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Executive Summary

The objective of this project was to develop an optimized gpproach for maintenance of
separae collection systems. Maintenance has a broad definition as defined in this report, and
incdudes any reinvestment in an exiding collection system in the form of deaning, monitoring,
ingoection, rehabilitation and relief. Hopefully, this project will benefit the generd public, Sate and
locd decison makers, and other potentialy affected groups by reducing the failure rate of collection
gysems. The reduction in the failure rate of collection systems will improve public hedth by
preventing sewer backups, and will aso bendfit the environment by minimizing discharge of
untreated sewage to surface waters. Specific objectives accomplished are as follows:

C the effectiveness of maintenance programs of agencies surveyed was evauated by
reviewing their maintenance activities and their frequency,

C areview of how maintenance and rehabilitation dollars spent are being spent,

C an overview of typica vaues for mantenance frequencies and system renvestment
expense amounts was performed to serve as benchmarks for local governments
and agencies in evauating their own programs, and

C guiddines and methods were developed to help agencies eva uate and Ameasurell
their own maintenance frequency and performance rating by developing asingle
number or Ayardsticki which can be determined based on commonly collected
data.

The wastewater collection sysem isamgor capital investment, and agencies must ensure
they are providing safe and efficient service to their cusomers. The levd of service, or system
performance, is difficult to quantify because of the many variables in collection sysems.
Neverthdess, system performance can be improved and maintained at an acceptable level with
proper maintenance. This report provides guidance to answer the following questions: ""How much
maintenance is enough?’, Als the performance of my system adequate and is it improving or getting
worsel and "How do | determine the level of maintenance required?' Currently, there is no
rational approach for determining the frequencies of various maintenance procedures except
through experience and judgement.

Qudlity collection sysem maintenance congsts of the optimum use of labor, equipment, and
materids to keep the sysem in good repair, so that it can efficiently accomplish its intended purpose
of collection and transportation of wastewater to the trestment plant. Serious hedlth hazards and



extengve property damage can result from sanitary sewer backups and overflows. There should
be some reasonable balance between the cost of maintenance and the benefits derived.

The scope of work for this project included the following mgor task groups.

Task 1. Literature Search

Task 2. DataCollection

Task 3. Follow up and Data Compilation
Task 4. DataAndyss

Task 5. Report and Presentation

B HHH P

Veay little data was identified in the literature search with regpect to establishing
maintenance frequencies or performanceratings. This report then isa preiminary effort to develop
a rational approach to evauating maintenance (reinvestment) and sysem performance. It is
expected that future studies will enhance and result in modifications to the gpproach presented
herein.

The data collection effort was somewhat protracted due to the amount of information
agencies were requested to provide and the difficulty of collecting the data needed. Most agencies
do not keep detailed records for al information requested and therefore the Abest guessi was
provided in some ingtances. It is believed that the lack of quality data by many of the agencies
resulted in much of the scatter and broad range of data responses received. Neverthdess, it isaso
believed that the data received support the hypothesis that performance and reinvestment are
related and that system performance and maintenance can be quantitetively evauated to optimize
the system reinvestment for selected levels of system performance.

Based on the agency responses received cleaning, root remova, and pump station service
are the mogt important routine maintenance activities, dthough a tota of 12 key maintenance
activities are till necessary for a ba anced routine maintenance program. Using agatistica method
to develop aroutine maintenance Ayard stick@, an average maintenance frequency, congdering all
routine maintenance activities of 6.6% was derived with a range of 24% to 12.6%. The
relationship of maintenance and performance was explored and it was found that a strong
relationship exists between the maintenance frequency and system historica performance.
Independent variables rdated to maintenance frequency include customer complaints, manhole
overflows, pipe falures, sysem szes, number of pump Stations, regiond location, and pump station
falures



The agency responses received dso identified pipe falures, SSOs, and customer
complaints as the most important performance measures. Using the same dtatistical method used
for establishing the maintenance yard stick, a performance yard stick was developed. Considering
al performance measures, an average performance rating of 71.1% was derived with arange of
53.1%t0 97.2%. In addition to this performance rating, the amount of reinvestment was reviewed
and andyzed. It was found that the annud reinvestment has been increasing and for the period
1980 to 1996 has averaged $9,328/mi$yr or $1.77/ft$yr. The annud reinvesment for thelife of
the systems as reported was about $1.00/ft$yr. These reinvestment rates support the theory of
reinvestment required presented in Chapter 1. The rlaionship between the performance rating and
reinvestment was explored and it was found that a strong relationship exists between these two
parameters.

Based on the methods developed for determining maintenance frequencies and
performance ratings, a method or approach for optimizing collection sysem maintenance is
presented with genera guidance for the desirable envelope for performance and maintenance.
Collection system maintenance can be optimized by creating a better balance of maintenance
activities, increasing or decreasing budgets as appropriate, and evauating performance of the
system againg the maintenance frequency being implemented. In time, by monitoring both
maintenance and performance, agencies will be able to strike the right baance for their sysem and
maintain acceptable performance and the least reinvestment cost.

Because of the importance of systlem maintenance (reinvestment) and system performance,
it is recommended that ongoing research be performed to enhance and improve the work presented
inthe report. Specific recommendations are as follows:

1. Review and refine the maintenance, performance, and reinvestment measures used in
thisreport. Develop detailed definitions of each.

2. Devedop ether an information collection guideline which would request agencies to
collect data consstent with Step 1 or have a study with a core group of agenciesto
provide data that can be used to refine these andyses and to generate a AGuiddine
Report for Collection System Maintenance.(



3. Implement the information collection process and use the data to develop cost
esimates, maintenance guiddines, and performance measures smilar to those
presented in this study.

4. Repesat theandysson aregular bassevery 210 5 years asthe output will improve with
the improved data collection.



1.0 Introduction and Background

Collection system maintenance and rehabilitation is being performed to meet regulatory
requirements and to improve sawerage service to customers. Maintenance as defined in this report
incdudes any reinvestment in an exiding collection system in the form of deaning, monitoring,
ingpection, rehabilitation, and relief. Rehabilitation is performed to correct the deficiencies identified
from maintenance activities. With more emphasis being placed on maintenance, it is becoming
increasngly important to determine Ahow much maintenance is enough?@  According to the Water
Pollution Control Federation (WPCF) Manud of Practice No. 7, (1985), AThere should be some
reasonable baance between cost of preventive maintenance and benefit derived.; This need is
demongtrated by a survey of 20 cities which showed a 1000-to-1 spread on main bresks and a
150-to-1 spread on stoppages per 1000 miles of sewer per year. Age and neglect were noted as
the primary reasons for these differences. (WEF 1994)

This study was undertaken to evauate collection system maintenance and rehabilitation
needs based on information from a questionnaire completed by selected cities and agencies,
hereinafter referred to collectively as agencies. Specificdly, the objectives were to evauate the
effectiveness of maintenance programs by reviewing the ingpection activities and their frequency;
to review how reinvestment dollars were spent; and to provide an overview of typica vauesto
serve as guidance for locad governments and agencies in evauating their own programs. It should
be noted that this sudy pertainsto Aseparatel collection systems only and does not include data for
combined sewer systems.

This project was performed by the American Society of Civil Engineers (ASCE) and Black
& Vegich .r under a cooperative agreement with the U.S. Environmental Protection Agency
(USEPA).

1.1 Project Significance and Objectives

The objective of this project is to develop an approach for optimizing maintenance of
wadtewater collection systems. The project will help wastewater agencies plan for maintenance
based on specific performance measures and will provide guidance on the totd reinvestment
required to meet selected levels of system performance. Improved performance of collection
systems will benefit public hedlth, and will dso benefit the environment. This project presents a
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decison making mode which can be used by agencies in evauating the cost of maintenance, asit
relates to maintenance frequency and system performance.

1.2 Background

Collection sysem maintenance is performed to meet regulatory requirements and to
improve sewerage service to customers. A collection system corrodes, erodes, collapses, clogs,
and ultimately deteriorates. Collection system capacity can be reduced by root growth; by the
accumulation of obstructions discharged to the system, such as grease, garbage, rags, paper towes,
and by structurd failures such as line bresks and collgpses. Maintenance, in the broad sense used
for this study, includes any reinvestment in an exiging collection system in the form of cleaning,
monitoring, inspection activities, rehabilitation, and reief. Rdief can bein the form of rdief sawers
additiona pumping capacity or equdization facilities.

Wadtewater collection sysems are amgor capital investment which agencies must properly
maintain to ensure safe and efficient service to their customers. The leve of sarvice, or system
performance, is difficult to quantify because of the many varidbles involved. Nevertheess, this
study attempts to develop an gpproach to measure system performance so thet it can be monitored
and improved if necessary by proper maintenance procedures.

Many agencies have not provided the collection system maintenance necessary for an
adequate level of customer service and to protect the Szable invesment in thelr facilities We have
al heard the adage Aout of Sght, out of mind( as this relates to collection systems. Collection
system maintenance functions are frequently trested as a necessary evil, to be given atention only
asemergencies arise. Getting adequate maintenance budgets is dependent on justifying the leve
of maintenance required. Currently, thereis no rationd gpproach to estimating the frequency of the
various mai ntenance procedures required, except through experience and judgment.

Qudity collection sysem maintenance conssts of the optimum use of labor, equipment, and
materids to keep the system in good condition so that it can efficiently accomplish its intended
purpose of collecting and transporting wastewater to the treatment plant. Serious hedth hazards
and extensive property damage can result from sanitary sewer backups and overflows. There
should be some reasonable ba ance between the cost of maintenance and the benefits derived.
1.3 Review of Literature



The authors of this project conducted an extensive literature search (see Appendix E,
Literature Review) to obtain nationwide information on current trends in collection system
maintenance planning. Very few publications were found that dedt with optimizing maintenance and
no publications were found that specifically addressed sysem maintenance frequency determination
or system performance rating evaluation. The literature contained very few papers on the subject
of collection system operation and maintenance. Most papers focused on engineering design or
sanitary sewer evaluation studies (SSES).

Detalls of the Literature review are contained in Appendix E.

1.4 Relationship of System Performance and Reinvestment

Collection system performance depends on regular and effective reinvesment. This study
explores the rel ationships between system performance, maintenance frequency, and reinvestment.
Without reinvestment and effective maintenance, collection sysems will eventudly fail.

1.5 Theory

The theoretical badsis for establishing a relationship between system performance and
maintenance (reinvestment) is the hypothesis that collection systems deteriorate over time, with
consequent loss of system performance. To maintain system performance, ongoing reinvestment
isrequired. For purposes of discussion, let us assume that the life of asewer is 100 years, with 25
percent salvage vaue remaining at the end of the 100 years as shown on Figure 1-1. Furthermore,
we will assume an average system vaue of $100 per foot, or $528,000 per mile. Given these
assumptions, the rate of degradation would be $0.75 per year per foot of sawer system.

Next, let us assume that the life of a system can be extended past the 100 years through
system reinvestment in the form of rehabilitation, capita improvements, and routine maintenance.
A hypothetical cycle of degradation and maintenance is shown on Figure 1-2.
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If complete maintenance (reinvestment) is performed each year, the system will operate a
100 percent efficiency dl the time. If maintenance (reinvestment) is never performed, then the
system will degrade and perform at 25 percent of the efficiency of a new system after 100 years.
If maintenance (reinvestment) is performed at arate of 2 percent per year, the system performance
will decrease to about 65 percent of anew systems performance. If maintenance is performed at
4 percent per year, the minimum system performance would be about 80 percent; with maintenance
at 10 percent per year, the minimum performance would be about 93 percent of new system
performance. These scenarios are shown on Figure 1-3.

Figure 1-3 System Perfor mance and Maintenance Frequency
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This study researches relationships between system performance, maintenance rates, and
reinvestment. The objective, in concept, was to develop an approach similar to that depicted on
Figure 1-3, so that a desired maintenance frequency could be sdlected based on a minimum
acceptable performance rating for the system.

1.6 Perceived Effectiveness of Existing M aintenance Programs

Basad on the survey responses obtained during this study, the effectiveness of existing
maintenance programs was evauated. Each agency surveyed was asked the question, AAre you
satisfied with your syssem maintenance (tota reinvestment) program?i Each agency was requested
to respond with one of the following answers:
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1. Strongly Agree - system performance is as required, and budget is sufficient.

2. Agree - system performance is generaly as required, and budget is
adequate.

3. Not sure - sysem performance is not defined, and budget may be
adequate.

4. Disagree - system performance generaly not as required, budget is not
adequate.

5. Strongly Disagree - system performance and budget unacceptable.

Of the 42 respondents 4 strongly agreed, 17 agreed, 15 were not sure, 6 disagreed, and
0 drongly disagreed, as shown on Figure 1-4. The need for improved maintenance and
performance measures is evidenced by the high percentage of agencies that are not sure of how
effective they are.

Figure 1-4 Percelved Satisfaction with Existing M aintenance Program
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1.7 Statistical Analyses Performed

Statidticd andyses were performed to evauate data and data rdationships. The andyticd
methods include functions of random variables such as mean, variance, and sandard deviations as
well as methods to evduate rdationships among independent variables in the form of linear
regresson and multiple linear regresson analyses. The SPSS 6.0 statistical software package for
Windows was employed for this purpose. The SPSSisaworld leading Setisticd andyss software
package.

1.8 Bene€fits

The benefits derived from this report include guidance for measuring Ssystem maintenance,
system performance, and developing guideines for reinvestment dollars. The methods devel oped
will help agencies evauate the effectiveness of their current maintenance programs and establish
target performance gods. This study will dso assg regulatory agencies in reviewing the
effectiveness of collection system maintenance programs and the adequacy of collection system
budgets which may result in environmenta, economic, socid, and public hedth improvements.

1.9 Report Organization

Chapter 1 describes the sgnificance, objectives, background information on, and methods
used to evauate collection systems performance. Chapter 2 introduces the criteria and measures
to be used in the evaluation of a collection syssem. Chapter 3 describes system characterigtic data.

Chapter 4 describes the system performance data. The measures associated with each criterion,
the determination of maintenance frequency and performance rating are discussed in Chapters 5
and 6. Comprehensive performance evauations are also discussed. Chapter 7 presents the use
of these tools for optimizing collection sysem maintenance. Supplementa data , overview of
relevant literature regarding collection system performance and maintenance, and the survey form
are presented in the appendices.



1.10 Abbreviations and Definitions

Abbreviations
#pgmi number of pump stations per mile of sewer
Fmisyr cost per mile of sawer per year
HtSyr cost per foot of sewer per year
Y%/system$Byr  percent of sewer system per year
ADF average annud daily flow
ASCE American Society of Civil Engineers
avg average (mean)
CCTV closed circuit TV
fm/ps miles of forcemain per pump gtation
fps feet per second
gpcd gallons per capita per day
hp horsepower
hp/mi horsepower per mile of sawer
I/l inflow/infiltration
kwWh kilowetts per hour
psmi pump stations per mile
max maximum velue
mgd million gdlons per day
min minimum velue

no/psbyr number per pump Station per year

no/mi$yr number per mile of sewer per year

O&M operations and maintenance

PH/ADF pesk hourly flow to average daily flow retio
PM/ADF peek monthly flow to average dally flowsratio

< standard deviation

SSES Sewer Sysem Evduation Survey

SSO sanitary sewer overflow

USEPA United States Environmentd Protection Agency
WWTP wastewater trestment plant

WEF Water Environmental Federation

Codesfor Usein Regression Equations
REGIONAL CODE

SIZE CODE 1 = central
1=gmdl 2 = northeast
2 =medium 3 = northwest
3=lage 4 = southeast
5 = southwest



Definitions

Backup: The backup of wastewater in a sewer, as a result of a stoppage, until the
wastewater floods a basement or other lower portion of aresdence or commercid facility.

Capital Improvement: A sawer line, manhole, pump station, forcemain, or other specid
Structure added to collection system.

Complaints: A customer complaint related to the performance of the collection system,
including issues such as overflows, odors, and loose manhole covers.

Equalization (Basin): A fadility to store pesk flows in excess of the hydraulic capacity of
downstream facilities.

Linear Regression: A procedure of estimating alinear reationship between a dependent
variable and one or more independent variables.

Maintenance: Any reinvestment in an exigting collection sysem in the form of deaning,
monitoring, ingpection, rehabilitation, and relief.

Normal Digtribution: A continuous distribution of a random variable with its mean,
median, and node equd.

Optimization of Maintenance: An effective balance of maintenance activities which
resultsin an acceptable level of system performance.

Overflow: Anincident where any measurable or observable quantity of wastewater exists
in the sanitary sewer system.

Peak Hour/ADF Ratio: Theratio of pesk hour flow & a sdected desgn condition to the
average annud daily flow. This caculation may require extrgpolation of monitored sorm events.

Peak Month/ADF Ratio: The ratio of the pesk monthly flow a the WWTP to the
average annud daily flow.

Performance of Collection System: The ahility of the system to function as desired.
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Performance Indicator: A measure of thelevd of service provided by acollection system
agency, such as stoppages per 100 miles of sawer, number of complaints per 100,000 population,
or time to respond to a service request.

PipeFailures. A pipewhich haslog its structurd integrity as evidenced by totd or partid
collapse (loss of 50% of pipe areaor 25% of pipewall around any circumference).

Pump Station Failure: A condition that results in gation overflows or an unacceptable
surcharge of the system.

Rehabilitation: The upgrading and improving of exigting facilities.

Reinvestment: The spending of money on the collection system.

Relief: Facilitiesto provide additiona hydraulic capecity.

Sanitary Sewer Overflow (SSO): A discharge of wastewater from the collection sysem
with the potentia to enter surface water courses.

SSES: Sewer System Evduation Survey. A key step in identifying specific sources of
infiltrationvinflow (I/1).

Stoppages. Any incident where asanitary sewer ispartidly or completely blocked causing
abackup, a service interruption, or an overflow.
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2.0 Data Collection

2.1 Development of Questionnaire

To obtain the data needed for andyzing maintenance frequencies and performance
measures, a questionnaire was developed for didtribution to collection system agencies. The
guestionnaire was devel oped based on the following:

Previous form used in a 1992 Sewer System Evduation Survey (SSES) in Kansas
(Nelson, p. 25).

Review of literature.

Input from the Technicad Advisory Committee.

The steps taken to devel op the questionnaire are described below.

Step 1
A Sewer System Evduation Survey form developed by Nelson (25) was the basic

guiddineto develop the format of the questionnaire. Modifications to this form were based on data
from the literature review and input from the Technicd Advisory Committee. The questionnaire
was structured to collect both system performance data and system maintenance data.

Step 2
The next gep in developing the questionnaire was to identify the types of sgnificant

activities or events which could be used as possible performance indicators and maintenance
frequency. System performance, for example, could be related to pipe failures, manhole overflows,
treatment overflows, basement backups, cusomer complaints, and pump dation failures.
Maintenance frequency could be rdaed to tasks such as cleaning, pump gation servicing, and other
maintenance activities

Step 3
Once the activities or events were identified, it was necessary to define how each activity

would be measured. To have meaning as an indicator of performance or maintenance, each activity
or event was expressed as a ratio to alow comparisons between systems.  Fipe failure, for
example, was expressed as failures per mile per year. This ratio provides an indicator of
performance that can be tracked over time and can be compared with other agencies performance
data



Step 4

The next sep in condructing the questionnaire was specifying the information that

respondents would be asked to provide. The questionnaire also alowed respondents to indicate

the quality of data being provided as“very good,” “good,” “fair,” and “a guess.”

Step 5

The next sep involved arranging the questions for data needed in an easy-to-use matrix as

shown in Table 2-1.

Step 6

Thefind step was areview of the questionnaire by the Technical Advisory Committee.
Comments were recaeived and incorporated and the questionnaire was findized. A copy of thefind
questionnaire sent to each agency surveyed isincluded in Appendix A.

Table2-1
Questionnaire Matrix

Category

Data Requested

Data Needed

Service Arealnformation

Miles of Public Sewer

Number of Manholes

Number of Connections

Area Served (sq mi)

Population Served

Age of System (Age Distribution)

General collection system
information.

Flow Information

Average Annual Daily Flow
Maximum Daily Flow

Peak Hourly Flow

Maximum Month/Average Daily Flow
Minimum Month/Average Daily Flow
Percentage of System below the
Groundwater Table

General flow information
representing collection system.

System Characteristic
Information

Percentage of System > 24-inchesin
Diameter

Number of Pump Stations

Total Installed Horsepower

Total Energy Consumed

Total Length of Forcemains, Miles
Number of Equalization Basins
Volume of Equalization
Percentage of System Whichis
Industrial/Commercial

Typical Velocity of Flow

General characteristic information
related to the collection system.

Systems Performance Data

Pipe Failures

Manhole Overflows
Treatment Overflows
Basement Backups
Others

Customers Complaints
Pump Station Failures

Cumul ative number of eventsin
last 1yr, 5yrs, 10 yrs, and 20 yrs.

Routine Maintenance
Frequencies

Cleaning, Miles of Sewer
Root Removal/Treatment, Miles of

Total completed each year from
1992 to 1996.
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Table2-1
Questionnaire Matrix

Category

Data Requested

Data Needed

Sewer

Main Line Stoppages Cleared, Number
House Services Stoppages Cleared,
Number

Inspections and Services Pump
Stations

Inspection Method and Status

Flow Monitoring/Capacity Evaluation
Manhole

Smoke/Dye Test

Television Inspection (Internal

I nspection)

Private Sector Building Inspection

Cumulative percent of system
quality inspected in last 1yr, 5
yrs, 10 yrs, and 20 yrs.

System Maintenance Costs

Relief

Total dollars spent in different

Importance (Weight)

Sanitary Sewer Overflows (SSOs)
Customer Complaints

Pump Station Failures

Peak Hourly/ADF Ratio

Peak Month/ADF Ratio

Equalization time periods:
Rehabilitation/Replacement 1990 - 1996
O&M Budget (Collection System 1980 - 1989
Only) 1970- 1979
Equipment Replacement Pre- 1970
Other Costs
System Performance Pipe Failures Percentage of weight for each

item, total weight should be
100%.

Maintenance Activity
Importance (Weight)

Percentage of system Cleaned/yr
Percentage of system Root/yr
Pump Station Service

Flow Monitoring/Capacity Evaluation
Manhole Inspection

Smoke/Dye Testing

CCTV Inspections

Private Sector Inspections
Manhole Rehabilitation

Main Line Rehabilitation

Relief Sewer Construction
Private Sector 1/l Source Removal

Percentage of weight for each
items, total weight should be
100%.

Effectiveness of Program

Strongly Agree
Agree

Not Sure
Disagree
Strongly Disagree

2.2

During project startup, the Technica Advisory Committee members helped to define the
collection system sizes and geographic boundaries for sdlection of agenciesto beincluded in the
survey. Three system Size categories, shown in Table 2-2, were defined, based on the population.
Agencies with populations less than 100,000 were classfied as smdl, agencies with populations
equal to or greater than 100,000 and less or equa to 500,000 were classified as medium, and

I dentification of Participants
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agencies with populations greater than 500,000 were classified aslarge. The geographic regions
defined were Northeast, Southeast, Centrd, Northwest and Southwest. The boundaries of these
regions are shown on Figure 2-1

Table 2-2
System Size and Population Classification
System Size Category Population
Large > 500,000
Medium 100,000 - 500,000
Smdl < 100,000

Theinitid listing of potentid participating agencies was screened by contacts through the
authors and Technical Advisory Committee. A list of more than 100 potentid participants was
developed. From thisligt, and in consultation with the Technical Advisory Committee, the authors
selected 75 agencies to contact with agod of ultimately receiving 50 completed questionnaires.

2.3 Data Collection

Initid telephone calls were mede to get tentative commitments from the agencies.
A 10-page questionnaire was mailed out to those agencies which agreed to participate. Follow-up
cdls were made every two weeksto every participating agency that had not returned a completed
guestionnaire to remind the participants to return the completed questionnaire.



Data Collection Sources
by Region and by Size
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Figure 2-1

Severd difficulties were encountered during the data collection. Many agencies hed limited
time and staff to complete the questionnaire. Some agencieswere apprehensive about providing
performance data. Some of the agencies could not provide adequate data, as the requested data
were unavailable. The reasons cited for thisinduded datalost in naturd disagters, such asflooding,
limited storage spaces (e.g. keep only the last 10 years of data); or not having a good record
tracking system to maintain any kind of record related to their collection system. In some cases,
personnd initidly involved in completing the questionnaire were reassgned and it was therefore
necessary to reinitiate the process with new gaff. Due to avariety of reasons, severd cities and
agencies canceed their commitment.

The questionnaire was mailed to more than 75 agencies across the continenta United
Saes. A totd of 42 agencies fulfilled their commitment to complete the questionnaire. The
summary of the number of respondents by sSze and region is shown in Table 2-3 and on Figure2-1.



Table2-3
Summary of Agencies by Size and Region

LargeSize Medium Size Smdl Sze Number of

Region System System System Responses
Northeast 2 1 1 4
Southeast 1 2 0 3
Central 9 8 3 20
Northwest 2 1 1 4
Southwest 2 8 1 11
Total 16 20 6 42

The data supplied by the 42 agencies are listed in Appendix B. Each respondent was
assigned a unique identification number.
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3.0 Agency Data

3.1 Introduction

All collection systems included in the survey were designed as separate sanitary sawers.
This chapter summarizes the data supplied by the 42 respondents. The mgority of the respondents
thought the qudity of datain each section was either “very good,” “good,” or “fair.”

3.2 Service Area Characteristics

3.21 Summary of Service Area Information
Each agency was requested to provide information on, among other things, the total sewer

miles, total number of manholes, tota number of connections, service area Sze, served population,
and the age of the systlem. The system characteristic data for each agency is presented in Table 3-
1

The agencies varied widdly in terms of size and population served, number of manholes,
and number of connections, with the smalest agency having a service area of 7 square miles and
a population of 14,000, and the largest having a service area of 1,650 square miles and a
population served of 4,770,000. The number of connections ranged from 390 to 1,143,980. The
number of manholes ranged from 160 to 128,691. The miles of sewer ranged from 32 to 5,700.

Some of the data reported indicates a mismatch between people served and miles of sewer. Itis
believed that some of these data are for regiond systems where the smaller collection sewers
serving the population are not included in the length of sewer reported. In addition, the same data
for severa agencies are suspect. As expected, sewer length is proportiona to population.
Eliminating these suspect agencies (agencies4, 5, 7, 14, 21, and 32) results in an average sawer
length density of 1 mile for every 245 people or 21.5 feet of sawer per person. Table 3-2
summaxrizes the population area, and sewer length by region, size, and average. Figure 3-1 shows
ardationship between miles of sewer and population.
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Table 3-1
Summary of System Char acteristics

Average Number Miles of
City/ Population|Miles off Number of | Number of | Area | Average | Annua System in |System [of Pump| Tota Energy Per | Force | Industrial/ | Typica
Agency | Size Region Served | Sewer [ Manholes |Connections| Served Age |Daily Flow|Groundwater | > 24" | Stations| Installed Year Mains [Commercia | Velocity
(sq mi) (mgd) (0 (0 (hp) (kwh) (0] (fps)
1 Large  [Northeast | 1,400,00Q 4,891 128,691 388,238 | 1,000 28.0 192.0 30 5.5 43| 22,925 | 22,362,361f 40.1 19 2.0
2 Small _ |Centrd 75,561 418 8,129 29,144 44 38.1 14.6 10.0 6.0 11 495 500,000 4.0 5.0 3.0
3 Small  |Central 56,000 199 3,855 18,000 50 40.0 7.7 30.0 12.9 16 3,000 45,000 12.9 15.0 15.0
4 Large  [Central 2,500,004 511 6,535 n/a| 1,650 44.2 213.3 n/a 68.0 61| 11,660 n/g  95.1 n/a n/a
5 Large  [Centra 900,000 1,520 32,108 300,000 280 30.7 88.6 75.0 8.0 214 | 30,000 n/g 40.0 20.0 n/a
6 Medium [Central 180,000 900 27,000 60,000 26 39.2 34.6 n/a 8.0 23 5,700 4,000,000 20.0 n/a 2.5
7 M edium [Central 280,000 119 1,200 n/a 161 39.0 39.6 50.0 70.0 17 9,350 7,413,000 31.0 0.0 3.0
8 Medium [Central 465,000 2,000 35,000 160,000 300 42.0 70.5 15.0 20.0 60 n/a n/d nla 10.0 4.0
9 Small  |Central 78,000 300 7,243 24,000 39 31.1 12.1 n/a 7.0 4 305 nlg 1.0 59.0 n/a
10 Large  [Central 850,000 2,953 82,900 220,000 244 63.0 216.0 n/a n/a 131 | 4,593 5,800,000 n/a 40.0 n/a
11 Large  [Centra 632,95 2,017 60,000 176,004 201 34.8 160.6 n/a 12.0 11 1,210 1421500 6.5 15.0 4.0
12 Large  [Central 875,000 2,500 44,000 212,000 390 51.0 113.0 n/a n/a 202 | 14,472 | 14,700,000 140.0 n/a n/a
13 Large  [Northwest 700,000 3,250 43,500 182,386 183 18.5 160.5 10.0 3.0 71 2,654 2,834,228 12.4 9.0 2.0
14 Large  [Southwest | 4,770,000 1,250 20,400 | 1,143,980 770 47.9 520.0 n/a 38.0 48 7,388 1,280,000 20.0 20.0 3.0
15 Large  [Northwest 525,000 1,550 36,000 136,814 110 59.5 50.0 5.0 4.0 4 n/a nlg 3.0 n/a 3.0
16 Large  [Central 619,320 2,255 35,000 138,975 250 21.0 76.9 n/a 8.7 82 nfa| 8275000 1.8 n/a 3.0
17 Large  [Centra 1,070,164 4,010 30,493 285,000 290 24.5 177.0 25.0 21.5 16 477 1225000 2.0 10.0 3.5
18 M edium [Southeast 200,000 1,100 18,000 66,000 115 42.0 28.0 50.0 20.0 90 1,800 15,000 50.0 10.0 2.1
19 M edium [Central 180,004 800 18,000 57,000 85 31.0 31.0 25.0 12.0 35 1,700 2,100,000 15.0 30.0 2.0
20 Large  [Southeast 950,000 2,543 59,150 258,152 266 19.2 307.0 75.0 1.2 930 | 90,000 [ 100,000,000 735.0 20.0 2.0
21 M edium [Southeast 136,500 32 160 390 38 17.0 9.6 90.0 26.0 27 2,900 nig 22.0 99.0 2.0
22 Medium [Southwest 456,449 1,435 19,346 127,578 187 11.4 68.3 10.0 4.0 32 1,125 1,586,836 12.4 1.0 4.0
23 Large  [Southwest | 1,000,00q 3,986 63,837 348,973 460 26.0 59.2 n/a 5.6 19 1,840 nig 12.8 20.0 2.0
24 Medium [Central 373,644 1750 51,042 121,880 180 30.0 55.0 n/a 5.0 57 n/a n/lg 32.0 n/a n/a
25 M edium [Central 310,000 1,600 40,000 125,000 125 49.0 42.0 20.0 n/a 40 n/a n/gd nla 25.0 n/a
26 Medium [Southwest 183,000 879 13,000 60,000 185 22.5 15.1 0.0 5.0 27 700 40,000 43.8 6.7 2.5
27 M edium [Central 335,000 1,766 29,026 93,060 200 42.1 98.0 70.0 15.0 35| 12,000 n/g 128.0 15.0 2.5
28 Medium [Southwest 405,517 1,141 23,281 114,857 108 20.3 49.3 0.0 6.3 2 140 nlg 0.7 6.6 n/a
29 Medium |[Northeast 200,004 8200 17,300 60,000 296 30.0 18.2 n/a n/a n/a n/a n/d nla n/a 2.0
30 Medium [Southwest 475,000 2,729 45,626 187,000 425 25.7 60.0 0.0 3.5 36 1,553 550,000 23.0 12.5 2.5
31 Large  [Southeast 560,000 2,600 55,000 140,000 240 25.1 64.5 20.0 20.0 50 | 3,500 6,000,000 n/a 25.0 3.0
32 Small _ |Northeast 86,900 72 1,500 2,500 25 12.5 19.2 n/a 20.0 55| 4,760 nlg 17.3 10.0 2.5
33 Large  [Centra 906,889 4,332 91,365 301,545 440 48.2 55.9 n/a n/a 220 | 22,387 nig 73.1 6.0 n/a
34 Large  [Central 1,720,00q 5,700 100,000 368,000 600 22.0 236.0 30.0 5.0 377 n/a n/d nla n/a n/a
35 M edium [Southwest 191,004 548 10,863 41,650 54 17.9 15.0 n/a 2.7 5 450 nlg 2.0 20.0 2.0
36 Medium [Central 150,000 949 21,100 67,693 70 29.4 40.7 25.0 11.0 32 1,020 2,750,000 33.0 53.0 4.0
37 M edium [Southwest 450,000 1,600 29,000 141,000 162 29.0 57.1 5.0 6.0 14 n/al 5504196 8.0 20.0 3.0
38 Small _ |Southwest 14,000 409 836 4,022 7 42.7 1.6 70.0 0.0 5 212 24 14 2.0 3.0
39 M edium [Northwest 200,00d 747 6,333 62,000 120 26.7 63.6 60.0 12.0 36 2,096 n/gd nla n/a n/a
40 Small _ [Northwest 23,484 120 1,590 11,150 10 29.7 6.0 90.0 4.0 10| 2,240 585,471 5.3 25.0 n/a
41 M edium [Southwest 396,011 1,274 18,190 104,000 102 34.6 63.0 n/a 19.0 16 372 158,000 2.6 7.0 n/a
42 M edium [Southwest 180,000 525 10,000 52,000 50 50.5 24.0 0.0 14.0 55 800 nlg 0.3 30.0 2.0
Tota 26,030,394 69,7181,345,599 | 6,389,991 10,536 |1,387.0 3,464.0 860.0 |509.9 | 3,220 | 242,898 [ 177,200,755 164.7 646.8 89.0
Average 619,771 1,660 32,038 159,750 251 33.0 82.0 33.1 13.8 79 7,361 7,704,38Y 47 20.2 3.0
Maximum 4,770,000 5,700 128,691 | 1,143,980 | 1,650 63.0 520.0 90.0 70.0 930 [ 90,000 | 100,000,0000 735 99.0 15.0
Minimum 14,000 32 160 390 7 11.4 1.6 0.0 0.0 2 140 24 0 0.0 2.0




Region Number of Respondents Feet of Sewer/Capita Feet of Sewer/sg. mi.
Central 17 23 58,184
Northeast 2 20 20,226
Northwest 4 2 66,100
Southeast 3 23 52,727
Southwest 10 19 45,805

Sze
Large 13 19 35457
Medium 18 23 54,725
Smadl 5 2 40,844
Overall Average 36 21 53,062
Figure 3-1 Sewer Milesvs. Population
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The overdl average sewer dendty inthissurvey is 21 feet of sewer per capita, or 53,062
feet per quaremile. Large systems have the average sewer density of 19 feet per cgpita, medium-
Szed systems have 23 feet per capita, and small systems, 22 feet per capita
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The age didribution of sewers in a sysem will vary depending on when devel opment
occurred. Ageisan important factor in assessing system needs since systems deteriorate over time.
The oldest collection system in this survey was congtructed in 1880. The system age for each
agency was estimated based on the reported percentage of their system within the following age
categories.
0 - 10 years (use 5 years as midpoint)
11 - 20 years (use 15 years as midpoint)
21 - 50 years (use 35 years as midpoint)
51- 100 years (use 75 years as midpoint)
> 100 years (use 125 years as midpoint)

The average system age ranged from 11.4 to 63 years. The overal average was 33 years.
Average system age for each agency is shown on Figure 3-3
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about 18 percent of sawers were built in the last 10 years, 41 percent in the last 20 years, 82
percent in the last 50 years, and 98 percent in the last 100 years as summarized on Table 3-3 and
shown on Figure 3-4. The average rate of system growth, based upon the age didribution, is

estimated to be about 2.1% per year.
Table3-3
Per centage of System vs. Average Age

Number of

Respondent
Region S 0-10 Years | 11-20Years | 21-50Years | 51-100 Years | >100Years

(o) (o) (*0) (o) (0)
Centra 20 134 19.7 435 21.2 2.2
Northeast 3 215 404 304 7.6 0.0
Northwest 4 195 19.0 453 128 35
Southeast 4 275 273 343 10.8 0.3
Southwest 1 219 234 40.5 133 0.9
Sze

Large 16 16.3 29 39.2 195 21
Medium 20 20.3 215 43.0 137 15
Smal 6 16.0 26.7 39.7 16.8 0.8
Overal 12 182 28 411 164 16
Cumulative 182 409 820 984 100.0
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3.3 Flow Information
3.3.1 Summary of Flow Information

Each agency was requested to provide flow information, such as average annud daily flow,
maximum daily flow, pesk hourly flow, and maximum and minimum month daly flow.

Average annud daily flows (ADF) reported in the survey ranged from 1.6 to 520 mgd.
The ADF liged in Table 3-4 vary widdy, reflecting the differences in the industria component and
the I/l of flow of each system. Generdly, ADF increases with increasing population dthough the
data shows that ADF cannot be accuratdly predicted by population estimates done. The average
per capita ADF is 140 gped.  Figure 3-5 shows the relationship between ADF and population.



Number of Average
Region Respondents Average ADF Population Average
(mgd) (gpcd)
Central 20 89.2 626,377 142
Northeast 3 76.5 562,300 136
Northwest 4 70.0 362,121 193
Southeast 4 1023 461,625 222
Southwest 11 84.8 774,634 109
Sze
Large 16 168.2 1,248,708 135
Medium 20 4.1 285,856 170
Smal 6 10.2 55,658 183
Overall Average 42 86.5 619,771 140
Figure 3-5 ADF vs. Population
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Table 3-5 summarizes the pesk hourly/ADF flow ratio by region and by sze. The overdl
average peaking factor is 2.24. The Northwest region has the highest ratio of 3.81 as expected,
snce thisregion has awetter climate than other parts of the country. The Southwest region hasthe
lowest pesking factor of 1.77, dso as expected, since this region has adrier climate than rest of the
country.



Region Number of Respondents Average Peak Hourly Flow/ADF

Central 18 247

Northeast 2 2.27
Northwest 2 381
Southeast 3 2.05
Southwest 10 177
Sze

Large 12 2.20
Medium 17 2.34
Small 6 2.95
Overall Average 35 2.24

3.4 Information on System Characteristics

Characterigtic information includes the number of pump stations, total ingtaled horsepower
of pumps in the pump dtations, tota energy consumed by al pump stations, totd length of force
mains, typica velocity of flow, ec.

3.4.1 Summary of Characterigic Information

The percentage of larger than 24-inch diameter sewersin each system ranged from O to

70%. Totd number of pump dtations in each agency’s system ranged from 2 to 930. The tota

ingtaled horsepower for dl regions ranged from 140 to 90,000 hp, the tota energy consumed per

year ranged from 24 kWh to 100 million kwWh. The percentage of industrid/commercid flow
ranged from O to 99% of the system. Thetypicd flow velocity in the sysem ranged from 2 to 15

fps.

Table 3-6 summarizes the percentage of greater than 24-inch diameter sewersin each

system by region and by system size. The overdl average is 13.8%.




Table 3-6

Per centage of System Greater than 24 Inchesin Diameter

Region Number of Respondents Percentage of System

Central 16 18.1

Northeast 128
Northwest 4 5.8
Southeast 4 16.8
Southwest 11 95
Sze

Large 13 154
Medium 18 144
Smal 6 83
Overall Average 37 138

All 42 agencies have pump gations. The number of pump gations ranged from 2 to 930.

Table 3-7 summarizes the number of pump stations per mile of sewer by region and by system
sze. The overdl average is 0.09 pump dtations per mile of sewer. As expected, the Southeast
region has the highest number of pump gtation rates of 0.33 per mile of sewer. Smdl sysems have
the highest pump dation rate of 0.18 per mile of sewer, medium-gzed systems have 0.08 pump

dtations per mile of sewer, and large systems, 0.06 pump stations per mile of sewer.

Table3-7
Number of Pump Stations

Number of Pump Stations/

Region Number of Respondents Miles of Sewer

Central 20 0.05
Northeast 2 0.26
Northwest 4 0.04
Southeast 4 0.33
Southwest 11 0.03
Sze

Large 16 0.06
Medium 19 0.08
Smdl 6 0.18
Overall Average 41 0.09

Each agency was requested to provide information on the total horsepower of the pump
dations. Although dl 42 agencies reported having pump station inddled, only 34 agencies reported

total horsepower of the pump stations.

Table 3-8 summarizes the totd installed horsepower per pump station by region and by
system size. The Northeast region has the largest horsepower ingtaled. The Southwest has the
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sndlest horsepower inddled. Smdl systems have larger horsepower ingtdled than large and
medium-saized systems.

Table 3-8
Total Ingtalled Hor sepower of Pump Stations
Region Number of Respondents Horsepower/Pump Station

Central 15 110
Northeast 2 310
Northwest 3 80
Southeast 4 74
Southwest 10 54
Sze

Large 13 104
Medium 15 0
Smdll 6 110
Overall Average A 98

The average of the total length of force main per pump dation is 0.56 miles as summarized
in Table 3-9. The Centrd region has the highest rates of 0.67 miles of force main per pump station,
and the Northwest region has the lowest rate of 0.36 miles of force main per pump dtation.
Medium-szed systems have the highest rate of 0.69 miles of force main per pump dtation, large
systems have 0.45 miles of force main per pump gation, and small systems, 0.42 miles of force

main per pump sation.
Table 3-9
Ration-Force Main Length/Pump Station
Region Number of Respondents miles/ps

Central 16 0.67
Northeast 2 042
Northwest 3 0.36
Southeast 3 0.54
Southwest 11 050
Sze

Large 13 0.45
Medium 16 0.69
Smdl 6 042
Overall Average 35 0.56
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Table 3-10 summarizes the percentages of systems in industrid/commercid flows. The
overd| average is 20.2%. The Southeast region has the highest percentage, 38.5%, the Central
region has 21.6%, the Northwest region 17%, the Northeast region 14.5%, and the Southwest
region 13.3%. The medium-sized systems, 21.6%, the small systems 13.3% and, large systems
18.6%.

Table 3-10
Per centage of System Industrial/Commercial Flow
Region Number of Respondents Percentage of System

Central 14 216
Northeast 2 145
Northwest 2 17.0
Southeast 4 385
Southwest 11 133
Sze

Large 11 18.6
Medium 16 216
Smal 6 19.3
Overall Average 33 20.2

Table 3-11 summarizes the minimum, maximum, and typica velocities by regions and
sysem szes. The overdl average in minimum velocity is 1.4 ft/s, maximum velocity is 8.4 ft/s.

Table 3-11
Typical Veocity of Flow
Region Min (ft/s) Max (ft/s) Typical (ft/s)

Centrd 17 84 42
Northeast 0.3 75 22
Northwest 15 75 25
Southeast 12 47 23
Southwest 14 10.1 27
Sze

Large 13 7.3 2.8
Medium 15 9.3 27
Small 13 8.3 5.9
Overall Average 14 84 31
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4.0 Maintenance Data

4.1 Introduction

Maintenance typicaly refers to the specific procedures, tasks, indructions, personnd,
qualifications, equipment, and resources needed to satisfy the maintainability requirement within a
gpecific use environment. AMaintenance is that set of activities required to kegp a component,
system, infrastructure asset, or facility functioning as it was originaly designed and congtructed to
function@® For our purpose, any reinvestment in the system, including routine maintenance, capital
improvements for repair or rehabilitation, ingpection activities, and monitoring activities are dassfied
as maintenance. Capital improvements for system expansion are not classified as maintenance
reinvestmen.

4.2 Routine Maintenance

Routine maintenance includes sawer deaning, root remova/trestment, cleaning of mainline
stoppages, cleaning of house service stoppages, and ingpections and servicing of pump stations.
Each agency was requested to provide 5 years of data (from 1992 to 1996) to establish routine
maintenance rates. These routine maintenance rates by region and by size are presented in Table
4-1 through 4-5.

Forty-one out of 42 agencies reported having a cleaning maintenance program. Table4-1
summarizes the sewer maintenance for each year from 1992 to 1996 by region and system size.
The deaning rates represented the reported tota miles deaned annualy compared to the total miles
in the agency:s system. Overdl, the Northwest region has the highest cleaning rates in miles per
mile per year, and the Northeast has the lowest rate in miles per mile per year. Smdl systems have
the highest cleaning rate, followed by medium and large sysems. Overdl, the annud cleaning rate
varied from about 0.29 miles per mile per year to about 0.32 miles per mile per year. The overdl
average cleaning rate is 0.30 miles per mile per year.

'Ronald Hudson, Infrastructure Management.
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Table4-1
Routine Maintenance - Average Sewer 5-Year Cleaning
(miles cleaned/mile of system$yr)
Number of 5-Year Average
Respondent miles cleaned/ mile
Region S 1992 1993 194 1995 1996 of system$yr
Central 20 0.23 0.23 0.22 0.22 0.21 0.22
Northeast 2 0.08 0.09 0.09 0.09 0.08 0.09
Northwest 4 0.76 057 0.56 0.58 0.56 0.61
Southeast 4 0.32 0.37 0.26 0.26 0.24 0.29
Southwest 1 0.35 0.36 0.37 042 041 0.38
Sze
Large 16 0.27 0.31 0.27 0.27 0.24 0.27
Medium 20 0.27 0.28 0.29 0.33 0.32 0.30
Smdll 5 051 034 0.35 042 0.37 0.40
Overall Average 41 0.30 0.30 0.29 0.32 0.29 0.30

Thirty-9x out of 42 agencies reported having aroot remova maintenance program. Table
4-2 summarizes miles of root remova by region and by system sze. The Central region showsa
decreasein root remova from 1992 to 1995, followed by ahugeincreasein 1996. The Southeast
region has shown a dight increase between 1992 and 1993, then a Significant decrease from 1993
to 1996. The overdl average root remova during this 5-year period was 0.04 miles per mile of

systems per year.
Table4-2
Routine M aintenance - Average Root Removal
(miles/mile of system$yr)
Number of 5-Year Average
Respondent mile/mile of
Region s 1992 1993 1994 1995 1996 system$yr
Centrd 18 0.02 0.02 0.02 0.02 0.03 0.02
Northeast 2 0.01 0.01 0.01 0.01 0.01 0.01
Northwest 4 0.02 0.02 0.02 0.01
Southeast 4 0.22 0.24 0.10 0.11 0.07 0.15
Southwest 8 0.08 0.06 0.06 0.06 0.05 0.06
Sze
Large 13 0.06 0.05 0.03 0.03 0.02 0.04
Medium 17 0.05 0.05 0.04 0.05 0.06 0.05
Smadl 6 0.00 0.07 0.02 0.03 0.03 0.03
Overall Average 36 0.05 0.05 0.03 0.04 0.04 004
Note:  Blank cellsindicate that data were unreported or required datato convert values to rates was
unreported.
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Thirty-eight out of 42 agencies reported main line stoppages cleaned data. Only 27
agencies provided house service stoppages cleared data between 1992 and 1996. Tables4-3 and
4-4 summarize the main line soppages and house service stoppages cleared per sewer mile
between 1992 and 1996. Both large and medium systems show an increase of main line stoppages
cleared annudly. In generd, as shown in Table 4-3, main line stoppages in both large and medium
systems have been increasing annudly and have decreased in smdl systems. Large systems
reported a 35% increase of stoppages cleared between 1994 and 1995. The Central, Northeast,
Northwest and Southwest areas reported an average increase of 10% to 20% each year, while the
Southeast reported more than a 62% increase between 1995 and 1996. The overdl rate of
mainline stoppages cleared is about 0.23 per mile per year.

Table4-3
Routine Maintenance - Average Main Line Stoppages Clear ed
(stoppages/mi)
Number of 5-Year Average
Region Respondents 1992 1993 194 1995 1996 stoppages/mile
Central 18 0.30 031 0.30 0.28 025 0.29
Northeast 3 0.19 0.17 0.19 0.24 0.23 0.20
Northwest 4 0.19 0.13 0.11 0.07 007 0.11
Southeast 4 0.26 0.28 0.26 0.39 0.63 0.36
Southwest 9 0.09 0.09 0.16 0.15 0.15 0.13
Sze
Large 13 0.17 0.18 0.17 0.23 0.23 0.20
Medium 19 0.27 0.28 0.31 0.26 031 0.29
Small 6 0.16 0.13 0.14 0.12 0.10 0.13
Overall Average 33 0.22 0.21 0.23 0.23 0.25 0.23

As shown in Table 4-4, large systems reported an increase in house service stoppages
cleared annudly, while medium and small systems reported a decrease each year. Overdl, therate
of stoppages cleared increased by an average 10 to 20% each year. Increasing numbers of
stoppages indicate decreasing performance of the systems. The overdl average for house service
stoppages cleared is 0.29 stoppages per mile per year.
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Table4-4
Routine Maintenance - Aver age House Service Stoppages Cleared
(stoppages/mi $yr)
Number of 5-Year Average
Region Respondents | 1992 1993 1994 1995 1996 stoppage/mi $yr
Central 13 047 0.46 0.49 048 0.40 0.46
Northeast 3 0.20 0.20 0.17 0.19 0.24 0.20
Northwest 3 0.22 0.26 0.25 0.14 0.14 0.20
Southeast 2 0.26 0.33 0.35 0.63 0.68 045
Southwest 6 0.06 0.05 0.05 0.02 0.04 0.04
Sze
Large 13 0.21 0.22 0.25 0.30 0.32 0.26
Medium 10 0.35 0.35 0.35 031 0.26 0.32
Small 4 0.38 0.35 0.33 0.27 0.29 0.32
Overal Average 27 0.29 0.29 0.30 0.30 0.29 0.29

Thirty-one agencies reported having routine ingpection and service on pump dations
between 1992 and 1996. Table 4-5 summarizes the ingpections and servicing of pump stations by
region and by sze. Although the Southeast region has the largest number of pump ationsingdled,
it has the lowest number of inspections between 1994 and 1996. The smdl systems have the
highest ingpection and servicing rate.

Table4-5
Routine Maintenance - Average | nspections & Service of Pump Stations
(inspection/pump stations$yr)
5-Year Average
Number of inspection/ps$py
Region Respondents 1992 1993 1994 1995 1996 r
Central 13 140 155 143 144 125 141
Northeast 1 331 340 340 340 365 353
Northwest 4 18 18 18 14 14 16
Southeast 4 1 1 41 44 28 23
Southwest 9 140 74 75 72 73 87
Sze
Large 11 R 87 R 93 ) a1
Medium 15 72 84 78 71 65 74
Small 5 30 220 328 184 184 229
Overall Average 31 122 107 106 93 92 105
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4.3 Inspection Maintenance

An ingpection program is vital to proper maintenance of awastewater collection system.
Without ingpections, a maintenance program is difficult to define, ance problems cannot be solved
if they are nat identified. The dements of an ingpection program indude flow monitoring, manhole
ingpections, smoke/dye testing, closed circuit television ingpection, and private sector inspections.
Ingpections provide the data necessary for managers to make informed decisons on al
maintenance, repair, and rehabilitation actions.

Information regarding the ingpection methods and satus for the most recent 1-year, 5-year,
10-year, and 20-year time intervals was obtained for each agency. Cumulative numbers of
inspections completed for each type of activity were obtained. The ingpection maintenance
methods by region and by size are summarized in Tables 4-6 through 4-10.

The frequency and types of ingpections vary widely from agency to agency.

Table 4-6 summarizes the flow evauations performed by region and by szeinthelast 1
year, 5 years, 10 years, and 20 years. The Northwest and Southwest regions reported greater
flow monitoring activities than the other regions. Large systems reported more flow monitoring than
medium or samdl sysems. Overdl, flow monitoring has increased from 8% per year 20 years ago
to 33% per year today. Some areas have been monitored more than once and therefore, have
been reported as being flow monitored more than once resulting in reported values exceeding
100%.

Table 4-6
I nspection Methods - Flow Evaluation
(cumulative % of system)
Number of
Region Respondents 1-Year 5-Year 10-Year 20-Y ear

Central 15 26% 53% 74% 83%
Northeast 3 63% 67% 67% 67%
Northwest 3 67% 367% 533% 733%
Southeast 4 15% 43% 43% 43%
Southwest 8 32% 67% 106% 170%
Sze

Large 10 53% 143% 220% 331%
Medium 17 33% 68% 76% %
Smdll 6 2% 3% 74% 91%
Overall Average 33 3% 85% 119% 157%
Average %/Y ear 3% 17% 12% 8%
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Table 4-7 summarizes the manhole ingpections satus. The Northeast and Southwest
regions reported rdaively high manhole ingpection rates over the past 20 years. The Centrd region
is below the average manhole ingpection rate. Large, medium and small systems dl reported an
average inspection rate greater than 100% over the past ten years. Most regions reported more
than 100% manhole ingpections during last 5 years. Reported vaues that exceed 100% indicated
that manhole ingpections have been conducted more than once in the same area. The overdl
average reported shows that manhole inspection activity has increased from 10%, 20 years ago,
to 26%, 1 year ago.

Table4-7
I nspection M ethods - Manhole I nspection
(cumulative % of system)
Number of
Region Respondents 1-Year 5-Year 10-Year 20-Y ear

Centrd 17 17% 48% 73% 76%
Northeast 3 3% 88% 125% 163%
Northwest 4 A% 55% 61% 67%
Southeast 4 19% 144% 144% 145%
Southwest 7 4% 186% 334% 598%
Sze

Large 13 21% 115% 177% 28%
Medium 16 2% 80% 113% 142%
Small 6 24% 70% 109% 130%
Overall Average 35 26% 91% 136% 195%
AveragelY ear 26% 18% 14% 10%

Table 4-8 summarizes the smoke/dye test by region and by system size. The Southeast
region reported the greatest average percentage system smoke/dye testes. Small systemns reported
the greatest overdl smoke/dye testing over the past 20 years but the lowest activity in the past year.

The smoke/dye test activity has been increased from 2% per year, 20 years ago, to 8%, 1 year

ago.



Table 4-8
Inspection M ethods - Smoke/Dye Testing
(cumulative % of system)
Number of
Region Respondents 1-Year 5-Year 10-Y ear 20-Y ear
Central 18 12% 21% 31% 38%
Northeast 3 1% 3% 3% 5%
Northwest 4 2% 8% 15% 21%
Southeast 4 13% 123% 123% 123%
Southwest 9 1% 17% 23% 3%
Sze
Large 14 10% 33% 35% 3%
Medium 18 % 20% 27% 33%
Smdll 6 33% 42% 60%
Overall Average 33 8% 26% 32% 3%
AveragelY ear 8% 5% 3% 2%
Note: Blank cellsindicate that data were unreported or required datato convert valuesto rates was
unreported.

Table 4-9 summarizes TV ingpection activity. Overdl, TV ingpection has increased from
2% per year 20 years ago to 7% per year ayear ago. The Southeast region has shown the highest
percentage of TV ingpection within the past 5 years.

Table 4-9
I nspection M ethods - Television I nspection
(cumulative % of system)
Number of

Region Respondents 1-Year 5-Year 10-Year 20-Y ear
Central 19 6% 19% 2% 32%
Northeast 3 8% 15% 1% 24%
Northwest 4 % 36% 45% 55%
Southeast 4 % 105% 107% 111%
Southwest 9 10% 27% 35% 43%
Sze
Large 15 % 41% 4% 54%
Medium 18 6% 25% 30% 4%
Smdll 6 11% 25% 48% 54%
Overall Average 39 % 31% 39% 44%
Average %/Y ear 7% 6% 4% 2%
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The private sector building ingpection activities include area drains, downspouts, cleanouts,
sump discharges and other private sector inflow sources into the system. Only twenty-two out of
42 agencies provided private sector building inspection data.  Table 4-10 summarizes the
cumulative percentage of private sector building inspection. The overdl average activity for the
private sector building inspection has been increased from 1 percent per year, 20 years ago, to 5
percent, 1 year ago.

Table4-10
Inspection Methods - Private Sector Building I nspection
(cumulative % of system)
Number of

Region Respondents 1-Year 5-Year 10-Year 20-Year
Central 12 4 17% 2% 2%
Northeast 1 0% 0.5% 1% 1%
Northwest 2 0% 0% 0% 0%
Southeast 2 12% 50% 50% 50%
Southwest 5 0.2% 20% 20% 20%

Sze

Large 9 % 15% 16% 1%
Medium 9 8% 18% 18% 18%
Small 4 0.3% 25% 50% 50%
Overall Average 22 5% 18% 24% 24%
Average %/Y ear 5% 1% 2% 1%

Note: Blank cellsindicate that data were unreported or required data to convert values to rates was

unreported.

4.4 Rehabilitation Maintenance

A rehabilitation maintenance program is essentid to maintaining a wasteweater collection
system. The percentage of system manholes, sawer lines, reief sewers, and private sector defects
which have been rehabilitated (rehabilitation maintenance and datus) was summarized. The
rehabilitation maintenance status by region and by szeisshown in Table 4-11.

Thirty-eight out of 42 agencies reported the rehabilitation maintenance status. The nationd
average for manhole rehabilitation is 42% from this survey. Both large and medium-sized sysems
are above the average. Centra and Northwest region are below the nationa average in manhole
rehabilitation maintenance. The nationd average for main line or public service connection repairs
is 38%. Northeast region has shown a high percentage of repairing rate in main line or public



sarvice connection. The nationd average rdlief sawer rehabilitation maintenance is47%. The amdl
systems have the highest maintenance rate of 81%. The national average for private sector
maintenance is 28%. Southwest region and smal systems have the highest maintenance rate.

Table4-11
Rehabilitation M aintenance Status
Main Line or Public
Number of Service Connection
Region Respondents Manhole Repairs Relief/Equalization | Private Sector
Central 18 35% 33% 2% 21%
Northeast 2 83% 73% 80% 0%
Northwest 4 35% 28% 50% A%
Southeast 4 51% 1% 3% 32%
Southwest 10 45% 40% 55% 4%
Sze
Large 14 46% 36% 44% 26%
Medium 18 43% 39% 44% 26%
Smal 6 32% 3% 81% 44%
Overall Average 33 42% 38% 47% 28%
Note:  Blank cellsindicate that data were unreported or required data to convert values to rates was
unreported.

4.5 System Maintenance Costs

System maintenance costs were reported by the following categories: reief, equdization,

rehabilitation/replacement, routine O& M, equipment replacement, and other costs. Information
regarding the totd dollars reinvested on system maintenance was obtained for the following time

periods:

B B B ®

1990 - 1996
1980 - 1989
1970 - 1979
pre- 1970

The dollar values listed are as reported and are not adjusted for inflation.

The average cumulative dollars spent on systlem maintenance is listed in Tables 4-12
through 4-15. The data show alarge increase in spending in the 1990s. The rate of spending has
increased from $5 per mile per year in pre-1970s to $8,000 per mile per year in the 1990s as
indicated in Table 4-16.



Table4-12

Relief Maintenance Costs by Period

Number of Number of Number of Number of
Region Respondents | Pre-1970 Respondents | 1970-1979 | Respondents [ 1980-1989 | Respondents | 1990-1996
($/mi$yr) ($/miPyr) ($/miSyr) ($/miByr)
Central 3 3 5 6,206 9 1,906 17 1,467
Northeast 1 0 1 0 1 0 2 1,730
Northwest 1 0 1 0 1 0 3 907
Southeast 1 0 2 1,057 2 1,216 4 0
Southwest 1 0 2 1,648 7 476 7 1,640
Size
Large 4 0 4 7,597 6 2,480 13 1,980
Medium 2 5 5 1,093 12 577 15 572
Small 1 0 2 294 2 554 5 1,656
Overdl Average 1 3,313 1,146 1,291
Note: Blank cells indicate that data were unreported or required data to convert values to rates was unreported.
Table4-13
Equalization Costs
Number of Number of Number of Number of
Region Respondents | Pre-1970 Respondents | 1970-1979 | Respondents | 1980-1989 | Respondents | 1990-1996
($/milyr) ($/misyr) ($/mi$yr) ($/mi$yr)
Central 7 0 8 0 8 17 10 257
Northeast
Northwest
Southeast 2 0 2 0 2 0 2 1,325
Southwest 4 0 7 130 6 68 6 97
Size
Large 3 0 4 0 4 0 4 1
Medium 8 0 11 82 10 53 12 482
Small 2 0 2 0 2 6 2 7
Overdl Average 0 53 34 322
Note: Blank cells indicate that data were unreported or required data to convert values to rates was unreported.
Table4-14
Rehabilitation/Replacement Costs by Period
Number of Number of Number of Number of
Region Respondents | Pre-1970 Respondents | 1970-1979 | Respondents [ 1980-1989 | Respondents | 1990-1996
($/milyr) ($/misyr) ($/mi$yr) ($/mi$yr)
Central 3 2 6 1,209 9 1,176 14 3,583
Northeast 1 3 1 143 1 1,718 1 1,270
Northwest 1 0 1 0 1 0 2 2,517
Southeast 2 0 3 106 3 65 3 1,098
Southwest 2 0 2 0 8 516 8 2,456
Size
Large 2 0 5 593 6 1,269 9 3,229
Medium 5 1 6 39 13 260 15 1,317
Small 1 0 2 2,205 3 1,876 4 7,650
Overall Average 1 585 756 2,836
Note: Blank cells indicate that data were unreported or required data to convert values to rates was unreported.
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Table4-15

O& M Budget by Period

Number of Number of Number of Number of
Region Respondents | Pre-1970 Respondents | 1970-1979 | Respondents [ 1980-1989 | Respondents | 1990-1996
($/milyr) ($/miPyr) ($/miSyr) ($/miByr)
Central 3 7 7 766 11 2,063 18 2,260
Northeast 1 0 1 0 1 488 2 7,350
Northwest 1 0 1 0 3 2,960
Southeast 1 0 1 0 2 0 3 2,988
Southwest 1 1,329 6 1,247 9 2,657
Size
Large 2 0 5 695 10 1,481 13 3,945
Medium 3 4 5 302 9 1,273 17 1,548
Small 1 941 2 1,163 5 4,051
Overdl Average 3 539 1,362 2,796
Note: Blank cells indicate that data were unreported o required data to convert values to rates was unreported.
Table4-16
Rate of Spending
Reinvestment Number of Number of Number of Number of
Category Respondents | Pre-1970 Respondents | 1970-1979 | Respondents | 1980-1989 | Respondents | 1990-1996
($/miOyr) ($/mi$yr) ($/misyr) ($/misyr)
Relief 7 1 11 3,313 20 1,146 33 1,291
Equalization 13 0 17 53 16 34 18 322
Rehabilitation 8 1 13 585 22 756 28 2,836
O&M 5 3 11 539 21 1,362 35 2,796
Equipment 5 0 6 9 8 34 15 117
Other 2 0 2 0 5 512 5 647
Total 5 4,499 3,844 8,009
Note: Blank cells indicate that data were unreported or required data to convert values to rates was unreported.

4-11




5.0 System Maintenance Frequency Deter mination

5.1 Introduction

Maintenance, as defined in the broad sense usad in this study, includes any collection
system reinvestment in the form of capita improvements, rehabilitation, inspection, and what is
typicaly consdered routine maintenance.  All maintenance activities are not equaly effective.
Therefore, when evauating how much maintenance an agency is doing, whet is of red interest is
how much effective maintenance it is doing. For example, if an agency was performing only
CCTV ingpections and nothing else, even though considerable time and effort may be going into
the CCTV ingpection, little system improvement would result. The CCTV iseffective only if it is
donein concert with other activities such as removing blockages and debris or repairing defects.

In other words, an effective maintenance program requires a baance of activities. This chapter
presents an evauation of maintenance and a determination of a maintenance frequency for the
agencies surveyed.

5.2 Waeghting of Maintenance Activities

In order to evauate the relative importance of activities necessary to develop a system
mai ntenance frequency, each agency was requested to provide an opinion of the relaive importance
of twelve common mantenance activities. The most important maintenance activity, as sdected by
the agencies surveyed, isline deaning, which averaged dmost 18% of the tota maintenance weight
assigned. The next three activities, listed in descending order of importance, are pump station
sarviang (14.1%), main line rehabilitation (12.6%), and closed circuit televison ingpection (10.5%).

The three least important activities, as sdlected by the agencies surveyed, are manhole rehabilitation

(5.6%), smoke testing (3.3%), and private sector ingpections (2.0%). These maintenance activities
and their average weight of importance arelisted in Table 5-1. Average percentages were adjusted
proportionately, so that the totd of al maintenance items was equal to 100 percent.
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Table5-1
Average Weight of Maintenance Activity
Activity Relative Importance (Weight) Number of Responses

1. Cleaning 17.7% 36
2. Root removal 8.4% 36
3. Pump station service 14.1% 36
4. Flow monitoring 7.0% 33
5. Manhole inspection 6.4% 35
6. Smoke testing 3.3% 31
7.CCTV 10.5% 34
8. Private sector inspections 2.0% 32
9. Manhole rehabilitation 5.6% 37
10. Main line rehabilitation 12.6% 36
11. Relief construction 6.3% 35
12. Private sector |/l removal 6.1% A
Total 100%

The variaionsin weights by region and by sze category are presented in Appendix C. The
relative importance by region and size was Smilar for al regions except for the Southeast region
which placed a higher importance on pump station servicing than other regions, and for the Centra
region which placed a higher importance on main line renabilitation. Because of the smdl sample
within each category (region and sze), the overdl average weights of maintenance activities were
used in the analysis reported herein.

5.3 Development of Maintenance Frequency

The sysem maintenance frequency for each agency was devel oped using the maintenance
activity weight (importance) as discussed in Section 5.2, a caculated standard rating based on a
norma distribution of maintenance rates, and the assigned maintenance frequencies.

5.3.1 Determining Maintenance Rates
All maintenance activity quantities were converted into unit rates. For example, miles of

sewer cleaned was converted into miles of sewer cleaned per year. For annua maintenance
activities, data for the past five years were used as abasis for the andlys's, snce this period was
considered representative of the best data. For Aonetimel maintenance activities such as
rehabilitation, an estimate of the needed rehabilitation completed was used. For example, if over
the life a system, 50% of the manholes were identified as needing rehakilitation and no repairs had
been made, 0% of manhole rehabilitation would have been completed. Likewise, if 25% of the
totd number of manhales in this same system had been repaired (50% of manholes needing

rehabilitation), then 50% of manhole rehabilitation would have been completed, and so on. The
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time interva during which rehabilitation was done was assumed to be the most recent 25 years,
which approximates the life expectancy of many rehabilitation methods. The maintenance done by
the agencies surveyed is presented in Table 5-2 and the maintenance rates are given in Table 5-3.

To determine maintenance rates, the average miles of sewer ingaled were estimated over the
mai ntenance period, based on the age information provided by each agency.

5.3.2 Deveoping the Standard Rating
A standardized table was developed using the maintenance data collected and a norma

digtribution. The mean, sandard deviation, range, and number of responses for each maintenance
activity are liged in Table 5-4. The rate of each maintenance activity was normdized using the
normal distribution to develop a standard by which any maintenance rate, or group of maintenance
rates from various maintenance activities, could be compared. The frequency of individud

maintenance activities can be easly determined;, however, the overdl sysem mantenance
frequency, condgdering al maintenance activities, requires a method to stlandardize and weight all

maintenance activities. Once the maintenance data was normalized, a frequency was assgned to
correspond to selected standard deviations from the mean.  The assgnment of the standard

mai ntenance frequency was somewhat arbitrary; however, based on previous reports (Nelson) a
510 10 percent overdl average frequency goa was assumed to be reasonable. Through trid and

error, an average maintenance frequency of 6.7% for al agencies was chosen. Thisis discussed

in more detail in Section 5.4. The selected frequencies corresponding to the normaized data are
listed in Table 5-5.
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Note: Blank cells indicate that data was unreported.
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Reported Maintenance Rates
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Table5-4
Maintenance Activity Statistics

Standard Number of

Activity M ean Deviation Range Responses
1. Cleaning, % system/yr 29.9% 24.8% 2% - 129% 32
2. Root removal, % system/yr 2.9% 6.7% 0% - 28% 23
3. Pump station service, no/ps/yr 1238 144.8 7.2-569 22
4. Flow monitoring, % system/yr 20.5% 25.7% 0.4% - 100% 27
5. Manhole inspection, %system/yr 19.2% 21.3% 0.1% - 100% 33
6. Smoke testing, %system/yr 7.5% 9.9% 0.1% - 43.6% 23
7. CCTV, % system/yr 6.7% 8.2% 1.0% - 44.4% 35
8. Private sector inspections, % system/yr 10.8% 8.3% 0.1% - 20.2% 7
9. Manhole rehabilitation, % complete 434% 36.6% 0.1% - 100% A
10. Main line rehabilitation, % complete 38.7% 33.4% 0.1% - 100% 36
11. Relief construction, % complete 55.9% 32.9% 5% - 100% 21
12. Private sector I/I removal, % complete 51.3% 43.3% 0.1% - 100% 16

The relationship between maintenance activity rate and maintenance frequency was
determined by setting a maintenance frequency of 10 percent equa to the mean vaue for each
maintenance activity and assigning corresponding maintenance frequencies on ether sde of the
mean based on the area under the norma curve. The selection of 10 percent maintenance
frequency association with the mean maintenance rate assumes that on average, most systems will
perform 100 percent of maintenance activitiesin a 10 year period. The maintenance frequencies
assigned to each deviation from the mean are shown on Figure 5-1.
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Table 6.5 Standar dized M aintenance Frequency Table by Maintenance Rate

Activity No. Avg. < -2sd | -1.5sd | -1.0sd | -0.75sd |-0.50sd | -0.25sd X +0.25sd | +0.50sd | +0.75sd | +1.00sd | +1.25sd | +1.50sd | +1.75sd | +2.0sd | +3.00sd
Reporting -2 -1.5 -1 -0.75 -0.5 | -0.25 0 0.25 0.5 0.75 1 1.25 15 175 2 3

Cleaning 32 0.299 0.248 -0.20 | -0.07 [ 0.05 011] 018| 0.24 0.30 0.36 0.42 0.48 0.55 0.61 0.67 0.73 0.79 1.04
Root Removal 23 0.029 0.067 -0.11 | -0.07 [ -0.04 -0.02 | -0.00 [ 0.01 0.03 0.05 0.06 0.08 0.10 0.11 0.13 0.15 0.16 0.23
LS Service 22| 123.781 | 144.801 | -165.82 | -93.42 | -21.02 15.18 | 51.38 | 87.58 [ 123.78 | 159.98 | 196.18 | 232.38 | 268.58 | 304.78 | 340.98 | 377.18 [ 413.38 | 558.18
Flow Monitoring 27 0.205 0.257 -0.31 | -0.18 | -0.05 001 0.08| 0.14 0.20 0.27 0.33 0.40 0.46 0.53 0.59 0.65 0.72 0.98
Manhole Inspection 33 0.192 0.213 -0.23 | -0.13 | -0.02 003| 0.09]| 0.14 0.19 0.25 0.30 0.35 0.41 0.46 0.51 0.57 0.62 0.83
Smoke/Dye Test 23 0.075 0.099 -0.12 | -0.07 [ -0.02 0.00| 0.03| 0.05 0.07 0.10 0.12 0.15 0.17 0.20 0.22 0.25 0.27 0.37
CCTV 35 0.067 0.082 -0.10 | -0.06 [ -0.01 001] 0.03| 0.05 0.07 0.09 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.31
Private Sector | nspections 7 0.108 0.083 -0.06 | -0.02 | 0.03 0.05( 0.07]| 0.09 0.11 0.13 0.15 0.17 0.19 0.21 0.23 0.25 0.28 0.36
Manhole Rehabilitation 34 0.434 0.366 -0.30 | -012 | 0.07 016]| 025| 034 0.43 0.53 0.62 0.71 0.80 0.89 0.98 1.08 1.17 1.53
Main Line Rehabilitation 36 0.387 0.334 -028 | -011| 0.05 014] 022] 0.30 0.39 0.47 0.55 0.64 0.72 0.80 0.89 0.97 1.05 1.39
Sewer Relief 21 0.559 0.329 -0.10| 0.07| 0.23 031] 039]| 048 0.56 0.64 0.72 0.81 0.89 0.97 1.05 114 1.22 1.55
Private |/l Removal 16 0.513 0.434 -0.35| -0.14 ] 0.08 0.19 { 0.30]| 0.40 0.51 0.62 0.73 0.84 0.95 1.06 1.16 1.27 1.38 1.82
Standardized Maintenance Frequency: 0% 1% 3% 5% 6% 8% 10% 12% 14% 15% 17% 18% 19% 19% 20% 20%
Areas Under Normal Curve (=1.00): 0.0228 0.0668 0.1587 0.2266 0.3085 0.4013 0.f 05987 0.691t 0.7734 0.841Z 0.8944 0.9332 09599 0.9772 0.9987]

sd = standard deviation
X = mean




Figure 5-1 Maintenance Freguency Assignments
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Measured Maintenance Frequency

5.4 Determination of Maintenance Frequency

An overdl maintenance frequency for each agency was determined by gpplying the actud
maintenance rates reported from Table 5-3, the rdative weight for each maintenance activity from
Table 5-1, and the corresponding standard activity maintenance frequency using Table 5-5.
Average maintenance activity rates were used for missng daa to estimate the maintenance
frequency for each agency. The range and mean of the maintenance frequencies derived is
presented in Table 5-6 and shown on the distribution curve on
Figure 5-2. The syssem maintenance frequency determined for each agency is presented in Table
5-7.
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Table 5-6 Calculated M aintenance Frequencies
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17.7% 8.4% 14.1% 7.0% 6.4% 3.3% 10.5% 2.0% 5.6%) 12.6% 6.3% 6.199 100.0%
1 0.6% 0.5%) 2.6% 0.6% 0.2% 0.1% 0.6% 0.0% 0.9% 1.5% 0.9% 0.1% 8.6%
2| 2.1% 1.0% 0.6% 0.2%) 0.5% 0.1% 0.5% 0.0% 0.3%) 1.5% 0.0%) 0.2% 7.1%
3| 1.1% 0.5%) 2.8% 0.3%) 0.2% 0.1% 0.6% 0.0% 0.3%) 0.8% 0.6% 0.7% 8.2%
4 0.2% 0.5%) 2.2%9 1.1% 0.3% 0.1% 0.6% 0.0% 1.0% 0.2% 0.0%) 0.1% 6.4%
5| 0.2% 0.5%) 0.6% 0.2%) 0.4% 0.1% 0.5% 0.0% 0.9% 2.1% 0.0%) 0.1% 5.7%
6| 2.7% 0.5%) 0.4% 0.3%) 0.4% 0.2%) 0.6% 0.0% 0.3%) 0.6% 0.0%) 0.1% 6.2%
7| 0.6% 0.5%) 1.1% 0.6% 0.4% 0.1% 1.3% 0.0% 1.0% 2.4% 1.1% 1.0% 10.2%
8| 0.2% 0.5%) 0.4% 0.3%) 0.3% 0.2%) 0.5% 0.0% 0.3%) 1.3% 0.5%) 0.1% 4.7%
9 3.0% 0.5%) 0.6% 0.2%) 0.2% 0.1% 1.3% 0.0% 0.3%) 1.5% 0.0%) 0.1% 7.9%
10| 0.2% 0.5%) 0.6% 0.2%) 0.2% 0.1% 0.3%) 0.0% 0.1%) 0.2% 0.0%) 0.1% 2.6%
11 1.1% 0.5%) 0.4% 1.1% 0.2% 0.1% 0.5% 0.0% 0.2%) 0.2% 0.0%) 0.1% 4.5%
12| 0.2% 0.5%) 0.4% 0.2%) 0.4% 0.1% 0.5% 0.0% 0.1%) 0.2% 0.0%) 0.1% 2.8%
13| 1.4% 0.5%) 0.4% 1.4% 0.2% 0.1% 0.6% 0.0% 0.1% 0.2% 0.0%) 0.1% 5.2%
14 0.2% 0.5%) 0.4% 1.2% 1.3% 0.1% 1.1% 0.0% 0.7%) 1.7% 0.8% 0.1% 8.1%
15| 3.5% 0.5%) 0.6% 0.2%) 0.6% 0.1% 1.3% 0.0% 1.0% 2.4% 1.1% 1.0% 12.6%
16| 0.6% 0.5%) 0.4% 0.3%) 0.4% 0.4% 1.3% 0.0% 0.1%) 0.4% 0.0%) 0.1% 4.5%
17| 1.1% 0.7%) 0.6% 0.3%) 0.3% 0.2%) 0.6% 0.1% 0.4%) 1.5% 0.9%) 0.9% 7.7%
18| 0.2% 0.5%) 0.4% 0.2%) 0.3% 0.4% 0.5% 0.0% 0.1%) 0.2% 0.1% 0.1% 3.0%
19| 0.2% 0.5%) 0.6% 0.3%) 0.3% 0.3%) 0.8% 0.0% 0.4%) 0.8% 0.6% 0.1% 5.1%
20 0.2% 0.5%) 0.6% 0.6% 0.6% 0.6% 2.0%) 0.3% 1.0% 1.9% 0.2%) 1.0% 9.7%
21 1.8% 0.5%) 0.4% 0.3%) 0.5% 0.1% 1.9% 0.0% 1.0% 2.4% 0.0%) 0.1% 9.1%
22| 0.8% 0.5%) 1.1% 0.6% 1.1% 0.4% 0.5% 0.0% 1.0% 2.4% 1.1% 1.0% 10.7%
23| 1.4% 0.5%) 1.1% 0.2%) 1.0% 0.1% 1.6% 0.0% 0.1% 0.2% 0.0%) 0.1% 6.4%
24 2.4% 0.5%) 1.4% 0.4%) 1.1% 0.5% 0.8% 0.2% 0.3%) 0.8% 0.6% 0.4% 9.6%
25| 0.2% 0.5%) 0.4% 0.2%) 0.2% 0.1% 0.3%) 0.0% 0.1% 0.2% 0.0%) 0.1% 2.4%
26| 1.1% 0.7%) 0.4% 0.6% 0.4% 0.1% 1.8% 0.0% 0.1%) 0.8% 0.1% 0.1% 6.1%
27| 0.6% 1.0% 2.4% 0.6% 0.4% 0.2%) 0.5% 0.0% 0.3%) 0.6% 0.1% 0.1% 6.6%
28| 3.2% 0.5%) 0.9% 0.2%) 0.2% 0.1% 0.3%) 0.0% 0.1%) 0.2% 0.0%) 0.1% 5.8%
29| 0.8% 0.5%) 0.4% 0.6% 0.4% 0.1% 0.5% 0.0% 0.1% 0.2% 0.0%) 0.1% 3.7%
30 2.4% 0.5%) 0.4% 0.2%) 0.2% 0.1% 0.5% 0.0% 0.1%) 0.2% 0.1% 0.1% 4.9%
31 1.4% 1.6% 0.4% 0.2%) 1.3% 0.7%) 2.1%) 0.0% 0.1% 0.2% 0.5%) 0.1% 8.6%
32 0.2% 0.5%) 0.4% 0.3%) 1.0% 0.1% 0.3%) 0.0% 1.0% 2.4% 0.0%) 0.1% 6.4%
33 0.2% 0.5%) 0.4% 0.2%) 0.2% 0.1% 0.3%) 0.0% 0.1% 0.2% 0.0%) 0.1% 2.4%
34 0.2% 0.5%) 0.4% 0.2%) 0.2% 0.1% 0.3%) 0.0% 0.4%) 1.3% 0.3%) 0.2% 4.3%
35 1.4% 0.5%) 0.4% 0.2%) 0.6% 0.1% 0.5% 0.0% 0.3%) 0.8% 0.5%) 0.1% 5.5%
36 1.1% 0.5%) 1.4% 0.4%) 0.5% 0.4% 0.6% 0.3% 0.3%) 0.6% 0.0%) 0.1% 6.2%
37 1.8% 0.5%) 0.4% 0.2%) 0.2% 0.1% 0.5% 0.0% 0.1% 1.0% 0.0%) 0.1% 5.0%
38 3.2% 0.5%) 2.6% 0.6% 0.6% 0.6% 0.8% 0.3% 0.3%) 0.2% 1.1% 1.0% 11.9%
39 1.1% 0.5%) 0.4% 1.4% 0.6% 0.1% 1.5% 0.0% 0.1% 0.2% 0.0%) 0.1% 6.0%
40 0.8% 0.5%) 0.4% 0.6% 0.3% 0.3%) 0.8% 0.0% 0.1%) 0.2% 0.0%) 0.1% 4.1%
41 3.0% 1.7% 0.4% 0.2%) 0.2% 0.1% 0.3%) 0.0% 1.0% 2.4% 1.1% 1.0% 11.6%
42 1.8% 0.5%) 0.4% 0.2%) 0.6% 0.1% 0.5% 0.0% 1.0% 1.7% 0.0%) 0.1% 7.1%
12%  06%  08%  04%  05%  02%  08%  01%  04%  L0%  03%  03%  6.6%
avg avg avg avg avg avg avg avg avg avg avg avg avg
42 42 42 42 42 42 42 42 42 42 42 42 42
count count count count count count count count count count count count count
1.0% 0.3% 0.7% 0.3% 0.3% 0.2% 0.5% 0.1% 0.4% 0.8% 0.4% 0.4% 2.6%
sd sd sd sd sd sd sd sd sd sd sd sd Sd
2.4%
min
12.6%
max




Figure 5-2 Collection System Maintenance Frequency Distribution
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Table5-7
Range and M ean of System Maintenance Frequencies
Estimate Value
Mean 6%
Minimum 24%
Maximum 12.6%

Perfor mance Indicators

The objective of syslem maintenance isto provide a properly operating collection system.
The effectiveness of maintenance can be evauated by improvement in syssem performance.
Performance measures considered in this study include customer complaints, manhole overflows,

pipe falures, pump gation failures, and theratio of peak hourly flow to average daily flow (ADF),
and peak monthly flow to ADF. The reationship between system maintenance frequency and
performance is explored in the next section.

Regression Analysis for Maintenance Frequency

Multiple linear regresson andyds involves determining and measuring the rdaionship

between three or more varidbles. 1n this respect, regresson deds with determining a quantitetive
expresson to describe the relaionship, while corrdation dedl's with the measurement of the extent

5-10




of the relaionship. Linear regresson isaprocedure of estimating alinear relaionship between a
dependent variable, and one or more independent variables. The generd form of a multiple
regresson equdion is

Y=B1l+ B2X1+ .......... BnXn-1 +e

Where:
Y = dependent variable
Xi = ith independent variable for 1=1...n
Bi = ith coefficient for Xi
e =random error

The variable A6l is arandom error parameter and is assumed to have anorma digtribution with a
mean of zero and a condant variance for al vaues of independent variables. The multiple
regresson used in the modd building process uses the least square method to estimate the
coefficients. All regression andyses were performed using the SPSS satistical software package
for Windows Release 6.0 .

Regresson analyses were performed using the derived maintenance frequency as the
dependent variable and various sets of independent variables. The purpose of thisanalysswasto
explore the rdationship, if any, between calculated maintenance frequency and key independent
variables, induding performance measures, the number of pump gations, the size of the agency, and
the regiond location of the agency, which may tend to result in the need for maintenance. The
independent variables consdered for andyss, were sdlected from the list of data requested from
the agencies and are summarized in Table 5-8.
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Table5-8
Potential Independent Variables Related to M aintenance Frequency
Variable Unit Code
Customer Complaints - last 5 years Complaints/'mile$year CUSTC 5
Manhole and Treatment Overflowslast 5 Overflows/mile$year MHOF 5
years
Pipe Failures- last 5 years Failures/mile$year PIPEF 5
Pump Station Failures - last 5 years Failures/pump station$year PSF 5
Pump Station Number Number of pump stations PS NO
Size of Agency Based on size designation - small, medium, SIZE CD
large
L ocation of Agency Based on regional codes established for this REG CD
project
Ratio of Peak Hourly Flow to Annual Average | Ratio PH_ADF
Flow
Ratio of Peak Monthly Flow to Annual Ratio PM_ADF
Average Flow
Note: The codeis used in the SPSS statistical software package and islisted here for reference.

A number of regression analyses were performed to evauate possible relationships. Out
of the many anayses performed, nine are documented in this report. The coefficients of
determination (R?) for the nine documented analyses are presented in Table 5-9. The andyses
show that the best R is obtained when al nine independent variables are considered. The R
vaues show tha the edimate of the maintenance frequency is highly dependent on customer
complaints, manhole overflows, size characteridtics, regiona characteristics, pesk hour/ADF rétio,
and pump detion failure rates. The Size Code is 1 = small, 2 = medium, 3 = large, and the
Regiona Codeis1 = centrd, 2 = northeast, 3 = northwest, 4 = southeast, and 5 = southwest. The
regression equation coefficients for the four best relationships (R? grester than 0.80) are presented
in Table 5-10. These regresson coefficients were used to estimate the maintenance frequency from
those agencies that provided complete information. Only 12 agencies provided al the deata
necessary for the regresson analysis. The results presented on Figure 5-3 show good agreement
between the calculated (from Table 5-7) and the predicted maintenance frequency using Equation
MFL1 in Table 5-10. The results on Figure 5-3 indicate that system performance measures and
system maintenance frequencies may be related.
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Table5-9

Regression Analysisfor Maintenance Frequency

Coefficient of
Independent Variables Determination

(/) 42\

I n Q| E

S| 3 u| 2|5

s = wlofl 8o

S o O < c g

Q| > | 8 |l <| =] §| & I

o| 3| ¢ S| S| E€| 8|S b

g|lo|2|8|0| 3|5 = E/@; B Selected

§ .% Ig é §| T %26 2| 2 2 Regression

No. | 5 a|l N| B § 5 5 =) Analyses Equation
va | O | 2| &8 | o | 2| 2| 2| & < R2>0.80 Name

9 X X X X X X X X X 0975| 0.863 X MF1
8 X X X X X X X X 0.896| 0.619 X MF2
7 X X X X X X X 0.827| 0.523 X MF3
7 X X X X X X X 0495| 0.053
6 X X X X X X 0593| 0.276
6 X X X X X X 0.609( 0.140
6 X X X X X X 0.318| -0.054
6 X X X X X X 0.639| 0422
6 X X X X X X 0.826| 0.618 X MF5

@ The adjusted R? statistic attempts to model R?to more closely reflect the goodness of fit of the model in
the population. (pg. 318 SPSS Manual)

R*=R?

P(L-R)
N-P-1

Regression Coefficientsfor Maintenance Frequencies

Table5-10

Item Linear Regression Equation Coefficients
Equation MF1 Equation MF2 Equation MF3 Equation MF4
Constant -0.107 -0.123 0.079%6 0.0804
Customer Complaints -0.0484 -.00041 -0.00156 0.00152
Manhole Overflows -0.340 -0.139 -0.190 -0.189
Pipe Failures -0422 -0.0760 -0.00359
Size Code -0.00978 -0.0103 -0.00658 -0.0065
Region Code -0.0129 0.0031 0.00849 0.00841
Peak Hour/ADF -0.0920 -0.0093 -0.000785 -0.001
Peak Month/ADF 0.430
Pump Station Failure 0.344 -0.839 -0.826 -0.828
Pump Station Number 0.00004 0.000038
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Figure 5-3 Calculated vs. Predicted Maintenance Frequency
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5.7 Conclusions

The maintenance frequency for a system can be expressed as a single measurement using
a standard rating frequency and weighting factor for each activity. The maintenance frequency
appears to be rdlated to a number of independent variables, including customer complaints,
manhole overflows, pipe falures, sysem sze, number of pump daions, syssem size, regiond
locations, peak hour/ADF ratio, peak month/ADF ratio, and pump dation falures. These
independent variables can be used to derive a suggested system maintenance frequency using one
of the equationsin Table 5-10.
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6.0 Determination of System Performance Rating

6.1 Introduction

System performance measurements should indicate how well or how poorly a collection
sysemis providing the intended service. The measurement of sysem performanceis crucid to the
optimization of maintenance, for without a proper Ayardstick(, it isnot possibleto tdl how effective
the maintenance programis. All performance measures are not necessarily equd in importance.

Therefore, when evauating an agency:s performance, the most important question is how the
system asawhaleis performing based on anumber of sgnificant factors. 1t doeslittle good for an
agency to have zero pipe falures and yet have alarge number of complaints about sewage backing
up into homes. Just as with maintenance activities, an effective performance evauation requires
consderation of a number of factors. This chapter presents the evaluation of performance, the
determination of a performance rating for the agencies surveyed, and the procedures to follow in
determining the performance rating.

6.2 Performance Data Weighting

In order to develop an overdl performance rating, each agency was requested to provide
its opinion of the rdative importance of x commonly used collection system performance measures
as described below:

Pipe Falure - a pipe which haslogt its structurd integrity as evidenced by totd or partia
collapse (loss of 50% of pipe area or 25% of pipe wall around any circumference.
Measured by failures per mile per year.

Sanitary Sewer Overflow (SSO) - a discharge of wastewater from the collection system
with the potentia to enter surface water courses occurring either in the collection system

or in the headworks of the wastewater treatment plant.

Complaints - a customer complaint related to the performance of the collection system,
including issues such as overflows, odors, and loose manhole covers.
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Pump Station Failure - a condition that results in station overflows or an unacceptable
surcharge of the system.

Pesk Hour/ADF Ratio - Theratio of pesk hour flow at a selected design condition to the
average annud daily flow. This caculation may require extrgpolation of monitored sorm
events.

Pesk MonthVADF Ratio - Theratio of the peek monthly flow a the WWTP to the average
annud daly flow.

The performance measures described above and the average weight assgned by the
surveyed agencies are presented in Table 6-1. Average percentages were adjusted proportionately
so thetotd of dl maintenance items was equd to 100 percent.

Table 6-1
Performance M easure Weight
Measure Relative Importance
(Weight)

1. Pipefailure 22.6%
2. Sanitary sewer overflow (SSO:s) (Manhole and Treatment Overflows) 23.6%
3. Complaints (basement backups and customer complaints) 20.8%
4. Pump station failure 17.8%
5. Peak Hour/ADF ratio 9.7%
6. Peak Month/ADF ratio 5.5%
Total 100.0%

The most important performance measures, according to the agencies surveyed, is pipe
falure, SSO-s, customer complaints, and pump station failures, which account for gpproximately
88 percent of the performance importance. The average performance weights of al agencies are
used for the analysis presented herein.

6.3 Development of Performance Rating

Ovedl performance ratings for each agency were developed using an approach smilar to
that used to standardize maintenance frequencies. Standard performance ratings were devel oped
based on norma digtribution of performance measures, assgned performance rating, and the
importance of the performance measure.
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6.3.1 Determining Performance Rating
All performance measures were converted into unit rates, such as pipe falures per mile per

year. Performance measures over the past 5 years were used as the basis for the analysis, since
this data period provided more complete information than longer periods. Performance data for
each agency is presented in Table 6-2. Blank cdls indicate that the data was not provided by the
agency. Performance rates for each agency were determined using the performance data and
appropriate measures, such as miles of sawer. To determine performance, adjustments to miles
of sawer were made based on the age information provided by each agency to more accurately
estimate the true rate of each performance data. The performance rates for each agency are
presented in Table 6-3.

6.3.2 Deveopingthe Standard Rating
The mean, standard deviation, range, and number of responses for each performance

measure are liged in Table 6-4. The rate of each performance measure was then normdized using
the norma digtribution to develop a standard by which any performance rate, or group of
performance rates from various performance measures could be compared. Once the performance
data was normdized, a tandard performance rating was assigned to selected deviations from the
mean. The assgnment of the sandard performance rating was somewhat arbitrary; however,
based on the initia hypothesis, an average rating of 65 to 75% for the age of the systems
investigated was assumed to be reasonable. Through trid and error, an average performance rating
of 71.1% was determined, as discussed in more detail in Section 6.4. The standardized
performance ratings assgned to each deviation from the mean for each performance messured data
are givenin Table 6-5. The weights used for analyss are dso given in Table 6-5. 1t should be
noted that the performance weight suggested by agencies for complaints was split 50/50 between
basement backups and customer complaints.
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Table 6-2 Utility Performance Data

7
s
n
g 2
é I 4
> g 8
4 s o L L
8 © 2 S ) )
S 3 9 € © <\£ 3
; @ - g 2 £ =
5 & 3 3 g ; ;
1 270 1,102 2,860 123 2.08 1.13
2 2.05 1.25
3 20 2 1,675 3 1.83 1.10
4 15 20 60 1 2.81 1.11
5 2.26 1.58
6 3.36 1.29
7 0 13 22 4 3.36 1.24
8 2.55 1.77
9 1 5 110 0 2.31 1.08
10 2.70 1.83
11 986 1.80 1.16
12 562 345 21,705 623 2.21 1.19
13 2 924 30,284 0 1.24
14 11 27 105 1 1.81 1.02
15 1,000 4,150 1.32
16 846 651 34,901 36 1.00
17 27 72 44,955 28 2.15 1.25
18 500 250 3 3.21 214
19 500 100 25 2.29 1.32
20 1,200 251 23,000 70 1.95 1.33
21 7 5 1 0 1.69 1.11
22 1 184 2,999 5 1.39 1.05
23 1.32 1.03
24 761 1,486 13,656 20 1.28
25 2.80 1.03
26 5 20 1,500 2 1.22
27 2,200 560 7,970 35 1.28 1.12
28 5 640 3,375 100 1.83 1.10
29 1.15
30 12 2,215 30 2.05 1.03
31 1.12
32 2 25 20 5 4.16 141
33 2.95 1.38
34 2.75
35 1 9 4 0 2.27
36 5 9 6,510 5 3.44 1.35
37 355 275 161 1 1.27 1.03
38 2 13 1 1.97 1.07
39
40 5 100 120 5 4.26 243
41 1.02
42 3 76 3,805 60 3.00 2.50
9,304 7,064 206,264 1,185 2.40 1.30
sum sum sum sum avg. avg.
29 26 28 26 33 39
Count Count Count Count Count Count

(1) Includes manhole and treatment headworks SSOs.
(2) Includes Complaints, basement backups, and "other" category on questionnaire.

Note: Blank cells indicate that data is unreported or required data to convert values to rates was unreported.




Table 6-3 Performance Rates

— =
< - S E
g < 5 £
> = 1%
s £ £ S
3 < o
4 g = 4
o > 0 B
= n
& g 5
% i B = w a
. = - ] w a <
s 3 g g % g 2
E-‘ E v E‘ g I =
5 £ 2 3 g ; ;
1 0.012 0.047 0.114 0.005 2.08 1.13
2 2.05 1.25)
3 0.021 0.002 0.294 0.003 1.83 1.10
4 0.006 0.008 0.005 0.000 2.81 1.11]
5 0.179 2.26 1.58
6 1.001 3.36 1.29
7 0.000 0.022 1.027 0.007 3.36 1.24
8 0.116) 2.55 1.77]
9 0.001 0.003 0.043 0.000 2.31 1.08
10 0.962 2.70 1.83)
11 0.102 0.518 1.80 1.16)
12 0.046 0.028 69.107 0.051 2.21 1.19
13 0.000 0.061 0.027 0.000 1.24
14 0.002 0.004 0.963 0.000 1.81 1.02
15 0.130 0.019 1.32
16 0.080 0.062 1.000 0.003 1.00
17 0.001 0.004 0.460 0.001 2.15 1.25
18 0.093 0.046 0.001 3.21 2.14
19 0.132 0.007 2.29 1.32
20 0.101 0.021 0.200 0.006 1.95 1.33
21 0.047 0.033 0.011 0.000 1.69 1.11)
22 0.000 0.028 1.005 0.001 1.39 1.05)
23 1.32 1.03
24 0.091 0.177 0.034 0.002 1.28]
25 2.079 2.80 1.03
26 0.001 0.005 0.750 0.000 1.22]
27 0.257 0.066 25.394 0.004 1.28 1.12
28 0.001 0.119 0.357 0.019 1.83 1.10
29 1.15
30 0.001 0.074 0.002 2.05 1.03]
31 1.12
32 0.006 0.077 1.615 0.015 4.16 1.41]
33 9.821 2.95 1.38
34 2.75
35 0.000 0.004 0.202 0.000 2.27
36 0.001 0.002 0.059 0.001 3.44 1.35)
37 0.046 0.035 0.022 0.000 1.27 1.03
38 0.010 0.067 0.106 1.97 1.07|
39 0.051
40| 0.009 0.174 17.182 0.009 4.26 2.43
41 1.02
42 0.001 0.030 1.552 0.023 3.00 2.50
0.041 0.045 4.010 0.006 2.399 1.302
avg avg avg avg avg avg
29 25 34 26 33 39
count count count count count count
0.059 0.048 12.464 0.011 0.756 0.360
sd sd sd sd sd sd
0 0.00197989 0.00542603 0 1.27081507 0.99890744
min min min min min min
0.257 0.177 69.107 0.051 4.257 2.500
max max max max max max

(2) Includes manhole and treatment headworks SSOs.
(2) Includes complaints, basement backups and "other" category on questionnaire.

Note: Blank cells indicate that data was unreported or required data to convert values to rates was unreported.
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Table 6-4
Performance Data Statistics
(Last 5years)

Standard Number of

Performance Measure Mean Deviation Range | Responses
1. Pipefailures, number/mi $yr 0.041 0.059 0.025 29
2. Sanitary Sewer Overflows (SSOs,) number/mi $yr 0.045 0.048 0.002-0.17 25
3. Complaints, number/mi $yr 4.010 12.464 0.005-69.1 A
4. Pump station failure, number/ps$yr 0.006 0.011 0-0.051 26
5. Peak hour flow/ADF Ratio 2409 756 1.27-4.26 33
6. Peak month flow/ ADF Ratio 1.30 0.360 10-250 39

The reationship between measured performance and assigned performance rating was
determined by setting a performance rating of 50 percent equal to the mean vaue of each
performance measure, and assigning corresponding performance ratings on ether sde of the mean
based on the area.under the norma curve. The sdlection of 50 percent association with the mean
performance measure was by trid and error, so that the average performance rate of al agencies
was between 65 and 75%. The performance rating assgned to each deviation from the
performance mean is shown on Figure 6-1.



Table 6-5 Standar dized Performance Rating Table by Performance Measure

Performance Measure[Weigh | No. | Avg. sd -2sd | -1.5sd| -1sd - -0.6sd| -0.5sd | -0.4sd | -0.3sd | -0.2sd| -.1sd X +.25s [+0.50s |+.75s | +1sd [+1.25s |+1.50s [+1.75s | +2sd |+3.0s
t 0.75sd d d d d d d d
-2 -1.5 -1 -0.75| -06 [ -05 | -04 | -03 | -0.2 | -0.1 0 0.25]| 0.5 | 0.75 1 1.25 1.5 1.75 2 3
Pipe Failures 22.6%| 29/0.041 | 0.0593| -0.077( -0.048] -0.018( -0.003| 0.006| 0.012| 0.018| 0.024 0.029] 0.035( 0.041] 0.056| 0.071| 0.086| 0.101| 0.115| 0.130 0.145| 0.160( 0.219
3
SSO's 23.6%| 25/0.045 | 0.0480| -0.051( -0.027| -0.003 0.009| 0.016| 0.021| 0.026| 0.031 0.035 0.040( 0.045| 0.057| 0.069| 0.081| 0.093[ 0.105| 0.117( 0.129| 0.141| 0.189
0
Customer 20.8%| 34[4.010 |12.464 - - -8.454| -5.338| -3.468| -2.222( -0.975| 0.271| 1.517| 2.764| 4.010| 7.126| 10.242(13.35 |16.47 | 19.591| 22.707| 25.823|28.93 |41.40
Complaints 3 2[20.918| 14.686 8 5 9 3
PS Failures 17.8%| 26/0.006 | 0.0107| -0.015| -0.010| -0.004| -0.002( -0.000] 0.001f 0.002| 0.003| 0.004f 0.005| 0.006( 0.009| 0.012( 0.014| 0.017| 0.020| 0.022| 0.025| 0.028| 0.038
2
PH/ADF 9.7%| 33|2.399 | 0.3598| 1.000| 1.859| 2.039| 2.129| 2.183| 2.219| 2.255| 2.291| 2.327| 2.363| 2.399| 2.489| 2.579| 2.669| 2.759| 2.849| 2.939| 3.029| 3.119| 3.479
2
PM/ADF 5.5%| 39/1.302 | 0.3598| 0.583| 0.763| 0.942| 1.032 1.086| 1.122 1.158| 1.194| 1.230| 1.266| 1.302| 1.392| 1.482( 1.572| 1.662| 1.752| 1.842| 1.932| 2.022| 2.382
3
Standardized Performance Rating: 100% 100% 100% 100% 109% 97% 87% 79% 71% 65% 60% 50%  43% 39% 36% 34% 32% 31% 31% 30%
Areas Under the Normal curve (+1.00): X = mean 0.0228 0.0668 0.1587 0.2266 0.2743 0.3085 0.3446 0.3821 0.4207 0.4602 0.5 0.598 0.6915 0.773 0.841 0.8944 0.9332 0.9599 0.977 0.998

7

4

3

2

7
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Figure 6-1 Assignment of Performance Rating
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6.4 Determination of Performance Rating

An overal performance rating for each agency, presented in Table 6-6, was determined
by applying the actual performance measures reported, the relative weight for each performance
measure, and the andard performancerating. A summary of the performance ratings derived is
presented in Table 6-7 and shown on the digtribution curve on Figure 6-2. For missing data points,
where a performance measure was not provided, the average overall rating was used to caculate
a performance rating.



Table 6-6 Calculated Performance Ratings
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(Weighting-->) 22.6% 23.6% 20.8% 17.8% 9.7% 5.5% 1.000
1 24.7% 14.2% 18.1% 11.6% 9.7% 5.4% 0.837
2 13.6% 14.2% 12.5% 10.7% 9.7% 3.9% 0.645
3 19.7% 23.6% 16.3% 13.9% 9.7% 6.1% 0.893
4 24.7% 23.6% 18.1% 10.7% 3.5% 6.1% 0.866
5 13.6% 14.2% 18.1% 10.7% 8.5% 2.1% 0.671
6 13.6% 14.2% 16.3% 10.7% 3.0% 3.6% 0.613
7 13.6% 22.9% 16.3% 10.7% 3.0% 3.9% 0.704
8 13.6% 14.2% 18.1% 10.7% 4.9% 1.9% 0.632
9 22.6% 23.6% 18.1% 10.7% 7.6% 5.5% 0.881
10 13.6% 14.2% 16.3% 10.7% 3.8% 1.9% 0.603
11 8.1% 14.2% 16.3% 10.7% 9.7% 4.8% 0.637
12 13.6% 20.5% 6.2% 5.3% 10.6% 4.3% 0.607
13 22.6% 11.8% 18.1% 10.7% 5.8% 3.9% 0.730
14 22.6% 23.6% 16.3% 19.4% 9.7% 5.5% 0.972
15 7.6% 14.2% 18.1% 10.7% 5.8% 3.3% 0.597
16 9.8% 11.8% 16.3% 13.9% 5.8% 5.5% 0.633
17 22.6% 23.6% 16.3% 17.3% 9.7% 3.9% 0.935
18 8.8% 14.2% 12.5% 19.4% 3.0% 1.7% 0.595
19 7.3% 14.2% 12.5% 10.7% 8.5% 3.3% 0.563
20 8.1% 22.9% 18.1% 11.6% 9.7% 3.3% 0.737
21 13.6% 18.5% 18.1% 10.7% 9.7% 6.1% 0.766
22 22.6% 20.5% 16.3% 19.4% 9.7% 5.5% 0.942
23 13.6% 14.2% 12.5% 10.7% 9.7% 5.5% 0.661
24 8.8% 7.2% 18.1% 15.5% 5.8% 3.6% 0.590
25 13.6% 14.2% 14.8% 10.7% 3.5% 5.5% 0.622
26 22.6% 23.6% 16.3% 19.4% 5.8% 4.3% 0.921
27 6.8% 11.8% 6.7% 12.7% 9.7% 5.4% 0.531
28 22.6% 7.6% 16.3% 6.3% 9.7% 6.1% 0.686
29 13.6% 14.2% 12.5% 10.7% 5.8% 5.4% 0.621
30 22.6% 14.2% 18.1% 15.5% 9.7% 5.5% 0.856
31 13.6% 14.2% 12.5% 10.7% 5.8% 6.1% 0.627
32 24.7% 10.2% 14.8% 6.9% 2.9% 2.8% 0.624
33 13.6% 14.2% 10.4% 10.7% 3.1% 3.3% 0.553
34 13.6% 14.2% 12.5% 10.7% 3.8% 3.3% 0.580
35 22.6% 23.6% 18.1% 10.7% 8.5% 3.3% 0.868
36 22.6% 23.6% 18.1% 17.3% 3.0% 3.3% 0.879
37 13.6% 18.5% 18.1% 19.4% 9.7% 5.5% 0.849
38 24.7% 11.8% 18.1% 10.7% 9.7% 5.5% 0.806
39 13.6% 14.2% 18.1% 10.7% 5.8% 3.3% 0.656
40 24.7% 7.2% 7.4% 10.7% 2.9% 1.7% 0.546
41 13.6% 14.2% 12.5% 10.7% 5.8% 5.5% 0.622
42 22.6% 20.5% 14.8% 5.7% 3.1% 1.7% 0.685
0.164 0.162 0.153 0.121 0.068 0.042 71.1%
avg avg avg avg avg avg avg
42 42 42 42 42 42 42
count count count count count count count
0.059 0.049 0.033 0.036 0.028 0.014 0.128
sd sd sd sd sd sd sd
0.068 0.072 0.062 0.053 0.029 0.017 0.531
min min min min min min min
0.247 0.236 0.181 0.194 0.106 0.061 0.972
max max max max max max max




Table6-7
Summary of Performance Rating Derived

Estimate Vdue

Mean 0.640
Minimum 0.339
Maximum 0.910

Figure 6-2 Collection System Weighted Performance Rating

Number of Agencies
i

) E . \—
" y \

3 e AzE 200 53 EQE EBE 75O as ETS s

FPerformance Rating, %

6.4.1 Annual Reinvestment
It was suspected that performance would be strongly linked to the annuad system

reinvesment in terms of dollars per mile per year (¥mi$yr). The annud investment for eech agency
was based on the reinvestment reported and the estimated miles of pipeline for the following time
periods:

Before 1970

1970-1979

1980-1989
1990-1996

The reinvesment amount consders rdief sawers, equdization, rehabilitation, operation and
maintenance, equipment, and other reported costs. The reinvestment amount by agency over the
life of the system is presented in Table 6-8. The average reinvestment for al years reported a
$2,594 per mile per year in 1996 costs would be $5,252 per mile per year based on an average
age of 37 years and adjusting costs using the Engineering News Record Congtruction Cost Index.
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The reinvestment data shows that the reinvestment for 1980 to 1996 increased to $9,328 per mile
peryear.

6.4.2 Regresson Analysisfor Performance Rating
Multiple linear regression andyses were performed using the derived performance rating

as the dependent variable and various sets of independent variables. The purpose of this andyss
was to explore the relationship, if any, between performance and key independent variables which
may influence system performance.  The independent varigbles consdered for andysis, their units,
and a code for use in the datidtica program, were sdected from the list of data requested from the
agencies, and are summarized in Table 6-9. Note that the overdl maintenance frequency
determined in Chapter 5 is a component of this relationship, and is a surrogate for dl maintenance
activities included in the determination of the overal maintenance frequency. 1t was hypothesized
thet the reinvestment amount in terms of ¥mi$yr and the maintenance frequency influences system
performance.

A number of regresson analyses were performed to evauate possible rdaionships. Of the
many analyses performed, the five best relationships are reported here.  The coefficient of
determinations (R?) for the five documented analyses are presented in Table 6-10. The analyses
show that the best R? is obtained when dl the independent variables are considered. The R values
indicate that the estimated performance rating is highly dependent on maintenance frequency and
renvesment. Only reinvestments during or after 1980 were consdered. The regresson equation
coefficients for the one equation with an R greater than 0.70 is presented in Table 6-11. These
regression coefficients were used to estimate the performance rating from those agencies that
provided the information required to use the equation. The results, showing the predicted
performance rating and the calculated performance ratio using Equation PR1, are presented on
Figure 6-3. Thisfigure showsfairly good agreement between measured and predicted performance
ratings.
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Table 6-8

Agency Reinvestment Data

Utility No. Total Spent Total Spent Total Spent Total Spent
$/mi-yr Hft-yr $/mi- fyr - yr
(All Y ears Reported) (All Y ears Reported) (1980 —1996) (1980 — 1996)
1 $1,484 $0.28 $2,753 $0.52
2
3 $9,436 $1.79 $20,053 $3.80
4 $31,863 $6.03
5 $3,000 $0.57
6 $1,145 $0.22
7 $5,387 $1.02 $10,069 $1.91
8 $3,905 $0.74
9 $675 $0.13 $1,430 $0.27
10 $484 $0.09
11 $1,833 $0.35 $10,434 $1.98
12
13 $3,066 $0.58
14 $5,902 $1.12 $16,961 $3.21
15 $645 $0.12
16
17 $3,267 $0.62
18 $1,926 $0.36 $3,832 $0.73
19 $1,734 $0.33 $3,776 $0.72
20 $3,657 $0.69
21 $701 $0.13
22 $7,381 $1.40 $5,585 $1.06
23
24 $1,686 $0.32 $8,304 $157
25 $1,089 $0.21
26 $513 $0.10 $1,969 $0.37
27 $258 $0.05
28
29
30 $1,035 $0.20 $1,820 $0.34
31
32 $8,180 $1.55 $21,641 $4.10
33 $406 $0.08
34
35 $579 $0.11
36 $2,663 $0.50 $3,158 $0.60
37 $1,977 $0.37
33
39
40 $1,828 $0.35
41
42 $1,988 $0.38 $5,506 $1.06
$2,594 $0.49 $9,328 $1.77
avg avg avg avg
30 30 16 16
count count count count
$2,377 $0.45 $8,583 $1.63
sd sd d sd
Table 6-9
Potential Independent Variables Related to Performance Rating
Vaiable Unit Code
Size code none Size cd
Region code none Region cd
Peak month/ADF ratio PM_ADF
Peak hour/ADF ratio PH ADF
Maintenance frequency none Maintfq
Reinvestment Fmisyr $ mi_yr
Pump station density ps/mi Ps mi
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Table 6-10

Regression Analysisfor Performance Ratios

Independent Variables Coefficient of Selected Regression
g Determination Analysis Equation Name
&
= " —
2l e 2182,
é S o | E % '% 5 &
) cQ
8| E|8|=|2|2)| 2t
s | B 8 § gl5|=¢ Adjusted
il el il s N & R R >0.70
X X X 0.34380| 0.11820
X X X X 0.35678| 0.12730
X X X X X | 057434| 0.32987
X X X X X X 0.71141] 050611
X X X X X X X 0.84710| 0.71757 X PR1
Table6-11
Regression Coefficients for
Performance Rating
Item Line Regression Equation Coefficients
Eq PR1B,
Constant 0.751
$misyr 3.342x10°
Regional Code 2.179x 10?
Size Code -1.114 x 10°
Peak Month/ADF -0.117
Peak Hour/ADF -1487 x 10°
Pump Stations/mi -0.252
M aintenance Frequency 2.614
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Figure 6-3 Predicted Versus Measured Performance Rating

o

Predicted Performance Rating

5 6 7 8 9 1.0

Measured Performance Rating From Agency Data

6.5 Estimates of Reinvestment

Because the reinvestment amount is such an important independent factor reated to sysem
performance and because it isavery important consideration for agencies, regresson andyses were
performed to evauae the sysem peformance raing and reinvestment amount based on
reinvestments since 1980. A summary of regression equationsis presented in
Table 6-12.

The analyses show that reinvestment is related to a number of independent variables but
mogt strongly with regiond location, pump stations per mile, maintenance frequency, percent of
system grester than 20 years old, and performance rating. Equation RE1 has an R vaue of 0.473.

The reationship between predicted reinvesment, which included performance rating as an
independent variable in Equation RE1 and calculated historica reinvestment performance rating
is shown in Figure 6-4 which supports the hypothesis of improved performance with increased
reinvestmen.
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Table 6-12

Regression Analysisfor Reinvestment
($miOyr - Since 1980)

Independent Variables
2 Coefficient of Determination
v 2 3 o
= g o £
[3) = (i > o .
3 Ju S - P Equation Name
8 A=l Q N o
o = é S g
c (7)‘ [ % e
= o € o]
Pl & | 2 2| B
o = s R Adjusted R?
X X X X X 0473 0.363 RE1
X X X X 0.375 0.275 RE2
Table6-13
Regression Coefficientsfor Reinvestment
Item Linear Regression Equation Coefficients
Equation RE1 Equation RE2
Constant -13,665.9 -3,256.9
Regiona Code -1,151.7 -1,393.2
Pump Station/Mile 24,994.3 18,958.1
Maintenance Frequency 22,968.5 27,770.9
% System > 20 YrsOld 10,772.1
Performance Rating 18,368.9 14,4458
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Figure 6-4 Predicted Versus Actual $¥mi$yr
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6.6 Conclusion

System performance can be expressed as a single performance rating based on standard
performance measures. The performance ratings are strongly related to maintenance frequencies
and to reinvestment amounts. The average reinvestment of al agencies surveyed during 1980 to
1996 was $9,328 per mile per year ($1.77 feet per mile per year) which corresponds to an
average performance raing of 71%. The average reinvestment of al agencies surveyed during the
life of the system was about $5,252 per mile per year ($0.99 per foot per year) when costs are
adjusted for inflation.
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7.0 Optimizing Collection System Maintenance

7.1 Introduction

This chapter presents maintenance frequencies, performance ratings, and reinvestment rates
for optimizing collection system maintenance activities. Optimization should provide a sysem which
performs satisfactorily with a reasonable level of maintenance (reinvestment). It should be
remembered that each collection system has its own unique characterigtics and requirements and
that the information presented in this study is intended to provide guidance for improving system
performance through a more baanced maintenance program and gppropriate leves of renvestmen.
The guiddines presented herein relative to sysem peformance, maintenance levels, and
reinvestment will help agencies determine how much maintenance is enough. In order to optimize
collection sysem maintenance, it is necessary to edablish the exising system maintenance
frequency, performance rating, and reinvestment rate as discussed in the following sections.

7.2 Collection System Maintenance Frequency

The following sections present the methods to determine the maintenance frequency of a
given sysem.

7.2.1 Edablish Existing M aintenance Frequency

All maintenance activities should be expressed as rates, such as percentage of system
cleaned per year. The procedure presented in Chapter 5 can be used to develop the overdl
maintenance frequency. The maintenance activities listed in Table 7-1 should be considered when
deve oping the syssem maintenance frequency.
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Table7-1
Activitiesfor Deter mination of Maintenance Frequencies
Maintenance Activity Suggested Rate Expression
Cleaning of sewer lines Percentage of system/yr
Root removal Percentage of system/yr
Pump Station Inspections number/pump station$yr
Flow monitoring Percentage of system/yr
Manhole inspection Percentage of system/yr
Smoke/dye testing Percentage of system/yr
CCTV Percentage of system/yr
Private sector | nspections Percentage of system/yr
Manhol es rehabilitated Percentage of manholes requiring rehabilitation actually rehabilitated
Sewer line rehabilitated Percentage of sewer lines requiring rehabilitation actually rehabilitated
Relief/egualization Percentage of relief/equalization facilities needed actually constructed
Private sectorsrehabilitated | Percentage of private sector needs actually addressed

The following steps describe the determination of system maintenance frequency:

@ Deter mine Maintenance Activity Rate

For each maintenance activity, arateis caculated. For most routine maintenance activities,
such asline deaning, the maintenance activity rate is expressad as the percentage of system deaned
per unit time (%/yr). For example, an agency which has 1,500 miles of sewer and has cleaned 825
miles of sewers over a 5-year period, has a cleaning maintenance rate of 11%/yr determined as
follows

825 miles/ (5 years x 1500 miles) = 0.11 = 11% per year

2 Assign Normalized Frequency to Each Maintenance Activity

Using the data presented in Chapter 5, a normdized frequency rate is assigned to each
maintenance activity. Thisdlows the overdl maintenance frequency to be determined consdering
multiple maintenance activities. The normdized frequency for each maintenance activity and the
activity rate from Chapter 5 are summarized in Table 7-2. For example, an agency which hasaline
cleaning frequency of 11%/yr (0.11) will have a normdized maintenance frequency of 5% for this
activity.



Table7-2
Normalized Maintenance Frequency for Given Maintenance Activity Rate

Normalized Frequency | 0% | 1% | 3% | 5% | 6% | 8% | 10% | 1296 | 14% | 15% | 179% | 18% | 10% | 19% | 20% | 20%

Activity

Cleaning -0.20 -0.07f 005 011 018 024 030 036 042 048 055 061 067] 073 0.79] 1.04
Root Removal -0.11 -0.07f -0.04 -0.02] 0.00f 001 003 0.05 0.06/ 008 010 011 013] 0.5 0.16] 0.23
Pump Station Service |[-165.82| -93.42| -21.02] 15.18] 51.38| 87.58| 123.78| 159.98| 196.18| 232.38] 268.58| 304.78| 340.98| 377.18| 413.38| 558.18
Flow Monitoring -0.31 -0.18 -005 001f 008/ 014 020 027 033] 040 046/ 053 059 o065 072 0.98
Manhol e Inspection -0.23 -0.13 -002] 003 009/ 014 019 025 030] 035 041 046 051 057 0.62] 0.84
Smoke/Dye Testing -0.12 -0.07f -0.02] 000 0.03f 005 007, 010 0.12] 015 017f 020 022 025 0.27] 037
CCTV -0.10 -0.06) -001] 001f 003f 005 007 009 011] 013 015 017 019 021 023 031
Private Sector -0.06 -0.02] 003 005 o007f 009 011f 013 015 017, 019 021 023 025 028 0.36
I nspections

Manhole Rehabilitation | -0.30 -0.12 007) 016/ 025/ 034 043 053 062 071 080 089 098 108 117/ 153
Main Line -0.28 -0.11f 005 014/ 022 030 039 047f 055 064 072 080 089 097 105 139
Rehabilitation

Sewer Relief -0.10 007 023 031 039] 048 056 064 072 081 089 097 105 114 122 155
Private /1 Removal -0.35 -0.14) 008 019 030f 040[ 051 062 073] 084 095 106 116 1270 138 1.82




3 Assign Activity Weighting Factor
The normaized maintenance frequency is then adjusted by the product of itself and the
maintenance activity weighting factor presented in Chapter 5. The maintenance activity weighting
factors are based on the results of the agency survey in this study and are presented in Table 7-3.
The activity weighting factor is an indicator of the importance of the maintenance activity in
maintaining collection system performance. For example, in the opinion of the agencies surveyed,
sawer cleaning is the most important maintenance activity, representing 16.9% of the total vaue of
al maintenance activities.

Table7-3
Activity Weighting Factor
Maintenance Activity Activity Weighting Factor

(%)

Cleaning 17.7
Root Removal 84
Pump Station Service 14.1
Flow Monitoring 7.0
Manhol e I nspection 6.4
Smoke Testing 33
CCTV 105
Private Sector Inspections 20
Manhole Rehabilitation 5.6
Mainline Rehabilitation 126
Relief Construction 6.3
Private Sector 1/1 Removal 6.1

4 Determine Weighted Normalized M aintenance Activity Freguency

The product of the normdized maintenance activity frequency and the assgned maintenance
weight calculates the weighted maintenance activity frequency rate. For example, the weighted
normalized maintenance activity frequency for sewer cleaning for an agency with a normdized
maintenance activity frequency of 5% for cleaning is:

0.05x0.177 = 0.00885 = 0.885%

(5) Deter mine System Maintenance Frequency

The sysem maintenance frequency rate is determined by adding the weighted normadized
maintenance activity frequenciesfor dl maintenance activities. The sysem maintenance frequencies
for the agencies that responded to the questionnaire ranged from 2.7 to 12.8%, with an average
of 8.7%. Itishepful to think of the maintenance frequency in terms of a 100 year period. A 10%
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maintenance frequency would mean that, on average, maintenance activities would be performed
10 times in a 100 year period, or every 10 years. A maintenance frequency of 2% would mean
that, on average, maintenance activities would be performed twice in a 100 year period, or every
50 years. The system maintenance frequency is an indication of the level of effective maintenance
activity. For example, an agency with a sysslem maintenance frequency of 2% could have an
inadequate mai ntenance program, while an agency with a system maintenance frequency of 15%
could have an excessve maintenance program. This indicator, however, does not provide any
information on whether or not the maintenance program is effective. The effectiveness of the
maintenance program may be measured by performance indicators which are discussed in the next
section.

7.3 Performance Rating

The second gep in optimizing system performance is to establish the exiging system
performance rating as discussed in the following sections.

7.3.1 Egablish Performance Rating
All performance data should be converted to rates. For example, pipe falures can be

expressed as pipe failures per mile per year. These performance rates can then be converted to
a performance rating using the procedures presented in Chapter 6. The performance indicators
listed in Table 7-4 should be consdered.

Table 7-4
Performance M easure and Units
Performance Measure Units

Complaints complaints/mi $yr
Sanitary Sewer Overflows (SSOs) overflows/mi $yr
Pipe Failures pipe failuresmi $yr
Pump Station Failures failures/pspyr
Peak Hourly Flow/ADF ratio
Peak Monthly Flow/ADF ratio
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The following steps should be taken to cdculate the performance rating:

1) Deter mine Performance M easure Rate

For each performance measure, a performance rate is calculated. The performance rate
in most cases is defined as the number of occurrences divided by the number of years for which the
performance indicator is reported and by the total miles of sewer in the system. For example, the
pipe failure performance rate for an agency which has 1,500 miles of sewer and has experienced
370 pipe falures over a5-year period can be caculated as follows:

370 pipe failures/ (5 years x 1500 miles) = 0.049 failures/mi$year

The performance rate for pump dation faluresis caculated by dividing the number of pump
dation failures per year by the number of pump gations. The flow performance indicators, pesk
hour and peak month to average daily flow are expressed as aratio.

2 Assign Normalized Performance Rating to Each Performance Measure

Using the data presented in Chapter 6, a normalized performance rating is assgned to each
performance measurement. The normalized performance rating for each performance measure is
presented in Table 7-5. For example, an agency which has a performance measure of 0.049
faluresmi$yr for pipe falure, will have anormaized performance rating of 50% for thisitem.

3 Assign Performance Weighting Factor

The normaized performance rating is then adjusted by multiplying it by the activity
weighting factor presented in Chapter 6. The performance activity weighting factors for each
performance measure are presented in Table 7-6. The performance weighing factor is a measure
of theimportance of the performance measure as perceived by the agencies that participated in this
survey. For example, the largest weighting factor of 23.6% was assigned to SSC=s.
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Table7-5

Normalized Performance Rates for Given Performance M easure Values

M easure/Performance Rates 30% 31% 32% 34% 36% 39% 50% 60% 65% 71% 79% 97% 100% 100% 100% 100%

Pipe Failures 0.219 0.160, 0.130) 0.115 0.101 0.086 0.056 0.041 0.035 0.029 0.024 0.012 0.006] -0.003f -0.018| -0.077
SSCGs 0.189 0.141 0.117 0.105 0.093 0.081 0.057 0.045 0.040, 0.035] 0.031 0.021 0.016] 0.009] -0.003] -0.051
Customer Complaints 41.403] 28939 22.707) 19.591| 16.475| 13.358 7.126 4.010 2.764 1.517 0271 -2.222| -3.468| -5.338] -8.454| -20.918
Pump Station Failures 0.038 0.028 0.022 0.020 0.017 0.014] 0.009 0.006 0.005 0.004 0.003 0.001 0.000] -0.002[ -0.004| -0.015
PH/ADFE 3.749 3.119 2.939 2.849 2.759 2.669 2.489 2.399 2.363 2.327] 2.291 2.219 2.183] 2.129 2.039 1.000
PM/ADFE 2.382 2.022 1.842 1.752 1.662 1.572 1.392 1.302 1.266 1.230 1.194 1.122 1.086 1.032 0.942 0.583




Table 7-6
Performance Weighting Factor
Performance Measure Weighting Factor

(*0)
Customer Complaints 22.6
Sanitary Sewer Overflows (SSO=s) 23.6
Pipe Failures 20.8
Pump Station Failures 17.8
Peak Hourly/ADF Ratio 9.7
Peak Monthly/ADF Ratio 55

4 Calculate Weighted Nor malized Perfor mance Rating
The weighted normalized performance réting is calculated by the product of the weighting
factor and the normalized performance rate. For example, the weighted normalized performance
rating of pipe failure for an agency with anormaized performance rating of 50% is:
0.50 x 0.208=0.104 = 10.4%

(5) Determine Overall System Performance Rating

The overdl sysem performance rating is calculated by summing the weighted normdized
performance ratings of the six performance measures. The weighted performance rating for the
agencies that responded to the questionnaire varied from 33.9 to 91.0%, with an average of 64%.
The performance rating is an indication of the leve of sysem performance. For example, an agency
with a performance rating of 30% probably is not providing effective sarvice to its cusomers while
an agency with a performance rating of 80% is likdly providing safe and effective service.

7.4 Determine Historical Reinvestment Rate

The higtoricd reinvesment rate should be determined based on the information in Table 7-
7. If cost datafor the life of the system is not available, then the longest period for which datais
available should be used. Only cogts related to the collection system should beincluded. The costs
of facilities such as wastewater treatment plants should not be included. The reinvestment rate will
provide a basis for comparison with other agencies regarding the adequacy of the budget for sysem
maintenance, and can dso be compared with predicted reinvestment amounts which may be
estimated from system operating characterigtics as discussed in this section.

Table7-7

Determination of Reinvestment

Reinvestment ltem Unit
Relief construction FmiByr, over thelife of the system
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Table7-7
Deter mination of Reinvestment

Equalization basin construction HmiSyr, over thelife of the system
Rehabilitation costs FmiPyr, over thelife of the system
Operation and maintenance costs $Fmidyr, over thelife of the system
Equipment costs Total $, over thelife of the system
Other costs Other costs over the life of the system

The average reinvestment rate for dl agencies surveyed was about $5,252/mi$yr
($2,594/mi$yr adjusted for inflation) for the costs consdered over the life of each sysem. Many
agencies did not report, or had poor data, for years prior to 1980. For this reason the
$5,252/mi$yr reinvesment rate is probably lower than the actud reinvestment amount. The
average reinvestment rate for dl agencies surveyed for the period 1980 to 1996 was $9,328/mi$yr
($1.77/ft$yr). Therate of reinvestment gppears to be increasing, which may be due to agencies
trying to Acatch-up@ with system needs and to comply with Environmenta Protection Agency
requirements. For these reasons, the $9,328/mi$yr may be higher than the average reinvestment
rate needed to properly maintain a collection system. Poor correlations were observed between
reinvestment (single independent variable) and system performance (dependent variable) using
linear regresson. This may be due to the complex mix of the drivers for reinvestment. Another
factor for this poor correlation may be that much of the reinvestment reported has been rlaively
recent (in the last 10 years) and that performance datais not yet reflecting any improvement that
may have occurred. Accurate performance data for alonger period will be required to properly
evauate this relaionship. While exploring other relationships, a high corrdation (R? > 0.98) for
both reinvestment time periods (life of system and 1990-1996) was observed between the
renvesment amount (¥miyr) and the following independent variables

$ peak hour/average daily flow rate
$ average age $ customer complaint rate
$ pipefalurerate $ pump stations per mile of system
$ SSO rate $ regiona code
$ pump station failure rate
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The regresson coefficients for the reinvestment rates based on survey data are presented

in Table 7-8.
Table7-8
Reinvestment Regression Coefficients
Dependent Variable: $/mi $yr Reinvestment
Equation RE-3 Equation RE-4
Independent Variable Based on All Reinvestment Data Based on 1980 to 1996 Data

Customer Complaint Rate™ -2836.49 -6114.06
SSOsst -63550.25 -101100.93
Pipe Failure Rate™ -42308.86 -19817.16
Pump Station Failure Rate™ -131572.22 -251085.23
Regiona Code -56.04 -942.45
Pump Stations Per Mile 17055.97 46788.79
Peak Hour/ADF Ratio -3616.08 -6915.00
Average Age 191.08 642.09
Constant 13288.45 17776.14
R 0.998 0.984
Adjusted R? 0.980 0.860
@ Five years of data ending 1996.

It must be remembered that the sample used for this Sudy isrdativey smal and that some
of the agencies likely have very good maintenance programs while the programs of others are
deficient. If dl agencies had optimized maintenance activities and high quality data, a Sronger
corrdation between reinvestment and performance would be expected. Nevertheless, the
reinvestment trends provide some ingght into the adequacy of the tota reinvestment. In order to
develop a better perspective of the relationship between performance and reinvestment, an
estimated performance/reinvestment envelope was condructed using the average performance
ratios and the reinvestment rates previoudy presented. For a performance rating of 0.65 to 0.80
cost ranges of $2,500/mi$yr to $8,000/mi$yr and $3,000/miSyr to $9,700/miSyr, respectively,
gopear to form areasonable envelope of vaues. The esimated enve ope showing reinvesment and
desired performance is shown on Figure 7-1. Based on data from the agencies surveyed it was
assumed that a desirable range of system performance would be from about 0.65 to 0.80. The
data show thet a moderate reinvestment level of $5,200/mi$yr to $6,500/mi$yr would be required
to achieve this performance. Reinvestment rates higher than the moderate vaue may indicate that
too much money is being spent for the benefit derived, and that some program adjustment is
warranted. Reinvestment rates lower than the moderate vaues indicate a very effective
reinvestment program. These values are only guiddines and must be evauated carefully for each

agency.
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Figure 7-1
Estimated Desirable System Perfor mance
and Reinvestment Envelope
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The regression equations presented in Table 7-8 can aso be used to estimate the annua
renvesment rate. It is suggested that the results of Equations RE3 and RE4 be used as the limits
of the reinvestment rates. Averaging the results of the two equations is a suggested best estimate
or sarting point for establishing the optimum reinvestment. The actud and predicted reinvestment
rates for the agencies surveyed which provided sufficient detato gpply Equations RE3 and RE4 are
listed in Table 7-9. The data show excellent agreement between predicted and actual values for
awide range of performance ratings and maintenance frequencies.
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Table7-9
Actual and Predicted Reinvestment Rates
Performance Maintenance Actual Reinvestment ) | Predicted Reinvestment®” | Average @
Fmisyr Fmiyr Hmisyr
Agency No. | Rating | Frequency | All Years >80-96 All Years >80-96
3 85% 8.5% $9,436 $20,053 $9,391 $21,956 $15,671
4 91% 7.0% N/A $31,863 $12,746 $30,344 $21,545
6 3% 6.8% $1,145 $7,030 $1,170 $7,006 $4,088
11 58% 3.0% $1,833 $10,434 $2,224 $10,907 $6,566
17 8% 7.7% $3,267 $4,737 $3,088 $2,858 $2,973
20 57% 9.4% $3,657 $12,983 $3,624 $12,260 $7,942
22 8% 10.5% $7,381 $5,585 $7,400 $6,046 $6,723
25 68% 2.7% $1,089 $3,445 $1,056 $8,306 $4,681
32 65% 6.4% $38,180 $21,641 $3,024 $21,965 $14,9%4
36 80% 6.8% $2,663 $3,158 $2,629 $4,284 $3,456
W pAll yearsh indicates that all reinvestment data over the life of the system was used. As noted, many
agencies have missing data for the early years of their system. A80-96" indicates that only the
reinvestment data from 1980 to 1996 was used.
@ Average of predicted values.

7.5 Optimizing Collection System Maintenance

Once the existing maintenance frequency, performance rating, and reinvestment rate are
determined, optimization of maintenance can be evaluated. Optimization is an iterative process
requiring judgment and the use of the tools presented in thisstudy. An example of the optimization
procedure is presented in the next section using Agency 42 as an example.

7.5.1 Optimization Of Maintenance For an Agency
Optimizing collection sysem maintenance involves areview and judgment of the system

performance, the maintenance frequency, and the reinvestment amount. A target envelope for
reinvestment amount and performance, based on results of the survey, is given on Figure 7-1.
Reinvestment amounts can dso be estimated using the regression equation in Table 7-8. A target
envelope for performance rating and maintenance frequency is on Figure 7-2.
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Figure 7-2
Estimated Target Envelope for
Performance Rating and Maintenance Frequency

VERY HIGH VERY HIGH VERY HIGH VERY HIGH VERY HIGH
/ /
VERY LOW LOW MEDUM HIGH RY HIGH
N
= HIGH HIGH HIGH
o VERY LOW LOW VERY HIGH
L H]
'S MEDIUM MEHUM MEDIUM
S B5% / /
g VERY LOW LOW VERY HIGH
|-
‘g LW LOwW LDw LOwW LOW
5 32% / /
n VERY LDW LOW MEGiUM HIGH VERY HIGH
VERY LOW VERY LOW VERY LOW VERY LOW VERY LOW
185 / / / / /
VERY LOW LOW MEDiLIM HIGH VERY HIGH
1.7% 3.4% 6.7% 93% 11.9%
Maintenance Frequency
HIGH F Py o e Pange Accoptabic
Targs val 1es Pefanr ar oe
LOW-|-Mainienance Range M miay resesd
=l ustrnent

The target values should result in good system performance with a well baanced
maintenance program at an acceptable cost.  Vaues to the left and upper left indicate high
performance, but the maintenance frequency would be low. Long-term system performance may
auffer if maintenanceiskept a alow leve. Vauesto theright and upper right may result in high
reinvestment amounts. Vaues with low or very low performance levels represent unacceptable
service.

7.5.2 Optimizing Maintenance for Agency No. 42
The maintenance frequency for Agency No. 42 isgivenin Table 7-10. The maintenance

frequency of 7.6% is within the target vaues of moderate to high range. The performance rating
of 62.6% and the reinvestment amount, determined in Table 7-11, would be classfied as dightly
low. The reinvestment amount of $1,988/mi$yr (shown in Table 7-12) based on dl year-s
reinvestment also is outsde the desirable range on Figure 7-1. The more recent reinvestment of
$5,596/mi$yr iswithin the lower portion of the desirable envelope.

7-13



Review of theindividua performance measures shows that customer complaints, pump
getion failures, pesk hour/ADF rétio, and maximum month/ADF ratio are al below desrable
performance levels. A drategy to improve system performance would be to address maintenance
items that are mogt likely to improve the performance deficiencies. The number of pump station
falures could be reduced by increasing the number of inspections per year, and customer
complaints may be reduced by increasing relief sawer improvements and/or reducing flows.
Implementation of these measures will require increased reinvestment in the form of relief, and
possible adjustment of priorities and budget.

Table 7-10
Determination of Maintenance Freguency for Agency No. 42
Characteristic Data: Vaue
Miles of Sewer - No.42 525
Number of Pump Stations 55
Data
Activity Quantity Years Rate
Cleaning 1992 -1996, miles 844 5 32.2%
Root Removal 1992 - 1996, miles 20 5 0.8%
Pump Station Inspections 1992 - 1996 1,1876 5 43.2%
Percentage of Flow Monitoring Last 5 Y ears 2% 5 0.4%
Percentage of Manhole InspectionsLast 5 Y ears 100% 5 20.0%
Percentage of Smoke/Dye Test Last 5 Years 0% 5 0.0%
Percentage of CCTV Last5 Years 5% 5 1.0%
Percentage of Private Sector Last 5 Y ears 0% 5 0.0%
Percentage of Manhole Rehabed 95% n/a 95.0%
Percentage of Main Line Rehabed 60% n/a 60.0%
Percentage of Relief/ Equal 0% n/a 0.0%
Percentage of Private Sector 0% n/a 0.0%
Maintenance Activity Frequency

Item Rate
Cleaning Rate, % system/year 32.2%
Root Cutting, % System/yr 0.8%
Pump Station Rate, no/ps$yr 43.2
Flow Monitoring Rate,% System/yr 0.4%
Manhole I nspect. % System/yr 20.0%
Smoke/dye Rate, % System/yr 0.0%
CCTV Rate, % System/yr 1.0%

Maintenance Activity Frequency

Item Rate
Private Sector |nspection Rate, % System/yr 0.0%
Manhole Rehab Status 95%
Main Line Rehab Status 60%
Sewer Relief Status 0%
Private |/l Removal Rating 0%
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Table 7-10
Deter mination of M aintenance Frequency for Agency No. 42

Weighted Normalized Maintenance Activity Frequency

Unadjusted Weighted
Rating Weight Frequency Frequency
Cleaning Rating 17.7% 10% 1.77%
Root Cutting Rating 84% 6% 0.50%
Pump Station Rating 14.1% 5% 0.71%
Flow Monitoring Rating 7.0% 3% 0.21%
Manhole Inspect Rating 6.4% 10% 0.64%
Smoke/dye Rating 3.3% %o 0.10%
CCTV Rating 10.5% 5% 0.53%
Private Sector Inspection Rating 2.0% 1% 0.02%
Manhole Rehab Rating 5.6% 18% 1.01%
Main Line Rehab Rating 12.6% 14% 1.76%
Sewer Relief Rating 6.3% 0% 0.00%
Private |/l Removal Rating 6.1% 1% 0.06%
Total Maintenance Freguency Rating 100.0% 76.0% 7.30%
Table 7-11
Deter mination of Performance Rating for Agency No. 42
Data
Performance Measure Value
Pipe Failure Rate Last 5 Y ears, no/yr$mi 0.001
SSO RateLast 5 Y ears, no/yrdm 0.029
Customer ComplaintsLast 5 Y ears., no/mi $yr 1.552
Pump Station Failures Last 5 Y ears., no/mi $yr 0.023
Peak Hourly/ADF 3.000
Peak Month/ADF 2.500
Weighted Normalized Performance Activity Rating
Unadjusted Weighted
Performance Rating Weight Rating Rating
Pipe Failure Rating 22.6% 100% 22.6%
SSO Rate Rating 23.6% 87.1% 205%
Customer Complaints Rating 20.8% 71.3% 14.8%
Pump Station Failures Rating 17.8% 32.1% 5.7%
Peak Hourly/ADF Rating 9.7% 32.1% 3.1%
Peak Month/ADF Rating 5.5% 30.0% 17%
Total 100% 68.5 %
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Table7-12
Determination of Reinvestment

Reinvestment All Years >80-96
Relief $ Total ,$/mi $yr $136 $31
Equal. $ Total, $/mi $yr $155 $91
Rehab $ Total, $/mi $yr $490 $1,558
O&M $ Tota, $/mi Syr $1,207 $3,116
Equipment $ Total $0 $0
Other $ Tota $0 $0
Total Spent, $/mi $yr $1,988 $5,59%6
Tota Spent, $/ft$yr $0.38

Figure 7-1 and the reinvestment regression equations (Table 7-8) can be used to estimate
the annud reinvestment needed to achieve a higher performancerating. Asindicated on Figure 7-1,
amoderate reinvestment amount a a performance rating of 80% would be about $6,500 per mile
per year, an increase from the current $5,596 per mile per year. Thiswould result in an increase
of about $475,000 per year for the 525 mile sysem. Using the average result from Equations RE3
and RE4 (Table 7-8) the estimated reinvestment amount is about $8,300 per mile per year, or an
increase of about $1.4 million per year. For purposes of discussion, an increase of $1.4 million per
year is assumed, which is dill within the envelope on Figure 7-1. By focusing deaning efforts to
problem aress, the cleaning rate of 32 percent of the system per year can be reduced to around 20
percent per year. Thiswill help offset some of the cost increase and may not significantly affect
performance. Thiswill need to be evauated only onetime. Over atypicd planning cycle of 5to
10 years, the increased reinvestment will result in significant improvements for large capita
expenditures such asrdief sawers. Agency No. 42 indicated thet none of the required relief sawers
had been congtructed at the time of this survey. In actud practice, cost analyses need to be
performed to determine the cost of each activity for the revised maintenance plan to check the
plarrs vdidity. Such an evauation will not be performed for this example. The cogts are unique
for each agency and must be evaluated on the bass of loca prices, personne resources,
equipment, and production rates.  Nevertheless, a brief example of the impact of the reinvesment
adjusment is as follows:

(@) Reinvestment increase - $1.4 million.

2 Reduction due to change in cleaning frequency - ($340,000)

(68 miles x $5,000/mile).
3 Increase due to more frequent pump station ingpections - $424,000
(77 ingpectionglyr x 55 ps x $100/inspection).
4 Increased relief reinvestment - $1.3 million.



The resulting plan will be a first step towards achieving a system with a maintenance
frequency of about 7.5%, a performance rating of 80%, and a reinvestment of $8,300 per mile per
year.

Refining the maintenance and reinvestment will be an iterative process which will require
judgment to properly address performance deficiencies. The above example provides an gpproach
to usng maintenance frequencies, performance ratings, and system reinvestment amounts in
adjusting a maintenance plan and evauating its adequeacy.

7.6 Conclusion

The data collected during this study and the methods used to develop maintenance
frequencies, performance ratings, and reinvestment rates can be useful in evauating the adequacy
of existing maintenance programs (including routine maintenance and tota reinvestment), and for
making modification and adjusments to these programs. By expressing collection system
maintenance in terms of overdl frequency and performance as an overdl rating, it is hoped that the
relationship between maintenance (tota reinvestment) and system performance will be better
understood. This will aso help regulators and agencies evauate acceptable levels of system
performance and reinvestment.

7.7 Recommendations

This sudy is a firg effort to evduate the rdationship between collection system
performance and maintenance (reinvestment), using an overdl rating approach. The datafor this
study were difficult to collect, were guessed in some cases, and were not readily available from
meany of the agencies surveyed. It is probable that many agencies across the country also lack good
data. Itisrecommended that agencies compile and keep records of performance and maintenance
(totd reinvestment) in a sandardized format. The information presented in this study includes
gandard formats for collecting and summarizing data. The definitions and guideines developed
during this study for maintenance, and performance measures should be used by agencies to ensure
uniform interpretation and collection of data.



Specific epsto improve the optimization of collection sysem maintenance are asfollows:

1.

Review and refine the maintenance, performance, and reinvestment measures used
inthisreport. Develop detailed definitions of each.

Deveop ether an information collection guiddline which would request that
agencies collect data consistent with results of Step 1 or have a study with a core
group of agenciesto provide datathat can be used to refine these andyses and to
generate aAGuiddine Report for Collection System Maintenancef.

Implement the information collection process and andyze the data to develop cost
esimates, maintenance guiddines, and performance measures Smilar to those
presented in this study.

Repeat the andyss on aregular basis every 2-5 years as the output will improve
with the improved data collection.
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Optimization of Collection System Maintenance Frequencies
American Society of Civil Engineersand Black & Veatch
EPA Cooperative Agreement #CX 826097-01-0

The following questionnaire pertains to separate collection systems only and
should not include data for combined sewers or wastewater treatment facilities.
Please answer as many questions as possible. For data which are not available,
samply enter An/a.f Use judgment, if necessary, since exact figures may not dways
be avallable. Findly, please indicate the quality of the data where indicated in each
section.

Definitions

1. Callection System Maintenance: Any reinvestment in the collection system infrastructure to improve
and/or maintain wastewater service. "Maintenance", for purposes of this survey, includes what is
traditionally considered maintenance, such as cleaning and lift station service, as well as capital
improvements and rehabilitation to "maintain” the system..

2. Quality of Data.

a Very Good. Databased on operational records or recent studies and is fully documented.

b. Good. Mostly based on operational records and recent studies supplemented by personnel knowledgeable
of the data requested.

c. Fair. Based mostly on approximations with some supporting documentation but primarily data provided
by memory from personnel knowledgeable of the data requested.

d. A Guess. Written records not available to verify but the best guess representing what is reasonably
thought to be true by a person somewhat knowledgeabl e of the data requested.

Please FAX or Mail your completed Questionnaireto:

Richard E. (Rick) Nelson, P.E.
Principal Investigator

Black & Veatch

8400 Ward Parkway

Kansas City, MO 64114
Telephone: 913/458-3510
Fax:  913/458-3730

e-mail: nelsonre@bv.com

Thank You
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General Information

1. City/Agency:

2. Address:

3. City/Zip Code:

4. Telephone No.:

5. Fax No.:

6. E-mail:

7. Completed By/Title:
8. Date:

Service Area Information
Quality of data for thissection: G Very Good (1) G Good (2) G Fair (3) G A Guess (4)

1.

© N Ok ®WDN

Dataisfor: City Wideor Total Regional System G (1) or Individual Drainage AreaG (2)
Service Area Name:
Miles of Public Sewer:
Number of Manholes:
Number of Connections:
Area Served (sqmi.):
Population Served:
Ageof System:

a. Dateof original collection system constructed:
b. Dateof latest collection system improvement:
c. Agedistribution:

AGE (YRS PERCENT OF SYSTEM

0-10 Years

11-20 Years

21-50 Years

50-100 Years

>100 Years

o g~ wWIN|-

Total 100%

Flow Information (all valuesare M GD unless otherwise indicated)
(Select year within last 3 years of data which best represents your system)

Quality of data for thissection: G Very Good (1) G Good (2) G Fair (3) G AGuess(4)

1

o gk wN

Dataisfor: City Wideor Total Regional System G (1) or Individual Drainage Area G (2)
Y ear of data:

Average annual daily flow:
Maximum daily flow observed:*
Peak hourly flow observed:*
Indicate basis for peak hourly flow reported initem #111.4 (ie. Measured annual, estimated, weather and
other related condition upon which estimate was made.

7.
8.
9.

Maximum month average daily flow:
Minimum month average daily flow:
Percent of system below the average groundwater table:

*Indicates basisfor flows reported (i.e., measured annual, estimated, weather and other related condition
upon which estimate was made):
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IV. System Characteristic Information

Quality of data for thissection: G Very Good (1) G Good (2) GFair (3) G AGuess(4)
1. Percent of system greater than 24 inches in diameter:

Number of pumping (lift) stations:

Total installed horsepower of lift stations:

Total energy consumed by all lift stations, kwh/yr:
Total length of force mains, miles:

Number of equalization basins upstream of WWTP:
Total volume of equalization basins, mg:

Percent of system which isindustrial/commercial:

©CoOoNOUO~WN

Typical velocity of flow, ft/s (min/max/typical):
V. System Performance Rates

Estimate numbers of storm events that exceeded the capacity of your system and caused SSOs.
Quality of data for thissection: G Very Good (1) G Good (2) G Fair (3) G A Guess (4)

CUMULATIVE NUMBER OF EVENTSIN LAS...

ITEM 1vYr 5Yr 10Yr 2VYr

Pipe Failures (1)

Manhole Overflows

Treatment Overflows

Basement Backups

Other

Customer Complaints (2)

N(o (MW N

Pump Station Failures (3)

Y Pipefailureis defined as a pipe which has lost its structural integrity as evidenced by total or partial
collapse (lost of 50% of pipe areaor 25% of pipe wall along any circumference).

@ Number of customer complaintsrelated to the performance of the collection system. Based on customer
complaint records.

®  Number o pump station failures that result in station overflows. Based on operational records

VI. Routine Maintenance Freguencies
Quality of data for thissection: G Very Good (1) G Good (2) G Fair (3) G AGuess(4)

TOTAL COMPLETED EACH YEAR

ITEM 1996 1995 1994 1993 1992

1. Cleaning, miles of sewer

2. Root Removal/Treatment, miles of sewer

3. Main Line Stoppages Cleared, number

4, House Service Stoppages Cleared, number

5. Inspections and Services of Lift Stations, number
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VI1I. Inspection Methods Used and Status

Quality of data for thissection: G Very Good (1) G Good (2) GFair (3) G A Guess(4)

INSPECTIONS METHOD AND STATUS(1)

CUMULATIVE PERCENT OF SYSTEM QUANTITY

INSPECTED IN LAST ...

INSPECTION TASK

1YR

5YR 10YR 20YR

1. Flow Monitoring/Capacity Evaluation (2)

2. Manhole (3)

3. Smoke/Dye Test

5. Private Sector Building Inspection (4)

@ | nspection % may exceed 100% of actives have been performed more than once. Percentage should be
base on total quantity of task completed divided by total system. For example, in a system with 100
manholes, if 50 manholes were inspected twice each in the last year, the 100% of the system quantity
would have been inspected in the last 1 year; not 50%. This datawill help establish the frequency of

inspection activities.

@ Percent of subsystem (basins) monitored and eval uated.

® Surface or internal inspections.

“ Inspections for area drains, downspouts, cleanouts, sump discharges and other private sector inflow

sources into the sewer system.

VIII. Approximate Rehabilitation Status Percent Complete:

Quality of data for thissection: G Very Good (1) G Good (2) GFair (3) G A Guess(4)

REHABILITATION TASK

PERCENT COMPLETE (1)

Manhole

Main line/public service connection repairs

Relief/equalization

N ISA N o

program)

Private Sector (lateral andillegal disconnect

@ Indicate the completion status of total estimated rehabilitation required to bring each itemto a
new or like new condition. For example: (@) if asystem requires not rehabilitation (alike new
system) then all rehabilitation tasks would be 100% complete; (b) in a 100 manhole system, if atotal
of 50 manholes require rehabilitation and 25 manholes have already been rehabilitated, then the
rehabilitation status would be 50% complete; not 25% (i.e. 25/50 — 0.50).
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XI.

Estimated System Maintenance Cogts:
Quality of data for thissection: G Very Good (1) G Good (2) GFair (3) G A Guess(4)

TOTAL DOLLARSSPENT (1)

ITEM 1990-1996 1980-1989 1970-1970 PRE-1970

(7yrs) (10yrs) (10yrs) (variable—list
#of yrs)

( yrs.)

Relief (Increased capacity) (2)

Equalization (2)

Rehabilitation/replacement

AIWIN(F

O&M Budget (collection system
only)

5. Equipment Replacement (if not
included in O& M above)

6. Other Costs (4)

(1)
(2)

Includes engineering, construction and legal costs. Cost values should not be adjusted for infiltration.

Does not include sewer extensions to serve growth. Only costs required to upgrade the existing
collection system should be included.

Differentiate whether it isin-system storage or if it is storage at the WWTP which is used to equalize wet
weather flows.

Description of "other costs"

(3

(4

X. Estimated Importance of Performance and M aintenance Activities

Based on your opinion, enter the relative importance of the various system performance
indicators. Thetotd should be up to 100%

1. System Performance I mportance (Weight)

Performance I ndicator (Importance %)
Pipe Failures
Sanitary Sewer Overflows (SSOs)
Customer Complaints
Pump Station Failures
Peak Hourly/ADF Ratio
Peak Month/ADF Ratio

SPAICI ES IR I

Total 100%
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X. Estimated Importance of Performance and M aintenance Activities

Basad on your opinion, enter the relative importance of the various system performance
indicators. Thetotd should be up to 100%

2. Maintenance Activity Importance (Weight)
Maintenance Activity (Importance %)
% System Cleaned/Yr
% System Root Removal/Yr
Lift Station Service
Flow Monitoring/Capacity Evaluation
Manhole I nspection
Smoke/Dye Testing
CCTV Inspections
Private Sector Inspections
. Manhole Rehabilitation
10. Main Line Rehabilitation
11. Relief Sewer Construction
12. Private Sector |/I Source Removal
Tota 100%

©O®O (N[O |WN (-

XI. Effectivenessof Program:

1. Areyou satisfied with your system maintenance (total reinvestment) program:

a.  Strongly Agree (system performance is asrequired, cost effective budget)

b. Agree (system performanceis generally as required, budget
adequate)

c. NotSure (system performance not defined, budget may be adequate)

d. Disagree (system performance generally not as required, budget not
adequate)

e. Strongly Disagree (system performance and budget unacceptable)

2. What would you do different, if anything?

Thank You
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Data Provided by Respondents
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Item 2 3 11 12 13 15 16 17 18 19 20 21 22 23 24 25 26
Form No. 1.8 |1 1.1 1.3 1.4 11.5 11.6 1.7 11.8.a 11.8.b 11.8.c.1 11.8.c.2 11.8.c.3 11.8.c.4 11.8.c.5
No. size region date Qual Il datafor | milessew | nummh | numconn area pop dateorg | datelast agel0 age20 age50 agel00 ageold
1 Large| NE 07/03/97 4891 | 128,691 388,238 1000 | 1,400,000 1880 19.6% 21.2% 51.3% 7.9% 0.0%
2 Small{[CENTRAL J07/11/97 1 1 418 8,129 29,144 44 75,561 1900 1997 17.0% 19.0% 34.0% 30.0% 0.0%
3 Small[CENTRAL J04/11/97 2 1 190 3,855 18,000 50 56,000 1880 1997 5.0% 10.0% 70.0% 10.0% 5.0%
4 Large] CENTRAL | 05/02/97 2 1 511 6,535 1650 | 2,500,000 1886 1996 1.0% 13.0% 67.0% 10.0% 9.0%
5 Large] CENTRAL | 06/10/97 2 1520 32,108 300,000 280 900,000 1900 1997 6.0% 19.0% 73.0% 1.0% 1.0%
6| Medium|CENTRAL ]04/07/97 2 1 900 27,000 60,000 26 180,000 1885 1997 10.0% 17.0% 49.0% 22.0% 2.0%
7| Medium{CENTRAL ]J05/27/97 2 1 119 1,200 161 280,000 1890 1997 2.0% 7.0% 76.0% 15.0% 0.0%
8] Medium|CENTRAL ]06/11/97 3 1 2000 35,000 160,000 300 465,000 1910 1997 10.0% 10.0% 50.0% 30.0% 0.0%
9 Small[CENTRAL J04/17/97 1 1 300 7,243 24,000 39 78,000 1890 1996 19.0% 23.0% 42.0% 16.0% 0.0%
10 Large] CENTRAL | 05/19/97 1 1 2953 82,900 220,000 244 850,000 1830 1997 5.0% 5.0% 20.0% 65.0% 5.0%
11 Large] CENTRAL | 05/09/97 2017 60,000 176,004 201 632,958 1850 1997 20.0% 19.0% 37.0% 24.0% 0.0%
12 Large] CENTRAL | 06/10/97 1 2500 44,000 212,000 390 875,000 1854 1997 4.0% 12.0% 40.0% 40.0% 4.0%
13 Large| NW 07/14/97 2 2 3250 43,500 182,386 183 700,000 1950 1983 35.0% 30.0% 35.0% 0.0% 0.0%
14 Large| SW 06/20/97 1 1 1250 20,400 | 1,143,980 770 | 4,770,000 1927 1997 3.0% 3.0% 58.0% 36.0% 0.0%
15 Large| NW 02/27/97 2 1 1550 36,000 136,814 110 525,000 1876 1997 1.0% 7.0% 44.0% 34.0% 14.0%
16 Large] CENTRAL | 07/28/97 2 1 2255 35,000 138,975 250 619,320 1917 1997 30.0% 35.0% 30.0% 5.0% 0.0%
17 Large] CENTRAL | 04/05/97 1 4010 30,493 285,000 290 | 1,070,168 1881 1997 25.0% 35.0% 30.0% 10.0% 0.0%
18| Medium[SE 04/16/97 3 1 1100 18,000 66,000 115 200,000 1910 1997 10.0% 10.0% 50.0% 30.0% 0.0%
19 Medium{CENTRAL 2 1 800 18,000 57,000 85 150,000 1945 1997 20.0% 30.0% 30.0% 20.0% 0.0%
20 Large| SE 02/27/97 1 1 2543 59,150 258,152 266 950,000 1919 1997 30.0% 40.0% 27.0% 3.0% 0.0%
21| Medium|SE 07/21/97 1 1 32 160 390 38 136,500 1969 1997 50.0% 15.0% 35.0% 0.0% 0.0%
22| Medium|SW 1 1435 19,346 127,578 187 456,445 1954 1997 60.0% 28.0% 12.0% 0.0% 0.0%
23 Large| SW 06/20/97 1 1 3986 63,837 348,973 460 | 1,000,000 1890 1997 20.0% 35.0% 35.0% 10.0% 0.0%
24] Medium|CENTRAL | 08/29/97 1 1 1750 51,042 121,880 180 373,644 1909 1997 10.0% 30.0% 50.0% 10.0% 0.0%
25| Medium|CENTRAL | 09/04/97 2 1600 40,000 125,000 125 310,000 1890 1997 10.0% 20.0% 30.0% 30.0% 10.0%
26| Medium|SW 08/25/97 3 1 875 13,000 60,000 185 183,000 1955 1997 25.0% 25.0% 50.0% 0.0% 0.0%
27| Medium|CENTRAL 1 1 1766 29,026 93,060 200 335,000 1850 1997 12.0% 20.0% 40.0% 21.0% 7.0%
28| Medium|SW 08/27/97 1 1 1141 23,281 114,857 108 405,517 1950 1997 51.0% 9.0% 34.0% 6.0% 0.0%
29] Medium|NE 08/26/97 3 1 820 17,300 60,000 296 200,000 1900 1997 20.0% 25.0% 40.0% 15.0% 0.0%
30| Medium|SW 05/02/97 1 2729 45,626 187,000 425 475,000 1901 1997 16.9% 26.8% 53.6% 2.7% 0.0%
31 Large| SE 08/26/97 2 2600 55,000 140,000 240 560,000 1800 1997 20.0% 44.0% 25.0% 10.0% 1.0%
32 Small{NE 05/05/97 2 1 72 1,500 2,500 25 86,900 1978 1997 25.0% 75.0% 0.0% 0.0% 0.0%
33 Large] CENTRAL | 05/30/97 2 4332 91,365 301,545 440 906,885 1930 1997 11.6% 8.0% 34.6% 45.8% 0.0%
34 Large] CENTRAL 2 5700 | 100,000 368,000 600 | 1,720,000 1900 30.0% 40.0% 20.0% 10.0% 0.0%
35| Medium|SW 09/25/97 2 1 548 10,863 41,650 54 191,000 1917 1997 25.0% 50.0% 24.0% 1.0% 0.0%
36/ Medium|CENTRAL | 10/06/97 1 1 949 21,100 67,693 70 150,000 1894 1997 21.0% 21.0% 47.0% 10.0% 1.0%
37| Medium|SW 11/05/97 2 1600 29,000 141,000 162 450,000 1900 1997 8.0% 20.0% 71.0% 1.0% 0.0%
38 Small{SW 11/14/97 1 1 40 836 4,022 7 14,000 1931 1997 3.0% 17.0% 50.0% 30.0% 0.0%
39] Medium|NW 10/28/97 2 1 747 6,333 62,000 120 200,000 1911 15.0% 23.0% 60.0% 2.0% 0.0%
40 Small[NW 12/09/97 1 1 120 1,590 11,150 10 23,485 1900 1997 27.0% 16.0% 42.0% 15.0% 0.0%
41] Medium|SW 12/15/97 1 1274 18,190 104,000 102 396,011 1800 1997 24.0% 29.0% 28.0% 9.0% 10.0%
42|  Medium|SW 12/30/97 2 1 525 10,000 52,000 50 180,000 1880 1997 5.0% 15.0% 30.0% 50.0% 0.0%
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No. size region agetot avgage | qual Il dif 111 yrdta adf mdf phf flwbas mxmadf [ mnmadf | grdwtr | qual IV per24 nops
1fLarge NE 100.0% 28.0 1996 192.0 350.0 400.0 |Metered 216.0 177.0 30.0% 5.5% 43
2| Small CENTRAL §100.0% 38.1 1 1996 14.6 26.9 30.0 |Flow Meters 18.2 13.6 10.0% 1 6.0% 11
3|Small CENTRAL ]100.0% 40.0 2 1 1988 7.7 15.0 14.0 |Est -peak wet 8.4 6.6 30.0% 3 12.9% 16
4|Large CENTRAL §100.0% 44.2 3 2 1996 213.3 288.0 599.0 [Measured 237.6 197.0 2 68.0% 61
5[Large CENTRAL ]100.0% 30.7 2 1 1996 88.6 179.6 200.0 [Est -Pump 140.4 33.9 75.0% 2 8.0% 214
6|Medium |CENTRAL ] 100.0% 39.2 1 1993 34.6 116.4 116.4 |Max Capacity 44.5 20.1 8.0% 23
7[Medium [CENTRAL ]100.0% 39.0 1 1 1996 39.6 97.7 132.9 |Measured 49.2 36.5 50.0% 70.0% 17
8|Medium [CENTRAL |} 100.0% 42.0 1 1996 70.5 150.0 180.0 |Measured 125.0 63.0 15.0% 2 20.0% 60
9|Small CENTRAL ]100.0% 31.1 1 1 1995 12.1 20.0 28.0 |Est 13.1 11.1 1 7.0% 4
10|Large CENTRAL ]100.0% 63.0 1 1 1996 216.0 475.0 583.0 [Metered Flow 395.0 140.0 1 131
1ifLarge CENTRAL ]100.0% 34.8 1 1 1995 160.6 252.8 289.0 [Metered 186.9 132.6 12.0% 11
12| Large CENTRAL §100.0% 51.0 1997 113.0 250.0 250.0 [Metered 135.0 90.0 3 202
13[Large NW 100.0% 18.5 2 1 1996 160.5 316.4 Metered 198.3 148.7 10.0% 2 3.0% 71
14|Large SW 100.0% 47.9 1 1 1996 520.0 684.0 942.0 [Measured 532.0 507.0 1 38.0% 48
15[Large NW 100.0% 59.5 2 1 1996 50.0 74.6 66.1 5.0% 2 4.0% 4
16| Large CENTRAL §100.0% 21.0 2 1996 76.9 110.5 76.8 2 8.7% 82
17(Large CENTRAL ]100.0% 24.5 1 1 1996 177.0 343.7 380.4 [Measured 221.0 164.0 25.0% 2 21.5% 16
18|Medium [SE 100.0% 42.0 1 1997 28.0 90.0 90.0 |Measured 60.0 25.0 50.0% 3 20.0% 90
19Medium [CENTRAL ] 100.0% 31.0 2 1 1996 31.0 67.0 71.0 |Measured 41.0 23.0 25.0% 2 12.0% 35
20|Large SE 100.0% 19.2 1 1996 307.0 500.0 600.0 [Measured 408.0 290.0 75.0% 2 1.2% 930
21|Medium _|SE 100.0% 17.0 1 1 1996 9.6 11.8 16.2 |Measured 10.6 8.2 90.0% 1 26.0% 27
22|Medium __[SW 100.0% 11.4 1 2 1996 68.3 74.8 95.0 |Measured 72.0 64.0 10.0% 1 4.0% 32
23|Large SW 100.0% 26.0 2 2 1996 59.2 63.4 78.0 |Measured 61.1 56.7 2 5.6% 19
24|Medium [CENTRAL | 100.0% 30.0 1 1 1996 55.0 Estimated 70.6 42.8 1 5.0% 57
25|Medium |CENTRAL ]100.0% 49.0 2 1 1996 42.0 57.0 117.6 |Weather 43.2 35.7 20.0% 3 40
26|Medium __[SW 100.0% 22.5 1 1 1997 15.1 19.3 30.0 |Estimated 18.4 13.4 0.0% 3 5.0% 27
27|Medium |CENTRAL ]100.0% 42.1 4 1996 98.0 115.0 125.0 |Estimated 110.0 93.3 70.0% 3 15.0% 35
28|Medium __[SW 100.0% 20.3 1 1997 49.3 55.9 90.0 |Measured 54.1 45.9 0.0% 6.3% 2
29|Medium _|NE 100.0% 30.0 2 1996 18.2 20.9 16.0
30|Medium __[SW 100.0% 25.7 2 2 1996 60.0 79.0 123.0 |Measured 62.0 56.0 0.0% 1 3.5% 36
31|Large SE 100.0% 25.1 3 1996 64.5 72.0 Measured 72.0 57.9 20.0% 2 20.0% 50
32| Small NE 100.0% 12.5 1 1996 19.2 73.7 80.0 |Measured 27.2 11.8 3 20.0% 55
33|Large CENTRAL ]100.0% 48.2 2 2 1996 55.9 112.4 164.9 |Metered Flow 77.2 45.5 2 220
34|Large CENTRAL ]100.0% 22.0 2 236.0 536.0 650.0 30.0% 3 5.0% 377
35|Medium__|SW 100.0% 17.9 3 1997 15.0 34.0 [Estimated 2 2.7% 5
36|Medium [CENTRAL |} 100.0% 29.4 1 1 1997 40.7 115.0 140.0 |Measured 55.0 31.0 25.0% 2 11.0% 32
37|Medium __|SW 100.0% 29.0 1 1997 57.1 69.5 72.5 |Estimated 58.5 46.5 5.0% 3 6.0% 14
38| Small SW 100.0% 42.7 1 1 1996 1.6 3.2 3.1 |Estimated 1.7 1.3 70.0% 1 0.0% 5
39|Medium__|NW 100.0% 26.7 63.6 244.1 240.0 [Measured 83.6 57.9 60.0% 12.0% 36
40{Small NW 100.0% 29.7 1 1 1996 6.0 25.0 25.5 |Measured 14.5 2.9 90.0% 2 4.0% 10
41|Medium _|SW 100.0% 34.6 1995 63.0 94.0 Measured 64.4 60.9 2 19.0% 16
42{Medium |SW 100.0% 50.5 3 1 1996 24.0 60.0 72.0 |Measured 60.0 21.0 0.0% 3 14.0% 55
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No. sze region mho5 | mhol0 mho20 trol tro5 trol0 tro20 bmb1l bmb5 bmb10 bmb20 otrl otr5 otr 10 otr20
1|Large NE 1,102 2,051 3,398 430 2,860 5,460 8,000
2|Small CENTRAL 120 293 765 9 44 108 283
3|Small CENTRAL 2 20 50 0 0 0 0 12 75 250 1,000
4|Large CENTRAL 20 30 60 0 0 0 0 4 20 30 50
5|Large CENTRAL 25 200
6/|Medium [CENTRAL 1 1
7|Medium [CENTRAL 7 9 2 6 10 11 22 30
8|Medium [CENTRAL 0 0 0 0 200
9|Small CENTRAL 5 7 0 0 0 0 15 55 91
10| Large CENTRAL 2,642
11|Large CENTRAL 759
12|Large CENTRAL 147 345 2,376 2,714
13|Large NW 924 1,848 0 0 0 0 53 275 505
14|Large SwW 27 57 70 0 0 6 19 1 105 135 316
15|Large NW 17 150
16|Large CENTRAL 646 3 5 10 20
17|Large CENTRAL 70 0 2 118 783 0 0
18|Medium [SE 250 500 1,000 0 0 0 0
19|Medium [CENTRAL 0 0 0 0
20|Large SE 250 0 1 0 0 0 0
21|Medium |SE 5 0 0 0 0 0 1
22|Medium |SW 179 406 1,326 1 5 10 20 0 3 5 10 4 15 25 40
23|Large SW 1,000 2,500 0 0 0 0
24|Medium |CENTRAL 1,486 37 227 17 27
25|Medium |CENTRAL 2 100
26|Medium |SW 15 0 5 10 15 0 0 0 0 0 0 0 0
27|Medium 400 750 1,200 30 160 300 500 283 1,650 4,230 10,790
28|Medium |SW 640 1,280 2,560 1 5 10 20 235 1,175 2,350 4,700
29|Medium |NE
30|Medium |SW 1 30 215 500 900
31|Large SE 1,656 3,280 70 298 410 3,265 6,118
32| Small NE 15 35 50 2 10 20 30 3 10 30 50
33|Large CENTRAL 9 3,039 28
34|Large CENTRAL
35|Medium |SW 8 0 1 2 4
36|/|Medium |CENTRAL 9 3 10 400
37|Medium |SW 275 0 0 0 0 22 161
38| Small SW 13 0 0 1 0 1
39|Medium |[NW 20 5
40| Small NW 0 20 100 15 60 10 35
41|Medium |SW 761 64 100
42|Medium |SW 70 1 6 2 5
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Item -> 2 3 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Form No. -> V.6.1 V.6.2 V.6.3 V.6.4 V.7.1 V.7.2 V.7.3 V.7.4 Vi VI.1.1 VI.1.2 VI1.1.3 Vi.1.4 VI.1.5 VI1.1.6
No. sze region custl custs cust10 cust20 psfaill psfail5 | psfaill0 | psfail20 | qual VI | micln92 | micIn93 | micln94 | micln95 | micln96 | miclntot
1|Large NE 6,241 10 123 223 1 216 238 268 262 298 1,282
2|Small CENTRAL 216 1,032 2,151 4,501 1 2 2 1 177 135 168 162 138 780
3|Small CENTRAL 284 1,600 4,000 10,000 0 3 5 10 3 30 35 40 46 53 204
4|Large CENTRAL 20 40 80 120 1 1 2 4 2 10 10 10 10 10 50
5|Large CENTRAL 150 3 359 359 359 1,077
6|Medium [CENTRAL 251 3 1 511 452 437 478 402 2,280
7|Medium [CENTRAL 3 4 7 2 7 8 9 7 11 42
8|Medium [CENTRAL 0 0 0 0 3 200 200
9|Small CENTRAL 15 55 91 0 0 0 1 180 151 152 168 177 828
10|Large CENTRAL 7,823 65 346 1 95 95
11|Large CENTRAL 3,555 14 1 422 341 407 318 381 1,869
12|Large CENTRAL 5,457 18,991 281 623 747 840 1 39 41 42 46 101 269
13|Large NW 6,616 30,009 51,484 0 0 0 1 760 844 854 813 852 4,123
14|Large SW 0 1 15 32 1 400 449 849
15|Large NW 800 4,000 2 2,000 2,000 2,000 2,045 1,939 9,984
16|Large CENTRAL 5,668 34,901 86,924 36 1 245 174 225 172 137 953
17|Large CENTRAL | 11,975 44,172 3 28 1 912 887 678 781 1,000 4,258
18|Medium [SE 1 3 8 10 3 204 204
19|Medium 25 100 250 500 2 25 100 500 2 10 10 10 15 100 145
20|Large SE 4,600 23,000 14 70 1 600 600 600 1,800
21|Medium |SE 0 0 0 0 3 10 10 10 10 10 50
22|Medium |SW 640 2,981 4,998 8,625 1 5 10 15 2 206 228 218 227 232 1,111
23|Large SW 0 0 5 10 2 821 1,016 1,141 1,239 1,200 5,417
24|Medium |CENTRAL 2,593 13,402 21,095 0 20 2 974 651 752 623 851 3,851
25|Medium |CENTRAL 1,200 100 2 400 400
26|Medium |SW 250 1,500 3,000 6,000 0 2 1 183 190 197 202 219 991
27|Medium 900 6,320 16,000 45,000 4 35 75 120 2 200 180 170 190 195 935
28|Medium |SW 439 2,195 4,390 8,780 20 100 200 400 1 481 634 783 863 804 3,565
29|Medium |NE 2 92 108 99 101 86 486
30|Medium |SW 300 2,000 5,000 4 30 80 160 2 1,000 1,100 1,200 1,300 1,400 6,000
31|Large SE 4,700 18,700 2 5 7 1 843 1,090 619 579 629 3,760
32| Small NE 4 10 40 60 2 5 7 14 0
33|Large CENTRAL 26 2 637 637
34|Large 2 3,420 2,280 1,710 1,140 8,550
35|Medium |SW 55 0 0 0 2 141 157 132 128 182 739
36|/|Medium |CENTRAL 1,100 6,500 10,200 0 5 10 3 200 200 225 225 225 1,075
37|Medium |SW 1 2 2 481 494 544 717 578 2,814
38| Small SW 24 0 0 0 0 3 34 20 20 30 20 124
39|Medium |[NW 150 1 451 429 880
40| Small NW 8 25 2 5 2 20 15 20 20 75
41|Medium |SW 749 1,347 2 590 751 668 737 793 3,539
42|Medium |SW 800 3,800 10 60 2 150 165 150 184 195 844
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Item -> 2 3 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101
Form No. -> V1,21 VI.2.2 V1.2.3 Vi.2.4 V1.2.5 V1.2.6 V1.3.1 V1.3.2 V1.3.3 V1.3.4 V1.3.5 V1.3.6 Vi.4.1 Vl1.4.2 V1.4.3
No. sze region mirt92| mirt93 mirt94 mirt95 mirt96 mirttot | nostop92 | nostop93 | nostop94 | nostop95 | nostop96 | nostopto | nohou92 | nohou93 | nohou94
1|Large NE 45.9 59.7 47.5 66.7 59.7 279.6 872 852 828 1,381 853 4,786 854 862 630
2|Small CENTRAL 1.0 27.0 18.0 31.0 26.0 103.0 36 40 22 32 34 164 0 0 0
3|Small CENTRAL 0.0 0.0 0.0 0.0 0.0 0.0 100 90 80 70 59 399 215 205 195
4|Large CENTRAL 2.0 2.0 2.0 2.0 0.5 8.5 1 1 1 0 2 5 0 0 0
5|Large CENTRAL 70.0 70.0 70.0 210.0 260 260 260 780
6|Medium [CENTRAL 0.0 0.0 0.0 0.0 0.0 0.0 304 311 282 260 251 1,408
7|Medium [CENTRAL 0.0 0.0 0.0 0.0 0.0 0.0 1 0 0 0 1 2
8|Medium [CENTRAL 200.0 200.0 400 400
9|Small CENTRAL 1.0 1.1 2.0 4.1 46 40 15 101
10| Large CENTRAL 17.0 17.0 0
11|Large CENTRAL 16.0 14.5 16.4 46.8 0 0 0 0
12|Large CENTRAL 75.1 7.1 6.8 12.7 6.4 108.1 54 31 46 48 54 233 923 711 584
13|Large NW 4.3 4.3 618 764 598 557 512 3,049 1,418 1,663 1,634
14|Large SwW 0.0 0
15|Large NW 0.0 0.0 0.0 0.0 0.0 0.0 12 15 27 0 0 0
16|Large CENTRAL 0.4 1.1 0.8 0.2 2.5 401 330 274 268 255 1,528 580 694 886
17|Large CENTRAL 108.0 89.0 48.0 27.0 12.0 284.0 1,827 1,916 1,997 2,017 2,040 9,797 3,393 3,473 3,969
18|Medium |SE 100.0 100.0 744 744
19|Medium [CENTRAL 3.0 5.0 5.0 5.0 21.0 1,500 1,500 1,500 1,350 1,600 7,450 1,500 1,500 1,500
20|Large SE 25.0 25.0 25.0 75.0 2,400 3,827 6,227
21|Medium |SE 0.0 0.0 0.0 0.0 0.0 0.0 2 4 6
22|Medium |SW 0.0 63 48 47 53 47 258
23|Large SW 0.0 0.0 0.0 1.0 1.0 2.0 315 305 252 264 250 1,386 0 0 0
24|Medium |CENTRAL 12.0 10.5 4.0 1.0 1.0 28.5 365 495 536 488 531 2,415
25|Medium |CENTRAL 200.0 200.0 490 490
26|Medium |SW 17.0 20.0 24.0 27.0 30.0 118.0 42 45 49 55 53 244 0 0 0
27|Medium |CENTRAL 100.0 75.0 85.0 110.0 480.0 260 280 210 230 175 1,155 310 350 305
28|Medium |SW 1.0 1.0 1.0 1.0 1.0 5.0 134 132 135 130 128 659 2 2 2
29|Medium |NE 0.0 319 279 338 368 418 1,722 343 336 322
30|Medium |SW 0.0 590 540 480 410 372 2,392 0 0 0
31|Large SE 581.0 615.0 506.0 551.0 311.0f 2,564.0 664 723 676 410 519 2,992 685 851 899
32| Small NE 0.0 0.0 0.0 0.0 0.0 0.0 0 0 0 0 1 1 0 0 0
33|Large CENTRAL 0.0 746 470 1,216
34|Large CENTRAL 0.0 2,120 2,000 4,120 981
35|Medium |SW 0.0 0.0 28 25 30 22 24 129
36|/|Medium |CENTRAL 0.0 0.0 30.0 0.0 0.0 30.0 100 120 100 90 80 490
37|Medium |SW 11.0 9.0 4.0 7.0 8.0 39.0 2 6 4 4 8 24
38| Small SW 0.0 0.0 0.0 0.0 0.1 0.1 7 7 6 5 4 29 15 12 12
39|Medium |[NW 5.0 6.0 11.0 40 40 80
40| Small NW 2.0 3.0 5.0 10.0 3 4 4 6 17
41|Medium |SW 360.0 336.0 313.0 394.0 380.0 1,783.0 0
42|Medium |SW 0.0 5.0 5.0 5.0 5.0 20.0 400 380 414 1,194 0 0 0
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No. Sze region nohou95| nohou96 | nohouto | nolsin92 | nolsin93 | nolsin94 | nolsin95 | nolsin96 | nolsinto | qual VII fml fm5 fm10 fm20 mhl
1[Large NE 619 740 3,705 16,400 14,600 14,600 14,600 15,700 75,900 100.0% 100.0% 100.0% 100.0% 4.0%
2|Small CENTRAL 0 0 0 0 0 380 380 388 1,148 2 0.0% 0.0% 0.0% 0.0% 30.0%
3|Small CENTRAL 185 173 973 9,100 9,100 9,100 9,100 9,100 45,500 3 1.0% 10.0% 95.0% 95.0% 3.0%
4|Large CENTRAL 0 0 0 15,000 15,000 15,000 15,000 15,000 75,000 2 100.0%|  200.0%| 300.0%| 400.0% 20.0%
5|Large CENTRAL 0 5,590 5,590 5,590 16,770 3 50.0%
6/|Medium [CENTRAL 0 0 3 8.0% 17.0% 25.0% 25.0% 4.0%
7|Medium [CENTRAL 0 1,800 1,800 1,800 1,800 1,800 9,000 1 12.0% 100.0% 100.0% 100.0% 12.0%
8|Medium [CENTRAL 0 0 365 365 1.0% 30.0% 70.0% 80.0% 5.0%
9|Small CENTRAL 0 200 200 200 200 200 1,000 2 0.0% 5.0% 5.0% 5.0% 2.1%
10|Large CENTRAL 179 179 5,000 5,000 6,300 6,800 6,812 29,912 1
11|Large CENTRAL 0 0 0 0 3 100.0%|  200.0%
12[Large CENTRAL 589 514 3,321 0 2 0.0%
13|Large NW 1,301 1,317 7,333 828 828 828 840 852 4,176 3 100.0%| 500.0%| 900.0%| 1400.0% 0.1%
14|Large SW 0 48 48 48 48 48 240 1 50.0%|  250.0%| 500.0%| 1000.0% 100.0%
15|Large NW 0 0 0 100 100 100 100 100 500 2 60.0%
16[Large CENTRAL 933 1,021 4,114 0 3 10.0% 20.0% 25.0% 35.0% 10.0%
17|Large CENTRAL 3,952 5,270 20,057 416 416 832 832 832 3,328 3 7.0% 20.0% 30.0% 35.0% 7.0%
18|Medium [SE 0 86 88 89 90 94 447 4 0.0% 0.0% 0.0% 0.0% 17.0%
19|Medium [CENTRAL 1,500 7,500 25 38 38 1,850 1,900 3,851 2 5.0% 25.0% 26.0% 26.0% 7.0%
20|Large SE 2,400 2,346 4,746 0 0 45,000 45,000 45,220| 135,220 1 20.0% 100.0% 100.0% 30.0%
21|Medium [SE 0 50 53 55 55 57 270 2 0.0% 30.0% 0.0%
22|Medium [SW 0 2,750 2,800 2,800 2,850 2,904 14,104 3 100.0% 100.0% 100.0% 60.0%
23|Large SW 0 0 0 1,872 1,872 1,872 1,872 1,872 9,360 2 0.0% 0.0% 0.0% 0.0% 30.0%
24|Medium [CENTRAL 0 6,055 7,733 7,886 8,316 9,192 39,182 2 45.0% 45.0% 100.0% 59.0%
25|Medium [CENTRAL 0 0 365 365 4 5.0% 0.0% 0.0% 0.0% 5.0%
26|Medium [SW 0 0 0 145 150 200 225 250 970 3 100.0% 100.0% 100.0% 100.0% 50.0%
27|Medium [CENTRAL 300 1,585 9,200 13,960 11,100 9,250 9,100 52,610 2 70.0% 75.0% 76.0% 77.0% 35.0%
28|Medium [SW 2 2 10 156 156 156 104 104 676
29|Medium [NE 368 472 1,841 0 2 80.0% 80.0% 80.0% 2.0%
30|Medium |SW 0 0 0 2,533 2,946 5,479 1.0% 5.0% 10.0% 20.0%
31| Large SE 829 1,132 4,396 5,720 6,188 3,000 14,908 3 40.0% 29.0%
32| Small NE 0 0 0 0 3 10.0% 20.0% 100.0%
33|Large CENTRAL 0 7.3%
34|Large CENTRAL 850 2,831 0 3
35|Medium |SW 0 52 52 52 52 52 260 2 0.0% 0.0% 10.0% 45.6%
36|Medium |CENTRAL 0 4,160 4,160 4,160 4,160 4,160 20,800 2 30.0% 55.0% 60.0% 65.0% 40.0%
37|Medium |SW 0 0 2
38| Small SW 5 10 54 3,500 1,300 1,300 1,300 1,300 8,700 2 0.0% 75.0% 125.0% 125.0% 5.0%
39|Medium |NW 5 5 10 432 432 864 100.0%|  500.0% 70.0%
40| Small NW 0 75 50 125 2 0.0% 100.0%|  200.0%|  300.0% 5.0%
41|Medium |SW 0 0
42|Medium |SW 0 0 0 2,800 3,023 3,105 2,948 11,876 4 1.0% 2.0% 20.0%
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Item -> 2 3 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131
Form No. -> Vil.22 ]| vil.23 | vil.24 | vIl.31 | VII.3.2 | VII.3.3 | VII.34 | VII.41 | VII.42 | VII.43 | VII.44 | VII.51 | VII.5.2 | VII.53 | VII.5A4
No. Sze region mh5 mh10 mh20 smk1 smk5 smk10 smk20 tvl tvs tv10 tv20 psil psi5 psil0 psi20
1[Large NE 10.0% 20.0% 35.0% 2.0% 5.0% 8.0% 15.0% 4.0% 15.0% 20.0% 40.0% 0.0% 0.5% 1.0% 1.0%
2|Small CENTRAL 80.0% 80.0% 80.0% 0.0% 0.0% 0.0% 80.0% 2.0% 10.0% 25.0% 30.0% 0.0% 0.0% 0.0% 0.0%
3|Small CENTRAL 10.0% 95.0% 100.0% 95.0% 100.0% 5.0% 15.0% 30.0% 35.0% 0.0% 0.0% 100.0% 100.0%
4|Large CENTRAL 40.0% 60.0% 80.0% 1.0% 2.0% 2.0% 2.0% 10.0% 20.0% 30.0% 40.0% 0.0% 0.0% 0.0% 0.0%
5|Large CENTRAL 50.0% 50.0% 5.0% 5.0% 0.0%
6|Medium [CENTRAL 50.0% 60.0% 60.0% 8.0% 17.0% 25.0% 25.0% 12.0% 23.0% 40.0% 40.0%
7|Medium [CENTRAL 47.0% 100.0% 100.0% 0.0% 0.0% 0.0% 0.0% 12.0% 47.0% 53.0% 53.0% 0.0% 0.0% 0.0% 0.0%
8|Medium [CENTRAL 20.0% 50.0% 60.0% 5.0% 20.0% 40.0% 50.0% 2.0% 10.0% 30.0% 50.0%
9|Small CENTRAL 4.1% 6.2% 0.0% 5.0% 5.0% 5.0% 3.0% 48.0% 100.0%
10[Large CENTRAL 1.0%
11|Large CENTRAL 1.0% 3.0% 4.2% 0.7% 6.0% 13.6%
12[Large CENTRAL 50.0% 100.0% 1.0% 3.0% 4.0% 7.2% 0.0% 0.0% 0.0% 0.0%
13|Large NW 0.7% 2.1% 7.0% 0.1% 0.5% 2.0% 4.0% 3.0% 15.0% 23.0% 38.0% 0.0% 0.0% 0.0% 0.0%
14|Large SW 500.0%| 1000.0%| 2000.0% 0.0% 0.0% 0.0% 0.0% 15.0% 37.0% 40.0% 50.0%
15|Large NW 100.0% 100.0% 100.0% 1.0% 1.0% 1.0% 1.0% 13.0% 45.0%
16[Large CENTRAL 50.0% 70.0% 70.0% 25.0% 50.0% 70.0% 85.0% 10.0% 50.0% 70.0% 70.0%
17|Large CENTRAL 20.0% 30.0% 35.0% 7.0% 20.0% 30.0% 35.0% 3.0% 18.0% 30.0% 40.0% 7.0% 20.0% 30.0% 35.0%
18|Medium [SE 18.0% 19.0% 22.0% 5.0% 50.0% 50.0% 50.0% 1.7% 8.3% 16.7% 33.3%
19|Medium [CENTRAL 32.0% 32.0% 25.0% 26.0% 26.0% 26.0% 2.0% 25.0% 26.0% 26.0% 0.0% 0.0% 0.0% 0.0%
20|Large SE 100.0% 100.0% 30.0% 100.0% 100.0% 30.0% 100.0% 100.0% 30.0% 100.0% 100.0%
21|Medium [SE 90.0% 0.0% 0.0% 90.0% 5.0%
22|Medium [SW 250.0%|  450.0%|  800.0% 10.0% 50.0% 100.0%|  200.0% 2.3% 7.9% 14.7% 26.0% 0.0% 0.0% 0.0% 0.0%
23|Large SW 200.0%|  400.0%| 800.0% 1.0% 1.0% 1.0% 1.0% 7.8% 65.0% 90.0% 130.0% 0.0% 0.0% 0.0% 0.0%
24|Medium [CENTRAL | 211.0%| 336.0% 31.0% 84.0% 126.0% 7.0% 27.0% 40.0% 30.0% 70.0%
25|Medium [CENTRAL 5.0% 15.0% 5.0% 0.0% 0.0% 0.0%
26|Medium [SW 50.0% 50.0% 50.0% 0.0% 0.0% 0.0% 0.0% 20.0% 75.0% 75.0% 75.0% 0.0% 0.0% 0.0% 0.0%
27|Medium [CENTRAL 60.0% 70.0% 10.0% 15.0% 17.0% 18.0% 5.0% 8.0% 11.0% 15.0% 2.0% 3.0% 4.0% 5.0%
28|Medium | SW
29|Medium [NE 54.0% 0.0% 0.0% 0.0% 0.0% 1.0% 11.0%
30|Medium |SW 0.0% 0.0% 0.0% 0.0% 2.0% 6.0% 0.0% 0.0% 0.0% 0.0%
31| Large SE 368.0% 17.0%| 218.0% 2.5%| 222.0% 0.0% 0.0% 0.0% 0.0%
32| Small NE 200.0%|  300.0%|  400.0% 1.0% 20.0%
33|Large CENTRAL 2.0% 2.4%
34|Large CENTRAL
35|Medium |SW 100.0% 0.0% 0.0% 1.0% 3.0% 7.0% 8.0%
36|Medium |CENTRAL 95.0% 100.0% 100.0% 30.0% 60.0% 60.0% 60.0% 10.0% 17.0% 24.0% 32.0% 40.0% 85.0% 85.0% 85.0%
37|Medium |SW 0.6% 3.3% 3.0% 7.0%
38| Small SW 105.0% 135.0% 135.0% 1.0% 101.0% 101.0% 101.0% 33.0% 33.0% 63.0% 63.0% 1.0% 101.0% 101.0% 101.0%
39|Medium |NW 100.0% 5.0% 12.0% 60.0%
40| Small NW 20.0% 40.0% 60.0% 0.0% 25.0% 50.0% 75.0% 0.0% 25.0% 50.0% 75.0% 0.0% 0.0% 0.0% 0.0%
41|Medium |SW
42|Medium |SW 100.0%|  200.0%| 300.0% 0.0% 0.0% 0.0% 0.0% 2.0% 5.0% 10.0% 20.0%
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Form No. -> VI VIl VIlI.2 VI3 VIIl.4 1 X 1X.1.1 1X.1.2 1X.1.3 1X.1.4 1X.1.5 1X.2.1 1X.2.2
No. sze region qual_VIII [ mhrehab Inrehab rerehab prireh |qual _IX rel70 rel79 rel89 rel96 reltot eq70 eq79
1|Large NE 75.0% 50.0% 80.0% 0.0% $0 $0 $0| $48,800,000| $48,800,000
2| Small CENTRAL 4 20.0% 50.0% 10.0% 1 $0 $0
3[Small CENTRAL 3 33.0% 29.0% 62.0% 69.0% 4 $1,000,000] $2,000,000{ $5,000,000] $8,000,000 $0 $0
4fLarge CENTRAL 2 90.0% 0.0% 0.0% 0.0% 2 $140,000,000| $72,000,000| $60,000,000{$272,000,000 $0 $0
5[Large CENTRAL 4 75.0% 75.0% 0.0% 4 $0 $0
6/Medium CENTRAL 4 20.0% 20.0% 5.0% 0.0% 2 $10,000,000{ $10,000,000
7[Medium CENTRAL 100.0% 100.0% 100.0% 100.0% 2| $1,303,000 $126,000] $1,216,000 $586,000] $3,231,000 $0 $0
8|Medium CENTRAL 2 30.0% 40.0% 50.0% 2 $7,000,000{ $7,000,000
9 Small CENTRAL 3 25.0% 50.0% 1 $0
10fLarge CENTRAL $0
11| Large CENTRAL 4 10.0% 2.0% 1.0% $0
12[Large CENTRAL $0
13|Large NW 3 0.1% 1.0% 0.0% 1 $0
14|Large SW 1 56.0% 56.0% 67.0% 1 $1,400,000| $43,000,000{ $44,400,000
15[Large NW 2 100.0% 100.0% 100.0% 100.0% 3 $2,500,000{ $2,500,000
16[Large CENTRAL 4 5.0% 10.0% 5.0% 1 $0
17|Large CENTRAL 1 40.0% 50.0% 80.0% 90.0% $54,320,000{ $54,320,000 $1,025,000
18[Medium SE 3 2.0% 2.0% 20.0% 0.0% 4 $20,000,000{ $25,000,000 $0[ $45,000,000 $0 $0
19|Medium CENTRAL 40.0% 30.0% 60.0% 0.0% 3 $1,000,000| $2,000,000{ $3,000,000 $0 $0
20| Large SE 1 96.0% 70.0% 25.0% 95.0% $0 $0 $0 $0 $0 $0 $0
21|Medium SE 2 100.0% 90.0% 2 $0 $0
22[Medium SW 1 99.9% 100.0% 100.0% 100.0% 2 $18,157,229| $24,570,187| $42,391,582| $85,118,998 $5,000,000
23|Large SW 2 1.0% 1.0% 0.0% 0.0% 2 $0 $0 $0 $0 $0 $0 $0
24{Medium CENTRAL 2 30.0% 30.0% 60.0% 30.0% 2 $9,500,000{ $9,500,000
25|Medium CENTRAL 4 5.0% 1.0% 1.0% 4 $14,000,000{ $14,000,000
26{Medium SW 3 0.0% 25.0% 10.0% 0.0% 3 $1,000,000| $5,450,000{ $6,450,000 $0 $0
27|Medium CENTRAL 20.0% 20.0% 10.0% 5.0% 2| $1,100,000 $800,000{ $1,200,000| $1,800,000f $4,900,000 $0 $0
28[Medium SW $0
29|Medium NE $0
30|Medium SW 4 5.0% 5.0% 10.0% 0.0% 2 $8,900,000| $4,000,000{ $12,900,000 $0 $0
31|Large SE 2 5.0% 3.0% 50.0% 0.0% 3 $4,000,000{ $4,000,000
32| Small NE 90.0% 95.0% 3 $900,000 $900,000
33|Large CENTRAL 0.0% 3 $25,425,145| $44,638,800| $70,063,945
34|Large CENTRAL 40.0% 44.0% 35.0% 17.0% $0
35|Medium SW 4 25.0% 25.0% 50.0% 3 $2,800,000 $600,000] $3,400,000 $0 $0
36|Medium CENTRAL 2 20.0% 15.0% 0.0% 0.0% 3 $0 $0 $0 $0 $0[ $5,000,000
37|Medium SW 3 31.0% $0
38| Small SW 1 20.0% 2.0% 100.0% 95.0% $0
39| Medium NW 5.0% 3.0% $0
40| Small NW 2 5.0% 5.0% 0.0% 3 $0 $0 $0[ $2,000,000| $2,000,000 $0 $0
41| Medium SW 3 99.0% 99.9% 100.0% 100.0% $0
42|Medium SW 4 95.0% 60.0% 3 $1,500,000| $2,100,000{ $3,600,000
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Item -> 2 3 145 146 147 148 149 150 151 152 153 154 155 156
Form No. -> 1X.2.3 1X.2.4 1X.2.5 1X.3.1 1X.3.2 1X.3.3 1X.3.4 1X.3.5 1X.4.1 1X.4.2 1X.4.3 1X.4.4
No. sze region eg89 eg96 egtot rehab70 rehab79 rehab89 rehab96 rehabto om70 om79 om89 om96
1{Large NE $0 $0| $5,000,000| $72,900,000] $41,700,000{$119,600,000 $0 $0| $20,700,000| $14,500,000
2[Small CENTRAL $0 $900,000 $900,000 $3,908,000
3[Small CENTRAL $0] $0 $0 $7,500,000] $10,000,000, $35,000,000| $52,500,000 $1,600,000] $2,500,000] $3,500,000
4|Large CENTRAL $0] $0 $0 $13,000,000| $18,000,000] $31,900,000| $62,900,000 $16,000,000| $39,200,000{ $43,000,000
5[Large CENTRAL $0 $0 $75,000,000| $65,000,000
6[Medium CENTRAL $0 $13,600,000| $13,600,000 $14,000,000
7[Medium CENTRAL $0] $0 $0 $201,000 $0[ $1,152,000f $5,719,000| $7,072,000 $3,600,000] $5,500,000] $5,600,000
8[Medium CENTRAL $0 $0 $50,000,000| $75,000,000 $105,000,000|$230,000,000 $84,000,000
9[Small CENTRAL $32,000 $28,000 $60,000 $245,000 $300,000 $545,000 $2,444,000| $2,895,000
10{Large CENTRAL $0 $0 $0 $90,000,000
11{Large CENTRAL $0 $10,800,000] $10,800,000 $48,883,527| $68,959,300
12[Large CENTRAL $0 $0
13[Large NW $0 $0 $9,000,000] $75,981,000] $99,353,000
14{Large SW $0 $27,000,000] $109,000,000{$136,000,000 $43,000,000]$130,000,000
15[{Large NW $0 $14,000,000| $14,000,000 $25,000,000
16{Large CENTRAL $0 $0 $4,377,371
17{Large CENTRAL $5,270,000) $63,000] $6,358,000 $56,490,000| $56,490,000 $60,000,000| $77,400,000{ $66,400,000
18{Medium SE $0[ $20,000,000{ $20,000,000 $2,000,000| $2,000,000, $10,000,000| $14,000,000 $0 $0 $0| $10,000,000
19({Medium CENTRAL $0 $0 $1,000,000] $15,000,000{ $16,000,000 $2,000,000|  $3,044,000
20|Large SE $0] $0 $0 $0j $0 $0|  $32,609,198| $32,609,198 $0 $0 $0{$145,803,513
21|Medium SE $0 $0 $0 $0 $381,200
22|Medium SW $5,000,000 $0[ $6,500,000 $0[ $6,500,000 $8,498,154( $12,071,921
23| Large SW $0] $0 $0 $1,000,000] $2,500,000,  $2,100,000| $5,600,000 $35,000,000| $55,000,000
24|Medium CENTRAL $30,000,000| $30,000,000 $15,000,000| $15,000,000 $34,000,000
25|Medium CENTRAL $0 $14,000,000| $14,000,000 $22,400,000
26|Medium SW $0] $0 $0 $0j $0 $0] $500,000 $500,000 $3,000,000
27|Medium CENTRAL $0 $0 $600,000 $300,000 $300,000f  $1,200,000| $2,400,000{ $1,600,000] $2,500,000 $3,600,000| $4,200,000
28|Medium SW $0 $0
29| Medium NE $0 $0
30|Medium SW $0] $0 $0 $6,400,000] $11,400,000{ $17,800,000 $16,400,000| $22,979,496
31|Large SE $12,000,000| $12,000,000 $0 $35,301,161| $34,956,049
32| Small NE $0 $0 $6,500,000
33|Large CENTRAL $0 $9,700,285) $5,144,520| $14,844,805
34|Large CENTRAL $0 $0
35|Medium SW $0] $0 $0 $500,000  $1,200,000| $1,700,000 $575,296
36| Medium CENTRAL $1,000,000 $0[ $6,000,000 $100,000 $200,000 $800,000  $1,200,000| $2,300,000{ $1,000,000| $15,000,000{ $18,000,000| $23,000,000
37|Medium SW $0 $12,500,000] $41,845,000f $54,345,000 $17,500,000| $19,870,000
38| Small SW $0 $0
39| Medium NW $0 $0
40| Small NW $0] $0 $0 $0j $0 $0|  $3,000,000| $3,000,000 $1,515,000
41|Medium SW $0 $0 $4,000,000
42|Medium SW $2,000,000] $2,100,000] $4,100,000 $5,000,000]  $8,000,000{ $13,000,000 $6,000,000| $12,000,000] $14,000,000
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Item -> 2 3 157 158 159 160 161 162 163 164 165 166 167
Form No. -> 1X.4.5 1X.5.1 1X.5.2 1X.5.3 1X.5.4 1X.5.5 1X.6.1 1X.6.2 1X.6.3 1X.6.4 1X.6.5
No. size region omtot omeq70 omeq79 omeq89 omeq96 omeqto oth70 oth79 oth89 oth96 othtot
1f{Large NE $35,200,000 $0 $0 $0 $0 $0] $0| $203,600,000
2[Small CENTRAL $3,908,000 $0] $0|  $4,808,000
3[Small CENTRAL $7,600,000 $0 $0 $0] $1,400,000| $1,400,000 $2,214,000 $2,214,000( $71,714,000
4|Large CENTRAL $98,200,000 $0] $0| $433,100,000
5[Large CENTRAL ]$140,000,000 $0] $0| $140,000,000
6[Medium CENTRAL $14,000,000 $2,800,000{ $2,800,000 $0|  $40,400,000
7[Medium CENTRAL $14,700,000 $0 $0 $0 $0 $0] $0] $25,003,000
8[Medium CENTRAL $84,000,000 $7,000,000{ $7,000,000 $0| $328,000,000
9[Small CENTRAL $5,339,000 $351,650 $351,650 $0]  $6,295,650
10| Large CENTRAL $90,000,000 $0] $0|  $90,000,000
11|Large CENTRAL ]$117,842,827 $0] $0| $128,642,827
12|Large CENTRAL $0 $0] $0] $0
13|Large NW $184,334,000 $0] $0| $184,334,000
14|Large SW $173,000,000 $0] $0| $353,400,000
15| Large NW $25,000,000 $0] $18,000,000| $18,000,000/ $59,500,000
16| Large CENTRAL $4,377,371 $0] $0|  $4,377,371
17[Large CENTRAL ]$203,800,000 $0] $0| $320,968,000
18|Medium SE $10,000,000 $0 $0 $0j $0 $0] $0| $89,000,000
19({Medium CENTRAL $607,000, $1,155,000| $1,762,000] $8,939,900| $8,264,800| $17,204,700, $43,010,700
20{Large SE $145,803,513 $0 $0 $0j $0 $0] $0 $0 $0j $126,000 $126,000[ $178,538,711
21|Medium SE $381,200 $0 $0] $0] $381,200
22[Medium SW $20,570,075 $300,000| $1,100,000] $2,150,000| $3,550,000 $0| $120,739,073
23[Large SW $90,000,000 $0] $0] $95,600,000
24{Medium CENTRAL $34,000,000 $0] $0| $88,500,000
25|Medium CENTRAL $22,400,000 $35,000,000| $35,000,000 $0] $85,400,000
26{Medium SW $3,000,000 $150,000 $150,000 $0| $10,100,000
27|Medium CENTRAL $0] $0| $19,200,000
28[Medium SW $0 $0] $0] $0
29(Medium NE $0 $0] $0] $0
30{Medium SW $39,379,496 $1,700,000 $645,135| $2,345,135 $0|  $72,424,631
31fLarge SE $70,257,210 $1,651,887| $1,651,887 $0| $87,909,097
32[Small NE $6,500,000 $0] $0|  $7,400,000
33|Large CENTRAL $0 $0] $0|  $84,908,750
34{Large CENTRAL $0] $0] $0
35[Medium SW $575,296 $0] $0 $0 $0]  $5,675,296
36{Medium CENTRAL $66,000,000 $0] $0| $74,300,000
37|Medium SW $37,370,000 $0] $0] $91,715,000
38[Small SW $0 $0] $0] $0
39|Medium NW $0 $0] $0) $0
40|Small NW $1,515,000 $0] $0 $0 $0j $0 $0|  $6,515,000
41|Medium SW $4,000,000 $0] $0]  $4,000,000
42]Medium SW $32,000,000 $0| $0|  $52,700,000
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Form No. -> X.1.1 X.1.2 X.1.3 X.1.4 X.1.5 X.1.6 X.1.7 X.2.1 X.2.2 X.2.3 X.2.4 X.2.5 X.2.6 X.2.7 X.2.8
No. size region perpf perfsso |perfcomp| perfps | perfpkhr |perfpkmo| perktot maintcl maintrt maintls | maintfm | maintmh | maintsmk| mainttv | maintpri
1|Large NE
2| Small CENTRAL 27.0% 32.0% 32.0% 9.0% 0.0% 0.0% 100% 25.0% 10.0% 5.0% 1.0% 1.0% 1.0% 10.0% 5.0%
3|Small CENTRAL 35.0% 35.0% 20.0% 0.0% 5.0% 5.0% 100% 15.0% 0.0% 5.0% 5.0% 2.0% 3.0% 0.0%
4f{Large CENTRAL 25.0% 25.0% 25.0% 25.0% 100% 6.0% 0.0% 35.0% 18.0% 12.0% 0.0% 13.0% 0.0%
5|Large CENTRAL 18.0% 18.0% 14.0% 27.0% 14.0% 9.0% 100% 15.0% 15.0% 15.0% 8.0% 5.0% 5.0% 10.0% 3.0%
6| Medium CENTRAL 25.0% 25.0% 40.0% 10.0% 0.0% 0.0% 100% 10.0% 10.0% 10.0%
7|Medium |CENTRAL 16.7% 25.0% 25.0% 16.7% 16.6% 0.0% 100% 10.0% 0.0% 10.0% 20.0% 10.0% 0.0% 10.0% 0.0%
8[Medium CENTRAL 80.0% 5.0% 10.0% 5.0% 100%
9|Small CENTRAL 35.0% 15.0% 20.0% 20.0% 7.0% 3.0% 100% 40.0% 5.0% 20.0% 15.0%
10| Large CENTRAL 20.0% 20.0% 40.0% 10.0% 5.0% 5.0% 100% 20.0% 10.0% 0.0% 5.0% 4.0% 10.0% 20.0% 10.0%
11|Large CENTRAL 15.0% 30.0% 30.0% 15.0% 5.0% 5.0% 100% 12.0% 10.0% 10.0% 4.0% 8.0% 6.0% 12.0% 4.0%
12|Large CENTRAL 22.0% 10.0% 22.0% 2.0% 3.0% 2.0% 10.0% 1.0%
13|Large NW 5.0% 30.0% 30.0% 35.0% 0.0% 0.0% 100% 25.0% 5.0% 35.0% 10.0% 5.0% 0.0% 10.0% 0.0%
14|Large SW 25.0% 25.0% 15.0% 25.0% 8.0% 2.0% 100% 15.0% 15.0% 15.0% 5.0% 5.0% 10.0%
15|Large NW 80.0% 5.0% 10.0% 2.0% 2.0% 1.0% 100% 60.0% 5.0% 5.0% 5.0% 1.0% 1.0% 12.0% 3.0%
16|Large CENTRAL 20.0% 20.0% 20.0% 20.0% 10.0% 10.0% 100% 13.6% 9.1% 31.9% 0.9% 2.7% 0.9%
17|Large CENTRAL 25.0% 39.0% 25.0% 3.0% 5.0% 3.0% 100% 15.0% 12.0% 2.0% 10.0% 10.0% 2.0% 10.0% 2.0%
18| Medium SE 20.0% 20.0% 20.0% 20.0% 5.0% 15.0% 100% 4.8% 19.0% 9.5% 9.5% 4.8% 9.5% 4.8% 4.8%
19|Medium |CENTRAL 20.0% 10.0% 20.0% 15.0% 15.0% 100% 8.0% 5.0% 20.0% 15.0% 5.0% 5.0% 5.0% 1.0%
20| Large SE 20.0% 20.0% 10.0% 10.0% 20.0% 20.0% 100% 5.0% 5.0% 5.0% 10.0% 10.0% 10.0% 10.0% 10.0%
21|Medium |SE 30.0% 25.0% 10.0% 25.0% 0.0% 10.0% 100% 20.0% 0.0% 50.0% 0.0% 5.0% 0.0% 15.0% 0.0%
22|Medium [SW 12.0% 40.0% 20.0% 25.0% 2.0% 1.0% 100% 34.0% 1.0% 20.0% 10.0% 9.0% 1.0% 15.0% 0.0%
23|Large SW 50.0% 10.0% 20.0% 20.0% 0.0% 0.0% 100% 35.0% 0.0% 15.0% 0.0% 20.0% 3.0% 15.0% 0.0%
24|Medium |CENTRAL 15.0% 10.0% 20.0% 50.0% 2.0% 3.0% 100% 0.0% 30.0% 10.0% 2.0% 2.0% 2.0% 7.0% 1.0%
25|Medium |CENTRAL 30.0% 30.0% 20.0% 10.0% 5.0% 5.0% 100%
26|Medium [SW 10.0% 25.0% 25.0% 20.0% 10.0% 10.0% 100% 10.0% 10.0% 10.0% 20.0% 10.0% 0.0% 10.0% 0.0%
27|Medium |CENTRAL 30.0% 20.0% 10.0% 10.0% 10.0% 100% 10.0% 10.0% 10.0% 6.0% 15.0% 6.0% 6.0% 3.0%
28{Medium [SW
29|Medium |NE
30|Medium [SW 10.0% 20.0% 60.0% 10.0% 0.0% 0.0% 100% 20.0% 15.0% 5.0% 10.0% 5.0% 0.0% 8.0% 1.0%
31|Large SE 15.0% 25.0% 25.0% 25.0% 5.0% 5.0% 100% 20.0% 20.0% 30.0% 1.0% 1.0% 2.0% 4.0% 0.0%
32| Small NE 5.0% 20.0% 5.0% 70.0% 0.0% 0.0% 100% 15.0% 0.0% 30.0% 5.0% 20.0% 0.0% 25.0%
33|Large CENTRAL 22.0% 27.0% 20.0% 20.0% 8.0% 3.0% 100% 13.0% 8.0% 11.0% 7.0% 7.0% 5.0% 5.0% 2.0%
34[Large CENTRAL 25.0% 35.0% 15.0% 3.0% 2.0% 100%
35|Medium _[SW 20.0% 20.0% 10.0% 25.0% 13.0% 12.0% 100% 12.0% 5.0% 14.0% 10.0% 7.0% 5.0% 14.0% 5.0%
36| Medium CENTRAL 15.0% 20.0% 30.0% 5.0% 20.0% 10.0% 100% 5.0% 5.0% 5.0% 5.0% 10.0% 10.0% 10.0% 5.0%
37|Medium _[SW 30.0% 40.0% 10.0% 20.0% 100% 27.0% 17.0% 3.0% 4.0% 2.0% 7.0% 14.0% 0.0%
38| Small SW 12.0% 48.0% 20.0% 15.0% 1.0% 4.0% 100% 18.0% 10.0% 17.0% 6.0% 4.0% 5.0% 10.0% 3.0%
39|Medium [NW 10.0% 20.0% 30.0% 5.0% 25.0% 10.0% 100% 30.0% 2.0% 12.0% 2.0% 2.0% 1.0% 12.0% 1.0%
40{Small NW 20.0% 25.0% 20.0% 15.0% 10.0% 10.0% 100% 20.0% 10.0% 15.0% 5.0% 10.0% 5.0% 10.0% 0.0%
41{Medium |SW 25.0% 15.0% 15.0% 25.0% 10.0% 10.0% 100% 50.0% 20.0% 13.0% 1.0% 1.0% 4.0% 5.0% 1.0%
42{Medium |SW 10.0% 50.0% 10.0% 20.0% 5.0% 5.0% 100% 10.0% 10.0% 10.0% 20.0% 5.0% 0.0% 40.0% 0.0%
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No. sze region maintmhr | maintmn maintre maintpr maintot satis diff
1|Large NE
2| Small CENTRAL 1.0% 35.0% 5.0% 1.0% 100.0%|b
3|Small CENTRAL 5.0% 35.0% 15.0% 15.0% 100.0%|b
4|Large CENTRAL 8.0% 8.0% 0.0% 0.0% 100.0%|a
5|Large CENTRAL 5.0% 5.0% 4.0% 10.0% 100.0%]|c
6| Medium CENTRAL 10.0% 10.0% 10.0% 40.0% 100.0%]|c
7|Medium CENTRAL 0.0% 20.0% 10.0% 10.0% 100.0%|b
8| Medium CENTRAL 10.0% 70.0% 20.0% 0.0% 100.0%|b
9|Small CENTRAL 10.0% 10.0% 100.0%]|c
10{Large CENTRAL 1.0% 5.0% 5.0% 10.0% 100.0%|b
11|Large CENTRAL 10.0% 12.0% 6.0% 6.0% 100.0%]|c
12|Large CENTRAL 8.0% 10.0% 5.0% 5.0% 100.0%
13|Large NW 5.0% 5.0% 0.0% 0.0% 100.0%|b
14|Large SW 5.0% 15.0% 15.0% 100.0%|a
15|Large NW 1.0% 4.0% 2.0% 1.0% 100.0%|b
16| Large CENTRAL 4.5% 27.3%) 9.1% 100.0%|d
17|Large CENTRAL 10.0% 10.0% 10.0% 7.0% 100.0%|b
18|Medium SE 9.5% 14.2%) 4.8% 4.8% 100.0%|c
19|Medium CENTRAL 20.0% 2.0% 4.0% 100.0%]|c
20| Large SE 5.0% 10.0% 10.0% 10.0% 100.0%|a
21|Medium SE 5.0% 5.0% 0.0% 0.0% 100.0%]|c
22|Medium SW 2.0% 2.0% 5.0% 1.0% 100.0%|a
23| Large SW 2.0% 10.0% 0.0% 0.0% 100.0%|b
24| Medium CENTRAL 4.0% 10.0% 2.0% 30.0% 100.0%|b
25|Medium CENTRAL c&d
26|Medium SW 10.0% 10.0% 10.0% 0.0% 100.0%|b
27|Medium CENTRAL 11.0% 6.0% 2.0% 100.0%|d
28|Medium SW b
29|Medium NE
30[Medium SW 5.0% 10.0% 20.0% 1.0% 100.0%|b
31|Large SE 1.0% 5.0% 15.0% 1.0% 100.0%|d
32|Small NE 5.0% 0.0% 100.0%|b
33|Large CENTRAL 6.0% 13.0% 18.0% 5.0% 100.0%|d
34|Large CENTRAL
35|Medium SW 8.0% 8.0% 7.0% 5.0% 100.0%|d
36| Medium CENTRAL 15.0% 10.0% 5.0% 15.0% 100.0%]|c
37|Medium SW 1.0% 20.0% 5.0% 0.0% 100.0%|d
38| Small SW 5.0% 10.0% 2.0% 10.0% 100.0%|b
39|Medium NW 4.0% 12.0% 12.0% 10.0% 100.0%|b
40[Small NW 10.0% 10.0% 0.0% 5.0% 100.0%]|c
41{Medium SW 1.0% 2.0% 1.0% 1.0% 100.0%|b
42[Medium SW 0.0% 5.0%) 0.0% 0.0% 100.0%]|c
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Collection System Maintenance Weighting
Maintenance Weighting - % System Cleaned
Crosstab Table For Average maintcl by region and size

Large Medium Small Avg- Reg. Avg- All
CENTRAL 13.0% 54% 26.7% 15.0%
NE 0.0% 0.0% 15.0% 5.0%
NW 42.5% 30.0% 20.0% 30.8%
SE 12.5% 124% 12.5%
SW 25.0% 204% 18.0% 21.1%
18.6% 13.6% 19.9% 16.9% 17.7%
Count-> 36
Maintenance Weighting - % System Root Cleaned
Crosstab Table For Average maintrt by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 8.2% 7.5% 5.0% 6.9%
NE 0.0% 0.0% 0.0% 0.0%
NW 5.0% 2.0% 10.0% 5.7%
SE 125% 9.5% 11.0%
SW 7.5% 9.8% 10.0% 9.1%
6.6% 5.8% 6.3% 6.5% 8.4%
Count-> 36
Maintenance Weighting - Lift Station Service
Crosstab Table For Average maintlsby region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 14.1% 8.1% 10.0% 10.7%
NE 0.0% 0.0% 30.0% 10.0%
NW 20.0% 12.0% 15.0% 15.7%
SE 17.5% 29.8% 23.6%
SW 15.0% 9.4% 17.0% 13.8%
13.3% 11.9% 18.0% 14.8% 14.2%
Count-> 36
Maintenance Weighting - Flow Monitoring
Crosstab Table For Average maintfm by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 6.0% 6.0% 2.0% 4.7%
NE 0.0% 0.0% 5.0% 1.7%
NW 7.5% 2.0% 5.0% 4.8%
SE 5.5% 4.8% 5.1%
SW 2.5% 94% 6.0% 6.0%
4.3% 4.4% 45% 45% 6.9%
Count-> 33
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Maintenance Weighing - Manhole Inspection
Crosstab Table For Average maintmh by region and size

Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 5.5% 5.3% 6.0% 5.6%
NE 0.0% 0.0% 20.0% 6.7%
NW 3.0% 2.0% 10.0% 5.0%
SE 5.5% 4% 5.2%
SW 125% 4% 4.0% 7.1%
5.3% 34% 10.0% 5.9% 6.5%
Count-> 35
Maintenance Weighing - Smoke Testing
Crosstab Table For Average maintsmk by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 3.3% 2.9% 0.3% 2.2%
NE 0.0% 0.0% 0.0% 0.0%
NW 0.5% 1.0% 5.0% 2.2%
SE 6.0% 4.8% 54%
SW 15% 2.1% 5.0% 2.9%
2.3% 2.2% 2.6% 2.5% 3.3%
Count-> 31
Maintenance Weighting - CCTV
Crosstab Table For Average mainttv by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 9.2% 4.8% 4.3% 6.1%
NE 0.0% 0.0% 25.0% 8.3%
NW 11.0% 12.0% 10.0% 11.0%
SE 7.0% 9.9% 8.5%
SW 125% 13.3% 10.0% 11.9%
7.9% 8.0% 12.3% 9.2% 10.5%
Count-> A
Maintenance Weighting - Private Sector | nspections
Crosstab Table For Average maintpri by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 2.5% 1.3% 1.7% 1.8%
NE 0.0% 0.0% 0.0% 0.0%
NW 15% 1.0% 0.0% 0.8%
SE 5.0% 2.4% 3.7%
SW 0.0% 0.9% 3.0% 1.3%
1.8% 1.1% 1.2% 15% 2.0%
Count-> 32
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Maintenance Weighting - Manhole Rehab

Crosstab Table For Average maintmhr by region and size

Large Medium Smadl Avg- Reg. Avg - All
CENTRAL 5.8% 8.0% 5.3% 6.4%
NE 0.0% 0.0% 5.0% 1.7%
NW 3.0% 4.0% 10.0% 5.7%
SE 3.0% 7.3% 5.1%
SW 3.5% 34% 5.0% 4.0%
3.1% 4.5% 6.3% 4.6% 5.6%
Count-> 37
Maintenance Weighing - Main Rehabilitation
Crosstab Table For Average maintmn by region and size
Large Medium Small Avg- Reg. Avg- All
CENTRAL 10.0% 18.9% 26.7% 185%
NE 0.0% 0.0% 0.0% 0.0%
NW 45% 12.0% 10.0% 8.8%
SE 7.5% 9.6% 8.6%
SW 125% 7.1% 10.0% 9.9%
6.9% 9.5% 11.7% 9.2% 12.6%
Count-> 36
Maintenance Weighting - Relief
Crosstab Table For Average maintreby region and size
Large Medium Small Avg- Reg. Avg- All
CENTRAL 5.3% 6.9% 6.7% 6.3%
NE 0.0% 0.0% 0.0% 0.0%
NW 1.0% 12.0% 0.0% 4.3%
SE 125% 2% 7.5%
SW 7.5% 6.0% 2.0% 5.2%
5.3% 5.5% 2.2% 4.6% 6.3%
Count-> 35
Maintenance Weighting - Private Sector I/l Removal
Crosstab Table For Average maintpr by region and size
Large Medium Small Avg- Reg. Avg- All
CENTRAL 5.8% 12.6% 5.3% 7.9%
NE 0.0% 0.0% 0.0% 0.0%
NW 0.5% 10.0% 5.0% 5.2%
SE 5.5% 24% 4.0%
SW 0.0% 1.0% 10.0% 3.7%
2.4% 5.2% 5.1% 4.1% 6.1%
Count-> A
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Collection System Performance Weighting

Performance Weighting - Pipe Failure

Crosstab Table For Average perpf by region and size

Large Medium Smdll Avg- Reg. Avg- All
CENTRAL 18.3% 27.7% 32.3% 26.1%
NE 0.0% 0.0% 5.0% 1.7%
NW 42.5% 10.0% 20.0% 24.2%
SE 17.5% 25.0% 21.3%
SW 37.5% 14.6% 12.0% 21.4%
23.2% 155% 17.3% 18.9% 23.3%
count-> 33
Performance Weighting - SSO
Crosstab Table For Average perfsso by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 2.7% 20.6% 27.3% 235%
NE 0.0% 0.0% 20.0% 6.7%
NW 17.5% 20.0% 25.0% 20.8%
SE 2.5% 2.5% 2.5%
SW 17.5% 26.3% 48.0% 30.6%
16.0% 17.9% 30.1% 20.8% 24.4%
count-> 33
Performance Weighting - Complaints
Crosstab Table For Average perfcomp by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 23.2% 21.9% 24.0% 23.0%
NE 0.0% 0.0% 5.0% 1.7%
NW 20.0% 30.0% 20.0% 23.3%
SE 17.5% 15.0% 16.3%
SW 17.5% 18.8% 20.0% 18.8%
15.6% 17.1% 17.3% 16.6% 21.4%
count-> 3
Performance Weighting - Pump Station Failure
Crosstab Table For Average perfpsby region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 15.0% 15.8% 9.7% 135%
NE 0.0% 0.0% 70.0% 23.3%
NW 185% 5.0% 15.0% 12.8%
SE 17.5% 22.5% 20.0%
SW 22.5% 18.1% 15.0% 185%
14.7% 12.3% 27.4% 17.6% 18.3%
count-> 38
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Performance Weighting - Peak Hour Flow/ADF

Crosstab Table For Average perfpkhr by region and size

Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 5.6% 8.6% 4.0% 6.0%
NE 0.0% 0.0% 0.0% 0.0%
NW 1.0% 25.0% 10.0% 12.0%
SE 125% 2.5% 7.5%
SW 4.0% 5.0% 1.0% 3.3%
4.6% 8.2% 3.8% 5.8% 6.9%
count-> 35
Performance Weighting Peak Month Flows/ADF
Crosstab Table For Average perfpkmo by region and size
Large Medium Smdl Avg- Reg. Avg- All
CENTRAL 4.1% 54% 2.7% 4.1%
NE 0.0% 0.0% 0.0% 0.0%
NW 0.5% 10.0% 10.0% 6.8%
SE 125% 125% 125%
SW 1.0% 4.8% 4.0% 3.3%
3.6% 6.5% 4.2% 5.3% 5.7%
count-> 35
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Appendix E Literature Review

Review of the Literature

The authors of this project conducted an extensive literature search to obtain nationwide
information on current trends in maintenance of wastewater collection systems.

The literature review included a search of the 1990-1997 publications listed below:

&+ R R R R AR hHHPH P

FINAL.DOC

Beton werk und Fertigtel - Technik

Civil Enginesring

Engineering News Record

Journd of Infrastructure System

Journd of Professiond Issuesin Engineering

Journd of Urban Planning and Devel opment

Optimizing the Resources for Water Management - Proceedings of the ASCE 17th
Annua Nationa Conference (1990)

Proceedings of the International Conference on Pipeline Infrastructure 11 (1993)

Proceedings of the 1995 Construction Congress

Proceedings of the 1991 Specidty Conference on Environmenta Engineering

Public Works

Urban Drainage Rehabilitation Programs and Techniques (1994)

Water Engineering and Management

Water Resources Infrastructure: Needs, Economic, and Financing (1990)

Water Resources Planning and Management and Urban Water Resources (1991) -
Proceedings of the 18th Annua Conference and Symposum

Water Resources Planning and Management and Urban Water Resources (1993) -
Proceedings of the 20th Anniversary Conference on Water Management in the
[J90s

Water Resources Planning and Management: Saving a Threatened Resource - In
Search of Solutions, Proceedings of the Water Resources Sessions at Water
Forum (1992)

1992 Nation Conference on Water Resources Planning and Management (Water
Forum [192)
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Summary of Findings

Information from the following papers was used, in part, in the development of the survey
form used for this sudy.

Anonymous (1994) Districts expand sewer rehabilitation program. Public Works, v125,
n9, 34-35.

The article destribes systlem reinvestment through inddlation of a pipe liner in 40,000 linear
feet of large diameter sawer (48 inches and larger) in 1993. The systems oldest sewers
were constructed in 1926.

Burgess, Edward H. (1990) Planning model for sewer system rehabilitation. Proceedings
of ASCE's Conference on Water Resources Infrastructure:  Needs, Economics, and
Financing, Fort Worth, TX, April 18-20, 1990.

A probabilisic modd is developed to Smulate long-term variation in the structural condition
of wastewater collection sysems. The effect of both deterioration and rehabilitation
drategies as an extengon of current sawer system planning and management practices was
discussed.

Bergman, William (1991) 1991 Update on sanitary sewer rehabilitation metropolitan
Chicago. Water Resources Planning and Management and Urban Water Resour ces, 825-
829.

The following data for the Metropolitan Water Reclamation Didtrict of Greater Chicago
(MWRDGC) was reported:

$ Provided collection for 875 sguare miles, 5,100,000 people plus commercid/industrid
population equivaent to 4,500,000 people.

520 miles of interceptor sewer, seven water reclamation plants.

125 communities own and operate separate sanitary sewers with a total discharge
population equivaent of 2,000,000 people.

MWRDGC required each community to do comprehensive sewer rehabilitation in
1973.

1973-1985 - $100,000,000 was spent by tributary communities, but was not
successful in reducing I/1.

1986 - I/l Corrective Action Program (ICAP).

1987-1991 - edtimated that an additional $140,000,000 (to the previous
$100,000,000) would be needed to complete cost-effective rehabilitation.

&+ B + + * H
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The reinvestment needs for the I/1 corrective program were identified at $240,000,000.

Dillard, Wayne C. (1993) Management of sewer system rehabilitation for the overflow
abatement program in Nashville, Tennessee. Proceedings of the International
Conference on Pipdine Infrastructurell, San Antonio, TX, August 16-17, 1993.

To comply with state order to abate overflows of wastewater from sanitary sewers.

$ Maetropolitan Department of Water and Sewer Services (MWS) owns and operates.
- 472,700 acre service area.
- three trestment facilities permitted to treat dry flow of 148.5 mgd plus awet flow

of 100 mgd.

$ Phase | project to provide replacement or rehab of deteriorated sewers and
overloaded pumping gations. Limited flow monitoring and TV inspection deta for
these early projects. Because of inadequate data and data interpretation on a system-
wide bass, a defect classfication system was developed which would consstently
categorize common defects and provide criteria for assgning degrees of severity and
rehabilitation techniques.

$ A two- and five-year recurrent interval design was used based on how environmentally
"sengtive' an areais

Erdos, Lawrence |. (1991) Rehabilitation of urban pipdines. Proceedings of the 18"
Annual Conference and Symposium, New Orleans, LA, May 20-22, 1991.

An aticlefor the City of Los Angeles which projected a year 2000 budget of $4.9 hillion
for rehabilitation of the 6,000 miles of mainline sanitary sewers (8 inches to 14 feet in
diameter). Thisisin addition to the $1 billion spent over the past 10 years.

Galeziewski, Thomas M. (1996) Plumbing the quality of a sewer system. Civil
Engineering (New York) 66, 1 January 1996.

Phoenix, AZ
$ Sewersinthisstudy were instdled in mid-1960s.
$ Corroson problemsin unlined sawers.

Condition Assessment Program - $570,000. The assessment was to locate defective pipes
and prioritize them for rehabilitation. Also, recommended a method of rehabilitation or
replacement.

Edtimated cost of rehab/replacement was $3.47 miillion.
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Phoenix wastewater collection sysem sze:

$ 3,700 miles (8 to 90-inch in diameter).
$ 7,200 manholes.

Unlined pipe: 116,347 ft (24 to 60-inch diameter) 258 manholes.

Gray, William R. (1990) Sanitary sewer bypassreduction program. Water/Engineering
and Management, v 137, n 5, May 1990.

Elmhurg, Illinois, has a population of 44,000. The areais served by goproximatdy 77,000
linear feet of gravity sewer and 10 lift Sations.

Elmhurst implemented a program to reduce the incidence of sanitary sewer backups into
basements and bypassing of wastewater into receiving streams following moderate to
intense storm events.

Upgrading of system included 59,000 linear feet of sanitary relief sewers and force mains
aong with upgrading of lift gations.

Gregory, Henry N. Jr. (1990) New technologies help Houston inspect itssewers. Public
Works, v 121, n 2, February 1990.

The City of Houston, Texas, conducted a physica ingpection program on its 4,500 mile
sewer system using laptop computers and image storage software and hardware. Cost of
the program was estimated a $100 million.

Harman, Duane G. (1990) Evaluation plus history equals sewer renovation. Proceedings
of ASCE's Conference on Water Resources Infrastructure: Needs, Economics, and
Financing, Fort Worth, TX, April 18-20, 1990.

Fort Worth Zoo
477 manholes, 194,000 feet of sewer
3,952 resdentid units and 18 acres of commercid.

Intensive survey activitiesincluding flow monitoring, computer modding, and andyss for
cost-effective I/l remova. Key dataare asfollows:

$ 20601/l sourcesidentified (849 infiltration sources, 1,211 inflow sources).
$ Thel/l cogsarefor trestment and transport of the I/ flow rate. Treatment cost isfor
increasing treatment capacity, plus the present worth of increased cost of plant
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operation for 20 years a 8.78 percent interest. Treatment cost for Fort Worth is
$10.115/gpd of I/l. Trangport cogt is for constructing relief sewers to carry the I/1.
The "present worth" of the renovation work is the congtruction cost for diminating
specific 1/1 sources, to accomplish a level of I/l reduction, plus the treatment and
transport cost for the remaining 1/1.

Cod-€ffective levels Repair Cost
23% infiltration removal <$1.05/gpd
68.5% inflow removal <$1.70/gpd
Summary of Recommend Plan
Estimated Maintenance
Capital Cost & Savings
(Million $) ($20 Years)
I/l Removal 0.802 $0
New Sewers 0.775 $34,620
M aintenance 0.758 $770,620
Total 2335 $855,240

$ Maintenanceincludes TV linesand review of higtoricad records. Historica records for
al pipes were reviewed. Those with maintenance cost projected over 20 years that
exceeded replacement costs were included for replacement.

$ Reduced I/l by 60%.

$ Effective cost of recommended plan: $2.335 million - $0.855 million = $1.480 million.

Kerri, Ken; Arbour, Rick (1998) Collection systems. Methods for Evaluating and
I mproving Performance.

Nationwide public awareness of collection system performance has increased in recent
years because of the frequency and severity of sanitary sewer overflows (SSOs). The
occurrence of SSOs indicates that a growing number of wastewater collection system
agendes arefaling to meet ther primary responshility, which isto convey the community:s
wagtewater in amanner that protects the public=s safety and hedth, and the environment.

The ahility to effectively operate and maintain a collection sysem so it performs asintended
depends greatly on proper design, construction and inspection, acceptance, and system
dart-up. The benefits of an effectively operated and maintained collection system include
management and protection of the community=s assets (investment in the system), service
to customers, regulatory compliance, protection of the safety and hedth of the public,
environmenta protection, and cost-effective use of agency resources.

FINAL.DOC E-7



This manud indudes

$ Information on how to establish an effective collection sysem O&M program thet will
maintain the functiond and sructurd integrity of the collection system,

$ Information regarding how to eva uate the adequecy and effectiveness of exising O&M
programs through the use of performance indicators, and

$ Information on how to improve the performance of collection systems.

Stepsin the evauation process include:
$ Vaeifying and vaidating whet is being done right,

$ ldentifying areas of the O&M program that affect system performance,
$ ldentifying areas of opportunity for more cost-effective O& M of the system,
$ Identifying aress of potentid liability, and

$ Adapting successful ideas and solutions from other agencies nationwide to improve
performance.

This manud provides a detailed andysis of the data provided by 13 agencies whose
systems consst of sanitary sewers only. The benchmark data are organized by both
population served and miles of gravity sewer. Agencies can compare thelr system
characterigtics with other systems and dso their level of production, performance, and
budget with other amilar agencies. Subjects for comparison include operation and
maintenance data, finance, training and certification, safety, level of saervice, regulatory
compliance, O&M policies and procedures, and information management. Critica
performance indicators include stoppages per 100 miles of gravity sewer, complaints per
100,000 population served, and response time for service requests

Macaitis, William (1993) Collection system ingpection and rehabilitation program. Water
Resources Planning and Management and Urban Water Resources.

Metropolitan Water Reclamation Didtrict of Greater Chicago:

$ Servesareaof 875 square miles.
$ 535 mile collection system.

$ Thefirst sewer was constructed in 1906. Present worth of sewersis $3.8
billion. Sewers 50 years or older have atotd length of 170 miles and a present worth
of $1.5 billion.

$  Spent goproximately $3 million in last 10 years on emergency repairs.
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Macaitis, William; Kuhl, Robert (1994) Local Sewer Rehabilitation - Metro Chicago.
Urban Drainage Rehabilitation Programs and Techniques, 111-122

The Metropolitan Water Reclamation Didtrict of Greater Chicago is aregiond wastewater
agency encompassing an area of 875 sg. miles in Cook County, Illinois. The city of
Chicago and 124 neighboring municipdities are served by the Water Reclamation Didtrict.

The purpose of the study was to reduce overloading of the conveyance system and to
dleviate the widespread occurrence of home and basement flooding.

The Water Reclamation Didtrict formulated and adopted a rehabilitation program in the
1970s and revised the program in 1985, which was patterned after the US EPA cost-
effective methodology. The agencies were given two options.  Either reduce the average
wet-wegather flow to 150 gpcpd under the old (1970s) program or implement a sewer
rehabilitation program based upon the US EPA Corrective Action Program

(ICAP). Deails of the ICAP option were defined in the "Sewer Summit Agreement,”
developed jointly by the IEPA, the Water Reclamation Didtrict, and loca agencies.

The main features of the ICAP program included a Sewer System Evduation Study
(SSES) which conssted of a data collection and flow monitoring program, sewer system
invedtigations, plans for corrective action in both public and private sectors, and
construction of projects.

Based on the submitted SSES reports, the Water Reclamation Didtrict estimated that the
total cost for locd sanitary sewer systems rehabilitation would be $240 million (1985
dollars). Of this total, $100 million of work was completed prior to the 1985 Sewer
Summit Agreement. The ICAP program represents a savings of $1.16 hillion to the loca
agencies compared to the estimated $1.4 billion needed to complete the Sewer
Rehabilitation, 150 option program. As a result of a 1993 Water Reclamation Didtrict
survey, with 90 percent of the public sector and 80 percent of the private sector work
completed, arevised esimate of $195 million (from the origind $240 million estimate) was
projected to be spent by the local agencies on sanitary sawer system rehabilitation as a
result of the Sewer Summit Agreement.

Of the corrective work performed in the public sector, dl identified 1/1 sources associated
with manholes were found to be cost-effective to repair. In generd, sewer grouting was
determined to be a cod-effective repair. Sewer lining, sewer replacement, and
interconnection repairs were usualy found not to be cogt-effective. In the private sector,
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down spouts and foundation sumps were found to be cost-effective repair items. Gravity
foundation drain disconnections were generdly found not to be cost-effective.

All agencies are required by the Sewer Summit Agreement to establish a long-term
Operation & Maintenance (O& M) program. The three core eements of an acceptable
O&M program are:

1. A fiveyear ingpection cyde of dl sewers and appurtenances.

2. TV ingpection of any problem areas.

3. A program funded by annua budget gppropriations or user fees.

The Water Reclamation Digtrict's treatment plants and interceptor system were designed
and sized nomindly for 150 gpcpd. The ICAP program reduced flows from 764 to 370
gpcpd, but the residua flow would have to be accommodated to prevent backups and
overflows. It was determined that storing peak flows at remote sites for trestment at off-
pesk hours and providing additional regiond trestment plant capacity as required would
be the most cogt-effective plan. The flow equaization was estimated to cost $0.6 billion.

Macaitis, William; Paintal, Amreek (1994) Interceptor inspection and rehabilitation
program. Urban Drainage Rehabilitation Programs and Techniques, 123-142.

Description of methods conducted in ingpection and rehabilitation for program: physica
ingpection, CCTV ingpection, void defect inspection, flow monitoring, computerized
mapping, documentation, and underground advisory committee.

Metropolitan Water Reclamation Didtrict of Greater Chicago: One third of the system is
more than 50 years old; with cave-ins being a common occurrence.

$ Based on cogts experienced during last 10 years, average annud cost of unscheduled
emergency repair has been $300,000.
$ A program cost $1.4 million per year not including cost of rehabilitating sewers

Nelson, Richard E., ASSES Experience in Kansas,@ presented at the Kansas Water
Pollution Control Association, Lawrence, KS, April 1993, 20 pages.

Sewer System Evauation Survey (SSES) are being performed or being considered
throughout Kansas in an effort to meet regulator requirements and to improve sewerage
sarvice to customers. Following completion of the SSES, rehakiilitation work is performed
to correct identified deficiencies. A survey was conducted encompassing 10 cities and
agendies, which include 12 sarvice aress. The cities'agencies surveyed ranged in areafrom
9 to 150 square miles, with 55 to 1,500 miles of sawer line and an average daily flow
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(ADF) from 1.2 MGD to 60 MGD, with populations ranging from 10,500 to 285,000
persons. The average age of the cities/agencies ranged from 20 to 63 years. Conclusons
based on collected information include: (1) routine ingpection activities include manhole
ingpections, line ingpections and testing, and private sector work, (2) sewer systems
degrade continuoudy and a plan is required to effectively manage this degradation, (3)
rehabilitation is effective in improving system performance, (4) rehabilitation cods are
typicaly about $25 per foot of sewer, but vary widely and are system-dependent, and (5)
annua ingpection frequency of about 6 to 10 percent of the system per year can be a cost-
effective way to manage system performance.

Malik, Omesh; Pumphery, Jr., Norman D.; Roberts, Freddy L., ASanitary Sewers. State-
of-the-Practicel. ASCE |Infrastructure condition Assessment, 297-306.

Researchers are developing the framework of a sanitary sewer management system
(SSMS). Too often and predominantly, a Aworst first§ or Acriss manegement( system
exigds, caudng inefficient use of the meager resources avalable for mantaning and
upgrading the sanitary sewer syssem. Of those who have a systematic management
procedure in place, little compatibility exists S0 that the municipdities have difficulty in
sharing information. Asafirg sep in development of the SSMS, a date-of -practice survey
was mailed to over 450 cities and sanitation digtricts across the United States. A survey
was conducted through 121 cities and agencies, with population ranging from 40,000 to
832,750 persons. Cities with populations less than 20,000 or with less than 50 miles of
sewer have been excluded from this study. The average age of the cities/agencies ranged
from 2910 42 years. An average city or sanitation didtrict has 1,075 kilometers (667 miles)
of sawer, a population of 221,199, and an annua budget of dmost $3 million. On the
average each city spent an average of about $14 per person and $2,790 per kilometer
($4,497 per mile) of sewer in the 1995. Each kilometer of sawer serves 228 people.
According the survey, only 48% of the cities have some established procedures set down
for planned maintenance, conssting mogtly of the cleaning the lines, and only 45% of the
respondents use some kind of subjective criteria for repairing sewers which are in poor
conditions. Only 21% of the cities have any kind of historica data upon which to base
decisonsfor the future, with only 26% of the cities making an attempt to predict the future
condition of the different sections of the system. Severd steps areinvolved to establish the
state-of-practice for sanitary sewer management and for condition assessment.
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Wright, Andrew G. (1996) Miami looks for alternatives to blue-chip sewer overhaul.
Engineering News Record, McGraw-Hill, Inc., 22-25.

Program started - 1988
Target end date - 2002
Egtimated expense - $1.1 billion

$

$
$

System Characterigtics
- 400 9. miles.
- 2,400 miles of gravity sewers.
- 640 miles of force mains.
- 874 pump dtations.
- average flow = 320 mgd.
- pesk flow =>700 mgd.
- three treatment plants.

US EPA brought afederd lawsuit against Miami and to settle, Miami agreed to the
$1.1 billion program.

They believe the program should be much less than $1.1 billion when completed.
Between 1985 and 1994 system-wide overflows were between 2,200 and 2,600.

Zimmerman, Robert A; Martin, Robert D., AFrom Prevention to Prediction,@ Water
Environment & Technology, August, 1993.

$
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A modd to predict sawer system rehabilitation needs has enabled the city of
Moorhead, Minnesota, to preserve its gravity sewer sysem and minimize costly
repairs. The city used information from an exising preventive maintenance program
and expanded it into a predictive maintenance program. Information from a routine
preventive maintenance program, including sewer cleaning reports, sewer service
connection records, sewer ingpections, and video ingpection reports, was used to
develop the predictive modd. Data collected included:

pipe location

pipe diameter

pipe length

pipe age

video ingpection status

pipe condition

type of rehabilitation required

length of pipe in need of rehabilitation

hHBHHHH B R
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The statigticd relationship between the percent of sewer lengths needing rehabilitation and sewer
pipe age can be expressed as.

Y = 0.00183%070

where 'Y = the percent of the total length of sawer lines requiring rehabilitation, and x = the age of
sewer pipein years.
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Appendix F

Optimization of Collection System Maintenance Frequencies
and System Performance (with sample diskette)
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11/23/98
Title: Optimization of Collection System Maintenance Frequencies and System Performance
By:American Society of Civil Engineers
For: EPA, Cooperative Agreement # CX 824902-01-0
Author: Black & Veatch
Contact: Rick Nelson, Principal Investigator
Telephone: 913.458.3510

email: nelsonre@bv.com
Characterigtic Data
Size Code Regional Code
No. Characteristic Data Qty 1 Small <100,000 1 Centra
1| Miles of Sewer 525 2 Medium  100,000-500,000 2 Northeast
2[ Number of Pump Stations 55 3 Large > 500,000 3 Northwest
3[Size Code 2 4 Southeast
4 Regional Code 5 5 Southwest
5| System Reinvestment, $/mi/yr |$1,988 life of sysem
6/ System Reinvestment, $/mi/yr |$5,596 1980-1996
7| Pump Stations/ mile 0.105
8| Average System Age 50.0
Determination of Maintenance Freguency
Relative | Standardized Weighted
No. Maintenance Activity Qty Unit Years | Rate Unit Importance Freguency Frequency
1| Cleaning of Sewer Lines 844 miles 5 32.2% | % system/yr 17.7% 10.0% 1.77%
2| Root Removal 20 miles 5 0.8% | % system/yr 8.4% 6.0% 0.50%
3| Pumping Station Inspection 11876 number 5 43.2 no/pslyr 14.1% 5.0% 0.71%
4| Flow Monitoring 2% % system 5 0.4% | % system/yr 7.0% 3.0% 0.21%
5[ Manhole Inspection 100% | % system 5 20.0% | % system/yr 6.4% 10.0% 0.64%
6 Smoke/Dye Testing 0% % system 5 0.0% | % system/yr 3.3% 3.0% 0.10%
7|CCTV 5% % system 5 1.0% | % system/yr 10.5%) 5.0% 0.53%
8| Private Sector Inspections 0% % system 5 0.0% | % system/yr 2.0% 1.0% 0.02%
9| Manhole Rehabilitated 95% | % complete [ n/a 95% | % complete 5.6% 18.0% 1.01%
10| Sewer Line Rehabilitated 60% | % complete [ n/a 60% | % complete 12.6% 14.0% 1.76%
11| Relief/Equalization 0% | Y% complete [ n/a 0% | % complete 6.3% 0.0% 0.00%
12| Private Sectors Rehabilitated 0% | % complete [ n/a 0% | % complete 6.1% 1.0% 0.06%
100.0% 7.3%
sum Maintenance
Fregquency
Determination of Performance Rating
No. Performance Measure Qty Unit Years | Rate Unit Relative | Standardized Weighted
Importance | Frequency Frequency
1| Pipe Failures 3 number 5 0.001 no/mi/lyr 22.6% 100.0% 22.6%
2| SSOs 76 number 5 0.029 no/mifyr 23.6% 87.1% 20.5%
3| Customer Complaints(1) 4074 number 5 1.552 no/mi/lyr 20.8% 71.3% 14.8%
4| Pump Station Failures 60 number 5 0.023 no/mifyr 17.8% 32.1% 5.7%
5| Peak Hourly/ ADF Ratio 3 ratio n/a 3 raio 9.7% 32.1% 3.1%
6| Peak Month/ ADF Ratio 2.5 ratio n/a 2.5 raio 5.5% 30.0% 1.7%
D Includes complaints, basement backups and "other".
100.0% 68.5%
sum Performance
Rating
Equation Results:
Equation Name] Result
PR1 47.0%
RE1| ($10,247)
RE2, $2,502
RE3 $4,203
RE4| $11,087
FINAL.DOC E-18



	Acknowledgements
	Executive Summary
	1.0 Introduction and Background
	2.0 Data Collection
	3.0 Agency Data
	4.0 Maintenance Data
	5.0 System Maintenance Frequency Determination
	6.0 Determination of System Performance Rating
	7.0 Optimizing Collection System Maintenance
	Appendix A: Questionnaire
	Appendix B: Data Provided by Respondents
	Appendix C: Maintenance Activities Weighting
	Appendix D: Collection System Performance Weighting
	Appendix E: Liteature Review
	Appendix F: Optimization of Collection System Maintenance Frequencies and System Performance

