Grading System, available in Ap-
pendix C. Ratings are the sum of the defect severity scores assigned to each pipe segment, and indexes are 
the average of the defect severity scores assigned to each pipe segment. Ratings and indexes are calculated 
for overall defects, structural defects including corrosion, and O&M defects per the NASSCO guidance. MSD 
has also developed additional ratings and indexes to identify specific defects, such as infiltration and FOG, or 
to prescribe specific maintenance activities, such as root cutting or point repair.

Initial pipe recommendations are based on indexes and ratings. Recommended activities are described in Ta-
ble 4.1. To aid in the evaluation process, a pipe decision matrix is described in Figure 4.1.
4.2.2.	 Manhole Evaluation and Initial Recommendations

Manhole ratings and indexes are calculated using the NASSCO PACP Condition Grading System, available in 
Appendix C, for MACP inspections or based on MSD’s internal grading system for MSD inspections. Ratings 
are the sum of the defect severity scores assigned to each component of the manhole and are calculated for 
each component. Indexes are the sum of the structural or infiltration codes for all components of the manhole, 
and are calculated for the entire manhole structure.

Initial manhole recommendations are based on indexes, ratings, and proximity to the 100-year floodplain. Rec-
ommended activities are described in Table 4.2. To aid in the evaluation process, a manhole assessment flow 
chart is described in Figure 4.2.
4.2.3.	 Final Recommendations

After the initial recommendations are generated, the assets that have work order history subsequent to the most 
recent inspection are reviewed to determine if any of the following work orders addressed the initial problem 
identified in the inspection. An additional review is conducted of pipes recommended for point repairs to deter-
mine if it is feasible and more economical to repair the pipe with CIPP alone. In those cases, the pipe is recom-
mended for CIPP and all lateral connections are added to the recommendation for rehabilitation. Site specific 
information and sewer knowledge can redirect remediation recommendations. Financial and spatial factors are 
considered in selecting rehabilitation alternatives.

4.3.	 Cost Estimate
Cost estimates are calculated based on final recommendations using average costs when available from pre-
vious bid data. This data is maintained within the workbook template used to process recommendations and 
updated as necessary.
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Table 4.1. Mainline Maintenance and Rehabilitation Activities

METHOD DESCRIPTION BENEFITS DRAWBACKS

Replace Pipe

Full pipe replacement is 
recommended on review 
when there is a high 

frequency of defects with 
high severity codes and 
when rehabilitation is not 

applicable.

Reduction of I/I

New materials

New expected life of 
sewer infrastructure

Functional pipe

Potential high 
construction and 
restoration costs

Maintaining existing 
sewer flows

Construction access

Disturb neighborhood/ 
businesses

Cured-In -Place Pipe

CIPP is to pull a liner 
through a pipe and 
then add heat to cure 
and adhere the liner to 
the existing pipe thus 
creating a new pipe 
inside of the existing 

pipe.

Reduction of I/I

New life expectancy of 
pipe

Minimal surface 
restoration costs

Minimal disturbance of 
surrounding areas

Lateral line connections 
and joints sealed

Provides structural 
support

Access point to pipe 
could cause installation 
issues

Results are temperature 
dependent

Slightly reduces the 
diameter of the pipe

Cost increases as size of 
liner increases

Pipe Point Repair 

A point repair includes 
rehabilitation to a single 
location to address 

concerns such as holes, 
infiltration, and joint 

concerns. For pipe point 
repairs, a single point 
repair is usually less 
than 8 linear feet of a 

pipe. Work could include 
multiple point repairs 

along one pipe segment 
and or manhole.

Reduction of I/I

Repaired point of defect

Potential difficulty in 
reaching defect

Potential difficulty in 
making repair

Potential high 
construction and 
restoration costs

Maintaining existing 
sewer flows

Construction access

Disturb neighborhood/ 
businesses

PM Cleaning

Cleaning sewer entails 
flushing out the line to 
remove sediment, rocks 
and other obstructions of 
flow. Removal of heavy 
materials such as rocks 

or debris.

Restores hydraulic 
capacity to pipe

Inadvertently damage 
pipe

Access

Maintaining existing flows

Removal and disposal of 
material
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Table 4.1. Mainline Maintenance and Rehabilitation Activities

METHOD DESCRIPTION BENEFITS DRAWBACKS

Heavy Cleaning (includes 
root cutting)

Heavy cleaning includes 
large obstacles. Removal 
of heavy materials such 
as rocks, roots or debris.

Restores hydraulic 
capacity to pipe

Typically needed for 
further assessment

Inadvertently damage 
pipe

Potential damage 
structure

Access

Maintaining existing flows

Removal and disposal of 
material

Chemical Root Treatment 
(CHEMR)

Can enter through 
cracks, joints or 

other openings. Root 
obstructions can 

decrease the hydraulic 
capacity of the pipe 
and limits the ability 
to complete a full 

inspection. It may also 
have adverse impacts on 

structural integrity.

Restores hydraulic 
capacity to pipe

Typically needed for 
further assessment

Roots grow back

Removal and disposal of 
material

Chemical Grease 
Treatment (CHEMG)

Used when fats, oils and 
grease have deposited 
in a pipe to restore 
hydraulic capacity.

Restores hydraulic 
capacity to pipe

Typically needed for 
further assessment

Source not addressed
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Figure 4.1. Pipe Assessment Flow Chart
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Table 4.2. Manhole Maintenance and Rehabilitation Activities

METHOD DESCRIPTION BENEFITS DRAWBACKS

Realign Manhole Frame

After time, the soils 
around a manhole or 

outside forces can cause 
the manhole frame to 
become misaligned. 
When the frame is out 
of alignment it can be 
difficult to gain manhole 
access or determine 
structural condition of 
the manhole. Also, I/I 
can enter through the 
misaligned frame. The 

rehabilitation may include 
a chimney seal.

Structural condition is 
improved

Reduction of I/I

Improved access

Access could be a 
challenge

Potential high restoration 
costs

Install Manhole Chimney 
Seal

The chimney is the top 
portion of the manhole. 

A chimney seal is 
either a mechanical or 
chemical seal of all the 
upper components of the 
manhole (frame, rings, 
cone). Chimney seal 

extensions may also be 
required.

Reduction of I/I

Flexibility restores 
integrity

Simple construction

Access could cause 
installation issues

Maintenance issues

Replace Manhole Frame 
and Cover

The manhole frame 
and cover replacement 
includes new installation 
and is recommended 
when there is damage 
to the existing frame and 

cover.

Reduction of I/I

Restores access to 
manhole

Provides structural 
support to manhole

Access could be a 
challenge

Potential high restoration 
costs

Install Manhole 
Watertight Cover

Water tight covers 
are recommended for 

manhole locations which 
may be inundated, such 
as floodplains, drainage 

channels, etc.

Reduction of I/I

Access could cause 
installation issues

Maintenance issues

Potential high restoration 
costs

Line Manhole

Lining a manhole 
includes applying a 

coating. Lining a manhole 
is recommended when 
there is a presence of I/I. 

Reduction of I/I

Life expectancy of 
manhole extended

Provides structural 
support to manhole

Access to manhole

Temperature dependent

Replace Manhole
Structural conditions 

beyond rehabilitation or 
point repair

Reduction of I/I

Life of manhole extended

Costly alternative

Potential high 
construction and 
restoration costs

Maintaining existing 
sewer flows

Construction access

Disturb neighborhood/ 
businesses
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Figure 4.2. Manhole Assessment Flow Chart
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4.4.	 System Capacity Assurance Plan Credits 
The estimated System Capacity Assurance Plan (SCAP) credits for a repair are calculated with the recommen-
dation tool using the same logic as documented in the SCAP manual. As the work is not yet completed, the 
credits are calculated based on asset dimensions, location and the recommended activity.

4.5.	 Prioritization and Risk Management
MSD has developed a risk register for gravity sewer mains based on the likelihood of failure (LOF) and the 
consequence of failure (COF) at the segment level, similar to the process described in NASSCO’s PACP-Based 
Risk Management, available in Appendix D. NASSCO describes risk as the product of likelihood and conse-
quence of failure, as quantified in the following equation:

Risk = Likelihood of Failure (LOF) × Consequence of Failure (COF)
4.5.1.	 Likelihood of Failure

LOF is the first half of the risk equation. NASSCO recommends the use of the PACP Quick Rating to develop a 
calculated LOF for sewer mains; however, MSD recognizes that failure may be caused by structural or mainte-
nance defects in an asset, that failure due to a structural issue may be on a different timeline than failure due to 
a maintenance issue, and that the solutions for each type of issue may be unique. As such, MSD has elected 
to evaluate LOF separately for structural and O&M issues based on solution – infrastructure rehabilitation, hy-
draulic cleaning, and root control.

For sewer mains, MSD utilizes the sewer main indexes, calculated as described in Appendix C, to determine 
the current likelihood of failure for sewer mains. For structural failure, MSD uses the structural index. MSD also 
uses the O&M index to determine the current likelihood of maintenance failure for sewer mains. 

Similarly for sewer manholes, MSD uses the sewer manhole indexes, calculated as described in Appendix C, 
to determine the current likelihood of failure for sewer manholes. 

MSD previously presented a methodology in the technical memo, provided in Appendix E, to predict likelihood 
of failure based on current knowledge of the system. Based on this approach, MSD additionally utilizes matrices 
developed by the National Research Council (NRC) of Canada of Markovian transition probabilities by pipe type 
and age to interpolate the predicted likelihood of failure (PLOF) ten years after the current inspection for each 
pipe segment. This analysis assists MSD in identifying prioritizing pipe segments for infrastructure rehabilitation 
that are not yet in failure mode.

LOF and structural PLOF are measured on a scale of 1 to 5.
4.5.2.	 Consequence of Failure

COF is the second half of the risk equation. COF may be developed in a number of ways, utilizing a number of 
variables that are important to a specific agency. MSD has developed a COF index that is based on the work of 
the Wet Weather Team, available in Appendix F. 

The team’s stakeholder consensus values were initially scaled and weighted against a series of qualitative and 
quantitative descriptors that describe the severity of the impact of an event on the value in question. For in-
stance, one of the Public Health Enhancement descriptors indicated that the Wet Weather Team found minimal 
potential for surface cave-in due to failure was described as a negligible COF, while a surface cave-in in the right 
of way was described as a severe COF.

MSD reviewed the quantitative and qualitative descriptors, compared with potential sources of quantitative 
data, and developed a quantitative COF model based on depth, diameter, condition knowledge, potential for 
cave-ins, land use, and wastewater characteristics based on upstream pretreatment requirements as COF 
indicators. The score for each indicator is weighted and the COF is measured on a scale of one through five.
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4.5.3.	 Risk Register

As previously stated, MSD calculates the risk of failure as

Risk = Likelihood of Failure (LOF) × Consequence of Failure (COF)

The product of the five-point scales can range from one through 25, and the resulting risk score for each pipe 
segment can be plotted as shown in Table 4.3

MSD has utilized this matrix to schedule the target inspection frequency as discussed in Section 3 and to devel-
op a target schedule for structural rehabilitation under the IRP and target routine inspection, hydraulic cleaning, 
and mechanical cleaning frequency under the GLPM, as discussed in detail in Section 5.

4.6.	 Strengths and Limitations
Performing asset evaluations inherently has strengths and limitations. A brief discussion of the strengths and 
limitations are included below.
4.6.1.	 Strengths

•	 Identifies asset rehabilitation needs in a consistent manner

•	 Holistic approach to evaluation of assets

•	 Defines remediation priorities

•	 Recommends activities according to guidelines 

•	 Spatial understanding of infrastructure rehabilitation priorities

•	 Multi-faceted evaluation of available LOJIC data, video, condition assessments and maintenance records
4.6.2.	 Limitations

•	 Incomplete data (for example assets not located, surveys abandoned, etc.)

•	 Evaluate only available data 

•	 Lateral lines are not included 

•	 Cannot quantify all risk factors (site accessibility, other field/construction constraints, private sewer customer 
impacts, etc.)

•	 Utility locations unknown for construction/contracting

Table 4.3. Risk Register

SCHEDULE PERIOD 
(YEARS)

CONSEQUENCE OF FAILURE (COF)
1 2 3 4 5

L
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F 
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U

R
E

 
( L

O
F)

1 1 2 3 4 5
2 2 4 6 8 10
3 3 6 9 12 15
4 4 8 12 16 20
5 5 10 15 20 25
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Section 5:	 Implementation

After the evaluation phase, the recommended rehabilitation and maintenance activities are implemented. 

5.1.	 Emergency Evaluation and Escalation Program
The purpose of the Emergency Evaluation and Escalation Program (EEEP) is to prevent major structural fail-
ures and maintain public safety by repairing gravity sanitary collections system assets that are near failure 
mode.

Evaluation for emergency action is required in the event that an inspection indicates that an asset is in immi-
nent danger of structural failure as reported by a trained inspector performing an inspection, and represents 
an immediate threat to public health and safety. In the event that a failing asset is identified, MSD Operations 
inspection staff are required to notify their supervisor and inspection contractors are required to notify MSD 
Engineering staff. Operations Management and Engineering staff evaluate the situation to determine the appro-
priate course of action and timeframe to address the problem identified.

Depending on the scope and timeframe of the necessary solution, the project is escalated to an emergency 
repair project completed by Operations staff, escalated to an emergency project managed by Engineering staff 
and completed by a contractor, prioritized as a near-term planned project through the Capital Improvement 
Program (CIP), or referred to the IRP as a project of the highest priority.

5.2.	 Infrastructure Rehabilitation Program
The purpose of the IRP is to mitigate overflows and other public safety concerns by rehabilitating gravity san-
itary collections system assets to support consent decree projects, right-size proposed new infrastructure and 
reduce risk.

The IRP includes rehabilitation of sewer mains and laterals through lining, generally using cured-in-place pipe 
for laterals and sewer mains under 36 inches, and other lining methods for larger pipe. Point repairs are per-
formed when they are more economical than non-intrusive methods or when lining is not possible or secondary 
to the repair.

The IRP also includes epoxy lining for manhole rehabilitation, and casting adjustments and replacements as 
needed to ensure safe and reliable access to the system.

The IRP includes pipe and manhole replacement as a last resort when other low-impact repair methods are not 
possible.
5.2.1.	 Priority

MSD responds to immediate needs identified through the EEEP and referred to the IRP as the highest priority. 

MSD is currently under consent decree to abate combined and sanitary sewer overflows, and utilizes IRP proj-
ects as a supplement to projects mandated by the 2ACD to reduce infiltration and achieve post-construction 
compliance with 2ACD requirements. Projects to support 2ACD objectives are given the next highest priority.

MSD also utilizes the IRP to address structural and infiltration issues to right-size capacity additions and up-
grades when flow monitoring and modeling indicates rehabilitation may positively impact the project. Projects 
that support hydraulic capacity of new and existing infrastructure are given the next highest priority.

MSD Engineering and Operations staff and contractors refer assets to Engineering for inclusion in the IRP pro-
gram when a planned or reactive inspection indicates an issue exists in the asset that could be addressed by 
rehabilitation. Additionally, when an inspection is attempted on a sewer main that cannot be completed because 
the manhole is buried or unlocatable, it is referred to the IRP to provide access. Referred projects are given the 
next highest priority.
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Table 5.1. Target Schedule - Infrastructure Rehabilitation

SCHEDULE PERIOD 
(YEARS)

CONSEQUENCE OF FAILURE (COF)
1 2 3 4 5
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5 5 10 15 20 25

Table 5.2. Target Schedule - Routine Hydraulic Cleaning

SCHEDULE PERIOD 
(YEARS)

CONSEQUENCE OF FAILURE (COF)
1 2 3 4 5
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Finally, MSD schedules assets for the IRP based on the risk register developed from ongoing inspections, as 
shown in Table 5.1, with the most vulnerable infrastructure targeted for rehabilitation as soon as possible, and 
a longer rehabilitation schedule for less vulnerable susceptible assets. Development of the risk register was 
addressed in Section 4. The schedule is updated at least annually as new inspections are performed.

5.3.	 Gravity Line Preventive Maintenance Program 
The purpose of the Gravity Line Preventive Maintenance Program (GLPM) is to mitigate overflows and other 
public safety concerns by performing preventive maintenance activities related to gravity sanitary collections 
system assets. 

MSD utilizes routine hydraulic cleaning (flushing), routine mechanical cleaning (primarily root cutting), chemical 
root treatment, and chemical grease treatment to reduce the probability of overflows occurring due to mainte-
nance issues in the gravity collection system and manages these activities through GLPM.
5.3.1.	 Routine Hydraulic Cleaning

Routine hydraulic cleaning, or sewer flushing, is utilized to prevent overflows due to debris accumulation in 
the sewer main. MSD initially included assets in the routine hydraulic cleaning program based on institutional 
knowledge and referral from inspectors and other Operations staff for problems like sewers with flat slopes. 

PACP guidelines include cleaning sewer mains prior to inspection where practical, therefore, most sewer mains 
will be cleaned on inspection per the target frequency as discussed in Section 3. Other mains require more 
frequent cleaning to maintain level of service. After the baseline condition data were collected through FY18, 
the system was assessed and sewers that had not been targeted for the IRP, but had observations of signifi-
cant debris, history of repeated discharges on associated manholes or laterals, or history of repeated cleaning 
requests, were added to the program in FY19. The target cleaning schedule is included in Table 5.2, developed 
through the risk register as discussed in Section 4. The schedule is updated at least annually as new inspec-
tions are performed, and staff may refer sewer mains to the program as needed based on observation.
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5.3.2.	 Chemical Root Control

MSD initially included assets in the chemical root control (CHEMR) program based on institutional knowledge 
and referral from inspectors and other Operations staff. Assets are now included based on recommendations 
derived from inspection data. CHEMR is most effective on sewers less than 36” in diameter with observations 
of fine roots.

The target treatment schedule is on a three-year cycle to coincide with the warranty period for chemical root 
control products. The schedule is updated at least annually as new inspections are performed, and staff may 
refer sewer mains to the program as needed based on observation.
5.3.3.	 Chemical Grease Control

MSD included assets in areas with recurring grease-related issues in a FOG quality control inspection activity 
called PMTV. These assets were jointly inspected on a routine basis by LASA staff, tasked with physically per-
forming the CCTV inspection, and Industrial Waste staff, tasked with identifying point sources of FOG in the 
system to address through Industrial Waste processes. The PMTV program has been discontinued; however, 
LASA staff continue to refer grease issues to Industrial Waste for further investigation to identify sources.

MSD concurrently investigated and piloted the use of chemical grease control (CHEMG) treatment applied 
through hydraulic cleaning to dissolve FOG in the main and prevent buildup which could lead to a discharge. 
Initially CHEMG was applied in pilot areas to test efficacy; it was subsequently included in areas where Opera-
tions was assigned a second-attempt inspection area to capture baseline condition. 

After the baseline condition data were collected through FY18, the system was assessed and sewers under 
36” in diameter with observations of significant grease were added to the program in FY19. The target cleaning 
schedule is included in Table 5.3, developed through the risk register as discussed in Section 4. The schedule 
is updated at least annually as new inspections are performed, and staff may refer sewer mains to the program 
as needed based on observation.
5.3.4.	 Routine Mechanical Cleaning

Routine mechanical cleaning may consist of root cutting or debris removal by a mechanized means, and can 
be utilized to prevent overflows due to roots and heavy debris accumulation in the sewer main. MSD initially 
included assets in a routine mechanical cleaning program for root cutting based on institutional knowledge and 
referral from inspectors and other Operations staff for problems like repeated discharges due to roots in the 
main. This activity was discontinued in 2009 due to the concern that repeated mechanical cleaning may cause 
more structural damage to a sewer main than other procedures. The activity was replaced by chemical root 
control to control fine roots, infrastructure rehabilitation to address more serious issues caused by roots, and 
routine hydraulic cleaning to address debris accumulation.

5.4.	 Implementation Capabilities and Responsibilities
MSD staff has the capability of performing some maintenance and rehabilitation projects to maintain operations 
of sewer infrastructure. The scope and limitations of the Operations Division are linked to the scale of the reha-

Table 5.3. Target Schedule - Chemical Grease Control

SCHEDULE PERIOD 
(YEARS)

CONSEQUENCE OF FAILURE (COF)
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bilitation project and deadline for construction completion. Guidelines to Operations Division work capabilities 
are outlined below. All other repairs are bid and managed by the Engineering Division. 

Operations Division Rehabilitation & Maintenance Capabilities

•	 Install pipe up to 13 feet in depth

•	 Replace pipe or point repair up to 20 LF

•	 Install CIPP with diameters up to 6 inches (public laterals)

•	 Install CIPP point repair up to 15 inches in diameter, up to 6 LF

•	 Make repairs in areas having relatively easy access to rehabilitation site, within right of way or in close prox-
imity to roadway access

•	 Repair manholes, chimney rings and repairs above the cone of manhole

•	 Install watertight lids

•	 Perform medium cleaning activities (Grease Removal, Flush/Vactor Lines, Root Cutting)

•	 Perform CCTV inspections of gravity mains accessible by crawler

Maintenance work orders are produced per the recommendations of the evaluation. Ongoing sewer cleaning 
and maintenance activities are assigned to Operations and contracted as workloads require. If maintenance, 
rehabilitation or repair activities are outside of the capabilities of Operations, they are packaged for bid. If a re-
habilitation project is planned for bid, maintenance activities are included in the bid package for the study area.

Project work is tracked by work orders in IPS reflecting maintenance and rehabilitation work completed.
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Section 6:	 Reporting

6.1.	 Regulatory Reporting
Each year, activities performed under the GLPM are reported in the appropriate section of MSD’s 2ACD Annual 
Report. Annual reports are due by the September 30 following the end of the fiscal year.

The Annual Reports are sent electronically to the following recipients:

EPA – Dennis Sayre  sayre.dennis@epa.gov

Kentucky Division of Water – Bryan Parker bryan.parker@ky.gov 

Department of Justice – eescdcopy.enrd@usdoj.gov

6.2.	 System Capacity Assurance Plan Credit Calculation and 
Reporting

MSD’s SCAP provides direction for calculating and reporting SCAP credits for activities performed under the 
IRP.

6.3.	 Asset Updates
At least annually, a report is generated to identify assets that have been renewed through the IRP and update 
the appropriate fields in IPS and GIS to reflect the update. A workflow has been established for resolving sani-
tary errata to have related assets and inspections updated.

6.4.	 Data Retention and Trending
MSD tracks the information related to maintenance and rehabilitation of assets in IPS in the form of work or-
ders. Information is tracked on individual assets such as manholes, sewer mains, and sewer service lines. The 
type of information tracked includes but is not limited to the maintenance activity performed, and the quantity 
of the asset maintained or renewed, if applicable. MSD utilizes this information to conduct a periodic review 
of system-wide maintenance activities compared with overflows to document trends in overflow reduction as 
part of the CMOM program. The information from the discharge program is used to update the protocol on an 
as-needed basis.
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Section 7:	 Updates, Availability and Training

7.1.	 Review and Updates to the Protocol
The protocol will be reviewed periodically, not less than every three (3) years. When changes are made, MSD 
will update the procedures, work instructions and training as necessary.
7.1.1.	 Responsibility

The Regulatory Compliance and Asset Management (RCAM) Manager in the Engineering Division is respon-
sible for leading and scheduling a periodic review of the protocol with applicable personnel. The review team 
should include but is not limited the staff listed in Table 7.1
7.1.2.	 Scope

Proposed modifications to the CSSA and associated procedures are coordinated, reviewed, approved and 
distributed by the Regulatory Compliance and Asset Management Manager or designated staff. This review is 
inclusive of the required personnel necessary for a full evaluation of the documents regarding changes in pro-
cedure, efficiency, technology improvements and regulatory changes.

7.2.	 Distribution and Availability of Protocol
The original document is stored on the network at M:\Engineering\GISLOG\10 - CD Asset Management\
InDesign Documents.

When changes are made to the protocol, a new master copy of the document is scanned into MSD’s eB system 
and made available to MSD personnel. Historical documents are archived and only the most current version will 
remain available to MSD personnel.

7.3.	 Training
7.3.1.	 NASSCO PACP, MACP and LACP Training

MSD requires staff performing inspections, performing assessments, performing construction inspections un-
der the IRP, or documenting or reporting work performed to be trained and certified in PACP, and recommends 
them to be certified in MACP and LACP. NASSCO provides certified trainers for initial certification. NASSCO 
requires recertification every 3 years, which may be completed in person or online. NASSCO maintains an on-
line database of certified individuals, available on the webpage NASSCO Certified Professionals Directory.
7.3.2.	 NASSCO Inspector Training Certification Program

MSD encourages staff performing assessments or performing construction inspections under the IRP to be 
trained and certified through NASSCO’s Inspector Training Certification Program (ITCP). NASSCO provides 
certified trainers for certification. NASSCO requires recertification every 10 years. NASSCO maintains an online 
database of certified individuals, available on the webpage NASSCO Certified Professionals Directory.

Table 7.1. Responsible Staff

DIVISION DEPARTMENT TITLE

Engineering Regulatory Compliance & GIS Regulatory Compliance & Asset Management Manager
Engineering Technical Services Engineering Manager - Collections System & Construction
Operations Linear Assets Support Linear Assets Support Manager
Operations Sanitary Wastewater Manager

file:M:\Engineering\GISLOG\10%20-%20CD%20Asset%20Management\InDesign%20Documents
file:M:\Engineering\GISLOG\10%20-%20CD%20Asset%20Management\InDesign%20Documents
https://nassco.org/education-and-training/certified-professionals-directory/
https://nassco.org/education-and-training/certified-professionals-directory/
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7.3.3.	 Asset Management Training

MSD encourages staff performing assessments to be trained and certified in asset management. The Trench-
less Technology Center at Louisiana Tech hosts the Certification of Training in Asset Management (CTAM), 
and certifies graduates as Associate in Water Asset Management (AWAM) or Professional in Water Asset Man-
agement (PWAM), depending on their years of experience with asset management. Both certifications require 
continuing education to be documented annually. More information about the program may be found on the 
CTAM web page 
7.3.4.	 Procedure Training

Staff executing the procedures to implement the protocol receive on-the-job training. When the protocol or the 
associated procedures or work instructions are updated, staff receive updated training.
7.3.5.	 Equipment Training

All staff involved in performing field work under the protocol receive training in accordance with their job clas-
sification and job function along with equipment manufacturer and MSD operational and safety requirements.

https://bami-i.com/education/ctam/
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Appendix A	 NASSCO PACP Standard
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Appendix B	 MSD Manhole Inspection Form and Codes
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        MMaannhhoollee  IIDD:: Location:   

Coordinates: X:  Y:  

      

MMaannhhoollee
  
IInnssppeeccttiioonn

  
FFoorrmm

    Installed: Record #:

   Map #:  

AAsssseett  IInnffoorrmmaattiioonn          PPlleeaassee  FFiieelldd  VVeerriiffyy
    Manhole Type

    Surface Cover

    Depth of Manhole

    Cover Diameter

    Barrel Diameter

    Metered?

    Drop Manhole?

MMaannhhoollee  IInnssppeeccttiioonn  DDaattaa

    Started Date

    Completed Date

    Completed By

    Weather

    Flow Depth

    Ponding?     Y  /  N

    Surcharge Evidence?

    Debris/Silt Buildup?

Cover

Frame

Rings

Cone

Wall

Bench

Channel

Base

    IInn//OOuutt  MMaaiinnss
From ID To ID In/Out Length Diameter Pipe Type Condition

1)

2)

3)

4)

5)

      CCoommmmeennttss

Condition Test Size I&I Quantity

    Pipe

Problem?   Y  /  N

Y  /  N   Depth:

Y  /  N   Depth:

    Ability to Quantify

    Crew Leader

Steps

    Project ID

Wet     Dry
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