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Preface

For many local governments, the wastewater collection system is one of the most valu-
able assets they own. In addition to being a valuable physical asset, the value waste-
water collection systems provide to protect public health and the environment is
tremendous. Too often, however, this value is under-recognized and under-appreci-
ated by the community. This can lead to inadequate reinvestment in the system and
insufficient resources to provide for proper management, operations, and maintenance
of the system.

To address these challenges, wastewater collection system managers must be excep-
tionally proficient in a multitude of technical and non-technical skills needed to effi-
ciently and effectively operate and maintain a collection system. Wastewater Collection
Systems Management (MOP 7; sixth edition) provides guidance, strategies, and ideas that
may be used by a system manager to be successful within these many fields of expertise.

Since the 1999 version of this manual, the regulatory focus on wastewater collec-
tion systems has increased across the United States. This is evidenced by the issuance
of numerous enforcement actions by the U.S. Environmental Protection Agency (U.S.
EPA) and state water- quality agencies against wastewater utilities, mandating
increased system investment and program improvements. In addition, U.S. EPA has
developed capacity, management, operations, and maintenance program guidelines
that outline best practices for wastewater collection system managers to use to improve
overall system performance. These guidelines are referenced in numerous chapters of
this manual and offer a good basis for assessing whether a wastewater collection sys-
tem program is comprehensive and sustainable.

Asset-management principles have become more widely applied to wastewater
collection systems than was true in 1999. Though the 1999 version of this manual
included a chapter titled Capital Asset Management, this version has integrated asset-
management principles to individual topics throughout the manual. For example, a
new chapter titled Information Management has been added to this manual to empha-
size the importance that having access to good data has to collection system man-
agement and to provide guidance on how managers can leverage digital tools to
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improve decision-making. The chapter on Collection System Assessment and Capital
Improvement Planning has been added to reflect the importance of understanding
system condition and incorporating this knowledge and other aspects, such as system
capacity needs, to the development of a capital improvements plan. Additionally, the
budget and financial aspects of asset management have been divided into a new, sep-
arate chapter so that these important considerations can be more readily referenced.

In light of a number of natural and humanmade disasters that have occurred in the
United States in recent years—including Hurricane Katrina hitting the Gulf Coast in
2005 and the terrorist attacks of September 11, 2001, in the United States—increased
attention has been given to the need for utilities managers to prepare and plan for sim-
ilar events. As a result, this manual includes a chapter titled Emergency Preparedness
and Security that is new to this edition. 

The sixth edition of this Manual of Practice was produced under the direction of
S. Wayne Miles, P.E., BCEE, Chair. The principal authors of this Manual of Practice are
as follows:

Chapter 1 S. Wayne Miles, P.E., BCEE

Chapter 2 Hal Balthrop, P.E. 

Chapter 3 Richard Cunningham 

Chapter 4 David Guhin, P.E. 

Chapter 5 Bruce J. Corwin, P.E.

Chapter 6 Sean P. Murphy, P.E.

Chapter 7 Tina Wolff 

Chapter 8 John M. Mastracchio, P.E., CFA

Chapter 9 Amy Taylor-McMillian

Chapter 10 Jack Moyer 

Contributing authors and the chapters to which they contributed are Robert Lock-
ridge (8) and Carol Malesky (8).

In addition to the WEF Task Force and Technical Practice Committee Control Group
members, reviewers include Cil Pierce, Marcia S. Maurer, Jacob Boomhouwer, and
Chris Sorensen.

Authors' and reviewers' efforts were supported by the following organizations:

Aurora Water Capital Projects Division, Aurora, Colorado
Bergmann Associates, PC, Rochester, New York



CDM, Rancho Cucamonga, California; Rancho Murieta, California; Fort Myers,
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1.0 PURPOSE
The purpose of this Manual of Practice (MOP 7, 6th Edition) is to provide guidance
and direction to those individuals responsible for the management and oversight of
wastewater collection systems. In most urban and suburban communities, the waste-
water collection system—which includes gravity sewers, pumping stations, force
mains, and other sewer conveyance related facilities—is one of the largest, most valu-
able infrastructure assets. This system plays a vital role in the economic, social, and
environmental viability of the community. It is important that the community recog-
nizes the value of this system so that sufficient resources are dedicated to manage-
ment, operations, and maintenance.

Managing a wastewater collection system poses many challenges. Aging and dete-
riorating infrastructure decreases system capacity and system reliability and increases
operations and maintenance costs and risk of failure. Changes in wastewater flows,
either from growth or a loss of significant customers, can make capacity needs difficult



to manage. Third-party damage to the system and customer wastewater flows (both
legal and illicit) can affect the system in ways that are difficult to predict. 

A wastewater collection system manager faces many technical, financial, social,
legal, and environmental challenges. Increased costs for energy, materials, and labor
are stretching capital and operations budgets. A lack of understanding by most cus-
tomers of how a wastewater collection system works results in confusion related to
how revenues are spent and how this relates to service expectations. Managers also
must plan for intensified regulatory scrutiny and possible risk of third-party litigation.

To be successful, a wastewater collection system manager requires knowledge of
business, engineering, operations, maintenance, human resource management, and
communications. This manual is intended to act as a reference guide on these many,
varied aspects of managing collection systems; though it is not a complete body of
knowledge on any of these topics. Additional references and lists of further readings
are provided at the end of each chapter. 

2.0 TARGET AUDIENCE
Although this MOP is directed primarily at wastewater collection system managers
and superintendents, many others will benefit from it. Utility engineers, system oper-
ators, local elected officials, municipal administrators, financial managers, municipal
communications professionals, regulatory officials, consultants, or anyone with an
interest in protecting public health and the environment will find it useful. Increas-
ingly, the mainstream media is covering water and wastewater issues, which is
helping to improve the public’s understanding of the importance of infrastructure.
Utility managers can and should leverage these opportunities to engage stakeholders
in conversations about the importance of good wastewater system management and
the value that it provides to the community.

Many cities are investing heavily in urban redevelopment projects aimed at
reigniting the economic and social viability of their downtown business districts.
These renewal projects offer an opportunity to engage local officials and business
leaders in a discussion about the importance of rehabilitating the wastewater col-
lection system to meet urban redevelopment and sustainability goals. Wastewater
collection system managers and personnel must be active in the planning and
implementation of these renewal projects to ensure long-term success because
system rehabilitation and replacement will be vital to meeting performance objec-
tives cost effectively.

2 Wastewater Collection Systems Management



3.0 ASSET MANAGEMENT AND CAPACITY,
MANAGEMENT, OPERATIONS, AND
MAINTENANCE GUIDING PRINCIPLES

The U.S. Environmental Protection Agency (U.S. EPA) has been a leading advocate in
the application of asset-management principles in managing our country’s wastewater
infrastructure (Albee, 2005). Applying asset-management principles requires utility
managers to make decisions based on life cycle cost analyses, risk assessments using
condition and criticality factors, and infrastructure asset valuation effects, among
others. As of the publication of this manual, no national rules have been formally pro-
mulgated requiring the implementation of capacity, management, operations, and
maintenance (CMOM) programs. Many utilities, however, are adopting these pro-
grams either because of consent-decree requirements or because of the improved
system performance that can be achieved by their implementation. The principles of
asset management and those promoted by CMOM programs are consistent with one
another, as described further in the following sections. Although CMOM has not been
formally promulgated, it is important to note that the wastewater collection system is a
significant component of a wastewater treatment plant as defined the federal Clean
Water Act, and thus is regulated at the federal level through the issuance of National
Pollutant Discharge Elimination System (NPDES) permits. 

3.1 Asset-Management Principles
Because a wastewater collection system is a group of critical infrastructure assets,
and because this manual is focused on wastewater collection system management, in
many ways the entire publication is about asset management for the specific group
of assets contained in a wastewater collection system. This perspective helps to
demonstrate the many areas of expertise that must be considered in the development
of an asset-management program.

Managers responsible for the planning, design, construction, operation, or
financing of a wastewater collection system are already managing assets. But man-
aging assets is not the same as having an asset-management program. Managing
assets includes the complex decision-making process that the collection system
manager must use every day to set priorities, consider alternatives, and make the
most efficient use of available resources to accomplish program objectives. An
asset-management program is a set of procedures and protocols that institution-
alize, document, and preserve that decision-making process. With staff members
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retiring at an ever-increasing rate from utility workforces, the importance of docu-
menting and preserving system knowledge and experience is crucial. Although
many wastewater collection systems have similarities, site-specific differences
between systems must be clearly documented and understood. An asset-manage-
ment program has several benefits: 

• Makes the decision-making process understandable and transparent to others;

• Provides consistent criteria for making those decisions and balancing com-
peting needs and interests;

• Minimizes the long-term costs of system operations and maintenance; 

• Defines acceptable levels of service to the customers; 

• Creates data and information processes that improve future decision-making;
and

• Establishes roles, goals, and metrics that can focus and motivate the entire
organization toward more cost-effective operation.

An effective asset-management program will help determine the funding needed
to meet the service expectations of stakeholders, which comprise customers, elected
officials, regulatory officials, the environmental community, and any other entities
having a stake in the performance of the wastewater collection system. Although
identifying and documenting service expectations can be difficult, not understanding
those expectations can lead to longer-term difficulties. If customer level of service
expectations are not met because of frequent system failures or lack of adequate per-
formance, customer complaints may lead to undesirable political attention or, in
some cases, regulatory enforcement actions. By exceeding customer expectations, the
utility may increase the cost of service to greater than needed, also leading to com-
plaints. The key is to improve customers’ understanding that the level of service is
directly proportional to cost. Whether the wastewater collection system program is
funded through rates, taxes, connection fees, grants, or any combination thereof, an
asset-management program will provide local decision-makers with sound, under-
standable data illustrating the revenue that is needed to provide a given level of ser-
vice and the consequences of not getting this revenue on a timely basis.

Of the many definitions of asset management, the wastewater industry has
adopted the following: “An integrated set of processes to minimize the life-cycle costs
of infrastructure assets, at an acceptable level of risk, while continuously delivering
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established levels of service” (NACWA et al., 2007). The Federal Highway Administra-
tion and the American Association of State Highway and Transportation Officials
(1996) provide another relevant definition: “A systematic process of maintaining,
upgrading, and operating physical assets cost effectively. It combines engineering prin-
ciples with sound business practices and economic theory, and it provides tools to facil-
itate a more organized, logical approach to decision making. Thus, asset management
provides a framework for handling both short and long-range planning.”

Customer service expectations set the basis of asset management. Regulatory
standards or local political interests typically establish a minimum level. The asset-
management system provides a means to protect, maintain, or improve the asset
value of a collection system with planned maintenance and repair based on predicted
deterioration. In a private or public utility, key information is needed to manage costs
through asset-management planning. This information includes conditions and per-
formance of assets; operating costs; financial position including revenues, balance
sheet, and cash flow; required and anticipated future levels of service; and methods
of measuring and monitoring performance of the system.

The primary goals of wastewater collection systems operation are to prevent
public health hazards and to protect the environment by transporting wastewater
uninterrupted from its source to the treatment facility. The goal of asset management
is to improve and document the decision-making process necessary to protect, main-
tain, or improve the value of this asset (the collection system) while providing the
level of service desired. These issues are described further in each subsequent chapter
of this manual. A glossary of terms is included as Table 1.1.

• Chapter 2—System Operations and Maintenance provides an overview of best
management practices associated with operating and maintaining a waste-
water collection system, including strategies to improve the efficiency and
effectiveness of these operations.

• Chapter 3—Information Management describes key information management
principles that are critical to wastewater collection system management. It also
describes the importance of collecting and using information to make better,
more informed decisions to improve system operations. 

• Chapter 4—Collection System Assessment and Capital Improvement Planning
discusses the process of planning for capital improvements to the system and
setting priorities, including activities needed to assess the condition of existing
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TABLE 1.1 Glossary of terms.*

Term Definition

Cleanout A vertical pipe with a removable cap extending from a sewer service lateral to
the surface of the ground. It is used for access to the service lateral for
inspection and maintenance.

Collector sewer Sewers, approximately 200 mm (8 in.) or smaller that provide service to a
localized area.

Firm pumping station
capacity

Maximum amount of wastewater flow pumped by a pumping station with the
largest pump out of service.

Force main A pressurized line that conveys wastewater from a pumping station.

Gravity or main lines The largest portion of the wastewater collection system. They use changes in
elevation to transport wastewater by gravity between points.

I/I Inflow and infiltration is the total quantity of water from inflow, infiltration,
and rainfall-dependent inflow and infiltration, without distinguishing the
source.

Infiltration The introduction of groundwater to a sanitary sewer system through cracks,
pipe joints, manholes, or other system defects.

Inflow The introduction of extraneous water to a sanitary sewer system by direct or
inadvertent connections with stormwater infrastructure, such as gutters and
roof drains, uncapped cleanouts, and cross-connections with storm drains. Dry
weather and wet-weather surface runoff entering the system through holes in
manhole covers or other component will also contribute to inflow.

Interceptor Large gravity sewer pipes typically having no direct service connections that
convey wastewater from trunk sewers to the treatment facility. These were
typically constructed at the same time as wastewater treatment plants, thus
were designed to intercept wastewater previously flowing directly into
receiving waters and convey these flows to the plant.

Level of service A measure by which utility operators and managers measure the quality and
reliability of service or care provided to the customer based on infrastructure
design standards, operating procedures, and maintenance frequency.

Lift or pumping 
station

A mechanical method of conveying wastewater to higher elevations. A lift station
is typically distinguished from a pumping station in that the length of the
discharge piping from the station is relatively short and intended primarily to lift
the wastewater to a higher elevation so it can continue to flow by gravity through
sewers. It can be constructed within a reasonable depth from the surface.

* Definitions or terminology used in this manual may differ from those used in local municipal codes or
state and federal regulations. Legal definitions of these terms should take precedent when applicable.



Introduction 7

Term Definition

Manhole or junction box A manhole or junction box provides a connection point for gravity lines,
service laterals, or force mains and as an access point for maintenance and
repair activities.

Pressure-reducing 
pumping station

Inline pumping station, typically variable speed and found in a manifold,
force-main type of wastewater transmission system designed to reduce
pressure upstream of the station.

R value Used in flow monitoring data analysis or in a hydrologic model to represent
the fraction of rainfall in a basin that enters the sewer system as rainfall-
derived infiltration and inflow (RDI/I). 

RDI/I Rain-derived (or dependent) infiltration and inflow. It is I/I that occurs as a
result of rain events and does not account for groundwater infiltration.

Sanitary sewer 
overflow

An overflow, spill, or release of wastewater from the wastewater collection and
treatment system, including all unpermitted discharges, overflows, and spills.
May also refer to releases of wastewater that may not have reached the waters
of the United States or, in some interpretations, includes building backups. 

Sewer service laterals 
(or service lines)

A portion of a sanitary sewer conveyance pipe, including that portion in the
public right of way, that extends from the collector sewer to the single- or
multi-family apartment or other dwelling unit or structure to which
wastewater service is or has been provided. May also be referred to as a
private lateral if owned by the customer and not by the public utility.

Surcharge condition Condition that exists when the supply of wastewater is greater than the
capacity of the pipes to carry it and the surface of the wastewater in manholes
rises to an elevation above the top of the pipe and sewer is under pressure or
head, rather than at atmospheric pressure.

Transmission capacity The capacity of pumping stations and force mains that convey flow to the
collection system or treatment plants. This may also refer to the capacity for
gravity sewers to convey flow before reaching surcharge conditions.

Trunk sewer Sewers, approximately 200 mm (8 in.) or larger, that convey wastewater flow
from the collector sewers to large pumping stations or the wastewater
treatment plant.

Vacuum sewer system A sewer system that relies on differential pressure between atmospheric
pressure and a partial vacuum applied to the piping network to convey
wastewater flows. This differential pressure allows a central vacuum station to
collect the wastewater of several thousand individual homes, depending on
terrain and the local situation. Vacuum sewers take advantage of available
natural slope in the terrain and are most economical in flat sandy soils with
high groundwater.



assets such as field activities for structural and flow evaluations and com-
puter-based modeling tools for system capacity evaluations. 

• Chapter 5—System Design Considerations introduces key design principles
and considerations critical to wastewater collection system managers so that
life-cycle costs are adequately considered and design decisions consider risk
management.

• Chapter 6—Construction Contracting provides the collection system manager
with an overview of construction contracting concepts including procurement
considerations, legal considerations, and how to manage quality control
during construction activities.

• Chapter 7—Public Policy and Community Relations deals with ways to
improve communications with collection system customers and other stake-
holders with interests in collection system management as well as the devel-
opment and implementation of public policy and level of service decisions.

• Chapter 8—Budgeting and Financial Planning summarizes key financial con-
siderations for the collection system manager including the basis for gener-
ating revenues needed to operate and maintain the system and financial man-
agement principles needed to properly account for system depreciation and
renewal requirements.

• Chapter 9—Safety, Standard Procedures, Training, and Certifications describes
critical processes needed for a safe operating environment for utility
employees and customers, and summarizes training and certification pro-
grams that will improve understanding and compliance. 

• Chapter 10—Emergency Preparedness and Security reviews issues that must
be considered to prepare for both manmade and natural emergencies and dis-
asters, including activities that can increase awareness and improve respon-
siveness of utility personnel during an emergency.

In addition to sewer pipes, pumping stations, and force mains, several other
assets must be managed for effective system performance. Examples include human
resources that must be managed through proper training, education, and planning
and information resources that require data management, quality control, and
archiving standards. Other assets include intangibles such as consumer confidence,
management integrity, and leadership vision. In many ways, management of these
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assets is as important as management of physical assets to the long-term viability and
success of wastewater collection system programs.

3.2 Capacity, Management, Operations, and 
Maintenance Program Principles

An excellent example of the industry’s increased focus on asset management is the
U.S. EPA’s development of guidance documents describing the key wastewater col-
lection system programs associated with capacity, management, operations, and
maintenance, also known as CMOM programs (U.S. EPA, 2005). The premise of the
CMOM program is that when a utility incorporates good business principles into its
organization, its wastewater collection system will meet the intended performance
objectives resulting in fewer sanitary sewer overflows (SSOs). The CMOM program
places the burden of proof on the system owner to demonstrate that SSOs are being
prevented to the maximum extent practical by using pipes, pumps, and infrastruc-
ture with adequate capacity and by properly managing, operating and maintaining
the system,. The CMOM programs promoted by U.S. EPA are consistent with basic
asset-management principles as evidenced by the following descriptions of the key
CMOM elements:

Capacity program elements promote an understanding of the capacity of system
components (gravity sewers, pumping stations, force mains) as designed and under
current conditions, tracking how much of that capacity is used, and forecasting when
additional capacity will be needed. All of these elements are necessary to support
better capital improvements planning. This includes the use of flow monitoring and
other evaluation tools to identify where and when capacity is needed to handle cur-
rent or future increases in wastewater flows and what facilities or system improve-
ments may best meet those needs. In some cases, these analyses may include identi-
fying where infiltration and inflow (I/I) is depleting available system capacity and
where the implementation of system rehabilitation to recover that lost capacity may
be cost effective.

Management program elements promote efficient and cost-effective decision-
making and priority-setting through sound organizational structures, good internal
and external education and communications, performance goals/objectives, and
proper document control and information management. Good management princi-
ples also include having sufficient legal authority, adequate resources, and clear lead-
ership directives to meet program objectives consistently.
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Operations programs must promote efficiency and reliability through the devel-
opment and implementation of standard procedures, training of staff in those proce-
dures, the tracking of system performance through monitoring systems, and the doc-
umentation of the location and condition of system components. This includes
mapping programs and inspection of new construction and rehabilitation to promote
the use of high quality materials and proper installation.

Maintenance programs are the backbone of ensuring consistent system perfor-
mance through scheduled system cleaning and maintenance activities as well as
emergency or reactive maintenance to unanticipated events. This includes the orga-
nization and tracking of inventories for materials and equipment.

As mentioned previously, CMOM programs are not a national regulatory require-
ment at the time of this publication. However, the industry is adopting CMOM princi-
ples for several reasons. Many regulatory enforcement actions have required utilities to
adopt CMOM programs as terms of compliance with consent decrees or special orders
of consent. In addition, several state regulatory agencies with wastewater enforcement
authority require CMOM programs through collection system or NPDES permitting
requirements. Other communities are adopting CMOM principles because they can
improve performance of the wastewater collection system.

This manual can help utilities managers understand and apply asset-manage-
ment and CMOM principles to improve performance of their systems. With these
programs in place, managers can become a leader in better management of infra-
structure assets to improve the quality of life and environmental sustainability of
communities.

4.0 REFERENCES
Albee, S. (2005) Finding a Pathway for Sustainable Water and Wastewater Ser-

vices. Underground Infrastructure Management, November/December 2005,
Benjamin Media, Inc.: Peninsula, Ohio.

Federal Highway Administration; American Association of State Highway and
Transportation Officials (1996) Asset Management: Advancing the State of the Art
Into the 21st Century Through Public-Private Dialogue; Federal Highway Admin-
istration: Washington, D.C.

National Association of Clean Water Agencies; Association of Metropolitan
Water Agencies; Water Environment Federation (2007) Implementing Asset
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Management: A Practical Guide; National Association of Clean Water Agencies:
Washington, D.C.

U.S. Environmental Protection Agency Office of Enforcement and Compliance
Assurance (2005) Guide for Evaluating Capacity, Management, Operations, and
Maintenance (CMOM) Programs at Sanitary Sewer Collection Systems; U.S. Envi-
ronmental Protection Agency: Washington, D.C.

5.0 SUGGESTED READINGS
U.S. Environmental Protection Agency Office of Water (2004) Report to Congress:

Impacts and Controls on CSOs and SSOs; EPA-833-R-04-001; U.S. Environmental
Protection Agency: Washington, D.C. 

Water Environment Federation; American Society of Civil Engineers (2008)
Existing Sewer Evaluation and Rehabilitation, 3rd ed; Manual of Practice No. FD-6;
ASCE Manuals and Reports on Engineering Practice No. 62; McGraw-Hill:
New York. 
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1.0 INTRODUCTION
Managing an efficient collection system operations and maintenance (O & M) pro-
gram requires reliable resources, dynamic planning, adequate budgets, and frequent
performance reviews. For success, managers also need to consider stakeholder inter-
ests, system composition and complexity, system performance history, system main-
tenance protocols, and regulatory requirements. This chapter reviews various con-
siderations in establishing a new program or evaluating an existing one.

2.0 PROGRAM OBJECTIVES
When establishing or reevaluating any O & M program it is important to have a
clearly defined objectives or purpose. The main purpose of a collection system is to
provide a means to collect and transport wastewater (sanitary and storm) away from
its source while protecting public health and safety and the environment. This objec-
tive is accomplished by either a dedicated storm sewer with a separate dedicated
sanitary sewer or with a combined sewer that conveys both stormwater and sanitary
wastewater flows within the same system. The system operator is responsible for
where, when, and how this is accomplished. 

Stakeholders—which include rate payers, regulatory agencies, other utility and
service agencies, the media, and employees—will have varying views, opinions, and
interests in a collection system program. These considerations can result in a more
manageable and successful program through building trust and credibility, defining
responsibilities, and enabling participation. It’s also important to communicate an
understandable, consistent message to stakeholders.

Managers need to take into consideration several factors when reviewing or
establishing new processes in collection system O & M program:

• Regulatory requirements;

• System operation and performance goals based on regulatory and/or agency
requirements;

• How rates are used to accomplish requirements and goals;

• If and how program affects and is influenced by other public or private entity
programs;

• Responsibility of the sewer agency to provide service to its customers;

• Responsibility of the sewer customer for receiving service from the sewer
agency;
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• How a customer has access to sewer service through permitting and related
fees;

• Customer communications; and

• Responsibility to protect the environment in all activities.

3.0 ESTABLISHING OR EVALUATING AN
OPERATIONS AND MAINTENANCE PROGRAM 

Although there are some basic regulatory guidelines for system performance, estab-
lishing, organizing, and reevaluating a program may save the operator time and
money. Data should be collected for several parameters that affect O & M: system
asset characteristics, asset maintenance and operational history, asset manufacturers’
recommendations, utility resources, customer expectations/complaints, community
interests, long-term planning, and regulatory specifics. Each system may have
unique parameters to consider. A practical approach that helps a system meet regula-
tory and customer expectation is recommended. 

Following are examples of how data collection and data use affects an O & M
program.

3.1 System Asset Characteristics
System asset characteristics include physical attributes such as size, age, material
type, sewer type, location, depth, access, slope, flows, and content. 

For example,

• Trunkline A:

– A 450-mm (18-in.) diameter gravity sewer main, 

– 10 years old,

– Constructed of polyvinyl chlorine pipe,

– Sanitary sewer,

– Inside a right-of-way,

– With better than minimum slope,

– Few physical connections, and

– Quarter to half-pipe diurnals.

• Trunkline B:

– Approximately 450-mm (18-in.) diameter gravity sewer,

– 70 years old,
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– Constructed of concrete,

– Combined sewer,

– In easement along creek bank,

– Minimum or below-minimum slope,

– Diurnals ranging from zero flow to half-pipe, and

– Multiple commercial connections including restaurants (grease).

In this example, an operator may consider inspecting and cleaning trunkline B
on a more frequent return cycle than trunkline A. Primary reasons for this approach
would be type of material; joint condition; limited access during wet weather; typical
low-flow conditions and slope, which creates the potential for debris collection; and
grease buildup because of the restaurants (see the discussion on fats, roots, oils, and
grease programs later in this chapter). Over time, field maintenance crew experience,
observation of sewer system use, maintenance and corrective action records, or
increases in flow may result in a different return cycle than originally determined.
Further discussion of information management and using data to support better O &
M decisions is provided in Chapter 3 of this manual.

3.2 Performance History 
Depending on the nature and cause of a collection system problem, an operator may
determine that a location requires a more frequent return cycle for evaluation.
Common causes of problems include grease, roots, debris, pipe failures, and over-
flows. Defects that cause mainline failure are best remedied through permanent cor-
rection, which might not always be immediately practical or possible. An example
would be a sewer main through a central business district that requires heavy, semi-
annual cleaning. This sewer main may be identified as not requiring capital outlay
for repair or replacement because of its location. It may remain on a cleaning and
inspection cycle until conditions change, although this approach may not be standard
for the rest of the system. Operator and staff will be able to make more informed deci-
sions as they become familiar with the performance of the collection system through
data and performance measure reviews.

3.3 Agency Resources
Depending on system size and budget, operators have many considerations and
options concerning resources to accomplish program goals, including staffing and
equipment needs. 
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Program objectives need to be weighed against staffing ability. Some references
may recommend staffing levels based on system size, but technology use may affect
those numbers. Determining an initial return cycle of the system for preventive main-
tenance and the ability to respond to emergencies can be based on collected data to
determine if staffing levels are adequate. Although attrition is reducing the number
of knowledgeable staff, contract services have become more readily available. Peri-
odic review of contract service availability and cost can be good information for the
operator to compile and to compare to in-house staffing costs.

Program objectives also need to be weighed against equipment availability and
the return frequency of pipeline and facility review or cleaning. Costs per unit of
work on a regional or units-per-man-hour basis for cleaning and televising are avail-
able through industry organizations or third-party vendors and contractors. 

3.4 Customer Expectations/Complaints
Public awareness is becoming more of a consideration as it relates to program objec-
tives and deliverables because of the immediate availability of information. This
means that the operator must use judgment on how information is communicated to
the public to ensure that the definition and execution of the program protects the
agency from potential liability. 

An example of operator judgment would be noting and reporting a sewer manhole
overflow in a remote portion of the collection system. If the overflow extends outside
of the easement or affects a receiving stream, then public notice would be appropriate.
If it is contained in the immediate area, does not affect open land or receiving streams,
and does not interrupt service to customers, then notification to the regulatory agency
and corrective action may be enough. Information for events such as these could be
posted on Web sites or on required regulatory reports with details shared upon request
of customers, rather than unnecessarily alarming the public. 

As indicated in other areas of this document, stakeholders can include system
users, land developers, regulatory agents, and concerned citizens. Their perspective
and interests can affect an operator’s program. Basic information of interest to most
customer types includes capacity of the collection system, appropriate use of the
system, and the customer’s responsibility in helping to maintain it. 

As development occurs, an operator must make decisions about whether an
existing system can accept the flow from a new connection or if an extension of the
system is possible. The answers to these issues depend on the capacity of the system
and availability of financing for improvements needed to serve development. New
service agreements are recommended to be executed in writing and made publicly
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available to eliminate the potential for misunderstandings. Further discussion of
capacity assurance planning is provided in Chapter 4 of this manual; system
financing options are discussed in Chapter 8.

It is recommended that there be stated conditions concerning use of the collec-
tion system. This is typically accomplished through a sewer use ordinance adopted
by the local governing body. These documents typically correlate with other local
code involving permitting, construction, inspection, and wastewater acceptance
requirements. Specific conditions can include industrial or environmental compli-
ance concerning pretreatment, which ultimately will require periodic testing and
enforcement for noncompliance. Conditions also may include methods of connection
and allowable discharges. For instance, roof drains and sump pumps would not be
acceptable in a separated sewer system but may be in a combined sewer system. Also
yard waste, dirt, rocks, construction waste, rags, personal hygiene products, and
household grease are examples of items that should not be disposed of in a sewer col-
lection system because of risk of line stoppages and overflows. Information such as
this should be communicated to proactively educate the customer.

Just as the system operator has responsibility for maintaining and operating a
collection system, so too should the customer have responsibility in its use and main-
tenance. In addition to safe disposal, the customer also should be responsible for the
condition of their service line, eliminating the potential for root intrusion and
capacity-depleting groundwater infiltration. The system operator should make this
clear in local code, upon connection for service to the system, and through various
agency communications. Sometimes, financial hardship may affect a customer’s
ability to make required corrections to their service line. The utility will need to deter-
mine how to address this and whether system expenditures on private portions of
the collection system will yield a return worth pursuing. Many locations have deter-
mined that addressing private laterals and eliminating unapproved connections (roof
drains, sump pumps, etc.) has contributed to removal of extraneous flow and its
related non-revenue effect to the system. Some systems have established loan or
grant programs for qualifying customers.

3.5 Community Interests
The development of any area is important to economic growth and quality of life.
Operators must coordinate with development interests in use of existing or con-
struction of new infrastructure. Receiving sewers, pumping stations, and treatment
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facilities must be considered when enabling new connections. Type of use and dis-
charge are other factors to consider. A master sewer plan based on existing and
potential land use is a good tool to facilitate discussion about development and the
interests of the community. Typical master plans project future conditions for 25
years or more and should be reviewed and updated periodically. Master planning
and capital improvement planning is discussed in Chapter 4 of this manual.

3.6 Regulatory Resources 
Interpretation of regulations by local agencies is critical to funding, staffing, equip-
ment, and overall program objectives. Regulatory agencies can serve as a great
resource for information and as an advocate with other stakeholders. As with any
relationship, trust is earned through communication and demonstration of responsi-
bility and accountability. A collection system operator may achieve this trust through
timely, credible, and dependable reporting. Operators can further develop relation-
ships by working on industry activities that enable cross-agency interaction and
through good system management to ensure few incidences or failures occur.

4.0 PROGRAM COMPONENTS
Stakeholders may find useful several components of the system used by operators.
These items should be designed accordingly. Sensitive or secure information should
also be taken into consideration as it relates to privacy, terrorism, and other misuse.
Program components that stakeholders may find useful are outlined below. 

Service maps may include spatially related service area as constructed, topo-
graphical information, street addresses, and customer information. This level of
detail assists in planning, service availability requests, and in field responses to
complaints.

Organizational charts of utility personnel by function define who is responsible
for what activity and how to contact them.

Asset data may include size, material type, age, and depth and may be contained
in a database or mapping system. Typical database formats include a computerized
maintenance and management system (CMMS) for asset characteristics and history
or a geographical information system (GIS) for spatial relationship representation.
Information may be used in planning, system analysis, budgeting, service avail-
ability reviews, and field responses to complaints. 



Several types of data might be collected for a sewer pipe: 

• Size (diameter);

• Length (miles, footage, and laying length);

• Type (gravity, force main, collector, interceptor, lateral, trunk, siphon, or pipe
bridge);

• Material (vitrified clay pipe, concrete, polyvinyl chlorine, cast iron pipe, duc-
tile iron pipe, or high density polyethylene);

• Age (install date);

• Depth (cover for excavation and overburden evaluation);

• Location (right-of-way, easement, or private property);

• Service connections (tee stations, depth, length, material size); and

• Historic condition—logs, televising, maintenance and repair records (work
orders). 

Information that might be collected for manholes (manways) include:

• Type (concentric, eccentric, chimney, tee, catch basin, regulator, vault);

• Location (right-of-way, easement, or private property);

• Size and depth;

• Casting type and diameter;

• Casting and invert elevations; and

• Historic condition.

Various pieces of data should be collected for pumping stations (for more guide-
lines, refer to the Pumping Station Operations and Maintenance section):

• Location (street address or other geo-coding for mapping);

• Type (centrifugal, ejector, grinder, submersible);

• Schematics (piping, electrical), which assists in understanding typical opera-
tion and in modifications during emergency or maintenance activities;

• Controls (what controls what);

• Equipment (install and service dates, maintenance records, warranties);

• Backup power (remote or onsite);
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• Valves (isolation, purge, and air relief);

• Force main (size, material, length, terminus);

• Metering (type, location, reading units); and

• Historic condition.

Standard operating procedures (standardized format throughout agency) can be
used as a training tool and reference by employees and other stakeholders. Work-
process flowcharts (standardized format throughout agency) also can serve as a
training tool and reference. Several other plans are valuable: 

• Operations and maintenance manuals—assists as a training and reference tool
by employees and other stakeholders;

• Master plans—multiyear outline of system expansion or modification that
meets specific operational projections;

• Policies—application guidelines of regulation or operational practices); assists
as a educational tool for customers and as a training and reference tool for
employees;

Special programs—regulatory or capital-driven projects—with specific regula-
tory or operational objectives should also be documents. Examples of special pro-
grams may include:

• Capacity, management, operation, maintenance (CMOM)—a U.S. Environ-
mental Protection Agency (U.S. EPA) program that establishes the basis for
separated sewer collection systems for better operation using measures and
goals as they relate to total system performance and improvement.

• Long term control plan (LTCP)—U.S. EPA program that establishes require-
ment for communities with combined sewer systems; shows progress toward
standards consistent with the Clean Water Act by demonstrating adherence to
water quality and improvements as required and affordable.

• Nine minimum controls—U.S. EPA program that establishes the basis for the
control and management of a combined sewer system. Part of the LTCP.

• Rehabilitation—various operational and capital activities that reestablish
system integrity, performance and reliability.

• Expansion—various capital activities that result in an expansion of service
area. Typically part of a master plan or 201 facilities plan.
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The customer information system (CIS) is composed of a database for connec-
tions, metering, billing, and contracts. Information should also be gathered on
employees, performance evaluations, and planning as outlined below.

• Full-time equivalent employees:

– Number—how many directly assigned to collection system O & M;

– Function—for example, vacuum, jet (flushing), combination (jet and
vacuum), trunkline, manhole, maintenance, or repair;

– Location—assigned portion or zone of system;

– Shift (day and time);

– Certifications and/or license designations;

– Hire date and/or experience level; and

– Special skills.

• Part-time employees: 

– Number—how many directly assigned to collection system O & M;

– Function—for example, vacuum, jet, combination, trunkline, manhole,
maintenance, or repair;

– Location—assigned portion or zone of infrastructure;

– Shift—day and time;

– Certifications and/or license designations; and

– Hire date and/or experience level.

• Emergency response:

– Current on-call listing of in-house resources—should be updated every six
months and based on guidelines for reporting, substitution, compensation,
and disciplinary action for nonresponse; and

– Contract services—current contact information.

Equipment itemizations and categorizations contained in a CMMS can be a valu-
able reference tool to help track availability, schedule maintenance and repairs, and
prepare capital budgets. The CMMS can also record installation, warranty, and main-
tenance history. Units may include jets, vacuums, combination, closed-circuit televi-
sion (CCTV), jet nozzles, saws, rodding machines, bucket machines, boom truck, and
safety equipment. Safety equipment should include Occupational Safety and Health
Administration required personal protective equipment, gas monitors, ladders,
picks, and shovels. Below are details that should be kept for each unit:
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• Number of units,

• Uses of units,

• Training types and schedules,

• List of in-house, certified equipment operators,

• Emergency contracts with contact information, and

• Inventory or vendor access to spare parts.

4.1 Maintenance
As stated previously, the system operator must balance an efficient and effective
maintenance program for the collection system with safety, regulatory compliance,
budgetary limitations, customer expectation, and resources. This is a dynamic
process as the system ages, as regulations change, and as the system is expanded. 

In the past, many systems and components were run to failure and simply
repaired or replaced as quickly as possible. More recently, redundant or dual systems
and routine maintenance have been incorporated where required or practical.
Because continual service is a goal of collection system operations, maintenance is
geared to prevention and prediction. As recommended above, detailed records of
materials, warranties, installation dates, and historical O & M records help to estab-
lish effective maintenance schedules. This more-calculated approach ultimately will
save time, money, and service interruptions.

Several activities, equipment types, and processes must be considered in plan-
ning for system maintenance. These activities include:

• Bypass pumping—approximately 75 to 100 mm (3 or 4 in.) submersible type
with reliable piping;

• Emergency power— portable generators to operate pumps and for emergency
task lighting;

• Hauling—tankers to transport collected flow;

• Disinfection— sodium hypochlorite to treat spills or overflows;

• Construction of repairs— construction equipment and materials (backhoe,
tandems, dump trucks, trench boxes, pipe, fittings, and gravel backfill; and

• Bypass discharge—to route bypass pumping downstream or to another sub-
basin point.
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The type of communication depends on whether it the event is scheduled or an
emergency, such as an overflow because of system failure. A notice to both the appro-
priate regulatory agency and affected customers may be necessary.

For scheduled activities, depending on location and effect on customer, notice
may be helpful advising of various specifics:

• Activity—repair and/or heavy cleaning (removal of debris);

• Timeframe—start time and estimated completion time;

• Service interruption—if system use is affected;

• Agency contact information for any questions or followup;

• Method of communication—depending on location and customer effect,
notice may include one or more of the following:

– Posted signs advising that work is being performed and to take caution if in
or around roadways.

– Door hanger.

– Out-bound call.

– Post-event notices—depending on cause of the repair or maintenance
activity, this notice may help to educate customers of the hazards of roots,
extraneous flow, grease, and other materials and to reduce the potential for
future events.

Emergency activity may require use any of the previously mentioned communi-
cation tools and any or all of the following:

• Notice of overflow—document to communicate to regulatory agencies about
the event, its environmental effects, and corrective action taken and

• Site signage—depending on severity and location, onsite signage to alert the
public to avoid the area.

There are three types of maintenance: corrective, preventative, and predictive.
Each has a set of suggested activities and considerations as outlined below.

Corrective maintenance either occurs during an emergency or is scheduled,
resulting in repair or replacement of an obsolete or defective component. Depending
on component type, temporary measures may be required to enable service and min-
imize or eliminate environmental effects. When responding to an emergency or plan-
ning scheduled corrective maintenance, the supervisor should consider what sup-
porting activities may be required to make the repair and still meet system objectives.
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Preventive maintenance is performed on a predetermined schedule on selected
infrastructure. This type of maintenance is performed to prevent failure, reach, or
prolong useful life and to ensure that operating components meet system goals. As
detailed previously, good records and system performance knowledge assist in estab-
lishing efficient, effective preventive maintenance and can help involve maintenance
staff in determination and scheduling of work.

Preventive maintenance can address both general collection system function and
recurring problems where rehabilitation or reconfiguration is not immediately fea-
sible. An example of this latter group is cleaning grease-prone areas. Preventive
maintenance can include CCTV for visual condition assessment; jet/vacuuming
(light cleaning); rodding/bucketing (heavy cleaning); and trunkline walking.
Although condition-assessment activities such as CCTV are often conducted by O &
M staff, the information collected is useful for many other aspects of system planning
and asset management as further described in Chapters 3 and 4. 

All these activities can be performed during dry and wet weather; although there
are considerations for each. Activities for dry weather include

• Closed-circuit television—to detect pipe condition, service connection loca-
tions or conditions, and manhole condition assessment.

• Routine cleaning—chronic grease, root, or debris settlement (dips in line) cre-
ating stoppages, backups, and overflows.

• Trunkline walking (surface inspection)—to check manhole and casting
integrity and condition; any visible surface area depressions over sewer main
(indicating potential failure); service line cleanout caps; flow characteristics
through manhole and the presence of any collected solids; and comparison of
field observed connections to CIS. Pole-mounted cameras may also be used to
photograph manhole condition and features and to determine pipeline char-
acteristics. Some pole-mounted cameras use zoom lenses to allow inspections
up to 12 m (40 ft) upstream and downstream of the manhole as long as there
are no obstructions in the sewer line.

• Smoke testing—to discover inflow and infiltration points including pipe-joint
leaks, storm-sewer cross connections, missing service line cleanout caps, con-
nected roof drains, sump pumps, or other illegal connections. 

Activities for wet weather include:

• Closed-circuit television—to detect inflow and infiltration points during or
immediately following rain events (may require line plugging to control
upstream flow for optimum viewing).
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• Trunkline walking—direct visual inspection to determine sewer segments of
wet weather affect sources through observed and/or measured flowrates for
further investigation (CCTV or smoke testing). 

Predictive maintenance requires using knowledge of the system, including past
performance; types of connections; physical characteristics of the sewers (size, grade,
material, and age); hydrologic conditions (recent rainfall and groundwater eleva-
tions); and common sense. The wastewater collection system operator can predict
and schedule preventive maintenance in practical ways. By using this approach and
tracking specific system measures, the operator will be better able to represent and
defend their programs. 

Specific system measures can include the number of overflows per unit of dis-
tance. This measure is considered representative of maintenance and system opera-
tion success (the lower the number the more successful the program; should trend
downward over time).

Measures also can include the causes of overflow such as rain, grease, roots,
debris, collapsed pipe, or vandalism. Again, there should be a trend downward as
maintenance programs are defined and executed.

Rainfall-induced overflows may be tracked by number of events, duration, and
volume; and by storm event, time of year, and groundwater table. Data used to
define rehabilitation needs on a sub-basin or system-wide approach. There are many
variables to this issue and many resources available from U.S. EPA and the Water
Environment Federation, including Existing Sewer Evaluation and Rehabilitation (WEF
and ASCE, 2008). 

Grease-induced overflows may be tracked by number of events and location.
There should be a downward trend in the number of events as system maintenance,
customer education, and grease management programs (interceptor inspections and
enforcement) increase.

There are two primary ways to measure overflow:

• Controlled method—volumes measured through a direct conduit (pipe, struc-
ture) by weir or flow monitor; and

• Estimated method—volumes based on observed start time and end times
incorporating surface area, depth of overflow, and rate of discharge based on
height of discharge from manhole or orifice compared to drawings or pictures
with predetermined discharge rates. 

Depending on the pervious/impervious nature of the discharge area, the latter
method is challenging when considering ground absorption and irregular patterns of
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overflow. It can, however, serve as a reasonable approach for reporting. Containment
and retrieval of wastewater during spills can also assist in estimating overflow volumes.

4.2 Mapping Use 
Good system mapping is critical for an effective O & M program and to provide a geo-
graphic basis for implementing an information management system as described in
Chapter 3. Mapping enables spatial representation of infrastructure for planning, field
locating, and maintaining infrastructure, which means that accuracy is important. 

Maps can serve as a tool to visually demonstrate completed work and for deter-
mining future work as an agency works through their system. This is also important
when using a one-call center for infrastructure field locating at the work site. This
visual and spatially related method is better than lists or tables. Mapping work activ-
ities also is helpful in demonstrating the magnitude and effect of these activities to
stakeholders (regulatory, development, ratepayers) when representing production
goals, reducing liability, budgeting, and regulatory reporting.

Mapping format should be carefully considered. Although hardcopy maps work,
electronic systems are recommended because of ease of editing (extension or field
correction of misrepresented mapping data); sharing (providing maps to other agen-
cies or entities to overlay with proposed designs); and presenting special data over-
lays (demonstrating locations with documented defects for rehabilitation or repair
projects). There are a variety of mapping programs available. 

Using a map to represent corrective, preventive, and predictive maintenance
goals and accomplishments is a tool the system operator can use to educate all,
including management, employees, regulatory agencies, and customers.

4.3 Directed Maintenance Programs
Besides standard maintenance and repair processes, the system operator may incor-
porate specific programs to overall system management. The programs are summa-
rized in this section. 

A fats, roots, oils, and grease program aims to manage situations that can result
in line stoppage and potential overflows. Such a program may include many specific
tasks such as a grease-interceptor inspection. This would require documented, peri-
odic inspections of commercial service lines requiring grease interceptor installation
and maintenance. Targeted collection system monitoring would include CCTV of
existing, chronic or potential system buildup locations (commercial and residential)
for subsequent corrective/preventive cleaning. 
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Regardless of system components, education is vital to success. This might con-
sist of letters of notice or advisement of responsible system use in regard to discharge
of fats, oils, and grease and the control of roots through private service lines. The
ability to capture still photographs of service-line conditions demonstrating roots or
grease buildup is a helpful tool for informing customers and enforcing compliance. 

Enforcement helps to establish new or to revise existing local code to enhance the
collection system’s ability to enforce non-compliance with service connectivity
requirements. Codes needs to be shared with customers through direct mail, Web site
posting, or bill inserts. Enforcement action options include fines, fees, agency cost-
recovery, and disconnection of potable water.

Depending on severity, source, and effect, the wastewater collection system oper-
ator may need to mechanically or chemically control roots. The operator also may
need to repair, replace, or rehabilitate the mainline sewer. Less severe locations need
to be placed on a periodic inspection and cleaning schedule and monitored for more
complete correction. There are a variety of options to control roots and the operator
needs to know availability, cost, and success rate of each to determine which to use
in their system. Mechanical rodding machines or special hydraulic cutting tools or
flushing machines, which use intermediary or full-pipe-size tools, are the most
common means of real-time root control. In some areas of the system, long-term root
control may be accomplished through use of chemical applications. These may be
high-traffic areas that endanger personnel on the street, easement areas that are diffi-
cult to access, or areas where roots prove are difficult to remove with conventional
maintenance equipment. Situational determinations of root severity, root source,
growth rate, and location of root intruded sewer segments in relation to the water
table need to be considered in any root-control determinations.

A rehabilitation program focuses on correcting system defects that allow unman-
ageable levels of inflow and/or infiltration or that constitute an unacceptable struc-
tural or maintenance problem. General structural integrity and flow characteristics
are also considerations. Like other programs, rehabilitation approaches and methods
depend on physical considerations such as:

• Severity of pipeline condition (hairline cracks, missing pipe, joint leaks, struc-
tural integrity, etc.);

• Location of pipe (easement or right-of-way, central business district or resi-
dential);

• Resultant surface restoration effect; and

• Pipeline location in relation to watershed (upper reaches, mid or lower areas).
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As mentioned previously, mapping defects is an essential tool for understanding
the extent of system problems and determining the best method of correction.

The U.S. EPA Web site outlines programs to standardize certain aspects of system
O & M using an organized and systematic approach, including CMOM, LTCP, and
nine minimum controls.

The CMOM program’s objective is to provide a guide and a checklist for collec-
tion system operators to evaluate O & M processes in coordination with U.S. EPA and
state regulatory agencies.

The LTCP program’s objective is to assist the system operator in development of
a plan to address combined sewer overflows in relation to the U.S. EPA’s combined
sewer overflow (CSO) control policy.

The nine minimum controls program’s objective is to guide the collection system
operator in reducing CSOs and their effects on receiving water quality.

4.4 Application of Technology to Support 
Operations and Maintenance

As with many industries, collection system O & M has been affected by an increasing
level of administrative duties. These duties include documentation and tracking of
system performance and status relative to condition, measure flows, system problem
response time, regulatory notification and reporting, customer notification and
reporting, environmental monitoring, and mandated program metrics. As these
duties have been defined and have evolved and become standardized, technology
has emerged that can provide assistance. One important consideration in the use of
any technology is its compatibility and capacity to interface with other organizational
technologies. This section reviews examples of current technologies and their general
application and use in collection system O & M.

Geographic information system technology is an electronic spatial representation of
a collection system in relation to other subterranean and topographical features. There
are many software products available for this purpose depending on specific needs of
the system. Use of this technology enables field response to problems, allows for real-
time updating of field-discovered discrepancies in configuration, provides specific pro-
gram applications such as pipe defect mapping for rehabilitation, and supports long-
range planning and development through projections and scenarios.

Computerized maintenance management systems can be used to track asset charac-
teristics and maintenance and performance history. It also can be used to schedule pre-
ventive maintenance and as tool for condition assessment (for example, rain-induced

System Operations and Maintenance 29



sewer stoppages for the last five years) when interfaced with a mapping tool (GIS). Use
of this type of system involves extraction of collected data reported on CMMS work
orders from field activities by asset or activity type. Completed field activity is docu-
mented and reported back into the database for archival and retrieval purposes. 

A CIS is a database that can be used as a customer account program for billing
and collections. It can also be used with CMMS and GIS for service-connection rec-
onciliation and enforcement by identifying responsible party of record on the connec-
tion account.

Flow monitoring technology can be used to measure flow characteristics over
time and under various conditions (rain, water table, pipe condition, and pre- and
post-rehabilitation). Depending on system size and affordability, it may be beneficial
to have permanently installed sites supplemented by seasonal temporary sites. There
are also many methods of securing flow readings as basic as manual measurement
through graduated rods inserted in flow, utilization of weirs, and more sophisticated
electronics that can measure depth, velocity, and pressures. 

Through these measurements, an operator can collect information ranging from
a single, instantaneous reading through continuous readings at incremental time-
frames (seconds). Information gathered through flow monitoring can help focus
investigative measures (CCTV, trunkline walking, smoke testing, etc.). It can also be
used for capacity management and allocation and calibration of system hydraulic
models as described in Chapter 4.

Closed-circuit television enables the ability to “see” pipeline condition and per-
formance. Use of this technology depends on system size, pipe diameters, system
age, and wet-weather performance. As with any of the technologies, the system oper-
ator must determine the cost effectiveness of developing an in-house ability versus
getting third-party support. 

Liability is another consideration in using technology. Having a history of pipe
condition, system complaints, and corrective action on record may assist in deter-
mining necessary corrective action. It may also protect the agency from potential per-
sonal and property damages incurred as a result of system blockage or failure and
overflow. 

There are a variety of CCTV systems with many features for operation and data
collection. A variety of camera types are available that are suitable for a range of
system pipe diameters and data needs. It is also important to consider needs for
interface or integration with other software. Industry recommended standards for
pipeline defect coding used in condition assessment must also be taken into account. 
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Mobile dispatch technology assists in the assignment of both routine and emer-
gency work orders. Scheduled or routine work may also be preplanned and ready for
execution by a specific crew at a specific time. An automated dispatch system can
improve response time to system emergencies, reduce, or eliminate hardcopy, work-
order handling, and enable a more fluid and equitable distribution of work. Systems
of this type also may enable electronic entry of field work performed and automati-
cally update agency CMMS. Having this remote capability also eliminates delayed
data entry and potential mistakes through a second party. Another feature may
include an automated vehicle locator, which assists in dispatching the nearest
resource to a system emergency.

Hydraulic modeling technology enables the simulation and prediction of certain
system performance outcomes under various operating scenarios. Hydraulic models
are typically built from as-constructed plans and calibrated through system flow
monitoring. Depending on the type of model used, a system operator may use this
tool to:

• Focus investigatory efforts (preventive maintenance) as a result of projected
problems;

• Plan for upgrade because of capacity limitations; 

• Develop corrective actions (replacement or rehabilitation); 

• Develop long range plans for expansion; and

• Allocate capacity for land development.

Several other technologies can assist in the O & M of a collection system:

• Remote sampling for waste content or tracing;

• Surface mounted cameras for remote observance;

• Rain gauges to report and record wet weather activities; and

• Various sensors detecting manhole surcharge activities.

4.5 System Problems and Overflow Response
As with any dynamic system, a collection system will experience problems and failures.
As previously stated, an objective of any O & M program is to reduce or eliminate this
potential. Any approach should include steps to contain overflow, control the effects of
the defect, and then correct the problem. Some sites may not require any containment or
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control but will simply require correction. It is also important that the utility have equip-
ment that can access the entire system, including infrastructure in easements and road-
ways. Following are examples of system problems and handling considerations.

Stoppage and overflows problems can range from a partial to complete stoppage
and may result in either a surcharge of sewer in the collection system or an overflow.
Unless direct observation or an alarm at a pumping facilities or flow monitoring loca-
tion alerts an operator, customer complaints of slow service, a sewer backup, or an
overflow typically lead to discovery of a surcharge or overflow. This includes sani-
tary waste solids around service line cleanout assemblies, manhole structures, or out-
falls. The response to an identified sanitary sewer overflow should be outlined in a
clearly documented sewer overflow response plan. The content of such a plan is
dependent on system resources and permit and regulatory requirements. Typically,
response to a system stoppage involves several steps as outlined below.

The first step is to respond to a reported problem. The agency first respondent
may be an investigator, sewer cleaning crew, or CCTV crew. The respondent reviews
agency system performance condition through visual inspection of flow characteris-
tics to determine if the problem is with the public main or on the private service line.
Depending on respondent type, tools used for preliminary inspection may include: 

• System map;

• Manhole pull, pick, or hook;

• Hand-held lamp; 

• Jet, vacuum, combination cleaning truck or rodding machine; and

• Closed-circuit television truck.

Depending on the wastewater treatment plant’s approach to complaints, CCTV
equipment can be used to review complaints to determine if the problem is on the
public or private portion of system. If it’s on the public portion, CCTV may help
determine corrective action (cleaning or repair) or can be used for follow-up to any
corrective action.

The next step is to determine and execute corrective action. If the public sewer
main is demonstrating surcharge or overflow conditions, then corrective action needs
to be taken. This is typically accomplished through one of more of the activities: 

• Jetting—hydraulic cleaning;

• Vacuuming—extraction of material;
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• Mechanical cleaning rods—physical force to dislodge heavy debris or wedged
material;

• Buckets—to remove heavy debris that cannot be jet or vacuum removed;

• Closed-circuit television—to determine pipe condition or potential source of
blockage material; and 

• Repair equipment—excavation equipment and necessary materials.

It is recommended that any material causing the blockage be removed at a down-
stream manhole if possible to:

• Eliminate the potential for blockage downstream.

• Enable system flow characteristic assessment because of blockage content
(grease, rocks, gravel, construction material, etc.).

• Evaluate potential for liability in the event of personal or property damage
loss (source of material from restaurants, industry, development, etc.).

Once corrective action has been taken, the next step is to contain the overflow.
The agency respondent may need to contain and disinfect the overflowed waste-
water depending on the amount, its location, and the accessibility and topographical
condition of the site. The operator also will need to consider any environmental
effects that may have occurred. Containment and disinfection can involve pumping,
booms or sandbags, temporary storage, and mobile tankage. If containment is neces-
sary, it is recommended that it be performed concurrent with efforts to eliminate the
cause of the blockage or overflow.

Next, the spill area must be isolated. Depending on location and potential for
public contact, various means can be used to reduce or eliminate the risk. Tools can
include barricades, fencing, tape, utility staff, and police. 

Once the spill is isolated, notification of the event to the appropriate stakeholders
needs to occur. Depending on the severity of overflow, effect on the environment,
and proximity to populated areas or receiving streams, the extent and method of
communication may vary as previously described. The event also needs to be docu-
mented properly as described earlier. Documentation of corrective action is a matter
of record for reference in O & M consideration and liability considerations.

The next step is to create a corrective action plan. System problems and response
and corrective action are useful information in determining future actions that may
include customer notification of use of the collection system, agency emergency pre-
paredness, resource evaluation, and liability considerations. 
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Finally, any potential odor problems need to be addressed. Potential causes of
odors and corrective actions are summarized below.

• Line stoppage—clean and televise for correction.

• Line break—televise and repair.

• System hydraulics and/or hydrogen sulfide—poor design including slopes
that do not enable flowrates of between 0.6 to 1.5 m/s (2 to 5 ft/sec); elevation
differentials in manholes that cause splashing and the release of gases; ter-
minus of force mains that do not consider hydraulic transitions to gravity
flow; and long detention times in wet-wells and/or force mains.

• Nonexistent or poorly managed pretreatment programs for industrial connec-
tions—a program and legislative ordinances for enforcement including moni-
toring and penalties for noncompliance should be established.

• Vent pipes— check location in relation to inhabited or densely populated
areas. Relocate or eliminate if possible or consider air filters or deodorant
blocks.

• Air-relief valves—check function and condition of valves for proper O & M.
Make any necessary repairs.

• Missing manhole covers—locate and repair or replace as needed.

• Open grating (in combined sewer systems)—clean and review long-term
options if necessary, including a routine cleaning schedule, air filters,
deodorant blocks, and elimination or relocation of grating.

• Defective internal plumbing—educate customers on maintenance of p-traps,
wax rings, vent assemblies, floor drains, sump pumps, and cleanout caps.
Smoke test if allowable or practical with notice to affected customers.

5.0 PUMPING STATION OPERATIONS 
AND MAINTENANCE PROGRAMS

Wastewater pumping stations are used when the topography of the service area
does not allow wastewater to be conveyed by gravity or where there are other
advantages to conveying wastewater via a pressurized system, such as pipeline
routing considerations, limiting the depth and width of pipeline construction, or
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cost. Pumping stations are sometimes referred to as lift stations, typically when force
mains are short and the primary purpose of the pumping station is to lift waste-
water to a higher elevation so that it can be conveyed by gravity without pipes get-
ting too deep. Pumping stations may also be used in systems with manifolded force
mains where significant portions of the pipeline conveyance system operate under
pressure to transfer wastewater to the treatment plant.

In addition to representing a significant initial capital investment, pumping sta-
tions are more expensive to operate and maintain than gravity sewer systems.
Although many of the issues covered in this chapter apply to pumping stations, ade-
quate resources and maintenance programs for both the piping and pumping facility
must be maintained to protect the total capital investment. Special skills are neces-
sary for O & M of pumping station equipment. Design, construction, and O & M of
pumping stations have changed significantly as a result of new regulatory require-
ments, environmental and liability issues, increasing size, and safety requirements.

Pumping station failure may result in damage to equipment or the environment
or endanger public health. The goal of pumping station O & M is increased reliability
and reduced risk of failure. An effective O & M program is a key element in achieving
this goal. Proper design, construction, and operator training are also important.

The management of collection systems and pumping stations has become more
critical as technology has changed. This section, rather than dealing with specific
maintenance tasks for individual pieces of equipment, provides guidelines for a com-
prehensive pumping station O & M program.

Variations in equipment type, configuration, and geographical factors determine
pumping station design and O & M requirements for different systems. Size also
plays a role because large station failures tend to have more catastrophic results.
Smaller agencies are disadvantaged because they traditionally do not have the same
financial or human resources as larger agencies but are subject to the same environ-
mental and safety regulations.

The information presented in this section is intended to aid in the establishment
or enhancement of a pumping station maintenance program. It presents proven con-
cepts and techniques that have been developed over time and can be adopted,
improved, or modified for an individual operation, regardless of size or location.

Finally, this section focuses primarily on the more typical types of pumping sta-
tions, rather than those serving systems such as low-pressure vacuum or grinder
sewers, which are discussed elsewhere (WEF, 2008).
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5.1 Increasing Importance of Pumping Station Maintenance
Careful consideration and maintenance of pumping stations have become more
important in recent years for several reasons. Regulatory requirements, for example,
have become increasingly stringent to reduce or eliminate overflows in the event of
station failure. These requirements have led to more reliable and sophisticated sta-
tion designs, such as portable or onsite standby power systems, duplicate overhead
power feeds, and increased equipment redundancy.

In addition, liability for system failures has increased. Large fines have been
levied against agencies and individuals responsible for collection systems when, for
example, a station failure has resulted in a violation that could be attributed to poor
maintenance programs or negligence.

Formation of regional agencies, which is now common, allows more efficient
and cost-effective collection and treatment of wastewater. This has resulted in the
installation of larger pumping stations and force mains with higher capacities and
operating heads. Pumping stations with design capacities of more than 630 L/s 
(10 000 gpm) and total dynamic heads greater than 60 m (200 ft) are not unusual,
nor are force mains longer than 16 km (10 miles). Design techniques and construc-
tion methods have changed as a result. Failures (when an overflow or spill occurs)
of these larger facilities tend to have a more adverse effect than those of small, older
facilities.

Computer-based systems designed for pumping station applications are reli-
able, cost effective, and functional in many new or rehabilitated pumping stations.
Programmable logic controllers (PLC) are used as supervisory pump control sys-
tems. Supervisory control and data acquisition systems (SCADA) provide contin-
uous monitoring of the operating status of stations and have the capability to allow
station control from a remote location. Instantaneous station alarm reporting, by
leased line or radio telemetry systems, allows for faster response times and
improved equipment use, and reduces the risk of overflows. The PLC and SCADA
systems can be integrated to provide a remote, real-time pumping station control
and monitoring system. 

Improved design and reliability of variable-speed pump systems provides O &
M flexibility and energy savings. Standby or emergency power generators with auto-
matic transfer switches frequently are required during design or retrofitting of
pumping stations. These generators represent significant capital expenditures and
increased maintenance requirements.
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These changes in pumping station design have produced complex systems
that have more sophisticated O & M requirements because of their complexity and
related environmental and liability considerations. Consequently, those involved
with collection systems design, construction, O & M, or management need more
and better skills.

5.2 Types of Pumping Station Maintenance
Maintenance programs can take several forms, as outlined in the section below.

Corrective maintenance refers to operation of equipment until it fails and
requires repair or replacement. The obvious disadvantage of relying solely on a cor-
rective maintenance program is that it is difficult to schedule maintenance activities
or allocate and plan budget and staffing resources. Even more important, the failure
of a critical piece of equipment in the pumping station (for example, the failure of a
pump bearing from lack of lubrication) could result in overflow or flooded base-
ments upstream. Corrective maintenance based programs are characterized by sev-
eral features:

• Unscheduled equipment failures,

• Excessive repair or replacement costs,

• Poor use of human resources,

• Lack of control of expenditures,

• Poor morale, and

• Increased liability because of negligence.

Emergency maintenance is a form of corrective maintenance that occurs when a
piece of equipment or system fails and creates a threat to public health or equipment.
This is a special case of corrective maintenance in which the unscheduled failure of a
system or piece of equipment could have a severe or catastrophic effect. Examples of
emergencies would be accidental discharges to lakes or streams, backups into homes
or businesses, or loss or destruction of equipment.

The cost of emergency maintenance in terms of time and staff resources can be
enormous. Furthermore, regulatory agencies frequently view an overflow as a dis-
charge permit violation. Substantial fines and adverse publicity can result. Other
potential costs for this type of maintenance are contractor mobilization fees, costs
of repair or replacement of destroyed or damaged equipment, cleanup and repair
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of property where sewer backup has occurred, overtime costs, or costs related to
lawsuits.

Preventive maintenance includes routine, scheduled activities performed before
equipment failure to extend equipment life, reduce maintenance costs, and increase
reliability. Maintenance programs should devote an appropriate level of resources to
preventive maintenance. 

Experiences in both the public and private sectors show that as more resources
are dedicated to preventive maintenance, fewer resources are required for corrective
and emergency maintenance, and total maintenance costs begin to decline. Effective
preventive maintenance based programs are characterized by:

• Reduced overtime costs,

• Reduced material costs,

• Reduced capital repair or replacement costs,

• Reduced enforcement actions by regulators,

• Improved use of human resources,

• Improved use of financial resources,

• Improved morale, and

• Improved public relations.

When implementing a maintenance program it’s important to ask: “at what point
does a preventive maintenance program cease to be cost effective?” This question,
unfortunately, is difficult if not impossible to answer quantitatively because the effect
of a poor preventive maintenance program on emergency maintenance costs is
unpredictable. Experience does show, however, that the initial expense that preven-
tive maintenance incurs typically is repaid in longer, more trouble-free operation. The
following example may illustrate the benefits of preventive maintenance versus the
unpredictable cost of emergency maintenance.

In this example, a failure results in overflow to an environmentally sensitive
stream. Emergency expenditures are needed not only to restore operation but also to
cover cleanup costs and the resulting fine levied for a permit violation. Bad publicity,
an adverse opinion of management of facilities, and budget effects also occur. These
costs could easily far exceed the entire annual O & M budget for the station. 

Maintenance programs require consideration of other criteria in conjunction with
budgetary factors to determine the level of maintenance to be performed. Another
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possible approach is risk management, or determining what maintenance has to be
done to reduce the risk of failure to a reasonable level. Examples of other criteria that
typically are considered are equipment reliability, peak-flow capacity, effects of a sta-
tion failure, frequency and magnitude of failures, and design deficiencies.

Predictive maintenance programs increasingly are used in the public sector.
Instruments required for this type of system have become more portable and less
expensive. Predictive maintenance is well suited to pumping station maintenance.
Predictive maintenance is a form of preventive maintenance that measures the condi-
tion of a piece of equipment or machine and then predicts the time remaining before
failure occurs. As a result, corrective maintenance can be scheduled on a more
rational basis and at less cost. A variety of diagnostic techniques are used to assess
equipment. Examples are discussed in the following sections.

Computer-based vibration analysis requires the use of microprocessor based
portable field instruments to measure the frequency versus amplitude of equipment
vibration. The information can be analyzed onsite and downloaded to a computer to
establish and store baseline vibration levels versus frequency. This method allows the
detection of equipment problems earlier than is possible with other indicators such
as heat or audible noise.

Vibration analysis can detect a variety of electrical and mechanical problems:

• Rotation unbalance;

• Bent shafts;

• Defects in bearings, inner or outer races, and balls or rollers;

• Mechanical loosening; and

• Motor electrical and magnetic anomalies.

Baseline information ideally is obtained as part of the acceptance process for
new pumping stations or when the equipment has been overhauled. Periodic mea-
surements compare the vibration levels with the original baseline data and, based
on the rate of change, predict failure. Vibration levels can also be compared to
industry standards that indicate equipment condition as a function of type or class
and operating speed.

Another effective method of predictive maintenance is the use of scanning
infrared radiation to detect temperature changes. Small, portable cameras,
designed to measure radiation levels and convert these to temperature, are used to
scan electrical and mechanical equipment and identify “hot spots”. This process is
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particularly useful for locating potential problems in electrical systems. Infrared
scanning typically is used for transformers, main disconnects, branch circuit
breakers, motor starters and overload relays, conductors, motors and motor con-
nections, fuses and fuse holders, and capacitors.

Predictive maintenance is a valuable and cost-effective tool that can be applied at
stations where reliability is critical and the consequences of an equipment or station
failure could be significant. It is not necessary for an agency to buy the diagnostic
equipment and train in-house maintenance staff. There are specialized contractors
that provide these services.

An effective preventive maintenance program results in the highest reliability
and availability of a pumping station. However, even the best preventive mainte-
nance program will not eliminate the need for corrective or emergency maintenance
efforts. It is impossible to design a system to account for natural disasters such as
hurricanes, earthquakes, torrential rainfalls, or other emergencies. Thus, a good
overall maintenance program encompasses elements of all three types of programs.

6.0 PUMPING STATION OPERATIONS 
AND MAINTENANCE STAFFING

The organization and staffing required to support a pumping station maintenance
program depend on electrical and electronic systems, mechanical systems, and
hydraulic and pneumatic systems.

Operations and maintenance for each of these systems requires a different set
of skills and varying levels of knowledge. Because it would be extremely unlikely
for any single employee to have the detailed knowledge required to operate and
maintain all of these systems, it is typical for an agency to separate O & M
employee classifications.

Operating responsibility, which would encompass routine maintenance of the
pumping station, is assigned to one group of employees. System and equipment
maintenance is assigned to a second group, whose members have specialized skills
in electronic, mechanical, hydraulic, and pneumatic systems. The second group
might include pipe fitters, electricians, and machinists. Typically, the tasks to be per-
formed and the skills required to perform the tasks form the basis of the classifica-
tions. It is not necessary to have a separate classification for each craft if the organiza-
tional structure addresses what work is to be done, what skills are necessary to do the
work, and who is going to do it.
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Many state and local codes require formal education, certification, or licensing
to work on specific systems. Because of safety issues, maintenance of electrical,
low- and high-pressure hot water, or steam boiler systems may require a state or
local license.

Optimal staging of staff, equipment, and space requirements at different service
areas will reduce fuel consumption, toll costs, response times, and travel distances.
Staging presents an opportunity for a smaller work force, more available work func-
tions in each service area, and an increase in wrench time. Through staging, the staff
will become more intimately familiar with their smaller service areas. The increase in
communication between the pipeline and pumping personnel in each service area
will improve the effectiveness of management. Staging often results in the benefits of
cross-training and team-building.

Retention of system knowledge has become an increasingly significant discussion
item as key employees near retirement age. One method for retaining knowledge is to
train individuals and increase their knowledge base to slow down the “brain drain” of
retirement. The training sessions should be offered for various levels of responsibility
or functions; many training sessions should revolve around everyday collections and
pumping functions. A catalogue of classes should be kept online for all employees to
review and to serve as a reminder of what is available. The classes should be include a
title, objective, and targeted attendee and should cover: 

• Overview of pumping and collections groups, 

• Generators, 

• Hand, and power tools, 

• Mapping and GIS,

• Basic computer skills, 

• Towing and tie-down of equipment, 

• Reports and forms, 

• Effective meetings, 

• Construction practices, 

• Televising, 

• Odor control, and

• Wet-tapping and line stops (plugging and/or bypass pumping). 
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6.1 Pumping Station Operations Staffing
Typical pumping station operator responsibilities may include:

• Performing routine pumping station inspections;

• Recording or interpreting information from elapsed time meters;

• Alternating pumps;

• Performing station housekeeping;

• Cleaning bar screens and wet wells;

• Verifying flow information;

• Exercising emergency standby power systems;

• Adjusting packing glands;

• Testing alarm systems;

• Checking parameters such as incoming voltage and current using hardwired
meters;

• Performing equipment preventive maintenance such as lubrication, belt tight-
ening, checking of fluid levels, and exercising of equipment on a routine
schedule;

• Responding to alarm conditions at the pumping station;

• Diagnosing problems and requesting assistance to resolve them when neces-
sary;

• Initiating work orders;

• Assisting craft maintenance crews;

• Providing input on design or station rehabilitation;

• Participating in the budgeting process to identify resources; and

• Supervising field operations.

There may be from one to four levels of experience in the operator classifica-
tion—entry level operator, journeyman operator, line supervisor/lead operator, and
manager—depending on the number and size of stations in the system.

Additional responsibilities for these classes frequently include pipeline inspec-
tion, cleaning, and maintenance.
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Each of these classes has specific job descriptions that include the tasks involved,
skills and level of education required, and performance criteria. In establishing a pro-
gram, many agencies have used certification criteria to define job descriptions.

Certification information is available from many sources, including the Associa-
tion of Boards of Certification program guides and state certification agencies. Before
certification can be used as an incentive for job advancement, it must be strongly sup-
ported and encouraged, and sufficient financial resources must be provided.

6.2 Pumping Station Maintenance Staffing
A typical staffing organization includes classes of personnel for craft or trade mainte-
nance to support equipment maintenance of electrical, mechanical, and
hydraulic/pneumatic systems including a manager, lead person/line supervisor, and
journeyman. Depending on the size, structure, and organization of the agency, the
managers for each of the two levels of O & M can be individual managers, one
assigned to maintenance and the other assigned to operation, or a single manager
responsible for both O & M. A number of agencies also use a fourth class, apprentice
journeyman, administered through an established formal apprenticeship program.

Typically, craft personnel are responsible for performing the following:

• Low- and medium-voltage motor control center maintenance,

• Supervisory systems maintenance,

• Instrument and control system maintenance,

• Internal motor maintenance,

• Lighting panel and branch circuit maintenance,

• Pump overhaul,

• Mechanical seal replacement,

• Vibration measurement analysis,

• Pneumatic systems maintenance,

• Valve maintenance and overhaul,

• Engine repair and overhaul,

• Generator maintenance, and

• Heating, ventilation, and air conditioning system maintenance.
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Although each member of the O & M crew has specific task assignments based
on skills and jurisdictional issues, a successful maintenance program integrates these
skills to create a team. For example, the removal of a pump from a pumping station
for overhaul may require an electrician to disconnect motor connections, an operator
to reset the supervisory control for pump sequencing, and a mechanic for rigging and
removing the pump.

Approaching pumping station maintenance as a team assignment facilitates effi-
cient resource use. One effective approach is to develop composite crews on a skills-
required basis and use crew members within their jurisdictions. In the preceding
example, the electrician and mechanic would be an established crew, assigned work
that requires both sets of skills.

Cross-training is another way to increase maintenance effectiveness. Mainte-
nance personnel are often unable to properly diagnose the cause of a pumping sta-
tion system failure because pumping station systems tend to be specialized. Prema-
ture mechanical seal failure in a pump could be the result of excessive vibration in
the motor, pump, or drive shaft or a critical frequency in the entire system. Nonspe-
cialized maintenance personnel may have difficulty identifying the source of the
problem or may take an inordinate amount of time to do so.

7.0 OPERATIONS AND MAINTENANCE 
FACILITIES AND EQUIPMENT

A properly planned and supported equipment yard is essential to collection systems
operation. It is the location from which equipment, materials, and personnel are dis-
patched and where operations records are kept. Ideally, these facilities are self-suffi-
cient and independent, except where a central repair yard or heavy-duty repair shop
is available.

In smaller municipalities, collection systems maintenance equipment and per-
sonnel typically share one yard with other municipal operations, such as water and
street departments. In this case, it is important that a portion of the yard be desig-
nated for collection systems maintenance activities alone. Specialized tools can be
segregated or color coded so that they are not used on water supply systems. This
reduces confusion regarding equipment use and repair. All essential tools and
portable equipment should be kept in a secure location, with keys issued to supervi-
sory personnel.
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The area should be planned carefully; often the yard is small, and the opportunity
for confusion increases as the space diminishes. If facilities are properly placed, interfer-
ence between departments is reduced. The layout and location of the yard are reviewed
based on current use and traffic conditions and current and future land values.

Satellite yards to house specialized collection systems equipment can reduce
response time on weekends or holidays. Proper response to collection systems com-
plaints will improve public relations; the primary goal is to restore service promptly
in the event of interruptions. In large cities, considerable time can be lost because of
traffic delays or distances between the yard and job site. Agencies in growing metro-
politan areas typically prepare a long-range program and divide the area into dis-
tricts, each with a central yard.

Yard design should provide the proper housing of equipment and materials
affected by inclement weather. Special storage space can be allotted for concrete,
bricks, and other small materials. Raised platforms inside and outside accommodate
the on- and off-loading of daily equipment, materials, and vendor deliveries. It is rec-
ommended that standard or special platforms match the truck-bed level. A platform-
mounted, hand-operated hoist is useful for heavy lifting.

Pumps, compressors, mixers, generators, bypass piping, and other items are best
stored separately so that available equipment is visible at a glance. Emergency equip-
ment used at irregular hours (lights, bypass pumps, etc.) typically are kept away
from regularly used tools so that they can be found quickly when needed.

Storage bins for sand, gravel, dirt, and asphalt should be wide enough to fully
accommodate the bucket of a front-end loader or backhoe so that the material may
be quickly handled and moved. Bins typically are deep enough to hold at least a one-
month supply of materials if used regularly or to hold enough material to complete
two repairs if used only for that purpose. Materials stored outside may be damaged
by the elements over time and can be washed away during extreme wet-weather
events. A cover for these materials may be needed to reduce weather-related damage,
especially if the area has a history of extreme wet-weather conditions.

A clean, orderly yard can strengthen morale and efficiency. Time-controlled
lighting for safety, security, or night operations is essential. Equipment should not be
stored dirty or in disrepair. A wash rack typically is provided for cleaning trucks and
equipment. It is recommended that equipment, vehicles, and storage areas be subject
to routine unannounced inspections. An internal award system can establish a com-
petitive spirit between departments that share a common yard.
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The office, which may or may not be connected to other buildings, typically is large
enough for the proper storage of maps; survey charts; reports and records; and office
materials such as cabinets, computers, printers, reference materials, communication
equipment, and furniture for staff and visitors. There can also be room for small, spe-
cialized tools or computer systems. It is important that items such as transits, laser
lights, levels, and footage counters be properly secured at all times when not in use.

Although agencies may still want to maintain public records at the yard, com-
puter systems increasingly are being linked with these records for immediate recall
to an administrative facility offsite. To promote the best image and preclude disrup-
tion of yard activities, daily public contact will most likely take place at the adminis-
trative facility rather than at the yard office, although this depends on system size.
Growth may play a role in planning a new facility or reexamining an existing one.
For example, if the agency grows larger, more space will be needed for materials,
equipment, and personnel. If the facility is no longer large enough to accommodate
needs, a satellite yard can be established.

Interior walls, floors, tables, chairs, and counters are constructed or treated with
materials that resist wear and can easily be cleaned. A separate room for removal and
cleaning of rain or snow gear and boots will help lengthen the life of this equipment
and keep the rest of the facility clean. It is important to keep in mind that the admin-
istrative offices, whether in a central or satellite facility, are open to the public. A clean
and orderly appearance can be the best public relations image an agency can present.

Central repair maintenance shops vary in size and scope. Some agencies main-
tain the sanitary collection system only, whereas others are responsible for storm
sewers, pumping stations, treatment plants, or street repairs. In smaller communities
where street, water, and collection systems departments are consolidated in public
works, it may be more economical to have a central repair shop. At the common yard,
all equipment maintenance would be performed and all departments would operate.
A utility truck can be set up with an assortment of tools; parts; and welding, cutting,
and hoisting equipment so that the mechanic can go to the problem when necessary.

8.0 REFERENCES
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1.0 INTRODUCTION
This chapter focuses on the information management needs and requirements of the
collection system manager. Presented here are general management principles-rather
than complex technical elements—based on the assumption that technical and super-
visory resources are available elsewhere to implement the necessary software and
hardware solutions.

Three forces have arisen that are compelling collection system managers to evolve
away from paper-based (or non-existent) recordkeeping to computer-based systems:
federal and state environmental regulators, such as U.S. Environmental Protection
Agency (U.S. EPA); asset-management requirements (Government Accounting Stan-
dards Board [GASB] 34); and overall improvements to the industry (technical certifica-
tion programs). In theory, paper-based systems can fulfill the analysis and reporting
requirements of these three demand areas, but the cost of manually collecting and
reporting the data is not financially acceptable in light of the availability of contempo-
rary computer-based systems.

However, the evolution towards computerization has not been without its prob-
lems. For example, computerization can create a flood of raw data from multiple
sources that can result in an incoherent picture, thus becoming a source of frustration
and difficulty—rather than assistance—for a collection system manager. However,
when properly filtered and sorted, the data can become knowledge, which when com-
bined with a collection system manager’s experience, can yield insight, leading to
effective resource decisions. The objective of this chapter is to provide the reader with
a sufficient framework with which to make those decisions in a balanced and profes-
sional manner.

2.0 ESTABLISHING AN INFORMATION
MANAGEMENT SYSTEM

Collection systems have historically been viewed by the public and elected officials
as low-tech and somewhat simple in nature. Therefore, establishing a high-tech elec-
tronic information management system (IMS) can be more challenging for the collec-
tion system manager to execute than say, for example, the purchase of a sewer
cleaning machine, which is a much more routine and familiar proposition. An IMS
requires a noticeable investment to establish and maintain, including the cost of staff
labor, and to a lesser degree, software and hardware. Such an investment will be a
new, added, and permanent cost for the utility, and these factors tend to draw the
scrutiny of elected governing boards.
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To make the establishment of an IMS as palatable as possible to governing
boards, the manager needs to develop a case based on the highest possible goals and
rationales rather than on just the technical merits. Emphasizing the overall public
benefit of an IMS will engender the broadest political and community support, com-
pared with the more limited success that might be achieved if the merits are
described using complex, difficult-to-understand computer-based terminology.

To assist the manager in developing a rationale for a governing board, the fol-
lowing are the most common and defensible principles upon which to establish a col-
lection system IMS:

• Conform to regulatory responsibilities, principally U.S. EPA’s capacity, man-
agement, operations, and maintenance (CMOM) program and its variants;

• Perform timely and consistent information searches;

• Maintain perpetual calendars for preventive maintenance and inspections;

• Provide justification for operations budgets;

• Track prioritized work order and repair schedules;

• Organize capital rehabilitation and replacement plans based on asset-manage-
ment data;

• Preserve the utility’s corporate memory;

• Provide real-time, user-friendly information to field staff; and

• To provide useful and timely maintenance trend and productivity reports.

2.1 Conformance to Regulatory Responsibilities
Since the mid-1990s, collection system agencies have been subject to varying degrees
of regulatory requirements embodied in CMOM. An IMS is an integral part of
CMOM because of the accuracy and consistency that can be achieved with well-
structured and executed computerized management programs.

CMOM programs, as described in the U.S. EPA Guide for Evaluating Capacity,
Management, Operation, and Maintenance (CMOM) Programs at Sanitary Sewer Collec-
tion Systems, incorporate many of the standard operation and maintenance activities
that are routinely implemented by utilities (U.S. EPA, 2005). It does, however, create
a new set of information management requirements to:

• Better manage, operate, and maintain collection systems;

• Investigate capacity constrained areas of the collection system;
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• Proactively prevent sanitary sewer overflows (SSOs); and

• Respond to SSO events.

The IMS requirement has been incorporated by numerous state and regional regu-
latory bodies into their own versions of CMOM, and these requirement(s) can be relied
upon to form the development and use of an IMS within the collection system utility.

2.2 Performing Timely and Consistent Information Searches
The speed with which information can be retrieved from the Internet has raised the
public’s and media’s expectations how local government delivers data. This has obvious
implications for collection system managers who are subject to the same expectations
for speed. It makes the processing power of an IMS an invaluable asset that collection
system agencies cannot do without because poring over reams of paper records to
retrieve, collate, and distribute information is a grinding, error-laden task that does not
speak to the highest possible professionalism of a collection system utility. Outlined
below are the most frequent demands for information retrieval.

• Customer and media inquiries are almost always related to complaints or
problems because there is almost no interest on the part of the public in the
normal operations of a collection system. The ability to provide an immediate
reply using information retrieved electronically leads to high marks awarded
for customer service.

• Elected officials expect to be kept informed on the performance of the collec-
tion system and its engineering and operations staff, especially during rate-
increase requests. A well-organized database can yield compact, uniform
reports that bolster the confidence of elected officials and provide a sound
basis for making resource decisions.

• The Government Accounting Standards Board (GASB) promulgated Rule 34
to measure the degree to which the infrastructure of the United States is being
maintained. It seeks to establish a profile of the life span of the nation’s infra-
structure and when it will need to be replaced or rehabilitated. Although
GASB is not an infrastructure management organization, it is responsible for
setting the standards by which the financial health of the cities and agencies is
measured because they must be able to establish the revenue needed to keep
their infrastructures intact and functioning. An IMS designed to yield current
and projected infrastructure data can be used to satisfy GASB 34 reporting
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requirements. Engineering data, asset-management data, inspection records,
and maintenance histories form the foundation of GASB 34 reporting.

• When a collection system utility is faced with a damage or liability claim,
gathering and arranging historical data is difficult without an IMS. Attorneys
who represent agencies in litigation are at a distinct disadvantage when
records and reports are not digitally organized. In addition, a utility can
depend on its IMS to alert them to repetitive conditions such as flooding pat-
terns that can leave them exposed to damage claims.

2.3 Maintaining Perpetual Calendars for 
Preventive Maintenance and Inspections

The repetitive nature of preventive maintenance and inspections can create a mind-
numbing experience when trying to organize, assign, and report activities without an
IMS. Using an IMS to keep track of commitments made over long periods of time
helps to ensure reliability and continuity. In fact, preventive maintenance and inspec-
tions that have long intervals between activities are the ones most likely to be for-
gotten without the infinite calendars built into an IMS. Paper reminders or other
manual scheduling methods are more likely than not to become lost or forgotten,
especially for long-interval work.

The GASB 34 standard has specific timetables for inspection intervals, which can
be loaded into the IMS. Because pipe inspections tend to occur at long intervals, an
IMS becomes invaluable for this task.

2.4 Providing Justification for Operations Budgets
Operations budgets are typically calculated on the basis of resources needed for each
of four areas: preventive maintenance, inspections, complaint servicing, and spot
repairs. Without an IMS, many collection system managers are left to define their
budgets based on historical experience or intuition, neither of which has solid profes-
sional footing.

An IMS that is properly loaded with data can easily create a profile of the correct
budget by examining resource requirements that are defined for each of the four
areas of operations. For example, a manager can use the IMS to quickly and accu-
rately sum the total labor hours required for a year’s worth of preventive mainte-
nance to determine if the budget is sufficient to accomplish all the tasks. If the man-
ager determines that there are 10,000 labor hours of preventive maintenance work to
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do in a year, but has a budget for only 8000 labor hours, it is easy to see that the utility
has an accumulating deficit of work and they will never “catch up”. These types of
calculations are readily available in an IMS and provide proof-positive to elected offi-
cials the need for an adequate foundational budget.

Additionally, an agency that can never keep up with its preventive maintenance
schedule could face negative consequences from regulators who would be intolerant
of an inherently deficient preventive maintenance program.

2.5 Tracking Prioritized Work Order and Repair Schedules
Prioritization of work orders is a dynamic process because collection systems
themselves are hydraulically and structurally dynamic. In addition, environmental
factors such as wet weather add to the process. Because an IMS operates in real time,
the priority shifts that will occur also can be reported in real time. This provides an
accurate picture of the demands on a utility at any given moment. This is especially
important during emergencies when a manager will be called upon to explain the
service status of the organization. An IMS-based report quickly will be able to
display both the specifics and the global status of the situation.

Additionally, linking the status reports of an IMS to the Internet provides the
broadest information distribution to the public. This goes far in  reassuring the public
that the service they are expecting is not lost in an indeterminate “black hole” of local
government.

2.6 Organizing Capital Rehabilitation and Replacement 
Plans Based on Asset -Management Data

Prioritized capital replacement and rehabilitation plans that are linked to asset-man-
agement information, are similar to prioritized work order and repair schedules as
described above. However the sheer scale and expense of doing capital work requires
a separate prioritization scheme that is much more complex than the relatively
simple variables associated with work orders.

Several collection system attributes can cause asset management to be complex:
structural materials and performance; maintenance and repair history; anticipated
future flow; the ability of the agency to finance capital work; and much more. Cap-
turing this information and producing a rational capital management plan based on
this degree of complexity is only achievable with an IMS as the cost of assembling
and analyzing the information manually is cost prohibitive.
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The rise of sophisticated asset management as a refined science is due primarily
to the availability of data analysis capabilities associated with computer systems.
Until recently, the complexity of this information has been too overwhelming to cost-
effectively analyze using other means.

2.7 Preserving the Utility’s Collection System Corporate Memory
Of all the principles upon which to establish and maintain a collection system IMS,
preservation of corporate memory is perhaps the most important of all. A collection
system is a long-lived public asset and the knowledge of how the system was built,
operated, maintained, and rehabilitated/replaced is a knowledgebase that will out-
live current and future utility staff.

Too often, the retirement of a knowledgeable employee has meant that a substan-
tial part of the utility’s corporate memory was lost, to the detriment of those still
working there and to the ratepayers who support the system. For this reason alone,
an IMS that can maintain this knowledge across generations of employees is a valu-
able asset for a manager.

3.0 BUILDING AN INFORMATION 
MANAGEMENT SYSTEM

Once the premise and rationale for an IMS has been established and approved, the
process of building it can begin. This process involves an understanding of the types
of data associated with collection systems, the attributes that need to be captured,
and the reports that are generated.

3.1 Types of Collection System Information
Building IMS for a collection system involves an understanding of the different types
of data found in a typical system. In analyzing the information management needs of
a utility, the manager should be familiar with the basic types of data that are typically
associated with collection systems.

Collection system information can be categorized into five principal types:
(1) System data is the heart of collection system information, upon which all

other data are dependent. System attributes consist of an inventory of a
collection system’s assets, its maintenance, repair, inspection, and condi-
tion assessment. Customer service records and the history of complaint
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resolution are also components of system data. (Failure to maintain cus-
tomer service data may invite litigation as a result of claims for damages.)

(2) Spatial data describes the location of system structures with respect to real
world geographical references, typically survey coordinates, and often are
derived from global positioning satellite readings. Spatial data is the back-
bone of geographic information systems (GIS), which are used to create elec-
tronic maps of collection systems and link data to them.

(3) Dynamic data is the reporting of real-time data that describes how the collec-
tion system is functioning. The most common dynamic data is pumping sta-
tion activity and alarms reported by supervisory control and data acquisi-
tion systems; flow metering results; and rain gauge readings.

(4) Modeling data is used to determine the existing and future hydraulic
capacity of a collection system. It is derived from sophisticated computer
software that melds inventory parameters, such as pipe size, with topo-
graphic data, such as slope, with flow metering results and storm activity to
profile the system’s ability to handle flow during dry weather and wet
weather events.

(5) Asset value data is the calculation of the monetary value of the collection system,
the cost to rehabilitate or replace it over its lifetime, and the revenue demands
necessary to support those capital improvements. There is a close link between
how the system is maintained and the length of its life expectancy.

3.2 Selecting the System Attributes to Retain in a 
Collection System Information Management System

A collection system manager should aim to have a set of criteria by which to judge
whether or not the utility should expend resources to capture, store, and report an
attribute. The goal should be to gather a sufficient, but not overwhelming, amount of
information to allow a reliable understanding of the collection system. The five basic
collection system attribute groups are listed at the end of this section.

It is important that before the information system is built, the manager defines
the ongoing daily, weekly, monthly, and yearly reports that will be required from the
IMS. These output reports will dictate the input requirements of the IMS, which will
eliminate gathering and inputting information of questionable value. The manager
should start with the end in mind, because waiting until the system has been imple-
mented to try and design ongoing reports will be expensive to correct.

Also, there must be an appropriate balance between the capability of the software
and the capability of the agency using it. The sophistication of the desired software
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should not exceed the staff’s ability to use it, as this could result in a significant loss of
investment. Conversely, agencies need to closely analyze the promised capability of pro-
posed software installations to ensure that it will actually deliver the desired functions.

To help facilitate the attribute selection process, a collection system manager
should ask several questions about each. For example, does it identify a unique
value, such as a structure’s identification or location, or a customer? Unique values
are the most important attributes to capture because databases and maps depend on
this data to navigate finding, sorting, and filtering data. Or is it reportable informa-
tion that can be counted, summed, or averaged?

Statistical analysis and reporting are the primary products of an IMS because
they exploit the calculating speed of computers. Incidental information that would
not be subject to statistical analysis may not be worth the effort. For example, is it
worth the effort to know the size of each manhole cover in a system?

There are several good examples of statistical data worth keeping and reporting:

• A daily list of incomplete work orders,

• A sum of the length of all the pipe in the system,

• The number of SSOs per approximately 160 km (100 miles) of pipe in the
system, and

• The number of service laterals in the system.

Other questions include: Is the attribute a problem flag? Does the attribute serve
to alert you to an important condition that is otherwise hard to remember? Does it
warn you of an effect or potential effect on public health and safety, or on the safety
of crews?

For example,

• Does a structure have an exceptionally hazardous aspect, such as a nearby
industrial waste discharger?

• Is it a work-order location that is known to be barricaded and, therefore, more
hazardous to the public?

Does it inform the manager of important contractual or ownership issues
regarding a sewer structure?

For example,

• Is it a structure that is privately owned or maintained, and is, therefore, not the
utility’s responsibility?

• Is a structure’s construction guarantee still in effect when a repair is required?
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Is the attribute map-dependent data, and is needed for building and maintaining
the collection system maps? 

Examples of map data are:

• Latitude/longitude survey data,

• Rim elevation,

• Invert elevation,

• Depth, and

• Length.

If the attribute is an inspection defect, then is the defect significant enough to be
worth keeping in the IMS?

Inspection defects are the single most abundant attribute in a collection system
IMS. They are usually derived from television inspection records, and with inspec-
tion equipment it is possible to capture endless amounts of defect observations.

However, it is not possible or realistically desirable to repair every observed defect
because the cost would not be justifiable to perform trivial repairs. Collection systems,
like all infrastructures, are in a constant state of change and the most cost effective main-
tenance and repair is that which addresses significant problems, not all problems.

Therefore, it would likely be in a collection system’s best interest if only the sig-
nificant defects were entered into the IMS to prevent the database from being pol-
luted by trivial, distracting, or non-consequential information.

There are five basic collection system attribute groups that would comprise both
an IMS and a GIS:

(1) Structure data.
• Manholes,
• Main lines,
• Service laterals,
• Catchbasins or stormwater inlets,
• Pumping stations and comminutors,
• Septic tanks and miscellaneous structures, and
• Stormwater storage/detention facilities.

(2) Maintenance data.
• Scheduled preventive maintenance,
• Scheduled repair work orders,
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• Unscheduled/emergency work orders, and
• Weekly, monthly, and yearly maintenance and crew productivity reports.

(3) Inspection data.
• Structural defects

– Pipeline defects—cracking, deflections, etc.,
– Pipe joint defects—offsets, etc., and
– Manhole and catchbasin/stormwater inlet defects—structural

components.
• Maintenance conditions

– Debris,
– Grease,
– Roots,
– Odor, and
– Vermin.

• Inflow and infiltration measurement.

(4) Hydraulic/capacity defects—surcharging; only a subset of the factors
needed to determine optimum capacity.

(5) Condition assessment—a combination of specific physical conditions such
as defects and structural data such as material type.

3.3 Practical Guidelines for Establishing an 
Information Management System

One of the most important mantras to remember is: garbage in, garbage out.
Installing a computer system cannot repair the errors of a poorly managed, paper-
based system. If a utility’s paper records are in disarray, mere data-entry of those
records will only exacerbate the problem of trying to remedy the errors. Like house
painting, the majority of the work is in the preparation, not the final step.

The biggest cost of computerization is data collection, input, and upkeep—not
software and hardware. When a utility undertakes the establishment (and operation)
of an IMS, there is a tendency to underestimate the labor hours required to build and
use the system, including staff training. Those labor hours, which are a real cost,
cannot by trivialized and should be a primary focus when considering an IMS. The
cost of the IMS software and hardware, even some of the most expensive systems,
does not even compare to the required labor commitment.
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4.0 OPERATING AND MAINTAINING AN
INFORMATION MANAGEMENT SYSTEM

Operating and maintaining the IMS is vendor-specific and should be addressed by
its supplier. However, there is one aspect of the IMS that only the collection system
manager can supply: security of the data against accidental loss because of fire,
employee mistakes, or vandalism.

Every labor hour that is put into building and using the IMS increases the eco-
nomic worth of the system in replacement-value terms; the IMS could eventually
become the utility’s single most valuable asset.

Therefore, the collection system manager must use his or her authority to provide safe,
off-site storage for duplicate copies of the database(s). Merely keeping duplicates in a file
cabinet next to the computer will be useless in the event of a catastrophic fire in an
office building. And even if a recovery were attempted from such a loss, anecdotal
attributes could never be recovered.

5.0 REFERENCE
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1.0 INTRODUCTION
A well-documented capital improvement plan (CIP) provides a utility with a sound
understanding of the costs and schedules of system improvements that will be
required to sustain performance in the future. An accurate CIP allows managers and
decision makers to understand near and long-term financial needs, which is critical
to sustaining a consistent level of service at a consistent cost to customers.

This chapter will outline the process of developing and updating a CIP and
describe the information required to conduct this process. Because CIP development
requires an understanding of both existing system conditions and projected future
needs, this chapter includes a discussion of system assessment approaches and tech-
nologies. Capital improvement plans are a multi-year planning instrument used to
identify needed capital projects and to coordinate funding needs and timing to maxi-
mize value to the public. The key components to a successful CIP include:

• Reliable tools for inspection, monitoring, and recording the condition of the
collection system infrastructure;

• Methods and tools to evaluate capacity and the effects of future growth on the
system;
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• System to incorporate and prioritize input from the key stakeholders interests
including engineering, operations, finance, management, and customer;

• Priority matrix developed with input from the key stakeholders; and

• Appropriate funding levels and phasing of improvement strategies to achieve
desired replacement goals.

This chapter guides the wastewater collection system manager through the
important steps in developing a CIP. The CIP process includes developing funding
requirements that will be used for budgeting, which is discussed in more detail in
Chapter 8. In general, to develop a CIP a manager needs to follow several key steps:

(1) Identification,
(2) Validation,
(3) Prioritization, and 
(4) Financing (see Chapter 8).

2.0 SYSTEM ANALYSIS
Understanding the system is the first step in developing a successful CIP. Various
tools and methods are available to help the manager gauge the pulse of the collec-
tions system. These tools are vital in identification and prioritization of system
improvements.

2.1 Capacity Assurance Planning
Most municipalities have been experiencing population growth and, as a result, an
increase in flow to existing infrastructure. In addition, infiltration and inflow (I/I)
increases as infrastructure ages; these increased flows can result in basement backups
and sanitary sewer overflows. Hydraulic models and use of other analysis tools—
including spreadsheets and Manning’s equation—typically are used to identify size
alternatives to relieve capacity restrictions for various storm and buildout conditions.
Other tools such as geographic information systems (GIS), flow monitoring and
supervisory control and data acquisition (SCADA) are useful tools in identifying
potential capacity issues with an increase in growth and I/I.

Managers also should track incremental flows added to the system, which can affect
capacity. The capacity of all new developments should be recorded to eliminate the pos-
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sibility of “double dipping” by allocating the same capacity to two different developers
based on the timing of actual construction. This can be accomplished using GIS or a
simple spreadsheet as new connection fees are collected. The data can then be used for
various modeling simulations to determine the potential effect on the system.

2.2 System Analysis Tools and Methods
The process of developing a CIP has evolved over the years as new tools and methods
for assessing wastewater collection systems have emerged. Tools now used for devel-
opment of a successful CIP include hydraulic models, GIS, automated field data collec-
tion, asset-management systems, and sophisticated databases. These tools, when used
together, can assist the manager in making well-informed, defendable, and optimized
decisions about which projects to include and what priority each receives.

2.2.1 Data Collection and Management Methods
Acquisition, analysis, and application of collection systems information is the foun-
dation of accurate and effective decision-making in a CIP. The most effective way to
collect and analyze this information is by using an asset-management system. A
utility’s ability to effectively manage its infrastructure is directly linked to its ability
to maintain accurate and up-to-date information on the status and location of its
facilities. At a minimum, this requires that changes made by field crews, such as
repairs and small replacements performed through operations and maintenance (O
& M), be recorded and shared with staff maintaining the facility’s maps, records, and
engineering information.

Information about a collection systems inventory should be linked to its geo-
graphic location to provide a spatial context of the extent and condition of the
system. This link between the data and spatial component is achieved through the
use of GIS. Through the use of unique identification numbers, geocoded addresses,
and global positioning system records, assets can be viewed in the correct geospatial
context for a variety of uses, including locating where critical assets exist and how
they are grouped. 

Asset-management systems and GIS are useful tools for developing a CIP only if
the data that populates these systems is accurate, reliable, and reproducible. Various
data collection methods are available to achieve this goal including SCADA, global
position systems (GPS), field data collectors, flow monitoring, and collection system
inspection techniques (closed-caption television [CCTV], smoke testing, manhole
inspections, sonar inspections).
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2.2.2 Supervisory Control and Data Acquisition Systems
Supervisory control and data acquisition systems provide continuous monitoring and
control of remote points. In wastewater, SCADA typically is used to monitor collection
system lift stations and to provide real-time alarming and historical archive of system
operations for analysis and predictive maintenance. Data collected through a SCADA
system provides key information for development of a CIP, including pump run times,
increase in head pressure or volume of I/I flow, and a history of system deficiencies
identified by real-time alarming. The SCADA helps the wastewater collection system
manager identify future problems and plan and budget for future CIP projects.

2.2.3 Geographic Information Systems and Computer-Assisted Drawing
One of the most common problems in collection systems management is determining
the locations of collection system lines and manholes. This task is best done by
keeping maps showing the locations of the collection system lines, cleanouts, and
manholes; depth-to-sewer invert; pipe material and size; and the direction of flow.
Pumping stations, appurtenances, and wastewater treatment plants (WWTPs)
should be clearly identified. With the popularity of mobile computers, maps of the
collection system can be made available to field personnel. Maps also can show the
location of other utilities like water power and natural gas.

System mapping for many utilities consists of large, paper maps divided into
overlapping, large-scale sections. These maps or sheets are bound into books that can
be stored easily and taken into the field as needed. For older systems, original maps
may not be accurate because construction over the years may have relocated entire
sections. If not maintained properly, maps can quickly be outdated by development,
reducing accuracy and confidence-level.

Developments in computer mapping have made it possible to detail systems and
easily add new structures. Computer-assisted drawing and GIS applications have
expanded to offer a wider variety of uses, from simple mapping to computer-aided
modeling for predictive management. Among some of these parameters exist the
ability to provide:

• Information layering and dimensional,

• Variety of maps for different collection system applications or designs,

• Easily revised maps,

• Record of activity sites and causes of problems,
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• Record of current and future rehabilitation sites,

• Record of current and projected maintenance sites, and

• Record of television inspection sites.

2.2.4 Computerized Maintenance Management Systems
Collection systems contain several assets that need to be managed and maintained:
sewer mains, manholes, siphons, forcemains, cleanouts, lift stations, and laterals. Some
regulatory bodies that manage discharge permits are requiring agencies to have a
system in place to schedule regular maintenance and cleaning of the sanitary sewer
system and document these activities. As discussed in earlier chapters, asset manage-
ment is a process that addresses the efficient, long-term management of the collection
system from an engineering and economic perspective. Asset management is a sus-
tained, systematic process of designing, operating, and maintaining assets and facili-
ties effectively. It is important to remember that asset management is not a software
system but rather a programmatic approach to managing and maintaining assets that
is accepted and supported by the entire organization. Computerized maintenance
management systems (CMMS) are software packages that can assist an agency in
maintaining a computer database of information about an organization’s maintenance
operations. This information is intended to help maintenance workers do their jobs
more effectively and to inform management decisions. Today, most systems are com-
puter-based and easy to use. Advances in computer technology have made the devel-
opment and maintenance of databases cost effective for even the smallest utilities. Sys-
tems should be tailored to meet unique facility needs. A careful evaluation of specific
needs, based on clear objectives, should development of an effective system.

Specific categories of information necessary for computerized maintenance sys-
tems are facilities inventory, service work order, and maintenance history. Inventory
data should be available within the CMMS so that jobs can easily be planned and
crews can be sent to locations with the appropriate parts and materials. This infor-
mation is important to the organization for other uses, such as asset management,
capital planning, or hydraulic modeling. Historically, location and attribute data
have been maintained on maps and drawings, inventory cards, or manual records.
The data conversion activity will be the largest effort required of most utilities.

2.2.4.1 Maintenance History
Maintenance history data are valuable for determining budgets, planning capital
improvements, and developing preventive and predictive maintenance activities.
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Maintaining records serve two purposes: to help record work done in the system and
to help plan future projects. Records of the maintenance activities are typically
tracked on prepared forms corresponding with a particular CMMS format. These
forms include information such as the date, location, work performed, distance,
reason for work, material removed, equipment used, condition of manholes, and any
additional remarks.

Accurate, current maintenance history can protect the agency in case of a litiga-
tion challenge. During litigation, lawyers for both sides typically ask for maintenance
history of specific items within certain dates. The CMMS must be capable of handling
queries used to obtain the required information without too much manual input or
data recreation.

Utilities currently using paper systems should consider computerized record-
keeping because of its lower long-term cost and ability to process information in sec-
onds instead of hours or days. Using a CMMS gives a manager the ability to manipu-
late data in a tremendous variety of ways, from relational comparisons of different
pipe materials and conditions, to automatic work-order generation based on televi-
sion inspection done the day before. All are generated far faster than written records
at far less cost over time. Some of these programs allow all operations (biweekly
cleanings, staggered yearly maintenance, or repairs to the system or pumping sta-
tions) to be tracked and analyzed over time.

Once maintenance history and facility inventory data are available through GIS,
the data also can be viewed in conjunction with other information such as, for
example, a collection system’s maintenance history overlaid with results from a
hydraulic analysis. This compilation helps to prioritize capital improvement projects
and to protect assets.

2.2.4.2 Complaints and Service Requests
Whenever a complaint is received from a system user, a service request needs to be
recorded on either paper or in the CMMS. It is important that these requests be
tracked and reviewed on a regular basis to identify trends and problem areas before
they escalate. Guidelines for handling customer complaints must be developed and
understood by all maintenance employees. Each agency should develop their own
benchmarks to use in identifying areas for improvements. Various benchmarks have
been developed for responding to complaints and other customer service issues,
which are described later in this chapter. Charting customer complaints gives the
manager more information for identification and prioritization of future capital pro-
jects. Service requests typically initiate a work order to address the problem.
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2.2.4.3 Work Orders
The primary function of most CMMS applications is service order processing. All service
orders must be geographically referenced and should provide information about the
facilities involved. Location plays a key role in scheduling and tracking maintenance ser-
vice orders and ultimately is included in a CIP. Work orders typically include the facili-
ties involved; the problem reported; activities performed; materials, parts, and labor
required; and job site information. Geographic information systems facilitate retrieval
and use of this information by identifying specific facilities, locations, or attributes.

2.2.5 Integrating Geographic Information Systems and 
Computerized Maintenance Management Systems

Over the past few years, more utilities are converting to computerized systems to
handle schedules, plans, specifications, engineering drawings, contracts, change
orders, time sheets, and project communications and management. Computerized
systems allow managers more time to manage projects; better and faster communica-
tions; less time and money spent producing reports, plans, and specifications; and a
reduction in clerical staff.

Computers are playing a critical role in managing a utility’s spatial and tabular
as described above. The growing availability of geospatial data and GIS has given
managers a valuable tool in planning, spotting trends, understanding the system,
and presenting findings to staff, governing boards, and the public.

Integrating CMMS and GIS data with an existing system is one of the biggest
challenges in creating a functional planning tool. This integration, however, can yield
the greatest benefits. For municipalities, this includes looking at how data flows
though the department, reviewing workflow processes, and potentially reengi-
neering the information systems that support the organization. Because approxi-
mately 75 to 80% of the organization’s information relates to location, proper imple-
mentation of a GIS can dramatically improve the effectiveness of this information.
Automation and integration of work orders and linkage of the CMMS with the GIS
allows maintenance supervisors, engineers and managers to statistically analyze
complaints, recurring problems, and repair data. When linked to a GIS, data can be
presented using custom queries to show pin maps or other thematic maps that show
the type, frequency, and clustering of events. For example, a sewer’s maintenance
history can be overlaid with results from a hydraulic modeling analysis to rank
potential capital improvement projects.
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Combining the tabular (CMMS) data and spatial (GIS) data into an integrated
tool allows managers the ability to more effectively plan and identify capital
improvement projects that will

• Address recurring problems,

• Comprise projects that are spatially diverse across the municipality,

• Combine similar projects in close proximity, and

• Include information on surrounding construction projects.

2.2.6 Inflow and Infiltration Identification
The magnitude I/I in a collection system is a good indicator of overall system health
and can be used to help identify and prioritize CIP projects. These extraneous flows
can affect system performance, decrease capacity of existing infrastructure, and sig-
nificantly increase the cost of wastewater treatment. Inflow and infiltration exist in
all collection systems, and inspection crews are frequently tasked with identifying
and tracking I/I parallel with condition inspection. Rehabilitation, refurbishment,
and replacement of assets that are responsible for most I/I in a system is typically a
large part of the overall CIP.

Inflow is extraneous stormwater or snowmelt runoff that enters a collection system
through roof leaders; cleanouts; foundation drains; sump pumps; and cellar, yard, and
area drains. Stormwater also may enter through cross-connections between a sanitary
sewer and storm sewers and through defective manhole covers and frame seals.

Infiltration is water that enters a collection system from the ground through
defective pipes, pipe joints, damaged service connections, or manhole walls. Infiltra-
tion most often is related to high groundwater levels but can also be influenced by
storm events or leaking water mains.

Rainfall-derived infiltration and inflow (RDII) is I/I that occurs during and fol-
lowing a rain event. It has been recognized as a significant source of operating prob-
lems, often contributing to sanitary sewer overflows (SSOs) such as backups into
homes and basements. The RDII also can cause serious operating problems at waste-
water treatment facilities because it leads to increased flows, which can sometimes
overload hydraulic or process capacity of plant facilities.

Inflow issues typically are easier to identify during wet weather because drains
or sump pumps become active. These inflow sources typically are privately owned
and need to be terminated by the property owner causing the discharge. In many
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instances, the property owners are not aware that they are discharging stormwater to
the collection system.

Infiltration can be more difficult to pinpoint and more expensive to resolve than
inflow. Although the amount of infiltration can be estimated with some accuracy by a
good flow-monitoring plan, the actual infiltration sources can be especially difficult to
find. They consist of underground defects that admit stormwater or snowmelt that has
soaked into the ground. Though some leaks can be found during and immediately
after wet-weather events, many will take days or weeks to find as groundwater levels
increase enough to contact the collection system. Flow monitoring typically is used to
find these areas of extraneous flows, which are then televised during periods of high
groundwater levels to determine where the flows originate. After being cataloged,
repairs can be made on a priority schedule based on estimated volume of infiltration.

The identification and quantification of I/I flows in the system typically is done
by using testing techniques such as flow monitoring or portable instantaneous flow
weirs. The use of CCTV, smoke testing, and dyes also can provide information on
extraneous flows. Some large utilities have found it economical to keep chemical
grouting and sealing equipment on hand during CCTV activities for spot repairs. It
is important to catalogue all defects identified before making repairs; data can be
used in future analysis and prioritization of similar pipe for CIP projects.

Inflow and infiltration data collected during inspection are used to identify and
quantify specific sources of extraneous flows and determine which segments are
affected. After significant wet-weather flow monitoring and instantaneous weir mea-
surement data recording, flows are analyzed to determine where subsequent wet-
weather and dry-weather I/I investigation work should be performed. The objective
of an I/I investigation is to identify extraneous flow sources so that those pipes can
be targeted in the CIP.

Field investigations typically include several tasks:

• Flow monitoring and instantaneous weir measurement to:

– Determine wastewater and extraneous flowrates;

– Determine collection system basins with excessive extraneous flows;

– Identify collection system reaches with excessive extraneous flows; and

– Quantify manhole extraneous flows.

• Internal manhole inspection to identify extraneous flow sources in manholes
and tributary pipes.
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• Wet-weather television inspections to determine extraneous flow sources and
distribution between public and private property laterals.

• Dry-weather, CCTV inspections.

• Dry-weather smoke testing.

• Dry- or wet-weather dye water testing at suspected storm sewer direct and
indirect connections to the collection system.

• Wet-weather surface inspections for manhole inflow sources.

• Building inspections for the identification of illegal connections such as roof
leaders, sump pumps, and foundation drains during construction and
remodels.

• Identification of cross-connections such as storm water drains.

• Small television camera inspections of service connections with extraneous
flow or maintenance problems.

• Rainfall data collection.

• Work order review.

These investigations are necessary to identify and control extraneous flows that
hydraulically overload some collection systems, pumping stations, and WWTPs. In
most instances, severe extraneous flows will activate SSOs and cause backups that
create health and environmental problems. Reduction of extraneous flows reduces
the cost of wastewater conveyance and treatment, increases available system
capacity, and reduces the need for parallel collection systems and flow equalization
facilities or additional treatment capacity.

Hydraulic models described later in this chapter are a valuable tool in deter-
mining the effects of I/I on system components listed above and the benefits of its
elimination.

2.2.7 Flow Monitoring /Monitoring 
Knowing how gravity flow and pumping stations convey wastewater through the
collection system is essential for understanding how the collections system functions
on a day-to-day basis. Knowing the depth and velocity of wastewater moving
through the system and determining what the theoretical volume should be based on
the number and types of users can help determine what percentage is normal flow
and what is attributable to I/I.
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Obtaining accurate flow measurements is useful when developing a CIP. Flow
measurements can help identify problem areas such as areas with high rates of I/I
during wet weather. In addition to locating extraneous flows, measurements inform
the system manager of the amount of wastewater being conveyed versus the capacity
and estimated user volume of the system overall or in a given area. When develop-
ment begins to tax capacities of pipes, flow measurement may be the only means
available to regulate land use or system upgrade parameters. This information also is
valuable for bypass pumping or for sizing a new pump for a lift station. Flow mea-
surements can be used to determine I/I by comparing dry- and wet-weather mea-
surements. In some cases, flow measurements are used to detect wastewater leaking
out of the pipe and water entering it. As opposed to totalizer flow monitors—which
typically are recorded daily and provide total flow quantities between monitor read-
ings—continuous monitoring can be used for more detailed analysis. For example,
continuous monitoring can be used to measure treatment flowrates from joining
communities for billing purposes, and projected extraneous flowrates and volumes.
Older monitoring facilities initially used depth-only monitors to measure flowrates,
which can be inaccurate if submerged flow or backwater conditions occur or if debris
buildup affects the primary device. Typically, these monitors were used in permanent
or temporary manhole locations, providing a printed record on a circular chart on a
daily or weekly basis. Advances in technology now provide monitors that can read
depth and velocity simultaneously, providing greater accuracy during normal and
surcharge flow conditions over longer periods of time. Data typically is stored elec-
tronically, or a telemetry system can be used to transfer information to a remote mon-
itoring site.

Temporary monitoring is used to determine various flow conditions, including

• Dry-weather wastewater flowrates;

• Influence of extraneous flows;

• Flowrates for computer modeling;

• Peak and average daily flows for lift station design, bypass pumping, system
upgrade, and interceptor sewer design;

• Available capacity for development;

• Location of bottlenecks;

• Project exfiltration rates; and

• Sewers with maintenance or capacity difficulties.
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Many utilities use flow-monitoring devices to measure wastewater flows from
sub-basins in their collection systems to assess the effects of I/I. Dry-weather, wet-
weather, and rainfall-induced flow conditions are recorded. The dry-weather diurnal
flowrates are used to identify base wastewater discharges and the presence of
groundwater infiltration. Wet-weather flow conditions occur during rainfall and typ-
ically lead to the highest rates of flow in the collection system. Analysis of flow-mon-
itoring data can be used to distinguish between wastewater flow components and
identify where RDII flowrates and volumes are the highest, thus providing priorities
for collection system rehabilitation.

Projected groundwater infiltration and RDII rates are determined through
numerical and graphical comparisons of dry- and wet-weather flows. A graphical
comparison of dry- and wet-weather flow patterns is an excellent method of pro-
jecting I/I rates and visualizing effects at the monitoring site. Figure 4.1 is a
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hydrograph (a plot of wastewater flow during a selected period of time) that pro-
jects RDII during a 24-hour period. A rainfall-induced flow plot is superimposed
over a typical dry-weather flow pattern for the same day of the week (for
example, Monday versus Monday) at the same monitoring site. The hydrograph
notes the peak rate and volume of RDII during the analysis period. Through this
type of flow comparison, the daily flow patterns or cycles at a particular moni-
toring site are matched. Any difference in the flow patterns is attributed to waste-
water fluctuations or I/I.

Along with flow monitoring of extraneous flows, rain gauges should also be
used to determine rainfall amounts, duration, and intensity. Comparisons between
rainfall and flow monitoring determine the relationship of rainfalls to collection
system extraneous flow responses.

2.2.8 Hydraulic and Hydrologic Modeling
Hydraulic and hydrologic modeling is a powerful tool that managers can use to eval-
uate the current and future state of the collection system. The material in this section
provides a high-level description of the critical components of a hydraulic and
hydrologic model. For more a more detailed discussion on this topic, refer to Existing
Sewer Evaluation and Rehabilitation (WEF, 2008). This section uses excerpts from that
manual for purposes of giving the wastewater collection system manager enough
information to evaluate the required data and effort to use a hydraulic model for use
in collection system management.

Hydraulic and hydrologic models traditionally have been used as planning tools
and to efficiently evaluate alternatives and solutions. In addition, when merged with
GIS and other applications, models can extend beyond planning projects and become
an integral part of an infrastructure management toolbox. In this capacity, models can
serve multiple objectives:

• Master planning;

• Capital improvement plan development;

• Regulatory compliance;

• Combined sewer overflow long-term control planning;

• Capacity, management, operations, and maintenance assessments;

• Inflow and infiltration evaluation;
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• Design improvements;

• System O & M;

• Real-time control modeling; and

• Water quality/watershed studies.

The development of a model varies depending upon the intended objective and
purpose of the model and the information required from it. Most municipalities will
have two primary objectives:

(1) Develop a model to accurately simulate operation of the existing wastewater
collection system and its ancillary structures and

(2) Develop a model that will become an operational and planning tool to guide
ongoing maintenance activities and assist in the allocation of future waste-
water collection system capacity to new development.

For capital planning, it is important to understand the level of sophistication of
the model used and what assumptions are being made in the development phase.
Some models can select more conservative projects to ensure that the system will be
sized to handle the worst case scenario, but this may cost more than decision makers
are willing to spend. Understanding the benefits and limitations of a model will
allow managers to set an acceptable level of risk as they develop their long-term CIP.

2.2.8.1 Steady-State Simulation versus Dynamic Simulation
When looking for a hydraulic model, it is important to have a good understanding
of the system and what is important to its operation. If the system routinely sur-
charges and pipes are serving as storage, then the model used must accurately be
able to predict the shape of the hydrographs in both surcharged and non-sur-
charged flow conditions. Other factors that should be taken into account are
whether it is necessary to simulate:

• Surcharge levels or flooding;

• Backwater effects in nonsurcharged pipes;

• Reverse flows in nonsurcharged pipes;

• Looped systems; and

• Modeling of ancillaries (e.g., pumping stations and regulators).
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Where there are complex control systems or ancillary structures, special consid-
eration should be given to the capability of the model to simulate these features. 
If the model is to be used as the basis for a collection system quality model, this will
have to be considered in selecting software.

Existing steady-state models are not sufficient to develop this level of under-
standing. Although they have their place for some applications (design of new sys-
tems, for example), they are not suited for developing a detailed understanding of
existing system operating characteristics required by most projects today. Dynamic
modeling will provide

• Detailed understanding of collection system performance;

• Ability to project into future;

• Accurate understanding of I/I mechanisms;

• Basis for prioritization of improvements;

• Optimization tool, including real-time control alternatives;

• Integration of collection and WWTP models; and

• Regulatory defense.

Dynamic modeling of the collection system should be used to determine avail-
able system capacities and, from that, where the collection system can be used to pro-
vide interim capacity relief for the treatment plants. Further, dynamic modeling will
allow the analysis of real-time controls for developing capacity augmentation mea-
sures that may include remote or other flow control measures and/or inter-basin
transfers within a municipality’s collection system.

2.2.8.2 Flow Development
For modeling purposes, it is useful to further define the components of flow in waste-
water collection systems. Figure 4.1 displays a typical two-day wastewater flow
hydrograph. Flow is plotted against the y axis on the left side of the plot and precipi-
tation intensity is plotted against the inverted y axis on the right side of the plot. The
wastewater flow hydrograph can be broken into three basic components:

• Groundwater infiltration enters a collection system typically through service
connections and from the ground through defective pipes, pipe joints, connec-
tions, or manhole walls; may have seasonal variations but is typically treated
as constant over the duration of a single precipitation event.
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• Base wastewater flow enters the collection system through direct connections
and represents the sum of domestic, commercial, and industrial flows.

• Rainfall-derived infiltration and inflow is the portion of the wastewater flow
hydrograph above the normal dry weather flow pattern; it is the wastewater
flow response to rainfall or snowmelt in a watershed.

2.2.8.3 Calibration/Verification
Model calibration is the process of adjusting estimated model parameters to match
observed flows and water depths in the system. This step is essential for the creation
of a model that accurately represents a collection system. In general, there are few
parameters that can and should be adjusted; the final value should always fall within
the range of reasonable values for that parameter. If a value outside of that range is
needed to achieve a suitable match between model predictions and measurements,
the model likely is not accurately representing the system. This is one of the reasons
that inspections may be required: to check that actual system configuration matches
available information. In general, calibration proceeds in the downstream direction.
To accurately calibrate the hydraulic model, two efforts are needed: dry weather cali-
bration and wet weather calibration. The goal of calibration is to simulate flow in the
collection system within an acceptable range of observed flow data. Calibration tar-
gets also should take into consideration modeling objectives and availability/relia-
bility of all data sources used to develop the model.

Typical tools used in the calibration and verification of hydraulic models include:

• Flow monitor data (dry and wet weather data);

• Rain data (point and radar);

• Facility information (i.e., lift station set points, run times, pump curves);

• Water usage;

• Land use; and

• Infrastructure asset information (location, diameter, length, etc.).

The required level of calibration and flow monitoring are determined after
defining project goals and carefully reviewing existing information on dry- and wet-
weather hydraulics. With adequate calibration, the models become consistent tools
to assess the hydraulics of the existing collection system and to identify capacity con-
cerns to be incorporated to a CIP.
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2.3 Condition Assessment
Assessment of the collection system should be part of the daily activity of the main-
tenance staff. When determining the replacement priority of an asset, age is a valu-
able piece of information, but actual condition is much more useful. Everyone
involved in field activity should gather information on system conditions as they
perform their assigned tasks. For example, in addition to setting up and performing
flushing and cleaning activities, operations staff could perform an above-the-ground
manhole inspection at the receiving end while waiting for the equipment. This type
of joint activity maximizes the use of operations staff time and also provides valuable
information to engineering staff for CIP prioritization and I/I analysis.

Collection systems management is charged with maintaining the system and the
investment it represents. An asset inventory tracked in a CMMS can provide the
reporting and inventory analysis required by management. The data, if collected and
stored properly, can also be used for planning and predicting system upgrades and
future capital plans. A well-managed system should track several items:

• Population served by the system;

• Total system size in length of lines;

• Inventory of pipe lengths, sizes, and access points;

• System appurtenances, bypasses, siphons, overflows, diversions, and splits;

• System component installation dates and materials;

• Total theoretical capacity of the system;

• Total theoretical generation of wastewater by population;

• Volume customers;

• Industrial and commercial users with high discharge levels;

• Total current flow volume;

• Total length off-road easements and rights-of-way;

• Force main locations and lengths;

• Summary of pipe sizes and lengths of each;

• Number, location, and capacity of pumping stations;

• Number and location of siphons and inverted siphons;

• Number, location, and size of tide or flood gates;
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• Equipment on hand (maintenance, excavating, and repair equipment);

• Number of field personnel available;

• Breakdown of pipe sizes and materials;

• Breakdown of interceptor, trunk, branch, and lateral lines maintained;

• Condition of physical line sections as available;

• Manhole inventory—location, size, type, and condition;

• Lift station components, including pumps and valves; and

• Complaint totals, including type, location, cause, and frequency.

There are many more detailed items that can be added, depending on the size,
complexity, and topography of the system.

The Water Environment Research Federation (WERF) has developed protocols
for assessing the condition of wastewater utility assets (AWWA Research Foundation
and WERF, 2007). The research outlined a 10-step approach to developing a condi-
tion assessment program to align data collection and decision-support efforts:

Step 1. Document program drivers.

Step 2. Specify program objectives.

Step 3. Identify asset types to assess.

Step 4. Collate and analyze available data.

Step 5. Determine what assets to inspect, if any.

Step 6. Select inspection/assessment technique.

Step 7. Plan inspection program to minimize cost.

Step 8. Undertake asset inspection and other data collection.

Step 9. Analyze data and assess asset condition.

Step 10. Use condition assessment information for decision-making.

2.3.1 Surface Inspection
Some problems can be detected by visual inspection while walking or traveling along
the rights-of-way of the collection system line, both in the street and in off-road ease-
ments. Sidewalk irregularities; cracked, settled, or dipped pavement; ponding over
manholes; or depressions along the path of the pipe can be indicators of leaking or
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collapsing pipes. If a joint is bad or a pipe is broken, wastewater may wash away the
surrounding soil and create a cavity beneath the surface. Sometimes, the weight of
the overlying soil is enough to cause collapse and a depression at the surface. In ease-
ments, these depressions can be seen as flooded or sunken areas along the pipe route,
especially after a significant wet-weather event.

Cavities under the road surface are often reported as a depression in the street.
Such a report may go to a street repair crew, and the depression would be filled
without further investigation. To avoid this, the cooperation of the street repair
department is essential. Cavities that are left unattended will enlarge, and the weight
of a vehicle can be enough to cause a road collapse. Depressions (settling) can also be
the result of inadequate compaction during construction or subsequent utility work.

Manhole inspections are another source of surface surveillance information;
problems can be reported on a standard form. The form notes items such as evidence
of high water or surcharging; missing bricks, concrete, or rungs; and water entry
through the barrel, riser, frame, or cover of the manhole. Broken, raised, or sunken
manhole frames or covers can be noted and repaired quickly.

Manholes periodically are examined for any sign of bedding material in the
invert that suggests a breech or collapse in the upstream line. Deteriorated steps may
indicate the presence of corrosive gases, possibly hydrogen sulfide. Information on
the completed forms is transferred to the computer and loaded to the data file to be
used later for listing priority, difficulty, or common traits.

In both surface and underground inspection, evidence of water entry should be
noted for future consideration or solution. Adding this information to the system
inventory will create a far more comprehensive database from which hydraulic mod-
eling can be used to predict system upgrades or repair needs.

2.3.2 Closed-Circuit Television
Some older methods of visually inspecting pipe are still used, such as manhole entry
to lamp portions of collection system pipes, entry into large pipe for visual inspec-
tions, and the use of mirrors on adjustable poles. However, most internal inspection
is performed by the use of CCTV systems. Televising of pipes eliminates the need of
personnel entry into manholes and can provide a video record of conditions in
existing pipes.

Television inspection systems operators should be trained in equipment opera-
tion, collection system defect classifications, and data recording procedures. Any
defects in the pipe should be noted on the video, and the appropriate defect code
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should be noted in the software that typically accompanies inspection equipment.
Most CCTV inspection software now has the ability to link video with inspection
results, which give the user the ability to jump directly to the defect. These defect
records should be documented according to the coding or rating system adopted by
the investigating agency. There are numerous coding systems in use, ranging from
basic, handwritten codes with 10 to 20 classifications, to computer applications that
contain numerous code classifications and matrixes. The National Association of
Sewer Service Companies has developed a national standard for assessments called
the Pipeline Assessment Certification Program (PACP). An increasing number of col-
lection system operators are moving to the PACP coding system, which is also sup-
ported by many of the inspections software programs.

Computer systems allow storage of digital video and inspection results for rapid
processing and cross-referencing that can be used to evaluate and rank large quanti-
ties of data. The agency should select a coding system that is appropriate for its par-
ticular applications and train operators to properly use it to avoid confusion or
errors. Some utilities use the operator’s rating system to help determine priority
levels. If a rating scale is used, operators should be trained in making assessments
because most ratings will be subjective to some degree.

Data management is required after surveillance records are collected. Some utili-
ties continue to use a paper system that splits information into areas of responsibility
so that it can be reported to various departments. Others are able to tie the inspection
data directly into the CMMS for use in tracking costs, time, and condition of pipeline.
In addition, by tying directly into a CMMS, the information collected by field opera-
tions staff can be made available throughout the utility. This sharing enables the
work-order management system to issue repair requests based on severity and pri-
ority of the problem identified in the field. This procedure takes less time and allows
the data to be handled only once. Priorities and repair or upgrading projects are clear
so that long-term budgets can be used and crisis situations avoided.

2.3.3 Smoke Testing
When evaluating I/I in the system, the inspection crew frequently uses smoke testing
as a means to identify direct inflow connections and system failures that should be
repaired or addressed in a CIP. Smoke testing involves a specially mounted blower
that forces air into a manhole and pipe and smoke “bombs” of assorted duration. The
smoke generated is nontoxic, has no odor, and typically is foggy-white in color. The
smoke is forced by the blower into the line and seeks the path of least resistance to
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exit the pipe. Under average circumstances, the structures in the section of pipe being
tested will release this smoke from the vent stacks. If gutter drains are connected to the
service line, smoke will appear from the downspouts. As a precaution, when engaging
in smoke testing, descriptive information should be supplied to every building on the
line before the testing. Most utilities use a simple door hanger that informs the public of
the work being done to allay any concerns of toxicity of the smoke.

When conducting smoke testing operations, the fire department should be noti-
fied if there is a sump pump or floor drain connected to the service line through
which the smoke will exit the well. People could mistake the smoke for a fire. It is
important to note that smoke testing typically is not effective in locating all sump
pump connections. Some pump systems incorporate “P” traps that block the smoke
or are in basements that are not viewable from the street or lawn areas.

Most property owners are not aware of illegal connections to the system. In such
cases, when smoke is viewed exiting from anything but the vent stack, a photo
should be taken and shown to the owner and attached to the inspection report for
future reference. Plans can then be made to terminate the connection, typically at the
owner’s expense. In some areas, local, state, or county funding may be available to
help defray the cost to system users of disconnecting these sources.

Smoke testing also can show cross-connections to storm sewers and other under-
ground leak points. Smoke will exit from storm drains or appear out of the ground,
indicating a problem. These problems will require visual inspection of the pipe to
determine where the opening or cross-connection is and can sometimes be difficult
to trace because the smoke can drift between underground pockets and appear far
from the actual release point.

Building inspections are another means of inflow control. Though time-con-
suming, inspections may be the only way to find illegally connected sump pumps
and floor drains. Building inspection can be conducted while smoke testing is
ongoing, with few property owners not allowing access to structures. Some utilities
work with the local fire and building departments when they inspect private and
commercial property, asking them to note any pumps or obvious drainage that goes
to the service connection.

2.3.4 Trunkline Inspection
Trunklines and large-diameter pipe typically are inspected and maintained on a sep-
arate schedule and with different equipment than smaller collection system lines.
Trunklines are a critical component to a collection system in their carrying capacity
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and in the potential for catastrophic failure. Special attention to these pipes is impor-
tant for maintaining a safe and operational collection system.

Methods of inspection for large-diameter pipe include CCTV and the use of
sonar to image the interior of the pipe. The advantage of sonar is the ability to iden-
tify the wall thickness and amount of debris deposited on the pipe floor. In a large-
diameter pipe inspection, it is important to identify the critical crossings and to pri-
oritize based on the available funds. These sensitive crossings could include highway,
railway, and water bodies. Results from these inspections should be recorded and
prioritized in a CMMS for use in determining capital projects. Typically, replacement
of a trunkline has a large financial effect on a municipal budget. By regularly
inspecting these trunks, potential problems can be identified early and added to the
CIP to be budgeted in later years.

2.3.5 Lift Stations
An equipment-oriented maintenance management system can reduce the time and
cost of pumping-station management. Computer-based maintenance management
systems offer additional advantages. The steps required to order a replacement
pump part illustrate the large amount of information that must be stored, tracked,
and integrated:

• Issuing a work order,

• Obtaining equipment nameplate and master parts list data,

• Checking spare parts inventory, and

• Purchasing or replacing the part in inventory.

In addition to maintaining the facility, using a CMMS will assist the manager in
planning for and funding capital improvements. A CMMS will allow the manager to
track wear and tear, identify problem parts or equipment, and prioritize large capital
expenses. This can be a time-consuming task when performed manually. For com-
puter-based systems, information can be stored in databases and retrieved quickly to
expedite the process. There are several functions of these systems:

• Storing all relevant equipment nameplate data,

• Generating work orders,

• Tracking inventory and warehousing operations,

• Tracking maintenance history,
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• Generating purchase orders,

• Keeping records of maintenance activity, and

• Reporting.

Computer-based budgeting and accounting functions are necessary to optimize
budget control and analysis and to evaluate maintenance program performance.
Analysis of flow data, rainfall, pump running times, and power consumption are all
done on a routine basis to assist in data management. 

3.0 CAPITAL PLANNING
A CIP is a multiyear planning instrument used to identify capital projects that are
needed to increase the capacity of the system and to rehabilitate or replace infrastruc-
ture that is deteriorated or damaged from overuse or inadequate maintenance or
repair. In addition, a CIP aims to coordinate the financing and timing of these
improvements in a way that maximizes the return to the public. 

Increasingly, professionals and policymakers are becoming aware that infrastruc-
ture exists as an interconnected system and that efficient functioning of the system is
crucial to the environment, economy, and quality of life. The wastewater collection
system, which includes sewers, pipelines, conduits, pumping stations, force mains,
and other collection system-related facilities, is one of the largest infrastructural
assets a community owns. Both public and private wastewater companies are being
challenged to meet new state and federal regulations, increased operating costs, and
the expectations of customers for higher standards, while facing a deteriorating infra-
structure and funding constraints. Collection systems degrade continuously, and a
plan is necessary to effectively manage this degradation and prevent collection sys-
tems failures caused by pipe aging. Deferred maintenance will only increase costs for
later generations and may cause catastrophic results.

The legal context under which municipal utility decisions have historically been
assessed is that of utility law. The standard holds municipalities to a duty similar to
the one imposed on a privately owned public utility; that is, that service be supplied
to all customers in similar positions to those already being served. Courts analyze
municipal decisions relating to extensions of service on the basis of reasonableness
and whether or not the extension discriminates against any individual or group of
property owners.
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Although utility law currently is the common law rule applied in most courts,
new legal emphasis is being placed on municipal planning for growth and regional
coordination of planning. Several states have complex legislation that links capital
improvement planning directly to comprehensive plans. Some courts have recog-
nized the value that comprehensive planning considerations have to utility decisions.
Whether or not a community is under the stress of rapid growth, the incentive to plan
for future growth is present in nearly all of the states.

A CIP provides an excellent basis for making the link between growth manage-
ment plans and utility policy. It allows a community to plan for future development
by realistically assessing utility obligations, while formulating its policy to reflect the
community’s growth goals.

An integrated CIP should carefully plan for extension and expansion of collec-
tion system systems. An increasing number of municipalities are requiring the costs
of system growth to be placed on new users. As financing of new service and system
rehabilitation becomes a budgetary burden on localities, the CIP can provide a sound
basis for equitably and legally distributing the costs of system expansion.

In light of continuing changes in the legal importance of planning for growth, it
is clear that state courts will have to address the conflict between utility law stan-
dards and the increasing need for municipal planning and growth management.
When dealing with a challenged municipal utility policy, courts will have to deter-
mine a basis for that policy and may run up against conflicting objectives for collec-
tion system and water provisions. Objectives must balance growth management
principles with what can be legally recognized as “utility-related” rationale. If such a
policy is clearly outlined by a CIP that integrates utility cost and revenue projections
with local growth management objectives and land use design, then a reasonable
basis for judicial sanction will become clear.

Utility providers will not be able to operate in a vacuum. Good planning prac-
tices bring together affected stakeholders to determine how they want to prioritize
their limited resources among level of service, the environment, and public health
concerns. These concerns vary from community to community and from system to
system. Planners and designers must extend their thinking beyond design tables and
standardized approaches. Guide to Managing Peak Wet Weather Flows in Municipal
Wastewater Collection and Treatment Systems (WEF, 2006) helps stakeholders under-
stand how others have approached the planning process and evaluated the chal-
lenges that utility providers face. As service provision becomes more expensive and
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more important to metropolitan growth, an integration of values must form the basis
for future utility extensions, rehabilitation, and financial policy. A CIP is based on the
standard of service required by the customer. The CIP provides a means to protect,
maintain, or improve the asset value of a collection system with planned repair, reha-
bilitation, or replacement on predicted deterioration of the system. In either a private
or public utility, key information is needed to manage costs through asset-manage-
ment planning (Kingdon, 1995). This information includes current conditions and
performance of assets, operating costs, and financial position including revenues,
balance sheet, and cash flow; required and anticipated future levels of service; and
methods of measuring and monitoring performance of the system.

The primary goals of collection systems operation are to prevent public health
hazards and to transport wastewater uninterrupted from source to treatment facility.
The goal of a CIP is to predict the costs necessary to protect, maintain, or improve the
value of this asset (the collection system) while providing the level of service desired.
To meet these goals, the following factors must be addressed:

• Determining existing conditions,

• Setting future goals,

• Attaining future goals, and

• Tracking progress.

3.1 Master Planning
A master plan is a key component for developing a comprehensive CIP. Master plans
typically are developed and updated every five years to address system deficiencies
and future growth. The basic goals of a master plan include:

• Developing a long-term vision and strategy for management of the waste-
water system.

• Identifying existing and future system deficiencies.

• Identifying and prioritizing system improvement projects to address current
and future needs.

Master plans typically view the system through a predefined “buildout” year,
often determined as part of a general plan or other community or utility master plan
document. Most master plans first identify existing deficiencies in the system based
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on current system conditions and flows. Examples of existing conditions include
capacity issues, severe I/I, overflows, and areas of known maintenance problems.
Based on these existing systems analyses, projects are identified and added to the
CIP. The second step is to reevaluate the system during build out and identify what
components of the system would need to be replaced or upsized for future flows. A
hydraulic model as described in previous sections is a useful tool in this type of
analysis. This analysis identifies the incremental improvements needed to address
the future flows and growth to the system. This long-term approach provides a
detailed roadmap for significant improvements needed for the system through build
out and to estimate the funds needed to implement them. Typically projects identi-
fied in a master plan become the “base list” of projects when developing a CIP. As
described later in this chapter, it will be important to identify the priority and timing
of projects as they are incorporated into the CIP.

3.2 Capital Improvement Plan Development
A typical city charter requires that the city manager prepare and submit a CIP for the
five-year period following the new budget year as part of the annual package. The
CIP is a planning document and typically does not authorize or fund any projects.

Prior to the city manager bringing forward a CIP, preliminary reviews typically
takes place to verify the accuracy, sustainability, and priority of projects selected. In
most cases, this is done as a progression from the section (i.e., wastewater) to the
department (i.e., utilities) to the governing board.

3.2.1 Ratings
To optimize decision-making and to help prioritize all potential solutions to a
problem, it is important to incorporate the information that was collected using the
methods described above and grouping them into three categories:

• Condition,

• Performance, and

• Risk.

This information can be converted into ratings to compare one scenario against
another. Although cost is an important factor in identifying a solution, it is not the
only factor that should be considered when developing a CIP. There are many ways
to develop a scoring scenario, including the one described here. Each municipality
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will be different and should modify its approach to fit the agency’s established busi-
ness model. 

The scoring procedure shown in Figures 4.2 and 4.3 is a method that can be used
to look at various aspects of an asset and normalize them to make prioritization deci-
sions. The example takes into consideration condition, performance, and risk, which
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are described in more detail below. By applying this type of methodology, every asset
can be given a score (weighted appropriately based on each utilities’ defined level of
service). Once each asset has a score, GIS can be used to group the assets into projects
resulting in a total score; Figure 4.4 includes this total project score. Having this score
provides backup and justification for why one project is more important than another
when presenting to management or the agency’s governing body.

3.2.1.1 Condition
Condition scores are derived from the various tools and condition assessment

methods described in previous sections. For example, if a pipe had sufficient capacity
but most joints were offset or had excessive root intrusion, the condition score would
reflect poorly. Examples of condition scoring components are:

• Remaining service life;

• Condition of pipe (based on physical inspections);

• Number of repair services requests for particular assets (tracked in a CMMS);
and

• Required cleaning or maintenance frequency.

An example of how these components could be combined to give an overall pipe
rating for use in prioritization of CIP projects is shown in Figure 4.2.

3.2.1.2 Performance
Performance scores are derived from the various tools and performance assessment
methods described in previous sections. An example of a poor performing pipe
would be a pipe that was unable to satisfy the level of service expected or set by the
agency. A pipe could be in pristine condition, but if it cannot handle the design flow,
its performance score would be poor. Examples of condition scoring components are:

• Hydraulic capacity;

• Design standards (slope, velocity);

• Flow characteristics; and

• Performance with build out flows.

3.2.1.3 Risk
Identifying what risk is involved, will help identify what exposure the utility will
have and help determine funding priorities. If a particular asset has a high risk to the
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agency or community if it were to fail, additional weight should be given. A pipe in
poor condition that is low risk should be evaluated differently than a pipe in poor
condition that is high risk for the agency. Examples of high business risk exposure
would include:

• Assets at the end of expected life cycle;

• Proximity to sensitive areas (highways, creeks);

• Absence of redundancy or backup for a specific asset that could result in high
cost of failure;

• Poor reliability scores; and

• Imminent significant failure mode of capacity or level of service.

Risk also is defined as the relationship between the consequence of failure and
the probability of failure. More details on how this process is used in project validity
can be found in WERF’s strategic asset-management tool Sustainable Infrastructure
Management Program Learning Environment.

By bringing together these various scoring elements, it is possible to develop a
total score using weighting factors to satisfy particular utility goals and concerns. An
example of how this process works is shown in Figure 4.2.

3.2.2 Validation
Once the projects and assets have been identified as candidates for rehabilitation,
renewal, or replacement, it is important to validate the project. Questions to ask
about a project include:

• Should the project be eliminated?

• Can the project be deferred?

• Can maintenance activities be adjusted or modified?

• Can the operation of the asset be changed?

• Is there a non-asset solution?

Answering these questions will help the utility determine if the specific project is
the right solution, at the right cost, scheduled at the right time, and for the right rea-
sons. A lot of work has been done to develop methods for assessing the validity of a
project. One way is to develop a business-case evaluation that looks at all aspects of
the project to ensure the right solution is being proposed. In the past, utilities looked
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only at the financial effects of a project. This is changing as more utilities are using
the triple bottom-line method, which takes into account the financial, social, and
environmental effects of the project.

3.2.3 Replacement/Rehabilitation Goals
Replacement goals are one way a municipality can identify the investment required
to reach goals identified in the CIP or by governing boards. A replacement program
helps facilitate the long-term budgetary planning and helps the municipality plan a
gradual replacement of the aging collection system infrastructure in a way that is
palatable to management, governing boards and the public.

A basic method for determining a replacement goal is to identify the pipe age
and serviceability as described previously. Where pipe material or data is unknown,
assumptions will need to be made based on location and interviews with field opera-
tions staff. In this basic method, replacement because of age and serviceability is
assumed to be required at the end of a pipeline’s average service life based upon
industry standard and past experience by operations and engineering staff for a par-
ticular municipality. Using this method, it is possible to estimate the quantity of pipe
that will exceed service life by a chosen date. This can then be converted into a
replacement rate. Typically, municipalities will need to have a more aggressive
replacement rate initially to bring the system up to a point where a more stable and
palatable rate (i.e., 1%) can be applied in future years to accommodate pipe with a
longer life cycle (i.e., more than 100 years).

3.2.4 Industry Benchmarks
Benchmarking is a process that management can use to gauge performance of a col-
lection system and to define the goals and priorities of a CIP. Many large corporations
have used benchmarking; the fundamental principles affecting productivity, prof-
itability, or organization are as valid for wastewater collection systems. The bench-
marking process is straightforward, as shown in the following six steps:

(1) Identify benchmarking functions,

(2) Identify performance criteria,

(3) Identify best-in-class utilities and measure best-in-class performance,

(4) Measure system performance,

(5) Close the gap between measured system and best-in-class performance, and

(6) Implement changes.
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When identifying benchmarks, those functions that can be measured easily and
that allow managers to exert influence through changes in policies and procedures
should be targeted. Identification of performance criteria should include considera-
tion of both financial measures (such as return on assets) and strategic measures
(such as customer-perceived quality). When performance is measured, the organiza-
tions being compared should have the same variables. These performance indicators
are sometimes needed for wastewater collection systems to justify budgets. Any
improvement plans to close the gap between performance of comparable utilities
must be weighed against the cost and investment required to achieve results. Finally,
implementation of any changes should consider the time needed to achieve results
and include a system to monitor and reassess results.

Benchmarking is defined as a method of comparing a utility or operation with a
selected group of similar operations. The American Water Works Association and the
Water Environment Federation have developed a quality service program called
QualServe (http://www.awwa.org/Resources/utilitymanage.cfm?Item-
Number=3765&navItemNumber=1586). The indicators developed were designed to
help utilities improve their operational efficiency and effectiveness by assessing their
own utility against a standardized benchmark. Another goal of benchmarking is to
provide an expanding inventory and condition assessment over time. The results can
then be used for prioritization and justification of a CIP.

3.2.5 Prioritization
This chapter has described various methods and tools used to determine the condi-
tion of a collection system. It is important that a manager take all this information
and prioritize it in a way that will produce a capital plan to:

• Improve water quality by reducing overflows from combined sanitary/
stormwater sewers,

• Reduce costs by minimizing required emergency responses and repairs,

• Reduce costs by improving management and extending system life,

• Develop sufficient system capacity for existing and future growth,

• Substantially reduce the amount of I/I entering the system, and

• Identify the most cost-effective method for addressing system needs.

To help the manager prioritize the vast amount of information identified using the
tools and methods described in this chapter, a decision matrix should be developed. 
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A decision matrix identifies system metrics that are important to the utility and assigns
a weighting factor according to their respective value identified by management and
staff. Metrics that should be included in developing a decision matrix include:

• Capacity deficiency,

• Inflow and infiltration,

• Known O & M problems,

• Design flow,

• Project cost,

• Project coordination,

• Service life,

• Required by regulation, and

• Identified in master plan.

3.2.6 Final Product
After performing a system analysis using the tools described above and identifying a
plan incorporating master planning, prioritization, and agency goals, it is time to
develop a plan to communicate the CIP to staff, governing body, and the public. A
well-organized, complete CIP will include the following elements:

• Project name and identification,

• Budget estimate,

• Funding year,

• Priority rank (based on risk, condition, and performance), and

• Description of project.

Although every CIP will have unique layouts and varying information, the ele-
ments above represent a standard of best practices for a typical CIP. An example of a
CIP with these elements is shown in Figure 4.4. The CIP is a planning document and
does not authorize or fund any projects.

A significant component of this plan is the budget estimate and funding year.
This information is used to help determine the most appropriate funding strategy to
accomplish the plan. More description on this process can be found in Chapter 8,
Budgeting and Financial Planning.
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1.0 INTRODUCTION
This chapter considers design factors and how they affect operations and mainte-
nance (O & M) for sanitary sewer systems. Many of the topics discussed in this
chapter also pertain to storm and combined sewer systems. However, the inclusion
of specific design issues for storm and combined sewers is beyond the intent of this
manual; this information can be found in several of the suggested readings listed at
the end of this chapter.

Criteria used in a particular sewer design typically are established in the prelimi-
nary stages of the project. It is advisable to seek input from internal design staff,
maintenance managers, superintendents, operators, geotechnical engineers, and con-
struction personnel during the development of design and routing criteria. People in
these positions know where field problems are likely to be encountered; thus, they
can offer valuable information in the early stages of the project.

Key design considerations that affect O & M include:

• Line locations, grades, and depth;

• Route geography;

• Manhole spacing and size;

• Manhole channels;

• Influences of pumping stations;

• Odor control provisions;

• System instrumentation and controls;

• Induced turbulence (such as drop manholes);

• Sewer and manhole accessibility;

• Allowance for inflow and infiltration (I/I) capacity;

• Knowledge of system flow characteristics;

• Initial sewer flowrates compared to design flowrate;

• Degree of construction observation; and

• Proficiency of the sewer maintenance department.

Neither routine maintenance nor emergency service can be successful if mainte-
nance personnel do not have appropriate access. One way to encourage the designer
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to include maintenance personnel is to require the maintenance manager’s approval
of maintenance on final design plans.

Ideally, collection systems should be designed to minimize total life-cycle costs;
that is, the initial cost plus the present valve of O & M costs. This implies that a well-
designed system can be easily and efficiently operated and maintained. However,
some well-designed systems are not constructed as designed because of poor con-
struction techniques, field changes, the absence of construction observation, and
inadequate testing. Regardless of the reason, most collection systems will experience
some deterioration and require general maintenance.

1.1 Regulatory and Environmental Requirements

1.1.1 National Pollutant Discharge Elimination System Permits 
National Pollutant Discharge Elimination System (NPDES) permit language contains
standard references to collection systems in four permit conditions: noncompliance
reporting, proper operations and maintenance, duty to mitigate discharges, and pro-
hibition and defense provisions. Designers should review these requirements with
the collection system owner and consider whether state or federal clarification of the
permit requirements is necessary. For instance, are the noncompliance reporting
requirements clear? Are there exceptional circumstances where prohibition and
defense provisions need to be expanded or more specific?

Entities that operate and maintain a collection system, whether or not they have
an NPDES permit, are responsible for any discharge to waters of the United States
from their sewers. Municipalities or permit holders should be sure that local ordi-
nances are in place that clearly establish the responsibilities and controls expected
from flow-contributing private laterals and private satellite collection systems that
are served and do not have an NPDES permit.

1.1.1.1 Sanitary Sewer Overflows and Combined Sewer Overflows
The U.S. Environmental Protection Agency (U.S. EPA) and local state organizations
have developed a much more active awareness of sanitary sewer overflows (SSOs)
and combined sewer overflows (CSOs) in the last several years. This awareness has
led to the creation of programs to not only eliminate overflows, but to ensure they do
not occur or are drastically minimized.

1.1.1.2 Capacity, Management, Operations, and Maintenance
To help eliminate and control SSOs and CSOs, U.S. EPA developed a capacity, manage-
ment, operations, and maintenance (CMOM) program designed to ensure collection
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systems have effective programs in place. Moreover, it could provide a means of
reporting SSOs and CSOs from collection systems. Although U.S. EPA has not officially
taken on the role of regulating CMOM for collection systems, state and local agencies
are serving in this capacity.

California has taken the CMOM program seriously, requiring all collection sys-
tems in the state to prepare sewer system management plans. These plans require the
collection system operator to provide the following ten elements:

• Goals,

• Organization,

• Overflow emergency response plan,

• Fats, oils, and grease control program,

• Legal authority,

• Measures and activities,

• Design and construction standards,

• Capacity management,

• Monitoring, measurement, and program modifications, and

• Sewer system management plan audits.

If the agency feels any element is not applicable, it merely needs to address that
in its document. The program is a monitoring and reporting tool that will not only
track SSOs and CSOs, but ensure that collections systems are operated and main-
tained properly. For further information, please visit http://www.cwea.org/con-
ferences/sso/Reg2Letter-SSMP0705.pdf and http://www.cwea.org/pdf/news/
sso-wdr-factsheet.pdf.

1.1.2 System Conveyance Design Rates
Collection systems, or major hydrological sections of the system, should have an
overall design rate that is accepted by state or federal regulatory agencies. Many
communities develop this design rate (typically related to a storm event that might
return in 5 or 10 years on average) during facility, sewer master, or watershed plan-
ning using historical and economic data. Design rates should include the planning
period’s wastewater flow projections and an I/I allowance that reflects existing or
targeted seasonal and rain event flow variances. Establishing an overall con-
veyance design rate will provide the basis for new construction and rehabilitation
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design criteria and help avoid hydraulic bottlenecks or constrictions in the system
that can lead to SSOs or CSOs.

1.1.2.1 Risk-Based Design Options
Recently there has been a trend to look at collection system design rates from a risk-
based rather than storm-event based perspective. This approach allows a community
to decide whether it is prudent to spend the dollars for a system able to control the
design storm event now or to install a system that would handle the majority of the
flows and be less expensive. This risk analysis compares the costs and risks associ-
ated with controlling or not controlling flows from a large future storm event for dif-
ferent scenarios. Further discussion may be found in the Water Environment Federa-
tion’s Wastewater System Capacity Sizing Using a Risk Management Approach (2007).

1.1.2.2 Wet-Weather Facilities
Wet-weather facilities are designed and constructed to manage or control flows asso-
ciated with wet-weather conditions. These facilities help protect the environment and
public health. They may be designed to discharge under certain conditions upstream
of a wastewater treatment plant. Any facility designed with an anticipated discharge
must be permitted; however, wet-weather facilities may be designed for offline or
inline storage with no discharge.

Wet-weather facilities may include one or a combination of processes, including
screening, primary sedimentation, inline or offline storage basins, chlorination, or
dechlorination (site-specific stream conditions may not require storage). For example,
the facility will be designed to function according to site-specific, wet-weather condi-
tions whereby the collection system wet-weather peak flows are diverted to wet-
weather facilities for storage. If the diverted flowrate or volume is greater than what the
facility can handle, excessive flow is discharged to a receiving stream after having gone
through as much of the permitted process layout as possible. When wet-weather flows
diminish, the stored wastewater is released back to the collection system.

Wet-weather facilities can help prevent problems associated with basement
backups and reduce, through their containment functions, the frequency of SSOs.
Wet-weather facilities must undergo a comprehensive evaluation and justification
process, but can be the most reasonable, cost-effective alternative to larger con-
veyance systems that are unable to achieve adequate cleansing velocities during
normal flow conditions.

1.1.3 Design Approvals
Conveyance system design approval procedures vary between states and localities.
The designer should first discuss the design standards to be used with the owner of
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the facilities. If all else fails, the designer should contact state, county, or other agen-
cies to learn of any mandatory design standards or criteria that need to be addressed
to receive regulatory approval.

1.1.4 Environmental Issues and Compliance
New construction and rehabilitation in collections systems typically can affect sev-
eral different aspects of the environment:

• Endangered species,

• Air quality,

• Traffic,

• Waterways, vegetation, and paved areas, and

• Water quality.

Environmental issues should be investigated and cleared before design so that
mitigation is understood and included in the design documents.

1.2 Permitting
Permit requirements also affect design. The designer should fully understand per-
mits that will be required and the conditions of such permits before finalizing their
design. Permits can range from local encroachment to U.S. Army Corps of Engineers
404 permits. It is a good idea to discuss permitting with the owner of the system
because they may have a better understanding of requirements. 

2.0 DESIGN GUIDELINES
2.1 Design Process Checklist
To aid the designer, a checklist should be used to ensure the necessary steps are
followed:

• Project manager and are team assigned;

• Project intent clarified (new development, replacement, rehabilitation, etc.);
• Project schedule and budget established;

• Route selected;

• Alignment study completed for pipeline in selected route;

• Public, traffic, and environmental effects understood;
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• Permit requirements considered;

• Survey conducted;

• Utility identified and potholing done;

• Geotechnical investigations completed;

• Hydraulics and pipe size determined; 

• Pipe material selected; 

• Manhole type and spacing requirements established;

• Pipe installation configuration and materials completed;

• Laterals and connections defined;

• Traffic control planned;

• Corrosion and odor control in place; 

• Right-of-way needs and staging areas addressed;

• Special design features like tunnels, structures, and appurtenances incorpo-
rated;

• Input from O & M personnel, especially future access needs considered;

• Basis of design report established;

• Design submittals at 50%, 90%, 100%, etc. completed;

• Value engineering and constructability after 50% if required;

• Cost estimated;

• Specifications outlined;

• Bidding requirements clarified; and 

• Construction supported.

2.2 Project Management
To have a successful project that meets the design intent, the project manager will
have to help control schedule and budget and ensure that the final product satisfies
the original requirements. This includes assigning proper personnel to assist with the
aspects of the project and that tasks are accomplished on target. The project manager
will also need to ensure that the quality of the documents is maintained and obtain
required approvals. The manager will lead the remainder of the team through a
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planned process to complete the project. Tools used by the project manager might
include scheduling software, budget tracking using a spreadsheet or database, pre-
sentation software, and communication (word processing)  software. The manager
will ensure that each component of the project is completed at its prescribed time and
of the right quality.

2.3 Using Consultants
Consultants have been used successfully to handle project management as well as
other aspects of design. Typically there is a qualification phase, a proposal phase, and
a selection phase that may or may not include interviews with the team. Perhaps the
most important aspect in the selection process is to select a firm and team that has
completed recent, similar projects. 

2.4 Routing Considerations

2.4.1 Assessing Aboveground and Belowground Interference 
Routing considerations will be different for gravity versus pressure sewers, but both
should emphasize O & M accessibility in their design criteria. Many factors affect the
final selection of a route. Important considerations for aboveground systems include

• Paved versus earthen surfaces;

• Surface water flooding potential;

• Proximity to residential and commercial buildings;

• Construction problems such as limited equipment movement or stability risks
of adjacent structure;

• Traffic or recreational disruption;

• Biological, aquatic, or historical disruption; and

• Number of land parcels traversed and easement requirements.

Important considerations for belowground systems include:

• Geology and soil conditions;

• Groundwater, river, or tidal influences;

• Other utility conflicts or influences (such as cathodic protection systems); and

• Depth of trench and safety requirements.
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2.4.1.1 Surveys
It is important to ensure quality field data in conveyance design. It is imperative to
obtain the best possible description of existing conditions, including existing utilities
and surface features because it will be too late to make adjustments once construction
begins. Carefully selecting the surveyor based on previous experience is just as impor-
tant as selecting the designer. Ideally, they have worked together in the past. Location
of utilities above ground may not be adequate and potholing may be necessary.

2.4.1.2 Potholing
Potholing refers to locating underground utilities by vacuum extraction or other
means to determine depth and horizontal alignment. It is critical in cases where there
are existing pressure pipelines such as water, gas, or explosive substances. However,
fiber optic and communication lines also are critical; damage can affect an entire com-
munity. Adequate funds should be set aside to do a good job and locate as many util-
ities as needed. Funds spent in the design phase will save costs from changes during
construction.

2.4.2 Geotechnical 
Geotechnical surveys can reveal important information to the designer that will not
only affect design and construction costs, but also will influence the life of the con-
veyance system. Deterioration of sewer and manhole materials can be accelerated if
there are not adequate provisions for protection from corrosive soils. Surveys can
reveal the extent of rock in an area and influence the feasibility of whether to install a
gravity or pressure system. Surveys also can reveal soil expansion and stability con-
ditions so that the designer can select materials and systems that will maintain water
tightness while allowing for some lateral or longitudinal movement within the pipe
and bedding zone. Typically geotechnical data should be obtained at approximately
every 300 m (1000 ft) or more often depending on the anticipated changes in soil
characteristics and makeup. For tunneled crossings, geotechnical data should be
obtained at the proposed beginning, middle, and end locations. This information can
help determine the type of tunnel to build and equipment needed to construct it. In
an open-trench construction, the geotechnical data can provide recommendations for
sheeting and shoring requirements.

2.4.3 Traffic Control
Depending on the final location of facilities, it may be prudent to provide guidance
to the contractor for minimum traffic control features. Flagging may not be enough
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protection. Managers should consult with the local agency having jurisdiction of the
roadway to determine the standards that they expect to be followed for traffic control
during construction.

2.4.4 Permanent Access
Many I/I and maintenance-related problems occur because a sewer is inaccessible
and cannot be routinely evaluated. Permanent access roads or gate assemblies on
unimproved land should be considered a part of new sewer construction projects
where possible. The cost for constructing these access roads is not likely to decrease
in the future, and most sewer contractors will have suitable materials and equipment
on hand to perform this task. However, construction of an access road across a wet-
land area should be evaluated carefully. The decision of whether to provide perma-
nent access must be coordinated with permitting and other interested groups because
wetlands will vary in physical character. Some wetland areas may require too much
time, effort, and cost to enable access. The manager should look for environmentally
sensitive, less-expensive, and less-controversial alternatives.

The designer should work closely with the sewer system owner and legal staff to
discuss the required temporary and permanent easement widths. If permanent
widths are too narrow for the sewer depth, repair costs are likely to be significantly
greater in the future because of extra trench shoring and accessibility restrictions.
This is particularly true as the area becomes more developed and easements
encroaches occur.

The choice of initial routing location should allow for the trans-section of as few
land parcels as possible. Designers and sewer system owners tend to underestimate
the time needed to obtain easements. It is advisable to have all easements obtained
(or at least critical easements) before awarding the contract or beginning construc-
tion. A process and schedule for obtaining easements is as important to the overall
project as developing construction documents.

2.4.5 Public Effects
Because the public is affected by these projects, their needs must be taken into
account. Otherwise politics will drive the solution rather than engineering. When a
project will affect the public-such as because of changes in traffic flow and patterns-it
is best to hold public meetings and seek input. It is also useful and beneficial to com-
municate with local law enforcement agencies when entering into highly disruptive
traffic control situations.
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2.4.6 Rights-of-Way and Easements
The designer needs to ensure proper access for construction and future maintenance
by creating cross-sections of pipeline alignment and indicating several key items:

• How the trench will be excavated with backhoe clearances.

• How materials from the trench will be hauled away.

• How materials will be returned for bedding and backfill.

• Onsite storage and staging needs.

• Pipe delivery method and installation to the trench.

• Adequate clearances to accomplish traffic control.

• Future maintenance traffic needs and access.

• Need for security.

Permanent easements must provide adequate room for future excavation in case
of replacement or rehabilitation. Vehicles and equipment will need to be able to
access manholes easily for inspection and cleaning. Typically easements are centered
on the installed pipeline; accessibility, however, should dictate location. It is not
unusual to need approximately 9 to 14 m (30 to 45 ft) for pipeline access. 

Temporary easements range in size depending on the project and can be as much
as 15 m (50 ft) wider on one side or both sides of permanent easements. For a 1829-m
(72-in) pipe, 37 m (120 ft) total easement would not be unreasonable. It is also impor-
tant to recognize that temporary easements may be needed to provide staging areas
for equipment or materials or for supply storage.

Easements are rights given from one owner to another. If the pipeline will tra-
verse a public right-of-way or street, easements are easier to obtain. Private property
raises other considerations. If the owner will not grant the easement, consideration
must be given to other recourse such as eminent domain (condemnation). All these
issues must be taken into account during design.

2.5 Hydraulic Analysis Using Modeling
For most design projects, the sizing data provided in the paragraphs below will be
adequate for determination of pipe size, slope, and velocity. However, in some cases,
an entire system master plan may be required, if, for instance, determining flow is
more complicated. In these cases, the designer can use hydraulic models for sewer
system analysis. The designer will need to work with the system owner to determine
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how the hydraulics should be handled. A discussion of the use of hydraulic computer
models for system design and capacity analysis is provided in Chapter 4.

2.6 Pumping Stations
2.6.1 Package Stations
Sewer systems cannot always flow by gravity, and, in many small systems, the need
for pumping stations can be handled by purchasing package lift stations. These can
range from submersible systems that can be installed in standard concrete manholes
to more elaborate self-contained systems with full-service electrical gear. The wet
well (location where wastewater enters and is stored) typically is the only major
structural component. There are, however, package stations with both wet and dry
wells (dry wells are used to keep pumps dry and out of the wastewater atmosphere).
Regardless of station type, it is good practice to provide redundancy and a backup
pump in case of duty pump failure. Equipment manufacturers can provide design
references for this type of pumping station.

2.6.2 Other Types of Stations
Although this document cannot describe the full design features for pumping sta-
tions, larger pumping stations should contain several basic components:

• Wet well.

– With submersible pumps only (screening equipment not provided) and

– With dry pit pumps (screens will be required ahead of wet well entrance).

• Drywell (if not submersible pumps).

• Screening or grinding equipment ahead of wet well entrance.

• Pumps (redundancy should be provided by having at least one duty and one
standby pump for each size pump provided).

– Submersible in wet well and

– Dry pit centrifugal or other.

• Pump controls.

• Electrical supply.

• Supervisory control and data acquisition or other operating equipment.

Pumping station design is covered in more detail in Design of Wastewater and
Stormwater Pumping Stations (WEF, 1993).
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2.7 Pipelines and Joint Materials
2.7.1 Gravity Pipelines 
2.7.1.1 Sizing Considerations 
Gravity pipeline sizing should result from applying design criteria to system con-
veyance-planning flow projections. In addition, there are many reference texts and
manuals that provide concepts for sizing a gravity sewer, such as Gravity Sanitary Sewer
Design and Construction (ASCE and WEF, 2007). The most common method of gravity
pipeline design is the use of the Manning equation where capacity or flowrate is based
on cross-sectional area, hydraulic radius, slope, and roughness coefficient known as the
“n” factor. Typically Manning’s “n” will vary, but 0.013 is used widely. However, selec-
tion of the pipe diameter is increasingly being influenced by O & M considerations,
such as scouring velocities or providing wet-weather, inline storage.

Some communities have adopted sewer criteria that establish a minimum
velocity of 0.75 to 0.90 m/s (2.5 to 3.0 ft/sec) rather than 0.61 m/s (2 ft/sec) at half- or
full-pipe flow conditions. Other communities have oversized their interceptors to
provide inline storage during wet weather and incorporated O & M activities to
induce cleansing velocities. Camp’s equation, provided below and in the reference
cited above, can also be used to determine cleansing velocity in sewers:

V � [(8B/f )g(s � 1)Dg]1/2

Where
V � velocity (m/s, ft/s),
B � constant ranging from 0.4 to 0.8 (dimensionless),
f � Darcy–Weisbach friction factor (dimensionless),
g � gravitational acceleration (9.8 m/s2, 32.2 ft/s2),
s � specific gravity (dimensionless), and

Dg � diameter of particle (m, ft).

or
V = (1.486/n) R(1/6) [B(s � 1)Dg]1/2

Where
V � velocity (m/s, ft/s),
n � Manning coefficient of roughness,
R � hydraulic radius (m, ft),
B � constant ranging from 0.4 to 0.8 (dimensionless),
s � specific gravity (dimensionless), and

Dg � diameter of particle (m, ft).
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Increasingly available and affordable hydraulic modeling programs are
informing decisions regarding oversizing and pipe and joint sizing. Risk-based
capacity design is covered in a Wastewater System Capacity Sizing Using a Risk Manage-
ment Approach (WEF, 2007).

2.7.1.2 Materials
Proper sanitary sewer design includes careful evaluation of construction materials.
Future maintenance and rehabilitation costs can be reduced by addressing factors
that affect the life expectancy and use of the sewer. Wastewater characteristics, site
conditions, and sewer construction methods affect material selection. Factors to con-
sider when evaluating a gravity piping system include

• Life expectancy and performance history;

• Availability of sizes required;

• Backfill and bedding material requirements;

• Availability and ease of installation of fittings or connections;

• Type of joint (fluid and pressure tightness and ease of assembly);

• Resistance to scour or abrasion;

• Resistance to acids, alkalis, gases, solvents, and other industrial wastes;

• Ease of handling and installation;

• Physical strength;

• Flow characteristics (friction coefficient);

• Cost of materials, handling, and installation; and

• Manufacturer testing and quality control program.

No single material is optimal for all conditions; selection typically is made
based on the particular application under consideration. Different grades of mate-
rials may be selected for portions of a single project, but this practice typically is
kept to a minimum unless a significant cost savings would result. The differential
in the costs of various types of pipe tends to be a small part of the total project cost
but may be worth considering as a more expensive pipe and manhole may reduce
future O & M costs. Gravity Sanitary Sewer Design and Construction (ASCE and
WEF, 2007) describes the more typically used materials and their advantages and
disadvantages.
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The basic pipe materials commercially available for gravity sewer construction
and given in the references are: 

• Ductile iron,

• Reinforced concrete,

• Polyvinyl chloride (PVC),

• High-density polyethylene (HDPE),

• Fiber glass, and

• Vitrified clay.

Ductile iron and concrete pipes typically have interior linings or exterior coatings
to extend their life expectancy because of the aggressive and corrosive sewer envi-
ronments to which they are subjected. Ductile iron can also include a polyethylene
bag or wrap to prevent external corrosion from aggressive soils.

2.7.1.3 Backfill and Bedding
For the purposes of this discussion, backfill will include the zone of material around
the pipe in a trench installation. The area immediately above, below, and around the
pipe will be called the pipe bedding. In practice, initial, base bedding is placed, the
pipe is installed on that surface, and then final bedding is extended above the pipe to
adequately protect it. Both the pipe backfill zone and the bedding area serve an
important function in the pipe’s ability to support the resultant load forces. The mate-
rials that can be used in the pipe zone and bedding area vary as widely as the soils in
which they are buried. Therefore, it is important for the designer to coordinate the
pipe’s inherent strength characteristics with the type of backfill and bedding material
that will be used during construction.

Attention to backfill and bedding requirements during design and construction
can eliminate many typical O & M problems. Improper pipe backfill and bedding
design or a lack of uniform bedding during construction can lead to pipe structural
failures, differential joint settlement, pipeline sags, and admission of groundwater,
soil, and roots. In addition to the pipe manufacturer’s design guidance literature,
there are several good references the designer can review for a more detailed discus-
sion of backfill and bedding design practices, such as Gravity Sanitary Sewer Design
and Construction (ASCE and WEF, 2007).

Designers should consider whether to include an allowance for future earthen
loads when selecting a pipe and backfill combination. For instance, pipelines routed
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along undeveloped urban streams or ditches may experience in their design life sev-
eral meters (feet) of fill material greater than the original earthen depth. This often
happens when a developer wants to raise the foundation elevation of proposed new
buildings above the flood elevation.

Deviation from designed trench or embankment widths during construction may
result in an overload to the pipe. This is particularly true when a sewer pipe
approaches and leaves a manhole. Designers should be aware that if a limited trench
width is required for the backfill material specified, and if it is less than the width
that is required to place a manhole in the trench, the potential exists for an over-
loaded pipe. Also, inadequate backfill compaction could cause differential settle-
ment, overdeflection, or shearing, which can lead to pipe failure. An evaluation of the
probability of differential pipe settlement versus structure settlement is part of the
design phase.

Granular fines can be scoured from a compacted backfill if the terrain grades are
steep. The designer should consider installing a solid encasement around the pipe or
a water barrier such as clay, bentonite, or other impervious material in the trench to
impede subterranean flow along the pipe. Fines can migrate from the native soil in
the trench walls into the granular backfill as well. This can cause a loss of lateral sup-
port and additional load-bearing forces on the pipe. Flexible and semirigid pipe
materials will be affected by the loss of lateral backfill support and possibly experi-
ence loads greater than what the designer had anticipated. One method to reduce
fines migration is to line or wrap the trench bedding and backfill zones with a geot-
extile material (sometimes called a “burrito wrap”). This method also is also when
native soils in the trench are soft organic clays or peat that might allow the granular
material to move laterally when placed under load.

The O & M problems and pipe failures previously mentioned also can occur
when the pipe diameter becomes sufficiently large that the installer has difficulty
placing and compacting the backfill under the haunches of the pipe as required. This
problem is more common for pipe diameters greater than 61 cm (24 in.). A flowable
fill (grout) or controlled density fill is an alternative; however, other issues such as
the potential to float the pipe and chemical attack to metal pipes and appurtenances
become considerations that also must be addressed.

Insufficient cover over a pipe can cause pipeline problems similar to those pre-
viously discussed. Operations and maintenance problems may develop faster with
shallow cover because the failed or defective pipe is more susceptible to roots- or
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rain-induced I/I. In colder regions of the country, pipes should be installed below
the frost line.

2.7.1.4 Grades
The composition of domestic wastewater has changed as the public’s needs and prac-
tices have changed. Many convenience wastes, such as non-returnable or disposable
materials, find their way into sanitary sewers. Proper sewer grades help keep these
wastes from settling.

Too often, sanitary sewer designs include long lengths of line laid at minimum
grades, typically accepted as grades that produce 0.61-m/s (2-ft/sec) flows at half-
and full-pipe diameters. A somewhat steeper grade that produces velocities of 0.76 to
0.91 m/s (2 .5 and 3 ft/sec) typically is preferable to reduce deposition and hydrogen
sulfide generation.

On steep grades, care must be given to the selection of pipe materials to prevent
pipe wall erosion when velocities are greater than 1.8 m/s (6 ft/sec). At these veloci-
ties, the designer should consider using a drop manhole concept to reduce the flow
velocities. Also, special attention to anchoring to prevent the pipe from creeping
downhill should be installed. Anchors or retards should be coordinated with the
appropriate backfill material. For instance, as previously mentioned, granular back-
fill in steep trenches may shift, causing the pipe to pull apart, particularly if perco-
lating water velocities scour the backfill fines.

Sanitary sewers are designed for future peak flow. For this reason, problems may
be encountered in minimum-grade sewers during the early years of their design life.
Low initial flows that do not approach design capacity can create maintenance prob-
lems and may require frequent line flushing and cleaning.

2.7.1.5 Inflow and Infiltration Allowance
Most sewer systems do not stay as watertight as they were on the day of their instal-
lation and performance test. After a new sewer system is installed, it eventually
develops defects or avenues for extraneous water to enter. Often, the older the system
is, the greater the I/I; however, newer systems can sometimes exhibit as much or
more I/I, depending on the quality of construction and local conditions.

Design allowances for I/I are best developed for new pipe and collection systems
from flow monitoring data collected on the existing sewer system or by bench-
marking against other similar sewer systems. Allowances for I/I should be coordi-
nated with design standards that result from system conveyance planning design
rates previously discussed.

114 Wastewater Collection Systems Management



2.7.2 Pressure Pipelines
2.7.2.1 Types of Pressure Systems
Pressure systems can be either positive or negative. Most systems are positive-pres-
sure, whereby a pump transfers energy to lift the wastewater to the desired elevation
at a specified rate. The most common positive-pressure system results when a
pumping system receives wastewater from a gravity sewer or other pumping sys-
tems. Pipeline diameters for these systems typically are 10 cm (4 in.) or greater.
System pressures typically range from a few meters to approximately 60 m (200 ft) of
head, with the norm being between 15 and 30 m (50 and 100 ft) of head. 

Another form of positive-pressure system is a low-pressure pumping system
wherein a pump receives flow from a single facility or a small group of residential or
commercial facilities. The type of low-pressure pump used is influenced by whether
the pump receives the wastewater directly into the sump pump or from an existing
settling compartment such as a septic tank. The designer has the basic option of using
a centrifugal or positive-displacement pump. Residential systems that use grinder
pumps at residence are also common in many parts of the country.

The pressures produced typically are less than 46 m (150 ft), and the discharge
flows to a common pumping station wet well or a gravity system. Pipeline diameters
from low-pressure pumps are typically 4 cm (1.5 in.) and pump to a 5- to 10-cm (2- to
4-in.) diam header pipe. These systems can be used where geographical or topo-
graphical features would make a gravity sewer system cost-prohibitive, such as in
areas along lakes, bayous, or other waterfronts that either have high groundwater or
variable terrain elevations. Low-pressure systems also are used in areas of rocky ter-
rain or where housing is sparse.

Infiltration and inflow into both traditional and low-pressure pumping systems
is relatively minor compared to gravity sewer systems. Essentially, the only compo-
nent of the pressure system that is subject to I/I entry is the sump or pump wet well.

A negative-pressure system (also referred to as vacuum sewer) produces a nega-
tive pressure within the pipeline between the residential or commercial facility and
the pump. The wastewater is drawn to the pumping station where it discharges to a
gravity sewer or another pumping system. A negative-pressure system typically has
a pipeline diameter of 5 to 20 cm (2 to 8 in.). Such systems have the same applications
as the low-pressure systems previously discussed. Negative-pressure systems also
are subject to minor I/I because of the potential for leaks. For additional detail on
systems such as pressure, vacuum, and small-diameter gravity sewers, see Alterna-
tive Sewer Systems (WEF, 2008).
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2.7.2.2 Sizing Considerations 
Most piping systems function as a single-barrel pipeline; however, a dual or parallel
pipeline is not uncommon where service redundancy is extremely important or
where clearance conflicts might prevent a single-barrel pipeline from being installed.
In either situation, sufficient internal minimum velocities of 0.61 m/s (2 ft/sec) and,
preferably, 0.91 m/s (3 ft/sec) must be reached to resuspend organic and small, sand-
sized solids that enter the pipeline. As with gravity sewers, the early years of a new
installation may see flows that are at the low end of the design range. Therefore, the
designer should evaluate whether minimum velocities will be reached daily. If not,
then it may be necessary to develop a weekly or more frequent O & M plan to create
enough flow to flush the pipeline. The extent of the flushing plan will depend on
length of the pipeline. As an alternative, it may be necessary to include a pipeline pig
launcher and retrieval appurtenances in the system design. A pig is a plug-type insert
that in the pipeline that uses either hydraulic force from increased fluid velocities
forced between the pig and the pipe wall or  hydraulic pressure to mechanically
scrape or dislodge material from the pipe.

Maximum velocities for wastewater positive-pressure systems should not exceed
3 m/s (10 ft/sec) for normal, sustained flows. Wastewater conveys sand and grit that
accelerates the inside deterioration or erosion of pipe coatings or wall thickness at
bends or valves. Velocities from 0.9 to 1.8 m/s (3 to 6 ft/sec) are more desirable for
sustained flows. The ability to stay within these ranges will depend on the flow range
that the pipeline must convey.

2.7.2.3 Materials
Typical pipe materials commercially available for pressure sewer construction
include:

• Ductile iron,

• Prestressed concrete cylinder pipe,

• Polyvinyl chloride,

• High-density polyethylene, and

• Steel.

The same evaluation considerations apply to pressure pipe materials as previ-
ously discussed in the selection for gravity pipe materials. However, there are addi-
tional O & M considerations when evaluating pressure pipes. Pressure pipes tend to
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be installed at shallower depths than gravity sewer pipes. In colder regions of the
country, pressure pipes should be installed below the frost line. Therefore, native soil
character, surface contaminants that percolate through the soil, and stray currents
from other protected structures can influence the exterior corrosion rate of the pres-
sure pipe. Interior corrosion can be more aggressive in pressure pipes at high profile
points and at the discharge to the atmosphere.

Pressure pipes, particularly nonmetallic, should be installed with a system for
recovering the location of the installed pipe. This can be done with accurate record
drawings or by burying a wire, tape, or electric signal coupon above the pipe.

2.7.2.4 Backfill 
Backfill has the same important structural support function as discussed for gravity
sewer pipe. Soil conditions can vary widely in a project, and it is typical to use local,
excavated soil as backfill around the pipe. Geotechnical engineers should assist in
closely evaluating soil characteristics, which influence the performance of thrust
restraint for pressure systems.

Earth loads typically are not as great an external load because of the shallow
depths sometimes involved. However, live loads can become significant. Designers
should thoroughly review the pipe manufacturer’s backfill design suggestions when
designing the pipe and bedding combination.

2.7.2.5 Restrained Joints 
The design of thrust restraint for pressurized, buried pipelines with push-on-type
joints is important because of the damage that can result from joint separation. Pipe
systems that have all joints restrained, either as furnished by the pipe manufacturer
or from a welded joint, may not require external thrust restraint.

Thrust occurs when pipeline size or direction changes. Thrust forces can be
hydrostatic, hydrodynamic, or thermal in origin; designers are responsible for evalu-
ating each type of force. The designer should review the pipe manufacturer’s recom-
mendations for restrained joints and determine if application of the restrained pipe
length and method is appropriate for the proposed site conditions.

Resistance to thrust forces can be provided by concrete thrust blocking, concrete
thrust collars, or anchorage to a structure, or, indirectly, by transmitting the forces to
the adjacent straight pipe sections using joints designed to resist shear and separa-
tion. The forces in the adjacent pipe are then transmitted to the soil by a combination
of friction and lateral pressure.
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Concrete thrust blocks depend on the allowable lateral soil pressure to develop
the necessary resistive force. The allowable lateral soil pressure for local conditions
must be determined during design and properly observed during construction. In
adequate soils and for smaller diameter pipe, thrust blocks typically are the most eco-
nomical method of resisting thrust. However, sometimes soils are unable to resist lat-
eral force or dead weight force of the block. Also, there are times when space limita-
tions or the probability of future excavations will dictate the need for an alternative
restraint method.

Designers should also check for corrosion requirements to determine what pro-
tection is necessary for the thrust-restraint system.

2.7.2.6 Blowoff and Air Valves 
Air valves should be an integral part of the pressure pipeline system. Air that enters
or is entrapped in the pipe must be released. Because flowing water is subject to
changing pressures and velocities, air is continually coming out of solution when the
pipeline is in service. Unless air valves are properly located, this free air will accumu-
late at high points within the system. Serious flow restrictions or even blockage can
result from air pockets in the pipe, which can contain corrosive vapors and should be
vented to reduce interior deterioration.

Surge-pressure forces will be generated in the pipeline during situations such as
pump startup, rapid shutdown, or sudden valve closure. The forces created can be
substantial and need to be evaluated to determine their influence on the design.
Whether surge suppression is accomplished through a surge-relief tank or air release
valves, provisions for their regular maintenance should be established.

Valve maintenance is especially important on wastewater pipelines. Corrosion-
resistant materials for the entire assembly often are overlooked. Use of corrosion-
resistive materials should be considered throughout the system from the corporation
stop through the shutoff valve and air valve internal parts. Otherwise, when a leak
develops, maintenance personnel might not be able to close the shutoff valve or the
corporation stop.

The designer needs to ensure correct sizing and selection of the air valve. Tech-
nical bulletins published by the manufacturer or included in reference materials will
have recommendations for making the correct selection. These materials also will
include recommendations for equipment and procedures for periodic valve cleaning.
The designer should take into consideration these maintenance requirements and
provide adequate access space for a maintenance worker to repair or remove a valve.
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This could include providing proper vault drainage to prevent contamination of
adjacent surface water or groundwater and including provisions for odor control if
the valves are close to residential or commercial establishments.

Similarly, sediment and debris can accumulate in low points; methods to remove
these items need to be provided during design. Consideration should be given to
avoid low points; when needed, blowoff valves should be provided at low points.

2.7.3 Odor and Corrosion Control 
Without proper consideration of odor and corrosion control, the wastewater con-
veyance O & M staff will encounter continuous maintenance and repair problems
from a deteriorating piping system.

Odor control may be accomplished by many different methods including
reducing turbulence in the piping system, using activated carbon on air valves or for
pumping stations, or adding chemicals or biofilters. The designer should understand
potential odor issues and take measures to control odor as required.

This section will not discuss corrosion control methods in detail but will outline
important considerations in the selection of steel, iron, and concrete pipe materials
for wastewater conveyance applications because these are the most susceptible to
corrosion. A corrosion engineer or manufacturer representative should be consulted
for specific corrosion protection controls. In addition, the designer should not over-
look metallic components (such as fittings, bolts, bands, and valves) that are used
with PVC, fiber glass, and HDPE conveyance systems.

Corrosion is a result of the reaction between the pipe material and its environ-
ment. Corrosion can occur on the interior of the pipe as a result of reactions with
wastewater. The exterior can corrode because of reaction with the soil. Designers
often fail to anticipate the corrosion potential of electrical wiring, switches, and fix-
tures. The factors that must be considered when evaluating materials are determined
after field testing and evaluation of the environmental conditions.

Bonded pipe coating and linings help control corrosion. They isolate the pipeline
from its environment. However, coatings or linings are not perfect, and additional
techniques may be required to control corrosion. Portland cement concrete or mortar
can also be used to protect steel in non-detrimental environments. This is the basis
for protection of the steel components of concrete pressure pipe and for mortar-
coated and lined steel and iron pipe.

Polyethylene encasement is an unbonded coating traditionally used to protect
the exterior of ductile iron pipe. This system uses polyethylene sheets that are loosely
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wrapped around the pipe and fittings. This barrier reduces the exterior corrosion by
reducing exposure to oxygen, corrosive species, and stray currents. Polyethylene
encasement may provide economical control from external corrosion in certain envi-
ronments. However, it is important that the polyethylene encasement system be
installed correctly to provide the necessary protection.

Cathodic protection is useful for mitigating external corrosion of both metallic
pipelines and concrete pressure pipe. Cathodic protection can be an external
source of direct current voltage applied to the pipe so that the pipe becomes lower
in electrochemical potential than the soil around it. Thus, the pipe becomes the
cathode rather than an anode. Sacrificial anodes such as magnesium or zinc rods
can also be attached to the metal pipeline and buried in the soil around the pipe.
The magnesium or zinc rods corrode sooner than the metal pipe because the elec-
trochemical force developed between the metals causes the anode to lose the metal
ions before the pipe does.

Application of cathodic protection to a coated metallic pipeline supplements the
protection already afforded by coating systems. Cathodic protection systems can be
quite complex and should be designed by corrosion specialists trained in assessing
when and how to implement this method of control. Cathodically protected systems
require regular O & M to read and monitor the status of the protection system.

2.7.3.1 Sulfide Control Design Considerations 
The following guidelines have been prepared to help minimize the production of
dissolved sulfide and the release of hydrogen sulfide gas into wastewater collec-
tion systems.

Sulfide control guidelines for gravity sewers are as follows.

• Sufficient velocities should be maintained in gravity sewers to minimize the
production of dissolved sulfide as described under design. 

• Excessive velocities that would cause turbulence of the wastewater and strip-
ping of hydrogen sulfide gas should be avoided. Flow velocities should not
exceed limits previously discussed. The sulfide concentration in the waste-
water to be conveyed by the gravity sewer should be considered before
designing for velocities that could cause the stripping of hydrogen sulfide gas.

• Turbulence at points of intercepted flow (manholes or wyes) should be mini-
mized through the use of smooth transitions. Hydraulic drops and outfalls
should be avoided. The use of drop manholes should be minimized. Optional
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methods such as submerged-outlet drop pipes or contained drops should be
considered for drops of up to 6 m (20 ft) to contain and minimize turbulence. 

• Combining wastewater flows at a confluence angle greater than 90 deg should
be avoided. Confluence angles of 45 deg or less have been found to reduce
sewer pressurization, turbulence, and corrosion.

• It is recommended that sewers not be installed with opposing flows (conflu-
ence angle of 180 deg).

• The use of inverted siphons should be avoided whenever possible. Inverted
siphons should be provided with adequate air jumper capabilities and posi-
tive corrosion protection measures such as use of liners or inert materials.

• It is recommended that diameter changes only occur at manholes that have
been properly designed to allow for change in flow characteristics. 

Sulfide control guidelines for pumping stations and force mains are as follows.

• Pumping stations and force mains should be designed to minimize
hydraulic detention time within the pipeline, thereby reducing dissolved
sulfide production.

• The discharge of force mains into the wet well should be designed to minimize
turbulence and the stripping of hydrogen sulfide gas. Wherever possible, dis-
charges should be submerged to absorb hydraulic energy and minimize tur-
bulence.

• Gravity sewer entrances into wet wells should be designed to minimize free
fall and turbulence. Pumping stations should be designed so that free air
movement through the sewer is not impeded by wet well water levels except
at flows greater than peak dry weather flow.

• The number of air release points (placed at high points) for force mains should
be minimized through grade and slope control. Drainage for the force main
should be provided if possible. To avoid localized corrosion, partially full
force-main conditions should be avoided at any point in the pipe. Force mains
should be designed with a flat or continuously rising profile whenever pos-
sible. If possible, force mains should not be designed with a downward or neg-
ative slope. The idea is to control grade as much as possible and place air
release valves as needed.
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• Dual-force-main piping should be considered. This will help maintain min-
imum velocities, provide for future capacity, and minimize dissolved sulfide
generation (if force mains can be drained).

• The pumping station could be designed so that pumps clean the wet well.
Self-cleaning wet wells may be advantageous for wastewater.

• Where the force-main profile cannot be controlled and air releases must be
used, the use of variable frequency drives on pump motors should be consid-
ered to maintain flow conditions and avoid excessive operation of the valves. 

2.7.3.2 Corrosion Protection Design Considerations 
The following guidelines have been prepared to reduce corrosion potential in waste-
water collection and treatment systems caused by exposure to hydrogen sulfide gas.
In general, hydrogen sulfide gas concentrations less than 2.0 ppm are not considered
corrosive. Hydrogen sulfide gas concentrations between 2.0 and 5.0 ppm are consid-
ered potentially corrosive, and concentrations greater than 5.0 ppm average justify
protection against corrosion.

Corrosion protection guidelines for gravity sewers are as follows:

• Pipe material and pipe liners used for wastewater collection system construc-
tion should be unaffected by contact with sulfuric acid solutions as low as pH
0.5 (approximately 7% sulfuric acid by weight).

• Cementitious concrete products of any type (calcium silicate, calcium alumi-
nate) should not be used for wastewater conveyance wastewater without an
appropriately designed corrosion protection system (liner). 

Particular attention should be given to corrosion prevention of existing, unpro-
tected concrete gravity sewer pipes and manholes in areas of increased turbulence
(intercepted flows, 90-deg bends, slope changes, drop manholes, and force-main dis-
charge locations) for a distance of 300 diameters downstream and 50 diameters
upstream. 

Corrosion protection guidelines for pumping stations and force mains are as 
follows:

• Pumping station wet wells should be constructed of or lined with inert mate-
rials where hydrogen sulfide is anticipated. Plastic liners provide a longer life
than applied coatings. Exposed, unprotected concrete of any kind should not
be used in pumping station wet wells or other areas exposed to average con-
centrations of hydrogen sulfide gas greater than 5.0 ppm.
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• Piping used inside pumping station wet wells or areas of treatment plants
exposed to significant concentrations of hydrogen sulfide should be con-
structed of or lined with inert materials. The recommended metal is 316 stain-
less steel. Coated ductile iron is also not advisable.

• Force mains should be constructed of inert pipe materials or factory-applied
polyethylene-lined ductile iron pipe. Prestressed concrete cylinder pipe is not
recommended for wastewater force-main applications.

• Particular attention should be given to protection of structures downstream of
turbulent force-main discharge areas. It is even better to avoid designs that
cause turbulence.

• Force-main discharge manholes should be constructed from inert materials or
protected with material such as a PVC liner or epoxy coating. 

2.8 Rehabilitation
Rehabilitation maintains the structural and operational integrity of the sewer system.
The methods available to evaluate and rehabilitate the sewer system have become
more sophisticated with the advancement of robotics and improved camera systems.
Existing Sewer Evaluation and Rehabilitation discusses this subject in more detail (WEF
and ASCE, 2008).

Both gravity and pressure pipelines will require repairs or replacement during
its lifespan. Many of the factors that create the need to repair or replace pipe have
been discussed. Typically, the primary reason for repairing or replacing conveyance
system pipe is related to structural or I/I problems.

2.8.1 Condition Assessment for Design
The most critical part of any rehabilitation program is to understand the pipe con-
dition and need for repair or rehabilitation. Sewer system condition assessment
technologies such as closed-circuit television (CCTV) and smoke testing are dis-
cussed in more detail in Chapter 4 of this manual. Many improvements have been
made over the last 10 years in condition assessment techniques and methodology.
Regardless of the method used, it is best when the designer and the system owner
speak the same language. 

2.8.2 Sewer System Assessment Protocols
The National Association of Sewer Service Companies developed sewer system condi-
tion assessment protocols called the Pipeline Assessment and Certification Program
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and the Manhole Assessment and Certification Program. These programs were devel-
oped to promote the use of common standards within the sewer industry including
procedures, a coding system, and a consistent method of assigning severity codes to
identify, quantify, and prioritize defects in an existing collection system. For further
information on this program, please check http://www.NASSCO.org.

2.8.3 Structural Repairs 
The need to make structural repairs typically becomes evident either through a
sudden pipe failure or through field inspections such as internal CCTV inspections
or pipe-wall coupon sampling. In each case, an exact cause of the problem needs to
be determined so that the corrective action is effective. Otherwise, the corrective
action may have to be significantly overdesigned to account for this imprecise assess-
ment and all of the possible or speculative causes of the problem.

Structural repairs typically consist of replacing the section of piping system with
the same material. It would be advisable to use a granular pipe-bedding material to
provide stable, uniform support.

The designer also should consider using the pipe manufacturer’s recommended
replacement couplings and suggestions. If a section of pipe is replaced, the internal
pipe diameter of the spliced-in pipe should match the internal diameter of the
adjoining sections. Otherwise, the joint between the old and new pipe could become
a point where solids and debris become lodged.

2.8.4 Technologies for Design
Repairs for both pressure and gravity pipelines also can made to the exterior using
clamps or sleeves or to the interior using a liner either for long stretches or for sev-
eral meters. For longer pipe segments, rehabilitation systems include slip-lining,
swaged and rolled-down pipes, segmented linings, cured-in-place (CIPP) systems,
and fold-and-form pipe (FFP) systems. The systems have become increasingly com-
petitive and beneficial because of their less-disruptive trenchless technology features.
Both CIPP and FFP systems have application for point structural repairs as well.

A critical principle to consider in structural design is that the load the liner must
support is determined by the degree of degradation of the original pipe. Design con-
ditions for liner structural design typically fall into two primary categories: partially
deteriorated and fully deteriorated. There are many materials and systems for both
external and internal materials that are commercially available. These materials and
systems may be advertised in national trade organization publications.
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Pipe bursting or pipe eating are other forms of pipe replacement. These systems
break the original host pipe, and a new HDPE pipe is pulled into its place. Pipe
upsizing of one to two diameters is possible under certain conditions. Both pipe
bursting and liner systems require that individual service connections be reestab-
lished either by using robotics inside of pipe or by excavating to expose and recon-
nect the service connection.

Please refer to Existing Sewer Evaluation and Rehabilitation for more data on
pipeline rehabilitation means and methods (WEF and ASCE, 2008).

2.8.5 Inflow and Infiltration
Inflow and infiltration is a problem associated with gravity piping systems. The term
refers to extraneous flow that enters underground sewer pipes and imposes an unde-
sirable hydraulic load on the sewer system. Infiltration sources include groundwater
infiltration, which may be prevalent year-round, and rainfall-derived infiltration and
inflow, which is present during and shortly after rain events. Inflow enters the sewers
via direct connections to the sewers such as through manhole covers, surface or yard
drains, roof downspouts, sump pumps, or service connection cleanouts with missing
caps. Stormwater exiting the storm sewer system through damaged pipes, non-
water-tight joints, and unsealed lift holes may follow nearby sanitary sewer trenches
and enter through damaged pipe and non-water-tight joints.

Rehabilitation approaches to correct infiltration may be different than those to
correct structurally damaged pipe. Television inspection of the sewer can help define
the extent of structural rehabilitation needed. Groundwater migration, however, will
influence the required rehabilitation to control infiltration. Therefore, infiltration
rehabilitation work may include sealing or making each sewer and service connec-
tion joint watertight the entire length of the sewer within a groundwater zone of
influence. Rehabilitation might include chemically grouting each joint (or at least
pressure testing each joint) or relining the original sewer with one of the many com-
mercially available lining materials discussed above.

2.9 Manholes
Manholes are installed in sewers to provide access for routine or emergency mainte-
nance. They are sometimes rendered inaccessible because of location, negligence (for
example, covered by pavement), or design deficiencies. Locating sewer lines in street
or alley rights-of-way is preferable to the use of easements, where obstructions such
as utility poles, meters, junction boxes, fences, retaining walls, trees, shrubs, or utility
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buildings can restrict access. It is important to avoid placing manholes and sewer
lines in the path of direct, continuous traffic; it is best to locate these items outside
wheel areas.

Manholes typically are placed at each change in direction so that sewers are
straight between manholes as a result of several considerations: straight sewer layout
and construction is easier; accurate record drawings have often not been kept to allow
relocation of curved sewers; and pulling CCTV and cleaning equipment in curved
sewers is more prone to operational problems and pipe damage. Curved sanitary
sewers are more prevalent in older systems even though a properly designed curved
sewer will convey wastewater just as effectively as straight sewers and can cost less.
Some communities, however, have adopted the practice of installing a manhole imme-
diately upstream, downstream, or at both ends of the curved portion of the sewer if
additional construction work is done in the vicinity of a curved sanitary sewer.

Ideally, manholes are large enough to provide space for a person to work with
cleaning equipment, a shelf wide enough to provide safe footing, and support for a
ladder. Manhole walls can be sealed from groundwater infiltration by using mortared
joints, adequate flexible sealer, or rubber O-ring gaskets for precast-section manholes.
It is reasonable to consider a combination of joint-sealing methods because concrete
casting tolerances may not produce tight-fitting tongue-and-groove precast joints.

Manholes typically have an inside diameter of at least 1.2 m (4 ft). Larger
pipelines need correspondingly larger manholes to provide an adequate shelf on
which to work and a wall surface sufficient for a solid, watertight connection. Eccen-
tric manhole shafts (i.e., shaft is offset to be aligned vertically with manhole wall) are
easier and less dangerous to enter. To reduce problems with some maintenance
equipment, the straight side is sometimes over the outlet pipe. Many agencies require
construction of concentric manholes (i.e., entrance shaft is in center of manhole),
which facilitates the insertion of cleaning equipment in multiple directions regard-
less of orientation. Because of safety considerations, some agencies have eliminated
manhole steps and now use ladders or hoists.

2.9.1 Spacing
Manholes typically are spaced at intervals of not more than 120 m (400 ft) for small
sanitary sewers. Spacing often is specified by local regulation. With the advent of
modern cleaning equipment, some agencies have considered lengthening this max-
imum interval. Although some new cleaning equipment is able to clean up to approx-
imately 300 m (1000 ft), other maintenance activities, such as bypassing a section or
certain rehabilitation activities, can be difficult or impossible at that distance. Where
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there are truck-access limitations (such as in a backyard or parkway), the distance
from the access point to the manhole needs to be considered in determining the man-
hole spacing. Intervals of 150 to 300 m (500 to 1000 ft) are typical for large sanitary
sewers of 0.75 m (30 in.) diameter or greater.

A manhole also is necessary at each change of grade, invert elevation, or pipe
size; at each intersection of two or more sanitary sewers; at the terminal end of each
sewer line; and at major service connections (such as industrial facilities and schools).
Manholes should not be placed at busy street intersections.

The practice of replacing the last manhole with a lamphole or vertical riser is not
recommended. When sanitary sewers must be located along a rear property line, the
sewer should be extended to a street right-of-way or an access easement, even if this
requires construction of an additional dry sewer. This ensures access for the mainte-
nance crews.

2.9.2 Materials
2.9.2.1 New Construction 
Most new manholes are made of precast concrete. Other materials such as fiberglass
and HDPE also are used in environments that are detrimental to concrete. Some com-
munities require coal tar epoxy, elastomeric epoxy, or PVC liners in the manholes that
are to be located on interceptors greater than a specified diameter. The walls of new
manholes typically are heavily pitted and need to be filled with a cement layer before
application of an epoxy liner. Otherwise, corrosive gases will penetrate existing pin-
holes, corrode the area behind the liner, and eventually delaminate the liner. Precast
concrete manholes that are located in the upper reaches of collection systems or
where hydrogen sulfide generation is minimal will provide years of good service.

2.9.2.2 Rehabilitation 
Manhole rehabilitation typically begins with investigations to help identify I/I prob-
lems in the collection system. Many communities prefer to rehabilitate not only their
I/I defects but also their structural defects under the same effort. Therefore, a combi-
nation of structural, waterproofing, or corrosion control methods may be necessary
at the same manhole. Some manufacturers advertise products that meet all three
requirements. The broad categories of manhole rehabilitation are chemical grouting,
cementitious manhole restoration, polymers (epoxy, polyurethane, and urea), cured-
in-place liners, chimney seals, barrel joint seals, and precast inserts. See NASSCO Per-
formance Specification Guidelines for Renovation of Manhole Structures, for more detailed
information (http://www.NASSCO.org).
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2.9.3 Channels 
Smooth, continuous manhole channels efficiently move wastewater from one or
more inlet lines to the outlet lines. Properly designed and constructed side or angle
inlets prevent deposition of solids at the transition point.

Wherever a change in pipe diameter occurs, the pipe crowns or water surfaces
are located at the same elevation to reduce flow resistance. Where there is a change in
direction without a change in diameter at a manhole, a drop in elevation is allowed
through the manhole. The following drops are recommended: a 0- to 45-deg angle
change over a distance of 3 cm (0.1 ft) and a 46- to 90-deg angle change over a dis-
tance of 6 cm (0.2 ft).

Inlet pipes that are too high to enter the manhole at the bottom (more than 31 cm
[1 ft]) can enter through a drop connection. However, every effort should be made to
avoid sudden drops in flow. Sudden changes in flow direction will cause gases such
as hydrogen sulfide to be released out of solution.

Constructing shelf areas so that they drain to the channel at a slope of at least 1:12
reduces deposition. Because of careless construction, a channel of good hydraulic
properties, though important, is not frequently created. The channel should be, as far
as possible, a smooth continuation of the pipe. To this end, the pipe is sometimes laid
through the manhole with the top half removed to provide the channel (ASCE and
WEF, 2007). The channel walls should be formed or shaped to three-fourths the full
height of the crown along interceptor sewers and other manholes with high veloci-
ties. This practice will help reduce deposition of solids on the shelf and facilitate
smooth flow hydraulics through the manhole. Making the channel wall the full
height for most 0.2-m (8-in.) diam sewers increases the difficulty of sanitary sewer
investigations and maintenance tasks such as:

• Physical inspection of pipes by lamping,

• Insertion of television inspection cameras,

• Deployment of cleaning equipment,

• Insertion of sewer plugs, and

• Installment of some flow measurement equipment.

2.9.4 Covers 
Manhole frames and covers are constructed of heavy cast iron or ductile iron. They
need to be approximately 60 cm (24 in.) in diameter to allow easy access. Machining
the horizontal bearing surfaces between the cover and frame reduces rocking and
provides a tighter fit, especially if a rubber gasket is grooved into the frame or lid.
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In flood plains, flood-prone areas, or areas subjected to ponding or sheet flow
runoff, manhole covers should be watertight (with or without bolts). These covers
and rubber gaskets are designed to eliminate inflow. Lifting holes or bars in the lid
are designed to be non-penetrating to reduce surface water inflow. Removal methods
that do not require lifting holes are preferred; however, if lifting holes are necessary
there should be no more than two. Alternatives to replacing an existing hole-pene-
trating cover are either hole plugs or frame and cover inflow inserts (dish). The
inserts stop or impede the inflow from entering the system through the cover pene-
trations. The inserts are made of plastic, polyethylene, or metal materials.

Where manholes are located in poor soils, shifting sands, or soft asphalt pave-
ment on a hot day, it is common to install a concrete ring that extends approximately
0.3 m (1 ft) around the top of the manhole frame and cover. This provides mainte-
nance crews with firm footing for a confined space tripod and for lifting bars. A sec-
ondary benefit of the concrete ring is that it makes the manhole easier to locate both
in drive-by searches and in aerial photographs.

Adjustment rings between the cone or slab and the rim casting may be appro-
priate in manholes located in streets and alleys. These rings facilitate adjustment for
regrading projects. It is important to take care to waterproof and seal the joints
between the manhole frame, adjustment rings, and cone because this is often the area
where inflow enters the manhole.

In cold climates or where traffic loads are heavy, adjustment rings may fail and
allow I/I or loss of backfill. Rings of high-quality concrete may be used to help avoid
this. Flexible frame-to-cone seals that permit movement from frost action or traffic
effects are a viable alternative.

2.9.5 Steps
Corroded or poorly grouted manhole steps (rungs) present a safety hazard. These steps
can break off underfoot, possibly causing a serious or fatal fall. Efforts should be made
to remove steps as part of a rehabilitation program. Most agencies are dispensing with
steps in new manholes and equipping maintenance vehicles with lightweight alu-
minum or fiber-glass extension ladders or portable hoisting frames and harnesses.

2.9.6 Drop Manholes
Drop manholes are manholes where the vertical distance between the influent pipe
and the effluent pipe is greater than 0.3 m (1 ft). Drop manholes that have a drop
greater than approximately 0.6 m (2 ft) should have two influent pipes. The top pipe
enters the manhole on the same grade as the upstream sewer pipe. The bottom pipe
has the same vertical alignment as the upper pipe but comes into the manhole at the
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invert of the manhole. There are both outside (most prevalent type) and inside (less
favored) drop manholes used in sewer systems. The design again depends on the
jurisdiction and their experience.

Drop manholes typically are considered when it is not cost effective to make an
influent line match the effluent line. An example of this is when the construction cost
savings of installing the sewer pipe at the extra depth exceeds the cost of the extra
piping and workmanship of the drop connection at the manhole. However, because
drop manholes can create other costs associated with materials corrosion and main-
tenance problems, other approaches are often used. For more information, see Gravity
Sanitary Sewer Design and Construction (ASCE and WEF, 2007).

2.9.7 Connection between Manhole and Sanitary Sewer 
Design should anticipate the possibility of differential settling of the manhole and the
sanitary sewer pipe. Design and construction precautions are warranted where the
manhole and sewer connect. Shear cracks or stresses in a sewer pipe can occur at or
immediately outside the manhole. The use of flexible pipe-seal connections integral
to the manhole wall is a method typically specified in design to avoid buildup of
stress forces in the pipe. If flexible pipe-seal connections are not applicable or used, a
flexible pipe joint at or within approximately 1 m (3.3 ft) of the outside manhole wall
decreases the likelihood of pipe damage.

Designers should allow for the change in trench width as the pipe enters and
leaves the manhole. Also, the contractor should properly place, compact, and sup-
port the pipe with an appropriately graded granular bedding and backfill material.
Otherwise, the sewer pipe may develop shear stresses and fail.

Corrosion problems may be anticipated where a force main discharges to a man-
hole as discussed previously. Hydrogen sulfide (generated principally by the bacte-
rial reduction of sulfate in wastewater) is released, oxidized, and condensed on
exposed surfaces as sulfuric acid. This process can cause extreme damage to cement,
carbonaceous aggregate, asbestos-cement, unlined ductile iron, and steel. Limiting
turbulence at these juncture points will reduce the release of hydrogen sulfide gas.

2.10 Manhole and Pipeline Testing
2.10.1 New Construction 
Emphasis on eliminating I/I from the collection system has spurred the enforcement
of performance tests that allow only relatively minor amounts of infiltration or exfil-
tration. Hydrostatic tests typically are used for pressure pipelines, manholes, and, to
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a lesser extent, small-diameter gravity sewers. Pressures for pipelines are established
based on design requirements of the pipeline system and should represent the
greatest pressure to be generated in the pipe. Pressures for manholes are static pres-
sure only; the manhole is filled with water and the rate of exfiltration is measured.

Air testing typically is used for gravity sewers and manholes. However, manhole
pressure tests are negative-pressure or vacuum at approximately 14 to 21 kPa (2 to 3
psi). Pressure increases over time are measured against acceptable rates.

In addition to air or hydraulic tests, it is a good practice to pull a mandrel
through the installed pipe or to require CCTV inspection to note any observed
leakage or defects. Mandrels are used to determine whether an installed pipe has
deflected more than accepted by the designer. Mandrel tests typically are used with
plastic pipe installations because they will deflect easily if not properly backfilled.
Two basic types of mandrels are available. One is a rigid mandrel constructed with a
fixed deflection that, if exceeded, will hedge in the pipe and not advance in the
pulled direction. The other is a mandrel with telescoping prongs that are depressed
by a deflected pipe and, when removed from the pipe, are measured against the
designer’s allowable deflection criteria.

Excessive deflection reduces flow capacity and can worsen over time. Television
inspection for new construction can reveal manhole and pipe leaks or defects that
may exist but that do not cause an air or hydraulic test failure. Also, CCTV can reveal
line sags or sediment or debris left in the pipe after construction.

Some communities require each manhole and pipe to be tested or CCTV
inspected. Others establish a minimum percent to be tested or televised with provi-
sions for more if specified criteria are not met. Using CCTV to inspect the entire
system before acceptance (and before paving above the pipe) not only confirms that
the system is installed correctly, but provides documentation for future comparisons.

2.10.2 Rehabilitation 
The same tests for new pipelines and manholes apply to rehabilitated pipelines and
manholes. However, rehabilitation of manholes should include additional tests typi-
cally not required for new construction (except for the previous cases). These tests are
a surface density test (hammer test), an adhesion test, and a pH test.

Surface preparation for manhole rehabilitation is a key factor in achieving
adhesion of the structural or waterproofing liner to the manhole substrate surface.
Surface density tests, pH tests, and petrographic tests (ASTM C856-04) can provide
important information about the condition of the substrate material (ASTM, 2004).
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Petrographic tests performed by a qualified person can reveal whether the concrete
composition and the surface are cleaned properly. The adhesion test is an indicator
test that ensures that the complete liner is properly applied.

2.11 Inverted Siphons
An inverted siphon is a section of sewer that, because of a large obstruction such as a
river, depressed freeway, subway, or utility line, must be installed below the
hydraulic gradient and thus operates under positive pressure. Most inverted siphons
(or depressed sewers) contain at least two pipes (barrels) although three pipes are
preferred: a smaller pipe for low flows to provide greater velocity for scouring, a
midsize pipe for larger flows, and a larger barrel to carry peak or future flows. To
eliminate overflow or backup conditions, some inverted siphons include another
pipe capable of carrying the entire flow in an emergency.

Inverted siphons typically have maintenance access structures at each end. Gates
or stop plates at the inlet structure allow the diversion of all flow through any one
barrel for scouring. Flap gates held open by a chain and accessible from the top of the
manhole have been used successfully in small siphons. Working space is allotted in
the inlet structure to launch a cleaning pig and in the outlet structure for recovery. To
allow passage of cleaning equipment, smooth curves of adequate radius (less than 22
deg) are preferred. Inverted siphons have been successfully constructed with various
types of pipe, including ductile iron, concrete, and polyethylene.

Odor problems tend to occur at the inlet chamber because air is released by
movement induced by wastewater flow and lack of a free-water surface through the
siphon. Positive pressure develops in the sewer upstream of a siphon because of the
downstream movement of air induced by the wastewater flow. Air tends to exhaust
from the manhole at the siphon inlet and can cause odor problems. The problems
typically are cured with air lines or air jumpers.

The inlet chamber has a lateral overflow weir and, sometimes, a sump to trap grit
and heavy objects and to prevent clogging of the barrels. Screens may be installed if
the added expense of periodic cleaning is warranted. Inlet and outlet structures both
need tamper-proof manhole covers.

Both the inlet and outlet structures are prime environments for hydrogen sul-
fide release, which results in an aggressive corrosion attack on concrete and iron
materials. Corrosion control is vital for these facilities if a reasonable life
expectancy is desired.
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2.12 Sanitary Sewers above Grade
Sanitary sewers are sometimes placed over an obstacle where topography, width of
crossing, and flood elevations and velocities allow. They are installed or hung on
bridges, supported on piers, suspended by cable spans, or fastened to a structural
beam. Pressure-type joints, insulation, and jacketing prevent leakage and protect the
pipe against freezing, although above-grade sewers are rarely used in cold areas.

2.13 Crossings and Tunnels
2.13.1 Stream Crossings 
Sanitary sewers that transect a stream and are installed using traditional excavation
techniques often have pipe tops that are several meters beneath waterway inverts. This
typically is done by necessity because there is minimum slope available, forcing the
pipe to be as shallow as possible. These crossings are subject to erosion and washout
because of their proximity to the stream invert. Crossing pipe can be encased in con-
crete or placed in another pipe to protect against scour, effect, and potential inflow. Pipe
joints designed specifically for crossing bodies of water also are available. If the
crossing is complex, high risk, or expensive, alternative crossing options such as micro-
tunneling or directional drilling should be evaluated. Regulatory agencies increasingly
are requesting tunneling to avoid concerns with open-cut techniques.

Some agencies require that crossing signs be posted on either side of a navigable
stream or lake that are visible from land and water. Signs should alert the public to
the presence of the submerged pipe so that activities such as dredging, geotechnical
explorations, and boat anchoring do not penetrate or shift the pipe’s position and
make it more vulnerable. A contact phone number and any other special notes should
be legible from a reasonable distance as determined by the specific site conditions.

Substantial problems may be encountered where sanitary sewers span a water-
course, particularly when support piers are required. Brush and debris invariably
jam against the pipe, sometimes causing a rupture and discharge of untreated waste-
water to the stream. Bridged crossings ideally are placed above the maximum flood
level. Stabilizing stream banks helps to reduce erosion maintenance. Manhole struc-
tures should be protected or physically located to reduce washout by bank erosion.

2.13.2 Other Crossings 
There are many other cases where pipelines need to cross major highways and busy
intersections or to avoid public concerns. In these cases, tunnels or trenchless
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methods are being used more often. The method of tunneling depends primarily on
the diameter of the crossing and the soil conditions.

When crossing major freeways, agencies will require an encasement pipe to pro-
vide double protection to their facilities. This is especially true when using pressur-
ized piping.

2.14 Service Connections and Disconnections
Service connections also are referred to as house connections, building sewers, ser-
vice lines, or service laterals. They connect the customer’s facility (building) to the
public sewer system. Service connection requirements for each community vary as to
the criteria for design and installation.

Attention to service connections has greatly increased over the past 10 to 15 years
because of the recognized difficulties with I/I. Because the length of service connec-
tion piping can equal or exceed the length of public property sewers, their con-
tributing effect on wet-weather flows can be significant. This fact recently prompted
a change to the long-held cultural restraint of investing public money on private ser-
vice connections; public money may be more effectively spent to remove defects.
Regardless of the approach to correcting service connection defects, designers of
sewers should include realistic flow allowances for I/I from service connections.

Optimum sanitary sewer design includes properly located and securely plugged
Y and T connections for future service connections. Typically, the public sewer is
installed and then the service Y or T connections installed with a section of service
pipe plugged at the end before  extending to the private property boundary. Close
attention needs to be given to designing a tightly plugged pipe; otherwise, the ser-
vice connection can become a significant source of I/I and sediment. Inexpensive
mechanical plugs are alternative. Also, accurate location records help make Y and T
connections easily recoverable when the plumber wants to complete the building
connection or perform repairs.

Sometimes, service connections are not available on the sewer at the desired loca-
tion. Service connection installation via the break-in or hammer-tap methods can
cause pipe failure and line blockage and makes pipes vulnerable to infiltration and
root intrusion. Local regulations typically prohibit break-in service connections and
require machine-tapping and saddle-style or other suitable factory-fabricated con-
nections. It is strongly encouraged that construction inspection is performed on ser-
vice laterals at the time of installation.
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Old structures may be razed and the excavated land backfilled during property
development. Typically, sanitary sewer service is not properly disconnected, and the
construction design will require a new service connection. Several generations of site
reuse may result in multiple service connections. Inactive connections are a source of
infiltration, insect and rat infestation, and other possible maintenance problems.
Therefore, building permit and design regulations often may require that abandoned
services be disconnected and permanently plugged at the main, if possible. Again,
ensuring a watertight plug and an accurate location typically will restrict the poten-
tial problems that could otherwise result.

As stated above, more attention is being paid to service laterals or private prop-
erty sewers. Many communities are now ensuring that private systems are being
rehabilitated as required to reduce the amount of I/I. One approach is requiring
inspection and upgrades at the time of property sale or ownership transfer. Another
is to have owners pay monthly into an insurance policy that can be used to rehabili-
tate laterals. Sharing the cost of lateral rehabilitation between the owner and the
utility also has been used successfully in some communities.

A resource called the Private Property Virtual Library has been created to address
ongoing developments in this area (http://www.wef.org/apps/PPVL_Site/
wef/ppvl_main_page.asp).

2.15 Value Engineering
Use of value engineering has typically been set aside for large, multi-faceted projects.
The intent is to draw together experts in the areas the project addresses. For instance,
a large sewer project with numerous tunnels and horizontal directional drilling
(HDD) might have a team composed of a sewer designer, a geotechnical engineer, a
tunnel designer, a HDD specialist, a cost estimator, and certified leader. It is recom-
mended to have a leader who has served on teams before and knows how to get to
the end of the assignment.

2.16 Specification Writing
Specifying the type of materials that the project needs and their minimum perfor-
mance criteria is important to project success. It is recommended that designers use
the Construction Specifications Institute (CSI) standard format and guidelines when
developing a set of technical specifications. The CSI is divided into many divisions
that each deal with certain aspects of construction. Each division is further separated
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into specific sections dealing with particular items such as pipe material or testing.
The format is straightforward and provides general information, references, descrip-
tions of products and materials, and installation requirements and testing.
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1.0 CONSTRUCTION PROJECTS AND 
PROJECT MANAGEMENT

This chapter provides an overview of public works construction contracting for
wastewater collection systems and provides sources of more detailed information.
Significant information and guidance also are available from the following organiza-
tions: Construction Specifications Institute (CSI); Engineers Joint Contract Docu-
ments Committee (EJCDC); Construction Industry Institute (CII); American Public
Works Associations (APWA); American Institute of Architects; Associated General
Contractors of America; Associated Builders and Contractors; National Utility Con-
tractors Association; and American Society of Civil Engineers.

Wastewater collection systems construction projects involve complex processes.
Even small projects involve different skills, materials, equipment, and operations.
The construction process is subject to variable and unpredictable factors. Many
aspects of construction sites contribute to the complexity of construction projects:
subsoil conditions, surface topography, weather conditions, transportation systems,
material and equipment supply, availability of skilled labor, local subcontractors, and
many others. Therefore, to some degree, every construction project is unique.

A construction project typically involves many parties including the owner,
design engineer, prime contractor, subcontractors, manufacturers, material and



equipment suppliers, inspection and testing laboratories, and surety and insurance
companies. The owner of the structure finances the project. The structure is designed
in accordance with applicable codes and standards and follows state and administra-
tive directives regarding advertising, bidding, contracting, and administration of the
construction process. For competitive bidding, the owner defines the scope of the
project, describes the materials and tolerances, develops complete and detailed
descriptions of the proposed work, and defines the conditions by which the work
will be performed. The design engineer describes these elements in drawings and
specifications referred to as construction contract documents.

Construction drawings illustrate the extent and arrangement of the components
of the structure. The specifications describe the materials and workmanship required.
Construction contract documents are either prepared in-house or subcontracted to an
independent design engineer, depending on the complexity of the project and the
owner’s design capabilities.

Project management is the overall control of design and construction to achieve
an optimum balance between quality, schedule, and cost. Project management, how-
ever, does not exert a constant, uniform influence over these attributes throughout all
phases of project delivery. Project management influence is greatest during definition
and preliminary planning phases and tends to decrease rapidly as the process con-
tinues toward design and construction. Significant decisions concerning overall pro-
ject size, scope, complexity, location, and performance characteristics are made
during the early stages of the project. After the early stages of the project, firm com-
mitments of project resources have to be made. As the owner commits resources to
the project—such as acquiring facility sites, engaging consulting engineers for
detailed design, and hiring contractors to perform construction—it becomes more
difficult and expensive to make changes to the project plan. As a result, proper plan-
ning and decision-making are extremely important during project definition and pre-
liminary planning.

Software is available to provide the tools and resources for project management.
These project control systems include scheduling, estimating, and providing infor-
mation management to control the budget, schedule, and quality of the project.

2.0 LAWS AND REGULATIONS
2.1 Contracting Requirements
There are several items to consider before a project is bid. Special laws such as
building codes, environmental regulations, building permits, safety and health regu-
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lations, zoning regulations, prevailing wage requirements, and licensing for contrac-
tors may be applicable. These are intended to protect public health and safety and
prevent fraudulent acts by owners and contractors. Contractors should be informed
of these requirements in the bidding process.

Many states have a requirement that all public works projects be designed by a
licensed professional. Some set a dollar limit after which a licensed professional must
prepare the design. For example, the New York State Education Department states, “No
county, city, town, or village or other political subdivision...shall engage in the construc-
tion or maintenance of any public work” that is greater than $5,000 unless reports, plans,
and specifications are prepared by a licensed professional engineer (NYS, 2008). It is
important to note that public works “maintenance” in New York requires involvement
of a professional engineer. Kentucky, on the other hand, does not set a dollar limit for
public works projects and specifically excludes “maintenance or repair of the facility”
(KLRC, 2007).  Texas sets a dollar value at greater than $8,000, if involving mechanical
or electrical engineering, or $20,000 if mechanical or electrical engineering is not
involved (TBPE, 2008). Texas appears to exclude public works maintenance.

New York has a unique provision that requires separate contracts for general
construction; plumbing; heating, ventilation, and air conditioning; and electrical for
any public works building with a value greater than $500,000 to $3 million (varies by
county) (NYS, 2008). A project labor agreement (PLA) can waive the provision for
separate contracts. There are other specific criteria that must be met when estab-
lishing a PLA, such as an apprenticeship program. Public works managers need to
identify and understand the various contracting requirements that are applicable to
their state and particular jurisdiction and their implications on the project.

2.2 Competitive Bidding
Laws or regulations typically mandate the competitive bidding of utility projects,
ensuring value to ratepayers and fairness in the expenditure of public money. Public
administration of bids typically is required for publicly funded work. Project bids,
which are based on construction contract documents, are designed to receive cost-
competitive bids and to provide the owner with a constructed project of specified
quality at the lowest possible price.

Care should be taken when preparing public works bid documents to avoid lan-
guage that is ambiguous or allows apparent “owner discretion.” For example, the bid
documents for a public works project in Minnesota included a statement that the
owner had a right to “waive informalities or irregularities in a Bid received and to
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accept the Bid which, in the Owner’s judgment, is in the Owner’s own best interest.”
After the bids for the project were received and opened, the second lowest bidder indi-
cated that it made a human error on its bid, and asked the owner to change the value
of one of the bid alternates from a plus (+) sign to a negative (-) sign. The owner
changed the sign under the pretense that this was a bid irregularity that it could waive.
The second bidder then became the low bidder and was awarded the contract. The
original low bidder filed a bid protest. Although the original low bidder was not
awarded the contract, it did prevail in Minnesota Supreme Court, which stated that
(Knoll, 1997): “A fundamental purpose of competitive bidding is to deprive or limit the
discretion of contract-making officials in the areas which are susceptible to such abuses
as fraud, favoritism, improvidence, and extravagance. Any competitive bidding proce-
dure which defeats this fundamental purpose, even though it be set forth in the initial
proposal to all bidders, invalidates the construction contract although subsequent
events establish...that no actual fraud was present.” Owners should be certain that their
general provisions are adequately reviewed by appropriate legal professionals special-
izing in public works law. Owners should then be certain to scrutinize contract docu-
ments that it will use for bidding to ensure that ambiguous or contradictory language
is not included in special conditions or technical specifications.

2.3 Environmental Requirements
Federal, state, and local governments have many laws and policies to protect envi-
ronmental quality. Most have a direct effect on a public works project, such as per-
mitting requirements for work near waters of the United States, including wetlands.
Construction projects that disturb as little as 0.4 ha (1 ac) of land may require mitiga-
tion of site drainage and runoff under the U.S. Environmental Protection Agency’s
National Pollutant Discharge Elimination System Construction General Permit (U.S.
EPA, 2008). Others have indirect effects, such as pending regulations to reduce air
emissions from nonroad diesel equipment (e.g., construction equipment). These envi-
ronmental requirements can affect a public works project at all phases, including lead
time to acquire permits, stop-work orders by agencies having jurisdiction for non-
compliance with permit requirements, and postconstruction monitoring and
reporting such as for invasive species of plants in surface restoration of wetlands. 

2.4 Interagency Permit Requirements
Interagency permits include any necessary authorization to work in a public right-of-
way, either to open cut a road to install a casing pipe by a horizontal bore or for road
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patching, plumbing, or building (e.g., for pumping stations). Sewer agencies may
have blanket permits with other agencies (e.g., a state department of transporta-
tion) to allow for routine maintenance of facilities (e.g., cleaning catch basins). But
these blanket permits may not apply to capital improvements, particularly when
the sewer agency hires a contractor to perform the work. In some cases, the permit-
ting agency may waive a fee if the permit is obtained on behalf of the sewer agency.
Review by a historic preservation board or a parks commission also may apply. As
with environmental permits, these interagency requirements can affect project
schedule. Any necessary mitigation, such as improvements to a park or street, also
can affect the project’s cost.

3.0 CAPITAL PROJECT DELIVERY METHODS
3.1 Design–Bid–Build
The traditional project delivery method for public works projects is design–bid–
build. As the name implies, it is a sequential process. First, the owner prepares a set
of contract documents, either with inhouse resources or through a contracted design
professional. Then the project is advertised, and bidders prepare estimates and
submit bids based on the contract documents. The project is awarded and construc-
tion of the project begins. The owner oversees construction either with inhouse or
contracted resources.

This method is time-tested and is known to virtually all owners, engineers, and
contractors. The product is well defined because all aspects are identified and
designed prior to bidding. The design–bid–build process is time-consuming because
of the sequential steps of the work. This method can limit the designers under-
standing of construction labor, scheduling, material availability, and constructability.
And it can create an adversarial relationship between the engineer, contractor, and
owner. The nature of the process may cause the contractor to look for least-cost
approaches to complete the project and meet or exceed its expected profit projections.
This, in turn, creates the need for increased oversight and quality control by the
owner. Lack of knowledgeable contractor contribution to the design may limit the
effectiveness and constructability of the project. 

3.2 Multiple Prime Contractors
In this method, the owner has separate contracts with several providers, such as gen-
eral construction, mechanical, plumbing, and electrical. The owner, with its own
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resources or through a contracted professional, manages the overall project schedule
and budget during the construction phase. Pennsylvania, North Dakota, Illinois, and
New York require this for all public works building projects. It allows for “fast-
tracking” as each piece is bid separately, allowing for flexibility in awarding contracts
for the first portions of the project. This requires that the design for each piece is com-
pleted. Fast-tracking can be a highly desirable for procurement in cases where time is
a critical element.

There are, however, several disadvantages to this method. The final cost of the
project will not be known until the final prime contract is bid and awarded. An
absence of overall authority once construction is underway can lead to problems pri-
marily from lack of coordination and contractor delay issues. An owner may try to
give the general construction contractor contractual responsibility to coordinate the
work among trades, including project schedule. The general prime contractor, how-
ever, lacks contractual authority to dictate the schedule of another contractor. Courts
have upheld that public owners are responsible for the management of multiple
prime contracts (GBCNYS, 1972).

3.3 Design–Build
Design–build replaces the traditional method of awarding separate contracts for
design and construction. Design–build is a method of project delivery in which a
single entity provides all of the services necessary to both design and construct the
project. This single point of responsibility fundamentally distinguishes the
design–build format from other forms of project delivery. A single source of
responsibility reduces the owner’s administration and management burden, pro-
tects the owner from liability, and reduces disputes concerning responsibility.
Planning and procurement for successful design–build delivery differs in several
ways from traditional project delivery. Strong owner involvement is required at
the planning stage to determine the performance characteristics of the facility with
sufficient clarity to establish fair competition. The procurement process also must
allow designers sufficient flexibility to consider economical technical alternatives
and require a guarantee for facility performance. It also must allow a basis for fair
comparison between alternatives and provide a remedy when performance cri-
teria are not met. Because teamwork is an important part of the process, owners
must take great care to select qualified, functional design–build teams. The selec-
tion process described for construction management should also be used for the
design–build format.
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The design–build project delivery system has grown in popularity. It is used to
some degree in most states, except in Alabama, Iowa, Michigan, Rhode Island, and
Wyoming where design–build is “not specifically authorized for public agencies”
(AIA, 2006).

3.4 At-Risk Construction Management
In at-risk construction management, the construction manager is expected to
deliver a project to the owner within a guaranteed maximum price (GMP). The
construction manager acts as advisor to the owner in planning and design phases
and provides scheduling, budgeting, and constructability advice. During the con-
struction phase, the construction manager is the equivalent of a general contractor.
Because the construction manager is contractually responsible for a GMP, the
nature of the relationship between the owner and construction manager is
changed. The construction manager must protect his or her own interests in addi-
tion to those of the owner.

At-risk construction management is comparable to the traditional design–bid–
build method because the construction manager performs as the general contractor
during construction. Specifically, the construction manager holds the risk of subcon-
tracting the various disciplines of the construction work to various trades and guar-
antees completion of the project for a predetermined, negotiated price following
completion of the design. This delivery method is comparable to design–build
because construction can begin before completion of the design. The construction
manager can solicit bids and subcontract various portions of the work while design
of unrelated portions is still being completed. 

A disadvantage of this delivery method is the contractual relationship among
designer, construction manager, and owner as soon as construction starts. Once con-
struction begins, the construction manager ceases to be an advisory to the owner and
assumes the contractual role of general contractor. Quality of construction, issues
associated with design, and schedule and budget can become points of contention.
At this point, at-risk construction management becomes analogous to the traditional
design–bid–build system, and adversarial relationships may result.

A significant benefit of this method is the opportunity to incorporate an experi-
enced contractor’s perspective into the decisions associated with planning and
design of the project. The project also can fast-track early components before design
is complete, saving time and associated costs.
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4.0 AGENCY CONSTRUCTION MANAGEMENT 
Agency construction management is when the construction manager serves as an
owner’s primary advisor for a project or program. The agency construction manager
is accountable to the owner for managing all or part of the planning, design, con-
struction, and postconstruction phases. The construction manager protects the inter-
ests of the owner in its dealings with design and construction professionals and with
other entities both private and public. The agency construction manager ensures
optimum use of available funds, controls the scope of work, and is responsible for
project scheduling. By coordinating the most advantageous use of the design and
construction firm’s skills and talents, the manager strives to avoid delays, changes,
and disputes and to enhance quality. This method allows for optimum flexibility in
contracting and procurement.

5.0 MAINTENANCE PROJECT DELIVERY METHODS
5.1 Force Account Construction
Construction projects involving repairs, small jobs, and emergency cases often are
administered through a method called force account construction. Under this system,
the owner acts as the prime contractor responsible for coordinating the project and
either subcontracts work to specialty contractors or elects to do the construction with
existing work crews.

5.2 Term Contracts
A term contract is a contract in which a source or sources of supply or service are
established for a specific period of time at a predetermined unit price. For example, a
sewer repair term construction contract could consist of per-unit prices for the in-
kind replacement of various sizes of sewer. It might cover, for example, sizes of sewer
ranging from 150 to 1050 mm (6 to 42 in.) at various ranges of depths such as 0 to 3 m
(0 to 10 ft) and 3 to 5 m (10 to 16 ft), with a variety of surface conditions such as
unpaved, light asphalt, heavy asphalt, or concrete pavement. As the utility project
manager identifies individual defects in various pipe segments throughout the col-
lection system, such as by closed-circuit television (CCTV) inspection, he or she can
accumulate a list of required repairs. The project manager can then issue work orders
to the contractor who holds the term construction contract to replace the sections of
pipe with the defects using the established unit prices. 
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6.0 CONSTRUCTION CONTRACT DOCUMENTS

6.1 Constructability Review
As outlined in Section 3.0 Capital Project Delivery Methods, an advantage of the con-
struction management and design–build approaches is the innate contribution of a
knowledgeable construction contactor. When using the traditional design–bid–build,
force-account-construction, or term-construction approaches, the owner should have
the design reviewed by an independent individual or firm with good working
knowledge of the construction methods applicable to the project. The owner should
be aware, however, that a contractor who performs a constructability review may
become ineligible to bid on the project. The reviewing contractor may be considered
to have an unfair advantage over other contractors.

6.2 Operations and Maintenance Review
The operations and maintenance (O & M) staff should have an opportunity to review
and comment on the project at various stages. This real-world input by O & M staff
provides the same benefits to the long-term viability of the project as contractor input
has to constructability. The O & M staff bears the burden of design and construction
errors long after the engineer and contractor have completed the project. O & M staff
can assist with the development of life-cycle costs that can be used to evaluate capital
improvement alternatives.

6.3 Value Engineering
Value engineering typically involves engaging a separate engineering group to
examine a project plan (or conceptual design) to question whether it will in fact
deliver the value that the owner wants in a cost-effective manner and to consider
whether alternatives will prove more reliable and cost effective. The process forces
the owner to question and determine real needs. It also assists in identifying the main
advantages and disadvantages of alternative engineering options. Properly con-
ducted value engineering studies should end with general agreement on the best
engineering design for a particular owner, based on whatever the owner values most.

Value engineering can be introduced during the construction phase of a project.
Because it is more difficult and expensive to change plans after significant resources
have been committed to an existing plan, value engineering has been found to
deliver the most value for the least cost during the earliest stages of a project.
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Many construction contracts with public agencies include value engineering
incentive clauses. Value engineering uses the contractor’s special knowledge to
reduce the cost of a project without sacrificing quality or reliability. A clause of this
type provides the contractor with an opportunity to suggest changes in the plans or
specifications (such as changing, for example, from conventional trenching to trench-
less technology) and share the resulting savings.

6.4 Allocation of Risk
Risk is the probability of the occurrence of a defined hazard (i.e., a particular event
which has the potential if it occurs of an adverse effect) and the magnitude of the con-
sequences. Risk assessment is the estimation and evaluation of the risk; the magni-
tude of the consequences together with the probability of the consequences. Risk
identification is an awareness of those risks that could adversely affect the outcome
of the venture or project. Risk management is the identification, measurement, and
economic control of risks.

There are several factors that present risk to the owner, contractor, and engineer
including errors and omissions in design; environmental, health, and safety; weather;
quality of work; subcontractor performance; and inadequate project definition or
organization. The utility project manager should discuss with its design professional
or construction manager, or both, his or her tolerance for risk. This will help drive
decisions on the level of effort for project components such as sub-surface investiga-
tions, payment methods, and umbrella insurance policies.

6.4.1 Unforeseen Conditions
Unforeseen conditions are one area in which an owner can affect risk and cost. Sewer
projects are risky and the potential for unforeseen conditions along any portion of the
length of a project can have profound effects. If an owner is risk adverse and states in
its contract documents that (1) the owner accepts no responsibility for subsurface
conditions; or (2) the contractor assumes all liability for all conditions found at the
site whether or not they could have been reasonably anticipated, the owner is not
only putting a high degree of risk on the contractor but is placing a financial burden
on itself. If the contractor perceives an undue risk, this will be reflected in its bid
prices. The owner should take the necessary steps to give the contractor as much
information as possible, via a thorough subsurface program, or should be willing to
share the risk of truly unforeseen conditions. The allocation and management of risk
will be reflected in the cost of construction.
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6.4.2 Dispute Resolution
The Construction Industry Institute states (CIIDPRRT, 1995), “Disputes arise when the
field project managers are unable to resolve a disagreement and others (e.g., project
sponsors, advisors, neutral parties) become involved in an attempt to facilitate agree-
ment.” Disputes are identified as occurring on the jobsite and are a function of uncer-
tainties surrounding the project, problems with process (e.g., incomplete scope defini-
tion), and issues involving people (e.g., poor interpersonal skills). Involvement of
“others” who are not involved in day-to-day activities, yet share the goal of success-
fully completing the work, can be an effective method of resolving a dispute. Neutral
parties or advisors can be individuals who are mutually selected by the owner and con-
tractor before construction begins. This “disputes resolution board” is charged with
rendering a decision based on the merits of each parties’ interpretation of the dispute
and not based on an allegiance to a particular party. The dispute resolution board may
meet several times over the projects duration to address routine disputes.

6.4.3 Conflict Resolution
If a dispute cannot be resolved onsite, the conflict is addressed away from the project
using techniques such as fact-based mediation, nonbinding or binding arbitration, a
minitrial, or private judging. Whereas a dispute resolution board is part of construc-
tion phase, conflict resolution is typically an issue-specific technique. 

6.4.4 Escrow Documents
On large, complex, or risky projects, such as a sewer tunnel, the contractor’s bid doc-
uments can be held in escrow by an independent third party. If a conflict arises where
the contractor is claiming extra costs, its bid documents can be reviewed to ensure
that there was a legitimate omission or anticipation of certain conditions when the
bid was being prepared. The placement of bid documents in escrow needs to be
specifically identified in the contract documents. 

7.0 FINANCIAL CONSIDERATIONS
7.1 Payment Methods for Construction Contracts
Although there are many different types of construction contracts, they may all be
grouped within the following significant divisions:

• Contracts for which the contractor is selected based on lowest responsive and
responsible competitive bidder. This procedure is typical for public works
contracts. Typically, these contracts will be lump-sum and unit-price contracts.
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• Contracts resulting from direct owner–contractor negotiations. These can be
determined on any mutually agreeable basis, such as lump-sum, unit-price, or
cost-plus fee.

7.1.1 Lump-Sum Basis
Lump-sum contracts stipulate a fixed price for project construction. The lump sum
reflects the total cost of the contract project. The owner benefits most from this type
of contract because the total cost is known in advance. However, lump-sum contracts
limit the scope of work because all quantities and complete plans and specifications
must be accurately known when the bid is made. The contractor assumes full risk
because the job must be completed even though the total cost of the work may be
greater than the contract price. Lump-sum contracts are often used in wastewater col-
lection system construction for pumping stations and other well-defined structures.

7.1.2 Unit-Price Basis
Unit-price contracts offer advantages for projects involving quantities of work that
cannot be accurately forecast. In this contract, the estimated quantities are compiled by
the design engineer, and the contractor bids the unit costs for carrying out the proposed
work according to the contract documents. The contractor is obligated to complete the
work at the quoted unit price per listed item. Because payments to contractors are
based on units of work actually performed and measured in the field, the exact cost of
the construction is not known until the project is complete. As a result, unit-price con-
tracts require complete plans and specifications. The contractor assumes less risk with
unit-price contracts than with lump-sum contracts. Unit-price contracts often are used
in wastewater collection system construction for pipelines and appurtenances.

7.1.3 Cost-Plus Basis
Cost-plus contracts are used when the owner wants a particular contractor to do the
work, when the scope and construction techniques are not known, or when expe-
dited project completion is necessary. In a cost-plus contract, the owner pays all the
costs plus an agreed management fee; thus, the contractor takes the least risk. The
owner and contractor typically negotiate the contract scope. Then, based on prelimi-
nary drawings and specifications, the contractor estimates the price. This type of con-
tract often is used in force account work such as emergency repairs for wastewater
collections systems.

Examples of items typically included in the management fee are contractor’s
head office costs, rents, taxes, insurance, interest on financing for the project, head
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office supervision and control costs, and contractor’s profit. Under this type of con-
tract, the contractor has the least incentive to keep costs down, though variations of
this contract have been developed to give the owner some cost control and provide
incentives to the contractor to reduce costs. These variations include cost plus a per-
centage of cost, cost plus a fixed fee, cost plus a sliding fee, and guaranteed max-
imum cost plus cost savings sharing incentives.

7.2 Funding Mechanisms
7.2.1 Municipal Bonds (Local Financing)
Municipal bonds are used to pay for public projects such as the construction or
improvement of water and sewer systems and other public works. There are different
types of municipal bonds, including general obligation bonds, limited and special tax
bonds, industrial revenue bonds, revenue bonds, housing bonds, moral obligation
bonds, double barreled bonds, tax anticipation notes, bond anticipation notes, and
revenue anticipation notes. The primary difference between these bonds is in how
and when the issuer will repay the bonds and how it makes the interest payments. In
the case of general obligation notes, the bond is simply backed by the “full faith and
credit” of the issuer. That means the local or state government that has issued the
bond can use just about any means available to guarantee payments, including
raising taxes.

Other bonds are issued with specific provisions to raise taxes or create a new tax.
These are known as limited or special tax bonds. If the project being undertaken will
generate revenue from tolls, wastewater fees, water bills, or other services, they are
known as revenue or industrial revenue bonds. 

7.2.2 Federal and State Financing (Grants and Loans)
There are a variety of small-scale federal (e.g., U.S. Department of Agriculture,
Rural Utilities Service) and state (e.g., North Carolina Clean Water Management
Trust Fund) grant programs. The Water Pollution Control Revolving Fund, also
known as the Clean Water State Revolving Fund (SRF), is the largest source 
of loans for both point source (wastewater and stormwater) and nonpoint source
water pollution control projects (U.S. EPA, 1987). The SRF has provided more 
than $4.5 billion annually in recent years (U.S. EPA, Wetlands (Section 404) Compli-
ance Monitoring, http://www.epa.gov/compliance/monitoring/programs/cwa/
wetlands.html). More information on project funding and financing options is pro-
vided in Chapter 8.
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7.3 Cash Flow/Cost Control
Cash flow is important for the contractor and engineer, who rely on revenue to pay
staff, buy equipment, and earn a profit. But cash flow projections also are important
for the owner who must borrow substantial amounts of money to fund a project. If
the owner is undertaking a long-term program or multiyear project, it wants to limit
borrowing to only that amount that is necessary to fund a particular portion of the
project. In some cases, the owner will ask the contractor to provide cash-flow projec-
tions based on anticipated construction production rates and unit prices.

Cost control is important to all parties. Again, the contractor and engineer need
to control costs to ensure a profitable job. The owner needs to track costs to ensure
that it has sufficient funds to complete the project.

7.4 Construction Bonds
A bond is a legal document that binds a third party to the contract to provide assur-
ance that the contractor will perform the agreed service. Under the bond, a party
known as the surety assumes liability for the failure and debt of another. Bonds typi-
cally required in construction include bid bonds and contract bonds (performance
bonds and payment bonds). Bid bonds assure the owner that the bidder, if selected
for award, will sign the contract. Contract bonds guarantee that the contractor will
complete the work according to contract documents. If the contractor fails to fulfill
the contractual obligations, the surety completes the contract and pays all the costs
up to the face value of the bond. Standard bond forms are available from many dif-
ferent organizations, such as CSI and EJCDC.

Construction contracts provide that the prime contractor warrants the work
against faulty workmanship and materials for some period after project completion.
One year is a typical warranty period, although periods of up to 5 years or more are
typical on certain projects such as utility construction. During the warranty period,
the contractor remedies construction defects at no cost to the owner. To ensure com-
pliance with the warranty, a type of surety bond called a maintenance bond may be
required. A maintenance bond requires the surety, if necessary, to correct defined
defects in the contracted work that occur within the warranty period.

7.5 Construction Insurance
Utilities and states typically have specific insurance requirements in their regulations
to protect the public; these are incorporated to the construction contract. 
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For example, construction contracts typically require the contractor to provide cov-
erage for workers compensation insurance, the contractor’s public liability and prop-
erty damage insurance, and the contractor’s contingent liability insurance. Some con-
tracts require the contractor to provide property insurance to protect the project and
liability insurance to protect the owner. Many contracts require the contractor to pro-
tect the owner and design engineer by accepting any liability that may be incurred
because of operations performed under the contract. Insurance certificates must often
be submitted as proof of insurance.

8.0 QUALITY ASSURANCE/QUALITY CONTROL
Quality assurance (QA) is the sum total of management actions, strategies, and
reporting functions required to assure the project owner that a constructed facility
satisfies contract requirements and appropriate technical standards. Quality control
(QC) is the inspection and testing function required to determine objectively the stan-
dard to which work is being performed and facilitates the reporting of results to man-
agement. Whereas QA is a management tool, QC is a production tool. Many owners
will hire an engineer to develop and manage a QA/QC program. Some agencies
have their own QA/QC programs and hire inspection and testing agencies to carry
them out. Others require the contractor to develop a QC program, and then assign a
person or a third party to provide QA oversight. Elements of the QC program include
project meetings, review and approval of submittals, field inspections, materials sam-
pling and testing, and review and approval of record drawings. Systematic documen-
tation and filing are the most important parts of a QA/QC program.

As construction proceeds, testing of individual components is performed,
according to manufacturer’s recommendations and recognized industry practices, to
ensure that no damage will occur during large-scale testing. After construction is
complete, total system testing, startup, and commissioning begins. System testing
proceeds as required by the manufacturer’s recommendations, engineering specifica-
tions, and recognized industry practices. Results of these tests are documented care-
fully and systematically. Adjustments and corrections that may require engineering
approval are performed as needed and carefully documented.

After all systems have been tested independently, the complete facility is ready
for startup. Startup is performed in accordance with an O & M manual, which incor-
porates all relevant data from equipment and instrumentation manufacturers, and
information provided by the engineer describing how the entire facility is designed
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to be operated and maintained. After startup, the facility is tested and calibrated for
optimum performance and efficiency. In some cases, the engineer may order modifi-
cations to the facility to satisfy performance requirements or improve efficiency.

Following commissioning, a final inspection is made, and job files, shop draw-
ings, and O & M manuals (updated to include results of all facility calibration tests
and any changes made during commissioning) are turned over to the owner.

8.1 Construction Inspection/Administration

8.1.1 Field Directives
The owner’s resident engineer may issue field directives/field bulletins to document
extra work within the existing scope of the project that is necessary for satisfactory
completion. An example may be the addition of select granular material under the
bedding of a pipe to replace unsuitable or soft subsoil. Payment for this work typi-
cally is based on existing unit prices or on a time-and-material basis. Field directives
or bulletins can be used as the basis for contract modifications and change orders.

8.1.2 Engineering Bulletins
An engineering bulletin typically is issued by the design professional to answer a
request for information submitted by the contractor or construction manager. It can
also be used to identify a change in the scope of the project and to request a quote
from the contractor to complete the new work. Engineering bulletins can be used as
the basis for contract modifications and change orders.

8.2 Schedule
A project schedule should be maintained to ensure that the project is completed on
time. Properly developed schedules will identify time-dependant tasks that have
specific start dates and durations that must be followed to meet the planned comple-
tion date of the entire project. Schedules are important regardless of the project
delivery method. Schedules can be maintained by the owner, engineer, contractor, or
construction manager.

8.3 Post-Construction Closed-Circuit Television Inspection
Internal CCTV inspections should be performed upon completion of installation or
repair of sewer systems. A log sheet should be completed to complement the CCTV
video tape or video disc. The CCTV inspection is a quality-control measure to ensure
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that the facility was installed or repaired as specified. It also provides a historical
record of the condition of the pipe for use at the end of the guarantee period and
during future inspections.

8.4 Warranty/Guarantee Administration
A warranty is a guarantee that a facility will function according to stipulated, agreed
performance criteria for a stated period of time. Warranties also provide for a remedy
when this does not occur. Typically, they require the contractor to return to a facility
and fix or replace any item that is not functioning to the requirements of the contract
documents. The contractor typically backs up the warranty with warranties from
equipment suppliers. When a potential warranty issue has been identified, it is essen-
tial that facts be documented carefully to avoid acting on incorrect assumptions
about who is responsible for a given situation.

9.0 SAFETY CONTROL METHODS 
AND PROCEDURES

The Occupational Safety and Health Act (OSHA) established a nationwide safety
program for workplace safety and health (OSHA, 1970). Employers are required
to promote a work environment free from recognized health and safety hazards
and to meet OSHA requirements (OSHA, 2006). Construction contracts contain
articles that require the contractor to conform to all applicable laws, ordinances,
rules, and regulations related to safety. The contractor also must comply with any
safety program policies instituted by public and local governments. Additional
information on safety programs and policies related to wastewater collection sys-
tems is provided in Chapter 9.

10.0 UTILITY DAMAGE CONTROL
(ONE-CALL SYSTEMS)

Underground utilities pose significant risks during construction because information
about their location may be lacking. In 1996, the U.S. Department of Transportation
Office of Pipeline Safety organized the Damage Prevention Quality Action Team to
develop a national damage prevention campaign now known as Dig Safely. Each
state has set up what is referred to as a one-call, or dig-safe system, so that one phone
call locates all recorded utilities in the area of construction and notifies appropriate
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utility companies (http://www.digsafely.com/contacts.htm). The APWA has devel-
oped Recommended Marking Guidelines for Underground Utilities (APWA, 2001). Uni-
form color-coded cards are available to standardize marking locations, changes in
direction, and dead ends of buried lines. Proper utility location helps avoid acci-
dental damage and service interruptions.

Subsurface utility engineering is the process of locating and depicting the loca-
tion of underground utilities according to an industry-established level of quality.
This practice has been promoted by the Federal Highway Administration as a cost-
effective means of providing accurate underground utility information for design,
which otherwise may cause costly construction delays.

11.0 ALLIANCES AND PARTNERING
Owners have become frustrated with disputes and the resultant effects on cost and
schedules. Partnering has evolved as a concept to help head off disputes before they
become an issue. Partnering is a method to open lines of communication and
improve the process.

The CII (1991) has defined partnering as: “A long-term commitment between
two or more organizations for the purpose of achieving specific business objec-
tives by maximizing the effectiveness of each participant’s resources. This requires
changing traditional relationships to a shared culture without regard to organiza-
tional boundaries. The relationship is based on trust, dedication to common goals,
and an understanding of each other’s individual expectations and values. The
expected benefits include improved efficiency and cost effectiveness, increased
opportunity for innovation, and the continuous improvement of quality products
and services.” 

The partnering process involves a partnering development meeting, a joint part-
nering workshop, periodic evaluations, required escalation of an issue, and final
evaluation and project commemoration.
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The goal of this chapter is to introduce wastewater collection system managers to the
role of public policy and community relations in successful, sustainable system man-
agement. Every political subdivision, including city, county, state, district, or other
authority, enacts laws, makes policies, and allocates resources to achieve specific end.
Public policy is the process of defining problems, building support, identifying solu-
tions, implementing policies, and evaluating effectiveness of policies. 
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1.0 PUBLIC POLICY THEORY
Public policy is not a single, standalone decision by a governing body but a dynamic,
interactive process that reflects the common mind of the public body. Public policy
formation consists of five steps as shown in Figure 7.1. The time associated with each
step can vary from weeks to years, depending on complexity of the problem and
agreement within the public body. 

Problem definition is the first phase. In this phase, a problem is identified with
corresponding goals. Often, some amount of research and study is done on the issue
to develop possible concept-level solutions. Agenda setting is the second phase;
although some experts group problem definition and agenda setting into a single
phase. In the agenda-setting phase, efforts are made by small groups with a special
interest to public raise awareness and support for the issue. 

The policy-adoption phase consists of the development of possible alternatives
and selection of a single solution or policy. This phase typically includes public dis-
cussions on the issue and may incorporate input from groups, such as cost estima-
tion for the various alternatives identified.

Problem
Definition

Evaluation
Agenda
Setting

Implementation
Policy

Adoption

FIGURE 7.1 The five steps of the public policy cycle.



The implementation phase puts the policy into action. Further decisions are
made as theoretical approaches meet real-world situations. Those responsible for car-
rying out policy enact procedures. Depending on the nature of the policy, the imple-
mentation phase can include testing of the validity of the policy, such as through liti-
gation.

The final phase is evaluation. After implementation is complete, the policy is
reviewed to assess the degree to which the goals of problem definition and agenda
setting were met. With gaps identified, the process begins again.

The issues that reach a governing body reflect the values and priorities of the
community. Typically, scientific research alone does not play a significant role in
agenda setting. Instead, the issues and causes that are embraced by the public are the
topics that find their way through the public policy process. As such, perception of a
situation can carry as much weight or more than the reality of a situation.

2.0 PUBLIC POLICY IN WASTEWATER COLLECTION
SYSTEM MANAGEMENT

Public policies affecting wastewater collection system management exist at every
level of government. At the federal level, the Clean Water Act (CWA) first set the
goals for clean water in 1972. Through the U.S. Environmental Protection Agency,
policies were developed to affect those goals throughout the United States. Following
the public policy cycle, the CWA has been amended several times to reflect the
changing needs of society.

At the state level, additional regulations have been enacted to set goals to protect
valued environmental assets. Although these regulations are coordinated with fed-
eral regulations, they frequently go further to provide additional or targeted protec-
tion. Similarly, regulations and policies are developed at the local level to further pro-
tect a locally valued environmental feature. 

The purpose of defining all levels of public policy for wastewater collection
system management is to set the baseline for characterizing current conditions, fore-
cast those of the future, and manage the period in between. For any given condition,
government can choose to intervene or to take no action. The decision of whether to
intervene and how needs to be based on current conditions, such as land use, water
use, and habitat, and how those conditions are likely to change. Because the environ-
ment is a dynamic, complex system, even small actions can have an effect, including
unexpected, if not unwanted, side effects.
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Characterizing the conditions that exist today can be done in many ways,
ranging from occurrence documentation to technical analysis. The occurrence and
effect of an ongoing problem can be documented by property owners, special interest
groups, or wastewater collection system personnel using photographs and testimo-
nials as evidence. Characterization using technical analysis may be done by in-house
wastewater collection system staff or by a consultant. This analysis could include
data collection, such as flow monitoring and water quality sampling, laboratory
analysis, or the development and use of mathematical modeling tools, or some com-
bination of these.

There are also many methods available for forecasting future conditions. Selec-
tion of a forecasting method should consider that environmental forecasting is often
long-term; subsequent changes in condition are likely. It should also be considered
that environmental trends and action can interact to create new concerns. For
example, correcting a manhole overflow may result in a basement backup. Waste-
water collection, treatment, and discharge are one small segment of environmental
management. Forecasting the effects of decision making can prove challenging when
actions affect segments of the environment outside the normal limits of the waste-
water industry.

3.0 ESTABLISHING WASTEWATER 
COLLECTION PUBLIC POLICY

As described earlier, in each municipality, county, district, or authority, the public
puts forth issues and priorities that need to be diligently considered and incorpo-
rated into the way funds, people, and equipment are allocated. The methods that
create public policy are unique to each community, reflecting individual histories and
cultures. However, within the typical realm of a wastewater collection system, public
policy topics include

• Pollution of water bodies from the discharge of untreated wastewater,

• Property damage from basement or structure flooding,

• Nuisances, such as rats and cockroaches,

• Odors,

• Streambed erosion,

• Water reclamation and reuse, 
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• Private lateral maintenance, and 

• Design and construction of new and upgraded facilities.

Other community-wide policy issues commonly affecting collection systems
management decisions include affordability of rates and financing, asset investment,
service extension, public-private partnerships, and economic development. 

The wastewater industry often does not invest the time or resources to educate
constituents or customers about the shared roles and responsibilities in managing use
of the environment. As a result, the public may have performance expectations of the
wastewater collector that are not possible or that are unrealistic based on the rates
paid and the size of the wastewater collection system department.

Establishing local public policy recognizes and respects that the problems of the
ratepayer are a problem of the community. For some issues, the policies established
by the wastewater utility largely can address the problems. This is especially true
when the wastewater utility owns and operates the system directly linked to the
problem. For example, where odor is a problem around a pumping station, the
wastewater utility has the facilities, personnel, and knowledge to install odor-control
units or change the conditions to alleviate odor generation.

The utility also can establish policies that set boundaries between the responsi-
bilities of the utility and an adjacent entity, industry, or ratepayer. Basement flooding
problems frequently fall into this category. Many wastewater utilities have limited
the involvement of their personnel in flooding incidents to publicly owned portions
of the system. Investigation of sewer laterals on private property is the responsibility
of the homeowner. Establishment of such policies is often made for practical reasons,
such as limitations of staff or equipment resources. 

4.0 KEEPING PUBLIC POLICY RELEVANT
The key to keeping public policy relevant is to review the policy and update it when
appropriate. The day-to-day responsibilities of the wastewater collection manager
typically leave little time to review policy. Yet this review is an important part of
having a collection system that is viewed by utility staff and ratepayers as successful.
Policy reviews should be periodic but spaced far enough apart to determine if it is
achieving desired goals and, if not, where adjustments are needed. A policy may
have multiple review periods that should be specific to the policy. 

For example, a wastewater collection utility establishes an asset-management
policy that does not include catastrophic infrastructure failures. One implementation
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goal is to perform small maintenance repairs to avoid large system failures. To meet
this goal, the manager chooses to establish a program to televise the entire collection
system once every 3 years. Under this example, the following may be an appropriate
review cycle for the program:

• Every six months—review progress to determine if the program of cleaning
the entire system every three years is on schedule. Review staff hours and
equipment usage.

• Annually—as part of budgeting for next fiscal year, review operations and
maintenance (O & M) needs to maintain the program and recommendations
for capital repair projects, such as lining. Review point repairs made and pro-
ject funds needed for next year.

• After three years—upon completion of the first cycle, review use of staff and
equipment, point repairs made, capital repair projects, and any emergency
repairs or failures that occurred. Assess how well the procedure achieved the
goal and make any adjustments. Assess whether the goal continues to be rele-
vant. To the extent possible, coordinate with other actions under way to meet
the policy goal, such as installation of capital assets. 

• Years four and five—review results of inspections for the two periods. Assess
whether a three-year period is appropriate, too short, or too long for indi-
vidual sections of the system. Is the system condition better or worse than in
the first cycle? If worse, are there specific causes of deterioration not under-
stood or known when the policy implementation program was put in place? 

• After six years—same as after three years; assess system-wide whether the
three-year period is appropriate, too short, or too long. Assess how well the
policy is achieving the goal. Assess whether the goal continues to be relevant.

Although it can be challenging to make the time to review policies, the evalua-
tion phase is critical to achieving the goal. Review periods should be tied to an event
such as a specific a maintenance activity, completing an inspection cycle, or a man-
agement activity, such as budgeting. Although significant time and effort are
expended developing policies, there is no reason to expect that the first attempt at
addressing a problem will find the perfect solution. The evaluation phase provides
opportunity to make adjustments. 

One component of the evaluation phase is to assess the goal itself and to deter-
mine if it is still relevant. A goal may be removed from public policy if (1) it is met
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and is no longer needed or (2) if the public no longer values the goal and is not
willing to support it. In general, goals that are part of environmental decision making
are goals that, once achieved, require some amount of continued, ongoing attention.
An example of this is the significant effort under way to clean and protect the Chesa-
peake Bay. Once the Bay has rebounded to the point desired, a policy will need to
remain in place to protect the Chesapeake from degradation by future use.

The political will to retain a goal and public policy may wane if the public no
longer sees a condition as a problem. Because public policy is rooted in the concerns
of the public, it is subject, to some extent, to the cyclical nature of society. The waste-
water collection manager can affect the sustainability of a policy by supporting
sound policies and allowing others to fade. 

5.0 PUBLIC POLICY AND COMMUNITY RELATIONS
Community relations are the link between ratepayers (the public) and policymakers.
Through community relations, information moves both from the public to the policy-
makers and back from the policymakers to the public. Effective community relations
are important to ensuring that ratepayers view the wastewater collection system as
successful. The wastewater collection manager serves as the link between the public
and policymakers. Community relations are a broad term that is used here to mean
the system by which the wastewater collection system and ratepayers communicate.
Terms such as public relations and public outreach are synonymous. 

Each wastewater collection system has a way for ratepayers to indicate problems,
express concerns, and share experiences. Frequently, this is limited to a customer ser-
vice line that ratepayers can call when they have a problem. A few collection systems
use a more proactive approach that strives to communicate with people when they
are not in crisis, including the use of focus groups and community advisory teams.
Working in community relations can require a lot of energy and a positive attitude. It
is not a job everyone can do, but all staff should understand that they are the daily
face of the organization. Ratepayers’ perception of the utility will come from their
experiences with the person on the phone and in the street—not the wastewater col-
lection system manager.

As with technical goals, policies should be established based on managerial goals
and address how the utility will interact with the public. The public is customer of
the wastewater collection system, so it is important to understand their needs. Tools
such as performance evaluations and surveys may provide valuable insight to their
priorities and perceptions and enable a utility to better tailor services.
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6.0 COMMUNITY RELATIONS 
AND PUBLIC EDUCATION

Public education is a facet of community relations through which information about
the wastewater utility is disseminated. The purpose typically is to inform the public
about activities in the utility but also can include soliciting input on specific topics.
There are many formats available for public education:

• Mail:

– Bill stuffers,

– Newsletters, mailings, and

– Flyers, handouts, posters;

• Media:

– Web sites,

– Newspaper articles, and

– Television or radio news stories;

• E-mail: and

• One-to-one:

– School presentations,

– Booths at public events, and

– Public meetings.

The Water Environment Federation’s (WEF’s) Survival Guide: Public Communica-
tions for Water Professionals (2002) assists the wastewater collection manager in devel-
oping a communication strategy and tools and in working with the public, interest
groups, and the media. The Water Environment Federation also has many brochures,
bill stuffers, posters, and other public education materials available through its Web
site http://www.wef.org.

Selecting a public education method should be based on (1) who the target audi-
ence is; (2) how they can most effectively be reached; and (3) what results are desired.
For example, if a utility wants to educate people on a new interceptor project, the
target audience may be identified as ratepayers in an effort to garner their support.
In this situation, bill stuffers, newspaper articles, and participation at public events
may be appropriate choices, whereas school presentations and flyers in apartment
complexes likely will miss the target audience. The public education methods
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selected should also consider the demographics of the public. For example, print
material using a larger font size will make reading easier for the elderly; non-English
language copies could be available in select areas.

It is often said that wastewater is an “out of sight, out of mind” industry, but that
everyone wants to ensure that they are getting the most for their dollars. Public edu-
cation is the way a utility can promote accomplishments and explain problem-
solving approaches. 

7.0 COMMUNITY RELATIONS 
AND PUBLIC MEETINGS

The public meeting is another way to convey information on topics of critical con-
cern. Of the public education methods listed in the previous section, special attention
should be paid to public meetings because they provide an opportunity for face-to-
face interaction between put the wastewater collection system manager and the
public. If not well-planned, however, public meetings can create more issues than
they resolve.

Several guides and Web sites are available to help wastewater collection system
managers, some of which are listed at the end of this chapter. The U.S. Fish and
Wildlife Service, U.S. Department of Agriculture, Forest Service, and Oregon Depart-
ment of Fish and Wildlife put together The Public Meeting Survival Guide (1990), which
contains excellent advice on how to structure and prepare for public meetings. The
following sections are based on information provided in this guide.

A public meeting may be appropriate when seeking information, advice, and
involvement in making decisions, clarification on an issue, or when multiple groups
are involved. The public will interpret a “meeting” to mean that the utility is willing
and able to accept input. In some situations alternate public education methods
might be preferred, such as if a decision has already been made, there is inadequate
data, there is not enough time to manage the input, or if emotions are too high to
allow constructive input. In certain situations where a decision has been made, how-
ever, it may be beneficial for the manager to hear stakeholder concerns and to explain
why the work is needed or why the work needs to be performed as planned.

Once it has been decided that a pubic meeting will be held, the next question is
how much involvement is desired or expected. A “presentation” or other public
education method, such as newsletter or newspaper article, may be a better forum
for sharing a decision while limiting involvement or input. Public meetings are
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interactive and allow all attendees to participate. They are informal and produce a
general record of events. For some situations, a public hearing may be required.
Hearings are formal and must meet legal requirements. Formal statements are
sought and a verbatim record is generated.

In planning the public meeting, the manager should consider who is the audi-
ence. Questions to be considered include:

• Who are they?

• What do they know about the topic?

• What is their attitude about the topic, key stakeholders, and the wastewater
collection utility?

• Are all of the side issues represented?

• Are all affected groups represented? 

• Who are the decision makers and will they be present?

Consider what type of meeting format will suit the goals and audience. Exam-
ples of meeting formats include open houses, small-group breakouts, panel discus-
sions, question and answer, presentation and discussion, and explanation and testi-
mony. Small-group breakouts are excellent for giving everyone an opportunity to
voice opinions. One drawback is that two people may have a different experience
based on who led the small group and comments were managed. Care should be
taken in all formats to remain compassionate and open but not try to solve
everyone’s problems on the spot, which can be interpreted as dismissing the concern.

Time needs to be taken to properly plan the meeting. This process begins by iden-
tifying meeting objectives. One way to do this is to start a sentence with: “at the end
of this meeting, I want the audience to.” This sentence can help guide the rest of the
planning. For public meetings, objectives should be sensible, measurable, attainable,
relevant, and trackable. Managers should keep several suggestions in mind:

• Create an agenda that is followed;

• Ensure meetings begin on time;

• Include breaks to keep the audience comfortable and focused;

• Alternate speakers and activities every 10 to 15 minutes, if possible;

• Select methods for receiving input—brainstorm lists, written comments,
verbal feedback, prioritized preferences, questionnaire, or email; and

• Provide information to take away, such as handouts or flyers.
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Slideshows are a common and effective media to use during public meetings.
When developing slides, managers should consider the following guidelines:

• Set up and test equipment before the meeting begins;

• Include a maximum of 4 to 5 information items per slide;

• Use animation selectively; too much can be distracting for the audience;

• Use pictures and graphics to demonstrate points; and

• Discourage speakers from reading slides to the audience; rather, they should
elaborate on information provided.

Also, speakers should avoid industry jargon, especially acronyms, that are not
common within mainstream society. If it cannot be avoided, terms will need to be
defined for the audience throughout the presentation. Otherwise, the presentation
will sound as if it is in a foreign language and the information that being conveyed
will be lost.

Managers should be aware of any commitments made during the meeting to
ensure follow through. For example, if a utility representative promised that meeting
minutes would be available in 24 hours and they were not, credibility will suffer. As
an alternative, a timetable without exact dates can be provided with ways for people
to submit follow-up comments or ideas. 

It is important that utility representatives be honest and compassionate in public
meetings to demonstrate respect and value for the role of everyone in the room.

8.0 COMMUNITY RELATIONS 
AND CUSTOMER SERVICE

For this discussion, customer service is the direct interaction between ratepayers and
the staff of the wastewater collection utility. Commonly, customer service personnel
manage day-to-day activities such as activating new accounts, closing accounts,
accepting payments, answering questions, and responding to requests for service.
Typically, customer service activities are performed by people who are dedicated to
customer services but, especially in larger organizations, do not work with the engi-
neers and operators who manage the system. Internal policies must be established to
set a level of service that each customer can expect, such as targeted maximum waits
hold and response times.

A request for service is passed from the phone operator to the collection
system operator for action. The collection system operators are in the challenging
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position of responding to a situation that has caused the customer some inconve-
nience or damage, such as basement flooding. Customers can be emotional—
angry, distraught, confused—and expect the operator to help improve the situa-
tion. Although there are times when the operator can help, they frequently must
tell customers that the problem is on private property and explain that policy
limits what they can do. Collection system operators are trained in how to
inspect, operate, and maintain a collection system, but typically not in how to
interact with a person under duress. Many operators find this to be an especially
burdensome and stressful part of the jobs. Significant time can be required to talk
with the customer, affecting the overall productivity of the crew. Some communi-
ties have found success designating a person or persons to interact directly with
the public about field work. This person allows crews to focus on technical per-
formance of the job and provides the time and detail the customer needs.
Whether this aspect of customer service is provided by the crew or a designated
person, wastewater collection system managers must provide the interpersonal
communications skills training needed to effectively perform the job. Poor cus-
tomer service can make a difficult situation worse, taking up more staff time and
resources. Providing good customer service will ease the situation for customers
and, in turn, improve the utility’s standing within the community.

Internal policies also must be established for the performance of service request
work. Policies for service requests aim to provide a high level of customer service and
typically are based on the performance of work and maintenance of equipment.
Common policies include initial response to a service request within 24 hours,
closing out of a service request within seven days, issuing service performance ques-
tionnaires, and calling to follow up on the service and equipment repairs complete
within 10 days. 

Customer service calls can be an indicator of the priorities of the public, which
feed into the development of public policy. An electronic database should record
calls, including the address of the caller, description of the complaint, and date of call.
This provides a searchable data record that can be used to examine which parts of the
service area have the most problems, whether problems are associated with a specific
time of year, and what types of problems are prevalent. After the service request is
resolved, this dataset can be expanded to include cause of the problem, action taken,
and man and equipment hours used. The collection and use of this type of data is dis-
cussed further in Chapter 3, Information Management.
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9.0 COMMUNITY RELATIONS AND 
EMERGENCY PREPAREDNESS

In the event of an emergency, community relations will be the channels first tapped
to convey information to the public. Since Hurricane Katrina and the disaster of the
World Trade Center attack in New York on September 11, 2001, the nation has devel-
oped emergency preparedness guidelines to disseminate information and share
resources (see Chapter 10). On a community-wide basis, the police or fire depart-
ments, or both, typically manage emergencies, often using a media spokesperson to
speak to the public and press. However, in the event of a wastewater collection
system specific emergency, such as a sewer collapse, the responsibility of communi-
cating the extent of the situation to the public or to the police and fire departments
may reside within the wastewater collection utility. Utilities should have in place
plans for communications with customers and stakeholders during disaster condi-
tions. This “crisis communication plan” should include drafts of messages that may
be needed in a disaster. Wastewater collection managers are strongly encouraged to
review the emergency management system in place in their community or region
and consider how the utility can tap into the system in the event of an emergency.
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1.0 INTRODUCTION
Budgeting and financial planning are important aspects of wastewater collection
system management. Prudent financial management ensures that sufficient revenues
are available to fund all necessary operations and maintenance (O & M), repair, and
replacement programs. Financial management is necessary to maintain collection
systems in good working condition, and as necessary, to generate sufficient revenues
for system expansion to serve new customers. 

This chapter will introduce the reader topics related to financial budgeting prin-
ciples and practices:

• The operating and capital budgeting process;

• Economic analyses that can be used to determine the life-cycle costs of project
alternatives;

• A recommended approach to setting budget priorities through asset manage-
ment;

• Capital funding and financing alternatives commonly used to pay for waste-
water collection system projects;

• Methods of determining revenue requirements and establishing user charges
and service fees; 

• The role of Government Accounting Standards Board, Statement Number 34
(GASB 34), in the budgeting and financial planning process; and

• Selling an asset-management approach.
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2.0 OPERATIONS BUDGET
The operating budget is the primary financial plan for a utility. It guides management
during the budget period (typically a fiscal year, but more frequently covering mul-
tiple years) for acquiring and applying resources to produce the targeted level of ser-
vice. Development of an operating budget consists of three basic steps:

(1) Preparation of the budget in a format that allows it to be reviewed and dis-
cussed at all organizational levels.

(2) Review of the budget by approving authorities at various levels within the
organization.

(3) Presentation and adoption of the budget at the highest level of authority
required to invest it with legitimacy.

Preparation of the budget begins with the definition of service level to be pro-
vided. This can become time consuming as organizations attempt to go through
highly theoretical approaches to defining missions, goals, objectives, and desired
results. However, there is a simple straight-forward approach: Start with the level of
service that is currently being provided. This has the advantage of establishing a
common ground of understanding throughout the organization. Although current
level of service may not be formally established or defined as clearly as theoretically
desirable, problems and successes may have emerged through the operation of the
system in several forums: internal discussions and problem solving sessions,
employee/manager performance reviews, customer complaints and problem resolu-
tion, and meetings with top management and the governing body.

This current level of service can be implicitly accepted: “With this budget we will
be able to continue at the same level during the coming year (or other budget
period).” Or an attempt can be made to define what “current level” means in terms
of organizational goals, objectives, and operational results. If so, these should be kept
fairly simple because the budget must be clear and understandable at all levels of the
organization and to the public. For example, level of service could be defined in
terms of:

• Uninterrupted conveyance of wastewater flow to the treatment facility;

• Wastewater flow to the treatment facility with less than two household
backups per year;

• Response time to critical incidents; or

• System condition, expressed in terms of condition evaluation efforts.

Budgeting and Financial Planning 175



Whatever service indicators are selected, the budget process should identify the
level of service that is currently being provided. 

The next step in the process is to value the current level of service in terms of the
resources that are necessary to maintain the wastewater collection system and
ongoing costs that are incurred. The cost of owning and operating a wastewater col-
lection system typically include the following cost components:

• Personnel services costs (including salaries, wages, and employee benefit).

• Material and supplies costs.

• Machinery and equipment (minor capital) costs.

• Debt service costs (i.e., principal and interest payments associated with out-
standing debt, if any).

• Taxes (such as property, gross receipts, or income taxes for investor-owned
utilities; excise tax on gross receipts or payments in lieu of taxes for munici-
pally owned utilities).

• Transfers (e.g., transfers to the general fund for services for municipally
owned utilities, if any).

To develop a budget for the current level of service, a manager simply starts with
the current period budget categorized as shown above. Within these categories, there
will be more detailed line-items of expenditures, normally defined in the utility’s
chart of accounts. Also available will be actual expenditures to date for the current
period as well as actual expenditures compared to budget for prior periods. This
information provides a baseline for the manager to begin budget preparation.

The primary question is: “what resources are needed to continue the current level
of service?” This is generally defined as the resources within the current budget. The
next step is to value those resources in monetary terms for the prospective budget
period. Generally, this is a simple process: Current levels of expenditure are increased
by the expected level of inflation from the current period to the prospective period.
Often, the utility’s finance department or budget office will provided inflationary fac-
tors. In fact, it has become common for these groups to provide to operating man-
agers with a forecast of the current budget compared to the prospective budget
period, given assumed levels of inflation. If this is not the case, reasonable estimates
of inflation should be developed by the manager. 

The consumer price index published by the Bureau of Labor Statistics can be
used as a guide for inflating personnel services and materials and supplies expenses
(www.bls.gov). Another common guide for inflating costs is the Engineering News
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Record’s construction cost index for a particular region. A more precise estimate
might be obtained from the public service commission in the state, which often pub-
lishes an inflationary factor for use by regulated utilities. In addition, the utility’s
system for providing merit increases to employees should be considered and a rea-
sonable estimate of those increases should be prepared. In an organization using col-
lective bargaining, negotiated (or expected) labor contracts for salaries, wages, and
benefits should override general inflationary factors. Also, contract agreements
established with vendors for future costs should be taken into consideration when
forecasting the cost of purchases of materials, supplies, and equipment.

The budgeted cost associated with paying debt service on existing, outstanding
debt can be projected based on actual debt amortization schedules provided with
bond and loan documents. Other costs, such as taxes and transfers, can be budgeted
based on historical trends and discussions with general fund managers, agencies, or
departments imposing such cost on the utility. The initial proposed budget for con-
tinuing the current level of service should, then, be composed of:

• A statement of the current service level in as precise terms as possible,
including the expected output of the organization.

• An expenditure budget by line item or object of expenditure, as defined in
the organization’s chart of accounts, which essentially consists of the cur-
rent level of expenditure increased by expected price inflation to the
prospective budget period.

This current service level budget can stand alone as the organization’s budget
proposal. However, it also can form a baseline for alternative budgets, which fall into
two general categories:

• Service improvement options, or

• Service reduction options.

To develop these alternative budgets, it is extremely important that current ser-
vice level be defined clearly because the heart of the process is the ability to deter-
mine consequences on service level of alternative spending plans.

Service improvement options should be constructed to provide a clear connection
between increased expenditures and improved service level. There also may be known
cost increases, such as power costs for lift stations, increased fuel costs, or planned
staffing increases because of new, previously approved infrastructure coming online.
These types of increases may be necessary simply to maintain the current level of service
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and should be presented as such. If not approved, these cost increases would result in a
lower level of service, which should be documented. The goal of providing a clear con-
nection between expenditures and service level is best served by constructing these bud-
gets in relatively small increments from the baseline (current service level), generally in
the range of 3 to 10% overall increase. This allows reviewers to focus incrementally on
costs and service level effects and to make an informed decision regarding suitability of
the investment for the organization. Service improvement options should be constructed
using the same format and line items as the baseline budget, so that they easily can be
compared and evaluated.

Service reduction options are constructed exactly like service improvement options,
but represent reductions in expenditures and level of service from the baseline.

Each service change should be accompanied by a clear, precise statement of the
effect of the increase or decrease in expenditures on service as represented by the base-
line budget. Taken together, this constitutes a system of “target budgeting” that is highly
manageable and transparent at all levels of the organization that have responsibility for
development, review, and approval of the budget. A column format for the final docu-
ment would allow easy comparison among options, as illustrated in Table 8.1.
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TABLE 8.1 Example statement of the effect on the current service level of an increase or decrease
in expenditures as represented by the baseline budget.

Service Service Baseline Service Service
Collection system reduction reduction (current service improvement improvement
budget options option 2 option 1 level) option 1 option 2

Personnel costs $8,550,000 $9,500,000 $10,000,000 $10,500,000 $10,000,000 

Materials and supplies $3,420,000 $3,800,000 $4,000,000 $4,500,000 $4,750,000 

Equipment $500,000 $950,000 $1,000,000 $1,350,000 $2,500,000 

Debt service $2,000,000 $2,000,000 2,000,000 $2,250,000 $2,500,000 

Taxes and transfers $1,500,000 $1,500,000 $1,500,000 $1,500,000 $1,500,000 

Total $15,970,000 $17,750,000 $18,500,000 $20,100,000 $21,250,000 

Change from baseline –13.7% –4.1% 0.0% 8.6% 14.9%

Description of service level options
Service reduction 2 Elimination of proactive inspection system implemented two years ago
Service reduction 1 Reduction of proactive inspections by 40%
Baseline 5% increase over prior year budget due to inflation and merit increases
Service improvement 1 Escalation of proactive inspection system to complete in five rather than seven years
Service improvement 2 Improvements to lift stations, including telemetry



3.0 CAPITAL IMPROVEMENT BUDGET
Utilities are capital-intensive by nature, and the development of clear, realistic plans
for investment in capital assets is an essential part of utility management. Capital
budgets, which establish planned capital expenditures for a prospective budget
period, should be based on sound long-term capital improvement programs (CIPs).
In financial accounting terms, capital expenditures are distinguished from operating
expenditures in that they are capitalized: the cost of a capital expenditure is entered
into the accounting records as a fixed asset, then that cost is recognized over the esti-
mated life of the asset through depreciation expense. This allows the cost of capital
assets to be amortized over the life of the asset. Although this approach meets the
objectives of financial accounting, budgeting must take into consideration the actual
flow of financial resources needed to implement the capital program. Capital projects
can be funded with cash generated through revenues of the system, or by issuing
debt and paying principal and interest of the outstanding balance over a period of
time consistent with the expected life of the assets. Therefore, construction and acqui-
sition of capital assets creates the need for cash flow either to directly fund the pro-
jects or to pay the associated debt service. Cash flow requirements are the primary
consideration in developing a capital budget. 

This section addresses types of capital improvements, expenses, tools used to
evaluate the cost and benefits of capital projects, and financing and funding of cap-
ital projects. A more comprehensive description of the capital improvement planning
process can be found in Chapter 4.

A wastewater collection system capital budget should reflect two general classes
of expenditures:

(1) Renewal and replacement-costs that are incurred to extend the life of current
assets through the rehabilitation or replacement of the existing asset.

(2) Expansion or growth-costs that are incurred to expand the capacity of the
system and meet the needs of new customers.

In addition, regulatory requirements can drive the need for some capital
improvements. This need can be part of either replacement or expansion projects. For
example, reduction of combined sewer overflows (CSOs) for water quality improve-
ment may require replacement of an existing combined sewer transmission line. The
replacement project may be sized to meet future demands, which means it will also
have an expansion or growth element included. Identifying the purpose and drivers
of capital projects is important in determining the financing options as described
later in this chapter. 
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Capital expenditures should be categorized by class of expenditure, as noted
above, and in terms of their function in the system. There are two major functional
areas in a wastewater collection system:

(1) Collection—small-diameter collector pipeline directly connected to user
facilities and transmitting wastewater to the transmission system.

(2) Transmission—large-diameter transmission pipelines and relating pumping
facilities used to transmit wastewater from the collection system to the treat-
ment plant.

A sound capital improvement program will be based on projections of future
demand, regulatory requirements, asset system evaluation of useful life, condition
assessments, and other factors that might influence the need for renewal, replace-
ment, and expansion of facilities. 

In composing a capital budget, a manager should consider the cost and benefits
of capital project alternatives. In addition, the establishment of a capital budget
should also refer to the long-term CIP. It is important to consider such questions as:

• Have the factors and assumptions driving the CIP changed significantly since
it was developed?

• Have events been accelerated or delayed requiring delay or expedition of pro-
jects in the CIP?

• If the CIP is based on specific funding sources, are those sources still available?

• Has the political climate changed significantly so that changes are required to
the CIP?

This part of the process requires a review of the CIP for the short term. Long-term
CIPs are developed based on estimates about the future that almost always require
some degree of adjustment over time. Simply incorporating the CIP for a certain year
into a short-term budget plan—for which funds will actually be appropriated
through a legal process—could result in significant misapplication of funds.

Once the CIP has been updated to reflect current conditions, the capital budget
for the prospective budget period is ready to be formulated. First, projects should be
categorized to reflect the status of the projects in the budget:

• Projects continued from prior years and

• New projects.

A budget worksheet should be developed for each project, including at a min-
imum the following items:

• Project name and unique identification number;
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• Expected initiation and completion date;

• Type of project or percent of type (renewal and replacement, expansion, or
regulatory);

• Description of purpose and advantages of project;

• Effects if project is not completed should be quantified;

• Funds acquired in prior periods that are carried forward to fund the project, if
any;

• Source of new funds to supplement existing funds to the extent necessary to
fund the entire project; and

• Expected effect on the operating budget of the project, showing the amount of
each year for at least five years.

Based on the project worksheets, a capital budget should be composed showing
each project on a separate line, clearly identifying the type, funding sources, and pri-
ority. For the prospective budget period, the total of all project expenditures and funding
sources summarized, showing the total operating and capital budgets for the period.

Capital funding sources are discussed later in this chapter. If a project is debt-
financed, however, the amount of cash required to repay the principal and interest
and to meet debt service coverage requirements during the prospective budget
period should be reflected in the cost summary for the budget.

As with an operating budget, it is important to tie capital expenditures to the
utility’s level of service. A summary of advantages and disadvantages related to the
level of service can be developed. The next section, which focuses on asset manage-
ment, explains how to determine capital needs using prioritization that is based on a
clear understanding of the consequences of a capital spending plan.

4.0 SETTING BUDGET PRIORITIES 
THROUGH ASSET MANAGEMENT 

This section addresses strategies for determining the capital budget and forecast
amounts for renewal and rehabilitation of wastewater collection system assets. A
more comprehensive description of the CIP process can be found in Chapter 4.
Although some rules for reinvestment are referenced—such as 2% of the asset value
assuming a 50-year service life or funding a minimum of annual depreciation
expense for renewal and replacement projects—other, more focused approaches
exist, as discussed below.
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4.1 THE PROBLEM 
Wastewater utility managers often speak of being stuck “between a rock and a hard
place.” They have to address issues such as CSOs; sanitary sewer overflows; capacity,
management, operations, and maintenance; and other state and federal require-
ments. Managers also are challenged with “build out,” “no growth,” “urban decay,”
and “price resistance.” If a utility carefully and equitably funds and finances the cost
of expanding system capacity, meeting growing demand is self-balancing as rate rev-
enues and connection (capacity) charges flow in from new customers. However, the
emphasis has shifted for many systems to rehabilitation and renewal of existing
assets to maintain service levels for current customers and to remediate deficiencies
under regulatory requirements. Utility managers will be faced with an increasingly
difficult job to secure needed rate increases as utility infrastructure ages and replace-
ment needs increase. Although this problem is not new, the necessity for action
becomes more clearly defined with every passing year. This is because the easier,
softer way (replacement deferral) has too often been taken to avoid the immediate
rate effect. Renewal and replacement costs are increasing. 

4.2 The Solution 
These problems are not limited to older systems or to economically stagnant areas. It
is simply a matter of time: if this is not happening, it will happen in the future unless
action is taken. In the industry, the set of methods, concepts, techniques, and systems
developed to deal with these issues often are collectively referred to as “asset man-
agement”. Assets can be viewed as resources that are used over their useful life to
provide services and produce revenue. Good asset management involves the acquisi-
tion, coordination, and application of all assets. A good asset-management system is
characterized by

• Reasonably complete inventory of all system assets,

• Reasonably accurate condition assessment of all system assets,

• Estimated useful lives for all assets,

• Existing asset values,

• Replacement costs for assets,

• Projections of total replacement costs in future years, and

• Sustainable service level.
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4.3 Underground Infrastructure: The Tough Asset 
Underground infrastructure is only one several assets required to run a successful
wastewater utility system. Infrastructure also includes treatment plants, disposal sys-
tems, pumping stations, instrumentation, and transmission, collection, and distribu-
tion pipelines. However, buried infrastructure is out of sight, making it difficult to
conduct condition assessments without considerable time and money and easy to
overlook, which can result in neglect. Renewal and replacement of pipelines is a
dirty, difficult job. It is also a thankless job because, as pointed out, it places a cost
burden on the existing customers that is unmitigated by new customer revenues. 

An effective asset-management process requires four determinations:

(1) Condition,
(2) Criticality,
(3) Cost, and
(4) Consequences.

The first step is assessment of condition. Without condition assessment, the
utility manager does not have enough information about the system. There are three
basic approaches to maintenance of these assets:

(1) Random response approach—fix it when it breaks.
(2) Systematic naïve approach—because it all has to be fixed eventually and

generally lasts 50 years, dig up 2% per year and replace it.
(3) Systematic intelligent approach—invest money to assess asset condition and

fix those needing repair.

Figure 8.1 shows the rate effects implied under each approach. The random
response starts out good, but costs skyrocket as the system deteriorates. The system-
atic naïve approach, because it does not address the most failure-prone parts of the
system first, produces significant rate effects in early years, and then levels out later
on. The systematic intelligent approach, by focusing on assets in the worst condition
first, produces a more level rate effect than the systematic naïve approach, but higher
rates in the early years than the random response.

The second step, analysis of criticality, focuses the asset-management effort by
determining the relative importance of each part of the system. A priority for repair
and replacement can now be established by combining condition assessment (how
likely is it that this asset will fail?) with criticality (if this asset fails, what will be the
effect on the system in terms of liability, risk, and finances?).
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The third step, cost determination and planning, involves estimating resources
required to bring the assets to the desired level of condition and scheduling repair or
replacement. This results in a prioritized CIP that provides an essential cost element
for the forecast of rate effects.

The final step, evaluation of consequences, provides documentation of the prob-
able effect on the system, to service and finances, of eliminating repair or replacement
projects from the plan. The consequences of funding, or not funding the CIP provides
the governing body with enough information to make decisions.

The conceptual asset-management process described above requires funding
through the budget process; often, the budget can be viewed as a classic sales model.
Management determines what the utility needs are and communicates that to the
governing body. The governing body hears from customers and balances customer
needs with realities of meeting regulations and properly maintaining level of service.
However, customers may exhibit price resistance (“objections”). Management pro-
vides information to answer those objections, everyone discusses the issues, and the
governing body makes a decision. 

In a classic arms-length sales transaction; however, either party can simply
walk away, which is not an option in this situation. Resolution must be reached
regardless of whether the final decision produces a budget that meets the utility’s
needs. This makes development of sufficient information about the utility’s needs,
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costs, and rate effect and persuasive presentation of this information essential to
effective utility management.

4.4 Life-Cycle Cost Analysis
Life-cycle cost analysis is a useful tool that can aid in development of a capital
budget. Life-cycle cost analysis can be used to help determine the total cost of imple-
menting a capital project, compare costs of project alternatives, and make capital
investment decisions, such as choosing between repair or replacement or other pro-
jects. Comparing the life cycle costs of alternative capital investments is a way to
evaluate their relative cost effectiveness and incorporate upfront capital costs, annual
operating costs (or savings), and periodic replacement costs. Life-cycle cost analysis
calculates the cost of an investment, including initial and annual O & M cost, over its
life. It is especially useful in comparing the overall cost of projects that have different
capital investment and O & M cost characteristics. 

Under a typical life-cycle analysis, costs over the life of the project are converted
to present value so that future costs can be compared on an equal basis. This “dis-
counting” of future costs is done to reflect the time value of money (i.e., a dollar
today is worth more than a dollar tomorrow). This is true because a dollar today can
be invested and earn a return. Similarly, a dollar spent today costs more because of
the opportunity lost from not investing and earning return. The formula for calcu-
lating present value of costs is presented below in Equation 8.1.

(8.1)

When calculating the present value of future costs it is important to select an
appropriate discount factor. The discount factor should represent the opportunity
cost—the cost foregone by investing in the project today rather than placing the
money in an interest-bearing investment of similar risk. The utility’s investment
earnings rate commonly is used because it is measurable and typically reflects a con-
servative investment policy that corresponds to the project risk. Other benchmarks,
such as the Department of Interior Bureau of Reclamation’s change in discount rate
for water resources planning also has been used (DOI, 2007). 

A significant limitation of present value calculations is that they can not be used
to compare projects with different service lives. When comparing the life-cycle cost
of mutually exclusive projects with significantly different service lives, it is impor-
tant to make adjustments to account for their unequal lives. There are two commonly

Present Value
Future Value

1+ Discount Factor
=
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used adjustments to the life-cycle cost analysis that allows for a comparison of pro-
jects with unequal lives.

(1) Equivalent annual cost approach and
(2) Common life approach.

4.4.1 Equivalent Annual Cost Approach 
Under the equivalent annual cost approach, the net present value of each project is
calculated over its service life. The present value of each project is then converted
into an equivalent annual payment, and the equivalent annual payments for each
project are compared. The annualized cost is determined by equating the present
value cost of the project and the present value of the annual payment (Brealey and
Myers, 2000). This approach assumes that the project will be replaced with an equiv-
alent project at the end of its life span. 

4.4.2 Common-Life Approach 
The common-life approach converts the projects that are being compared to the same
life span by one of three methods: (1) replicating the shorter life project until its
useful life span matches the longer life project; (2) replicating each project until a
common life is found; or (3) completing the analysis over the life span of the shorter
project and calculating and subtracting a residual value of the project with the larger
life span from the present value cost.

Life-cycle cost analysis for wastewater collection system projects typically
include the following costs and considerations: first cost, project life, O & M cost, and
repair and rehabilitation costs.

• First cost. The first cost is simply the bid price for a project. This cost includes
the construction estimate for labor, material, contingencies, supervision, and
administration. Historical data may be used to determine an appropriate
value for prebid evaluations. If a least-cost analysis is included as a basis for
awarding a contract, the actual bid price would be used in the evaluation.

• Project life. Project life is the number of years that the project is anticipated
to serve its intended purpose. For example, the project service life for cul-
verts and sewers under primary and secondary roads may be between 50
and 100 years. A variety of sources are available to determine the life of
wastewater collection system assets, including equipment manufacturers,
public service commission allowable service lives, and empirical data from
field testing. 
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• Operations and maintenance costs. These costs include the cost of operating
and maintaining the project such as labor, materials and equipment, routine
maintenance, and preventative maintenance costs.

• Repair and rehabilitation costs. Repair and rehabilitation costs may extend the
life of wastewater collection system assets and can be considered in a life-cycle
cost analysis.

Assumptions and estimates should be carefully documented, and the cost should
be analyzed to ensure the best value.

When completing a life-cycle cost analysis, it is important to decide whether the
analysis will consider cost in nominal or real terms. Costs stated in nominal terms
take into account anticipated future trends because of price inflation. Life-cycle cost
analyses are commonly completed in nominal terms (i.e., future costs are escalated
for inflation). However, as long as inflation is handled consistently in the life-cycle
cost analysis, either approach will result in the same conclusions. Regardless of
which approach is taken, it is important to use a consistent approach to inflation of
costs. If costs are escalated for inflation, all costs in the analysis should be escalated
for inflation. In addition, an inflation-adjusted discount factor should be used (i.e.,
nominal discount factor). If costs are not escalated for inflation, a noninflation
adjusted discount factor (i.e., real discount factor) should be used (Brealey and
Myers, 2000). 

4.4.3 Steps to Completing a Life-Cycle Cost Analysis 
In summary, the following steps should be followed for completing a life-cycle cost
analysis:

(1) Identify the objectives of the project and identify alternative ways of accom-
plishing the objectives. 

(2) Estimate the cost of each alternative project including first costs, annual O &
M costs, and anticipated repair and rehabilitation costs. 

(3) Decide whether the analysis will consider costs escalated for inflation and
use a consistent approach for inflation of costs. If costs are escalated for
inflation, ensure that all costs in the analysis are escalated for inflation and a
nominal discount factor is used. If costs are not escalated for inflation,
ensure that a real discount factor is used. 

(4) Estimate the life of each project alternative being considered. If repair and
rehabilitation costs are anticipated, factor in the extension of the life of the
asset because of the repair and rehabilitation efforts.
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(5) Determine whether the project lives being compared are significantly dif-
ferent. If they are significantly different, determine whether the common life
or the equivalent annual cost approach will be used.

(6) Calculate the life-cycle cost of each project using the net present value
method, and make adjustments using the common life or equivalent annual
cost approach as necessary. 

(7) Compare the life-cycle cost of each project alternative.

5.0 CAPITAL FUNDING AND FINANCING OPTIONS
Once a project alternative is selected, funding and financing options should be con-
sidered. When considering project funding and financing it is important to refer to
capital funding and financing policies that may provide guidelines for the utility. For
example, a wastewater utility that plans to spend $1 million each year on collection
system rehabilitation may be able to generate sufficient rate revenues to fund the pro-
gram, rather than to use external financing, according to its financing policy. Alterna-
tively, the policy may specify that a large, nonrecurring capital improvement, such as
a pumping station, may need to be financed with bonds rather than funded on a pay-
as-you-go basis with rate revenues. In addition, there also may be policies limiting
the level of debt service allowed. It is important to carefully evaluate the various
funding and financing alternatives within the policy framework and select an option
that best meets the utility’s needs and policies. 

5.1 Capital Funding Sources
Capital funding sources are the sources of revenue that can be used to pay for capital
projects and capital-related expenses (e.g., debt service). There are several capital
funding sources that may be considered for wastewater collection system projects as
summarized below.

5.1.1 User Charges 
User charges are a source of funding both O & M and capital expenses. User charges
may include any and all costs associated with the provision of wastewater service,
including cash-funded capital and debt service (WEF, 2005). User charges can be used
to fund capital projects on a pay-as-you-go basis, similar to O & M expenses, and to
fund renewal and replacement projects.
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5.1.2 Ad Valorem Taxes
An ad valorem tax is a tax that is based on the assessed value of the property rather
than the flow or characteristics of the wastewater discharged. The advantages of the
ad valorem tax are its assessment and administration simplicity, and its inherent
ability to collect revenue from undeveloped properties in the service area that may
eventually connect to the system (WEF, 2005). The disadvantages of using this
funding source is that the assessment is based on property values and does not
directly relate to wastewater flow and service characteristics. In addition, tax-exempt
properties that may be connected to the wastewater collection system would be
exempt from paying for wastewater service. 

5.1.3 Special Assessments 
Special assessments frequently are used where wastewater infrastructure is con-
structed for a specific purpose or for the benefit of a defined area, such as
installing or replacing local sewer collection facilities (WEF, 2005). Property
owners may pay a special assessment based on a uniform charge per household,
linear front footage, or other methods. A referendum is often required to establish
a special assessment district.

5.1.4 Impact Fees 
Impact fees—otherwise known as capacity fees, connection fees, and system devel-
opment charges—are one-time fees typically collected from a builder, developer, or
new homeowner for new or expanded service (WEF, 2005). In growing or expanding
communities, the revenues collected from impact fees can be a significant component
of the revenue stream of the utility. Impact fees may be used to pay for growth-
related wastewater collection system capital projects or for debt service payments for
growth related projects. There are, however, many state-specific legal requirements
that should be understood before using this funding source. One disadvantage of this
funding source is that revenues collected are dependent upon growth occurring and
can be variable. Another disadvantage is the potential delay between when the
growth-related capital project is constructed and when the impact fees are collected. 

5.1.5 Grants
The amount of grant funding that is available today to fund wastewater collection
system projects is much less than the grant funding opportunities that existed during
the U.S. Environmental Protection Agency grant program of the 1970s (WEF, 2005).
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However, several federal and state grant funding programs still exist that potentially
can be tapped to fund wastewater collection system projects. These include grants
available through the Community Development Block Grant Technical Assistance
Program sponsored by the U.S. Department of Housing and Urban Development,
Water and Environmental Programs sponsored by the Rural Utilities Service of the
U.S. Department of Agriculture, and Economic Development Administration Grants,
among others. Grants have specific eligibility criteria and project requirements,
including for funding cycles, schedules, wage rates, eligible cost, and in-kind
matching and for conducting legal, financial, and administrative reviews. The effect
of these requirements and conditions should be carefully evaluated to determine pro-
ject eligibility and suitability. With the diminished availability of grant funds, compe-
tition is steep, and it is often difficult to qualify for funding. A project has a better
chance of securing a grant if it helps solve a documented water quality problem or
health hazard or if the utility is located in an economically disadvantaged area, espe-
cially if utility charges are greater than 1 to 3% of the medium household income.

5.2 Capital Financing Sources 
Capital financing sources commonly are used to amortize capital project costs over
time. There are several capital financing sources for wastewater collection system
projects as summarized below.

5.2.1 General Obligation Bonds 
General obligation bonds are municipal bonds that are backed by a pledge of the full
faith and credit of the issuer and can only be issued by governments that have the
authority to tax. This is the strongest pledge the government can provide; therefore,
general obligation bonds generally have the lowest cost of the various financing vehi-
cles available to local governments (AWWA, 2008). However, because many states
have limits on the amount of general obligation bond debt that can be issued, waste-
water collection system projects that are targeted for this type of financing must com-
pete with other general fund projects. 

5.2.2 Revenue Bonds 
Revenue bonds are government bonds that are backed by the specific revenues that
are pledged in the bond documents. Revenue bonds are commonly used to finance
capital projects that generate revenue and that are expected to be self-supporting,
such as a wastewater utility. Most revenue bonds are issued with provisions that
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provides assurance to bondholders that their money will be repaid. For example, it
may include a rate covenant specifying that user charges will be established to gen-
erate sufficient rate revenues to meet all operating expenses, debt service, and debt
service coverage requirements. Debt service coverage is defined as annual net rev-
enues divided by total annual debt service (principal and interest). The result is
expressed as a percentage of 100% and greater or as a factor of 1.0 and greater for
general obligation and revenue bonds, respectively. Revenue bonds typically do
not require voter approval, and the issuer typically has some flexibility in estab-
lishing a repayment schedule that meets the cash flow characteristics and needs of
the utility. However, revenue bonds may have higher interest rates than general
obligation bonds and may have marketing difficulties, particularly if the utility
does not have an established earnings potential or a history of financial operations
(AWWA, 2008).

5.2.3 Governmental Loans 
Government loans from federal and state agencies typically are available to finance
wastewater collection system capital projects. The Clean Water Act of 1987 estab-
lished a State Revolving Fund (SRF) program to provide loans to wastewater utilities
for capital improvements. These loan programs provide capital project financing at
interest rates that typically are competitive with market rates. However, SRF pro-
grams often are competitive and dependent upon availability of funds. In addition,
the timing and prioritization of the project will affect the suitability of SRF loans
(AWWA, 2008). Therefore, the specifics of each loan program should be assessed to
determine the suitability for financing wastewater collection system capital projects.

There are other variations and derivatives of bonds and loans that may be avail-
able to finance wastewater collection system projects. It is recommended that the
reader refer to the capital financing references and suggested readings found at the
end of this chapter, as well as local municipal and utility associations that typically
provide links to this type of information. 

6.0 REVENUE REQUIREMENTS AND FEE SETTING 
Generating sufficient revenues to fund wastewater utility programs to properly
operate, maintain, rehabilitate and replace wastewater collection system assets is an
important aspect of wastewater collection system management. The following pro-
vides a summary of industry guidelines and common practices for establishing
wastewater utility revenue requirements, user charges, and service fees.

Budgeting and Financial Planning 191



6.1 Financial Condition 
A wastewater system relies on the proper identification of annual revenue require-
ments to assess its financial condition and set user charges and service fees. By prop-
erly managing its annual revenue requirements and following industry guidelines
for fee setting, a utility can maintain its financial condition. A financial management
process can provide local officials with a high level of confidence that resources are
being used properly. Financial management reports can provide local officials with
the information they need to evaluate utility performance and set a course for future
action. Through sound accounting procedures and periodic audits of financial
records and procedures, assurance is gained that the resources of the utility are prop-
erly safeguarded. The following section presents recommended procedures for deter-
mining annual revenue requirements and setting defensible fees.

The financial management cycle for utilities is a process (see Figure 8.2) that has
two major functions:

(1) Financial analysis, measurement, and planning provide feedback into the
knowledge base of the service cycle to give managers and decision makers
an understanding of the financial consequences of their decisions, both his-
torically and prospectively. This information also is used to provide repre-
sentations to third parties for accountability and financing purposes.
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(2) The process of financial analysis, measurement, and planning produces
information that allows management and governing bodies to price the
utility’s services to recover costs (and for investor-owned systems, a fair
return) in a fair and equitable manner. This allows the utility to bill for its
services, collect revenue, and use that revenue to acquire, maintain, and
manage its assets. The real asset in this exchange is the customer base, which
provides demand for level of service and revenue to pay for it. 

6.2 Establishing the Basis for Fees and Charges 
To maintain levels of service, a wastewater utility must establish the revenues it
needs and the fees and charges necessary to generate it. Two approaches typically are
accepted for projecting total revenue requirements: the cash-needs approach and the
utility approach. A third approach is the utility approach with cash residual. Each has
a proper place in utility practice, and each, when properly handled, can provide for
sound utility rate (or fee) setting. A fully detailed discussion is provided Financing
and Charges for Wastewater Systems (WEF, 2005). The following summarizes the
approaches and identifies the cost components for each.

6.2.1 Cash-Needs Approach 
Under the cash-needs approach, a wastewater utility’s revenue requirements equal
its total cash requirements for a typical year of normal operations, or test year. The
cash-needs revenue requirement is the sum total of the utility’s O & M expenses, debt
service costs (principal and interest payments), payments in lieu of taxes, other
applicable taxes, and any capital outlays of the utility that are not funded with debt,
capital reserves, or other outside sources. Revenues, other than those derived directly
from user charges, are subtracted from the revenue requirement to determine the
user charge. This final figure is the portion of the total revenue requirements that the
utility must recover through its user charges. 

Because of its focus on actual cash expenditures during the test year, the cash-
needs approach tends to work well with government budgets, making it the most
common method of calculating revenue requirements among government-owned
wastewater utilities. 

To summarize, basic revenue requirement components of the cash-needs
approach include:

• Operations and maintenance expenses,

• Debt-service payments,
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• Contributions to specified reserves,

• Cash-financed capital improvements, and

• Payments in lieu of taxes.

Depreciation is not included in the cash-needs approach. Expenses for O & M are
projected based on actual expenditures and adjusted to reflect anticipated changes. Typ-
ically, O & M expenses include salaries and wages, fringe benefits, purchased power,
other purchased services, rent, chemicals, other materials and supplies, small equip-
ment that does not extend the useful life of major facilities, and general overhead.

The debt-service component of the cash-needs approach consists of principal and
interest payments on bonds and loans. Capital expenditures are classified into three
broad categories: normal accrual (routine) replacement of existing facilities; normal
annual extensions and improvements; and major capital replacements and improve-
ments. A utility should periodically review and update its needs in each of these
areas to recognize changing conditions.

6.2.2 Utility Approach 
The utility approach differs from the cash-needs approach in the way in which it con-
siders capital costs. Instead of focusing on the cash outflows required to fund capital
needs, the utility approach calculates capital costs using annual depreciation and a
financial return that reflects the cost of capital on the adjusted used and useful utility
plant in service, or rate base. To calculate the return component, the utility’s cost of
capital is multiplied by its rate base, which consists of the utility’s used and useful
net fixed assets and allowances for working capital and other adjustments (e.g., con-
tributions in aid of construction).

The financial return component makes the utility approach the favored method
of calculating revenue requirements for investor-owned utilities (and for those who
regulate them). However, many government-owned utilities use the utility approach
to calculate revenue requirements for extraterritorial customers. In these cases, a gov-
ernment utility may opt to use the cash-needs approach to calculate revenue require-
ments for customers inside its jurisdictional boundary and the utility approach for
extraterritorial customers. 

Utility-based revenue requirements may consist of:

• Operations and maintenance expenses,

• Depreciation expense,
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• Return on rate base, and

• Payments in lieu of taxes.

For a government-owned wastewater utility (such as a sewer district or conser-
vancy district), the total level of annual revenue required may be the same under
either the cash-needs approach or the utility approach. The O & M expense compo-
nent of total revenue requirements typically is the same under both approaches.
Under the utility approach, the annual requirement for capital-related costs consists
of two components: depreciation expense and return on rate base.

Each state commission and regulatory body has its own rules, regulations, and
policies for determining total revenue requirements. Therefore, when preparing for
any rate matter, it is essential that the utility follow procedures and policies of the
regulatory body in establishing its revenue requirements.

As discussed above, revenue requirements are the total operating and capital
costs of the system typically identified for a single year. User charge revenue require-
ments are net of any revenues the system receives from other sources; those costs that
the utility must recover from its user charges and service fees to balance its cash
sources and uses for the test year.

6.2.3 Selecting a Test Year 
A test year can be defined as the annualized period for which costs are to be analyzed
and user charges established. According to the WEF (2005), the test year for govern-
ment-owned utilities can include a historical year, a historical year adjusted for
known and measurable changes, or a projected year. Use of a historical test year is
appropriate when a utility is in a period of normal and sustainable operations
without unusually high capital costs related to infrastructure expansion or replace-
ment. For growing utility, use of a projected test year becomes more appropriate
because revenue requirements will more accurately capture the anticipated increases
associated with capital and operating costs.

6.2.4 User Charge Revenue Requirements
The portion of annual system revenue requirements to be recovered through user
charges depends on a utility’s financing policy and other sources of income. To deter-
mine the amount of revenue that user charges must generate annually, the total rev-
enue requirements must be reduced by nonrate or other system revenues. Other
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system revenues are defined as all revenues except those derived from wastewater
user charges. Some examples of nonrate revenues include:

• Service fees;

• Penalties;

• Connection fees, tap fees, or system development charges; and

• Interest earnings.

Once the user charge revenue requirements of the system are determined, the
costs can be allocated to system users. The costs to be allocated are referred to as costs
of service as summarized in more detail by WEF (2005). Sound financial practices
begin with determining the costs of serving the utility’s customer classes. Communi-
cating these costs to customers and designing user charges and service fees for
recovery are the next steps to responsible financial management.

6.3 User Charge and Service Fee Types
Once rate revenue requirements are determined, wastewater user charges and ser-
vice fees are established by utilities so that sufficient revenue is received from cus-
tomers to ensure proper O & M, development, and perpetuation of the system and to
maintain the ability to borrow. Rates, fees, and charges can be grouped into three
broad categories:

• User charges or rates,

• Impact fees, and

• Other service fees.

6.3.1 User Charges 
A wastewater utility’s primary source of revenues is a user charge. User charges
are the charges for service determined in a cost-of-service analysis. In a cost-of-ser-
vice analysis, the cost responsibility of each utility customer class is determined
through a cost-allocation process. Ideally, user charges will generate sufficient rev-
enues to operate the system, preserve and build infrastructure, maintain financial
integrity, and recover costs from customers equitably. Renewal and replacement of
system assets is a critical component of revenues that need to be generated from
user charges.
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User charges take many forms depending on the community’s goals and objec-
tives. The basic components of user charges are fixed and volumetric charges. Fixed
charges are charges per billing period that do not change with volume of wastewater
flow. These charges often recover the costs of billing, general and administrative
costs, a portion of debt service, and the costs of maintaining services.

Volumetric charges are those user charges that are based on volume of flow.
These charges recover the remaining costs of service and are not limited to costs that
vary according to flow. Volumetric charges can be uniform for all flows from all users
or uniform by type or class of user (such as residential, commercial, restaurant, and
hospital). Volumetric charges also can be tiered. Increasing volumes of flow can be
charged at decreasing costs per unit (declining block rates) or at higher costs per unit
(inclining block rates).

Finally, wastewater utilities that do not have volumetric charges which vary by
customer type or class may assess “extra-strength” surcharges for industrial users. In
this case, a customer’s flow is monitored and compared to standard domestic
strength wastewater. Surcharges typically are billed for each pound of constituent
over a specified limit.

For a more detailed discussion on selecting user fee structures and developing
rate schedules, see Financing and Charges for Wastewater Systems (WEF, 2005).

6.3.2 Impact Fees
Another significant funding source for wastewater utilities is impact fees. Impact
fees, connection fees, system development charges, tap fees, plant investment fees,
are all terms used to describe any fee or charge to recover capital improvement costs
associated with system growth. These one-time charges are designed to recover the
capital costs of growth from those causing the growth, rather than from the utility’s
existing customer base.

Without recovering investments in capital improvements for facilities expansion,
the utility effectively would be subsidizing growth at the expense of existing
ratepayers. For this reason, both existing and proposed investments in capacity are
examined in calculating impact fees. The rationale for such fees is the unrecovered
investment in available capacity, whether that capacity exists or is proposed. 

In charging new customers for both past and new investments in capacity, the
impact fee, like other such fees, promotes a concept in utility ratemaking called
“intergenerational equity”. Intergenerational equity means that existing customers
do not subsidize new customers and vice versa. In many communities, this is often
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referred to as “growth pays for growth”. Impact fees can be designed to minimize the
subsidization of new growth.

Three approaches for calculating impact fees are commonly used for wastewater
systems: buy-in approach, incremental cost approach, and combined approach (WEF,
2005). Each approach results in impact fees that are used to pay for growth-related
facilities such as treatment plants, collection and interceptor mains, and lift stations.
Revenues from these fees should be incorporated into the utility’s financial manage-
ment strategy.

6.3.3 Other Fees 
To balance its sources and uses of funds, utilities often assess miscellaneous fees.
Such fees range include basic administrative charges for service, turn-on/turn-off
fees, penalties for delinquent payments, and miscellaneous service charges, such as
standby charges, availability of service fees, and installation or hookup fees. If a
wastewater collection system has a reuse system component in its operations,
charges for reuse or reclaimed water also may be appropriate. As in determining the
user fees, establishing miscellaneous fees should be based on the costs of providing
the service. 

7.0 ROLE OF GOVERNMENT ACCOUNTING
STANDARDS BOARD STATEMENT NUMBER 34
IN BUDGETING AND FINANCIAL PLANNING 

As wastewater utilities establish user charges and service fees to support capital and
O & M programs, they also will need to document financial results—an important
aspect of the budgeting and financial planning process. This section reviews require-
ments of GASB 34. It discusses how budget priorities and asset-management pro-
grams are represented in financial reporting requirements for wastewater utilities. 

The GASB is a private, nonprofit organization formed in 1984 to develop and
improve accounting and reporting standards for state and local governments
(www.gasb.org). Between 2001 and 2006, the GASB phased in the requirements of
GASB 34, which was aimed at providing more comprehensive financial reporting
information about the ability of governments to repay ongoing, increasing costs of
infrastructure replacement debt and to continue to provide service. A discussion of
GASB 34 requirements is pertinent to wastewater collection system management
because it affects wastewater utility financial reporting requirements and provides
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an optional financial reporting approach that is based on asset-management practices
described in other chapters of this manual.

The GASB 34 requires that all government agencies use one of two possible
accounting approaches: (1) the conventional approach or (2) the modified approach.
Many GASB 34 requirements are for general governments, such as cities and coun-
ties, which rely on general funds to support their asset-management activities. Before
GASB 34, these governments did not list and depreciate infrastructure assets on their
financial statements. Most wastewater agencies and governments with enterprise
funds already listed assets on their balance sheets; so the conventional approach
under GASB 34 imposed only minimal additional requirements on the utility. 

Under the GASB 34 conventional approach, wastewater utilities need to satisfy
the following requirements (www.gasb.org):

• Ensure that all infrastructure assets are included on the balance sheet and are
depreciated using the accrual method of accounting.

• Include management’s discussion and analysis as a narrative to the financial
statements, which discloses significant financial activities, events, and condi-
tions that affect financial position.

• Compare actual yearly expenditures to original budgets, not revised budgets.

These requirements are important to understand as capital and O & M programs
are being developed and budgets are prepared. Necessary information can be gath-
ered throughout the year to demonstrate results that programs and budgets were
intended to achieve. 

The modified approach to satisfying GASB 34 permits the current cost of main-
taining assets to be reported on the financial statements in lieu of depreciation
expense under several conditions. Under the modified approach wastewater utilities
need to satisfy the following requirements (www.gasb.org):

• Maintain an up-to-date inventory of eligible infrastructure assets,

• Establish a target condition level for the assets,

• Complete a condition assessment at least every three years,

• Implement a formal asset-management system,

• Estimate and budget necessary funding to maintain assets at the target condi-
tion level,

• Conduct a review of the effectiveness of maintenance procedures,
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• Ensure that assets are being maintained at or above the target condition levels,
and

• Compare actual preservation expenses to budgeted preservation expenses.

If a wastewater utility complies with all of the requirements of the modified
approach, it can report assets on a preservation basis, and may be able to reduce the
amount of depreciation expense reported on its financial statements. This is important
because depreciation expense represents a large, noncash cost to a utility that (1)
reduces net income and (2) reduces the asset value on the balance sheet by the amount
of the accumulated depreciation calculated because the asset was placed in service for
utilities that use the accrual basis of accounting. By reducing depreciation expense, a
utility will maintain a higher value of assets on their balance sheets, thus increasing net
equity, and reducing the debt-to-equity ratio and reported leverage. As a result, the
management practices that must be followed to use the modified approach could
improve the reported financial condition of the utility. It also could improve the rating
agency’s view of the utility, although ratings are based on several factors. 

Similarly, wastewater utilities that use the accrual basis of accounting—and to the
extent that it has been expending funds to keep assets in good condition so that they
are depreciating more slowly than measures of accounting depreciation would pre-
dict—the modified approach allows the utility to report the cost of maintaining the
assets as an expense, rather than as an accrual of depreciation expense. In the short
term, the modified approach could reduce utility expense and increase net income. Per-
haps the most important benefit of the modified approach is that it requires a utility to
implement “best practices” in the management of its infrastructure assets.

The additional cost required to implement the modified approach, however, is
not insubstantial. For example, completing a condition assessment every three years
and on assets tracking and updating condition would be costly but necessary under
this approach. Regardless of which approach is used, however, management of assets
on a proactive and preservation basis will provide long-term financial benefits. In
addition, documentation of progress and results of capital and O & M programs is an
important part of the asset-management process.

8.0 SELLING THE ASSET-MANAGEMENT
APPROACH AND BUDGET PLAN 

Utility management now has basic information to develop a long-term financial man-
agement plan. The key here is to “think long-term, act short-term”. By putting the
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cost effects of the asset-management program into the context of comprehensive
financial dynamics, a clear understanding of the future financial consequences of cur-
rent management decisions emerges.

These steps create help inform decision making:

• Prepare a long-term forecast. Most utilities now use corporate planning
models to develop financial plans. These range from simple spreadsheets to
complicated commercial software packages. However, too often these are not
incorporated into the budget process, which focuses on immediate needs and
effect. It is essential that long-term forecasts be incorporated into the budget
process to identify future “rate spikes” and plan to mitigate them over a
longer period of time. This can include efficiency improvements, inflationary
rate indexing to generate sufficient funds slowly over time, and changing cap-
ital improvements scheduling.

• Clearly demonstrate that costs drive revenue requirements. The forecast
should identify the cost factors that create the need for additional revenue. In
general, there are five major cost categories that should be displayed: oper-
ating costs (including taxes); cash flow requirements; reserve requirements;
capital improvement/debt service; and debt service coverage. 

• Develop and demonstrate several scenarios. The financial planning process
requires an understanding of the range of outcomes resulting from various
economic conditions. Providing a worst case, optimal, and medium scenario
can often facilitate the decision-making process. A range of assumptions
regarding cost inflation, interest rates, financing terms, customer growth, asset
failure rates, and other relevant factors should be explored. However, the fac-
tors adjusted within each scenario should be limited to keep comparisons
clear and easy to compare and understand. Office productivity software, such
as spreadsheets, can illustrate these factors easily and clearly. Graphics can
help display the results in way that is easy to understand. 

• Work interactively. A summary results page of the planning model can be pro-
jected onscreen at budget meetings, allowing scenarios to be explored interac-
tively and alternative assumptions tested on the spot. This provides also pro-
vides a way for all parties to contribute to the effectiveness of the process.

• Keep the discussion in context. Whenever short-term solutions are suggested,
both short-term and long-term effects on user charges should be shown. 
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• Be ready with consequences. The big question is always, “So what?” Seldom
expressed so succinctly, it is nevertheless on everyone’s mind and will be
expressed in indirect ways. The development of consequences documentation
is essential to providing a basis of confidence for the final budget decision.

Asset management provides an effective framework for setting budget priorities
and addressing the challenges of infrastructure renewal and replacement. It is
equally important that these determinations be integrated effectively into the budget
process. By using an interactive approach incorporating long-term forecasting with
short-term budgeting, a productive forum is created that helps to balance the needs
of deteriorating infrastructure with rate effects. An understanding of the necessity of
that balance can only be provided by a long-term perspective.
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1.0 INTRODUCTION TO AND APPLICABILITY 
OF THE OCCUPATIONAL HEALTH AND 
SAFETY ADMINISTRATION 

The Occupational Safety and Health Act of 1970 was enacted by Congress to ensure safe
and healthful conditions for working men and women by authorizing enforcement of
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the standards developed under the Act; assisting and encouraging the States in their
efforts to assure safe and healthful working conditions; and providing research, infor-
mation, education, and training in the field of occupational safety and health.

The Occupational Health and Safety Administration (OSHA) was assembled to
carry out the Act. Many states have OSHA-approved state plans and, therefore, may
have more stringent regulatory requirements that must minimally meet federal
OSHA standards. Each employer is required to provide a safe workplace and job that
is free from recognized hazards that are causing, or are likely to cause, death or
serious physical harm under the General Duty Clause. 

The OSHA regulations are contained in the Code of Federal Regulations (CFR),
volume 29. Part 1903, Inspections, Citations and Proposed Penalties, and part 1904,
Recording and Reporting Occupational Injury and Illnesses, apply to all employers with
some exception for employers with 10 or fewer employees in a calendar year. There are
two other parts within 29 CFR that are applicable to the wastewater collection systems
industry: General Industry Standards, part 1910, and Construction Standards, part 1926.
Any time a construction-based activity is being conducted, the construction standard
will apply. Refer to OSHA applicability sections for further explanation.

2.0 APPLICABILITY OF HEALTH 
AND SAFETY REGULATIONS

Determining which regulatory requirements apply can be a daunting task and
should be carried out by a designated safety professional that has had the appro-
priate training. Both the General Industry and Construction standards will apply to
many different operations in wastewater collection systems. Each part of the regula-
tion begins with an applicability section that will help the safety professional deter-
mine if the section applies. The Occupational Health and Safety Administration has
programs such as consultative services that also may be used as a resource for deter-
mining applicability.

3.0 HEALTH AND SAFETY PROGRAM ELEMENTS
A health and safety program is a defined plan of action designed to protect
employees in the workplace. The OSHA legislation requires that all workplaces
implement some form of a health and safety program that meets or exceeds the min-
imum elements set forth in regulations. Minimum program elements may include
(OSHA, 2007):



• Health and safety policy,

• Individual responsibility, 

• Health and safety committee, 

• Health and safety rules through written programs,

• Standard operating procedures (see Figure 9.1),

• Employee orientation and training, 

• Workplace inspections, 

• Emergency procedures, 

• Medical aid and first aid, 

• Health and safety promotion, and

• Workplace specific items.

Because each utility may differ in size, type of operations, and resources, one pro-
gram cannot be developed for all wastewater collection systems. It is important that
each utility develop a health and safety program that is specific to its needs. This
chapter discusses general health and safety guidelines but should not be considered
all inclusive.

3.1 Health and Safety Policy
In addition to a program, every organization should have a health and safety policy.
The policy should be a statement of philosophy and guidelines to which the organi-
zation and senior management are committed. The health and safety policy should
receive the same level of enforcement and consideration as all other policies. Senior
management is responsible for ensuring that the health and safety policy is carried
out and enforced.

A health and safety policy does not have to be lengthy; in fact, it is better written
clearly and concisely. The policy should contain a statement of management’s com-
mitment to the safety and health of employees, the organization’s philosophy, and
the general objectives of the program. It should also identify the person responsible
for the program and state that all employees are responsible for adhering to safety
rules and regulations. It is important to include a statement that poor safety perfor-
mance will not be tolerated. The policy should be signed by the director of opera-
tions, kept up to date, and communicated to all employees.
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STANDARD OPERATING PROCEDURES 
Your Company Name Here MANUAL 

SUBJECT NUMBER REV EFFECTIVE DATE 

6/2005

PAGE OF 

Name of SOP 
SUPERSEDES PREPARED BY APPROVED BY 

1.0 Purpose: 

2.0 Organization affected:

3.0 Reference:

4.0 Hazard description:

5.0 Preventive measures:

6.0 Engineering controls:

7.0 Protective equipment:

8.0 Personal hygiene and sanitation:

9.0 Hazard communication and training:

FIGURE 9.1 Sample standard operating procedure.



3.2 Individual Responsibility
Individual responsibility for health and safety applies to everyone in the workplace,
including top-level management. Each person is obligated to abide by established rules
and regulations as they perform their job duties, which is why everyone must under-
stand their responsibilities. Including specific health- and safety-related responsibilities
in job descriptions can ensure that an individual understands what is expected. 

Responsibilities for workers, first-line supervisors, management, safety coordi-
nators, and the safety committee should be identified. Authority for enforcement and
the level of enforcement also should be identified. This can be accomplished by
developing an organizational flow chart for the program. Although responsibility
and authority can be delegated to subordinates, management has ultimate account-
ability to ensure that the program is carried out.

3.3 Safety Committee
Establishing a safety committee is an integral step to creating an effective safety pro-
gram. A safety committee encourages employee and management involvement and
is a great tool for increasing awareness and imparting a sense of ownership. The
safety committee should have an organized structure, a clear statement of purpose
(committee charter), and established procedures for conducting regular meetings.
Committee members can be appointed on a rotating schedule or can be made up of
volunteers. Members should include management and all levels of workers. The
safety committee also should be empowered through a clearly defined level of
authority and resources to affect change. Some examples of duties that a safety com-
mittee may carry out are:

• Reviewing and investigating accident report, determining responsibility, and
making recommendations for prevention;

• Reviewing statistics on lost time and no-lost time accidents, near-misses, first
aid, and preventable and non-preventable vehicle accidents;

• Periodically reviewing completed tailgate talks, safety meetings, and worksite
inspections;

• Developing and reviewing job hazard assessments (JHAs) (see Figure 9.2);

• Developing a training program;

• Reviewing written safety programs; and

• Reviewing operational changes for safety issues.
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Attention to trends in the above statistics can be useful in promoting safety aware-
ness at all levels. Essentially, the committee should be active in the development,
implementation, and monitoring of all phases of the health and safety program. 

3.4 Health and Safety Rules and Written Programs
As mentioned earlier, minimum health, and safety regulations have been established
by OSHA. States with OSHA-approved state plans may include regulations that are
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Job title: Job location: Analyst: Date: 

Task #  Task description: 

Hazard type: Hazard description: 

Consequence: Hazard controls: 

Rationale or comments: 

FIGURE 9.2 Sample job hazard analysis form.
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more stringent than the federal standard. Using these established regulatory require-
ments as minimum guidelines, a workplace must develop a written health and safety
program. The workplace may create a written program that is at least as stringent as
both the federal and state regulations. The written program must be specific to the
industry and workplace and should include safe standard operating procedures
(SOP) to achieve a safe and healthful workplace. Standard operating procedure
development will be discussed later in this chapter.

Each organization should have developed written safety rules that are readily
available and communicated to all employees. Many resources are available for assis-
tance in developing these written programs. A list is included at the end of this
chapter. Basic programs that typically are required in the wastewater collection
system industry are listed below. 

• Overall written safety program that establishes safety policy, organizational
authority, and disciplinary action;

• Excavation and trenching;

• Work zone safety;

• Permit-required confined space;

• Heavy equipment operation and rigging;

• Hazard communication;

• Electrical safety lockout/tagout;

• Underground utility safety;

• Asbestos pipe;

• Personal protective equipment (PPE);

• Walking working surfaces/fall protection;

• Workplace exposure to wastewater;

• Respiratory protection program;

• Hearing conservation program;

• General safety awareness (nature exposures, heat/cold stress, etc.);

• Emergency action plan; and

• Machine guarding.



3.5 Standard Operating Procedures
An SOP should be created for each critical task using a process called a JHA, some-
times also referred to as job safety assessment (JSA). A JHA is the first step in creating
an SOP. A job is selected and then broken down into steps. Each step of the task is
evaluated to identify existing and potential hazards encountered or developed
during the task. After risks have been identified, preventative measures are defined.
The person who carries out the task should participate in the JSA process because he
or she is most familiar with the job and potential safety risks and can help develop
realistic preventative or corrective measures.

Standard operating procedures are an important tool for all employees because
they establish and ensure consistency and safety throughout a task and provide a for
quality assurance. An SOP should be used to train new employees and as a reference
for infrequently performed tasks. An example of an SOP is included in Figure 9.1.
Some typical SOPs that should be developed in the wastewater collections system
industry are listed below. 

• Permit required for confined-space entry; 

• Inspection of high risk mains;

• Lockout/tagout;

• Roding and jetting of mains;

• Electrical installations and safety;

• Work zone and traffic control;

• Easement maintenance and debris removal;

• Operation of heavy equipment; and

• Excavation and trenching (specific to a task; for example, installation of trench
box).

3.6 Employee Orientation and Training
Health and safety education is an integral part of new employee orientation. Statistics
show that inexperienced workers are likely to be involved in accidents more frequently
than experienced staff. Generally, orientation will cover general policies, administra-
tive items, and organizational relationships. Employee orientation should also include
a distinct module related to safety such as emergency procedures, location of first-aid
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stations, location of health and safety rules and regulations, employee responsibilities,
and expectations in safety, reporting accidents, near misses, injuries and unsafe condi-
tions. It also should cover use of PPE and the right to refuse to perform hazardous
work if unsafe conditions exist.

General new employee orientation should not replace job and site-specific
training. A new employee can be expected to absorb only a certain amount in the first
few days, so it is beneficial to set up a “mentor” that the employee can go to with any
questions. The department supervisor or safety coordinator should establish an in-
depth safety orientation as part of job-specific training. This can include developing
a safety training awareness schedule, reviewing applicable JHAs, SOPs, and PPE
requirements, and establishing guidelines for on-the-job training. This level of orien-
tation does not take the place of more in-depth training courses. The new employee
should attend such courses as soon as possible.

In-depth safety training should follow orientation. An employee’s failure to rec-
ognize hazards is one of the most frequent causes for serious injuries and illness in
the industry. Hazard-specific training is required by OSHA as identified in the regu-
lations and in written programs. Regulatory requirements mandate the type and fre-
quency of training, which should be documented in the written program. Documen-
tation of the written program, the training program, and training records are
necessary to achieve regulatory compliance. The written programs and SOPs listed
in this chapter are typical areas of concern in wastewater collections systems that
require training (see Health and Safety Rules and Written Programs and Standard
Operating Procedures sections). The lists are not meant to be all inclusive of training
requirements; a safety professional should be consulted for further guidance.

The objective of a safety training program is to effectively raise awareness and skill
levels to an acceptable level while easing the incorporation of policies and procedures
into a specific job function. Different levels of training should be established based on
job responsibility for managers, supervisors, trainers, and the worker. Developing a
training matrix is an excellent way to track training requirements by position. Although
training frequency varies, it should occur when there is a new employee, a transfer to a
new job, changes to equipment or processes, or when inadequacies are demonstrated.
Training frequency should be identified in the written program. 

Training can be accomplished through several avenues such as weekly “tailgate”
meetings, regular monthly meetings, and specialized sessions. Weekly “tailgate”
meetings are typically an informal training session held within a work group that
covers a wide spectrum of safety topics and usually lasts approximately 10 minutes.
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Monthly training sessions may be delivered department wide and typically cover
generalized topics, lasting approximately 20 to 30 minutes. Staff members who are
knowledgeable on the subject, such as a supervisor or safety coordinator, may con-
duct the monthly sessions. Specialized training is generally more detailed and spe-
cific, can last from one hour to one week or more, and is instructed in a more formal
setting by a qualified instructor. If the facility has an onsite staff safety officer,
training coordinator, or other qualified individual, that individual can deliver the
appropriate training. Training also can be conducted on- or off-site by an outside
qualified vendor such as the National Safety Council or other industry organization.
Written training modules should be developed for each topic being covered (other
than for tailgate-style meetings). Modules include goals and objectives of the course,
and items to be covered including applicable regulations, summary, and test. 

A variety of training techniques should be incorporated into the session to
encourage employee involvement and address different styles of learning. One
example would be to use video clips and flip charts for discussion groups. It may also
be required to have a practical exercise such as with trenching and excavations or
confined space entry. In this case, the instructor would arrange to carry out field exer-
cises in which employees could participate in mock activities such as soil classifica-
tion or entering a confined space. The employee should be able to demonstrate cor-
rect performance and knowledge of the topic by the end of the training session.

3.7 Workplace Inspections
Another key aspect in a safety program is regular, unannounced workplace safety
inspections. Periodic inspections are a regulatory requirement that will help to iden-
tify and correct any existing or potential hazards or unsafe behaviors. For periodic
inspections to be successful, targets should be set and monitored. Directors, man-
agers, supervisors, and team leaders should be assigned a minimum number of
safety inspections to complete throughout the year. Any variance from the target
should be discussed at the each individual’s year-end performance evaluation. The
workplace includes the main and remote operations locations and mobile job sites.
Some items to include in inspections are work conditions and procedures; equip-
ment, machinery, and tools; personal protective equipment; electrical safety; house-
keeping; and adherence to SOPs and regulatory requirements. 

Many other items may be included in the inspection and should be specific to the
area or job being inspected. Any time that a danger to life or health is encountered,
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corrective action should be taken immediately. All inspection items should be docu-
mented, deficiencies noted, and corrective actions implemented. Inspections can be
performed by a team or a designated individual that is knowledgeable of regulations
and procedures (such as the safety committee or supervisor).

3.8 Emergency Medical and First -Aid Procedures
Emergency procedures are plans specific to the workplace for incidents such as fire,
explosion, flooding, severe weather, chemical releases, or other events that may
endanger personnel and require immediate response and decision making. The
objective of the plan is to protect life and human health, protect critical infrastructure,
and allow quick return to normal operations. Communication, training, and periodic
drills are required to ensure effective implementation of the plan. Emergency pre-
paredness and procedures are discussed further in Chapter 10.

3.9 Medical Aid and First Aid 
Medical aid and first aid can apply in several different ways in the wastewater col-
lection systems industry. First, as part of before starting work, employees are gener-
ally required to establish a health “baseline” by completing a general physical. More
extensive medical testing may be required for certain job tasks such as the wearing of
a respirator. If there are job exposures that are at or above established OSHA guide-
lines, employees must be enrolled in a medical monitoring program. A medical mon-
itoring program may include annual hearing tests as part of the hearing conservation
program, annual pulmonary function testing for respirator wearers, or annual blood
work for possible chemical exposures. The safety coordinator or other designated
person should work with the occupational health nurse to establish a medical moni-
toring program as applicable. 

Second, procedures and policies for medical services should be established for
employees involved in an accident or who have been injured. The policy should
include procedures for reporting, obtaining medical care, and returning to work
including provisions for light duty or modified duty. The OSHA standards require
that medical services be available “in near proximity,” which has been defined as
three to four minutes. If an organization does not have access to medical services
within these provisions, they must be provided. If an organization has designated
first-aid providers, the written program should identify those responders, the loca-
tion of first-aid stations, and guidelines for type and frequency of training. 
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Immunization programs, as recommended by the occupational health nurse or
as required by OSHA, for service operators should be followed. Guidelines for
employees exposed to wastewater in the eyes, mouth, ears, or through complete
immersion should be accessible and well known to all employees. Health education
must be provided to all employees. Shower facilities, special soaps, nail brushes, and
other personal hygiene supplies also should be provided. The blood borne pathogens
standard covers wastewater workers if they are exposed to raw blood or other
sources of infectious materials from hospitals or mortuaries. Employees exposed to
sharps such as needles also are covered under the standard. Simple approaches, such
as baseline health assessments before employment and uniform service with
cleaning, are becoming standard practices in the wastewater industry.

3.10 Health and Safety Program Promotion
Much controversy exists regarding how health and safety programs are promoted.
Many organizations have established safety incentive programs or recognition pro-
grams that award employees for good safety practices or for those who remain acci-
dent free. This causes concern among some who believe that this type of award or
incentive program promotes under reporting of accidents and encourages the
“walking wounded.” Positive promotion without encouraging this type of activity
can be accomplished through other tactics. For example, establishing a point system
for those who attend the most safety meetings, include recommendations in near-
miss reports, generate innovative safety ideas, or participate on safety committees is
just one method that encourages proactive safety behavior and not under reporting.
Promotion of the health and safety program should be well thought out and should
include positive message that is fair and equal.

Health and safety minimum program elements are regulated and established by
OSHA although a state or organization may choose even more stringent rules. The
elements discussed above are based on federal OSHA and are not intended to be all
inclusive. More specific elements may be needed to address specific workplace activ-
ities. Utilities should consult with a safety professional or other agency such as
OSHA’s consultative services to ensure program compliance.

4.0 SAFETY PROGRAM ORGANIZATION
The safety program should be considered a key business element and have full sup-
port and funding from management. Program success ultimately is the responsibility
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of upper management. If the system is large enough, a safety coordinator should be
appointed who directly reports to upper management and works with the depart-
ment managers, front-line supervisors, and employees to implement the program.
The safety coordinator should have the authority to award employees or apply disci-
plinary and corrective action as needed with support from management. Often
departments may not be large enough to have a fulltime safety coordinator. In such
cases, the responsibility ultimately falls on the front-line supervisors. Any person
who is assigned responsibility for the program should have the support of manage-
ment, including the time, training, and authority for safety.

5.0 SAFETY EQUIPMENT
Availability of approved safety equipment is necessary to maintain safety and
health of employees. In the wastewater collection system, the tasks that are per-
formed and associated hazards will dictate the equipment needed. Personal pro-
tective equipment and mechanical protective equipment are two types of safety
equipment regularly encountered.

All PPE must be approved and rated for hazards encountered. Certain PPE must
also be fitted to the person wearing or using the PPE. There are two agencies that typ-
ically approve PPE: ANSI and the National Institute of Occupational Safety and
Health (NIOSH). Safety glasses, steel-toe shoes, and hard hats are a few of the items
that ANSI regulates. Other equipment includes eyewashes and showers, railings, and
sound-level meters. The NIOSH generally sets standards for items such as respirator
cartridges, dust-mask-style respirators and other occupational exposure criteria, such
as the permissible exposure level. Mechanical protective equipment standards for
items such as machine guards, valve protection, some ventilation systems, and man-
lifts also are established by ANSI. 

A comprehensive assessment of facilities and field activities should be con-
ducted by a qualified individual to determine what type of PPE or mechanical
protective equipment may be required. Generally, all types of protective equip-
ment should be regularly inspected and maintained. The Occupational Safety
and Health Administration has incorporated inspection requirements for equip-
ment. If there is no regulatory guidance for inspections, maintenance, or replace-
ment, the manufacturer’s recommendations should be followed. A documented
annual inventory and inspection is recommended at a minimum for all issued
and stock PPE.
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6.0 SUMMARY
Developing, implementing, and maintaining an effective health and safety program
is a challenging task. The items discussed in this chapter are offered as guidelines as
there is far too much information and specific applicability issues to provide a com-
prehensive outline. However, the sections addressed should provide a solid starting
point to help in developing a thorough health and safety plan for a wastewater col-
lection system. A strong safety program starts with management support and
employee involvement.
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1.0 INTRODUCTION AND OVERVIEW
Incidents in recent years have highlighted the potential effects of natural incidents
and damage caused by humans to utility infrastructure, including wastewater collec-
tion systems. Although much of the focus has been on water systems, treatment
plants, and other infrastructure, wastewater collection systems also have proven to
be vulnerable and their failure can result in significant consequences on public ser-
vices and the environment. Regulatory changes also have increased the importance
of preventing failures in wastewater collection systems. Wastewater collection
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system managers should put in place several measures to prepare for disaster inci-
dents. Although some of these measures may apply more to larger wastewater col-
lection systems, most of the guidance in this chapter is scalable to systems of all sizes.

2.0 DISASTER AND SECURITY RISKS AND THEIR
POTENTIAL EFFECTS ON WASTEWATER
COLLECTION SYSTEMS

Potential incidents that can affect wastewater collection systems, for which waste-
water collection system managers and operators must be prepared, can be grouped
into three categories: natural disasters, incidents caused by humans, and technolog-
ical failures. Each of these three categories is discussed in greater detail below.

2.1 Natural Disasters
Natural disasters that can affect wastewater collection systems include hurricanes,
tornadoes, high-wind incidents, floods, flash-floods, landslides, ice storms, extreme
winter weather, earthquakes, pandemics, and others.

Flooding from natural disasters has the potential to sever or washout buried and
aerial mains and other assets, to wash silt and other debris into manholes and mains,
and to flood and damage pumping and lift stations. Winds, especially in conjunction
with heavy rains, can cause mains and other assets to be damaged by uprooted trees.
High winds and flooding have the potential to seriously damage and even destroy
pumping and lift stations. In wind and flooding incidents, manholes and some other
system components can be buried under silt and debris. Earthquakes pose a threat of
breaks to mains and structural damage to other facilities.

All natural disasters have the potential to cause failures in the supply of electrical
power to pumping and lift stations and communications systems and to disrupt
supervisory control and data acquisitions (SCADA) systems.

All forms of natural disasters also have the potential to damage vehicles, heavy
equipment, and other assets. Finally, many incidents can cause sanitary sewer over-
flows (SSOs) and combined sewer overflows, which can result in further damage to
assets and to the environment.

2.2 Incidents Caused by Humans
Incidents caused by humans can be the result of unintentional or intentional acts or
vandalism by disgruntled employees or other individuals. 
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Unintentional effects by humans on wastewater collection systems can include
construction excavation and drilling damage to mains, accidental chemical spills into
manholes and mains, vehicular accidents involving pumping and lift stations or
other above-ground facilities, and employee errors.

Among the possible motives of individuals attempting to intentionally damage
wastewater collection systems are to get attention among their peers, extract revenge
for perceived wrongdoing, create an opportunity to be a hero, cause environmental
damage, impair water supplies downstream, cause economic disruption, or attack a
specific location through the wastewater collection system. Intentional damage
caused by humans to wastewater collection systems can include main blockages and
subsequent SSOs; damage to components, including mains, manholes, and pumping
and lift stations; cyber-hacking or cyber-terrorism to shut down pumping and lift sta-
tions; contamination of the collection system; or use of some part of the system, such
as chlorine, to cause injuries or damage.

2.3 Technological Failures
Both natural disasters and incidents caused by humans result in the technological
failures listed above. Technological system components also are subject to intrinsic
failures and loss of electrical power supplies, which can result failures of pumping
and lift stations, SCADA systems, and communications systems or breaks and struc-
tural failures of mains and other facilities.

All of the above types of incidents require that wastewater collection system
managers conduct the planning and physical preparedness measures as discussed in
the following sections.

3.0 PREPAREDNESS PLANNING ACTIVITIES 
FOR WASTEWATER COLLECTION SYSTEMS

Wastewater managers should implement several preparedness planning measures in
anticipation of the effects discussed above:

• Develop an organizational culture of emergency preparedness and security.

• Prepare employees for disaster incidents.

• Conduct a vulnerability assessment to potential identify hazards.

• Develop viable emergency response plans (ERPs).
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• Establish relationships with other local and state response agencies.

• Develop an understanding of the National Incident Management System
(NIMS) and the Incident Command System (ICS).

• Be aware of cyber-vulnerabilities.

• Enter into mutual aid networks and agreements.

• Develop crisis communications plans.

• Conduct training and exercises.

• Stay abreast of developments in the industry.

3.1 Develop an Organizational Culture of 
Emergency Preparedness and Security

The first step is to develop and promote awareness of what can happen in a system
during and after a disaster. The preparedness process should include worst-case sce-
nario. As Hurricane Katrina demonstrated in New Orleans, Louisiana, in 2005, worst-
case-scenario planning should be pushed to the most extreme situation imaginable.
Utility system managers should be careful not to overlook wastewater collection sys-
tems in their preparedness process. Utility systems should foster a security/disaster
awareness culture among employees and provide training and reinforcement in var-
ious forms and at all levels. 

3.2 Prepare Employees for Disaster Incidents
Many utility systems have learned that they also must address employee concerns when
responding to a security incident or other disaster. Addressing these issues can deter-
mine the success of an incident response and benefit long-term employee relations. 

Employees are a wastewater collection system manager’s most valuable, and
sometimes most vulnerable, asset in a disaster. Helping them prepare for disasters
includes:

• Educating them in the agency’s plan; 

• Assigning special disaster responsibilities, training, equipment and personal
protective equipment;

• Apprising them of their role and what will be expected of them;

• Providing them with the necessary training, tools, and safety equipment;
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• Establishing policies for mandatory work and criteria for leave;

• Providing shelter for employees with food, water, provisions for sleeping, and
backup electrical power;

• Providing similar facilities and telephone hotlines for their families; 

• Providing guidance for preparations at home; and

• Providing assistance in dealing with insurance and related issues associated
with personal property damage.

Other measures to support employees include counseling as needed, paycheck
cashing services, and post-disaster recognition and celebration, where applicable.

3.3 Develop Viable Emergency Response Plans 
Water and wastewater utilities need to develop an ERP that incorporate all details
necessary for effectiveness. Emergency operations plans and business continuity
plans sometimes are used synonymously with ERPs.

The first step in developing an ERP is to identify the specific types of incidents
that may affect a particular wastewater collection system. Emergency response plan-
ning requires detailed consideration of all potential disaster events. The plan should
cover all employees and provide the level of detail necessary in a real event,
including the availability of information on system infrastructure. Operational staff
members need to be involved in assembling the details of the ERP to ensure their
effectiveness.

Employees, representatives of other local agencies, and potential mutual aid
providers are only as valuable as a collection system manager’s ability to contact
them during or following a disaster. Contact information can be the weak link in the
disaster response chain. Managers must maintain this information in a non-electronic
form that is current, accessible, and durable.

Emergency response plans should include:

• Necessary internal and external contact information and details on the system
infrastructure where that information is accessible during and after disaster
incidents;

• Provisions for materials and equipment that may be needed after a disaster; 

• Maps and other critical system information; and

• Succession plans, in the event that key personnel are unavailable.
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As Hurricane Katrina demonstrated, all local agencies must be prepared to pro-
vide for their own needs for at least three days following a disaster, before aid may
be available from other agencies.

All personnel need to be trained in the details of their ERP. Emergency plans are
not static documents and wastewater collection system managers must continue to
monitor their vulnerabilities and refine and adjust their response plans.

3.4 Establish Relationships with Other Local 
and State Response Agencies

Wastewater collection system managers should know the representatives of other
local agencies. They also will need to provide training and information to staff to
ensure coordination with staff at other agencies, such as

• Other sectors of the local water and wastewater systems,

• Local government management,

• Local emergency responders and emergency management agencies,

• Other local utilities, particularly electrical,

• State water and wastewater primacy agencies, and

• Local public health agencies and healthcare providers.

Recent disasters also have demonstrated that local agencies need to coordinate
with and accept aid from partners with new partners too, including non-govern-
mental organizations (NGOs), such as the Red Cross, and faith-based organizations
(FBO). Although relationships with NGOs and FBOs will likely be more significant
for other sectors of local government, collection system managers should be familiar
with them. An excellent way to become involved with other local first responder
agencies is through local emergency planning committees.

3.5 Develop an Understanding of the National Incident
Management System and the Incident Command System 

Related to the need to develop relationships with other local agencies is the need for
wastewater collection system managers to become familiar with NIMS and ICS,
which is a large component of NIMS, which includes

• Command and management structure and protocols (the ICS subset of NIMS);

• Preparedness;

Emergency Preparedness and Security 223



• Resource typing and management;

• Communications (plain English);

• Supporting technologies;

• Maintenance; and

• Training.

Both the Department of Homeland Security and Federal Emergency Manage-
ment Agency (FEMA) require NIMS compliance for fund eligibility.

3.6 Be Aware of Cyber-Vulnerabilities
Cyber-system vulnerabilities should be considered in security and disaster planning.
Failure of SCADA systems can result in loss of system communication with and control
of wastewater pumping and lift stations and other system components. Some of the best
documented intentional cyber-attacks on water and wastewater systems involve suc-
cessful hacking to disable wastewater pumping and lift stations, causing SSOs.

3.7 Enter into Mutual Aid Networks and Agreements
Water and wastewater systems need to establish and develop mutual aid networks,
both within and between states. Water and wastewater agencies in several states
have been working to form such networks under the Water and Wastewater Agen-
cies Response Network (WARN) and other models. The WARN establishes

• Mutual aid agreements,

• Procedures for communications and mutual aid activation, and

• Resource typing.

Mutual aid efforts in several states also have included

• Establishment of a mutual aid coordinator’s position in the state emergency
operations center (EOC),

• Websites to post mutual aid needs, and

• Mutual aid responders’ accommodations checklists.

A significant effort is under way by WARN and other organizations and agencies
to develop an interstate mutual aid framework in response to frustrations in providing
aid following the Florida hurricanes in 2004 and the Gulf Coast hurricanes in 2005. 
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3.8 Develop Crisis Communications Plans
Wastewater collection system managers need to prepare crisis communications
plans (CCP) to support interactions with the public and the media. They need to
develop news releases for various scenarios within their systems. Statements that
may be needed should be anticipated and practiced. Core components of a CCP
process include:

• Developing the message,

• Establishing relationships with members of the media,

• Educating employees and other key stakeholders, and

• Identifying and training spokespersons and public information officers.

The U.S. Environmental Protection Agency (U.S. EPA) has been developing guid-
ance on this task, which they refer to as “message mapping” (see http://www.epa.gov/
nrmrl/news/news012006.html). Although this need is more critical need for water
agencies, collection system managers also should be prepared. 

3.9 Conduct Training and Exercises
Finally, wastewater collection systems should practice their disaster response plans.
The U.S. Department of Homeland Security Homeland Security provides the pre-
vailing guidance for exercise programs through its exercise evaluation program
(HSEEP). The HSEEP identifies seven levels of exercises:

(1) Seminar—informal discussion led by a presenter;
(2) Workshop—formal discussion led by a facilitator;
(3) Tabletop exercise—informal discussion of a hypothetical scenario;
(4) Game—simulation of operations to depict a real-life incident;
(5) Drill—activity to test a single, specific operation or function;
(6) Functional exercise—examines coordination, command, and control between

multiple-agency EOC; and
(7) Full-scale exercise—physical, interagency response to a simulated event.

One of the best ways for wastewater collection systems to practice is through rel-
atively easy and inexpensive tabletop exercises and games, which U.S. EPA refers to
as enhanced tabletop exercises. Wastewater collection system managers need to con-
duct tabletop exercises with increasingly broad interagency involvement, both verti-
cally and horizontally. 
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A tabletop exercise involves a simulated response to a hypothetical disaster,
either natural or caused by humans. Unlike other types of exercises—such as full-
scale exercises and drills, which often involve the mobilization of resources to a
remote location and may even involve the use of actors as victims—tabletop exercises
involve working through the disaster and response activities in one or more meeting
rooms. Other than personnel and presentation and supporting materials, no
resources are required. Advantages of tabletop exercises over full-scale exercises
include lower cost, faster planning, scheduling and organization, and less vulnera-
bility to the weather. Tabletop exercises also are sometimes called “sandbox” or
“desktop” exercises. Most tabletop exercises are conducted in six hours or less.

Tabletop exercises lend themselves particularly well to many utility systems
because incidents likely to occur involve relatively abstract components and situa-
tions, such as water and wastewater contaminants. This compares to incidents that
other agencies may experience such as those involving hazardous materials, in which
the location and components are specific, requiring other forms of exercises. 

Wastewater collection system managers should conduct exercises or to become
involved exercises for incidents that may already be occurring in the area. Exercises
provide the opportunity to:

• Test and practice ERPs,

• Get to know other local and emergency response agencies, 

• Practice use of NIMS and ICS in interagency communications,

• Identify gaps in resources, and

• Test intraagency and interagency communications.

3.10 Stay Abreast of Developments in the Industry
Finally, wastewater collection system managers should stay abreast of incidents and
developments in the industry. Much can be learned from the lessons and improve-
ments of others. This can be accomplished through reading industry literature,
attending conferences, workshops, and seminars, and networking with peers.

4.0 PHYSICAL PREPAREDNESS FOR 
WASTEWATER COLLECTION SYSTEMS

Physical improvements that wastewater collection system managers should make or
consider for disaster preparedness include:

• Providing for emergency electrical power and/or portable pumping;
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• Ensuring adequate protection of mains from waterways;

• Reinforcing aerial mains;

• Locating pumping and lift stations above flood elevations;

• Protecting vehicles and heavy equipment;

• Providing for necessary repair equipment and materials;

• Ensuring the availability of reliable communication systems; and

• Investing in a system hydraulic model to determine system capabilities and
evaluate alternatives when needed.

4.1 Provide for Emergency Electrical Power
Hurricane Katrina and several other recent incidents have draw attention to the
dependency of water and wastewater systems, including wastewater pumping and
lift stations, on electrical power. The provision for emergency electrical power when
the power supply fails is one of the most important emergency planning actions of
water and wastewater systems. Wastewater collection system managers should work
toward having permanent, mobile, rental, or borrowed emergency electrical genera-
tors available to keep pumping and lift stations operational. Experiences in Hurri-
cane Katrina demonstrated that trailer-mounted generators are much more valuable
for wastewater pumping and lift stations than skid-mounted units; the former can be
moved from one pumping station to another. 

Generators also require appropriate switchgear or generator connections and
provisions for maintenance and fueling capabilities. Unlike most recommendations
made so far, however, the acquisition of emergency electrical generators and associ-
ated switchgear is not inexpensive. Utilities that do not purchase generators should
address this need through contracts to lease generators, provisions to borrow genera-
tors, or other arrangements. The need for emergency electrical generators is a lesson
that has been demonstrated repeatedly in disasters.

Emergency electrical generators are not resources that can be obtained and
then ignored. Wastewater collection systems that have invested in generators or
portable pumps must provide ongoing maintenance, testing, and capability for
fueling the generators.

4.2 Ensure Adequate Protection of Mains from Waterways
Perhaps the most vulnerable components of wastewater collection systems are mains
located along waterways. Because of the need to optimize gravity flow in collection
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systems, many mains are located along streams, rivers, and other waterways. Mains
in these locations are particularly vulnerable to damage from flooding and erosion.
Measures that wastewater collection system managers should take to protect mains
from waterways include:

• Locating the mains as far back from the waterways as possible;

• Installing manholes with rims above the flood elevation or with sealed man-
hole covers and vent stacks;

• Stabilizing the stream bank with rip rap stone or other measures;

• Providing regular easement maintenance to ensure access when needed; and

• Providing regular inspections of high-risk main locations, such as along
waterways.

4.3 Reinforce Vulnerable Mains
The most vulnerable wastewater collection system mains are those that cross water-
ways, aerial mains in other low, aboveground areas, and those that are close to water-
ways. These mains are especially vulnerable to heavy waters, erosion, waterborne
debris, and falling trees. Some wastewater collection systems have had success in
reinforcing these mains by:

• Using restrained joint pipe;

• Installing the carrier with spacers (“spiders”) inside an outside-welded steel
casing pipe;

• Minimizing the number of concrete piers to support the pipe;

• Increasing size, depth, and footing of piers;

• Improved straps and anchors to attach the pipe to piers;

• Extending double-walled pipe farther back from stream banks; and

• Structurally reinforcing manholes.

4.4 Locate Pumping and Lift Stations above Flood Elevations
Stationary assets, such as pumping and lift stations, also should be protected as much
as possible. This includes permanent improvements and temporary measures, such as:

• Raising all facilities and equipment above the potential flood elevation;

• Raising particularly vulnerable components, such as electrical equipment,
above the potential flood elevation; and

• Sandbagging critical system components, like electrical components.
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4.5 Protect Vehicles and Heavy Equipment
Collection system managers also must protect critical assets that are mobile. High-
pressure jetting/vacuum trucks, for instance, are substantial investments for
wastewater collection systems and are particularly valuable in disaster response.
Wastewater collection system managers should do everything possible to put
those and other critical pieces of equipment where they will be safe and available
after an incident. 

4.6 Provide for Necessary Repair Equipment and Materials
Wastewater collection system managers also should have on hand other resources as
needed for follow-up to disasters. This may include:

• Replacement pipe,

• Replacement and portable pumps,

• Repair parts for heavy equipment,

• Sand bags and other items, and

• Gasoline and diesel fuel for vehicles and equipment.

It is also critical to protect these assets from damage or loss in a disaster.

4.7 Ensure the Availability of Reliable 
Communication Systems

Finally, wastewater collection system managers need to ensure the availability of
functional, reliable equipment for internal communications during and after a dis-
aster. They should maintain their investment in traditional two-way radio communi-
cations that are not dependent upon the resources of others or subject to excessive
public communications traffic. Recent advances in cellular technologies have led util-
ities to become increasingly reliant upon those technologies. However, they have
proven to be vulnerable in disasters. 

Traditional radio systems may require provisions for emergency electrical power
to keep them operational in a disaster. Utility agencies should consider investing in
satellite phones and participation in emergency phone systems, such as the Govern-
ment Emergency Telecommunications Service. 

Reliable internal communications systems should not be confused with interop-
erable systems between agencies. Although interoperable systems are valuable,
internal communication is much more critical.
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5.0 DISASTER RESPONSE IN WASTEWATER
COLLECTION SYSTEMS

During and after disasters, wastewater collection system managers should under-
take several measures to address possible security breaches and other emergencies
in the systems:

• Activate ERP and open EOCs;

• Activate crisis communications plans;

• Check on the welfare of employees;

• Conduct damage assessments;

• Activate emergency electrical power systems;

• Communicate and coordinate with other local and state response agencies
using ICS;

• Activate mutual aid networks and agreements;

• Make emergency repairs; and 

• Maintain records to maximize FEMA reimbursement.

5.1 Activate Emergency Response Plans and 
Open Emergency Operations Centers

The first thing that wastewater collection system managers should do during and
after disasters and security breaches is to activate the ERPs that they have prepared
and open their EOCs. This activation may include

• Contacting internal personnel and key outside agencies;

• Moving mobile and portable equipment to more secure locations, away from
floodwaters and other hazards;

• Protecting critical facilities with sand bags or other measures;

• Protecting critical system information;

• Implementing succession plans or delegations of authority; and

• Establishing measures for employees to shelter-in-place at some work locations.

5.2 Activate Crisis Communications Plans
Wastewater collection system managers should use the crisis communications plans
they have developed to share information with customers and stakeholders. This
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may include notifications of service interruptions, warnings regarding SSOs, or other
key messages.

5.3 Check on the Welfare of Employees
As soon as a disaster has passed, wastewater collection system managers should
strive to check on the welfare of employees and their families. Measures should be
taken to provide assistance and enable the employees to participate in the agency’s
response to the disaster as quickly as possible. 

5.4 Conduct Damage Assessments
Past disasters have demonstrated the need to make an initial assessment of the
damage to a system before attempting to begin repairs. Damage to collection systems
during extreme weather events often happen in areas that are not typically observed.
Managers should ensure collection systems in these areas are investigated soon after
the event. Damage assessments should check for several items:

• Interruptions of electrical power supplies to pumping and lift stations;

• Blockage of accessibility to facilities and areas of the collection system;

• Damage to pumping and lift stations;

• Debris over manholes;

• Damage to manholes and mains;

• Debris in manholes and mains;

• Damage to vehicles and heavy equipment; and

• Damage to supplies, materials, and other assets.

5.5 Communicate and Coordinate with 
Other Local and State Response Agencies

As the damage assessment is conducted, wastewater collection system managers
should initiate communication and coordination with other local and state emer-
gency response agencies, including:

• Emergency management agencies for assistance that may need to be requested
in anticipation of potential FEMA reimbursement;

• State regulatory agency regarding any environmental effects that may have
occurred; and 

• Local electrical utility regarding restoration of power.
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5.6 Activate Mutual Aid Networks and Agreements
After checking on employees, assessing the damage, and determining any resulting
needs, wastewater collection system managers should request assistance through the
mutual aid networks they have established. It is important to use guidelines and
resource typing to request aid using established protocols and terminology. Key
needs and conditions that should be addressed for mutual aid responders include:

• Housing and sanitation,

• Food and water,

• Employee work safety conditions,

• Communications systems,

• First aid and emergency medical services,

• Current inoculations required of responders,

• Safeguards for temperature ranges and weather conditions,

• Vehicles and equipment,

• Psychological support,

• Financial services, and

• Laundry services.

5.7 Make Emergency Repairs
As soon as the necessary resources can be assembled internally and through mutual
aid, wastewater collection system managers should undertake necessary repairs to
their system.

5.8 Maintain Records to Maximize Federal Emergency
Management Agency Reimbursement

Finally, wastewater collection system managers typically will want to optimize
receipt of potential reimbursement funds from FEMA. To do so, they should keep
detailed records of their activities and expenses during the response.
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6.0 SUGGESTED READINGS
American Society of Civil Engineers; American Waterworks Association; Water

Environment Federation (2006) Draft Guidelines for the Physical Security of
Wastewater/Stormwater Utilities; American Society of Civil Engineers: Wash-
ington, D.C. 

Department of Homeland Security NRF Resource Center Home Page. http://
www.fema.gov/emergency/nrf/ (accessed June 2008).

National Association of Clean Water Agencies Decontamination Wastewater e-
Library. http://www.nacwa.org/index.php?option=com_content&task=view
&id=47&Itemid& (accessed June 2008).

U.S. Environmental Protection Agency Water and Wastewater Security Product
Guide.http://www.epa.gov/safewater/security/guide/index.html (accessed
June 2008).
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FEMA, 232
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technological failures, 220
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maintenance, 15
operations and maintenance, 44
repair, emergency preparedness and

security, 229
Escrow, contract documents, 148

F

Federal Emergency Management 
Agency, 232

Fee setting and revenue requirements,
budgeting, 191
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Financing and funding
ad valorem taxes, 189
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grants, 189
impact fees, 189
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general obligation bonds, 190
governmental loans, 191
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plan, 69
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construction, 150

G
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capital improvement plan, 63
integrating with computerized

maintenance management
systems, 66
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project delivery, 145
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pumping stations, 34, 36, 37
pumping station staffing, 34, 40, 42, 43
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Materials

gravity pipelines, 111
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National Incident Management System,
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facilities and equipment, 44
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maintenance, 23, 27
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performance history, 15
problems and overflow response, 31
program components, 19
program objectives, 14
pumping station staffing, 34, 40, 42, 43
pumping stations, 34, 40, 42, 43
regulatory resources, 19
review, contract documents, 146
staffing, 15, 34, 43
system asset characteristics, 14
technology, 29
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P
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Policy, heath and safety, 205
Pressure pipelines, design, 115
Preventive maintenance, 

calendars, 51
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construction, 154
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workplace inspections, 212
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