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Memorandum 

To: Michael Kang - City of Simi Valley Public Works Department 

From: Robert Owens, PE, and Allen Shewey, PE - Kennedy/Jenks'Consultants 

Subject: Simi Valley Criticality Factors and Pipe Rating System 
K/J 0689059 

To create a Capital Improvements Plan (CIP) for the City of Simi Valley, review and evaluation 
of the provided CCTV sewer films is essential. However, it is also necessary to account for 
other factors in addition to the current condition of the pipes as determined by standardized 
scoring of the CCTV footage, The identity of these other factors, termed criticality fa~tors, and 
how they will be used to modify the standard Pipeline Assessment and Certification Program 
(PACP) rating system is discussed herein, Following a review of available articles related to the 
modification of PACP scoring, the creation of pipeline rehabilitation plans, and the various 
approaches to pipeline condition assessment, the need to develop a modified PACP ranking 
system based on criticality factors became clear. Kennedy/Jenks has developed a ranking 
system, based on the PACP system that will prioritize the need for rehabilitation of each pipe 
segment within the collection system where CCTV video has been provided, The modified 
system is based on the criticality factors described below, Kennedy/Jenks has chosen a 
straightforward approach based on a summation of criticality factors relating to pipe condition 
and location . 

There are essentially three values that will be determined for each pipe. These are as follows: 

1. Modified PACP Score 

2. Probability of Failure (Pf) Factor 

3. Risk Factor 

An overall score will be calculated by a summation of the modified PACP score, Pf factor and 
risk factor. The overall score will then be compared to a predetermined schedule for 
rehabilitation based on a range of overall scores. 

PACP Score 

The PACP score developed by the National Associaiion of Sewer Service Companies 
(NASSCO) is a standardized sewer pipe rating system for CCTV inspections. The current 
condition of a pipe (represented by the PACP score) is considered to 'be the most important 
factor in the development of this ranking system. The standardized PACP scoring assigns a 
value of 1 to 5 to each defect identified in the CCTV footage, where a score of 5 represents a 
severe defect and a score of 1 indicates a minor defect. Defects are divided into two categories, 

€) Kennedy/Jenks Coru~, Inc. 
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"structural" and "oper!3tional and maintenance" (O&M). The modified PACP score, for the 
purpose of applying criticality factors, is a two-digit number developed from the highest 
structural ranking and the highest operational and maintenance ranking in any pipe segment. 
The tens place is the highest structural defect rating for the pipe and the ones digit is the highest 
O&M defect rating. To give this factor a higher weight in the ranking system, the PACP score 
will be multiplied by a factor of 10 to give the modified PACP score. For example, a pipe with a 
structural ranking of 4 and an O&M ranking of 3 would have a modified PACP score of 430 (43 x 
10). 

Probability of Failure Factor 

The Probability of Failure (Pf) factor is determined based on properties relating to the physical 
condition of a pipe, Suman (2003). This factor represents the potential for a pipe to fail relative 
to other pipes. A higher value indicates a higher likelihood of failure based on given conditions. 
For example, a 40-year old pipe has a higher probability of failure than a 1 O-year old pipe. 
Table 1 displays rankings associated with these factors. The overall Pf factor for a given pipe is 
the sum of these factors . 

Table 1: Probability of Failure Factor 
Factor Value 
Age 

AGE;, 40 years 150 
30 years os AG E < 40 years 75 
20 years os AG E < 30 years 40 
8 years os AGE < 20 years 10 
AGE < 8 years 0 

Pipe Material 
ACP 60 
RCP 50 
DIP/CIP 20 
VCP 10 
PVCfTRUSS 0 

AC Condition Rating (ACP only) 
AC1 = Slight Deterioration, very minor encrustation or 
surface deterioration, minor discoloration of the pipe wall. 50 
AC2 = Moderate Deterioration, moderate encrustation or 
surface deterioration, discoloration over half of the pipe segment. 75 
AC3 = Severe Deterioration, heavy encrustation, interior wall 
delaminated, discoloration over most of the pipe segment. 100 
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Risk Factor 

The risk factor associated with pipe location, incorporates consideration of the environmental 
and economic consequences should a pipe fail. Considering these risk values will cal-lse pipes 
in sensitive areas (whether environmental-, economic-, or safety-related) to be given a higher 
priority. This will prioritize the repair of infrastructure in high-risk areps. Table 2 summarizes 
the important risk factors for this project. Each pipe will have a risk factor for the pipe diameter 
(which could be 0) and then any additional risk factors associated with the pipe's loca tion. 

Table 2: Risk Factors 
Factor 
Pipe Diameter, D 

D " 40 
25" D < 40 
10 " D < 25 
D < 10 

Pipe 'Location 
Wilhin 200 feet of waterways or environmentally sensitive areas 
Crossing under railroad 
Crossing.under major roadways 
Servicing or crossing under business districts/tourist attractions 

Value 

50 
40 
20 
o 

40 
30 
50 
60 . 

The pipe diameter, although a material property which could be considered a Pf factor, is 
incorporated here as a risk factor. The concern with a large pipe is that it conveys a large 
volume of water from many areas, thus increasing the relative environmental or economic 
impact 'associated with a potential failure, not because larger pipes are more likely to fail than 
smaller pipes. 

Operation and Maintenance 

Operation and maintenance considerations should also be included in a cri ticality evaluation as 
sewers requiring frequent maintenance cost more to upkeep and can cause sanitary sewer 
overflow (SSO) events if maintenance is neglected. The PACP defect codes account for many 
common maintenance issues, such as settled debris, attached greases/encrustation and 
defective taps. One maintenance issue of concern to the city is pipe sag, which can lead to low 
velocity and settling of debris. Since PACP defect coding does not adequately account for pipe 
sag in videos completed following a thorough cleaning of settled debris, an additional risk factor 
of 50 will be added to the total score where pipe sag is present. 

C> KemedyJ.leoo Consu~an:s, Inc. 
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Overall Score 

The last value is the calculated overall score. This is calculated by summing the modified PACP 
score, the total Pf factor, and the total risk factor associated with each pipe. A rehabilitation 
schedule will then follow the guidelines reported in Table 3, which are based on a range of 
overall scores. 

An example ca lculation of the overall score would be determined as follows: 

A 12-inch diameter pipe (20) that has a PACP structural defect ranking of 3, and an O&M 
ranking of 2 (modified PACP score of 32x1 0=320), is greater than 40 years old (150), made of 
ACP (60) with a visual condition rating of AC2 (75), underpasses the railroad (30) and with pipe 
sag present (50), will have an overall score of 705 placing ilin the immiediate rehabilitation 
window. This same pipe, should it have a PACP structural ranking of 1 and an O&M ranking of 
2 (modified PACP score of 12x1 0=120 and overall score of 505) would be rehabilitated in the 5 
to 10 years timeframe. . 

Table 3: Preliminary Rehabilitation Schedule 
Rehabilitation Potential 

References: 

Candidate for immediate rehabilitation 
Candidate for rehabilitation in 3 to 5 years 
Candidate for rehabilitation in 5 to 10 years 
Candidate for rehabilitation in 10 to 20 years 

Candidate for rehabilitation in 20 or more years 

Overall Score 

" 675 
600 - 674 
450 - 599 
275 - 449 

<300 

Garrett, Christopher. Asset Management and PACP - A Cost Effective Solution. North 
American Society for Trenchless Technology. Conference Proceedings, No-Dig, 2006. Paper 
F-4-02-1. 

Suman, J.C. Streamlining Pipeline Integrity Assessment and Rehabilitation. Pipeline and Gas 
Journal. July 2003. 

€I Kenr.edyIJe.u.sCoosll'tan!s, Inc. 
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