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Preface

 

Delivery of water, wastewater, and stormwater services requires complex
and expensive infrastructure, most of which is less than 100 years old. Given
the postwar building boom and recent urbanization, systems with lifetimes
of 50 years or less will begin to wear out soon. Unless renewal of these
systems is well managed, public works agencies and utilities will face an
infrastructure financing crisis.

The goal of this book is to present clear and practical information for
life-cycle management of the infrastructure systems that deliver water, sewer,
and stormwater services, including recent thinking on best management
practices and topics such as “asset management,” “vulnerability assess-
ment,” and “total quality management.” I hope that the material will be
useful to public works and utility professionals and provide a road map to
valuable sources of information for all users.

Early work that led to this book was done in the 1980s in the process of
writing 

 

Infrastructure Engineering and Management

 

, which was published by
Wiley but is now out of print. I thank Brian Kenet, Acquisitions Editor for
CRC Press/Lewis Publishers, who made the publishing arrangements for
this current book. Also, Erika Dery of CRC Press in Boca Raton helped in
the production process. Along the way, many people have helped me learn
about urban water infrastructure. Murray McPherson and Scott Tucker were
early mentors in research through the ASCE Urban Water Resources
Research Program. Others working through ASCE’s Urban Water Resources
Research Council over the years have also helped my understanding. My
consulting partner, Dave Sellards, taught me a lot about infrastructure and
I will always be indebted to him for that. Currently, participants in a research
project sponsored by AwwaRF are helping me. These include, among others,
Mike Woodcock of the Washington Suburban Sanitary Commission and Jim
Hibbard and Owen Randall of the Fort Collins Water and Wastewater Utility.
I am also grateful to Pete Garra of the LAWPD for providing nice photos of
their water system.

As always, I am grateful to Colorado State University for providing me
with a good place to work on this research.

 

Neil S. Grigg

 

Fort Collins, Colorado
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1

 

chapter one

 

Infrastructure management 
systems

 

Introduction

 

Managers and engineers need clear guidelines for life-cycle management of
infrastructure systems for water, sewer, and stormwater services. Managing
these systems as business assets will hold costs down and improve perfor-
mance. Failure rates will increase as systems age, and capital needs will
increase when water, sewer, and stormwater systems need renewal at the
same time. Utility managers could face a nightmare scenario: deteriorating
systems and skyrocketing rates. However, effective management systems
implemented now will extend service lives, convince policy makers to fund
renewal programs, and increase public confidence.

Water supply, wastewater, and stormwater are essential public services
that require complex and expensive infrastructure systems. These infrastruc-
ture systems require effective care over their life cycles to produce good
service and high return on assets. Without this care, service will suffer and
costs will rise; in the worst case, the utility may suffer regulatory sanctions
and customers may experience health problems, poor service, and possibly
property damage.

While water, sewer, and stormwater services use different components,
the infrastructure systems are similar, as they involve piping systems, use
of water resources, and utility management structures. Other infrastructure
services — such as roads and electric power — have different aspects, but
their infrastructure management systems follow similar concepts. Thus,
much of the material in the book applies to all infrastructure systems, espe-
cially to water, sewer, and stormwater systems.

In addition to guidelines in the chapters, this book describes recent
research on best management practices and new topics such as asset man-
agement, vulnerability assessment, and total quality management as they
apply to infrastructure management systems.
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2 Water, Wastewater, and Stormwater Infrastructure Management

 

Infrastructure management systems

 

Infrastructure is the set of physical systems that provides public services. In
water, sewer, and stormwater infrastructure systems, the physical compo-
nents are pipes, buildings, pumping plants, treatment trains, and other cap-
ital-intensive facilities. Because the infrastructure value of these facilities is
responsible for high annual revenues, they are said to be “capital-intensive”
services.

An Infrastructure Management System is an integrated framework for
infrastructure through its life cycle from the “cradle to the grave.” It coor-
dinates functions in an integrated, data-centered approach to managing an
organization’s physical systems.

Note in Figure 1.1 that four lines of organizational activity converge on
a common database. As we will discuss later, organizations have always
been shaped to some extent by access to information; and with different
utility departments using the same data, future management systems will
look like this figure.

In fact, data for pipe location, condition, performance, and capacity are
converging for use by operations, maintenance, planning/engineering, and
finance staffs. As we will see in Chapters 9 and 10, this is made possible by
enterprisewide data systems, managed by information technology departments
that are growing in importance. Note in Figure 1.1 that ongoing functions which
are different, such as accounting, SCADA, planning, and inventory, depend on
the same data. As we will explain later, the data-centered approach to manage-
ment is the key to success in utility programs such as capital improvement,
main break response, and reliability-centered maintenance.

 

\

 

Figure 1.1
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Infrastructure management = Asset management

The term “asset management system” applies financial concepts to infra-
structure management. Think of infrastructure components and systems as
“assets,” just as assets appear on financial statements. We will return to this
important concept in Chapter 3.

“Capital management” is closely related to “asset management.” The
term “capital” refers to something of value used to produce more value. We
use it in the sense of long-term investments in plant or equipment, as
opposed to short-term investments in operating budgets. This is the sense
of the “capital improvement program,” in which the agency’s capital is
renewed and upgraded.

Thus for water, sewer, and stormwater:

Infrastructure Management = Asset Management 
= Capital Management

 

Building blocks for infrastructure management systems

 

Elements from which to construct an infrastructure management system
include the following:

• Capital improvement plan
• Maintenance management system
• Asset management system
• Capital and operating budgets
• Needs assessments
• Inventories

These are not separate, independent processes, but they involve shared
activity among the functional parts of organizations, especially planning,
engineering, finance, operations, and maintenance.

To explain these processes, the book covers this list of topics:

 

Chapter Infrastructure management program element

 

1 Overview of needs and management systems.
2 Characteristics of systems; physical and management features; design 

parameters and constraints; how management units are organized. 
3 Asset and capital management as framework to manage capital 

facilities.
4 Planning, programming, and budgeting for capital improvements for 

the services.
5 Design and construction of systems to explain engineering functions 

that provide quality infrastructure.
6 Primer on financial management for water, sewer, and stormwater 

management.

 

L1573_book  Page 3  Friday, August 2, 2002  7:20 AM



 

4 Water, Wastewater, and Stormwater Infrastructure Management

 

Benefits of infrastructure management systems

 

The benefits of infrastructure management systems are clear. When infra-
structure works, society has efficient transportation, safe water, reliable and
affordable energy, a clean and attractive environment, and other essential
support systems. When it does not work, people waste hours in traffic, have
bad water or no water, lack electricity, and live in unhealthy conditions. As
public works employees know, if infrastructure works well, people take it
for granted. If not, they suffer and complain quickly.

With the application of infrastructure management systems, costs can
be lowered and the rate shocks associated with managing infrastructure for
growth, deterioration, and regulatory requirements can be mitigated. Sys-
tems will last longer and service will improve.

Infrastructure management systems therefore offer multiple benefits by
providing information-based tools to:

• Offer better customer service
• Prepare and manage capital improvement programs
• Control costs for infrastructure management and operation
• Publicize and gain approval for capital improvements
• Guide operations and maintenance practices
• Comply with regulations and improve service

The principles and examples in this book aim at proving that effective
management of water, sewer, and stormwater infrastructure systems pro-
duces significant benefits.

 

Infrastructure integrity

 

Integrity 

 

of infrastructure is an integrated indicator that measures the quality
of equipment, original construction, and current condition. Figure 1.2 shows
that inputs to integrity are construction quality and management. “Integrity
of infrastructure” is a term that seeks to integrate condition information but,
as we will see later, a single integrated indicator for infrastructure condition

 

7 Operations management to explain functions of the operations section 
of organizations.

8 Risk, disaster management, and safety to illustrate preparedness and 
how it links to capital integrity.

9 A comprehensive approach to data-centered maintenance 
management.

10 Information technology to explain data and related needs for 
management.

11 Legal, regulatory, and governmental processes that govern 
management.

12 Capstone presentation of elements of management that affect success.
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Infrastructure management systems 5

 

is not usually feasible. This does not mean that one cannot produce a “score-
card” for infrastructure condition; rather, it refers to the difficulty in mea-
suring all attributes of condition with a single score.

The figure shows that integrity produces better reliability, improved
service, lower risk, greater safety, improved public health and environmental
stewardship, and protection against flood damages.

The relationship between the original quality of equipment and con-
struction and the current condition is easy to see. Well-constructed systems
last longer and perform better. Figure 1.3 illustrates the curve that relates
condition to time and to standard of care in an example of high-quality
original condition.

The curve shows that the condition of a facility will hold up in its early
years, but as it ages, more maintenance and upkeep are required. Restoring
the facility to its original condition may require only a little investment in
its early years, but later on it takes much more attention — perhaps even
replacement. In the case of pipelines, replacement may only be needed after
many years, and might even be achieved using trenchless technologies.
Treatment plants are usually “works-in-progress,” with renewal going on
continually.

The condition curve obviously depends greatly on the quality of original
construction, as verified by recent research in Scandinavia. If original con-
dition is poor, the starting point on the curve is lower. This is discussed
further in Chapter 5.

The disparity between condition curves and depreciation curves is dis-
cussed in Chapter 3 on asset management and in Chapter 6 on financial
management (which also explains differences between historical and current
cost accounting, and the resulting difficulties for capital planners).

 

Current integrity of water, sewer, and stormwater systems

 

It is difficult to make a general statement about the current integrity of water,
sewer, and stormwater infrastructure systems in the United States, but sev-
eral panels have reported on it. For example, the National Council on Public

 

Figure 1.2

 

Inputs to infrastructure integrity.
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6 Water, Wastewater, and Stormwater Infrastructure Management

 

Works Improvement used a report card in its 1987 report to inform the public
about infrastructure condition. The Council concluded that report cards
would be a good vehicle for reporting infrastructure condition because the
public understood them from school experiences.

The report card concept was adopted by the American Society of Civil
Engineers (ASCE), which issued Infrastructure Report Cards in 1998 and
2001. In 2001, the ASCE gave the nation’s overall infrastructure a “D+,”
including “D” for drinking water and wastewater.

 

1

 

 Stormwater was not a
separate category in the Report Card, but is reflected, to some extent, in
wastewater. Figure 1.4 shows the ASCE 2001 Report Card.

About its report card, ASCE wrote: “The nation’s 54,000 drinking
water systems face an annual shortfall of $11 billion needed to replace
facilities that are nearing the end of their useful lives and to comply with
federal water regulations. Non-point source pollution remains the most
significant threat to water quality.” “The nation’s 16,000 wastewater sys-
tems face enormous needs. Some sewer systems are 100 years old. Cur-
rently, there is a $12 billion annual shortfall in funding for infrastructure
needs in this category; however, federal funding has remained flat for a
decade. More than one third of U.S. surface waters do not meet water
quality standards.”

 

Figure 1.3

 

Infrastructure condition curve.
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Investment needs

 

Caring for infrastructure is difficult because of its vast scale. While we do
not have precise figures for the size of water, sewer, and stormwater
industries, order—of-magnitude estimates show that they amount to tril-
lions of dollars in replacement costs and needed annual revenues of
approximately $100 billion. Evidence for these estimates comes in the form
of “needs” studies.

In 2001, the American Water Works Association (AWWA) reported that
drinking water needs will cost more than $250 billion over the next 30 years
for the replacement of pipes and aging infrastructure. This does not include
the more than $12 billion per year that utilities already spend on infrastructure
repairs or Safe Drinking Water Act compliance. Thirty-year costs could reach
$6,300 per household for water main replacement and $10,000 per household
when treatment, pumping, and other costs are added. Impacts will be hardest
on small systems and cities with shrinking populations.

 

2

 

 (AWWA surveyed
20 utilities that vary by location and size; therefore, these estimates are based
on the utilities’ own data.)

As we will explain in Chapter 9, if infrastructure systems have lives of
100 years, then about 1% per year should be replaced. Some utilities are close
to that rate for their water distribution lines, but many are racing toward
that level of annual need or greater without clear plans for replacement.

In a 1999 needs survey, the EPA found that $139 billion would be needed
over the next 20 years to meet SDWA regulations and to ensure delivery of
safe water.

 

3

 

 When extrapolated to 30 years, this figure is in the same range
as AWWA’s estimate.

EPA conducts a periodic survey of wastewater needs, which in 1996
showed a 20-year need of $140 billion. The 1996 survey was for the 16,024
wastewater treatment facilities eligible for funding from the State Revolving
Fund (SRF). This survey examined what will be needed by the year 2016.
The total includes the following:

 

Figure 1.4

 

ASCE 2001 Report Card.
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8 Water, Wastewater, and Stormwater Infrastructure Management

 

• $44.0 billion for wastewater treatment
• $10.3 billion for upgrading existing wastewater collection systems
• $21.6 billion for new sewer construction
• $44.7 billion for controlling combined server overflow (CSOs)

 

4

 

In the 1996 survey, 16,024 U.S. wastewater treatment facilities pro-
vided service to 190 million people, representing 73% of the total popu-
lation of 258 million for that year. The EPA estimated that when all needs
are met in 2016, there will be 18,303 publicly owned wastewater treatment
facilities serving 275 million people, or 90% of the projected 2016 popu-
lation of 305 million.

The survey showed a trend toward higher levels of wastewater treat-
ment. In 1988, 1789 (11%) of the 15,591 operational facilities provided less
than secondary treatment. By 1996, this had declined to 176 (1%). In 1988,
22% of the facilities provided greater than secondary treatment, and this
increased to 28% in 1996 (4428 out of 16,024 facilities with greater than
secondary treatment).

Sanitary sewer overflows are releases of raw sewage from a sanitary
sewer collection system before reaching the wastewater treatment plant. The
EPA believes that needs estimates underestimate this problem and is study-
ing it further.

No comprehensive national study of stormwater needs exists. It varies
from local collection systems, which mainly provide “convenience drain-
age,” to areawide systems with strategic significance for quality of life in
urban areas. Water quality management is a newer objective of stormwater
systems; and when all objectives are considered together, stormwater infra-
structure requires more attention than it normally receives.

The Water Infrastructure Network issued a report in 2001 asking for a
5-year, $57 billion federal investment in drinking water, sewer, and storm-
water infrastructure.

 

5

 

 The report also requested that Congress provide a
long-term source of federal funding because of an estimated $23 billion per
year gap between infrastructure needs and current spending.

There is not universal agreement that federal subsidies are needed, as
many utilities provide full costs. However, there is evidence that utility
managers believe that financial assistance is needed to overcome the current
infrastructure gap. Nationwide, local governments and rate payers cover
90% of the costs to build, operate, and maintain public water and sewer
systems. Private water companies in particular may oppose subsidies,
because the public utilities would get them. Private utilities would not dis-
pute the size of future needs, only the method of financing them. They
believe that costs should be fully covered without subsidies. As older sys-
tems deteriorate and water quality rules tighten, the utility budgets of all
systems come under greater pressure.

While they may seem large, these needs estimates are modest when
compared to the scale of the problem. AWWA and EPA estimates show needs
of $8 billion and $7 billion per year, respectively, for water and wastewater,
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and the WIN estimate is for a $23 billion per year gap in current spending
and needs. These figures lend a good perspective.

If the nation has about 100 million households, each with around three
persons, and if monthly household water and sewer bills are $20 for each
service for a total of $40, this works out to $48 billion in operating revenues.
By adding in commercial, industrial, and public charges and by including
stormwater costs, annual revenues for an entire water, sewer, and stormwa-
ter industry would approximate $100 billion.

If the WIN estimate of a shortfall (about $23 billion per year) is correct,
the numbers suggest that total water, sewer, and stormwater revenues
should be around $80 billion per year or higher, with current shortfalls for
capital at about one third of this total. In other words, if rate revenue could
be boosted by one third, federal subsidies might not be required.

However, with total assets under capital management of more than
$1 trillion, and with annual depreciation rates that depend on service
lives, billions of dollars are needed annually to upgrade old systems. We
cannot know this figure exactly because service lives vary, especially in
underground systems. For population growth, additional billions of dol-
lars per year will be needed for new systems, and part of water expen-
ditures are in construction budgets. Expenditures are also needed to bring
inadequate systems into compliance with regulations and standards. The
EPA’s “needs surveys” address this need partially, but the amount needed
depends on the levels of regulations and standards and on current com-
pliance levels.

Thus, total annual financing needs are not known precisely, but rates
seem certain to rise if utilities are to operate under the enterprise principle
and be self-supporting through user charges.

 

Hierarchy of infrastructure systems and components

 

To function effectively, both the components of infrastructure systems and
the systems themselves must work well. This concept can be presented as
layers of systems, subsystems, and components, as shown in Figure 1.5.
Separate diagrams can be drawn for each infrastructure category, such as
water, wastewater, and stormwater systems. The hierarchy goes from infra-
structure to water, to water supply, to the three subsystems of water supply,
to the component level, which for distribution systems includes pipes,
pumps, storage, valves, meters, and other fixtures. The complexity of these
systems can be seen from this diagram. 

 

Life-cycle management framework for infrastructure systems

 

Infrastructure should be managed on a “life-cycle” basis; not simply built,
then replaced when it wears out. Implementing this approach requires more
attention to operations, maintenance, and renewal activities. Generally
speaking, the sequence of life-cycle activities is as follows (Figure 1.6):
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• A need for infrastructure is caused by growth, desire for improve-
ment, regulatory pressure, system failure, or obsolescence. (This leads
to a needs assessment, covered in Chapter 4.)

• Studies are done, leading to a master plan and implementation plans.
(Covered in Chapter 4.)

• The plans are reviewed and, if approved, are implemented, requiring
budget actions. (Covered in Chapters 4 and 6.)

• Design and construction occur. (Covered in Chapter 5.)
• The system is turned over to the O&M department. (Covered in

Chapters 7 and 9.)
• During O&M, inspection, maintenance, and repairs occur. (Covered

in Chapter 9.)
• When the system wears out, it is rehabilitated, replaced, or decom-

missioned. (Covered in Chapters 4, 6, and 9.) 

 

Figure 1.5
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During this cycle, planners and managers must understand the systems
(Chapter 2), apply aspects of law and regulations (Chapter 11), plan for risk
management and emergency preparedness (Chapter 8), manage data and
information (Chapter 10), and engage in overall management activities
(Chapters 3 and 12).

 

How management systems produce infrastructure integrity

 

Figure 1.7 shows management programs nested into groups of related activ-
ities. In the figure, program elements, such as the inventory, are necessary
to support broader programs such as asset management and the capital
improvement program. Data elements such as inventory should serve all
activities.

Integrity indicators are shown in the list below. These are affected by
management programs such as those in Figures 1.6 and 1.7.

• Quality of equipment
• Quality of construction
• Current condition

 

Figure 1.6

 

Data-centered life-cycle management of infrastructure.
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• System adequacy to meet needs
• Quality of service
• Reliability
• Public health risk

 

Assignment of programs to organizational units

 

Capital management programs are normally not the sole responsibility of
any part of an organization; rather, they cut across organizations. Figure 1.8
shows a simple organization chart with main groups involved in capital
management. Table 1.1 describes how management programs can be shared
among units in the organization.

 

Figure 1.7

 

Management systems for infrastructure integrity.

 

Figure 1.8
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Best practices in infrastructure management

 

Best practices in infrastructure management have been reported in a number of
sources during the past 20 years.

 

6–11

 

 Table 1.2 presents some that recur and could
be used as a self-audit for organizational management of infrastructure.

 

Table 1.1

 

 Sharing of Management Programs in Infrastructure Organizations

 

Program Acronym Department responsible for program

 

Capital Improvement 
Program

CIP Could be maintained by planning, 
engineering, or budget section.

Planning Planning Could be overall planning section or in 
engineering planning.

Needs Assessment NA Either planning section or budget 
section.

Design and Construction D&C Engineering section.
Asset Management 
System

AMS An enterprise-wide activity. Might be 
handled by finance or engineering.

Operations Management 
System

OMS Operations section.

Maintenance 
Management System

MMS Maintenance section, may be combined 
with operations.

 

Table 1.2 

 

Best Practices in Infrastructure Management

 

Management area: Asset management

 

Commitment to 
asset 
management

Asset management system in place.
Policy to fully maintain facilities and defer no maintenance.
Five-year facilities management plan.

Planning for 
MMS

Encourage interagency cooperation to undertake joint 
maintenance work and inventory.

Assessment–frequency, link to both needs assessment and 
MMS, standards for CA.

MMS Emphasis on maintenance.
Clear schedule for preventive maintenance.

CA Have condition assessment program.
R&R 
management

Equipment replacement schedules.
Condition monitoring and state-of-the-art management 
program for major components.

Require major maintenance decisions to be supported by life-
cycle analysis.

Require that major new, replacement, or rehabilitated facilities 
be designed for maintainability.

Use of resources When the need for a facility is in question, consider 
abandonment or turnover to the private sector.

Data Create and maintain a comprehensive inventory of facilities; 
have data-centered maintenance and replacement program 
with focus on using historical data.

 

(

 

continued

 

)
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Management area: Planning

 

Authority Program officially adopted by a board.
Capital projects should not pop up outside planning process.

Integration Comprehensive plan feeds capital improvement plan.
Plan linked with city objectives and finances.
Cooperation among agencies and input sought from suburbs, 
county, and state.

Repairs to water, sewer, electricity, and streets coordinated.
Prioritization Prioritize needs based on criteria.

Invest when financial conditions are favorable.
Budget office prioritizes building needs.
Do not neglect underground systems to favor visible 
infrastructure. 

Political realties addressed, such as allocation to districts.
Process Planning process begins early in the year.
Structure Plans for specific asset categories.
Time horizon Long-range forecasting but reasonable time horizons.

Frequent needs assessments. 
Documents Good documents, not wish lists.

Require that capital proposals disclose effects on operating 
budget and service quality.

 

Management area: Finance

 

Funding 
commitment

Operating and maintenance costs fully funded annually.
Targeted and approved funding for Capital Improvement Plan.
 Seek sufficient funding.

Control Merged under the budget director.
Budget 
presentation

Agency requests supported by solid information.

Methods and 
sources

Use pricing system to finance capital investments.
Use revenue bonds for capital financing.
Finance facilities in part or in whole by developer 
contributions.

Validity and 
confidence

Estimates of costs and debt accurate.
Consider alternative methods.
Consider long-term maintenance costs.
Use life-cycle costing.

Resourcefulness Leverage local funds with state and federal dollars.
Integration Operating and capital budgets linked.

 

Management area: Data management

 

Management 
effectiveness

Database system manages replacement schedule.
Centralized monitoring and reporting.

Security Secure database to not lose valuable data.
Quality Good data to justify projects.

Historical data on condition assessment.
High-quality maintenance information.

 

Table 1.2 (continued)

 

Best Practices in Infrastructure Management
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Conclusion

 

This chapter has described an infrastructure management system for water
supply, wastewater, and stormwater services, which have more than $1
trillion in replacement value and needed annual revenues of approximately
$100 billion on a national basis. Benefits of infrastructure management sys-
tems for these facilities can include more effective systems, lower costs, and
elimination of surprise rate shocks or regulatory actions.

 

Coverage Clear picture of deferred maintenance.

 

Management area: Public involvement

 

Panels and 
committees

Capital Improvement Advisory Committee
Public–private study panels.

Roles and 
functions

Community input to help prioritize projects.
Build community support for maintenance and new projects.

Surveys of 
preferences

Annual telephone survey of residents.

Neighborhood 
strategies

Ambassadors in the neighborhoods.
Capital plan includes neighborhoods.

Public relations 
campaigns

Efforts to inform citizens.
Encourage agency heads to communicate about capital budget 
with appointed and elected officials.

 

Management area: Organization, management, oversight

 

Organization Capital Program Office to track projects.
Organize departments to achieve expertise and efficiency.
Consolidate construction-related agencies into single efficient 

unit.
Capital plan involves public works, planning, and budgeting.
Consider merging capital planning under single appropriate 
place in organization.

Innovation Design-build contracts.
Not too many legal requirements on jobs.

Standards and 
goals

High expectations of contractors.
Decrease number of delays.
Majority of projects ultimately completed.
Projects done on time.

Reporting Centralized reporting. 
Not subject to regulatory penalties.

Incentives Performance evaluations of department heads based on capital 
plan.

Oversight Oversight committee.
Require systematic process for reviewing capital proposals. 

 

Post facto

 

 evaluation to ensure track record where majority of 
projects ultimately completed.

 

Table 1.2 (continued)

 

Best Practices in Infrastructure Management
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An infrastructure management system offers an integrated, data-cen-
tered framework for life-cycle management of physical systems. It is closely
related to asset management tools and capital improvement programs. Ele-
ments of an infrastructure management system as discussed in subsequent
chapters include the capital improvement plan, maintenance management
system, asset management system, capital and operating budgets, needs
assessments, and inventories.

If infrastructure is managed well, the benefits will be better service,
longer system lives, and lower costs for citizens. As Figure 1.9 shows, the
results will be improved water services for all.
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chapter two 

 

Water, sewer, and 
stormwater systems 
and services 

 

Introduction

 

In this chapter, the physical and management aspects of water, sewer, and
stormwater systems are explained. This knowledge enables the engineer,
manager, or operator to understand, plan, and budget for the systems. The
chapter includes a discussion of unresolved issues and needs, because some
issues are not clear and require further research and investigation by utilities
and national organizations.

Chapters 2, 4, and 5 are related. Chapter 4 provides additional informa-
tion on capital planning and Chapter 5 discusses design and construction
somewhat further, but not in enough detail to explain design details. It does
provide references for system design.

Table 2.1 summarizes the sources of information provided in Chapters
2, 4, and 5.

While water, sewer, and stormwater systems have physical similarities,
they provide different services, are controlled by different laws and regula-
tions, and are often managed by different agencies. They evolved as separate
services, but their management is becoming more integrated, such as with
utilities that combine water and wastewater into one organization. But the
three industries remain separate for the most part, each with its own asso-
ciations, textbooks, and norms of practice.

Water supply, sewer, and stormwater are separate services, but are
related through the hydrologic cycle. Figure 2.1 shows a small dam in eastern
Washington that captures runoff early in the hydrologic cycle. Infrastructure
components such as this dam often generate environmental controversy.

Integration occurs because water supply sources are from streams or
aquifers, wastewater is returned to the same streams and sometimes the
aquifers, and stormwater flows to streams or infiltrates groundwater. As
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Figure 2.2 shows, this creates an urban water system that is integrated
physically, even if not managerially. Although the systems are related
through the hydrologic cycle, they are often managerially, geographically,
and politically separate. This causes many of the management difficulties
encountered.

The chapter begins with a brief history of the systems to illustrate how
they evolved into today’s forms. Then it discusses each one, concluding with
a discussion of prospects for future systems.

 

Evolution of urban water systems

 

The history of water, sewer, and stormwater goes back to early Rome, which
received water from aqueducts that can still be seen today.

 

1

 

 There were, of

 

Table 2.1

 

Description by Chapter of Infrastructure Planning, Design, and 

 

Construction

 

Chapter 2 Chapter 4 Chapter 5

 

Configuration and management issues of 
water, sewer, and stormwater systems 

X

Capital improvement programs for water, 
sewer, and stormwater systems

X

Planning, design, and construction 
processes for water, sewer, and 
stormwater systems

X

 

Figure 2.1

 

Small dam in eastern Washington.
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course, no treatment plants or regulatory agencies, but the water systems
were remarkable. While drainage was always necessary in cities, the use of
sewers to remove wastewater is relatively recent. Although King Minos of
Greece had a latrine flushed by rainwater, it is believed that this standard
of sanitation did not appear in Europe until the 19th century.

 

2

 

 However, new
historical findings challenge this assumption. Drangert, Nelson, and Nilsson
showed that water and wastewater systems date to the 13th century in
Swedish towns.

 

3

 

Early settlements lacked sophisticated organization, and water supply
and wastewater were considered private responsibilities. Historical water
systems were usually only in palaces or special places, serving the fortunate
few, while the masses lived miserable lives. Naturally, the concept of public
funding for systems is comparatively new.

Water supply systems in the U.S. date from 1754 in the Moravian settlement
in Bethlehem, Pennsylvania. It used spring water forced by a pump through
bored logs. Philadelphia also developed a water supply system, with combined
public and private pumping facilities. The pumps were usually horse-driven
or later driven by steam, before electric power became available.

 

4

 

Figure 2.2.
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Water-borne disease was a serious problem until recently; but in the late
19th century, science and solutions began to evolve, and the link of sanitation
to public health was explained. Factors in improvement include protection
of water supplies and improvements in sewerage, regulation, and education.
During the 19th century many communities got water from nearby springs
and wells that were easily contaminated. New York City had to go a great
distance for water with the construction of their Croton Aqueduct, which
opened in 1842.

 

5

 

 New York’s fascinating water supply story begins in about
1800 with Aaron Burr’s role in the Manhattan Water Company, and includes
John Jervis’ work and the construction of the Croton project. New York later
reached further to the Catskills and the Delaware River for water.

Wastewater also has an interesting history. Initially, storm sewers were
used for disposal of sanitary wastes, leading to the combined sewer. Then
separate sewers were installed to remove wastewater from central cities.
Later, treatment plants came along and today, the wastewater field also
includes nonpoint source control.

Government programs for water supply evolved from the early 20th
century. The U.S. Public Health Service was created, and later merged into
the Environmental Protection Agency and the Centers for Disease Control.
Water-borne disease diminished with public health controls. Today, the Safe
Drinking Water Act is the main policy instrument for drinking water. After
World War II, legislation was passed that led to the management system we
have today for wastewater. The Clean Water Act of 1972 was the most
important piece of legislation, and the system continues to evolve.

For the most part, minor stormwater has remained a local issue, but
growing environmental concerns about nonpoint sources have led to a
regulatory program under the Clean Water Act. Major flood control systems
often involve infrastructure systems related to water, sewer, and stormwa-
ter systems.

 

Water supply infrastructure systems

 

The configuration of water supply systems is shown in Figure 2.3. The sys-
tem has three subsystems: source of supply, treatment, and distribution. The
figure shows a “chains and hubs” view, which is a way to portray how
organizations and systems function.

Water supply systems must deliver enough water of high quality at
sufficient pressure for domestic, commercial, industrial, and municipal uses.
Needs must be met during peak demand periods and during drought, as
well as during periods of average supply and demand. A percentage of the
water is normally unaccounted for through leakage and other losses. Also,
standby water for fire fighting is essential.

In the United States, water requirements are normally expressed in gal-
lons per capita per day (gpcd). When averaged over entire cities, demand
is normally 150–250 gpcd, including human consumption; lawn watering;
commercial, industrial, and public uses; and losses.

 

6
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The city’s figure for demand is a lumped figure, and components of
water use include household needs, commercial uses, industrial needs, pub-
lic uses such as fire fighting, and unaccounted-for water. Household uses
include toilet flushing, bathing, kitchen use, drinking water, washing clothes,
household cleansing, lawn watering, and car washing. These figures vary
considerably and will be affected by conservation programs, social and eco-
nomic factors such as income and lifestyle, and climate. Commercial use
varies by types of businesses and institutions. Industrial uses are very vari-
able, and many industries develop their own sources.

Lowest water demands are in developing countries, which often use
only minimum supplies to sustain life. At the other extreme, per capita water
use exceeds 250 gpcd in some western parts of the U.S., even for cities
without heavy water-using industries.

While the U.S. average is about 180 gpcd, there are many determinants
of water use, such as humidity, type of city, and percentage of industry, and
averages are not very meaningful. A computer program (IWR–MAIN) is
available to model water use in a given locale, and it takes into account
housing and employment, price of water, weather, plumbing codes, drought
restrictions, types of use, and other variables.

Meeting quality requirements means sources must be protected and fin-
ished water must be of high quality. Treatment plants must operate reliably
and efficiently, and quality requirements are specified by regulations — mainly
the Safe Drinking Water Act (SDWA), which is described in Chapter 11. Keep-
ing water quality in distribution systems safe is also a high-priority issue.

Other requirements are higher pressures in some distribution systems
with special provisions for tall buildings and emergency situations, and
minimum pipe size, ranging from 2 inches for minimum service locations
to 6 inches and larger when fire flows are expected. A pipe size of 8 inches

 

Figure 2.3
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is often suggested for larger systems, with provisions for smaller minimum
sizes for smaller systems.

Sources of fresh water supply include surface water, groundwater, and
reclaimed waters. Surface water can include stored water in reservoirs or
direct diversions from streams. Typical infrastructure components include
dams, tunnels, outlet tubes, canals, gates and controls, spillways, and sup-
port structures.

Groundwater sources include springs, wells, infiltration galleries, and
aquifers that store recharged water. Infrastructure components include wells,
casings, pumping systems, piping, housing, and other support facilities.
Groundwater systems offer potential for water reserves, including use for
aquifer storage and recovery (ASR) systems.

In special cases, rainwater can be caught from roofs and stored in
cisterns. This type of local supply system is mostly found in developing
countries and in special remote locations where centralized systems are
not possible.

Desalted water is becoming more feasible because costs have come down
and reverse osmosis (RO) plants have become better. Reclaimed water offers
potential for use in dual systems and, eventually, for direct re-use. Most
scientific problems of re-use seem solved, but concerns about economics,
psychology, and public health remain.

Bottled water is, of course, an increasingly popular source, and point-
of-use treatment systems are becoming more popular.

 

AWWA water supply statistics

 

Table 2.2 uses data from the AWWA’s WATERSTATS database to show
that of 794 surveyed utilities providing data about sources, 370 (47%)
used groundwater systems only; 284 (36%) used only surface water; and
140 (18%) used both.

The AWWA’s water industry database is a relatively new product and
offers insight into the characteristics of water supply systems. No compara-
ble databases for wastewater and stormwater exist, although one for waste-
water is under discussion in the industry. Data on surface water systems
from the AWWA illustrate management parameters that can be measured:

 

Table 2.2

 

Data on Water Sources from the American Water Works Association

 

Type of system Number of utilities

 

Groundwater systems only 370
Surface water systems only 284
Groundwater and surface water systems 140
Utility information only; did not submit groundwater 
or surface water information

104

 

TOTAL 898
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• Percentage of plant source water from lake or reservoir, river, or
blended groundwater

• Plant design capacity in millions of gallons per day

 

7

 

• Average-day production in millions of gallons per day
• Peak-day production in millions of gallons per day
• Plant expansions in procurement or construction phase
• Expansions planned within the next 5 years in millions of gallons

per day
• Pretreatment
• Permanent pilot plant availability
• Average chemical cost for surface water treatment per millions of gallons
• Total costs for residuals treatment and disposal per year

For groundwater, the AWWA reports:

• Total number of wells
• Number of well fields/clusters
• Number of entry points to the distribution system
• Average-day production across all wells in millions of gallons per day
• Peak-day production across all wells in millions of gallons per day
• Capacity expansions in procurement or construction phase and ex-

pansions planned within the next 5 years
• Surface water effects on groundwater
• Wellhead protection program status
• Average chemical cost for groundwater treatment per millions of

gallons
• Total costs for residuals treatment and disposal per year

For delivered water, the AWWA reports:

• Annual water production in millions of gallons per year for
groundwater, surface water, and finished water purchased from
other systems

• Volume of water delivered annually in millions of gallons for resi-
dential, commercial/industrial, municipal government, agricultural,
wholesale, and other types not previously listed

 

Water supply treatment

 

Water supply treatment systems vary from none at all to advanced systems.
Some are tiny, treating only enough water for a few homes, and some are
gigantic, treating over a billion gallons per day. They depend on quality of
source water and intended uses and are classified as physical, chemical, and
biological. Opinion in the water supply industry is that treatment require-
ments will become more stringent in the future. Figure 2.4 shows a large
water treatment plant, the Los Angeles Filter Plant.
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Unit treatment processes can be classified by type:

• Presedimentation
• Initial mixing
• Flocculation
• Sedimentation
• Filtration
• Disinfection
• Advanced techniques (to treat against inorganic, organic, and radio-

logical compounds)

The AWWA’s WATERSTATS database includes a more detailed list
(selected examples are shown):

• Raw Water Storage/Presedimentation
• Aeration
• Pre- and postdisinfection (Chlorine, Chlorine Dioxide, Chloramines,

Ozone, Potassium Permanganate, UV Radiation)
• Lime/Soda Ash Softening
• Recarbonation with CO

 

2

 

• In-Line Hydraulic, Mechanical, and Static processes
• Aluminum Salts, Iron Salts
• PH and Alkalinity Adjustment (including for corrosion control)
• Activated Silica, Clays, Anionic Polymers, Cationic Polymers, Non-

ionic Polymers, Conventional Sedimentation/Clarification

 

Figure 2.4

 

Los Angeles Filter Plant. (Courtesy of Peter Garra, Los Angeles Depart-
ment of Water and Power.)
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• Upflow Clarifiers, Tube Settlers, Lamella Plates
• Dissolved Air Flotation
• Direct Filtration, Microstrainer, Slow Sand, Rapid Sand, Dual/Multi-

Media, Diatomaceous Earth, Pressure Filtration
• Air Scouring, Surface Wash, Recycle Filter Backwash, Filter-to-Waste
• Fluoridation, Defluoridation
• Corrosion Inhibitors
• Reverse Osmosis, Nanofiltration, Ultrafiltration, Microfiltration,

Electrodialysis
• Ion Exchange, Iron/Manganese Removal, Manganese Green Sand
• Granular Activated Carbon, Powdered Activated Carbon, Resin Ad-

sorption, Air Stripping, and Other Treatment Practices

Treatment systems are normally located in compounds and buildings,
and include concrete and steel tanks; filter basins; equipment for pumping,
screening, chemical feed, and other mechanical operations; and electronic
control systems. Management of these infrastructure systems requires dif-
ferent approaches from that of underground piping.

Figure 2.5 illustrates aeration basins from the Los Angeles Filter Plant
and shows the nature and extent of large, outdoor facilities typical of water
treatment plants.

 

Transmission and distribution system infrastructure

 

Raw water must be transmitted to treatment plants, and treated water is
distributed to domestic, commercial, industrial, public, and irrigation users

 

Figure 2.5

 

Aeration basins, Los Angeles Filter Plant. (Courtesy of Peter Garra, Los
Angeles Department of Water and Power.)
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in different service zones. The American Water Works Association has pub-
lished a practical guide about managing distribution systems. The text
explains topics such as pipe installation, maintenance, tapping, valves, fire
hydrants, services and meters, cross-connection control, pumps, storage,
instrumentation, and control.
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 Additional management topics included are
maps, drawings, records, and public relations. Another text on water distri-
bution systems explains basic processes of water distribution, including
hydraulic operation.
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Figure 2.6 shows a water transmission line, and Figure 2.7 illustrates one
in a tunnel. Tunnels can introduce vulnerabilities in earthquake zones (see
Chapter 8).

Distribution systems must deliver required water quantities reliably at
sufficient pressures for intended uses. To manage pressure, distribution
systems may be divided into pressure zones. In areas requiring high fire
flows, minimum static pressure at fire hydrants is 35 psi and pressure
during a fire should not drop below 20 psi. Ideal residential pressure would
be between about 50 and 75 psi; users do not like pressure that is too high,
as water comes out of the faucet with too much momentum. In addition

 

Figure 2.6

 

42-inch steel pipe. (Courtesy of City of Fort Collins Utilities.)
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to storage in the main distribution system, service storage will be incor-
porated into the network and delivery systems. Distribution systems
extend to the plumbing systems in buildings

 

Distribution pipes

 

The AWWA describes four types of pipes:
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• Transmission lines — lines that carry water from source to plant or
from plant to distribution system

• In-plant piping — piping located in pump stations or treatment
plants

• Distribution mains — pipelines that distribute water around a com-
munity

• Service (services) — small-diameter pipes from distribution mains to
use points

Figure 2.8 shows a photo of a water line under construction.
Transmission lines are normally larger than those in the distribution

system, run mostly in straight lines, and have few connections or taps.
Normally, delivery in distribution systems is by main lines from the treat-
ment plant to a looped pipe network where capacities are high enough for
peak daily and fire flows.

The AWWA defines the layouts of systems as arterial-loop systems, grid
systems, and tree systems (Figure 2.9). Major-demand areas should be
served by an arterial loop, with high-demand areas served by grid systems
without dead ends. Critical health or fire-control areas should be connected

 

Figure 2.7

 

36-inch raw water pipe in tunnel. (Courtesy of City of Fort Collins Utilities.)
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to two arterial-loop systems wherever possible. Minor lines make up the
secondary system, which serves fire hydrants and domestic and commer-
cial customers. The tree system is not recommended because it has dead
ends and is not looped.

Mains are sized to handle all demands, including fire flow. In most areas,
fire-flow requirements will dominate over normal service levels, although
design of pipe systems takes into account peak flows for regular use as well.
Fire-flow requirements are set by the Insurance Services Office (ISO), repre-
senting the fire insurance underwriters. The AWWA has published a com-
prehensive manual describing fire-flow requirements.
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The ISO publishes a Fire Suppression Rating Schedule to review
fire-fighting capabilities of individual communities. It assigns a classification
to cities of 1 to 10 based on fire-fighting capability (60 points for the fire
department and fire alarm system) and water supply system (40 points).

Of the water supply rating, hydrant type and installation account for two
points; three points are assigned to inspection and condition of hydrants. The
remaining 35 points are based on water supply system capacity. The AWWA’s

 

Figure 2.8

 

Water line under construction. (Courtesy of Colorado Department of
Transportation.)
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Figure 2.9

 

Water supply networks.
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manual contains a summary diagram of the water supply evaluation proce-
dures. It shows a process in which, for test locations, needed fire flow (NFF)
and lowest system capacity are determined. Lowest system capacity is the
lowest of supply works, main capacity, or hydrant capacity. NFF is then
compared to system capability, and hydrant characteristics are taken into
account to determine water supply credits (up to 35 points). Fire department
and fire alarm credits are then added to determine the Public Protection
Class, which is used to set insurance rates.

Several types of pipe materials are used in transmission and distribution
systems. Design criteria include strength, durability, corrosion resistance,
flow capacity, cost, maintainability, and effect on water quality. Common
materials and some of their characteristics are given in Table 2.3.
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Other key aspects of distribution systems include:

• Tapping — Pipes must be tapped to connect new services or laterals
to existing lines.

• Valves — Different kinds of valves are used for diverse purposes,
including shut-off, flow control, and bleeding off of air. Common
valve types are gate, butterfly, globe, plug or cone, and ball valve.

• Hydrants — Fire hydrants are also important components of distri-
bution systems.

•  Services and meters — These provide for direct water diversion and
measurement.

• Pumps — If gravity is insufficient to maintain system pressures and
flows, pumping is used.

• Storage — Tanks of different kinds may be used for in-system storage.

 

Table 2.3

 

Pipe Materials Used in Transmission and Distribution Systems

Asbestos cement Used in smaller sizes, easy to handle, might damage 
easily or deteriorate under aggressive soils. 

Cast iron (ductile, 
cement-lined)

More cast iron pipes (gray and ductile cast iron pipe) 
are in use in distribution systems than any other 
type. They are used in smaller sizes and are strong, 
easily tapped, and subject to corrosion.

Concrete, prestressed Used up to very large sizes, durable, may deteriorate 
in some soils.

Concrete, reinforced Used more for transmission lines than distribution 
lines. Used up to very large sizes, durable, may 
deteriorate in some soils.

Polyvinyl chloride (PVC) Used in distribution systems. Lightweight. Easy to 
install and resists corrosion. Care required when 
handling. 

Steel Used more for transmission lines than distribution 
lines. Found in wide range of sizes, up to very large. 
Adaptable to many conditions, subject to corrosion.
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AWWA data on distribution systems

 

The AWWA provides the following data on use of materials in distribution
systems:
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• Pipe material (Asbestos-Cement, Cast-Iron (Unlined), Cast-Iron (Ce-
ment-Mortar Lined), Concrete Pressure, Ductile-Iron (Unlined), Duc-
tile-Iron (Cement-Mortar Lined), Fiberglass Reinforced Plastic, Poly-
ethylene (PE), Polyvinyl Chloride (PVC), Steel, Galvanized, Copper,
or other types not previously listed)

• Customer service lines (Copper pipe, Lead pipe, Polybutylene (PB)
pipe, Polyethylene (PE) pipe, Polyvinyl Chloride (PVC) pipe, Steel
pipe, Cast-Iron pipe, Galvanized pipe, Asbestos-Cement pipe, or oth-
er types not previously listed, and the percentage of lead pipe that
is replaced annually)

• Fire service lines (Ductile-Iron pipe, Polyethylene (PE) pipe, Poly-
vinyl Chloride (PVC) pipe, Steel pipe, Cast-Iron pipe, Copper pipe,
Asbestos-Cement pipe, or other types not previously listed, and the
number of dedicated fire service lines)

• Main breaks, hydrants, retention time (data for total number of hy-
drants, number of main breaks from 1991 to 1995, and average and
maximum retention times in the distribution system)

• Storage facilities (finished water storage facilities in the distribution
system and capacity in millions of gallons that the utility uses or
plans to add within 5 years for the following: welded steel elevated
tanks, welded steel standpipes, welded steel ground storage reser-
voirs, bolted steel standpipes, bolted steel ground storage reservoirs,
composite tanks (concrete supporting an elevated steel tank), con-
ventional reinforced concrete, prestressed concrete (wire-wound),
prestressed concrete (horizontal tendons), or types not listed, and
clearwell storage in millions of gallons)

Fire hydrants and storage tanks are important components of distribu-
tion systems (Figures 2.10 and 2.11). In addition, valves, meters, and service
connections require regular maintenance to function well.

 

Water supply planning

 

Systems must meet peak rates, in addition to fulfilling average amounts of
water used. Demands for water vary during the year and during the day,
much as demand for electricity, telephone service, and transportation varies.
Peak hour data fall in the range of 1.5 to 12.0 times the average hourly
demand and peak day rates fall generally in the range of 1.2 to 4.0 times the
average hourly rate for the year.
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 These are functions of the socioeconomic
characteristics of water users. The utility can to some extent trade treatment
capacity and storage for treated water.

In addition to raw water reserves for drought and other contingen-
cies, system reserves are required for demand variations, emergencies,
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Figure 2.10

 

Fire hydrant. (From American Water Works Association, Copyright 2001.
All rights reserved.)

 

Figure 2.11

 

Water tank. (From American Water Works Association, Copyright 2001.
All rights reserved.)
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breakdowns, and to regulate system behavior. Treated system storage will
usually be adequate for a few days of use, and raw water storage might
be a year ’s supply or more, depending on variability of supplies. Require-
ments for raw and treated water storage are set locally or by state boards,
not at the national level. As an example, the Texas Board of Health has a
regulation for required drinking water system storage volumes. Storage is
required to ensure adequate chlorine contact time and maintain pressure
during all anticipated operating conditions. For raw water, rules require
safe yields to meet maximum daily demands during “extended” periods
of critical hydrologic conditions and peak usages.
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Drought planning may require a system simulation study to demonstrate
response of the system to stress. These might include the simulation of the
worst drought of record to occur simultaneously with periods of high demand.
The safe yield of the system would be evaluated for adequacy. Safe yield
indicates the system, reservoir, or aquifer capacity under adverse conditions.

 

Management organizations for water supply

 

Today, there are about 57,000 water supply utilities in the U.S. Most of the
population is served by large systems (309 very large systems of more than
50,000 connections serve 44% of the population), and a large number of small
systems serve a much smaller population (35,063 systems with fewer than
500 connections serve 2.3% of the population).
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Most U.S. water supply utilities are city water departments, with private
water companies and special-purpose districts rounding out the total num-
ber. The publicly owned companies are usually part of a city department, a
separate city department under a water board or water commission, or a
separate utility district. Approximately 19,000 water utilities handle water
only and about 15,000 are combined with wastewater. The remainder may
be combined with other functions. Most systems are publicly owned, with
fewer than 5% being investor-owned. In addition, many self-supplied and
independent installations such as mobile home communities, rest stops, and
rural enterprises have their own supplies. These are called “non-community
water systems.”

Investor ownership can involve different forms of business organization,
but the largest of the investor-owned water companies are regulated corpo-
rations similar to regulated gas, electric, and telephone utilities. Seventeen
of the private water companies are publicly traded, and several own large
numbers of systems. For example, American Water owns 800 systems in 21
states.
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 The National Association of Water Companies lists financial and
operation data for member utilities.

 

Interest groups

 

Interest groups working on water supply can include government, industry,
health, or environmental organizations. The main industry group is the

 

L1573_book  Page 35  Friday, August 2, 2002  7:20 AM



 

36 Water, Wastewater, and Stormwater Infrastructure Management

 

American Water Works Association located in Denver. The National Asso-
ciation of Water Companies represents private water companies and the
American Public Works Association has management improvement pro-
grams for utilities. Other organizations that attract the participation of engi-
neers working in water supply include the International Water Services
Association (IWSA), the International Water Association (IWA), the Ameri-
can Society of Civil Engineers (ASCE), and the Inter-American Association
of Sanitary Engineers (AIDIS). The plumbing industry has an American
Society of Plumbing Engineers (ASPE). The Association of Metropolitan
Water Agencies (AMWA) represents larger water utilities. The Association
of State Drinking Water Officials (ASDWO) represents state regulators.

 

Trends in water supply systems

 

As population increases and the attendant environmental water needs are
recognized, it becomes more difficult to find new, untapped sources of sup-
ply. For this reason, a number of innovative approaches are used to develop
water. These include the following:

• Dual use of water where reclaimed and impaired waters are used for
nonpotable applications

• Conservation systems, where “new” sources are created by saving water
• Innovative storage, such as aquifer–storage–recovery (ASR) systems
• Conjunctive use, where water from different sources, such as surface

and groundwater, are managed jointly and perhaps blended
• Re-use, in which wastewater is treated and used again in one form

or another
• Point-of-use treatment systems
• Bottled water

The water supply industry is, of course, aware of trends and pressures.
For example, in 2001, AWWA presented a breakfast for sponsors of AwwaRF
where Ed Means, former Deputy Director of MWD, spoke about “Future
Trends in the Water Supply Industry.” My notes from the presentation show
that:

• As the population grows, use/capita will drop.
• Environmental pressures will increase; within 20 years, 30% of spe-

cies will be threatened or endangered.
• Human Resources (HR) will continue to be a big challenge.
• Computer usage will grow.
• There will be aggressive conservation.
• Higher rates will be necessary.
• Desalting will improve.
• Farmland will disappear.
• Global warming will be a factor.
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Unresolved issues in the water supply industry are summarized peri-
odically. Some that recur are:

• Funding for capital and O&M
• Public health concerns and health effects
• Access to water and water rights
• Disinfection practices and issues
• Unfunded mandates and regulatory issues
• Public attitudes and political issues
• Protecting watersheds and surface water quality
• Preparedness for emergencies and disasters
• Managing small water systems
• Bacterial regrowth in distribution systems
• Sludge disposal practices
• Unaccounted-for water

 

Wastewater infrastructure systems

 

Wastewater systems include sewers, collectors, transmission mains, treat-
ment plants, outfall sewers, and sludge management systems (Figure 2.12).

Wastewater systems collect, transmit, treat, and dispose of water sup-
plies used by domestic, industrial, commercial, and public users. They are
the mirror image of water supply facilities.

Wastewater, or sewage, is the residual of water uses. Most wastewa-
ter, or sanitary sewage, is of municipal origin and will normally consist
mainly of domestic and commercial wastewater. Industrial wastes contain

 

Figure 2.12
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wastewater from diverse sets of industries and may or may not have been
pretreated.

Sewerage is a term that describes systems of pipes, pumping stations,
and appurtenances.

Separate sewers transport only sanitary and industrial sewage, which
may have received pretreatment. Combined sewers are systems that trans-
port sanitary sewage and storm drainage mixed together. Combined sew-
ers have overflow points for wet weather when treatment plant capacities
are exceeded.

Main or trunk sewers are principal sewers of systems that collect flows
from lateral sewers. Interceptor sewers intercept main sewers and carry the
wastewater to a treatment plant. An outfall sewer conveys wastewater to a
point of disposal. Lift stations (Figure 2.13) are pumping stations that over-
come the lack of a gravity route for wastewater. Force mains are sections of
sewers under pressure, perhaps with pumping capacity. In some cases, a
pressure sewer can be used, in which wastewater is ground up and then
pumped, usually where terrain prohibits gravity flow.

 

Figure 2.13

 

Wastewater lift station in Florida.
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 Infiltration and inflow are important infrastructure problems of sewers.
Infiltration is wastewater that enters the system from leaking joints, cracks,
breaks, porous walls, or other indirect means. Inflow is stormwater that
enters from roof drains, catch basins, manhole covers, or other routes.
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Treatment plants improve wastewater to meet water quality standards.
Disposal systems, including those that handle wastewater and sludge, are
designed to protect receiving waters and the land.

Demands on wastewater systems relate to use of water. Self-supplied
industrial water supplies, as well as public water supplies, may be dis-
charged into public sewers.

Wastewater flow rates are determined by estimating the portion of water
use that reaches the collection system. In the U.S., the percentages range
from around 60% in dry regions to around 85% in humid regions. By com-
paring water use and wastewater treatment records, a percentage can be
determined. Percentages will vary with season and time of day.

Flow rates from indoor use in residential sources are normally 50–100
gpcd. Approximate wastewater volumes such as 100 gpcd might be used for
preliminary planning, but values depend on many factors, including infiltra-
tion and inflow. The wastewater system will also be subject to peaking factors.

 

Collection and transmission systems

 

Whereas water supply systems are normally looped pipes under pressure,
wastewater systems are usually branched and flow under gravity, because
wastewater is collected and transmitted long distances to points of treatment
and disposal.

As with water systems, wastewater infrastructure is normally under-
ground and not visible. It consists of pipes that come together at manholes
and junctions. In a place where wastewater is generated, appliances such as
sinks, toilets, and other drain points provide entry points to indoor plumbing
systems. These include mostly vertical drains with appropriate venting, and
lead to the building sewer, which traverses private property and leads to
the public sewer.

The public sewer is usually a local collector of eight inches or larger that
leads to manhole junctions, forming the tree configuration. This leads to
progressively larger collectors and mains, eventually reaching the treatment
plant. The design of the system will provide a gradual downhill grade
through the system to keep the wastewater flowing at a velocity that keeps
sewers clean and transports material in the wastewater. Larger interceptor
systems also function by gravity and collect local sewage to transmit to
treatment works.

Norms of practice include minimum velocity, size, and slope for sewers
and standards that determine reliability and other service parameters.
Design manuals of the American Society of Civil Engineers, the Water Envi-
ronment Federation, and state associations, such as the Texas Water Utilities
Association, can be consulted.
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The most common collection system materials are the following:
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• Asbestos cement pipe
• Brick masonry
• Clay pipe (vitrified)
• Concrete pipe, plain, reinforced, pressure, and cast-in-place
• Iron and steel (cast iron, ductile iron, fabricated steel)
• Plastic pipe

Infiltration and inflow (I/I) are big issues in collection systems. Systems
might have between 100 and 10,000 gal/day-inch-mile (per day, per inch of
diameter of sewer, per mile) of I/I, and roof connections and stormwater
connections can add large, variable quantities to this.
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Wastewater treatment systems

 

In general, wastewater utilities provide treatment so that disposed waters
do not harm the environment or public health. Requirements are generally
specified by regulations, mainly the Clean Water Act (CWA), which is
described in Chapter 11.

Basic wastewater treatment evolved from 1900 to 1970. Treatment
systems focused on removal of suspended and floatable materials, treat-
ment of biodegradable organics, and elimination of pathogenic organ-
isms.
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 After 1972, standards were raised and treatment using nitrogen
and phosphorous was introduced, mainly to protect lakes and inland
streams. After 1980, more attention was given to public health and treat-
ments using toxic chemicals and trace compounds that might have
long-term health consequences.

Peaking factors must be considered in wastewater plants, just as they
are in water supply plants. Domestic peaks may be two to five times the
average flows. Commercial and industrial peaks are not so varied, as they
are between 1.5 and 2.5 times the average flows. Peaks at the treatment plant
range between 1.8 and 4 times the average. Low flows are usually not less
than 0.4. Peak ratios decline with population, as flows get evened out.
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Classification of wastewater treatment

 

Treatment systems are classified as primary, secondary, or advanced (ter-
tiary) treatment. Primary treatment consists of basic physical processes such
as screening and sedimentation to remove floating and solids that may settle.
Secondary treatment consists of biological and chemical processes to remove
most of the organic matter. In advanced treatment, nutrients or special con-
stituents are removed.

Wastewater treatment can also be classified as physical, chemical, or
biological. Examples are the following:

 

13
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• Physical unit operations (screening, mixing, flocculation, sedimenta-
tion, flotation, filtration, gas transfer)

• Chemical unit processes (precipitation, adsorption, disinfection)
• Biological unit processes (various biological processes, such as acti-

vated sludge, trickling filter, stabilization pond)

Major contaminants removed by wastewater treatment systems are the
following:

• Suspended solids
• Biodegradable organics
• Volatile organics
• Pathogens
• Nutrients
• Refractory organics
• Heavy metals
• Dissolved organic solids

Industrial wastes may contain elements that must be removed by pre-
treatment before the wastewater plant. Examples would be acids, high tem-
peratures, toxic chemicals, oils, and greases.

As an example of a large wastewater treatment plant, Los Angeles’
Hyperion plant was honored in 1998 as one of APWA’s Top Ten Public Works
Projects of the Century. The plant, which protects Santa Monica Bay, had a
$1.4 billion upgrade completed in 1998 and is now at full secondary treat-
ment levels. After the upgrades, the plant continuously treated 350 mgd and
met all requirements. Achievements included end of spills, 95% reduction
in solids entering bay, elimination of Bay ecological dead zone near mouth
of sludge outfall, vast improvements in bio-integrity of bottom marine com-
munity, big increases in indicator species, and partnerships among the pub-
lic, regulators, government, dischargers, consultants, and contractors.
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Most of the nation’s wastewater treatment plants are small, less than 1
mgd. Smaller wastewater systems might involve package plants or on-site
systems, mainly septic tanks. Package plants are available up to 1.0 mgd,
but most are in the range of 0.01–0.25 mgd. The most common types are
extended aeration, contact stabilization, sequencing batch reactors, rotating
biological contactor, and physical/chemical. While not trouble-free, they can
perform satisfactorily for small flows.
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On-site systems are available for individual homes and clusters of
homes. Components include septic tanks, grease interceptor tanks, Imhoff
tanks, disposal fields, disposal beds and pits, intermittent sand filters, recir-
culating granular medium filters, shallow trench disposal fields filled with
sand and dosed with pressure sewers, mound systems, complete recycle
units, and graywater systems.

 

13
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Sludge disposal systems

 

Sludge from wastewater treatment plants requires further processing. Opera-
tions include pumping, grinding, degritting, thickening, stabilization, condition-
ing, disinfection, dewatering, drying, thermal reduction, and ultimate disposal.

 

13

 

Management structures

 

Like water supply, management of wastewater is centered in city depart-
ments. A number of special-purpose districts also offer wastewater collection
and treatment, but few private wastewater companies exist in the U.S. New
privatization efforts are beginning, however, especially contract operations.

 

Interest groups

 

The largest wastewater interest group is the Water Environment Federation
(WEF), which represents the interests of operators, wastewater managers,
design engineers, government officials, financiers, and equipment manufac-
turers. The Association of State and Interstate Water Pollution Control
Administrators (ASIWPCA) represents state water regulators and interstate
management officials. The Association of Metropolitan Sewerage Agencies
(AMSA) represents some of the largest wastewater agencies. The American
Public Works Association (APWA) also represents wastewater agencies.

 

Issues

 

Wastewater management issues focus on subjects covered in the Clean Water
Act. Some that recur are the following:

• Rewriting the Clean Water Act
• Wet weather water quality
• Security issues in the wastewater industry
• Toxic materials
• Pharmaceuticals in wastewater
• Costs of wastewater treatment
• Diffuse sources of pollution
• Total Maximum Daily Loads (TMDLs)
• Watershed management
• Stormwater regulation
• Industrial pollution control
• Wastewater workforce renewal

 

Stormwater infrastructure systems

 

Stormwater systems (Figure 2.14) consist of the minor stormwater system,
which is similar to wastewater collection systems in its use of gravity
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pipes to drain water from points of generation to points of disposal; and
major stormwater systems, which consist of large pipes and waterways
of different types. In contrast to wastewater, stormwater is generated at
diffuse points of land and building surfaces, rather than from points of
water use.

The stormwater system is sometimes named “stormwater and flood
control” or “urban drainage and flood control” because it is not practical to
construct piped stormwater systems to handle the largest flows. For that
reason, the minor and major subsystems rely on different components. This
“risk-based” approach differs from the design of wastewater systems, which
handle more regular flows (with the exception of combined systems, which
carry both stormwater and wastewater). The minor system may also be
called the “storm drainage system” or the “initial” or “convenience” system.
It relies on gutters, small ditches, culverts and storm drains, detention ponds,
and channels.

Even though the minor system contains small facilities, it requires large
pipes at downstream points. Figure 2.15 shows a large pipe waiting for
installation in Fort Collins, Colorado, and Figure 2.16 shows this pipe at its
outfall near a river, occurring adjacent to a water quality control basin.

Like the emergency spillway on a dam, the major system drains larger
floods and rare events. It may go unnoticed in that it is adjacent to familiar
streets, large open channels, creeks, and rivers. It might not be used for years,

 

Figure 2.14
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but it must be there when needed; else buildings will be damaged. Major
systems may include flood hazard areas zoned to restrict building.

Combined sewer systems (CSS) are similar to minor stormwater systems,
but also contain connector, regulator, and treatment facilities, which deal
with the sanitary sewer component. CSS normally deliver dry weather flow

 

Figure 2.15

 

Large stormwater pipe waiting for installation.

 

Figure 2.16

 

Outfall of large stormwater line.
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to the treatment plant via interceptor sewers. If the capacity of the interceptor
or the treatment plant is exceeded, overflows may occur.

Stormwater systems handle “excess water” and function only during
precipitation events. Stormwater varies from relatively clean runoff from a
grassy field to contaminated runoff from industrial sites. The “excess waters”
vary greatly in volume and rate of flow because storms vary. Whereas a local
street system might have an 8-inch sanitary sewer, the storm sewer might
be 24 inches in diameter, just to drain a small area.

Standards for stormwater systems are not as uniform as those for water
supply and wastewater systems. They are mostly set by local governments.
Common local standards revolve around design storm return period, which
is the most influential factor in system cost.

For minor systems, the design storm varies in the range of 2 to 25 years,
with common recommendations being 2 years in residential areas and 5 to
25 years for commercial zones, where less disruption due to flooding can be
tolerated. For example, a 5-year design might be implemented with a rule
that storm drainage could be carried in a street gutter until the quantity
reached the top of a curb, and then an underground pipe would be required.
Larger pipes would be required farther downstream in the watershed.

The major systems are generally planned for the 100-year event, under
the influence of the Flood Insurance Act, although this standard is arbitrary.
Gilbert White, a pioneer of U.S. flood policy, has stated that this standard
was arbitrarily implemented by government officials to provide a simple
approach, and its effectiveness has not been reviewed (see Chapter 11).

Several professional associations have been active in research and edu-
cation, but not in stormwater standard-setting. The Federal Emergency
Management Agency has been active in the national flood insurance pro-
gram and FHWA, HUD, and the Federal Housing Agency have influence
in stormwater systems. The EPA has become increasingly active in storm-
water quality regulation.

 

Needs

 

Estimating stormwater needs is complicated by the multiple public works
categories represented by the systems — drainage, flood control, and water
quality. The author worked on stormwater estimates with the National
Council on Public Works Improvement in the 1980s, and they did not find
systematic estimates of stormwater needs. The EPA included stormwater
quality needs as part of its biannual needs survey until 1982, but then
dropped the category. In the 1982 EPA Needs Survey, the last survey in
which stormwater was reported separately, stormwater, or category VI,
had needs of $93.21 billion.
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National stormwater needs were estimated in 1984 at $150–200 billion,
but the figure is so dependent on local standards and subjective factors that
it is not very meaningful.

 

18

 

 This figure included approximately $150 billion
for stormwater systems and another $35 billion for combined sewers, the
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figure used in the 1982 EPA Needs Survey. In the only other stormwater
needs report in 1984, a figure of $169 billion was listed by the Associated
General Contractors for drainage and minor flood control.

 

Stormwater planning

 

Principles for planning stormwater systems are given by ASCE:
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• Drainage is regional and does not respect boundaries between juris-
dictions or properties.

• Storm drainage is a subsystem of the urban water system.
• Every urban area has two drainage systems (minor and major).
• Runoff routing is a space allocation problem.
• Stormwater problems should not be transferred from one place to

another.
• Urban drainage should be multi-purpose and multi-means.
• Stormwater systems should consider natural drainage system functions.
• After development, stormwater flows should remain at predevelop-

ment conditions and pollutant loadings should be reduced.
• Stormwater systems should be designed beginning at the outlet.
• Stormwater systems should receive regular maintenance.

Planning for stormwater systems requires monitoring data: topographic,
surveys, soils, and boundary data; hydrologic and hydraulic data; regulatory
and financial data. Options include nonstructural and structural systems.
Structural systems can include natural and built systems, which can include
major drainageways, streets, storm sewers, inlets, intersections, flow control
devices, trash racks, detention, and water quality mitigation structures. Eval-
uating stormwater systems entails recognizing that stormwater management
systems provide drainage, flood control, and water quality benefits.

Drainage of minor stormwaters and control of larger flood flows com-
pose the water quantity side of stormwater. These services are distinguished
from one another by the benefits provided: drainage provides convenience,
cleansing, and safety from minor storm flows, and flood control provides
damage prevention and life safety.

Water quality control is provided by stormwater systems in a number
of ways. Separate systems, which include open-channel and closed-conduit
components, can include facilities such as detention ponds and settling tanks
to control contamination. Combined sewer systems provide drainage ser-
vices and also handle dry-weather sewage flows.

Stormwater programs can also provide benefits through erosion and sed-
imentation control as well as beautification of urban stream environments.

Thus, benefits of stormwater systems include the following:

• Reduced flood damage and risk to life
• Land value enhancement
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• Reduced traffic delays
• Reduced business and cleanup losses
• Reduced relief costs
• Increased recreation opportunities
• Less inconvenience
• Greater security
• Reduced health hazards
• Improved aesthetics

 Some significant stormwater benefits are intangible and cannot be quan-
tified. Benefits that can be quantified, mostly prevention of flood damages,
are not very visible except right after flood events. As a result, decisions are
often not based on straightforward economic or financial analysis.

Stormwater systems are normally planned through “risk-based design.”
When risks are high, there may be a need for design levels to anticipate rare
events, and the concept of the “probable maximum flood” (PMP), caused
by the “probable maximum precipitation,” has been accepted for this level.

 

Management structure

 

Stormwater management is mostly by local governments, usually through
a drainage section in the office of the city engineer or the streets department.
County governments also get involved with drainage and flood control
services as a result of suburbanization, zoning, and roles in managing county
roads.

Some local governments have created stormwater “utilities,” seeking to
convert stormwater into an enterprise, rather than a tax-supported service,
and to overcome the neglect that has plagued some stormwater systems. A
stormwater utility operates in much the same way as a water or wastewater
utility. The Water Environment Federation published a report to document
case studies of stormwater utilities that solved the problems associated with
user-fee funding. The report explains key elements of rate setting, manage-
ment, and program planning.
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State government roles have been limited to standard-setting and tech-
nical assistance. A few state governments, notably Pennsylvania and Mary-
land, have passed stormwater legislation.

Other than the HUD grants of the 1950s and 1960s, studies of water
quality problems by the EPA, and limited research, the federal government
has not paid much attention to stormwater. Flood policy and programs have
been of greater concern.

Multi-jurisdictional stormwater management, such as by the Urban
Drainage and Flood Control District (UDFCD) of Denver, has proven useful
in jurisdictions with areawide problems. The UDFCD has planning, devel-
opment, and O&M programs, and has built and operated a number of
regional systems. It has also helped in standard-setting, technical guidance,
and financial assistance for planning and construction.
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Regulatory structure

 

Regulatory measures for stormwater have increased in recent years. A few
decades ago, a stormwater system was considered part of the street system,
to be maintained and cleaned but otherwise left alone. Stormwater now
attracts more attention.

Some states require local governments to prepare stormwater plans.
Pennsylvania, for example, requires counties to develop plans for designated
watersheds. Maryland and North Carolina have regulatory programs for
erosion control.

Pennsylvania’s legislation includes the following elements:
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• Survey of existing runoff characteristics
• Survey of existing obstructions
• Assessment of projected and alternative land development patterns

and the potential impact of runoff quantity and quality
• Analysis of present and projected development in flood hazard areas

and its sensitivity to damages from future flooding
• Survey of existing damage problems and proposed solutions
• Review of existing and proposed stormwater collection systems and

their impacts
• Assessment of alternative runoff control techniques
• Identification of existing and proposed flood control projects
• Designation of areas to be served by stormwater facilities within 10

years, and who will construct and operate the facilities
• Identification of the floodplains within the watersheds
• Development of criteria and standards
• Establishment of priorities for implementation of action within each

plan
• The setting forth of provisions for periodically reviewing and updat-

ing the plan

New Jersey also requires plans, but they are to be prepared by munici-
palities rather than counties. Counties, however, are in a review role.

 

Interest groups

 

Unlike those of water and wastewater, no single interest group dominates
stormwater. The ASCE has given its attention to research, mainly through
its Urban Water Resources Research Council. The American Public Works
Association has also undertaken investigations, and their report “Urban
Stormwater Management” is an older, though useful, reference. Flood man-
agement agencies with common interests formed the National Association
of Urban Flood Management Agencies (NAUFMA).
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Issues

 

The challenges of stormwater management are different from those of water
supply and wastewater management. Organizing a comprehensive approach
requires attention to minor and major systems and to water quality. This
involves land use issues such as best management practices and zoning.
Determining how to pay for systems is a challenge, because the “user pays”
principle does not apply directly. Setting up master plans and connecting
stormwater to watershed planning are difficult, and stormwater quality has
led to regulatory issues under the Clean Water Act that continue to unfold
in the industry (see Chapter 11).

 

Future water management

 

The future is certain to bring much change to water systems and services.
Examining just a few of the “futures” articles shows trends such as the
following:
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• Rising rates
• Stronger enforcement of regulations
• Broader regulatory focus (NPS) and tightening regulations
• Increasing privatization and outsourcing
• Greater water re-use
• More and better water information
• Continuing industry consolidation
• New water technologies
• Conservation and more efficient usage
• More innovation (trading, wheeling, water plus energy utilities)
• Growth in the U.S.
• Massive urbanization in developing countries
• Greater use of information technology
• Alternative sources of drinking water
• Focus on disaster preparedness and security
• New financing mechanisms
• Operating requirements for complex systems and plants
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chapter three

 

Asset management 

 

Introduction

 

Asset management = infrastructure management

 

In Chapter 1, we saw that:

Infrastructure management = Capital management 
= Asset management

The differences between these terms are only slight. The engineer might
favor “infrastructure management,” the budget officer “capital manage-
ment,” and the accountant “asset management.” Information technology is
now breaking down such differences in vocabulary by different professions
(see Chapter 10).

The term “asset management” offers a useful framework to organize
management activities for capital assets. This chapter describes asset man-
agement systems and provides a framework to help utilities organize their
systems or hire firms to develop systems for them.

Asset management is used internationally, and the American Water
Works Association’s (AWWA) new text on Water Utility Infrastructure Man-
agement contains several chapters about it, including Australia’s concepts,
which are ahead of those in the U.S. in some ways.

 

1

 

Asset management as a concept

 

From the many uses of the term, it is easy to get confused about asset
management, which has only recently been applied to infrastructure. In the
past, asset management meant control of money and investments in the
financial world, whereas currently, for infrastructure, it includes everything
that is done, from cradle to grave, to derive the most value from a physical
or fixed asset. Activities include the full life cycle of management: acquisi-
tion, construction, maintenance, renewal, and final disposal or replacement.
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Operations should be part of asset management as well, because the way
a facility is operated affects its life-cycle value. In infrastructure management
systems, however, the emphasis is on capital, though some operational appli-
cations are now being reported.

 

2

 

 The focus in asset management on finance
occurs because the main obstacle to infrastructure integrity is having enough
money to invest in it and manage it.

The application of asset management to infrastructure places the
focus on return-on-investment. It does not introduce new tools as much
as it organizes existing ones and links uses of information for different
functions. Infrastructure assets have always been there, but the public
nature of financial accounting for them has inhibited the use of the term
“asset management” until recently. Although we have adopted the term
for use in infrastructure management, it will still be used in other fields
in different ways.

 

Definitions of asset management

 

For water, sewer, and stormwater systems, “assets” are physical components
that are planned, organized, and controlled in the infrastructure life cycle.
As described in Chapter 6, they are the “fixed assets” or “plants” of the
systems. Treatment plants, dams, buildings, pipelines, and long-term equip-
ment are common categories.

Alternative definitions of asset management are offered, some clear and
some confusing. They are largely offered by consulting firms or software
companies that are developing products or services. For example, Harlow
and Armstrong wrote that asset management is “a structured program to
optimize the life-cycle value of your physical assets” and that for infrastruc-
ture, it “may be known as infrastructure management.”
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 Brown and Caldwell
wrote that asset management “is a structured program to minimize the costs
of asset ownership while maintaining required service levels and sustaining
infrastructure.” They went on to explain:
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• Minimizing costs of asset ownership means a life-cycle approach to
managing infrastructure.

• Maintaining required service levels increases reliability by giving
close attention to asset condition.

• Sustaining infrastructure refers to maintenance-oriented programs
(short-term) and refurbishment and replacement programs
(long-term).

CartéGraph Systems wrote: “Public works asset management…is a com-
bination of tools and procedures to enhance the inventory, management and
maintenance responsibilities of a public works organization,” and “public
works asset management can most commonly be described as the daily
practice of collecting, maintaining and analyzing this asset data.”
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 This def-
inition emphasizes the data and software aspects of asset management.
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Champion, writing about Australia’s approach, described their Interna-
tional Infrastructure Management Manual and new infrastructure capital
accounting standard AAS27 (similar to GASB 34, which is described later).
He wrote that asset management has the goal to “meet a required level of
service in the most cost-effective way through the management of assets to
provide for present and future customers.” He listed its elements as these:
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• A life-cycle approach
• Cost-effective, long-term management strategies
• A defined level of service and performance monitoring
• Managing risk of asset failures
• Sustainable use of physical resources
• Continuous improvement in asset management practices

Paralez and Muto quoted the Seattle Public Utilities definition: Asset man-
agement is a “way of doing business that maximizes the public’s return on
their investment in utility infrastructure by implementing utilitywide strategies
that emphasize reliability in the assets and processes so that the desired levels
of service are provided to our customers in the most cost-effective manner.”
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These definitions explain how asset management came to describe existing
management techniques aimed at optimizing the return from investment in
physical capital, and show that the asset management method uses informa-
tion technology to sweep together and link a number of existing techniques.

After considering the alternatives, I offer this definition of asset man-
agement: “Asset management for infrastructure is an information-based pro-
cess used for life-cycle facility management across organizations.”

Important features of this definition include the following:

• Viewing infrastructure components and systems as “assets”
• Life-cycle management
• Management across organizations, or enterprisewide use of asset

management
• Use of information-based process and tools

 

Asset management activities

 

Asset management involves five main activities, as shown in Table 3.1. Each
activity would normally focus on a separate area, but the information used
in it would be shared by other management areas. Each organization will
be different, of course, but one way to organize these activities would be as
shown on Figure 3.1.

 

Asset management for organizational integration

 

In addition to functional areas (see Table 3.1), asset management should
integrate organizational efforts to manage capital on an organization-wide
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basis. Asset management links different activities of organizations to mini-
mize costs of ownership, maintain service levels, and sustain infrastructure.
Figure 1.1 showed how a data-centered infrastructure management system
(the same as an asset management system) links functional areas of the
organization to work on these goals — planning, engineering and construc-
tion, budget and finance, O&M, and information systems.

 

GASB 34 to reform infrastructure asset accounting

 

As Chapter 6 describes, the focus in infrastructure financial management
has been on accounting and reporting of operations, not capital. In fact,
accounting guidelines did not provide effective means for capital reporting
of infrastructure assets. This is changing, however, with GASB 34, which sets
new standards for government reporting of financial accounts, including
requirements for asset reporting based on accrual accounting.

 

Table 3.1

 

Asset Management Activities

 

Functional management area Asset management activity

 

Budget and finance Capital budget and accounts
Planning Needs assessment
Engineering and construction Capital improvement program (CIP)
O&M Maintenance management system 

(MMS)
Information systems GIS, databases, inventory

 

Figure 3.1

 

Asset management activities in an organization.

O&M

EngineeringPlanning FinanceIT

Utility

Capital budget
Accounts

CIPNeeds
assessment

MMS

Databases
GIS

Inventory
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GASB 34 refers to a standard of the Government Accounting Standards
Board (GASB), which is described in more detail in Chapter 6. Under GASB
34, financial reports must include the costs of asset ownership. In the past
this had not been required, because of the  assumption that once public funds
were sunk into physical assets, there was no reason to account for them;
once the assets were worn out, they would simply be replaced.

Two ways to account for the costs of asset ownership are offered by
GASB 34. The first method, based on depreciation reporting, estimates the
useful life of the asset and deducts a proportional amount each year from
the asset value. This is standard depreciation accounting practice in which
an arbitrary service life is assigned to the asset. This approach does not
recognize inflation, and replacement cost might be higher than the original
cost. Also, condition of assets is not reflected. The accounts will obviously
not show accurate obligations to replace and renew the assets.

The second method — the modified approach — tries to correct these
deficiencies. In this method, the condition of assets is reviewed every 3 years
and rated according to a scale. In this approach, one sets goals, measures
and reports the condition of assets, and reports the information, along with
all money spent on maintenance and improvement in annual reports.

 

3

 

Implementation of GASB 34 is just beginning. If U.S. experience is similar
to Australia’s with AAS27, there will be, according to Champion, “a great
rush of energy spent on complying with GASB Statement 34 to meet financial
reporting requirements for assets.”
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For example, Tracy, California, has experimented with GASB 34 by refor-
matting financial reports. They used field reviews, cost assessments, and the
pavement management system to assess value and condition. The value set
was $131 million for Tracy’s infrastructure, and that value had not previously
been set. Tracy expects to use the inventory-and-assessment approach to
report road and street systems.
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APWA endorsement of GASB 34

 

In 2000, the American Public Works Association adopted a policy to sup-
port GASB 34. They wrote that GASB had changed longstanding practices
by requiring that government entities include reporting of their capital
assets in their annual balance sheets and income statements, and that
GASB 34 requires reports of the costs of acquiring, owning, operating,
and maintaining public-works infrastructure for government bond hold-
ers and the public at large. The APWA recognized that GASB gives gov-
ernments a choice of either calculating depreciation expenses based on
historical costs or adopting an asset management system, and recom-
mends the asset management approach. The asset management system
must demonstrate either that maintenance spending is adequate to pre-
vent infrastructure deterioration or that condition is being maintained at
or above explicitly stated standards.

 

9

 

L1573_book  Page 55  Friday, August 2, 2002  7:20 AM



 

56 Water, Wastewater, and Stormwater Infrastructure Management

 

Organization of an asset management system

 

As there is no universal definition of asset management, it follows that
systems can be organized in different ways. Using the definitions given
above, the heart of the system will be the information base on which it
depends, including the inventory, the condition assessment, and the
financial records. That is the heart of the “data-centered” concept shown
in Figure 1.1.

If inventory and condition assessment are functions of maintenance
management (see Chapter 9), then asset management is a partnership
among the financial, maintenance, information, planning, and engineering
sections. Accounting and budgeting, maintenance management, and infor-
mation management are ongoing activities, and planning and engineering
deal with change in infrastructure renewal, replacement, and construction.
Implementation of a software package might integrate these activities, as
explained in Chapter 10.

 

Applications of asset management

 

Financial section

 

As shown in Figure 3.1, the financial section maintains the capital budget
and the accounts; thus the AMS should be linked to them through the fixed
asset database, updated for condition in the spirit of GASB 34. In an ideal
world, there would be a continuum in which the plans, programs, budgets,
and current value of assets were linked through the database.

 

Planning section

 

The planning section would normally be a user, rather than a custodian, of
asset management information, although information management, espe-
cially GIS, might be part of planning. In any case, the asset management
system should yield facility information for needs assessments linked to the
stages of planning, from master planning to detailed facilities planning.

 

Engineering and construction

 

Chapter 5 lists “engineering functions,” and several provide asset manage-
ment information:

• Studies, investigations, and reports
• Planning documents
• Surveys
• Maps and geo-database
• Capital improvement programs
• Consultant and contractor data
• Design drawings
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• Cost estimates
• Construction contracts
• Construction and inspection reports
• As-built drawings
• Standards

In an automated world, these information products will be accessible to
the asset management system. For example, accurate as-built drawings from
the engineering section could be accessed on–line by maintenance forces,
and planners could pull up older studies and investigations to provide data
for needs estimates. In this sense, the asset management system could begin
to integrate the planning–engineering–maintenance cycles of infrastructure,
as well as the planning–financing–renewing cycles.

 

O&M

 

The goal of maintenance management is to care for assets to ensure maxi-
mum performance and longevity, obtaining the highest yield from invest-
ment in the asset. Maintenance management normally relies on inventory
and condition assessment functions, which are core activities of asset man-
agement. Ideally, inventory and condition assessment would be updated by
maintenance forces, which would provide the data to IT, which could then
provide the data to other sections, such as finance.

As an example of use of asset management in operations, a number of
utilities have found that contract operations can prolong the life of assets.

 

2

 

The key to getting results is contract language, because prolonging the life
of assets requires incentives for operators. In this example, an “asset register”
is recommended, to include operational procedures and maintenance
requirements. This could be part of inventory information and be the basis
for scheduling maintenance and tracking condition, which determines ser-
viceability of the asset.

The asset register can rate condition and performance from 1 (best) to 5
(worst). A rating of 1/1 would be the best, and 5/5 the worst, indicating
high priority for replacement. A criticality test is then applied to ensure that
nonessential assets are not being replaced, but are shut down or scrapped.
The ranking system is used to maintain a capital investment program. The
writers also caution that PM can be excessive and must be planned with an
eye to the bottom line. Chapter 9 describes this issue in more detail under
the concept of “reliability-centered maintenance.”

 

Information systems for asset management

 

Information systems are, of course, the key to asset management. In fact,
without modern, integrated approaches to data management, the concept of
asset management would lack much significance, because data could not be
interrelated. Chapter 10 describes this issue more fully.
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The point is that there is a close relationship between organizational
form, function, and use of management information. Before computers, orga-
nizations had many layers so that information could be passed smoothly
down the chain to small sections of workers. Chapter 12 describes these
organizational issues. Before computers, organizations were fragmented
because information could only be shared among a few people at a time.
Now, information can pass over networks and be more widely available.
This has tended to “flatten” organizations and eliminate middle manage-
ment positions, which were mainly to process information.

In the same way, computers enable workers to share information
among functional departments in organizations. For example, engineer-
ing and maintenance departments need some of the same information as
the finance department. This introduces the possibility for different
departments to work together on shared, crosscutting objectives, such as
asset management.

In a practical sense, however, sharing information is harder than it seems.
Obtaining “enterprisewide” databases and GIS systems requires managers
and workers to share information and authority, and might generate resis-
tance. Nevertheless, it is the wave of the future and will arrive. When it does,
we would expect the information products to support enterprisewide asset
management systems to include:

• GIS
• Inventory and facility information
• Maintenance schedules
• Work management systems

The final word in this chapter about asset management is optimistic, but
patient. In other words, information technology offers great possibilities to
improve effectiveness, but real-world aspects of organizations and the sheer
confusion of fragmented data sources and uses poses challenges in finding
the Holy Grail of asset management systems.
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chapter four

 

Capital improvement 
planning, programming, 
and budgeting

 

Introduction

 

In Figure 1.7 of Chapter 1, the capital improvement plan is shown as the
mechanism to prioritize capital improvements, whether for new or renewed
facilities. The plan fits within an overall capital improvement program (CIP),
which integrates capital needs and plans of all sections of the organization
through the Planning–Programming–Budgeting System (PPBS). Although
PPBS deals with budget and finance, it also has the wider role of integrating
plans. It can be used for both capital and operating programs, but in this
chapter we focus on the capital plan.

This chapter describes the planning process, programming, budgeting,
and implementation of an integrated capital improvement program. Chapter
6 describes planning and budgeting processes from the financial perspective.

The PPBS process emerged from 1960s emphasis on systems analysis to
rationalize and reform government operations. Under PPBS theory, an opti-
mum use of resources will result from early planning, followed by program-
ming, then budgeting for implementation. The systems are not quite this
neat, but there is merit in rationalizing an organization’s plans in this way.
The alternative may be politically induced disorder in capital management.

Whereas the CIP focuses on plans, financing, and construction, it also
deals with other phases of the capital life cycle, as shown in Figure 1.6. of
Chapter 1. That is, early-stage planning, such as comprehensive or master
plans, must be translated into specific plans for design and construction,
then for operation and maintenance. Repair, rehabilitation, and replacement
may reinitiate the planning cycle to complete the life-cycle approach to
capital management. The CIP thus can include facilities for growth, obsoles-
cence, condition improvement, regulatory controls, or increase in reliability
or service.

 

L1573_book  Page 61  Friday, August 2, 2002  7:20 AM



 

62 Water, Wastewater, and Stormwater Infrastructure Management

 

The capital improvement program is a shared activity in organizations.
It requires inputs from the planning, engineering, and finance sections, and
involves other units of the organization as well. The CIP might be managed
by different offices, but close coordination is required among them, as shown
in Figure 4.1.

 

Planning process

 

In a water, wastewater, or stormwater utility, planning precedes design by
studying facility needs. Although it should be continuous, planning may not
occur until a specific event requires it, such as growth, obsolescence, regu-
latory controls, or a failure. Priority then goes up and the governing board
asks staff to prepare plans for a particular problem.

In any public plan or program, there is an underlying planning process
that is adapted to specific situations. As shown in Figure 4.2, the process
includes rational problem-solving steps and a political process in which the
wishes of stakeholders are considered. These steps usually involve different
stages of planning, from early to more advanced planning.

In rational problem solving, the standard overall process is to recognize
the problem, set goals, find options, evaluate them, choose a course of action,
and implement it. These steps involve data collection, studies, approvals,
presentations, and many other tasks.

The political process enters at each step and raises questions such as:
Whose problem is it? Who are the stakeholders? What is their stake and
influence? What are the seen and unseen obstacles? How do we navigate the

 

Figure 4.1
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minefield of public opinion to win approval? What coalitions can be gathered
to increase chances? and so on.

Recognizing the problem and determining the need for water, sewer,
and stormwater systems means detecting the need for changes in capital
facilities due to growth, obsolescence, condition, regulatory controls, or
increasing reliability or service.

Setting goals requires the balancing of supply and demand for the sys-
tems, while considering realistic scenarios for fund availability, growth, reg-
ulations, and other system drivers.

Finding options is a creative process requiring information, knowledge,
and experience with the systems. Finding options may also involve regional
stakeholders who will partner with your system.

Evaluating options requires the assessment of feasibility from technical,
financial, social, political, legal, environmental, and managerial points of
view. Evaluation is the stage at which analytical tools such as models, bene-
fit–cost analysis, public involvement, sensitivity analysis, and other such tools
are used. Project options must be screened systematically, and the procedure
used to eliminate options must be documented. To do this, the objectives of
the project must be clearly identified, and measurable criteria to compare the
options must be formulated. Multi-criteria decision analysis tools are useful
for this process. It is not necessary to have a detailed analysis for each crite-
rion, as long as the procedure uses the same level of accuracy for all options.
For example, the estimated construction cost of project options should lead
to a smaller set of options to be considered in greater detail.

The evaluation phase, then, offers opportunities to use analytical tools
such as benefit–cost analysis, rate-of-return analysis, multi-criteria decision
analysis, optimization, etc. Chapter 9 includes, for example, a discussion of
a model to prioritize investments in rehabilitation or replacement of pipes.

Choosing a course of action requires identification and involvement of
decision makers. That is, in the planning process, knowing who will make
the decision and how they may act is as important as all the analytical steps.

Implementing the plan may involve steps that go beyond the early stages
of planning. New obstacles and possibilities sometimes occur in implemen-
tation, opening the way for applying “adaptive management” — adapting
to the new situation or information.

These steps take place during sequential stages of planning, ranging
from the earliest to the final stages. Early or “conceptual” planning takes
place when the need for a project is identified and the first set of options is
developed and screened. Many discussions may take place in planning
before the formal process begins, including in-house discussions by the
owner’s team. As ASCE’s 

 

Manual on

 

 

 

Quality in the Constructed Project

 

 points
out, the relationship between the owner and “design professional” separates
early planning from the point at which the design professional begins a
design-related plan.

 

1

 

Early planning is a reconnaissance phase to identify projects that meet
planning and development goals. It leads to further studies rather than to
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definite plans. In more formal planning, definite feasibility is studied. In this
phase, complex and expensive documents may be prepared. This phase leads
to design, in which plans, specifications, and operating agreements are prepared.

 

From integrated plans to capital improvement programs

 

Infrastructure systems require valid plans that flow from general integrated
plans to more specific capital plans for categories and sectors. Thus, an
important aspect of the CIP process is the link between a capital project and
the integrated plan, whether the systems involved are water, sewer, and
stormwater or other categories of infrastructure.

An integrated plan considers links of infrastructure with planning objec-
tives such as urban development and land use. Integrated plans are called
“comprehensive plans” and “policy plans,” and are also known by names such
as “Designing Tomorrow Today” or “Vision 2001 for the Metropolis.” Generally,
they outline goals and strategies for broad jurisdictions, and assess what must
be done to achieve them. One might call these “framework” or “scoping” plans
that include regulatory implications by setting goals for urban design.

Facilities or infrastructure plans must be translated into specific plans
and programs. This requires a shift from the planning world to the engineer-
ing and financial worlds. In other words, integrated plans often do not carry
any commitments, but once inside the engineering and financial worlds, the
likelihood of implementation rises.

 

Capital improvement programs

 

Shifting from planning to programming involves an increase in commitment.
Think of any plan as a document or a report about the feasibility of a concept.
There can be many plans before a commitment is made. Some refer to plans
as “shelf art” because there can be so many of them on the shelf.

Once a project is listed in a “program,” however, it implies that a com-
mitment has been made to move ahead with it, including financing. Thus
the capital improvement program is normally only published once definite
decisions have been made to undertake projects in future years. These deci-
sions may include a vote by a governing board or city council.

Still, an organization’s capital improvement program may not actually
reach the implementation stage because unexpected events can occur.
Economic shifts, new laws, voter swings, and financial problems can
intervene in the best-laid plans and programs. Budgeting for the project
is the crucial test.

Getting a planned facility onto a capital improvement program is actu-
ally only one step in the bureaucratic struggle over budget politics. In the
budget process, if one gets a project on an official or approved list, there
may be a better chance of being funded than if it is not on the list. Thus,
departments strive to get their projects on the “approved” capital programs
list of an organization.
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How serious a capital improvement program is depends on the organi-
zation. They can range from being serious, businesslike programs to being
simply “wish lists.” In any case, the important determinant of whether a
project is built or not is whether it gets funding.

Capital improvement programs can vary by level in an organization. For
example, there may be an organization-wide program, or individual depart-
ments may have programs. The important question is where the budget
authority resides. Thus, if an organization has a capital program approved
by the same authority that approves the budget, then having a project in the
program is a big step toward funding.

A capital improvement program is, in the final analysis, a list of projects
that an entity 

 

intends 

 

to implement under favorable circumstances. The
uncertainty is about the intent and the ultimate capability to follow through
with the intent.

 

Water supply capital planning

 

Water system plans include facilities for purposes such as these:

• Growth — providing water supply to new areas
• Obsolescence — replacing old, undersized pipes
• Condition — renewing areas where pipes have deteriorated
• Regulatory controls — upgrading to meet stricter water supply rules
• Increase in reliability or service — spending to increase security

As a basic input to growth, water supply receives high priority in capital
planning and budgeting. In an ideal case, new systems can be completely
financed by growth fees and developer contributions, as “growth pays its
own way.” On a practical basis, however, the picture is more complex
because the utility must share and participate in projects to ensure safety,
coordination, and orderly growth.

Planning for water supply is driven by demand, flow rates, location of
demands, and required quality of supplies. As discussed in Chapter 2, esti-
mates used to plan systems are normally based on per-capita consumption,
peak demands, and fire flows.

In general, the planning process for water supply is the same as for other
facilities, but the water industry has worked more with the concept of Inte-
grated Resource Planning (IRP).

Based on the experience of electric utilities and some water utilities,
AWWA Research Foundation (AwwaRF) sponsored research on IRP in water
utility planning.

 

2

 

 They offer a 20-step process to overcome budget con-
straints, environmental issues, multiple laws and agency jurisdictions, scarce
resources, and special interests. IRP focuses on regional cooperation and
involvement of interest groups to resolve differing views. The report shows
how to consider avoided cost, externalities, and cost–benefit equations and
presents case studies of six water utilities.
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The 20 steps include the following: identify stakeholders, review stake-
holder issues, identify supply issues, assess water quality and quantity
issues, develop alternatives, analyze alternatives, compare alternatives, rank
alternatives, select preferred alternatives, implement, and, if necessary, mod-
ify alternatives. The process is consistent with the combined rational–polit-
ical analysis described in Reference 3.

The AWWA has a Manual of Practice (M29) on water utility capital
financing that includes planning for capital improvements. The manual
explains strategic planning for capital requirements and financing mecha-
nisms, especially the bond market.

 

4

 

For planning, the manual describes an integrated, iterative process with
stakeholder interaction. The process shows how financial planning is con-
sidered in the basic planning process (Figure 4.3).

Financial planning requires stakeholder interaction and leads to safety,
reliability, and efficiency; annual cost minimization; optimal use of financial
resources; and minimized annual impacts. This is an apt assessment of the
financial part of planning for infrastructure, but the overall process involves
many other considerations.

 

Wastewater system planning

 

Examples of wastewater facilities planning include the following:

• Growth — extension of gravity service to new areas
• Obsolescence — replacement of outdated pipes or equipment

 

Figure 4.3
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• Condition — correcting an infiltration or inflow problem
• Regulatory controls — upgrading a combined sewer overflow facility
• Increase in reliability or service — solving backup or capacity

problems

Wastewater system planning for collection, treatment, and disposal
starts where water supply leaves off and is driven by service demands and
regulatory controls. Collection systems are planned to handle inputs to the
system, treatment is planned to meet regulations, and disposal systems are
planned to discharge liquid effluents and dispose of sludge residuals.

Whereas water supply can deal with positive aesthetics, wastewater
planning deals with external effects that include negatives such as odor and
image problems. Additionally, wastewater treatment and disposal systems
are downstream of cities rather than upstream.

Given the availability of grant funds through the Clean Water Act, waste-
water planning was driven for years by the “201” planning process, which
required regional coordination of plans. Section “208” of the Clean Water
Act also required planning, but did not lead directly to capital improvements
in that it focused on nonpoint sources.

 

Stormwater system planning

 

Capital facilities for stormwater have increased in importance with urban-
ization, flood problems, and nonpoint pollution. Examples of planning for
stormwater include the following:

• Growth — provision of stormwater to newly developed areas
• Obsolescence — replacement of older, undersized systems
• Condition — replacement of deteriorated stormwater systems
• Regulatory controls — expenditures to meet new state mandates
• Increase in reliability or service — upgrading systems for bigger

storms

Stormwater systems are closely related to land use, and may involve
multidisciplinary teams more than water supply or wastewater systems do.
For example, in a new development, the stormwater system may involve
underground piping to drain streets, green strips as parkways and recreation
areas, ponds to detain runoff and improve water quality, and other aesthetic
enhancements. Thus, planning for stormwater takes on a somewhat different
character from that of water or sewer.

 

Evaluation techniques and priority-setting

 

In choosing water, sewer, and stormwater investments, multiple criteria must
be applied because the problem requires multi-criteria decision analysis
(MCDA). The types of criteria to apply are the following:

 

L1573_book  Page 68  Friday, August 2, 2002  7:20 AM



 

Capital improvement planning, programming, and budgeting 69

 

• Technological — does the plan promise to meet goals effectively?
• Legal — is the plan legal and does it pass a test of legal feasibility?
• Political — is the plan politically feasible?
• Institutional — can the owner implement the plan in the long term?
• Financial — does the plan have an acceptable rate of return?
• Risk and vulnerability — does the plan bring unacceptable risk and

vulnerability?
• Social — to what extent are people impacted negatively?
• Environmental — does the plan introduce negative environmental

consequences?
• Economic — does it pass a benefit–cost test?

These criteria may seem daunting, but they are all applicable and a good
plan will consider all of them. Notice that the criteria involve both quanti-
tative measures and nonquantitative measures. It would be convenient if
plans could be reduced to just numbers, but public decisions involve many
issues that are not amenable to numerical comparisons.

 

Table 4.1

 

Steps in Capital Improvement Programming

 

Planning stage Activities

 

Integrated planning Analysis of population, economics, 
environment, stakeholders, technologies, and 
multiple sector plans.

Dividing up responsibilities for 
sector 

Organizational analysis of intergovernmental 
roles and responsibilities to determine lead 
agencies for sector plans.

Sectoral planning for a 
function

Isolating dimensions and boundary conditions 
for study, preparing sector plan.

Deriving broad outlines of 
capital improvements 

Scheduling and planning the capital process: 
what the CIP will include, who will be 
involved, how it will be presented.

Isolating a set of projects or 
systems for further planning

Target systems are isolated, and selection will 
depend on urgency, political support, and 
ability to finance.

Dividing the projects into 
subprojects or stages

Engineering and finance sectors are applied to 
assemble CIP packages 

Preliminary planning for 
subprojects

Engineering is done to rough out designs, get 
costs, review and coordinate plans 

Programming of subprojects Engineers assess time to design and build, gain 
approval, and find out when systems are 
needed. 

Determining methods to 
finance the capital budget

Methods such as bonds, loans, user charges, sale 
to owners are assessed.

Gaining approval for elements 
of CIP

Approval often difficult; involves public and 
decision makers, sometimes elections. 

Publication of CIP and 
inclusion in capital budget

Responsibility shifts to budget and financial 
staff and executive officers. 
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Review of capital planning, programming, and budgeting

 

In summary, developing integrated plans and a capital improvement pro-
gram requires plans that go from the general to the specific. Table 4.1 sum-
marizes the steps.
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chapter five

 

Design and construction 
of infrastructure

 

Introduction

 

This chapter explains the design and construction processes and how they
affect the integrity of water, sewer, and stormwater systems. It explains
how to manage design and construction and provides references to design
guides, but it does not explain technical aspects of design and construction
of components.

Much of water, sewer, and stormwater work is “utility construction,”
but it also involves construction of dams, buildings, roads, and other
general facilities. Utility construction involves much pipeline work, as
shown in Figure 5.1.

If facilities are to have good integrity, both original quality (through
construction) and current condition (through maintenance) must be good.
Construction quality depends on design, construction itself, and materials
and equipment.

Quality in design and construction depends on much more than techni-
cal details. For example, according to the ASCE, insurance studies show that
most legal actions by owners are not based on the projects themselves, but
on situations such as surprises, frustration over problems not addressed,
lack of positive personal relationships, or not being informed about prob-
lems. Thus, in construction management, good communication and coordi-
nation help hold down conflict and improve quality.

 

1

 

Several construction industry associations offer guidance in design and
construction for water, sewer, and stormwater systems. The AWWA, WEF, and
ASCE provide a number of design and construction manuals. The National
Utility Contractors’ Association (NUCA) has about 2000 members engaged
in construction of pipes for storm and sanitary sewers and drainage, water
lines, cables, ducts, conduits, and other utility work, as well as those engaged
in related projects such as sanitation, sewage disposal, and irrigation. Sup-
pliers to the industry also participate. NUCA represents the policy interests
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of contractors with regard to state and local codes and federal programs.

 

2

 

General contractors, of course, are also heavily involved in utilities.

 

Infrastructure life cycle

 

The infrastructure life cycle is an important concept in design and construc-
tion because many factors other than initial cost determine life-cycle costs.
The life cycle refers to the life of a facility from the time it is initially conceived
and built until its life is finished. Phases of the life cycle include planning,
design, construction, operation, maintenance, and rehabilitation/replace-
ment or decommissioning/demolition of facilities.

Consider that the engineering cost of a project might be 10 to 15% of the
construction cost, depending on circumstances, and a big factor in initial
cost. However, considering that facilities last 30 years or longer, engineering
is a much lower proportion of life-cycle cost. If good engineering produces
longer life, lower maintenance, and more effective operation, the payoff from
quality engineering is high.

 

Figure 5.1

 

Pipe under construction. (From American Water Works Association. Copy-
right 2001. All rights reserved.)
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For example, consider two engineering options for a $1,000,000 facility.
Option A costs 10%, or $100,000 and Option B costs 15%, or $150,000. If
Option B engineering can produce a facility that lasts 40 years rather than
30 and requires 25% less annual O&M cost, then the extra $50,000 in
engineering yields a very high benefit–cost ratio, or about 10 to 1. (Assump-
tions here are that the interest cost of money is 7%, and the annual O&M
cost is 15% of project cost).

Buying a quality project in the first place demonstrates this as well. If
Project 1 costs $1,500,000, lasts 25 years, and has an O&M cost of 20%, its
annual total cost is $428,716 (assuming interest cost of money at 7%). If
Project 2 costs $2,000,000 but lasts 35 years and has an O&M cost that is one
third less, then its annual cost is $354,467. The benefit–cost ratio of the extra
33% in project cost, or $500,000, is 1.92 to 1 to achieve a one-third savings
in O&M costs. Savings like this are important to owners with many projects
and long planning horizons.

Of course, lifetimes of pipelines, the most expensive components of
water, sewer, and stormwater systems, should be much longer. As Chapter
9 explains, some of them should last 100 years or more, with minimum repair,
rehabilitation, or replacement (3Rs). The 3Rs of pipelines are actually a
design and construction problem, much like original construction. Chapter
9 explains further about the economics of the 3Rs.

 

Achieving quality and value in a project

 

In water, sewer, and stormwater systems, both quality and value are para-
mount. Public health and safety demand that projects perform well in mul-
tiple ways, including having good “bottom line” results. The bottom line is
measured in tangible or financial ways, as well as in intangible ways such
as better health, safety, convenience, and livability.

Quality in a project refers to multiple dimensions that the American
Society of Civil Engineers has defined as “fulfillment of project responsibil-
ities in the delivery of products and services in a manner that meets or
exceeds the stated requirements and expectations of the owner, design pro-
fessional, and constructor.”

 

1

 

 This project-oriented definition is used in the
ASCE’s 

 

Manual on Quality

 

 

 

in the Constructed Project,

 

 which will be outlined
later in this chapter.

The dimension of quality in which a project “meets or exceeds the stated
requirements and expectations of the owner” refers to the goals of the project,
which require elaboration during the planning stage. The ASCE refers to
requirements this way: “Actual requirements for a particular project are more
comprehensive. Requirements should be detailed and refer to…function,
operation, schedule, technical matters, safety, quality, esthetics, fiscal, and
administrative or management considerations.” Outlining these require-
ments is an important goal of the early phases of the planning process, which
was explained in Chapter 4.
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Value in a water, sewer, and stormwater project results from the expec-
tations being met or exceeded in a cost-effective manner. Cost-effectiveness
can be measured in different ways, but it fundamentally means to meet or
exceed requirements at lowest total cost.

In a private-sector investment, the goal is to achieve the highest “rate of
return,” meaning an increase in value of an investment through appreciation,
interest, and dividends. In a public-sector investment, the returns are harder
to measure, so cost–effectiveness is used more widely.

 

Planning–design–construction process

 

After a project is initiated, the planning–design–construction process
occurs quickly, compared to the full life cycle. If a project that has waited
in the wings for a number of years is moved to the front burner to initiate
serious planning, planning and design could occur in a year or two, fol-
lowed by construction spanning about a year. The total two- to three-year
period should be followed by another 30 or more years of operation and
maintenance, or possibly much longer. Thus the planning–design–con-
struction period is a brief window of opportunity to produce a long-term
high-value project.

The general stages of planning, design, and construction are as shown
in Table 5.1.

 

Table 5.1

 

Stages in Planning, Design, and Construction

Conceptual planning or 
design

This phase is not well defined. Here, the need for the 
project is identified and the first set of options is 
developed and screened. As a project nears approval, the 
planning becomes more detailed. 

Engineering 
planning/preliminary 
design

Selected options are assessed in more detail. May include 
field investigations that are too costly for conceptual 
phase. Field investigations may reveal information that 
alters feasibility of options. An outcome of preliminary 
design is rating of options from standpoint of 
engineering, financial, economic, and environmental 
feasibility. Output of preliminary design is selection and 
scope of preferred project option.

Final design Used to develop design details and drawings, as 
appropriate, for selected option. Although some 
calculations are done in previous phase, the bulk of 
analysis is done in this phase. This includes specification 
of materials, sizing of members, and component details. 
Many decisions require experience and consultation. 
Results of design are detailed engineering documents 
and drawings necessary to initiate construction. 

Construction In this phase, the project is constructed. Depending on the 
project delivery method used, the phase has different 
elements, to be discussed later. 
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Quality in the constructed project

 

Water, sewer, and stormwater infrastructure systems ultimately involve
constructed projects. Their high quality requires that the design profes-
sional be given a clear scope of the work to be done, a large enough budget,
timely decisions by the owner, and a contract to work for a fair fee. The
constructor requires clear plans and specifications, with enough detail to
prepare an effective bid, and should receive timely and fair decisions on
contract administration. Projects also require compliance with regulatory
requirements relating to public safety and health, environmental consid-
erations, protection of public property and utilities, and conformance with
all application laws and regulations.

The ASCE’s 

 

Manual on Quality in the Constructed Project

 

 is a useful
compendium of principles for owners, designers, and constructors for
achieving quality in project construction. The manual was initiated after
two walkways in the Kansas City Regency Hotel failed in 1981, causing
heavy damage and loss of life. The construction industry was dismayed
as to how this could have happened, and decided to undertake a project
to improve quality in construction to prevent such problems. The result
was the 

 

Manual on Quality in the Constructed Project.

 

 For the manual, the
ASCE organized a construction industry steering committee with repre-
sentatives from different groups: designers, constructors, owners, and
suppliers. The manual has had extensive review since the original version
of 1987.

 

1

 

While the manual focuses on the design–construction phases, the need
for quality in planning is implicit for ending up with a good result. Planning
can in fact be considered as part of the design process.

In the manual, quality is defined as “fulfillment of project responsibil-
ities in the delivery of products and services in a manner that meets or
exceeds the stated requirements and expectations of the owner, design
professional, and constructor.” These attributes imply that the resulting
product demonstrates functional adequacy, is completed on time and
within budget, has acceptable life-cycle costs, and can be operated and
maintained as designed.

For water, sewer, and stormwater infrastructure, these attributes trans-
late into the following:

• Functional adequacy — Systems perform reliably and meet perfor-
mance and regulatory goals

• Completion on time and within budget — Design and construction
produce final facilities on planned schedule and budget

• Life-cycle costs minimized — All costs, from construction through
final demolition, are minimized and controlled effectively

• Operation and maintenance work well — Systems work well for
operators and maintenance is effective
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Key points covered in the ASCE’s manual include:

• Project management, organization of design team, selection of engi-
neer and constructor, methods of project delivery (including de-
sign–bid–build and design–build), regulatory compliance, commu-
nication, risk and liability, and conflict and mediation

• Design process for water and sewer infrastructure, design by con-
sultants or in-house, equipment and materials, and design review

• Construction contracts and documents, shop drawings, contract doc-
umentation and submittals, contract administration, and inspection
and quality assurance

• Owner roles including engineering functions for the utility, codes
and standards, post-construction drawings, records, and assessment

• Design and construction guides for water supply, wastewater, and
stormwater systems

• Networking and educational resources including construction indus-
try associations

Quality management is also covered by the standards of the International
Organization for Standardization (ISO), based in Geneva. The ISO is a fed-
eration of the standards organizations of 91 countries and promotes stan-
dardization of requirements to facilitate trade and economic cooperation.

 

3

 

ISO 9000 and 14000 both apply to construction through their focus on
management systems. ISO 9000 concerns quality management and ISO 14000
concerns environmental management systems. At present, contractors seem
more apt to use ISO 9001, which includes design services and is an option
under the general category of ISO 9000. ISO 9002 is similar, but does not
include design. ISO 9001 has 20 elements, including management responsi-
bility, quality systems, contract review, design control, document and data
control, and purchasing.

In the U.S., firms must be registered by the Registrar Accreditation Board
of the American Society for Quality in Milwaukee. This is one of the 250
standards-developing institutes within the American National Standards
Institute (ANSI).

Contractors say quality comes from consistency and documentation.
These require a procedures manual which describes job tasks and specifies
all records. Forms are used extensively.

 

Project roles

 

A primary consideration concerning the quality of projects is clear delinea-
tion of the roles of the owner, design professional, and constructor. The
design–construction industry is dynamic, and although relationships
change, these three roles remain distinct.

For water, sewer, and stormwater infrastructure, the owner will most
likely be a public entity. Another scenario is that the owner is a developer,
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but this is usually followed by a transfer of ownership and responsibility to
a public entity, or at least a regulated private entity.

In the project, the owner might carry out some planning before engaging
a design professional. How this relationship between the owner and design
professional evolves delineates the early phases of the planning–design–con-
struction processes. Involvement of the design professional is flexible, as
outlined in the ASCE’s 1996 manual for engineering services.

 

4

 

The main roles in design and construction are shown in Table 5.2. In
addition to these roles, the owner, design professional, and constructor
are involved in numerous review and advisory roles.

 

1

 

Engineering design will usually involve design teams. The work of each
group must be integrated into the overall design, requiring coordination and
cooperation to meet project specifications on time and on budget. In any
case, each member of the team must accept responsibility; strive for economy,
efficiency, and quality; cooperate and coordinate; and adhere to budget,
schedule, and program.

 

Design–build and other project delivery methods

 

In the past, the design–bid–build process was almost always used. In today’s
construction world, however, new forms and relationships are being devel-
oped, such as design–build, turnkey, construction management, owner con-
struction, and build–operate–transfer (BOT) projects.

 

Table 5.2

 

Roles of Owner and Team

Owner Assemble team
Establish requirements
Arrange financing
Plan coordination and communication
Select design professional
Select preferred alternatives
Obtain approvals
Select constructor
Administer contracts
Make payments
Plan and staff start-up

Design professional Assemble and manage qualified team
Perform design studies
Evaluate impacts
Submit technical review contract
Administer QA/QC for design

Constructor Organize for construction
Initiate job safety
Present required contract submittals
Construct project
Administer QA/QC for construction
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Design–build is the best known and most common of new project deliv-
ery methods. In fact, the Design–Build Institute was formed to promote and
explain this project delivery method. As an example of design–build for
water, sewer, and stormwater infrastructure, a small 2.65 mgd (10 ml/d)
water treatment plant in Port Hardy, BC, was designed and built in 8 months
for $3.67 million, with very good results.

 

5

 

Construction management is sometimes thought of as a project delivery
method, but it is actually a set of professional management services. The
Construction Management Association of America provides information on
this method.

New project delivery methods mean new and emerging roles for partic-
ipants and a changing business climate. 

 

ENR

 

 magazine tracks these through
studies of business trends such as the following:

• Owners. Categories of owners include industry groups and utilities,
which are named electric, gas, and “sanitary,” which is an outdated
name for the water and wastewater sector.

• Design firms. These are classified by market. Markets include water,
sewer, and wastes. A trend toward more firms becoming engi-
neer–constructors is evident.

• Environmental firms. Design firms are also categorized as environ-
mental, with markets in water treatment/supply and wastewa-
ter/stormwater treatment.

• Designer–builders and construction managers. Firms are developing
new alternative project delivery methods and this category of service
is evolving fast.

• Contractors. Water and sewer/waste are a relatively small part (less
than 5%) of overall contractor volume. The largest sector is building,
about 45% of the total. Of course, water, sewer, and stormwater
infrastructure can also be included in other categories.

• Specialty contractors. These are classified by specialty and market.
Specialties include utility contracting, and markets include water,
sewer, and wastes.

 

Project planning

 

Project planning includes steps from concept to completion, depending on
the detail needed. If detailed design information is needed at preliminary
stages of feasibility investigations, it comes under “planning,” whereas if
the information is used in the final design, it comes under “design.” In spite
of the fuzzy line between planning and design, the planning function is an
important element in project quality.

In Chapter 4 we explained that the planning process is to recognize
the problem, set goals, find options, evaluate them, choose a course of
action and implement it, and that these steps involve data collection,
studies, approvals, presentations, and other tasks. Once a project becomes
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a near-term possibility, these conceptual steps take on more urgency and
require more detail. This can take the form of an engineering plan or
preliminary design. Whatever it is called, the outcome is a report with
enough detail and evaluation to set in motion review, approval, and
moving on to the preparing of engineering designs and construction
drawings.

While there is no rigid format for an engineering report, a water, sewer,
and stormwater project will involve a series of necessary studies and deter-
minations. A wastewater project, for example, could take on steps such as
those shown in Table 5.3.

 

Project design

 

Systems design

 

Design is a creative process requiring knowledge, experience, and insight.
The process begins with selection of the best combinations of components
and methods to solve the problem at hand. Then these must be described
and explained in detail on design drawings and explanatory documents,
and outcomes must be communicated to the owner, constructors, reviewers,
regulators, suppliers, and other participants in the construction process.
Figure 5.2 shows an engineer using computer-aided design tools to lay out
rehabilitation work for a pipeline.

 

Table 5.3

 

Steps in Project Delivery

 

Conceptual step Wastewater project example

 

Recognize the 
problem

Outline a 20-year projected deficiency in wastewater 
collection and treatment if a new project is not built

Set goals In wastewater, goals flow from levels of service and 
regulatory requirements. In some cases, added features of 
projects may be considered, such as building a park on 
top of a buried tank. 

Find options In this creative step, different configurations of project 
elements are studied to find alternative ways to achieve 
goals. A wastewater project may involve different routes 
and sizes of lines, different treatment plant sizes and 
locations, etc. 

Evaluate them Evaluation involves financial, legal, economic, social, political, 
and environmental criteria. Unless these are done well, 
chances for approval are slim. 

Choose a course 
of action

This decision-making step may involve many stakeholders, 
including regulators, governing boards, and in some cases a 
vote of the public.

Implement it Implementation can involve long periods of studies, contract 
work, financing, further approvals, construction, start-up, 
and adjustment.
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The combinations of components and methods to solve the problem at
hand depend on the configurations of particular systems and subsystems,
which were described in Chapter 2. Briefly:

• Water supply systems are designed to provide the quantity and quality
of water needed for domestic, industrial, and other uses and involve
source of supply, treatment, and distribution system components.

• Sewer (or wastewater) systems are provided to collect, transmit, treat,
and dispose of used waters.

• Stormwater systems provide for convenience (minor or initial) drain-
age, major drainage in urban areas, and for parts of wet-weather
water quality control, using collection, transmission, and sometimes
treatment systems.

Guidelines for the design of these systems are discussed briefly later in
the chapter.

 

Design by consultants or in-house

 

Engineering design work may be done in-house or by outsourcing. With in-
house work the organization can maintain control over details and might
reduce apparent costs. Advantages of using consultants include the wide
selection of skills available, and using them only when needed.

There is no consensus about whether in-house or outsourcing of
design work is better. Naturally, both public-sector employees and con-
sultants are proud of their accomplishments, and each situation must be
handled individually.

 

Figure 5.2

 

Engineer designing pipe rehabilitation projects.
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At the 2002 AWWA Infrastructure Conference, Chicago officials reported
that they do about two thirds of pipeline construction with in-house forces,
giving them the capability to move more quickly without the contracting
phase. U.K. engineers at the same meeting reported that they get more
flexibility and efficiency from contractor forces. Much of the difference in
approach would seem to be in the public–private difference and in the
number of rules that constrain renewal projects.

If design is outsourced, it will normally be to a consulting engineering
firm. In the U.S., these are organized through state councils and the American
Council of Engineering Companies (formerly American Consulting Engi-
neers Council, or ACEC), with headquarters in Washington, D.C. On their
Web page, the ACEC reported 5800 member firms in 2001, and if all firms
are included, the national total of firms would range between 10,000 and
20,000. Many of these are of course very small.

 

Management of engineering services

 

The American Society of Civil Engineers publishes

 

 A Guide for the Engagement
of Engineering Services

 

 (Manual 45).

 

4 

 

Topics include the following:

• Practice of engineering (professional responsibility, client-engineer
relationships, and selection of a consulting engineer)

• Classification of engineering services (feasibility investigations, ap-
praisals and valuations, preliminary design, and operation)

• Guidance on the selection of an engineer and selection procedures
available

• Methods of charging for engineering services (hourly billing rate or
fixed price)

• Total project cost (legal and administrative costs, and contingency
allowance)

• Contracts for engineering services (contracts with associate profes-
sionals, limitation of risk, and partnering)

• Other services — field investigations and data collection, environ-
mental impact assessment, preparing reports and impact state-
ments, design services, preparing specifications, securing bids, ob-
serving construction, performing tests and evaluations, and making
appraisals

 

Selection of engineer

 

Selecting, contracting, managing, and compensating consultants are respon-
sibilities of the owner, normally an infrastructure management organization.

Selection of consultants is usually done through what is known as “com-
petitive negotiation,” a process which has superseded the earlier practice of
selecting firms without a structured decision process. This procedure, advo-
cated by the ACEC and in compliance with the restraint of trade requirements
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of the federal government, provides an alternative to the lowest bid process,
which does not seem to lead to the highest quality work or the best arrange-
ment for either client or engineer.

To select the design professional, the ASCE recommends a qualifica-
tions-based process (QBS), in which the design professional submits state-
ments of interest and qualifications. After the owner selects a design profes-
sional on the basis of qualifications, negotiations include compensation.
ASCE believes that the best agreement results from establishing a fee after
scoping discussions.

When a request for proposals (RFP) is used in the selection of consult-
ants, the client uses the RFP process to provide a clear statement to the
engineer and all others involved of the scope and objectives of the project.
The preparation of proposals by consultants is a creative process, and the
engineer expresses ideas about the solution of the client’s problem, as well
as presenting credentials.

In competitive negotiation, the client asks engineering firms to submit
qualifications and performance records. Factors to consider in developing a
“short list” are technical qualifications, experience in similar projects, repu-
tation, timeliness, mobility and workload, and financial references. Firms
making the short list make presentations explaining their concepts of the
work to be done. The client ranks the firms and begins a negotiation with
the top one. The negotiation involves the scope of work and other contract
provisions, and finally, the compensation. If the negotiations are successful,
the contract is drawn. If not, the next firm on the list can be asked to begin
negotiations.

 

Consultant work

 

The management of consultant activities begins with the preparation of the
contract that specifies the scope of work and all items that are required for
delivery. Regular reports are also required from the consultant. Frequent
meetings are required to maintain coordination. The consultant should be
viewed as an extension of the client’s staff in one sense, and as an indepen-
dent contractor needing direction in another sense.

A competent design engineer’s worth is significant because of the value
that good designs bring to the construction process and to the life cycle of
the facility being designed. This competency extends to diagnosing the prob-
lem, designing solutions, selecting components and methods, and describing
these in drawings and in specifications.

Problem diagnosis requires extensive knowledge of the regulatory and
service environments for water supply, wastewater, and stormwater. Design-
ing solutions requires knowledge and experience with successful design
approaches, perhaps learned from actual systems and their operators, rather
than from textbooks, which are useful but necessarily general.

Selecting components and methods requires experience, knowledge,
and familiarity with the industry. The designer must attend trade shows
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and conventions, visit successful plants and manufacturers, and generally
maintain a high level of knowledge of trends in industry technologies.
Regulators may also be a source of useful knowledge about successful
components and methods.

Describing solutions, components, and methods in drawings and in
specifications is a continuing challenge to designers. Educators hear a con-
stant refrain from industry to teach students more computer-aided drawing
(CAD) and design methods so that the students will be competent in them
when they graduate. This is a difficult assignment because:

• Learning to prepare drawings requires much more time than learning
a computer program.

• The computer programs are complex and require considerable time
to learn well.

• CAD technologies are continually changing.

In my university, we have arranged to teach basic CAD skills to students
so that they and their employers are satisfied with their initial abilities. But
the general issue of teaching CAD masks a developing dilemma within the
design industry: how to prepare the most effective construction drawings.

The problem was outlined in a feature story in 

 

ENR

 

 on May 1, 2000.

 

6

 

According to the article, contractors say that the quality of drawings has
diminished over the years, that drawings are uncoordinated, and that they
lack detail and dimensions.

Designers say that contractors view drawings as ways to request extras
by alleging missing data, and that requirements for drawings increase at a
time when budgets are cut and owners make more demands for quick
completion of design projects.

One issue is certainly the increasing complexity of facilities and the
capability to illustrate these designs by drawings. Years ago, facilities were
simpler and there were no civil, structural, mechanical, electrical, and plumb-
ing drawings; the contractor figured these out from floor plans, elevations,
and building sections.

Behind the problem is alleged poor quality of electronic drawings. These
often present problems to contractors, who allege that designers sometimes
do not understand their designs and then produce “pretty, unchecked CAD
drawings.” Of course, there are many advantages to CAD, such as enabling
the use of standard details.

Disputes revolve around incomplete documents and contribute to the liti-
gious nature of the design and construction business. Legal, governmental, and
financial drivers divert designers from their core task of preparing drawings.

It is important to rethink the design process, including design, bid, build,
and other delivery methods. Quality construction, as outlined elsewhere,
requires review and checking. If designers should design and builders
should build, is it acceptable for engineers to pass work down the stream to
the contractor, the detailers, and the estimators working for him or her?
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One possibility is a trend toward negotiated design–build systems, in
which the general contractor or construction manager is selected at the same
time as the design professional. The negotiated price delivery system allows
preconstruction design review meetings and constructibility reviews, which
may include subcontractors and suppliers.

Electronic drawings and project Web pages are helpful, and many won-
der if we are moving toward a computer-facilitated construction industry.
If we are, current problems such as the dilemma over drawings will have to
be solved.

 

Design review

 

Peer review can add value to the design process and, according to the ASCE,
is the “highest level of action to improve quality in design of constructed
projects.”

 

1

 

After designs are completed, design review tools such as “value engi-
neering” can be used to check whether the design is optimum for the cost.
Best practices have been identified for design review, as shown in Table 5.4.

 

7

 

Value engineering, one of several cost reduction methods, works by
analyzing functions and asking whether methods, processes, and materials

 

Table 5.4

 

Best Practices in Design Review

Owner’s role Be a smart buyer with an adequate in-house staff.
Develop a scope of work that fully defines the owner’s needs.
Avoid the temptation to micromanage design reviews.

Teamwork and 
collaboration

Use teambuilding and partnering to build good working 
relationships.

Involve all interested parties in design reviews from the 
inception of planning and design.

Use the same A/E firm throughout the facility acquisition 
process to maximize continuity.

Use senior, experienced personnel to evaluate the design process 
and guide the review.

Avoid changing participants during the review process.
Participate in a design awards process to recognize and reward 
excellence.

Advance 
planning

Focus attention on review early in the process to maximize 
improvement.

Do not start plans and specifications until preliminary 
engineering is complete.

Process Tailor design review to project specifics.
Maintain momentum and keep facility acquisition on schedule.
Attend to interfaces between civil, structural, electrical, and 
mechanical facets.

Exploit technology, especially information technology.
Conduct a postoccupancy review to identify lessons learned.

Benchmarking Assess benefits of design review.
Document unusually good and bad performance.
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that have been in use for years could be replaced by more economical
elements. It asks the following questions: What is it? What does it do? What
must it do? What does it cost? What other material or method could do the
same job? What would the substitute method cost?

 

Construction phase

 

The goal of the construction phase is to build the project as close as possible
to the final design, including cost and all other constraints. As shown in
Figure 5.3, a constructed project will involve many design parameters,
including location, specifications, methods, and other details.

It is crucial that the designed project be constructible. If the project is
not constructible, then the design will have to be modified. Should this occur,
information needs to be fed back into the design process so that future
problems are eliminated. Even if the design is constructible, changes may
occur during the construction phase. Common causes are nonavailability of
the specified construction materials and discovery of an unanticipated field

 

Figure 5.3

 

Pipeline construction.
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condition. All construction changes must be evaluated to ensure that the
design integrity of the project is not compromised.

The construction process involves bidding, review, award, organization,
construction, inspection, and acceptance. A formal process for these steps
has been developed over many years as a requirement to control costs,
quality of construction, and the quality of the final product.

The construction phase begins with the preparation of the contract doc-
uments. The actual construction involves complex operations that must be
designed to fit the infrastructure situation involved.

An important step in the construction process is the quality control/quality
assurance process. It culminates with the final inspection and acceptance activity.

 

Construction documents

 

Construction documents are described in publications of the Engineers Joint
Contract Documents Committee. The ASCE has published sample forms and
documents that include the following:

• Agreements among parties, such as owner, designer, and project peer
reviewers

• Joint venture agreement
• Standard general conditions of the construction contract
• Application for payment
• Bid bonds
• Certificate of substantial completion
• Change order
• Construction payment bond
• Construction performance bond
• Engineer’s letter to owner requesting instructions concerning bonds

and insurance for construction
• Notice of award
• Notice to proceed
• Owner’s instructions regarding bidding procedures and construction

contract documents
• Standard form of agreement between engineer and geotechnical en-

gineer for professional services
• Standard form of agreement between owner and contractor on the

basis of cost-plus
• Standard form of agreement between owner and contractor on the

basis of a stipulated price
• Standard form of agreement between owner and engineer for study

and report of professional services
• Standard form of agreement between owner and designer/builder

on the basis of cost-plus
• Coordinated multiprime design agreement between owner and de-

sign professional for construction projects
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Project management

 

Many tools are available to help the project manager, although no “cook-
book” method can anticipate every eventuality.

A project management system uses an integrated approach to success-
fully control and direct a project. A project is a definable concept that employs
planning, design, finance, construction, and control to achieve an end. Man-
agement is the activity that directs operations to complete the project on
time, within budget, and at an acceptable level of quality. An information
network integrates functional requirements through levels of management
to direct and guide the project to an efficient end.

 

8

 

Project management tools that can be used to improve overall effective-
ness include:

• A good definition of project scope
• Clear roles and responsibilities
• Effective documents for design and finance procedures
• Valid estimates
• Activity-based schedules
• Cost control systems
• QA/QC systems
• Information handling systems
• Change order handling systems

 

Project management manuals

 

Some public entities, such as the City of Fort Collins, Colorado, have project
management manuals. Other manuals and texts present general guidance
about phases of project management, such as Levy’s extensive text about
construction project management.

 

9

 

 The main elements of project manage-
ment, from concept to completion, are the following:

• Planning
• Approvals and permits
• Financing
• Organization of project team
• Selection of design professional and design process
• Selection of constructor
• Start of the construction process (types of contracts, role of construction

manager during design and construction stages, partnering, bonds)
• Communication systems
• Risk and liability control
• Structure of construction contracts
• Estimating
• Project organization (office organization, job files, specifications,

estimates, shop drawings, inspections and testing, scheduling, field
organization)
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• Subcontracting and purchase orders
• Cost control procedures
• Change orders and liquidated damages
• Project documentation
• Claims, disputes, arbitration, and mediation
• Project delivery methods (design–bid–build, design–build con-

struction management, owner construction, and build–oper-
ate–transfer)

• OSHA and safety in construction
• Acceptance of project
• Implementation and start-up of facilities
• Project closeout

 

Responsibilities of the owner’s engineer 

 

The owner of a water, sewer, or stormwater system will usually be a public
agency or private utility and have an engineering staff. A small entity might
contract with an engineer to be the owner’s representative to work with the
design professional and constructor. In any case, the owner’s engineer has
a number of important responsibilities.

Engineering functions relating to design and construction go beyond
the design contract and process, to include a number of ongoing respon-
sibilities. In a text about public works management, Martin listed processes
that fall into the category of “engineering and contract management.”

 

10

 

From these and other information, Table 5.5 was compiled to show
in-house engineering responsibilities.

 

Codes, standards, specifications, and model designs

 

Codes and standards regulate quality of materials and procedures. A code
is a system of laws, rules, or regulations — a building code or a code of
regulations, for example.

Standards are criteria, or measures for comparison of qualitative or
quantitative values. A benchmark is similar in that it is a standard to measure
against for comparison.

Specifications are statements prescribing materials, dimensions, or work-
manship for something to be built or installed.

Model designs are systems of components that have been shown to work
and are worth emulating. Some water and sewer designs are repetitive and
it is not always necessary or desirable to develop a unique design for each
project. For example, a book of model culvert designs would show placement
and details that could be used in design. State departments of transportation
develop design manuals that include suggested procedures to determine the
size and shape of highway culverts. This procedure lists the steps in the
process, including recommendations on the use of specific models and
design codes.
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Experience in the profession should be used in this way to document
accepted solutions to standard problems. These accepted solutions have
been validated in the field, and usually consider risk through safety
factors.

The engineer should consider risk and uncertainty during the design
process. While design and analysis normally involve standard procedures
and codes, the engineer should understand how risk can be a factor. In
engineering projects, risk is the probability that a project will not meet its
demands over a specified time period; a factor of safety is the ratio of the
capacity to the demand for a project.

 

11 

 

Design codes usually embody factors
of safety to account for variable aspects of the project.

During the design process, the engineers attempt to identify the possible
sources of failure and quantify the probability associated with those sources.
The designer attempts to provide the capacity in the project to meet the
project requirements within a specified probability of failure. This is covered
in Chapter 8 under “vulnerability analysis.”

 

Table 5.5

 

Engineering Responsibilities of Owner’s Organization

 

Function Responsibility

 

Surveys Usually outsourced, but could be in-
house.

Studies and investigations Usually outsourced, but could be in-
house.

Capital improvement program 
development

Usually in-house

Planning Some in-house; some might be 
outsourced.

Design and cost estimating for 
construction

Usually outsourced, but could be in-
house.

Construction contracting and contract 
administration

Mainly in-house; could be outsourced.

Construction inspection and 
supervision

Usually outsourced, but could be in-
house.

Preparation of construction and reports Usually outsourced, but could be in-
house.

Critical path method and PERT charts Mainly in-house; could be outsourced.
Assistance in maintenance, repair and 
reconstruction

Mainly in-house; could be outsourced.

Interfacing with developers, 
consultants, and other private sector 
participants in the plan–design–build 
process

Mainly in-house; some could be 
outsourced.

Retention and use of consultants Usually in-house
Setting standards for infrastructure In-house
Maintenance of maps, records, 
drawings

In-house

 

L1573_book  Page 89  Friday, August 2, 2002  7:20 AM



 

90 Water, Wastewater, and Stormwater Infrastructure Management

 

Standards

 

Managing standards is an important activity in all industries. Many stan-
dards are involved in water, sewer, and stormwater systems because of
performance, safety, public health, and environmental aspects.

Two main standards organizations, on a national level, are the Amer-
ican National Standards Institute (ANSI) and the American Society for
Testing and Materials (ASTM). The American National Standards Insti-
tute has over 13,000 standards from a number of industries (see
http://www.ansi.org.).

The National Institute for Standards and Technology (NIST) is a federal
agency concerned with standard-setting. Internationally, the International
Organization for Standardization (ISO) coordinates standards and the Inter-
national Building Code Council coordinates building codes.

The ASCE publishes engineering standards, some of which relate to the
water industry. For the water industry, AWWA publishes many standards,
to be discussed in the next section. Also, the NSF International (formerly the
National Sanitation Foundation) has standards on bottled water, water treat-
ment, wastewater treatment, and plumbing and faucets.

 

AWWA standards

 

The AWWA has published consensus standards since 1908. Today, AWWA
standards cover 116 products and procedures. They provide minimum
requirements for drinking water systems that are widely used not only
in the U.S. but in other countries as well. While AWWA considers com-
pliance to be voluntary, some standards are mandated by utilities and
regulatory agencies.

 

6

 

AWWA standards are not specifications, certifications, or approvals of
any product. A standard does not provide all information necessary for a
design and may not cover all parts of a project. The AWWA does not test
products and no products are “AWWA-approved.” For that reason, there
have been experiments with creating instrument testing and approval ser-
vices for water and wastewater.

Volunteer committees develop AWWA standards, and a consensus is
reached by representatives of all segments of the drinking water community.
The AWWA Standards Council and Executive Committee ratify standards.

Some categories of AWWA standards are the following:

• Groundwater and Wells
• Treatment
• Filtration
• Filtering Material
• Softening
• Disinfection Chemicals
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• Coagulation
• Scale and Corrosion Control
• Pipe and Accessories
• Ductile-Iron Pipe and Fittings
• Steel Pipe
• Concrete Pipe
• Asbestos-Cement Pipe
• Valves and Hydrants
• Pipe Installation
• Disinfection of Facilities
• Meters
• Service Lines
• Plastic Pipe
• Plant Equipment

 

WEF standards

 

The Water Environment Federation (WEF) is not as active as AWWA in
standard-setting, but publishes some water-testing standards that are regis-
tered with the ASTM. These are published in 

 

ASTM Standards on Environ-
mental Sampling, 2nd Edition.

 

13

 

ASCE

 

The ASCE is active in standard-setting that relates to water, sewer, and
stormwater systems. Like the AWWA, it has a rigorous process for reviewing
standards. A few examples include the following:

 

14

 

• Standard Practice for Direct Design of Buried Precast Concrete Pipe
Using Standard Installations

• Standard Practice for Direct Design of Precast Concrete Box Sections
for Jacking in Trenchless Construction

• Flood-Resistant Design and Construction
• Standard Guidelines for In-Process Oxygen Transfer Testing
• Standard Guidelines for the Design of Urban Subsurface Drainage

(with ANSI)

 

Codes

 

In addition to national and international standards, local codes specify some
details concerning water, sewer, and stormwater as well as plumbing instal-
lations. For example, local building codes, local subdivision and stormwater
regulations, and state-level rules, such as in the Texas Department of Health,
may specify rules for design and construction.

Guidelines and codes are managed by professional organizations.
Figure 5.4 shows a sales display of such material by the American Water
Works Association.
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Design of water, sewer, and stormwater systems

 

Many civil engineers design water, sewer, and stormwater facilities, but some
components or situations may require experts and state-of-the-art knowl-
edge. General-purpose facilities such as pipelines and pumping stations are
more likely to be designed by nonspecialist civil engineers, for many miles
of water pipe, sewer line, and storm sewers are similar to each other and
follow fairly standard installations. Also, many water, sewer, and stormwater
components involve site work and buildings, which require the same design
inputs as other types of facilities.

Treatment systems may, however, require specialists who are trained and
experienced in how different components perform with local source waters
or wastewater generated in a particular city. This need for specialists has
contributed to the emergence of the environmental engineering specialty,
which crosses several disciplines of engineering, especially civil and chem-
ical engineering.

Design information for water, sewer, and stormwater facilities comes
from a variety of sources. AWWA manuals present useful design information
for water supply facilities. The WEF provides handbooks and manuals for
wastewater and stormwater, and the ASCE provides general design infor-
mation, as well as a comprehensive manual on stormwater.

Designing water, sewer, and stormwater systems involves many related
considerations. Planning involves setting goals, defining regulations and
criteria, collecting basic data, analyzing basins and topographic situations,
formulating options, and screening options to find the preferred ones. In
preliminary design, one evaluates alternatives and recommends final design.

 

Figure 5.4

 

Publications display at convention of American Water Works Association.

 

L1573_book  Page 92  Friday, August 2, 2002  7:20 AM



 

Design and construction of infrastructure 93

 

In final design, grades, geometry, elevations, and dimensions are selected,
and systems are designed hydraulically.

Design conditions include hydraulic, earth, groundwater, and superim-
posed loads. Structural design includes stability analysis, structural mem-
bers, bedding, and safety factors. Components that require design include
facilities of different kinds and hydraulic components of the systems them-
selves. Chapter 2 discusses each facility type separately.

Data required in design include surveys and investigations, topographic
mapping, aerial photographs, maps of vegetation and soils, property sur-
veys, other survey data, and property maps. Field investigations include
basin boundaries, land uses, flow and channel characteristics, sites for facil-
ities, physical features that affect location of facilities, rights-of-way and
easements, and meteorologic, hydrologic, and hydraulic data. Regulatory
data must also be collected to determine rules and codes to follow.

Materials for design vary widely, as discussed in Chapter 2. Pipeline
materials in particular offer numerous possibilities and choices.

Design of water supply source facilities depends on whether surface water
or groundwater is used, and may include dams, wells, and support facilities.
The greatest hurdles in recent years have been gaining approvals and permits.
Designing source facilities requires integrated knowledge, and all needed infor-
mation is not likely to be found in one source. There are, of course, numerous
excellent sources on issues related to water supply, but to design a supply
requires knowledge about surface water, groundwater, dams, pipelines, and
other components. It is difficult to gain approvals for water supply, and AwwaRF
compiled a study that showed constraints to water supply development.
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Designing treatment plants is highly specialized and its methods depend
on source waters. Montgomery’s 

 

Water Treatment Principles and Design 

 

is a
good compilation of many issues faced in design.
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Distribution systems design involves pipelines, pumps, valves, and
other components. Mays’ handbook offers information about as pipeline
preliminary design (alignment, rights-of-way, and underground conflicts),
materials, and water quality related to construction (disinfection, flushing,
and cross-connection control).
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 Design conditions for distribution systems
include hydraulic, earth, groundwater, and superimposed loads; stability
analysis; structural members and bedding; and safety factors. The designer
might also want to consult AWWA and other manuals for guidance in design.
See Chapter 2 for a listing of relevant manuals.

A good reference for wastewater collection is the manual by the ASCE
and WEF (see Chapter 2).
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 The engineering steps required to design sewers
may include special topics such as tunnel construction, trench construction,
or trenchless technologies. Special construction challenges include railroad
crossings, main traffic arteries, streams, and rivers. Outfall structures, some-
times ocean outfalls, must be built in these cases.

Wastewater treatment involves numerous specialized design features, as
does water treatment. The text by Metcalf & Eddy, Inc. offers comprehensive
treatment of design topics.

 

19
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ASCE Manual 77 (developed with the WEF) covers topics related to the
design and construction of stormwater systems.

 

20

 

Appropriate technologies

 

Many issues remain to be worked out in the design and contruction of quality
water, sewer, and stormwater systems, and we must keep in mind that
technologies should be appropriate for the economic and political setting in
which systems are built. Figure 5.5 shows, for example, canal construction
in a developing country. In many countries the technology and income levels
require different approaches to design and construction from those that are
practiced in countries with greater per-capita resources.
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chapter six

 

Financial management 
for water, sewer, and 
stormwater systems

 

Financial environment for water, sewer, and stormwater 
systems

 

Most financial management of water, sewer, and stormwater systems takes
place in a government environment in which rules of governmental account-
ing apply. The remainder is through regulated private utilities, in which
private-sector rules and rules of regulatory commissions apply.

An adequate funding base for operations, maintenance, and renewal of
water, sewer, and stormwater systems is probably the single most important
management issue faced by utilities. Achieving this requires effective finan-
cial management by all managers, not just by the financial staff.

As managers advance in responsibility, the more they must know about
finance. This chapter summarizes the financial knowledge they need to
manage water, sewer, and stormwater systems.

The chapter explains the main points of financial management as
gleaned from references from public finance and water, wastewater, and
stormwater utility finance. The reader may consult references such as these
for more details. For public finance, the Government Finance Officers Asso-
ciation (GFOA) and the International City and County Management Asso-
ciation (ICMA) have published a number of guides, such as 

 

Management
Policies in Local Government Finance.

 

1 

 

The field of public finance also has its
own journals, such as 

 

Government Finance Review

 

.
For water supply finance, the AWWA has published manuals and guides

such as 

 

Water Utility Accounting

 

, 

 

Water Utility Capital Financing

 

, and manuals
on rate setting.

 

2,3

 

 In the wastewater field, less has been published, but the
WEF has a guide for wastewater utility finance.

 

4

 

 Also, George Raftelis pre-
sented the 

 

Arthur Young Guide to

 

 

 

Water and Wastewater Finance and Pricing

 

.

 

5

 

The field of stormwater finance is newer and not as well organized, but a
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number of papers and reports are available, as summarized in 

 

An Internet
Guide to Financing

 

 

 

Stormwater Management.

 

6

 

Financial tools

 

In Chapter 1, we saw that a number of “best practices” were in the finance
area. These best practices included four main thrusts — funding commit-
ments, revenues, use of information, and budgeting:

• The organization seeks sufficient funding, and operating and main-
tenance costs are fully funded annually.

• Alternative methods for financing are considered. Targeted and ap-
proved funding is available for the Capital Improvement Plan. Rev-
enue bonds are used for capital financing. A pricing system and
developer contributions are used to finance capital investments. Lo-
cal funds are leveraged with state and federal dollars.

• Agency requests are supported by solid information. Estimates of
costs and debt are accurate; long-term maintenance costs and
life-cycle costing are used.

• Operating and capital budgets are linked.

Implementing best practices such as these is a valid starting point for
organizing financial management in a water, sewer, and stormwater organi-
zation. Thus the manager will need information from accounting, engineer-
ing, economics, and financial planning and forecasting. Main points include:

• Public finance requirements
• Links between management work and organizational finance
• Budget process
• Sources of revenue
• Cost control
• Financial planning and projections
• Financial control and reporting

 

Links between management and finance work

 

The days when the financial section mainly “kept the books” but otherwise
kept out of the way are over. Today, competitive pressures require line
managers and financial managers to work together to use information to
improve management in all areas. As outlined in other chapters, with the
tremendous stakes involved in infrastructure capital, this will soon end up
to be one of the most important driving factors in rates.

In infrastructure work, operations and maintenance mainly involve
recurring expenses, and capital investment requires long-term funding. Man-
agers budget for and manage finances separately in each area. The link
between management and finance is in these two areas. For O&M the issue
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is keeping costs under control, and in capital management the issue is raising
and managing funds for new or renewed systems.

The water, sewer, and stormwater manager works with financial staff
and other managers to obtain funding through the budget process and
manage funding through systems of control and reporting. The activities
within finance offices vary, but generally include budgeting, accounting,
auditing, assessments, purchasing, and treasury work, and are handled by
specialists in accounting and finance. Line managers also prepare budgets,
plan operating and capital finances, plan rate changes, plan bond issues,
report, and manage revenues and costs.

Bridging the dividing line between management and finance is one of
the ways to improve infrastructure management systems. It is inefficient for
each group to gather and maintain its own data. Chapters 10 and 12 discuss
this issue further.

 

Public finance, government agencies, and regulated utilities

 

The field of public finance has its own rules, generally overseen and assisted
by groups such as the Government Accounting Standards Board (GASB),
the Government Finance Officers Association (GFOA), and oversight groups
at the federal, state, and local levels. For example, for federal financial man-
agement, the General Accounting Office (GAO) has a key role.

Regulated utilities follow rules of commercial accounting but must
comply with regulatory commission rules. While there are quite a few
regulated water supply utilities, there are fewer private sewer systems and
stormwater systems. In spite of this, a number of private or quasi-private
entities do operate utility-like operations. For example, a large industrial
site or recreation complex will operate its own water, sewer, and storm-
water facilities.

 

Budget process

 

Chapter 4 introduced the PPBS process of capital improvement planning
and how it links to budgeting to create an integrated planning and budget
process. The PPBS process focuses mainly on capital needs, but it can also
be applied to the operating budget.

Planning should be linked to budgeting, management should be con-
cerned about long-term effects, and up-to-date information on physical cap-
ital should be used in the decision-making process.

A budget is an adopted plan for expenditures and revenues structured
to follow the programs and divisions of an organization. After the budget
is authorized, it becomes the official plan for the fiscal year. Before the budget
is adopted, it is the “proposed budget.”

The budget is much more than just a tool for allocating money. It is a
key to management control of the organization. The budget process is a
powerful tool for managers, going beyond fiscal accountability.
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Budgets are useful in planning, organizing, and controlling. The budget
document fills the needs for a policy document, an operations guide, a
financial plan, and a communications medium.

Budgeting involves several decisions about policies and directions of the
organization:

 

7

 

• Revenues, levels of taxation, and charges
• How emphasis will be placed in different programs
• How money will be allocated to personnel, equipment, contracts, and

other categories
• How revenue will be made available, whether from debt, user charg-

es, or other sources

On an annual basis, the operating budget is a plan to manage funds to
operate and maintain the agency and its systems. The capital budget displays
the annual piece of the organization’s long-term plans to fund expansion
and renewal.

As discussed in Chapter 4, many plans do not link to budgets. But if a
plan is linked to the budget, it is more likely that something will happen. Until
items appear in an appropriated budget, they do not represent commitments.

A best practice is to link operating and capital budgets. One way for
this to occur is in the maintenance budget. If maintenance needs are minor,
they are handled in the operating budget; if they are major, they become
capital items.

Budget documents are communications vehicles and are helpful in inter-
actions among staff, city council, and the public. The budget process consists
of planning for, negotiating, presenting, adopting, following, and auditing
the budget for the organization or program. The process is important because
budgeting determines management’s operating resources.

Operating and capital budgets should be programmed on multi-year
cycles. The capital budget should be linked with a comprehensive infrastruc-
ture planning and needs assessment process (see Chapter 4). The operating
budget should be linked with plans for services, organizational develop-
ment, and the development of programs.

In any given year, a manager deals with different budget years: one in
the advance planning stage, another in the approval process, another for the
current year, and another from a past year possibly being audited. Funds in
a current year were approved during the previous fiscal year. Planning took
place even earlier.

 

Operating budget

 

The operating budget is a day-to-day management tool: details of expenses
and revenues are projected, approved, and reported. The resolution to
approve the operating budget empowers the organization to spend its oper-
ating funds.

 

L1573_book  Page 100  Friday, August 2, 2002  7:20 AM



 

Financial management for water, sewer, and stormwater systems 101

 

The operating budget has a number of uses:

• To control costs
• To be an interdepartmental informational vehicle
• To require the organization to estimate expenditures to check ade-

quacy of revenues
• To provide a means to evaluate internal competition for resources
• To provide information for work planning and evaluation
• To provide a communication tool for the oversight body
• To provide information for the annual appropriation ordinance
• To provide a basis to adjust annual plans to appropriations
• To provide a basis for financial audit

 

7

 

The operating budget will include funds for operations and maintenance
to include labor, materials, energy, contracted services, maintenance and
repairs, and other ongoing needs. Funds are managed in operating accounts
so that managers, operators, administrators, and maintenance personnel can
run and care for systems.

In a stormwater system, for example, a section manager may supervise
engineering and maintenance branches. Employees might include an engi-
neer, a floodplain specialist, a data manager, and maintenance workers.
Salaries and benefits would be paid by the operating budget. The group may
also have office and maintenance equipment, including vehicles, and all of
their ongoing expenses would be paid by the operating budget.

 

Capital budget

 

Capital budgeting should be linked to operating budgets and to capital plan-
ning and programming. Capital budgeting is “the way organizations decide
to buy, construct, renovate, maintain, control, and dispose of capital assets.”

 

8

 

This refers to all types of organizations, as capital budgeting is an impor-
tant issue in how private companies work, as well as government infrastruc-
ture organizations. Issues to address in capital budgeting include the time
value of money, the cost of capital, the capital budgeting decision, and risk
in capital budgeting.

Capital expenses are to build new systems or renew old ones. New
systems may be required for growth, improvement, or regulatory require-
ments. Old systems might require major repairs, rehabilitation, refurbish-
ment, or replacement.

For example, a sewer collection system might be 50 years old and contain
pipes that are too small or worn out. The decision might be to replace part
of the system with newer, larger sewers and to rehabilitate other parts. Funds
for this would come from the capital budget.

Another case might involve a water supply transmission main that is
vulnerable to failure because of a flood. The utility might decide to install a
parallel main over another route to increase reliability and reduce risk.
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Politics of budgeting

 

The politics of budgeting affects managers at all levels and is a form of
bureaucratic competition. Infrastructure budgets involve a great deal of
money and are especially susceptible to budget politics. Aaron Wildavsky
discussed agency roles and expectations, deciding how much to ask for,
deciding how much to spend, department versus bureau politics, role of the
budget office, deciding how much to recommend, appropriations commit-
tees, deciding how much to give, and client groups.
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Enterprise principle

 

If possible, utility management should follow the enterprise principle. This
means that the utility is essentially self-supporting and does not receive a
regular subsidy from general revenues or intergovernmental transfers. It
may, of course, receive funds from sources other than user fees from time to
time. The enterprise principle is the basis for enterprise funds (to be
explained later in the chapter).

 

Sources of revenue

 

The operating and capital budgets should be financed from logical sources.
Services should be charged according to benefits users receive. User charges
are the basis for allocation of services and for raising revenue.

Equity is central to management, and charging schemes should be fair.
To be fair, charges ought to reflect benefits received by users. Fees ought to
be cost-related, reflecting the cost of service. Percentage of cost recovery
through fees might vary with the nature of facilities, extent of benefit to fee
payers, level of service, and ease of collection of fees.

 

Operating revenues

 

Operating funds should come from current revenues and should avoid sub-
sidies if possible. Operating revenues normally come from fees and user
charges, taxes, grants and intergovernmental transfers, and interest income.
Operating revenues must be renewed every year, and should be financed
from recurring revenues. In past years, property taxes were often used for
operating budgets, especially in sewer and stormwater services, but with
emphasis on enterprise budgets, the trend is toward greater reliance on user
charges, making the “user pays” principle possible.

 

User charges

 

The theory of user charges is that people pay for what they use. There should
be a close connection between services rendered and the charge imposed.
Theoretically, fiscal discipline occurs if charges are enough to attract attention
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and economic efficiency and equity in services are present. Efficiency means
no waste: the user gets the service paid for and use of the public service is
rationed accordingly. Electricity and phone service are examples of high
charges, resulting in rationing of use in most cases. Until recently, water,
sewer, and stormwater charges were not high enough to attract much atten-
tion, but as discussed in Chapter 1, this situation is changing.

Some “public utility” services can be metered, such as use of water,
electricity, gas, transit service, and use of airports. Other services, such as
public purposes, are hard to measure. The dominant ones are water quality
management, air pollution control, and nontoll highway usage control.

Sometimes user fees are opposed because certain services bring social
benefits that cannot be measured and charged for. A surprising example was
opposition to water meters in Fort Collins, Colorado, as those who favored
water rationing opposed meters, because they might allow discrimination
against lower-income people. Of course, it would be the rate schedule

 

 

 

that
discriminated, not the meters, but the opposition occurred anyway.

When user charges do not cover services with public purposes, tax
payments provide for redistribution of benefits to those who cannot afford
the services.

Principles for user charges can be summarized as follows:
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• They should be levied on beneficiaries of services.
• Prices or fees should be set at the incremental cost of providing the

service, not the average cost.
• Peak load pricing should be used to manage demand.
• Special provisions should ensure access to services for low-income

residents when burdens result from marginal-cost pricing.
• User fees should be responsive to inflation and to economic growth.

 

Taxes and user charges

 

In spite of the popularity of user charges, tax revenues remain a popular
source of finance for infrastructure, particularly services in which it is diffi-
cult to identify beneficiaries. Major sources of tax revenues are property,
income, and sales taxes. Property taxes are “ad valorem” taxes, calculated
according to value of property. Income taxes are used at the state level, and
sales taxes are often used at both the local and state levels.

User charges came into popularity after taxpayer revolts, such as Prop-
osition 13 in California in the 1970s, and Colorado’s Tabor Amendment of
the 1990s. The use of user charges can be viewed as a technique to get around
tax limits or resistance to taxes.

In the 1980s, for example, Fort Collins created a stormwater utility that
enables the city to collect both operating and capital fees on a monthly basis.
The funds are used to improve systems on a basin-by-basin basis. In the
beginning, these fees were about $2 per month per house, split about evenly
between operating and capital charges. Now, they are higher and will
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continue to rise. For example, in 2001, capital expenses were slated at about
$4 million for 120,000 people, or about $8 per month per house. Operating
expenses for the stormwater utility, including depreciation, were scheduled
at another $3.5 million for 2001.
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Capital financing

 

Capital funds should also come from appropriate sources. The AWWA cap-
ital financing manual discusses the capital financing strategies for water
utilities, and its principles also apply to most wastewater utilities.

 

3

 

 Storm-
water finance is somewhat different because of the nature of the service.

Revenues for capital funding might be generated internally or obtained
from external sources. Internal sources are generated from user rates and
other contributions, and external sources include debt and stock issues (for
investor-owned utilities).

System development charges are usually based on developer contribu-
tions, and are a way to have growth pay for capital needs.

Which source to use depends on factors such as:

• Government or investor-owned utility
• Short- or long-term needs
• Current inflation rate and economic condition
• Credit rating
• Availability of alternative sources
• Public support for funding mechanisms

Using current revenues, or “pay-as-you-go” financing, is the most direct
way to finance capital because of the administrative ease involved and lack
of carrying charges. Pay-as-you-go financing can reduce interest, and is
convenient for low-cost, short-term projects. It is easily understood by the
public and politically acceptable. In a survey by the International City Man-
agement Association, current revenues were used for capital spending by
73% of the respondents.
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Some ways to generate internal funds are using savings, enhancing
revenue, and including depreciation as a cost. Savings would feature
cost-cutting while maintaining constant income, and directing the additional
funds into a capital reserve account. Revenue enhancements involve new or
expanded sources, such as billing for water that was formerly lost or
unbilled, and finding new sources of revenue such as system development
charges and other developer contributions. Including depreciation is a valid
way to raise rates by including a provision for depreciation of systems. This
fund is then diverted internally to the capital reserve account.

One disadvantage of capital reserve accounts is that they make tempting
targets when other priorities hit or a crisis occurs.

When using pay-as-you-go financing, an equity issue may arise. Cur-
rent revenues come from today’s rate payers, and if the funds are used for
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future facilities, today’s users pay for facilities that will be used by others.
Debt financing, or pay-as-you-use financing, may be more appropriate in
these cases.

System development charges isolate the cost to serve a particular
segment of a system, and charge for it. They allow new users to buy into
an existing system by paying a fair share. System development charges
are also known as plant investment fees, impact fees, or developer con-
tributions. They are used most frequently in medium- to large-size areas,
areas with growth, and areas with scarce water supply. They assign cost
of capacity growth to those causing the growth rather than existing
customers.

Facilities most often financed with system development charges include
backbone facilities such as source of supply, transmission, treatment,
high-service pumping, and major transmission mains. Distribution mains
might also be covered, depending on state statutes and local rules.

Though opposition from builders might arise, they might also like the
program because expansion could possibly occur.

Consider a community water supply system with capacity for new
developments. The fair cost of serving new development is charged through
a system development fee for new development to purchase their share of
the system, which was financed by existing users. The fee is normally paid
by the developer and passed on to the homeowner.

For example, Fort Collins follows the principle of “growth paying its
own way” to justify system development charges. Charges that have been
in use are the following:

• Water plant investment fee
• Water rights acquisition charge
• Sewer plant investment charge
• Storm drainage fee
• Street oversizing fee
• Off-site street improvements
• Electric off-site and on-site fees
• Parkland fees

Debt financing is known as pay-as-you-use financing because funds are
borrowed to construct facilities to be used in the future, while and after the
debt is repaid. If the repayment period is the same as the life of the facility,
then the facility is paid for by the time it needs replacing. We do not know
the lifetimes of facilities in general, of course, and repair and rehabilitation
may extend the originally planned life.

Several sources of debt financing are available to utilities. For short-term
debt: bank loans, anticipation notes (for bonds, taxes, grants, and revenue),
commercial paper, tax-exempt commercial paper, and floating-rate demand
notes can be used. For long-term debt: general obligation bonds, revenue
bonds, and government loans are good sources.
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Revenue-secured debt is popular for capital financing. Roger Vaughan
reported that revenue debt was nearly three times general obligation debt,
a trend that is consistent with enterprise management.
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 The ICMA survey
showed that general obligation bonds were the second most popular form
of capital financing, with 59% of the respondents using them.
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Other views, however, may prevail. Touche Ross & Company surveyed
infrastructure financing, and their conclusion was that general obligation
bonds and federal grants were best for financing facilities, with revenue
bonds and special assessments next. Less than 30% of those surveyed favored
privatization, tax-increment financing, infrastructure banks, or other financ-
ing means.

 

13

 

The East seems to favor general obligation bonds and federal grants,
and the West favors revenue bonds. While the guarantee of general obliga-
tion bonds is the faith and credit of the organization, the bonds are usually
paid off with revenue. An organization requires taxing power to issue these
bonds, and it makes sense to issue them when the project has commu-
nity-wide benefits.

Revenue bonds are used when the revenues of a self-supporting project
can be used to pay off the bonds. They can be issued by more entities than
general obligation bonds, and are usually viewed as riskier, with higher
interest rates. Infrastructure services such as water, power, buildings, solid
waste, parking garages, airports, and other facilities that can be used for a
fee are candidates for revenue bond financing.

Because revenue bonds are paid by dedicated revenues, user charges are
required. Repayment schemes require that citizens have fair access to needed
services. If charges are too high, or not well distributed, it may adversely
affect the community’s ability to compete. The repayment of the debt will
require funds to be allocated from revenues, usually from the operating
budget, to retire the bonds.

The approach to debt financing is to determine how much money is
needed and when, and to find the best deal with professional advice. Many
firms vie to provide this advice.

Preparing for a bond issue is complex and expensive. This is one of the
disadvantages of going into the bond market.

Several parties have roles in bonding arrangements. When bonds are
sold, they are issued by the “issuer” who goes through the trustee to sell
them to the bondholders. Revenues flow from users to the issuer and even-
tually to the bondholders.

In debt financing, statutory limits apply, with usual limits of about 10%
of the assessed value.

Development banks provide special loans for infrastructure. They occur
in state and national governments or internationally. A development bank
makes loans to assist in economic development, and infrastructure projects
are one of the most common loans.

Development banks have regular loans and subsidized loans. A regular
loan is repaid at market interest rates and a subsidized loan is repaid at less
than market rates, perhaps even with no interest.
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Because the development bank may not make money, depending on the
subsidy, it is necessary to have make-up funds from supporting govern-
ments. The bank may also borrow from the bond market and repay according
to practices of bond financing.

In the U.S., one response to financing infrastructure has been infrastruc-
ture banks. They are similar to development banks, except that they are
focused on funds for infrastructure. A national infrastructure fund was also
proposed, but not approved. Three state programs are New Jersey’s pro-
gram, Massachusetts’ “Mass Bank,” and the Oklahoma program.

The state revolving funds used in water and wastewater are types of
development banks. The EPA administers these funds and in 1999, for exam-
ple, announced state subsidies of from $8 million to $80 million from an
allocation of $823 million. This is based on a 20-year needs estimate of $139
billion to meet SDWA regulations and ensure delivery of safe water.

 

14

 

Grants are another strategy to pay for infrastructure systems. The waste-
water construction grants program, for example, financed some $40 billion
in treatment facilities over 10 to 15 years. “Intergovernmental revenue,” as
grants are sometimes called, is an important part of the financing of local
infrastructure. In the ICMA survey, grants from both the federal and state
governments were reported to be important parts of the financing picture.
Another way to gain access to capital is to lease it.

Repaying debt relies heavily on rate income. Typically, bond holders like
to have a coverage of 1.1 to 1.2 (meaning that operating revenue needs to
be 110% to 120% of operating expenses, including debt service). The propor-
tion of debt service to operating revenue depends on how far the utility (and
the rate payers) are willing to raise rates to support more debt. Some com-
munities want little debt and want to pay-as-they go, while other commu-
nities are willing to issue more debt, sometimes requiring 50% of revenue
to service, which is very high.

 

15

 

Cost control

 

Cost control is used for fiscal discipline and is a function of management at
all levels. It requires careful attention to planning and approval of expendi-
tures, as well as postaudits to determine how well investments in program
and equipment paid off. It involves budgeting, accounting, purchasing con-
trols, and auditing, and is aimed at making sure that full value is received
for every dollar spent.

 

Financial planning and projections

 

All organizations must make projections of cash flows and balances to make
sure their plans are viable. A method for financial planning was described
by the Government Finance Research Center, with the following activities
as shown in Figure 6.1.

 

16
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• Revenue analysis to determine sources that are feasible
• Cost analysis to consider construction, operation, and maintenance,

and costs such as regulatory programs, as well as to determine com-
ponents of cost that can be allocated to different users (cost allocation)

• Institutional analysis to determine ability of existing or planned in-
stitutions to manage the program

• Ability-to-pay analysis to determine capability of the community and
its citizens to bear the cost of the service; financial ratios of possible
help here, as in limitation on debt as a percentage of assessed valu-
ation

• Secondary impacts analysis to study economic, social, and environ-
mental issues

• Sensitivity analysis to examine changes in outcomes that result from
changes in the assumptions

Direct costs (wages, equipment, operation and maintenance expenses,
depreciation, and capital expenses) are assignable to particular services.
Indirect costs (central services such as computer and support services) cannot
be assigned directly to services.

Financial planning and projections can be presented using projected
financial statements that include the income statement, the cash budget,
and the balance sheet. The income statement estimates differences between

 

Figure 6.1

 

Financial planning  for water, sewer, and stormwater systems.
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revenues and expenditures over a period of time, usually one year. The
cash budget can be used to show balances in shorter periods. The balance
sheet shows changes in assets and liabilities over the accounting period.

In a public enterprise that recovers costs, the cash budget is the most
important analysis instrument. The income statement and balance sheet
require the use of accounting values such as depreciation and book value, and
are used more by the accountant than the manager. This can change with
greater attention to the linking of accounting and management, however. For
the manager, the income statement can be a financial control and the balance
sheet can display debt structure and capital information.

 

Accounting for financial control and reporting

 

Managers of programs and facilities interact with accountants, who are
responsible for financial control through reports, checks, and balances.
Accountants keep financial records and provide analysis to support deci-
sions. Basic information on transactions is recorded through bookkeeping,
which allows the preparation of financial statements and reports. These
furnish information for managers, and furnish reports for boards of directors,
customers, and regulatory agencies.

Information recorded by managers such as time sheets, vehicle logs,
receipts, and other reports of daily operations are all part of the system of
accounts. After the information is processed, it becomes the basis for financial
reports, budgets, and needs assessments.

Accounting information for operations of infrastructure organizations is
similar that of other organizations, requiring analysis of labor, materials, and
other expenses. However, a heavy percentage of fixed assets and scant
knowledge of them distinguishes infrastructure organizations from most
other types of organizations.

 

Basic principles of accounting

 

Accounting is the process of using information to create financial records for
businesses, government, and nonprofit organizations. While methods differ,
most accounting principles apply to all types of organizations. Infrastructure
involves mostly government accounting.
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From the manager’s viewpoint, accounting methods track planning and
control of financial operations. Journals, ledgers, and accounts are used to
record transactions. When transactions occur, they are recorded in journals,
from which they are posted to ledgers. The budget is the plan for expendi-
tures; and cash flow analysis, the income statement, and the balance sheet
track flows of funds.

In the course of a year, changes in the elements of the equation, mainly
revenues and expenses, are recorded and appear on the income statement
or operating statement. Under the accrual basis of accounting, transactions
are posted when they occur, not necessarily when cash changes hands.
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Information about assets and liabilities is presented on the balance sheet
or statement of financial position. The difference between assets and liabil-
ities is equity or capital, and this provides the basic accounting equation:
assets = liabilities + equity. An asset can and should be amortized and
depreciated over a period of time. How this is done is an important aspect
of GASB 34, described later.

Double-entry accounting tracks debits and credits as they affect assets,
liabilities, and equity. Bookkeeping, or the mechanics of accounting, shows
how transactions become debits or credits to different accounts.

 

Rules of accounting

 

Accounting rules emanate from “Generally Accepted Accounting Practices”
(GAAP), which are managed by the accounting profession through the
Financial Accounting Standards Board (FASB). The Government Accounting
Standards Board (GASB) was established in 1984 as a companion to FASB,
and both are overseen by the Financial Accounting Foundation (FAF). Mem-
bers of the FAF and the FASB are appointed by the American Institute of
Certified Public Accountants and other financial organizations.
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Prior to the existence of GASB, a National Council on Government
Accounting (NCGA) set guidelines as a committee of the Government
Finance Officers Association (GFOA), which was formerly known as the
Municipal Finance Officers Association. Now, the GFOA acts in an advisory
capacity to the GASB. Government accounting generally complies with
GAAP, but also follows a group of special rules unique to government,
established by the GASB.

For-profit utilities are regulated by state public utility commissions and
are called “regulated utilities.” The U.S. has a number of regulated water
supply companies, far fewer wastewater utilities, and essentially no regu-
lated stormwater utilities, as government usually provides stormwater ser-
vice. Financial reports of publicly held companies are also regulated by the
Securities and Exchange Commission (SEC). 

 

Principles of government accounting

 

Twelve principles of government accounting have been developed and pub-
lished as Codification §1100 by the GASB.
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 These are summarized here, with
additional information about those related to infrastructure systems.

1. A government accounting system must fully disclose operations of
the government unit and comply with GAAP and legal and contrac-
tual provisions.

2. Government accounting systems should be organized around “funds,”
which are segregated to focus on special program operations.

3. Types of funds include the General Fund; Special Revenue Funds;
Capital Projects Funds; Debt Service Funds; Enterprise Funds; and
Internal Service Funds.
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4. The number of funds should be minimized to eliminate undue
complexity.

5. Accounts should distinguish between fixed assets and long-term li-
abilities in proprietary funds (enterprise funds) versus other funds.

6. Fixed assets should be accounted for at cost (historical cost).
7. Depreciation of fixed assets “should not be recorded in the accounts

of governmental funds. Depreciation may be recorded in cost ac-
counting systems or calculated for cost funding analyses, and accu-
mulated depreciation may be recorded in the general fixed asset
account group.” (See later discussion of GASB 34.)

8. The modified accrual or accrual basis of accounting should be used.
This means that expenses and revenues are credited when they occur,
rather than when the cash is received or disbursed, and that the finan-
cial reports will reflect a picture of the actual financial health at all times.

9. An annual budget should be used by every government unit.
10. Interfund transfers and proceeds of long-term debt should be record-

ed separately from fund revenues and expenses.
11. Common terminology should be used in budgets, accounts, and fi-

nancial reports.
12. Financial reports should be prepared to facilitate management con-

trol, legislative oversight, and external reporting.

 

Management accounting

 

The field of management accounting

 

 

 

refers to accounts produced for the
internal use of managers.
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 Whereas financial accounting emphasizes flows
of money, management accounting should produce timely statements so
that managers can make decisions about expenses and actions. But man-
agement accounting does not normally produce much information on fixed
assets, because the information is not used much by managers. Rather, the
situation is akin to what Peterson

 

21

 

 described: “…put it in, use, if it breaks
repair it; if it breaks too many times, discard it and replace it.” Fortunately,
although asset accounting has not stimulated the interest of accountants
and managers, new attention to fixed assets has begun to replace this old
attitude.

 

Accounting for fixed assets

 

Principles 5, 6, and 7 of Codification §1100 by the GASB relate to fixed assets,
but have been modified with the introduction of GASB 34.

Accounting for assets requires that they be classified. They can be clas-
sified as tangible (fixed assets) or intangible. On balance sheets, assets are
classified as current or noncurrent, which include property, plant, and equip-
ment, sometimes called fixed or plant assets.
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Thus the relevant assets are intangible and noncurrent, and often called
fixed assets. The distinction among property, plant, and equipment is also
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used, with the word “plant” originating from manufacturing accounts. Fixed
assets generally have three attributes: they are tangible; they

 

 

 

have a life
longer than one year; and they are of significant value.

In general, fixed assets have not received as much attention from
accountants as current assets, which have more dynamic financial turn-
overs and greater effects on tax and profit reports. No comprehensive
document has been published to bring all of the concepts of accounting
for property, plant, and equipment together.
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 Accounting boards offer
courses on capitalization of assets, but they cover tax implications or val-
uation and do not discuss how to set asset policies and apply them within
an organization.

Fixed assets are depreciated by accountants, but depreciation relates to
tax obligations more than it does to condition of assets. In government
accounting, including that of water, sewer, and stormwater units, deprecia-
tion of fixed assets used to be optional. Now, with GASB 34, accounting for
them is required.

The GASB, which specifies the GAAP for government accounting, has
created a separate category for infrastructure fixed assets, which are “immov-
able and of value only to the government unit.” It authorized the nonreport-
ing of these assets for entities other than enterprises. If accounted for, they
will be in a general fixed asset account group (GFAAG), which is an auxiliary
record to be maintained at historical cost. Depreciation accounting for such
assets does not work well.

Currently, the Government Accounting Standards Board (GASB)
requires government entities to report their capital assets in their annual
balance sheet and income statement. GASB Statement No. 34 (GASB 34) was
adopted in 1999 to identify costs of acquiring, owning, operating, and main-
taining infrastructure. It gives governments the choice to adopt traditional
methods of calculating depreciation based on historical costs or to adopt an
asset management system. The chapter on asset management covers the
procedures in more detail.

Accounting practices, then, are one of the main constraints on doing a
better job in capital management. Raymond Peterson asked the key question:
“Do you have in place a process that monitors the current condition, eval-
uates the future need for replacement, and brings to your attention needs to
modify that plan?” He also wrote:

There is a need to emphasize that assets must be
managed, not just purchased, used up, and replaced.
The objective is to provide not only accounting for
assets, but include that accounting in a process that
will allow management to get the most out of the
company’s investment. It has become obvious that
there is a need to change the manner in which man-
agement approaches long-term tangible assets. The
many production facilities built in the United States
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are wearing out. Government infrastructures of
roads, sewers, sidewalks, and utilities are all suffer-
ing from the concept of “put it in place and forget
about it.”

 

21

 

In the past, managers found it necessary to provide separate records for
property, plant, and equipment, and created records for insurance, security,
utilization, and maintenance. Now it is easier to integrate accounting with
other records by using computers. Thus, with the advent of computerized
management systems, we are able to integrate information for financial and
management uses. This may still, however, be difficult.

Accounting for fixed assets in the framework of management accounting
is where the world of inventory begins. The accounting for public fixed assets
(infrastructure) that are immovable and have value only to the government
unit was optional until GASB 34. In the case of regulated utilities, the cost
of assets is part of the rate base, and naturally attracts a lot of attention from
regulatory commissions.

 

Financial statements

 

The GASB’s Principle 12 requires financial statements, and these are pub-
lished in a comprehensive annual financial report (CAFR), which contains
three parts: introductory, financial, and statistical.

The most common financial statements are the balance sheet, the state-
ment of revenues, expenses and changes in retained earnings (income state-
ment), and the statement of change in financial position.

The statement of revenues, expenses, and changes in retained earnings
is similar to the annual water budget for which the report is of inflows,
outflows, and change in storage.

The balance sheet is similar to the report of how much water is in the
reservoir at the end of the year, along with how much is owed to users and
how much is expected from others.

 

Accounts for regulated utilities

 

The National Association of Regulatory Utility Commissioners (NARUC)
has a uniform system of accounts, and specifies categories for water and
wastewater

 

22

 

 (see Chapter 9).

 

Audits

 

Auditing is an important control function because of its independence and
objectivity. No matter how careful management is, it cannot be fully objec-
tive, and the outside auditor provides this objectivity. Auditing is an impor-
tant tool for management, as it also provides management consulting ser-
vices to make suggestions of how things can be done better.
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To extend the traditional financial audit into the broader function of
performance evaluation, the GAO has begun to use the term “perfor-
mance audit,” understood to include three elements: financial, economic,
and programmatic. The full definition of these three elements by the GAO
is as follows:

1. Financial and compliance — determines (a) whether financial oper-
ations are properly conducted, (b) whether the financial reports of
an audited entity are presented fairly, and (c) whether the entity has
complied with applicable laws and regulations.

2. Economic and efficiency — determines whether the entity is manag-
ing or utilizing its resources (personnel, property, space, and so forth)
in an economical and efficient manner and the causes of any ineffi-
cient or uneconomical practices, including inadequacies in manage-
ment information systems, administrative procedures, or organiza-
tional structures.

3. Program results — determines whether the desired results or benefits
are being achieved, whether the objectives established by the legis-
lature or other authorizing body are being met, and whether the
agency has considered alternatives which might yield desired results
at a lower cost.

 

8

 

AWWA financial data

 

Data maintained in the AWWA Waterstats database illustrates financial
parameters of most interest to managers. Table 6.1 illustrates this data.
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Table 6.1 

 

Information in the AWWA Waterstats Database

General 
information

Type of ownership
Services provided by utility
Retail and wholesale population served
Size of service area in square miles
Percentage estimate of water demand by the year 2000
Residential water bill by usage in gallons and total cost per year

Financial data Total assets
Total liabilities
Total outstanding debt
Total capital reserve
Last year’s, this year’s, next year’s capital expenditure 

budgets
Total operation and maintenance expenses

Meter readers 
and billing

Total number of meter readers
Whether readers read water meters only or other utility meters
Average number of total meters read per day
Reading and billing cycles
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Metered and 
unmetered 
customers

Residential, commercial, and industrial water rate structures
Metered and unmetered connections
Number of meters using Automatic Meter Reading (AMR)

Water billing Whether billing is for water only or other utility services
Percentage of uncollected bills
Payment methods of water bills
Percentage of unbilled water from free service (municipal, fire 

fighting, street cleaning/hydrant flushing, main breaks, 
main leaks, or other services)

Customer inquiries per day
Number of employees who handle water-related service 
questions

Percentage of water inquiries related to billing, water quality, 
water service, or other

Water charges Total connection charges of different meter sizes (

 

5

 

/

 

8

 

 to 

 

3

 

/

 

4

 

 in., 
1 in., 3 to 4 in., 6 in., and 8 in.)

Connection charge rate differential for outside city limits
Monthly customer costs for different volumes of water (3750 
gallons, 7500 gallons, 75,000 gallons, 750,000 gallons, and 
7,750,000 gallons)

Water usage rate differential outside city limits
Water production 
and sales 

Financial ending date
Annual water revenue and water delivered in millions of 
gallons

Other water-related annual revenue from connection fees, 
inspection fees, developer fees, and other revenue, 
including general fund transfers, interest earnings, 
penalties, etc.

Annual O&M 
expenses

Annual operation and maintenance expenses for each utility 
by selected expenses of outsourcing, power and electric, 
chemicals, and employee labor

Number of full-time employees for five major accounts: 
source of supply, pumping, and transmission lines; water 
treatment and laboratory; distribution, pumping, and main 
maintenance; customer accounts, meter reading, billing, 
collections, and customer service; administration and 
general

Capital 
expenditures 

Capital expenditures over a 3-year period (last year, 
current year, and projected budget) for five major 
accounts

O&M 
outsourcing

Operation and maintenance outsourcing or plans to add 
practice within 5 years for: water sources, water 
treatment, distribution and main maintenance, laboratory 
operations, meter reading, accounting and billing, 
collections, engineering, public information/involvement, 
customer service, fleet management

 

Table 6.1 (continued)

 

Information in the AWWA Waterstats Database
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chapter seven

 

Operations of water, sewer, 
and stormwater systems

 

Introduction

 

Once a facility is installed or built, it requires operations, security, and main-
tenance management. Now, information technology is becoming more
important in each of these functional areas. These topics converge in the skill
requirements of operators, who must be competent in one or more of the
four areas — operations, maintenance, emergency management, and infor-
mation technology. This chapter explains operations, and the next three
explain security and disaster prevention, maintenance management, and
information technology in system management. Taken together, the four
chapters explain the major requirements to operate, protect, and maintain
water, sewer, and stormwater infrastructure systems.

 

Operations management

 

The goal of operations management is productivity in use of resources, such
as physical infrastructure. Productivity is producing something of value,
such as clean water or wastewater service. Measuring productivity compares
output to input, which involves effectiveness and efficiency. Effectiveness is
doing the right thing or producing something of value efficiently. One can
be efficient but not do the right thing, or be counterproductive and produce
nothing of value. In water, sewer, and stormwater services, value is provid-
ing customers with services they need, keeping costs low, and avoiding
regulatory problems.

The word “operations” means what it says. One can “operate a vehicle,”
or “operate a business,” or “be an operator.” It simply means the process of
getting something done.

At a higher economic level, productivity measures performance of the
whole economy, including labor. Productivity can have positive and negative
connotations. To be productive sounds positive, but unless handled right,
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workers may suspect that productivity is a ploy of managers to make them
work harder for less pay, or even to eliminate jobs.

The beginnings of operations management is in industrial engineering
and industrial management. These have roots in “scientific management,”
developed in the late 19th and early 20th centuries to improve operations
efficiency and effectiveness. Early pioneers of the movement include Fred-
erick Taylor and Frank and Lillian Gilbreth. Frederick Taylor is widely cred-
ited with introducing methods of efficiency, and the Gilbreth story is featured
in the movie 

 

Cheaper by the Dozen

 

.
Scientific management and industrial engineering have developed many

innovations in operational tools, especially computer models and manufac-
turing processes such as the assembly line, “just-in-time” manufacturing,
and quality control. As the focus shifted to more humane treatment of work-
ers, industrial psychology became a branch of management aimed at creating
a better and safer workplace. These topics now drive change in water and
wastewater utilities. The AWWA and WEF have teamed with the Kenan–Fla-
gler Business School at the University of North Carolina at Chapel Hill to
institute a Water and Wastewater Utility Leadership Center (see Chapter 12).

At its root, operations management requires the following:

 

1

 

• A clear purpose
• An effective organizational structure
• Effective communications and information
• Missions and objectives for the organization’s units
• Job descriptions
• Plans and production targets for units
• A work management system
• Methods for checking performance
• Procedures for continuous improvement

These requirements create the managerial environments for facility oper-
ation. Once a job description is formed, an operator is ready to perform the
tasks of management, monitoring, making decisions, controlling, and
improving. These tasks involve many aspects, as outlined later in a discus-
sion of training requirements.

Operations involves “command, communications, control, and intel-
ligence,” which can be abbreviated as “C

 

3

 

I” for military applications.
Command means decision making and issuance of orders. Control means
capability to operate systems. Forms of communications include data flow,
telecommunications, written orders, and others. Intelligence is collection
of data for decision making. All of these concepts are inherent in facility
operations.

In a public works organization, output is a public service or good and
is measured by service level. Thus productivity can be measured for the
services of solid waste, public transit, transportation, water supply, waste-
water, and storm drainage.

 

2

 

 To measure their productivity, multiple objectives
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and indicators are required. Indicators can be used in performance reporting
and budgeting, as are required by many utilities today.

For water or wastewater, the product is treated water, and operators
may say, “We make water.” In a practical sense, productivity of water, sewer,
and stormwater systems means how well a system meets its goals, measured
at a basic level by compliance with regulations and cost of service. But
operations management that involves performance measurement may
deliver better results for the same cost. This trend is evident in the industry,
along with greater concern for customer satisfaction (see Chapter 12 for
industry trends).

Operations require checks to ensure that the product or service is ade-
quately delivered, regarding timing, quantity, quality, and whether the condi-
tion of facilities is acceptable. The first check is the primary concern of oper-
ations and the second is the concern of maintenance. Operations management
classifies these as production management and facilities management.

Quality control (QC) became a priority for industry when it learned that
high product quality is not only competitive, but essential. U.S. industry
abandoned its focus on inspections and repairs in favor of the approach of
doing things right the first time and seeking “six sigma” quality in products,
or few failures. A number of different terms are used for quality management,
including “quality assurance” and “total quality management,” or TQM.

QC goals for water or wastewater treatment are necessary to meet reg-
ulatory requirements. They involve monitoring, sampling, laboratory work,
and record-keeping.

In stormwater, if the goal is to prevent flooding, the measure of success
might be the absence of complaints, but the organization could organize a
monitoring and reporting program for quality measurement.

Operations audits are a form of quality control. A technique called diag-
nostic analysis, or diagnostic evaluation, has been used to study performance
in systems and to provide a comprehensive performance audit. For example,
diagnostic analysis of wastewater utilities was recommended in four phases:

 

3

 

1. A preliminary investigation which identifies problems and sets the
stage for the remainder of the study. In effect, this is the problem
identification phase of the planning and management process.

2. An on-site evaluation of the general management, the support ser-
vices, and the operations and maintenance activities of the utility.

3. Individual findings are compiled into an overall utility evaluation,
and evaluations of problems and potential solutions are made.

4. Solutions identified are reviewed with the management of the utility
and implementation plans are developed.

 

Comprehensive improvement programs

 

Because operations management involves many activities, a number of com-
prehensive improvement programs have been developed. Generally, these
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are multi-faceted programs involving planning, implementation, assess-
ment, and improvement. They fit the model for continuous improvement
under TQM approaches.

For example, the EPA has proposed the capacity, management, opera-
tions, and maintenance (CMOM) program as part of the sanitary sewer
overflow (SSO) rule. The EPA’s goal in the rule is to provide “best practices”
information without issuing too many regulations.

 

4

 

The SSO rule has three parts — a prohibition provision to prohibit
unpermitted discharges from sewer systems; requirements for
record-keeping, reporting, and public notification requirements for SSOs;
and the CMOM program.

The SSO rule is aimed at curbing unintentional discharges of raw sewage
from municipal sanitary sewers. These are caused by weather, improper
system operation and maintenance, and vandalism. The EPA estimates that
there are at least 40,000 SSOs each year. These can contaminate waters, cause
water quality problems, backup into basements, cause property damage, and
threaten public health.

 

5

 

The CMOM program involves planning, assessment, training, and
implementation of needed measures, such as regulations. While utilities
already undertake some of the CMOM tasks, the program has four elements
that may require new efforts:

1. Establishing relevant legal authority over issues such as I&I, design
and construction standards, and new sewer testing

2. Assessing current system capacity in which measured flows would
be compared to design flows

3. Identifying and prioritizing structural deficiencies, an inventory and
priority-setting provision that might involve linking to maps and
perhaps GIS

4. Training staff

Other CMOM requirements include:

• Identifying program goals and responsible individuals
• Maintaining adequate inventories of parts
• Having an overflow response plan
• Having a system evaluation and capacity assurance plan
• Doing self-audits when NPDES permits are up for renewal

As an example of CMOM, consider the Wastewater Collection Division
(WCD) of the Fairfax County (Virginia) Department of Public Works and
Environmental Services, which was concerned about SSOs and related
problems, including backups, customer satisfaction, environmental quality,
and financial claims.

 

6

 

 The WCD, which serves 840,000 residents, has admin-
istration, gravity sewers, and pumping station branches. The pumping
station branch operates a pressure sewer network, pumping stations, flow

 

L1573_book  Page 122  Friday, August 2, 2002  7:20 AM



 

Operations of water, sewer, and stormwater systems 123

 

meters, and stations where chemicals are added for odor and corrosion
control. Water and wastewater systems involve many pumps. Figure 7.1
shows a pumping station in a treatment plant, and Figure 7.2 shows a
backwash pump that must be operated. The gravity sewers branch handles
routine maintenance, CCTV inspections, sanitary sewer repair and reha-
bilitation, and line location and marking. These operations are described
in Chapter 9.

The county performed its own self-audit in 1995 to benchmark its per-
formance, prepare to reduce I&I, extend service lives, and reduce backups
and overflows by better management. Based on the self-audit, it made sev-
eral operational improvements, including a streamlining process that fea-
tured outsourcing, consolidation, and refocusing to realize a significant
increase in productivity, with 30% downsizing due to attrition.

The WCD found that outsourcing rehabilitation worked better than hav-
ing it done in-house and included slip-lining, chemical grouting, and ease-
ment clearing. All of these construction-related activities are now outsourced.
They found, however, that O&M works better in-house, and switched from
reactive to proactive maintenance (note that some utilities advocate moving
away from proactive maintenance to reliability-centered maintenance; see
Chapter 9). The WCD separated inspection from cleaning operations and
increased the number of inspected miles by 61% in 1999. Cleaning now
focuses on high-priority lines. The WCD also got new equipment and
arranged for vendors to train crews.

 

Figure 7.1

 

Pumps in water treatment plant. (From American Water Works Associa-
tion. Copyright 2001. All rights reserved.)
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Capacity assurance uses a computer model of the primary sewer net-
work to project system capacity in 5-, 10-, and 15-year increments. Flow
metering is used to verify the model. The I/I abatement program uses CCTV
and rehabilitation with a cured-in-place pipe-relining process. Trenchless
technologies are used, including cured-in-place pipe-relining, fold-and-form,
and robotic point repair. Manhole rehabilitation is by spin-cast and
cast-

 

in situ

 

 processes. A sanitary sewer maintenance management system is
now in place (see Chapter 9).

Performance indicators include backups and overflows per 1000 miles,
and number of pumping station failures that create overflows, bypasses, and
backups. The overflow response plan found 177 critical segments that are
now carefully monitored.

Human resource management is a priority, with increased responsibility
for employees, awards, a program to empower employees and encourage
initiative, self evaluations, and peer reviews.

After the Construction Grants program began in 1972 heavy investments
in new wastewater treatment plants, the EPA found a combination of factors
leading to poor plant performance.

 

7

 

 Based on 287 site visits and limited diag-
nostic analyses, they found that difficulties are caused by complex interactions
and not by simple causes. The EPA found ten principal recurring difficulties:

1. Operator error
2. Inadequate process control testing procedures
3. Infiltration/inflow problems
4. Inadequate understanding of wastewater treatment

 

Figure 7.2

 

Backwash pump in water treatment plant. (Courtesy of City of Fort
Collins Utilities.)
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5. Improper technical guidance
6. In adequate sludge wasting capability
7. Inadequate process controls
8. Inadequate flexibility of processes
9. Inadequate O&M manuals

10. Poor design of aerators

As a result, the EPA developed a “composite correction program” with
procedures to evaluate and correct performance. The program consists of a
diagnostic approach, with provisions for prescribing and implementing
improvements. The program focuses on weak points in the system by iden-
tifying performance-limiting factors.

The composite correction method can also be used for water utilities.
Hegg et al. described a small Washington utility that, when faced with a
need to upgrade, hired a consultant to perform a composite correction review
instead.

 

8

 

 The program focused on optimizing existing facilities with a com-
prehensive performance evaluation, followed by technical assistance. Unit
processes were evaluated and performance-limiting factors were identified.
The consultant found a lack of operating information, undocumented pro-
cedures, inadequate maintenance of some units, and a need to improve
procedures. Staffing changes, automation, and shut-down capability were
also needed. Comprehensive technical assistance included transfer of opti-
mization skills to plant staff, demonstration of improved performance, and
special studies. The EPA’s method is described in its 1998 handbook.

 

3

 

Utilities can develop their own customized comprehensive programs.
For example, the Southern California Water Company developed a compre-
hensive “water quality control program” (WQCP).

 

9

 

 The WQCP is a compre-
hensive monitoring and response plan for source, treatment, storage, and
distribution. It includes monitoring, maintenance, operations, and water
quality programs. The monitoring plans detail why, how, when, and where
monitoring is to be conducted. The program also includes treatment plant
operation guidelines and guidance for maintenance issues such as cross-con-
nection control, dead-end flushing, and maintenance of valves, hydrants,
wells, and reservoirs. Emergency response and customer complaint response
are also included. In effect, the WQCP is a coordinated, comprehensive
management program.

Assessment programs are proving valuable in improving performance.
The “QualServe” assessment program has been developed for the water and
wastewater utility industry by the AWWA and WEF. QualServe is a volun-
tary quality improvement program designed exclusively for water and
wastewater utilities. QualServe’s goal is simple: to help your utility achieve
superior performance, maximum efficiency, and outstanding customer ser-
vice. QualServe programs include self-assessment, peer review, benchmark-
ing clearinghouse, accreditation, and customer service surveys.

 

10

 

 QualServe
examines all utility operations and focuses on them in categories of “business
processes,” as shown in Figure 7.3.
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The Partnership for Safe Water is a related program, and involves com-
mitment, data collection, use of assessment software, self-assessment, and
peer review. The program can involve visits by outside peers.

 

Tasks and skills of operators

 

In operations, staff must clearly be “jacks of all trades,” or persons who are
handy with many types of work. Operators of water, sewer, and stormwater
systems work with maintenance staffs to perform all functions required to
operate and maintain a wide range of systems and equipment. Figure 7.4
shows an operator checking the status of raw water.

Given the range of operating situations, a wide range of skills is required.
In the future, these will change rapidly with automation and new processes.
Table 7.1 outlines some of these operator requirements.

 

Figure 7.4

 

Raw water operations checkup. (From American Water Works Association.
Copyright 2001. All rights reserved.) 
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The range of operations discussed above requires knowledge ranging
from basic skills to research levels. Table 7.2 outlines these skills briefly and
may be useful in training programs. Associations and community colleges
offer training for operators in these subjects. 

 

Table 7.1

 

Examples of Operator Requirements 

 

Source of supply Treatment plants

Distribution, 
collection, SW  

systems

 

Decisions Withdraw water
Water quality

Unit operations
Maintenance and 
repair

Pumping
Maintenance
Repair, rehab
Allocation of work 
forces

Problem solving Drought
WQ problems
Use conflicts

Process upsets
Equipment failure

Breaks, leaks, 
backups

Monitoring Levels
Watershed
WQ
Safety
Environment

System production
Equipment 
condition

Flows
Problems

System 
improvement

Raise yield
Increase efficiency
Maintain security

Increase efficiency
Maintain security
Reliability

Reliability
of operations

System 
knowledge

Hydrology
Groundwater
Wells
Dams
Pipelines
Nonpoint source 
pollution

Reservoir chemistry
Fish, wildlife

Equipment
Processes
Regulations

Pipes
Pumps

Management 
tasks

Maintenance 
management

Public relations

Maintenance 
management

Public relations

Maintenance 
management

Public relations
Knowledge, 
skills, abilities, 
experience

Math and science
Computers
Mechanical
Management
Source operation

Physics, chemistry, 
biology, math

Computers
Repair
Telemetry
Plant operations
Management

Hydraulics
Water quality
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Operator training

 

Introduction

 

The work of water, sewer, and stormwater operators is complex and requires
high levels of knowledge, skill, and experience. Recognizing this, states
began to organize certification programs and now these are required by law
for some treatment applications. The 1996 Safe Drinking Water Act amend-
ments, for example, include operator certification requirements, and stronger
certification and recertification programs are proceeding in all 50 states. In
the future, small water systems will also require certified operators.

 

Training and certification

 

Training, the companion to certification, is delivered by associations, centers,
and community colleges. Certification provides a test of whether an operator
has achieved a certain level of knowledge and competence, and training
prepares a person for certification and work to ensure adequate knowledge,
skill, and ability to perform.

 

11

 

Table 7.2

 

Skill Levels for Operators

 

Skill category Basic levels Advanced levels

 

Math and 
science

Basic calculations, chemistry, 
physics, biology

Sophisticated knowledge to 
improve operations of 
treatment processes

System 
knowledge

Basic understanding of how 
to operate system 
components

Systemic knowledge of 
interactions of system 
components and 
performance

Information 
technology

Ability to use computers, 
telemetry systems, displays

Ability to specify, program, 
modify, and improve 
computers, telemetry 
systems, displays

Law Familiar with regulatory 
controls in sphere of 
operations

Knows and works with laws, 
regulations, and regulatory 
agencies 

Emergency 
operations

Familiar with and trained in 
emergency operations 
procedures

Able to recognize threats, 
modify procedures, work 
with others in improving 
system readiness

Management Basic competence in 
supervision, 
communications, records, 
reports

Higher level management 
skills in supervision, 
communications, teamwork, 
reports, finance, public 
relations
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Design of instructional systems will involve:

• Needs assessment
• Job analysis
• Task and learning analysis
• Requirements of entry-level performance
• Performance and learning objectives
• Instructional strategies, methods, and activities
• Instructional materials
• Evaluation of instructional strategies, methods, and activities

The Association of Boards of Certification (ABC) has a need-to-know
task list under development for water distribution systems and it includes
these tasks:

• Evaluate operation of equipment
• Operate equipment
• Perform preventive and corrective maintenance
• Install units
• Monitor water quality
• Collect samples and perform and interpret analyses
• Write reports
• Promote positive public relations
• Maintain facility area
• Establish record-keeping system and record information
• Establish and perform safety procedures
• Establish emergency preparedness plan and respond to emergencies
• Manage facility
• Inspect source water
• Design system

Each task has subtasks, and these describe specific types of equipment
and capabilities. The task “Operate equipment” describes 27 types of equip-
ment commonly found in distribution systems, including pumps, hydrants,
valves, instruments, and tapping equipment.

A training needs assessment would rate each task by importance, fre-
quency, and confidence of operator. Wise describes why cross-training is
important, especially in emergencies.

 

12

 

 Other issues in certification are reci-
procity and anti-backsliding.

 

Organizations

 

Organizations involved with training and certification include the ABC,
which deals with drinking water, wastewater, labs, and distribution sys-
tems; the National Environmental Training Association; states; the AWWA
and WEF sections; and the National Rural Water Association.
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The Association of Boards of Certification shares information and
resources and works on certification laws, certification, and transfer of cer-
tification. It offers training materials in wastewater treatment, distribution,
collection, water treatment lab, and wastewater lab.

ABC identifies critical job tasks of operators and skills required. ABC
also publishes a Model Act and Regulations, with guidance for certification
legislation and regulations. It covers terms, classification systems, models
for certification boards, regulations and procedures, prohibited acts and
penalties, reciprocity, funding authority, utility classifications, qualifications,
exams, certificates, and revocation.

 

13

 

As an example of a state certification activity, Maryland’s operator pro-
gram was spurred in the late 1970s by an incident when an uncertified
operator spilled excessive fluoride into a public water supply and harmed
dialysis patients.

 

14

 

 At about the same time, EPA started funding state oper-
ator training centers, primarily for wastewater. The Maryland Center for
Environmental Training was built at a community college, in the same period
as another 40 state centers. The Maryland center expanded from offering
wastewater programs to training in drinking water and other environmental
and safety areas as well. Examples of courses and training aids at the Mary-
land Center are shown on Table 7.3.

Maryland enacted a process-specific certification law for operators of
water treatment plants and distribution systems. The law specifies four levels
of water treatment and one for distribution systems

Kenneth Kerri, who has developed operator training materials, dis-
cussed how to plan and organize an operator training program. Instructional

 

Table 7.3

 

Courses and Training Aids at Maryland Center

Law Safe Drinking Water Act compliance
Maintenance Program assessment
Emergency planning Risk assessment and emergency plans
Management Public relations and drinking water
Planning Life cycle planning

Capital improvement planning
Finance Five-year revenue and expenditure analysis

Rate calculations
Setting and implementing of fair and effective rates
Financing and debt management

Organization Restructuring and consolidation
Water treatment Introduction to water treatment

Lead in public drinking water
Chlorination techology, use and safety
O&M of chlorine systems
Iron and manganese removal
Water polymer technology
Preparation of plant for sanitary survey 

Distribution systems Water distribution
Source of supply Well system O&M
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programs should be planned, organized, and assessed using proven educa-
tional methods.

 

15

 

For operator resources, the AWWA publishes 

 

Opflow

 

 and the WEF
includes a special Operations Forum in each issue of 

 

WE&T

 

, and both publish
special operator training materials.

 

System applications of operator skills

 

While much operator knowledge is transferable, operators generally special-
ize in one of the subsystems of water, sewer, and stormwater systems.

 

Source of supply

 

Operators of reservoirs and other sources of supply make operating deci-
sions about how, when, and at what rate to withdraw raw water supplies
and furnish them to treatment plants or, in some cases, directly into dis-
tribution systems. The systems range from wells with on-site disinfection
and direct pumping directly into the distribution system to large, multi-
purpose systems of reservoirs serving large areas. For the well supply
system, the operators may concentrate on decisions about operations and
maintenance, while the more complex system may involve coordinating
with other users, managing quality of raw water supplies, and even dealing
with public relations issues.

 

Treatment plant operations

 

Treatment plant operators need state licenses to operate their water and
wastewater treatment plants. Figure 7.5 shows an operator at work in a
water plant.

As these plants become more complex, the knowledge required by
the operators increases in scope and sophistication. In addition to main-
tenance staff, treatment plant operators must be supported by laboratory
personnel. Figure 7.6 shows a laboratory at the Washington Suburban
Sanitary Commission.

In the case of water supply, plants will be operated within design
guidelines for physical, biological and chemical treatment to produce
high-quality potable water. Treatment plants involve operations of pro-
cesses such as settling, filtration, chemical dosage, pumping, etc. Utilities
have unique sources of water requiring different treatment. The quality of
incoming water may change and require changed dosages. The laboratory
will be used to check on the quality of finished water. Computer control
of processes may be involved.

For wastewater treatment, the general approach is similar, but wastewa-
ter requires different treatment processes from those of drinking water, and
they are governed by different regulations. Instrumentation is also more
difficult in wastewater than in water supply.
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Water supply has always been directly linked to public health, and
regulatory controls started earlier than they did for wastewater. After the
inception of the Clean Water Act, operational problems in wastewater treat-
ment became visible. The problems are multi-dimensional and illustrate that
effective operations involve many aspects of organizations.

 

Figure 7.5

 

Operations in water plant. (From American Water Works Association.
Copyright 2001. All rights reserved.)

 

Figure 7.6

 

Water laboratory at Washington Suburban Sanitary Commission.
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In their study of the effectiveness of 1970s federal subsidies for waste-
water, the General Accounting Office studied a random sample of 242 plants
in ten states.

 

16

 

 They found that 87% were in violation of permits and that
31% were in serious violation. The problems they found included design
and equipment deficiencies, infiltration/inflow overloads, industrial waste
overloads, inadequate budget and staff training, ineffective maintenance,
and operators used for other duties.

 

Future treatment plant operations

 

In the past 50 years, treatment plants have changed from simple facilities
with few processes to sophisticated facilities with complex physical, chem-
ical, and biological operations. All indications suggest that more changes
are inevitable.

Carrie Lewis described her vision for the water supply treatment plant
of 2050.

 

17

 

 It included the following:

• Limited public access to avoid security problems, but ability of public
to take virtual tours of plants to check on their operations

• Redundant intakes with real-time data
• A plant intelligent system (IS) that uses data to recommend treatment

modes
• A new meaning for multiple barriers, to include watershed and dis-

tribution system, as well as treatment plant
• Detection to automatically detect genus, species, and infectivity of

microbes
• High reliability of operations
• Operator and chemist able to perform scheduled maintenance while

plant is automatically operated most of the time
• A maintenance management system that has been in place for many

years and has so much data and works so well that breakdowns are rare

She foresaw six stages of treatment, each capable of zero, low, interme-
diate, or high-intensity treatment, based on variable chemical types, dosages,
and residence times. Stage 1 controls zebra mussels and nuisance organisms.
Stage 2 removes coarse particulates with precoagulation, coagulation, set-
tling, dissolved-air flotation, or rapid media filtration. Stage 3 removes coarse
organic materials using low dosages of ozone, rapid filtration through coarse
carbon, or aeration. Stage 4 provides disinfection with or without pH adjust-
ment. Ozone, peroxide, chlorine, and UV are all available for disinfection.
Stage 5 removes organics, inorganics, and fine particulates with biological
GAC, membranes of varying porosities, or ion exchange. Stage 6 provides
any needed stabilization.

Lewis concluded her article with a vision of the operating environment.
She wrote that “flexibility of treatment processes and redundancy of equip-
ment have served us well.” Changes such as global climate change and urban
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development had changed runoff characteristics. Regulations were continually
modified. However, “with the care of capable and highly skilled staff, the plant
performs to whatever level of treatment is necessary to protect public health.”

 

17

 

Distribution and collection systems, including stormwater

 

Operators of distribution and collection systems must know the objectives
and constraints of operating their systems and must make sure the systems
work as intended. This may range from simple systems with few operating
decisions to vast, complex systems with many operating components such
as pumps and regulating stations.

In distribution systems, the operator maintains adequate pressure and
supplies for household, commercial, or fire flow. The system must be mon-
itored for pressure and water quality. This requires pressure-sensing devices
and problem detection using water audit methods (see Chapter 9). Water
distribution system network models may be used to simulate conditions.

In wastewater collection systems, decisions involve maintenance more
than operations. That is, in well-maintained gravity systems, few decisions
are required for operations.

In stormwater systems, treatment is usually not required. The same types
of facilities as in wastewater are usually involved, however, including chan-
nels, pipes, ponds, instruments, and possibly pumping facilities.

For distribution systems, Darrell Smith wrote that future operations will
deal with raw water that goes through innovative treatment, including mem-
branes, ozonation, GAC, and ultraviolet disinfection.

 

18

 

 But unless distribu-
tion systems improve, the water may still have questionable taste, odor, color,
residual disinfectant, microbial growth, sediment, and corrosivity. The real
question will be what it is like at the tap. Distribution systems will need new
materials, monitoring, controls, hydraulic efficiencies, and operating proce-
dures. Dual systems may be coming, providing another dimension to dis-
tribution system operations.

 

SCADA systems

 

Information technology will increasingly be used in water, sewer, and storm-
water systems. Operators of supervisory control and data acquisition
(SCADA) systems will be skilled in both computing and telemetry. This can
range from the operator who enters data or monitors a central control room
(but without much knowledge of the underlying system) to the sophisticated
operator who participates in design of the SCADA system and uses that
knowledge to work with other operators on a program of continuous
improvement. Chapter 10 discusses SCADA systems in more detail.

 

Operating engineers

 

In the past, the plant operator was someone who was trained to operate
equipment and facilities that someone had designed and built. The operator
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role was lower on the technical scale than the engineer’s role. But operations
will become more complex, and the line between operators and engineers
will blur. The realm of operations will include a role for operating engineers
who work with operators to plan, design, and install control and monitoring
equipment. They must be familiar with operating requirements and with
technologies available, and will have responsibility for implementing inno-
vations to make systems work better. A large and complex organization may
have a staff of operating engineers.

 

Safety

 

APWA publishes a manual on safety programs for municipal or indus-
try-based water or wastewater plants. It covers OSHA regulations, safety
audits in wastewater plants, new lock-out/tag-out procedures, and ergo-
nomic safeguards.

 

19

 

Contract operations

 

Operations can be outsourced in the form of contract operations, and the
jury is still out as to whether this management approach is better than
in-house operations. The answer remains “it depends.” Barry Liner et al.
reported on a survey that showed that contract operations are in place at
more than 1200 water and wastewater plants in the U.S.

 

20

 

 Contract operations
do in fact produce a 15–35% lower cost. Their survey studied variables
including regulatory compliance, asset condition, utility costs, staff and util-
ity management, staff morale, and customer satisfaction. Large cities cited
high costs and poor management as reasons to contract out operations, and
small cities cited lack of qualified operators. Although the survey suggested
that contract operations are superior overall, the writers cautioned that
employee issues and working environments are also factors and that more
evaluation is needed.

Privatization as a management approach will certainly be a topic for the
future. Geoff Greenough et al. described three perspectives on delivery of
public works services — the traditional model, privatization, and managed
competition.

 

21

 

 While none of the perspectives was a complete exposition of
an approach, each presented insight into actual methods, advantages and
disadvantages, and trends.

 St. Paul, Minnesota was presented as an example of the “traditional
model,” but St. Paul is clearly adapting beyond traditional approaches to
meet public expectations. “The only thing that seems constant in St. Paul is
change, and after ten years of doing more with less, the city is continuing
to do more with less.”

 The discussion of privatization provided insight into turning over ser-
vices completely or partially to the private sector, and gave examples of
services that are appropriate to privatize. It discussed some decision factors,
such as risk, cost, frequency of use, legal environment, and expertise.
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 Managed competition might be viewed as a compromise approach that
maximizes advantages and minimizes disadvantages. Managed competition
allows government services, privatization, or a mixture. Charlotte, North
Carolina, has found that it improves the city’s approach to public service
delivery and allows the city to balance limited revenue sources against costs
and demands for services.

 

Trends in operations

 

In 2000, the AWWA convened a roundtable to discuss how operations would
change.

 

22

 

 High points of the discussion indicated the following:

• Solving financing problems for small systems will cause more con-
solidation.

• There will be a trend away from regulations to customer-driven
treatment and designing operator-friendly plants; there will be fewer
operators in the future, but plants will not be unattended, only dif-
ferent; operators will work with new technologies; laboratories will
change, with on-line and kit monitoring and less work at central labs;
operator and lab tech skills will merge; operators will be multi-skilled
and more concerned with health.

• Use of brackish and marginal waters will increase; water use efficien-
cy will increase.

• Risk will be reduced from all contaminants. There will be emphasis
not only on microbiological but also chemical and aesthetics in water.
Source water will be treated on a custom basis, catering to customer
needs. Emerging pathogens will be a concern because microorgan-
isms mutate. Reproductive systems will remain a big concern, along
with cancer and other diseases. Point-of-use treatment and monitor-
ing with kits will increase. Risk assessment from a public health view
will be used more. New treatment technologies will include mem-
branes, desalting, new disinfection, easier operation, and more
cost-effective procedures. There will be a dual-membrane approach,
the first using low pressure microfiltration or ultrafiltration to remove
particulates and microbial elements, followed by tighter nanofiltra-
tion or RO to remove natural organic matter, some synthetic organics,
and others. Inactivation (disinfection) will still be needed.

• Massive infrastructure funding will be required. Old plants will have
to be retrofitted. Distribution systems will be a bigger concern than
in the past. New noninvasive, nondestructive technologies for con-
dition assessment will be developed. Dual systems will be used.
Future pipes will locate themselves, be inert, monitor for contami-
nants, and have structural integrity for 200 years. Collaborative re-
search to develop equipment with shorter time to market will occur.

• The multiple barrier approach will take on more dimensions. Security
will increase, and there will be integrity against intrusion. Reservoirs

 

L1573_book  Page 137  Friday, August 2, 2002  7:20 AM



 

138 Water, Wastewater, and Stormwater Infrastructure Management

 

will be protected against intrusion and managed for water quality
as well as quantity.

• There will be closer relationships with customers who will log in to
check treatment plant.

• Differences in developing and developed countries will be addressed.
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chapter eight

 

Risk management and 
disaster preparedness

 

Introduction

 

Life-cycle management of infrastructure requires that water, sewer, and
stormwater utilities provide safe and reliable service in spite of earthquakes,
floods, accidents, and even terrorist attacks. This requires infrastructure man-
agers to deal with several forms of risk that go well beyond engineering
design. They do this by adding security and risk management to other tasks
of planning, design, construction operation, and maintenance. Providing
security and avoiding disasters should become part of everyday business in
utilities.

Public confidence is very important in utility operation. According to an
online 

 

Business Week

 

 poll taken October 24–31, 2001, public opinion sees
water supplies as vulnerable. Only 41% of the participants responded that
the government is “very” or “somewhat” prepared to safeguard water sup-
plies,

 

1

 

 Thus utilities must be on guard to prevent disasters and avoid under-
mining public confidence in basic water services.

The world of risk has expanded, and the purposes of this chapter are to
outline the risks, relate them to the integrity of infrastructure systems, and
explain how to reduce vulnerability. One tool for reducing vulnerability is
the “vulnerability assessment,” and legislation has been introduced into the
U.S. Congress to provide funding for the water utilities. Wastewater and
stormwater systems also face important risks and will do their own forms
of vulnerability assessments.

Consequences of disasters and emergencies can be dire. Some listed by
the AWWA for water utilities are the following:

 

2

 

• Personnel shortages
• Contamination of water supplies
• Contamination of air
• Well and pump damage
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• Pipeline breaks and appurtenance damage
• Structure damage
• Equipment and material damage or loss
• Process tank or basin damage
• Electric power outage
• Communications disruption
• Transportation failure
• Hazardous effects on system components

Setting goals and desirable service levels involves life safety, fire sup-
pression, public health needs, and commercial and business uses. Service
priorities begin with critical facilities, such as medical installations, police
and fire, and emergency centers.

 

2

 

Risks to water, sewer, and stormwater systems

 

Reducing vulnerability and improving reliability are two sides of the same
coin. Threats will always be there, but if vulnerability can be reduced, utility
services can continue in spite of them. Reducing vulnerability and improving
reliability extend to almost everything the utility does, and are quality man-
agement issues.

The most visible risks to water, sewer, and stormwater systems involve
public health and safety, which affect system design and management and
require capital investments and decisions. Figure 8.1 shows a chemical stor-
age area, illustrating one safety concern.

 

Figure 8.1

 

Chemical storage area. (From American Water Works Association. Copy-
right 2001. All rights reserved)
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In addition to health and safety, risks involve damage and social effects.
Table 8.1 shows the range of risks that must be assumed by the utility. This
table is a “work in progress,” because our knowledge and awareness of risks
increase with experience.

Many of the risks are caused by threats or hazards from both natural
and human-caused sources. These are are summarized in Table 8.2, basi-
cally following a listing by the AWWA with some additions.

 

2

 

 For example,
natural hazards include earthquakes (Figure 8.2) and floods. Figure 8.3
shows the inundated water treatment plant in Grand Forks, North
Dakota, and Figure 8.4 shows flood pumping in the small town of Elba,
Alabama.

 

Table 8.1

 

Risks to Water, Sewer, and Stormwater Systems

 

Risk category Water supply Wastewater Stormwater

 

Health, safety, 
environment

Contamination, 
sickness, death

Contamination, 
damage to 
property, health 
risks, 
environmental 
damage

Children playing 
around flood 
facilities, pipes, 
ponds, etc.

Performance 
failure

Loss of fire flow Overflow of 
untreated sewage 
and enforcement 
action

Inadequate 
protection from 
flooding

Construction or 
maintenance 
failure

Another utility 
damages pipe 
during digging

Trench cave-in Pipe damaged 
during 
construction

System or 
component 
failure

Pipe break Sewer backup due 
to clogging, 
leading to 
property damage

Flooding due to 
clogged facilities, 
leading to 
property damage

Liability Pipe leak leads to 
cave-in and 
damage to 
property

Industrial waste 
contaminates 
aquifer

Redirected flood 
waters damage 
property

Financial Rates are 
inadequate to pay 
costs for utility, 
leading to crisis

Inadequate rates to 
pay for 
improvements, 
leading to fine

Utility held 
responsible for 
damage, not able 
to pay judgment

Employee 
problems and 
accidents

Employee inhales 
chlorine

Employee injured 
in maintenance 
event

Employee sues for 
discrimination

Disaster, 
human-caused

Pranksters 
contaminate 
water in tank

Construction 
project damages 
large sewer

Industry dumps 
toxic waste in 
drainage system

Disaster, natural Breaks due to 
earthquakes

Tornado damages 
treatment plant

Flood overwhelms 
facilities
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Table 8.2

 

Categories of Hazards

 

Natural-disaster hazards

 

Earthquake
Flooding — river, flash, coastal, dam break
Wind — hurricanes, tornados
Waterborne disease — Cryptosporidium, Giardia, 

 

E. coli

 

, Legionella
Drought and dust
Other severe weather — cold, heat, snow, ice, high winds, lightning
Fire — forest, brush, firestorm
Mudflow and landslide
Volcano and ashfall

 

Human-caused disaster hazards

 

Hazardous-material releases
Breaks, system failures, power or computer system failures
Major accidents (nuclear power, construction, transportation)
Structure fires
Terrorism, vandalism, riots, strikes, sabotage, hoaxes, cyber attacks
Nuclear power plant accidents or nuclear explosions
War and civil unrest

 

Figure 8.2

 

SF Bay Quake 3. (From Federal Emergency Management Agency, Mitiga-
tion Resources for Success CD.)
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Figure 8.3

 

GF WTP. (From Federal Emergency Management Agency, Mitigation Re-
sources for Success CD.)

 

Figure 8.4

 

Elba pumping. (From Federal Emergency Management Agency, Mitiga-
tion Resources for Success CD.)
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Risk management

 

Risk management is the term used to explain the different ways an organi-
zation handles risk. In risk management, one considers hazards that can
threaten vulnerable elements of a system, assesses risks and consequences,
and develops actions, including mitigation, response, recovery, and commu-
nication of risk to constituent groups.

As shown in Figure 8.5, risk management involves business risk and
risk from natural and human-caused hazards. Business risk is generally
considered to include all contingencies that affect the finances or legal
liabilities of the organization. The facilities and operations sides of the
organization get involved with many of the same risks, especially those
dealing with infrastructure.

Many different terms are used in the risk management field. They
include hazard assessment, disaster mitigation, risk assessment and reduc-
tion, vulnerability assessment, mitigation, emergency management, and
contingency planning, among others. On close inspection, however, these
fields involve the same general processes, which are identifying, manag-
ing, and responding to threats to an organization and seeking to answer
the following questions:

 

3

 

Figure 8.5

 

Utility Risk Management Program.

Disaster Preparedness
and

Emergency Planning

Utility
Risk Management

Natural and Human-
Caused Hazards

          Phases
• Contingency Planning
• Disaster Mitigation
• Emergency Response
• Recovery from Disaster

    Mitigation Planning
• Hazard Identification
• Vulnerability Assessment
• Mitigation

Risk Management
       Programs
• Insurance
• Safety
• Health
• HR Issues
• Property
• Financial Risk

Business Risks

Organizational
Administration

Facilities and
Operations
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• What can go wrong and why (what are the hazards and threats, what
disaster can occur)?

• How likely is it (what is the risk, chance, probability, likelihood)?
• How bad can it be (who or what would be affected, what is the

vulnerability, what would be the consequences)?
• What can we do about it (what should be the management actions,

mitigation, response, or recovery)?

These can be reduced to a few essential steps. This list is by Alan Levitt,
and key words are added to each step to facilitate the following discussions.

 

4

 

• Determine, recognize, and appreciate all potential out-of-course
events (hazard assessment).

• Determine (measure) levels of these risks (risk assessment).
• Reduce levels of risk to as low as reasonably practicable or to accept-

able levels (risk reduction).
• Ascertain how and why each out-of-course event can affect people,

places, and processes and the consequences of the effects (vulnera-
bility assessment).

• Establish means and mechanisms by which consequences can be
counterbalanced in a manner acceptable to business and regulators
(mitigation).

Some areas of risk management are not well developed, however,
because risk levels are not well understood for lack of an empirical database.
Natural disaster preparedness is further along, for example, than protection
against human-caused threats.

Risk management is fairly well developed for health risks through stan-
dards for drinking water and environmental standards. For example, the
SDWA regulates risk in water supply utilities and drives part of investment
decisions. See Chapter 11 for a further discussion of risk management
through law and regulations.

Environmental auditing is presented as a risk management tool. Taken to
the extreme, it would involve a lot of self-testing of the local corporate environ-
ment, together with samples of all effluents and products that might affect the
environment. Less obtrusively, it might be an information system to alert man-
agers to risks associated with company operations. This could be an early warn-
ing system, identifying safety hazards and hidden liabilities, including those of
acquisition targets and suppliers. Corporate risks are of two kinds — regulatory
enforcement, either of civil or criminal statutes, and unidentified risks.

 

5

 

Risk management for water supply utilities is fairly well understood.
Wastewater security has received less attention, although the WEF has pub-
lished a guide for wastewater security. After the September 11 terrorist
attacks, wastewater utilities have become aware of more risk categories.

 

6

 

Also, the CWA drives investment decisions in wastewater utilities, and the
risk of an enforcement action is involved.
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Table 8.3 

 

Terminology in Risk Management

 

Term Definition

 

Contingency 
planning 

Planning to assure continuity between the impact of a 
problem and return to “as-intended” functioning of an 
organization. Used by business planners.

Consequence Outcome of an event (ISO).

 

9

 

Crisis 
management

Crisis management involves special measures to solve 
problems during a crucial or decisive point or situation, such 
as war or a kidnapping. 

Disaster 
preparedness

A disaster is an event that may occur but is not probable, and 
will cause widespread destruction and distress. The term is 
used in medical, search and rescue, relief, fire, and accident 
response. 

Emergency 
management

The term “emergency management” is used for police, fire, 
and medical work, as well as by utilities. The U.S. has the 
Federal Emergency Management Agency (FEMA). 
“Emergency preparedness” is also used. 

Event Occurrence of a particular set of circumstances (ISO).
Hazard 
assessment

A hazard is a “potential source of harm” (ISO)

 

9

 

 or “a source 
of potential damage associated with a disaster.

 

1

 

 A “threat” 
also refers to possible harm. A hazard does not lead to 
disaster unless it penetrates the defense and causes harm. 

Incident 
management

An incident is an event of a certain type. A widely used 
concept is the Incident Command System (ICS). 

Mitigation Limitation of any negative consequence (ISO).

 

9

 

 In water 
supply, mitigation includes reliable and flexible supply 
systems, mutual aid, conservation, alternative treatment, 
and the removal of high—risk components.

Recovery A phase of an emergency, indicating a period after response 
until systems return to normal or better. 

Response The phase following an emergency or disaster. 
Risk Combination of the probability of an event and its 

consequence (ISO).

 

9

 

 “Residual risk” is risk remaining after 
“risk treatment” (ISO).

 

9

 

 Risk identification is the process of 
finding, listing, and characterizing elements of risk (ISO). 
Risk reduction consists of actions taken to lessen the 
probability, negative consequences, or both, associated with 
a particular risk (ISO).

 

9

 

Risk analysis Systematic use of information to identify sources and to 
estimate risk (ISO).

 

9

 

 
Risk 
management

Coordinated activities to direct and control an organization 
with regard to risk (ISO).

 

9

 

 
Risk treatment Process of selection and implementation of measures to 

modify risk (ISO).

 

9

 

Safety and 
security

Safety is freedom from unacceptable risk (ISO).

 

9

 

 Safety and 
security have similar meanings. Safety is a general term 
meaning to be secure from harm, danger, and evil. Security 
means freedom from danger, harm, or risk of loss.

Source Item or activity having a potential for a consequence (ISO).

 

9
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For stormwater systems, the purpose of the system is to handle hazards,
and we do not normally consider a hazard interrupting regular service, as
we do in water supply and wastewater. Stormwater systems are designed
based on acceptable risks. But stormwater systems do present risks, in similar
ways to water supply and wastewater. For example, close associations
between stormwater and transportation facilities increase interdependency
between the systems and can increase risk.

All threats to the organization produce risks, and there are advantages
to integrating the risk management program to consider them all. Risk
management is an overall term that can include a range of issues, and is
becoming more widely recognized as an area of management. For example,
the Safety Manager can be responsible for emergencies, or there can be
separate managers for safety and emergencies. In the U.K., the concept of a
“risk owner” is sometimes used to refer to the responsibility for tracking a
particular line of risk such as during a construction project.

The term “integrated risk management” means to look at all risks
together. The position of “Chief Risk Officer” (CRO) is used by some corpo-
rations. Integrated risk management for corporations includes insurance and
noninsurance risks, such as currency and interest rate risks.

 

7

 

 Regarding risk
managers using different language, Felix Kloman wrote, “We talk extensively
about integrating risk management within profit, nonprofit, and governmen-
tal sectors, but we remain encapsulated within our specialty bubbles.”

 

8

 

In an attempt to standardize language in risk management, the Interna-
tional Standards Organization (ISO) has published draft standard terminol-
ogy for the field. Some of these, with related terms, are given in Table 8.3.

 

9,10

 

ISO definitions are marked by an asterisk.

 

Risk assessment, vulnerability analysis, and contingency 
planning

 

Risk assessment or analysis is the systematic use of information to identify
sources and to estimate the risk. Achieving this is the goal of contingency
planning, in which levels of risks must be measured and be reduced to as
low as reasonably practicable.

 

Terrorism The unlawful use of force or violence against persons or 
property to intimidate or coerce a government, the civilian 
population, or any segment thereof, in furtherance of political 
or social objectives (FBI definition, quoted in Reference 11). 

Vulnerability 
analysis

Vulnerability analysis identifies all possible vulnerabilities, 
presents historical data about past disasters, assesses future 
probability and frequency of emergencies and disasters, 
analyzes impacts and effects, and validates data.

 

12

 

Table 8.3 (continued)

 

Terminology in Risk Management

 

Term Definition
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The science of measuring risks is well advanced for some threats but
not for others. In general, risks to water, sewer, and stormwater systems
would be difficult to quantify, although possibilities can be listed and
mapped, as shown in Table 8.4.

The general process of contingency planning involves enacting disas-
ter scenarios, estimating demands, identifying measures for meeting min-
imum needs, and isolating critical components or systems that may cause
system failures. This is generally referred to as vulnerability assessment
or analysis.

Vulnerability analysis means to determine the consequences of the
hazards affecting the facility or operations of concern. It requires identi-
fication and measurement of risk, and identifies vulnerabilities. It pre-
sents historical data about past disasters, assesses future probability and
frequency of emergencies and disasters, analyzes impacts and effects, and
validates data.

 

12

 

In vulnerability analysis, the effects of the hazards on water system
components and water quality and quantity should be determined. The
entire system should of course be analyzed, as well as the components.
The AWWA wrote that vulnerability assessment in water utility emergency
planning has four basic steps:

 

2

 

Table 8.4

 

Measurement of Risks

 

Risk category Measurement

 

Health and safety This category includes some risk categories, such as 
deaths from water constituents, where empirical data 
may be available; for the most part, however, risk is 
difficult to quantify.

Performance failure If a structure is designed for a fixed level event, and the 
load is exceeded, as in a flood, the risk can quantified. If 
failure is caused by an unexpected event, such as a 
mistake, it cannot be quantified.

Construction or 
maintenance failure

These failures would be difficult to quantify because they 
can occur in many ways. Claims for construction 
damages might be quantified from insurance data. 

System or component 
failure

These might be quantified from data on service records, 
but in practice, they would be difficult to quantify.

Liability In theory, the many possible areas of liability could be 
mapped, but risk would be difficult to quantify.

Financial Some financial risk, such as adequacy of rates, could be 
modeled. 

Employee problems 
and accidents

Employee risks would be difficult to quantify, although 
data might be available through the insurance industry.

Disaster, 
human-caused

This category of risk is becoming more visible, but would 
be difficult to quantify.

Disaster, natural Natural disaster risk can be quantified for earthquake and 
flood damage, but for some events, such as fire or 
lightning damage, it is difficult to quantify. 

 

L1573_book  Page 148  Friday, August 2, 2002  7:20 AM



 

Risk management and disaster preparedness 149

 

1. Identify components of the water supply system.
2. Estimate potential effects of possible disasters.
3. Establish goals for performance and levels of service.
4. Identify critical components.

These steps, although stated for water supply systems, apply to sewer
and stormwater as well. They would be implemented this way:

1. Identification of system components requires an inventory with
maps, condition inspections, and data for operations and mainte-
nance scenarios, including emergency actions.

2. Quantifying magnitude determines the scale and magnitude of each
potential disaster or contingency. Estimating effects of anticipated
disasters on each component of the system involves disaggregation
of systems to assess the effects of each disaster type on each compo-
nent (for example, a storage reservoir might be vulnerable to a mud-
slide, whereas the treatment plant might fail during a power outage).

3. Estimating demand during and after the disaster for all purposes is
an extension of normal demand estimating procedures. Determining
the capability of a system to meet demands during emergencies
requires modeling and analysis to match demands and supplies dur-
ing the emergency.

4. Identifying critical components that cause failure during emergencies
is the result of the vulnerability analysis and pinpoints the compo-
nents that need strengthening.

The AWWA manual specifies that the water system includes five sub-
systems and their components: source, transmission, treatment, storage, and
distribution. Water systems also include critical support systems and lifelines
(Table 8.5).

 

2

 

Wastewater and stormwater systems can also be disaggregated into their
component parts, as explained in Chapter 2. Disaster and security studies are
concerned with different parts of the systems. For example, interrupting a
source of water can be disastrous; whereas in a stormwater system, a saboteur’s
using the system to gain access to a critical facility might be the major issue.

The other steps in a vulnerability assessment involve estimating magni-
tude of disasters, determining capability to meet demands during emergen-
cies, and identifying critical components that cause failure. Additional dis-
cussion of these processes is beyond the scope of this chapter, but the reader
can refer to Reference 10 for a thorough review of the literature about them,
at least as they apply to water supply utilities.

 

Mitigation measures, including design and construction

 

Mitigation consists of “disaster-proofing” activities which eliminate or
reduce the probability of disaster effects. The AWWA says that they reduce
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the vulnerability of components or systems. The general goal is to produce
reliable and flexible supply systems. Table 8.6 presents mitigation measures
listed by the AWWA and PAHO.

 

2,14

 

In comparison to emergency management, little information has been
published about design and construction to mitigate disaster effects.
Although some information has been presented about treatment plants, there

 

Table 8.5

 

Water Infrastructure Systems and Components

 

Subsystem Examples of components

 

Administration and 
operations

Personnel, buildings and computers, records, emergency 
plan

Source water Watersheds and surface sources, reservoirs and dams, 
aquifers, wells and galleries

Transmission Intake structures, aqueducts, pumping stations, 
pipelines, controls

Treatment Structures, controls, equipment, chemicals
Storage Tanks, valves, piping
Distribution Pipelines, valves, pumps, materials
Electric power Substations, transmission lines, transformers, generators
Transportation Vehicles and construction equipment, maintenance 

facilities, supplies, parts and fuel, roadway 
infrastructure

Communications Telephone, radio, telemetry, mass media outlets

 

Table 8.6

 

Management and Engineering Measures

 

Management measures Engineering measures

 

Planning for emergency response Source water and transmission — 
providing alternative sources, 
protecting wellheads, retrofitting 
dams and aqueducts

Administrative systems in place Treatment — isolation, bypass, fire 
resistance, flood-proofing, alternative 
systems

Cooperative plans for water-sharing 
and interconnections

Distribution — design, control, 
interconnections

Improvements in communication to 
include codes, backup systems

Remove high-risk components

Personnel — education, cross-training, 
replacement, ensuring a safe 
workplace

Bury in solid soils/rock, use vegetative 
cover

Placement of redundant equipment 
and auxiliary generators

Replace rigid systems with flexible 
systems

Improved access Use retaining walls
Preparing to conserve Detect slow landslides, relocate away 

from landslides
Provision of alternative transport Repair leaks in areas of unstable soils
Frequent inspections
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is little about disaster-proofing of distribution systems, with the exception
of recent work regarding earthquakes. For earthquakes, advances have been
made in seismic upgrades, such as redesign of critical pipelines in fault
zones. The AWWA wrote guidelines for utilities to design water systems to
maintain structural integrity of storage facilities, pipeline viability, and con-
trol systems continuity.

Design and operation are key aspects of disaster preparedness. For exam-
ple, in 1975 the inability to close a valve led to a ten-day shutdown in Trenton,
New Jersey. This could have been a design issue or an operational issue, in
that the valve had not been exercised.

General design of treatment plants includes little mention of emergency
planning or disasters. For floods, design provisions would include protection
of intake structure, and protection against flotation, ice jams, internal flood-
ing, Giardia, and Crypto. Treatment plant design focuses on chemical han-
dling and spill containment, as well as chlorine leaks. Electric fault protective
devices also receive attention.

Reliability as a key design goal means the extent to which a system
performs its function without failure. John Spitko’s chapter on “Design Reli-
ability Features” discusses the consequences of loss of plant and bad water.

 

15

 

Reliability is driven by regulatory consequences of loss of part or all of a
plant and consequences of not meeting standards. A systems approach
would make sure failure of a component does not lead to failure of system.
Reliability depends on treatment train, equipment, processes, standby equip-
ment, redundancy, parallel systems, and flexibility.

Principles and ideas for reliable systems are:

• Ensure that failure of any one component does not cause operating
failure or noncompliance.

• Provide operational flexibility to handle problems with source water
variability.

• Have reserves and redundancies to keep operating if one unit is out
of service.

• Have one or more processes perform the same function, such as filters
and sedimentation to remove particulates.

• Gain flexibility through redundancy, conservative sizing, or unit ar-
rangements.

• Ensure overall reliability through interconnections and different
sources.

• Avoid independent process trains; use interconnections instead.
• Use gravity flow instead of pumping.
• Ensure component system reliability — electrical, controls, and many

other factors.
• Consider disasters in design.
• Use waterproofing.
• Control access.
• Have plant security.
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• Store chemicals on site to mitigate truck blockades.
• Have on-site generation of chemicals, chlorine.
• Have a HAZMAT program.
• Have a safety program.
• Do a vulnerability analysis.
• Have multiple intake ports or well screens.
• Use off-stream sources.
• Have dual power sources and standby power.
• Have chemical storage reliability.
• Ensure reliability of process design.
• Ensure smooth O&M.
• Have shop drawings.
• Have computerized maintenance systems.
• Have trained people.

An example of a design feature that increases reliability is the “flex pipe,”
which is illustrated in Figure 8.6.

 

Emergency management

 

Emergency management and disaster preparedness anticipate diverse situ-
ations that threaten security. They involve police or military skills, but critical
infrastructure systems such as water supply require special expertise. Emer-
gency management is allied with civil defense, and during the 1970s the U.S.
organized the Federal Emergency Management Agency (FEMA). Its mission
statement is “to reduce loss of life and property and protect our nation’s

 

Figure 8.6

 

EBMUD flexpipe. (From Federal Emergency Management Agency, Miti-
gation Resources for Success CD.)
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critical infrastructure from all types of hazards through a comprehensive,
risk-based emergency management program of mitigation, preparedness,
response and recovery.”

 

12

 

 Although emergency management involves both
the government and the private sector, in the case of water, sewer, and
stormwater, the utility must take primary responsibility.

Emergency management involves close coordination among different
parties. Figure 8.7 shows a meeting of emergency managers.

 

Security

 

The field of security focuses on human-caused threats. Concern about secu-
rity led to The President’s Commission on Critical Infrastructure Protection.
After the commission’s report, Presidential Decision Directive 63 in May
1998 established the National Infrastructure Protection Center (NIPC) inside
the FBI. The NIPC is concerned with eight “critical” infrastructures: telecom-
munications, electric power, gas and oil storage and delivery, banking and
finance, transportation, water supply systems, emergency services, and gov-
ernment operations.

 

16

 

One element of the NIPC network is the Water Sector Critical Infrastruc-
ture Protection Advisory Group (CIPAG), which began to meet in 2001. Under
NIPC, the InfraGard initiative set up a public–private information-sharing
mechanism that funnels threat warnings to sectors, including the water sup-
ply sector. This will be reported through an Information Sharing and Analysis
Center (ISAC) for the water supply sector. The ISAC will be a secure
Web-based interface for water utilities to share security information.

The National Infrastructure Protection Center at FBI Headquarters deals
with threat assessment, warning, vulnerability, criminal and national secu-
rity investigation, and response. Its mission is to detect, deter, assess, warn
(users), respond to, and investigate unlawful acts that threaten or target our
eight critical infrastructures (telecommunications, electric power, gas and oil

 

Figure 8.7

 

FL meeting. (From Federal Emergency Management Agency, Mitigation
Resources for Success CD.)
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storage and delivery, banking and finance, transportation, water supply,
emergency services, and government operations).

 

17

 

The EPA has organized a Water Protection Task Force to help federal,
state, and local partners expand their tools to safeguard drinking water from
terrorist attacks. The EPA said that the threat of harm from an attack on our
water supply is small, and the goal is to provide access to the best scientific
information and technical expertise. The EPA already has a notification sys-
tem to share information among drinking water providers, the law enforce-
ment community (local, state, and federal) and emergency response officials,
developed with the Association of Metropolitan Water Agencies (AMWA)
and the FBI.

Sandia National Laboratory has been assigned a role in developing a
vulnerability assessment methodology for water utilities. Detect, delay, and
respond are the keywords of the planned approach, according to Sandia,
which presented its approach at an AWWA workshop in 2001.
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chapter nine

 

Maintenance and renewal 
of water, sewer, and 
stormwater systems

 

Introduction

 

This chapter explains how the maintenance and renewal management sys-
tems are used to manage inventories of infrastructure components. Utility
companies are learning much about maintenance and renewal, with surpris-
ing results. For example, they have learned that it is important to have
effective maintenance, but they should avoid too much maintenance. They
have also learned that the 3R part of renewal (repair, rehabilitation, replace-
ment) is both important and difficult to get right. This aspect of infrastructure
management holds great leverage over the future of financial and service
performance of utilities.

Inventory is an important aspect of a maintenance management system
(MMS), and is also used in planning, accounting, and other utility functions.
Because of its utility-wide importance, it is treated as a separate topic from
maintenance. Inventory is also discussed in Chapter 10 because of its close
relationship to information technology.

 

System inventories

 

As shown in Figure 9.1, an inventory of facilities, components, and equip-
ment is the cornerstone of maintenance management, needs assessment,
asset management, and property accounting.

Note that the term “inventory” is also used for supplies, but this discus-
sion is about inventory of 

 

capital components

 

. In this section, we explain how
basic information about this inventory can be compiled and used.

In some ways, use of the term “inventory” is not fully clear when applied
to infrastructure components. The word generally means a list or a record
of things in stock, the process of making a record, or the individual items in

 

L1573_book  Page 157  Friday, August 2, 2002  7:20 AM



 

158 Water, Wastewater, and Stormwater Infrastructure Management

 

a record. In an infrastructure inventory, components are listed and described,
but it is more like a property inventory than an inventory of goods.

 

Inventory as an accounting concept

 

The field of accounting provides a framework for inventory. Accounting
methods differ for real property, fixed assets, and equipment. Classification
systems can break these categories down into specific items or inventory
objects, but no method has been published to bring concepts of accounting
for property, plant, and equipment together.

An infrastructure inventory is an account of physical assets. Accounting
for assets is necessary in all enterprises, especially private businesses, which
pay taxes and dividends and are regulated for financial activities. Govern-
ment entities also account for assets, but in different ways, as explained in
Chapter 6.

To account for assets, they must be classified. One classifier is tangible
(fixed assets) or intangible.

 

1

 

 On balance sheets, assets are classified as current
and noncurrent, which include property, plant, and equipment, sometimes
called fixed or plant assets.

 

2

 

 The assets we are interested in are intangible

 

Figure 9.1

 

Infrastructure management system showing inventory.
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and noncurrent. The distinction among property, plant, and equipment is
also used, with the word “plant” originating from manufacturing accounts.

 

Accounting field

 

Accounting for fixed assets is where the world of inventory begins, and is
discussed in Chapter 6. Accounting has different specialties. The field of

 

management accounting 

 

refers to accounts produced for the internal use of
managers. It is the approach intended for uses such as infrastructure systems
management, which requires timely statements so that managers can make
decisions about expenses and actions.

 

3

 

 

 

Financial accounting 

 

emphasizes flows
of money and financial statements and controls.

Management accounting does not normally produce much information
on fixed assets because the information has not been used much by manag-
ers, at least not so far. Rather, the situation is more like Raymond Peterson,
from the telephone industry, described: for asset management, we “…put it
in, use it, if it breaks, repair it; if it breaks too many times, discard it and
replace it.”

 

1

 

 Fortunately, new attention to fixed asset accounting has begun
to replace this old attitude.

 

Government versus private accounting

 

As discussed in Chapter 6, accounting follows Generally Accepted Account-
ing Practices (GAAP) and rules for specific applications. Accounting rules
differ for private-sector businesses and government. Private, regulated util-
ities are businesses and comply with different accounting rules from those
of government departments or utilities.

Most infrastructure management is under government accounting and
follows rules of the Government Accounting Standards Board (GASB),
which specifies the GAAP for government accounting. The GASB has
created a separate category for infrastructure fixed assets, which are
“immovable and of value only to the government unit.” Earlier, the GASB
authorized nonreporting of public fixed assets (infrastructure) that are
immovable and have value only to the government unit for other than
enterprises, but this changed with GASB 34 (see Chapter 3). Originally, if
accounted for, assets were in a general fixed asset account group (GFAAG),
which was to be an auxiliary record to be maintained at historical cost.
Depreciation accounting for these assets was not seen to work well.

 

4

 

 Hope-
fully, GASB 34 will improve this situation and view.

 

Regulated utilities

 

In the case of regulated utilities, asset costs are part of the rate base and
naturally attract a lot of attention from regulatory commissions. The National
Association of Regulatory Utility Commissioners (NARUC) specifies a
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uniform system of accounts for the following categories of utilities
(Table 9.1). This provides an initial concept for the inventory of fixed assets.

 

5

 

Inventories in asset management systems

 

As explained in Chapter 3, an inventory is part of the asset or infrastructure
management system. The inventory provides the location and specifica-
tions of items and may include or be linked to records of construction,
condition assessment, maintenance, and modifications. Displays of the
inventory provide information needed by workers to make decisions or
perform maintenance.

Because the inventory involves real property, fixed assets, and equip-
ment, a master inventory for an organization brings them together. The only
place this happens is in the accounts.

Accounts are good for real property, less so for equipment, and even
less so for fixed assets such as buried pipes. This is why Peterson wrote,
“Managers have found it necessary to provide separate records for property,
plant, and equipment, and created records for insurance, security, utilization,
and maintenance.”

 

1

 

 In other words, one might end up with a number of
separate records, each one duplicating the information.

In today’s computerized world, the manager can theoretically have all
inventory information in one place, but this might not be practical. The main
place to centralize data would be in the accounts. Then, if management units
could each have their own sub-accounts for inventory, all data could be
coordinated. So with the advent of computerized management systems, we
are able to integrate information for financial and management uses. This
may still be difficult, however.

An inventory can be as simple as a set of drawings indicating where
sewer pipes are located in a section of a city. These drawings, with
annotations, could be used by maintenance forces to locate and service
pipes. On a more sophisticated level, the drawings could indicate other
nearby facilities, such as water and electricity lines, and also be used to
coordinate services. Even more sophisticated would be coordinated data
in a GIS and database format, available on a common basis to different
sections of the organization whose work involves shared data, processes,
facilities, and staff.

 

Table 9.1

 

Uniform System of Accounts for Regulated Utilities

 

Category Annual operating revenues

 

Water, Class A $1,000,000 or more
Water, Class B $200,000 – $999,999
Water, Class C Less than $200,000
Wastewater, Class A $1,000,000 or more
Wastewater, Class B $200,000 – $999,999
Wastewater, Class C Less than $200,000
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According to Peterson, generic aspects of inventory are in property
record systems, which include more data than might be needed for manage-
ment purposes:

• Historical cost and how it was established
• Date of acquisition
• Location
• Custodian
• Property tax information
• Vendor or donor
• Restrictions on use
• Depreciation method
• Estimated remaining life
• Future usefulness

Management versions of these records require spatial data, either on a map
or GIS, and appropriate descriptive data, either in text entries or a database.

According to Peterson, reports that can be generated from the property
record system include:

• Forecasts of maintenance
• Asset replacement value
• Management reports of maintenance issues
• Production rate
• Location of equipment
• Responsibility for property

Computers and databases are useful for storing and manipulating data-
bases, and a number of commercial packages are available. Relational data-
bases offer new ways to organize data to facilitate decisions and actions.

Communication systems offer ways to link inventory data to other man-
agement actions. For example, a system component such as an overflow weir
in a combined sewer system can be linked by a wired or wireless system to
a central computer system that shows its location and current status,
enabling maintenance decisions to be coordinated with operations.

 

Accounting for fixed assets

 

Fixed assets have not received as much attention from accountants as have
current assets, which have more dynamic financial turnovers and greater
effects on tax and profit reports. Accounting for fixed assets helps us to
emphasize that assets must be managed — not just purchased, used up, and
replaced. The objective is to provide not only accounting for assets, but use
accounting to help managers get the most out of the company’s investment.
Peterson asks, “Do you have in place a process that monitors the current
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condition, evaluates the future need for replacement, and brings to your
attention needs to modify that plan?”

Accounting concepts for capitalization of private-sector assets cover tax
implications or valuation, but do not involve how to set asset policies and
apply them within an organization. Fixed assets are depreciated by accoun-
tants, but depreciation relates to tax obligations more than it does to condi-
tion of assets. In government accounting, including water, sewer, and storm-
water units, depreciation of fixed assets has been optional until GASB 34.

If infrastructure managers reform their accounts for long-term tangible
assets, the fact that facilities are wearing out will be known, and we can
reverse the mentality of “put it in place and forget about it.”

 

Benefits of maintenance programs

 

While the need for effective maintenance is obvious to public works
professionals, its benefits can impress even a hardened financial officer
or uninformed citizen. But the subject is often not presented very effec-
tively to engineers, managers, and boards — and maintenance budgets
are easy to cut. Now, with more focus on infrastructure, maintenance gets
more attention.

For a simplified case, consider a city of 100,000 with water, sewer, and
stormwater systems with a replacement value of about $1 billion. This
includes many different types of facilities: source of supply, treatment plants,
distribution and collection, and stormwater systems. (We do not know the
per-capita replacement value very well, and this figure is probably a little
high for a city of 100,000).

Now assume two maintenance strategies — neglect and effective main-
tenance — and assume that under neglect, the service lives of the facilities
are less than those under effective maintenance. Using simple financial anal-
ysis, Table 9.2 is produced. It shows that annual capital cost of the infrastruc-
ture ranges from a low of $61 million if service life is 60 years and interest
cost of money is 6%, to $101 million when service life drops to 20 years and
money costs 8% in interest.

The total annual water, sewer, and stormwater budget for a utility in
a city of 100,000 is on the order of $40 million (based on the City of Fort
Collins, Colorado, which has slightly more population but does not serve

 

Table 9.2

 

Cost of Money as a Function of Service Life

 

Cost of money in interest
Service life 0.06 0.07 0.08

 

20 $87,184,557 $94,392,926 $101,852,209 
30 $72,648,911 $80,586,404 $88,827,433 
40 $66,461,536 $75,009,139 $83,860,162 
50 $63,444,286 $72,459,850 $81,742,858 
60 $61,875,722 $71,229,226 $80,797,949 
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all customers in the city limits). Thus, if one considers a case in Table 9.2,
using maintenance to extend service lives from 30 to 50 years at 7%
interest, the result is an annual benefit of about $8 million, or 20% of the
total annual budget. The cost to perform this maintenance is not known,
but if it added 10% to the budget, or $4 million, then the benefit–cost ratio
of the maintenance program would be 2.0. In addition to this benefit, there
are also the benefits of the prevented disruption, the higher quality service,
and the more positive image of the utility and city that result from good
maintenance.

Note that the service lives of most components are probably longer than
we think. Recent research from Australia shows that some distribution pipe
lives as long as 100–150 years. It appears that Australian utilities are more
willing to repair and take some leaks and breaks, and North American
utilities would prefer to replace pipes earlier.

 

6

 

For this reason, we are beginning to see utilities question the amount of
money spent on maintenance of some components. Too much maintenance
is expensive and may affect the bottom line negatively, so it is important to
know the financial benefits of maintenance.

 

Maintenance management systems

 

The framework for organizing maintenance is the maintenance management
system (MMS), which brings activities together for a systems approach to
investment, organization, scheduling, and monitoring. There are many vari-
ations of the MMS, usually specific to an industry such as aviation, railroads,
road transportation, and others.

An MMS can be described in different ways, but general functions
include inventory, condition assessment, preventive maintenance, and cor-
rective maintenance. Knowledge about MMS is available from a number of
sources, increasingly in commercial software systems.

In facilities management (FM), the focus is increasingly on computerized
MMS, or “CMMS.” Another term is MMIS, or “maintenance management
information system.” According to Graham Thomas, writing in the 

 

Facility
Design and Management Handbook

 

, “The effective implementation of a CMMS
or work management program has become mandatory for facility depart-
ments. The implementation of a CMMS application represents one of the
greatest challenges that a facility department will face, as the potential for
radically changing the character of a facility department lies at the heart of
a CMMS application.”

 

7

 

Thomas considers the CMMS to be a sophisticated “to-do list,” and
to have three parts: a PM schedule, work order tracking, and project
management. The scope of a CMMS depends, of course, on how broad
the organization wants it to be. Eventually the inventory, condition assess-
ment, preventive maintenance, and corrective maintenance programs
must be involved.
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Condition assessment

 

While preventive maintenance is scheduled regularly, condition assessment
is required for scheduling corrective maintenance and for needs assessments,
budgeting, and capital improvement programs. According to Ronald Hud-
son, some industries use “on-condition” maintenance, where preventive
maintenance is scheduled according to facility condition.

 

8

 

The condition of a facility refers to how its status compares to new status.
One might say, for example, “My car is old but in good condition.” This
would be a general statement that embodies paint job, interior, engine, run-
ning gear, and other systems. One could rate a car as being in “poor,”
“average,” or “like-new” condition, and all of the terms would be familiar,
even if there is a conflict of interest in rating one’s own car. The concept of
condition of an infrastructure facility is the same. It provides a composite
measure of the facility condition compared to a replacement.

If a composite condition index could be compiled, chances are it would
yield a relationship such as Figure 1.3, which has been shown from the pavement
management field. But the situation will usually not be so simple. Peter Stahre,
a public works manager from Sweden, has noted that Scandinavian research
showed a strong dependence on initial quality of construction. Figure 9.2 shows
how this can affect the assumed condition versus time relationship for an asset.

 

Figure 9.2

 

Infrastructure condition curve for poor construction.

Original condition level

Straight-line depreciation

Accelerated depreciation

Time

O
ve

ra
ll 

co
nd

it
io

n

In-service condition curve

(assumed)

M
ai

nt
en

an
ce

ef
fo

rt
 r

eq
ui

re
d

Actual condition curve
due to poor construction or

materials

 

L1573_book  Page 164  Friday, August 2, 2002  7:20 AM



 

Maintenance and renewal of water, sewer, and stormwater systems 165

 

Condition assessment will be unique for each facility type and compo-
nent. It requires multi-attribute measurement, and ideally a composite con-
dition index could be compiled for each facility. But there is no single best
approach to compile such an index, and condition cannot normally be
reduced to a single score — although infrastructure “report cards” do that
to emphasize the need for infrastructure investments. Hudson discusses
methods of compiling composite condition indices.

 

8

 

An AwwaRF study found that single condition indices are not feasible
for water distribution infrastructure.

 

9

 

 The challenge of assessing condition
of hidden infrastructure assets is formidable. A system for condition assess-
ment might include the following attributes of a component:

• Physical condition
• Age
• Capacity
• Performance
• Threats to capacity or vulnerability
• Likelihood of failure
• Safety attributes
• Deferred maintenance or repair cost

Based on these attributes, it should be possible to make schedules for repair,
replacement, and rehabilitation.

 

Preventive maintenance

 

Preventive maintenance (PM) is the ongoing program of care given to equip-
ment or components. In general, PM requires consistent, timely completion
of tasks prescribed by documented procedures according to set schedules
that include regular follow-up. Information sources for PM are O&M man-
uals, product information, and experience of workers.

 

10

 

 PM records will
include equipment data, the preventive maintenance (PM) record, the repair
record, and a spare parts stock card.

 

Corrective maintenance

 

Generally speaking, corrective maintenance means to repair equipment or
components that have failed or deteriorated. It can range from minor to
major repair, and drives the “3Rs” of infrastructure — repair, rehabilitation,
and replacement. There are actually more than three “Rs,” as one can also
renew, refurbish, remodel, restore, and renovate.

Corrective maintenance requires a decision as to whether the deficiency
is minor or whether it is major enough to require capital budgeting. If the
problem is major, the capital budget incorporates information about new
standards and growth forecasts to lead to decisions about rehabilitation
and replacement.
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Some of the technologies for repair, rehabilitation, and replacement of
water distribution pipes include the following:

 

11

 

• Pipe cleaning (flushing, foam swabbing, air scouring, using high-
pressure water, pressure scraping, abrasive pigging)

• Lining by nonstructural or semistructural means (epoxy coating,
cement mortar coating, close-fit pipe, woven hose, cured—in-place
pipe, spirally wound pipe)

• Lining by structural means (continuous pipe, segmented pipe)
• Failure diagnosis lessons-learned database
• Trenchless replacement (pipe bursting, pipe replacement, micro-

tunneling)
• Open cut replacement (conventional trench, narrow trench)

 

Reliability-centered maintenance

 

At the AWWA 2002 Infrastructure Conference, a speaker from the East Bay
Municipal Utility District explained the philosophy of reliability-centered
maintenance (RCM). An interesting feature of RCM is that it moves away
from “proactive” maintenance to a “run-to-failure” mentality for some
equipment. This may lower cost and it places a focus on critical equipment
and components, which are defined by water quality violations, produc-
tivity, regulations, and safety. Higher maintenance cost is a big factor in
rates. RCM is data intensive and uses a multidisciplinary team, including
maintenance, mechanical, electrical, and instrument engineers and opera-
tional personnel.

 

12

 

Facility management

 

Much of the maintenance work for water, sewer, and stormwater systems is
facility management (FM). According to the International Facility Manage-
ment Association (IFMA), “Facility management is the practice of coordinat-
ing the physical workplace with the people and work of the organization.”

 

13

 

IFMA has organized its activities into functional areas, all of which require
attention from O&M staff:

• Long-range and annual facility planning
• Facility financial forecasting
• Real estate acquisition and/or disposal
• Work specifications, installation, and space management
• Architectural and engineering planning and design
• New construction and/or renovation
• Maintenance and operations management
• Telecommunications integration, security, and general administrative

services
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In the past, facility management meant operations and maintenance.
Now other considerations such as safety, workplace environment, building
air quality, security, and Americans with Disabilities Act issues are involved.
IFMA has a certification program for facility managers.

General publications are available through organizations such as the
IFMA, such as “Facility Maintenance: The Manager ’s Practical Guide and
Handbook.”

 

Computer-based inventory, record, scheduling, and work 
management systems

 

Computer-based systems are key for today’s maintenance problems. These
will be discussed in more detail in Chapter 10. They involve a database
system to manage pipe and component data, GIS software for system man-
agement, the scheduling of programs, and data on established maintenance
procedures for specific components and systems.

 

Maintenance of water, sewer, and stormwater systems

 

Maintenance management

 

Maintenance management for water, sewer, and stormwater systems
involves different facilities and requires general facilities management
for buildings, grounds, and some equipment, and specialized mainte-
nance for source of supply, treatment trains, and distribution and collec-
tion systems.

Much of the focus in water and wastewater is on distribution systems
and wastewater collection systems, which are vast underground networks
involving about two thirds of system capital assets. Water and wastewater
treatment plants are complex facilities requiring maintenance of buildings
and grounds as well as the process trains, which are highly specialized.
Failure in maintenance of systems can bring regulatory sanctions, and worse
yet, health problems for customers. Sources of supply maintenance can
involve reservoirs, wellfields, and other facilities.

Maintenance of these systems applies general principles such as inven-
tory, condition assessment, preventive maintenance, and corrective mainte-
nance to specific systems, components, equipment, and situations. While the
systems contain similar components, the equipment and components within
them vary.

For example, water distribution pipes, sewers, and storm sewers use
different materials and design procedures. A treated-water pump will be
different from a flood-control pumping system. A wastewater treatment
plant uses different processes than a water treatment plant. But maintenance
procedures, records, and management systems will be similar across these
different systems.
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Guidelines for maintenance programs should begin with facilities man-
agement manuals such as “What Is IFMA.”

 

13

 

 Specialized guides for water
and wastewater systems include guides such as the AWWA text for water
utility maintenance, which provides concepts and processes that are trans-
ferable to wastewater and stormwater systems.

 

14

 

 Maintenance for wastewater
systems is covered by a number of training reports funded by the EPA, and
by WEF manuals such as “Wastewater Collection Systems Management.”

 

14

 

Maintenance of stormwater facilities is a new topic, as stormwater main-
tenance used to be part of street maintenance in most systems. Specialized
organizations, such as the Urban Drainage and Flood Control District in
Denver, have developed maintenance programs for major drainageways.

 

15

 

Examples of routine work include vegetation mowing, trash and debris
cleanup, weed control, and revegetation. Examples of restoration work
include detention pond mucking, trash rack cleaning, rebuilding steep run-
downs, tree thinning and clearing, extending trickle channels, repairing local
erosion problems, and doing local channel grading and shaping. Examples
of rehabilitative work include rebuilding or replacing drop structures, install-
ing trickle channels, reshaping channels, installing riprap to correct or pre-
vent erosion, establishing maintenance access into drainageways, and pro-
viding protection for existing box culverts, retaining walls, or road crossings.

Maintenance of underground stormwater pipes has received little atten-
tion compared to that of water and wastewater. When a flood backup occurs,
stormwater maintenance crews will fix it, but programs such as historical
data on breaks, regulatory sanctions, and performance measure are missing
from stormwater, if for no other reason than absence of regulatory oversight.

Other stormwater organizations, including county governments, have
manuals for maintenance. These address inspection and monitoring, record
keeping, economic studies, sedimentation control, aquatic vegetation con-
trol, mosquito control, pollution and erosion control, structural maintenance,
safety measures, and multiple use management.

 

System inventories

 

A generic inventory system should work for water, sewer, and stormwater
systems. Although components differ, their general categories are similar as
shown by a classification system.

There are several ways to identify a utility’s assets. For water supply,
one method (Table 9.3) outlined by the National Association of Regulatory
Utility Commissioners (NARUC) gives a listing by real property, fixed assets,
and equipment.

 

16

 

The NARUC also regulates wastewater and should have comparable
lists, but it does not regulate stormwater systems. Inventories would be
comparable, as shown by Table 9.4.

Inventory technologies are improving, along with sensors, computers,
communications, and management methods. Technologies for locating pipe
include metal detectors, ferromagnetic locators, radio transmission locators,
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nonmetallic locators, and ground-penetrating radar.

 

11

 

 To locate components,
the AwwaRF sponsored a project entitled “New Techniques for Precisely
Locating Buried Infrastructure” by Roy F. Weston, Inc. It was to “identify
and comparatively evaluate methods and emerging technologies for accu-
rately locating metallic and nonmetallic buried assets in a wide range of
environments (i.e., in cities, under roads, with different soils).”

 

17

 

Inventory determines location and status of system components. It
requires complete records of pipes, valves, manholes, and other appurte-
nances. Table 9.5 shows data elements for typical system inventories.

Some utilities developed excellent inventories before computers were
available. For example, Leonard Batts described a system that is over 100
years old in Kalamazoo, Michigan, for mapping distribution system
records.

 

18

 

 The manual version of this system began with a wall map of the
entire system, which was also available at a reduced size of 6 by 8 feet.
Working maps at a scale of 1 inch = 50 feet showed details of each area, and
were available in legal size to be bound into books. This was a manual
version of today’s GIS capabilities.

The maps showed material and size of main, work order numbers and
dates of installation, distances from property lines, fire hydrant data, valves,
service lines larger than 1

 

1

 

/

 

4

 

 inch in diameter, and all location data. Maps
were updated annually. Data on system components were maintained on
asset files and ledger cards showing initial installation information. Service
line information was recorded in the field when connections were made, and
main break records were kept.

 

Table 9.3

 

Property, Fixed Assets, and Equipment in Utilities

 

Real property Fixed systems or assets Equipment

 

Land Reservoirs Power generation 
equipment

Structures and 
improvements

Intakes Pumping equipment

Wells and springs Water treatment 
equipment

Infiltration galleries and 
tunnels

Office equipment

Supply mains Transportation 
equipment

Distribution reservoirs 
and standpipes

Stores equipment

Transmission and 
distribution mains

Tools, shop and garage 
equipment

Services Laboratory equipment
Meters Power-operated 

equipment
Hydrants Communication 

equipment

 

L1573_book  Page 169  Friday, August 2, 2002  7:20 AM



 

170 Water, Wastewater, and Stormwater Infrastructure Management

 

Table 9.4

 

Water, Wastewater, and Stormwater Inventories

 

Item for water system
(from NARUC list)

Comparable item for 
sewer system

Comparable item for 
stormwater system

 

*Land Land Land
*Structures and 
improvements

Structures and 
improvements

Structures and 
improvements

Reservoirs Equalization ponds and 
large aeration basins

Detention ponds and 
flood control reservoirs

Intakes Discharge and overflow 
points

Discharge structures 

Wells and springs
Infiltration galleries and 
tunnels

Wastewater tunnels Stormwater tunnels

Supply mains Main and outfall sewers Large storm sewers 
*Power generation 
equipment

Power generation 
equipment

Power generation 
equipment

*Pumping equipment Pumping equipment Pumping equipment
*Water treatment 
equipment

Wastewater treatment 
equipment

Stormwater treatment 
equipment

Distribution reservoirs 
and standpipes

Small detention ponds 
and tanks

Transmission and 
distribution mains

Collection sewers Storm sewers

Services House sewers Building drains
Meters Measuring equipment Gaging points
Hydrants
*Office equipment Office equipment Office equipment
*Transportation 
equipment

Transportation 
equipment

Transportation 
equipment

*Stores equipment Stores equipment Stores equipment
*Tools, shop and garage 
equipment

Tools, shop and garage 
equipment

Tools, shop and garage 
equipment

*Laboratory equipment Laboratory equipment Laboratory equipment
*Power-operated 
equipment

Power-operated 
equipment

Power-operated 
equipment

*Communication 
equipment

Communication 
equipment

Communication 
equipment

Manholes Manholes
Grates and drainage 
intakes

Open channel segments
Sludge drying beds

 

* Indicates categories that are generically the same. Components within categories may differ.
For example, a wastewater pump will normally be of a different type than a water supply
pump. For stormwater, curb and gutter would be considered part of streets rather than
stormwater systems.
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As an example of a wastewater inventory, Brown and Caldwell developed
an “Asset Information and Management (AIM) System,” which, according to
the firm, converts isolated “knowledge assets” into enterprisewide solutions.

 

19

 

They applied it to create the Orange County (CA) Sanitation District’s (OCSD)
Facility Atlas, which resulted from a 1994 needs assessment. The assessment
revealed difficulty in compiling information from 50 years of operation and
some 300 construction projects at two treatment plants and 650 miles of trunk
sewers. The Facility Atlas is an electronic map of facilities that combines GIS,
databases, and a document management system. In the system, facility objects
are identified as process piping, equipment, surface features, and structures.
Facility objects can be studied by using the database to get information on
attributes such as construction material and project contract data.

 

Condition assessment of system infrastructure

 

Condition assessment measures developed for water supply can also apply
in general to other systems. Measures that might be used include physical
condition, safety, structural integrity, capacity, quality of service, and age.

 

20

 

Failure modes can also be applied to different categories. For pipes, these
were listed by Smith.

 

11

 

 They include installation conditions, loads, routine
service conditions, accidents, soil displacements, temperature extremes, and
degradation of metal, concrete, or plastic pipe.

Inspection checks will differ by system. For water supply, they may
include the following:

• Water quality sampling to include chemical and bacteriological tests
to signal if the system is working satisfactorily

• Pressure and flow checks at hydrants to determine if flow character-
istics are satisfactory

• Routine inspections to detect damage, unauthorized connections,
leaks, vandalism, and other unacceptable threats

• Leak detection to discover small or large system leaks

 

Table 9.5

 

Data Required for System Inventories

 

Type of data or display
Treatment plant 

equipment Distribution pipes

 

Location and spatial data Drawings or plant 
diagrams showing 
location of equipment

Maps or GIS

Specifications and 
descriptive data

Original specifications for 
installation, 
manufacturer’s 
literature, O&M 
manuals

As-built drawings, 
manufacturer’s 
literature

Displays PLC outputs, SCADA 
systems

Map books, GIS screens, 
and printouts
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Condition assessment can involve sensor and analysis techniques, such
as location of buried pipelines, leak detection, and nondestructive testing
(NDT). Condition assessment techniques include noninvasive, nondestruc-
tive techniques (ultrasonic, acoustic emission, remote-field eddy current,
magnetic flux leakage), coupon tests, and leak location studies (acoustic,
infrared thermography, chemical, and mechanical).

New methods to assess condition include smart pipes with built-in
reporting of leaks, structural stresses, corrosion, water quality, pressure, and
flow; improved pigging and in-pipe assessment technologies to evaluate
variables such as tuberculation and sedimentation; new capability to evalu-
ate joints, valve interiors, and other nonpipe components; and tools to pre-
cisely locate problems and make repairs, including trenchless technologies
and robotics.

 

11

 

Specific methods for distribution systems include the following:

• Water audit
• Flow measurement to test roughness
• Hydrostatic tests to test for leakage
• Zero-consumption measurement
• Network analysis models
• Program to monitor water quality in distribution system

A water audit is a starting point to learn about leaks and losses. It
checks master meters for accuracy, tests industrial meters, checks for
unauthorized use of water, and locates underground leaks through sur-
veys. An audit results in a balance sheet of accounted-for water and
unaccounted-for water. Standard terminology for water auditing has been
developed.

Leaks, breaks and unaccounted-for water cause loss in revenue, higher
operational costs, and need for greater system capacity. Leak detection and
repair can yield important benefits. The State of California found that water
audit and leak detection could even benefit communities with low values of
unaccounted-for water.

 

21

 

 The leak detection program offers an opportunity
to improve the database while solving leak and breakage problems, and to
organize data for main replacement decisions. O’Day wrote that a database
on main repair would cost $50–l00 per mile to develop and $10–20 per mile
per year to maintain.

 

20

 

For wastewater collection, sewer system evaluation surveys (SSES) are
the accepted way to gather information on capital needs. SSES are expensive,
so they must be prioritized.

Methods for inspection and condition assessment of collection systems
include closed-circuit television (CCTV), cameras, visual inspection, and
lamping.

 

22

 

 CCTV inspections are useful in diameters of 4–48 inches, and
raft-mounted cameras might be used in larger pipes. In a visual inspection,
safety rules are of course paramount. Innovations for sewer condition assess-
ment include light-lines, sonar, sonic caliper, and lasers.
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In wastewater systems, condition indicators include structural defect
parameters (installation history, material, age, soil type, groundwater, loads,
exfiltration, inspection history); corrosion and erosion parameters (material,
wastewater temperature and velocity, pollutants, pipe type and structure,
inspection history, soil, stray currents, coatings, cathodic protection, debris);
and operational parameters (roots, trees, surcharging).

The field of condition assessment is relatively new, and aspects of it
remain under development and controversial. For example, Australians, in
implementing their new asset management systems, seem to believe that
trying to assess the condition of hidden assets is not important — that the
emphasis should be on the financial bottom line and on simply repairing
breaks when they occur.

 

Distribution and collection system maintenance

 

Much of the maintenance effort in utilities is on distribution and collection
systems, and this will continue in the future because optimizing pipe repair
is a factor in controlling service disruption and cost. In addition to pipe itself,
distribution and collection systems involve additional components. For exam-
ple, Figure 9.3 shows the deteriorated condition of a fire hydrant in a large city.

 

Figure 9.3

 

Old leaky fire hydrant in large city.
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To achieve infrastructure integrity asset management and condition
assessment are critical. Utilities rely on maintenance history to make deci-
sions, but this is not direct assessment.

 

23

 

Corrosion, a general term that includes different internal and external
processes, is an important issue for distribution systems. Financial stakes
in preventing corrosion and deposition are high for water utilities. Corro-
sion may impact health since metals leached from pipes such as lead can
be harmful. Corrosion also causes financial damage such as staining clothes
in washers.

On internal corrosion, the AWWA’s policy states that “…water should
not be corrosive or encrusting to, or leave deposits on, water-conveying
structures through which it passes, or in which it may be retained, including
pipes, tanks, water heaters, and plumbing fixtures.”

 

24,25

 

Deposits can form from tuberculation, or from formation of tubercles on
pipe walls from corrosion. These roughen pipe walls, increase the “C factor,”
and increase energy required to pump water. Eventually, flow can cease
altogether. Pipe replacement may be required to cure the problem.

Postprecipitation that clogs pipe walls with deposits occurs from calcium
carbonate, iron, lead, zinc, aluminum, magnesium, manganese, polyelectro-
lytes, and microbial growth. The iron postprecipitation phenomenon is direct
corrosion. Zinc and lead reactions are similar to those of iron, but form a
more compact precipitate and tough coating. Remedial action requires anal-
ysis of reasons, followed by adjustment of treatment processes.

 

26

 

External corrosion in water systems is electrochemical, in which elec-
trons and ions move between anode and cathode areas and erode metal from
components. Types of corrosion are uniform and localized, and include
galvanic, crevice, and pitting corrosion, and erosion.

 

26

 

 Corrosion reactions
for iron pipe, galvanized pipe, lead pipe, and copper pipe are different in
nature. There is also a variety of corrosion potential in treatment plants.
Cathodic protection can help prevent metal pipe corrosion.

Recognizing the importance of corrosion to health, the SDWA requires
that utilities determine corrosivity of water and soil, as well as that of mate-
rials in the distribution and home plumbing lines. This monitoring require-
ment calls for the design of a program to examine water quality and pipe
material determinants of corrosion. Implementation of a corrosion control
program can have a positive benefit–cost ratio; thus, water utility managers
may consider corrosion control programs as going beyond regulations.

In older systems, many valves may not have been exercised for years.
Some, in fact, may not be listed on records. Some tips on developing pre-
ventive maintenance programs for valves are given by Dan Skorcz.

 

27

 

 The
AWWA now has a recent publication on valve maintenance.

Cross-connections require preventive programs. The AWWA listed situa-
tions to watch: unapproved supplementary supplies, industrial or fire protection
water, premises that handle sewage or industrial process water, circumstances
in which there is a special possibility of backflow of sewage or contaminated
water, and water supply lines that end at piers. Provisions to guard against
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these are plumbing changes, relief valves, backflow protection on all supply
lines in addition to the primary ones controlled on a property, inspection of
backflow protective devices, and the discontinuation of service in some cases.

 

28

 

The condition of home plumbing systems is complex because the variety
of situations encountered is great, and the range of materials is wide. A
combination program of sampling, interviewing homeowners and local
plumbers, and visual inspection of discarded water heaters and other equip-
ment would be a first step in evaluating them.

Distribution maintenance processes include flushing and cleaning.
Flushing at hydrants removes sediments, stale water, slime, and other
unwanted constituents. Chlorine additives may be used to kill bacteriolog-
ical growth. Cleaning may remove deposits in the pipe. Methods of cleaning
include mechanical, air purging, swabbing, and use of “pigs.” In the category
of corrective maintenance, or rehabilitation, lining in-place with cement mor-
tar may be done after cleaning to prevent rapid reoccurrence of problems.

Maintenance of collection systems affects the operation of the wastewa-
ter treatment facility, since flows into the facility are affected. Foster identified
five common maintenance problems associated with sewer systems: infiltra-
tion of groundwater, inflow of stormwater, clogging, breaks, and damage
from unauthorized and improper waste material.

 

29

 

 The corrective measures
called for fall into seven categories: replacement of damaged pipe with
infiltration-resistant pipe, better installation of pipe, sewer cleaning, analysis
of infiltration and inflow through flow-measurement techniques, inspection
and testing of sewers, grouting, and implementation of a safety program.

Figure 9.4 shows the cleanout located on a sewer main that facilitates
maintenance.

 

Figure 9.4

 

24-inch sewer line with cleanout. (Courtesy of City of Fort Collins Utilities.)
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The Clean Water Act of 1972 and its implementing regulations specified
that new plants constructed through the construction grants program had
to be preceded by sewer system evaluation and rehabilitation programs,
complete with infiltration/inflow analyses (I/I analyses). This led to use of
new techniques such as video inspection to find problem areas.

The EPA found by 1978 that original I/I requirements were too bur-
densome and issued regulations for simplified I/I investigations. A sub-
sequent evaluation showed that expectations of the I/I program were not
being fulfilled, that most municipalities did not implement long-term
sewer system maintenance programs, and that maintenance budgets were
often cut. They observed that operating budgets barely had enough funds
for emergencies, much less maintenance.

CMOM, described in Chapter 7, provides guidance and regulations for
collection system maintenance.

Because sewer system rehabilitation is important, the ASCE and WPCF
completed a manual of practice on the topic. About 26 methods were iden-
tified, most of which were developed during the past 20 years.

 

30

 

The EPA has issued several reports on sewer system evaluation and
rehabilitation, including a training manual prepared by California State Uni-
versity at Sacramento.
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 Topics covered are nature of the system, the opera-
tor’s responsibility, organization for O&M, pipeline cleaning and mainte-
nance, repair procedures, administration, and safety.

As an example of sewer maintenance, the Metropolitan St. Louis Sewer
District reported on its combined sewer program.

 

32

 

 The District had about
1100 miles of sewer serving a population of 450,000. Some of the sewers were
125 years old. In 1981 it had 370 failures with repair costs ranging from $5000
to $500,000. Because the cost to detect and repair all of the defective sewers
was too high, the District focused on high-risk areas by compiling maps with
risk factors to allow inspections with potential payoffs. Detection technolo-
gies considered include physical inspections, ground-penetrating radar,
gravimeters, and infrared photography. The results of detection will be
entered onto system maps using computer-aided design and drafting equip-
ment. Rehabilitation methods to be considered include shotcreting, seal
grouting (including chemical and compaction grouting), sliplining, steel
plate lining, and 

 

in situ

 

 forming.

 

Renewal: the 3Rs of infrastructure

 

Renewal of water, sewer, and stormwater infrastructure will require more
attention in the future than in the past. Consider that growth of U.S. systems
has occurred in “spurts” over the past 100+ years, and it is apparent that
waves of infrastructure systems will fail in the years ahead. This is the
essence of new research for water supply utilities, which studies inventory
age of piping and the likelihood that utilities will be hit with crescendos of
deferred maintenance, all at once in the future. This would consider different
kinds of pipe and services, including water, sewer, and stormwater systems.
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The need for renewal can be projected using “Nessie” curves, which
show build-up of all kinds of needs.

 

33

 

 The AwwaRF sponsored a project that
used this method to collect data on 20 U.S. water utilities, and this led to
needs estimates reported in Chapter 1.

As an example of renewal rates, at the 2002 AWWA Infrastructure
Conference, Chicago water officials outlined their capital improvement
program, which includes replacement of about 1% of pipe per year. They
rehabilitate 125 to 150 miles of pipe per year, and spend $30 per capita per
year on rehabilitation. Their prioritization is based on data and coordina-
tion with sister agencies. They do about two thirds of construction with
in-house forces, giving them the capability to move quickly without the
contracting phase, according to Chicago officials. U.K. engineers at the
same conference later gave the opposite view — that they got flexibility
and efficiency from use of contractor forces. The difference in view may
be explained by the public–private difference and the rules that constrain
renewal projects. Government funding is being requested to overcome the
deferred maintenance in the U.S. inventory. Current legislation (as of
March, 2002) is S. 1961, which will authorize up to $35 billion for state
revolving funds over 5 years.

The realities of the vast networks of infrastructure must be confronted
in any management plan. This includes bureaucracy, politics, budget cuts,
unions, workforce issues, liabilities, and other realities of public works.

 

Failure mechanisms

 

The issue in diagnosis is to be able to predict failure so that pipeline renewal
can precede disasters and allow capital planning. There are two schools of
thought: one would work from the “bottom up,” and try to use science to
build the evidence leading to prediction of failure; the other would work
from the “top down,” to try to sense how much information is needed to
simply manage breaks and failures that do occur. These two philosophies
are contained in the “Nessie” research.

 

6

 

There has been a lot of research on why pipes fail. Paradoxically, older
pipes do not necessarily fail more often. Failure rates seem to depend more
on construction techniques and factors such as wall thickness. How well
main construction is inspected may be a valid predictor for future life, for
example. It is also known in some areas that water temperature will be an
important factor, with many more breaks in cold weather.

For sections of pipe where no break is acceptable, such as high damage,
public safety, public health areas, utilities must ensure that replacement or
repair occurs before failure.

Attention has been focused on the water main life cycle of various
materials. Fixing components of distribution systems is also a big issue,
including water service connections that are owned by the utility up to the
property line.

Predicting main life using operational records, rather than from an expen-
sive research project, is a goal of utilities. A main break history database is
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very important, and the distance between dots on a map showing breaks
may be the best indicator of risk of failure for many utilities.

 

Management issues

 

Utilities face a number of management issues in renewal programs, such as
deciding when to replace pipelines. Ideally they could have decision support
systems for prioritization of rehabilitation. These would require criteria to
prioritize replacements, even when little historical maintenance is known.
For example, a point scoring system might apply different criteria, but the
economic risk of “shooting in the dark” is too high and utilities need better
data before they can justify capital expenditures.

A general response to the 3R problem is asset management systems, which
are described in Chapter 3. Utilities need these to prioritize asset management
expenditures, but still have questions about how to implement them. For
example, they need to know how to link data to functional management and
how to use GIS and databases together. A number of details must be decided,
such as standardization of defect codes and characterizations.

Use of information technology is a key factor in management. An exam-
ple of use of software is seen in four computer packages used by the Wash-
ington Suburban Sanitary Commission (WSSC) for water pipe work: the
MMIS, Webmap, GIS, and AutoCad. The MMIS is linked to work programs
and contains database information from work orders, contracts, and repairs.
It was programmed in the 1980s, and the WSSC is planning a conversion to
a new platform. Webmap is based on Autodesk, uses conventional maps,
and is linked to the MMIS and document files such as valve cards, drawings,
water segment attributes, and equipment location. The GIS, based on the
ArcView platform, allows manipulation of spatial data, including many of
the features of Webmap. The AutoCad package is used to prepare design
drawings and allows importation of information from the other packages.

The importance of the MMIS and its database of pipe break experiences
can be readily seen from the WSSC experience.

A big issue for utility rehabilitation work is coordination with associated
utilities. Because a major cost component is restoration, utilities need com-
munication between owners of infrastructure in the public right-of-way.

Another management issue is risk. Several European and Canadian
presentations at the AWWA 2002 Infrastructure Conference showed innova-
tive approaches to rehabilitation. These included public and private
approaches, including work in congested areas. One concept was that of the
“risk-owner,” or person responsible for managing a particular type of risk
during a project. In the U.K., for example, corporate officers bear a heavy
responsibility for risk, with possibility of criminal penalties.

Ultimately, simplicity is an important key to success in rehabilitation.
Utilities are constantly under cost pressure and downsizing. They lose
knowledge with retirements and it is hard to get skilled people. Finding the
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staff and funds to do sophisticated studies may not be possible or of high
priority. As each utility is unique, it needs expert technical coordination of
consulting work or there will be a lot of uncoordinated activity.

Prioritization of renewal programs is of course a key management
issue. Most utilities are doing this by assembling as much data as they
can and making judgments that consider impacts on health, business,
environment, and traffic. New research leads to techniques such as
risk-based rehabilitation strategies (see Chapter 8).

 

33,34

 

Repair and rehabilitation technologies

 

A number of technologies are available for water and sewer main rehabili-
tation. These include cleaning and lining, and open-cut and trenchless
replacement, with various options, such as insertion of structural liners.
Technology is moving rapidly, and 

 

in situ

 

 methods are attractive, but a
number of constraints must be overcome. For example, service line replace-
ment is more a limiting factor for water mains than for sewer.

Utilities assume the risk for unproven technology and verification of
pipeline rehabilitation technology, although pilot trials can reduce risk.
Cleaning and lining is a proven technique and can reduce leaks, but it does
not add structural strength or help on beam action breaks. Utilities need a
lining methodology that will add strength to the pipe itself.

Given that the need for repairs will increase, new methods to make them
faster and better are needed. The AWWA has a new video on water main
repair programs. Prepared by the New England Water Works Association,
it shows an approach based on people, communications, materials, safety,
and risk reduction. The people emphasis includes decision making, operator
skills, cross-training, and other employee issues. Communications ensure a
fast response and includes techniques such as use of a phone tree. Emergency
response and contingency planning techniques are used here. Materials and
equipment ensure that supplies are on hand and ready to go. This includes
preset loan and sharing arrangements through mutual aid. It may be neces-
sary to have special line-stopping equipment on hand. Safety is of course
paramount and includes road, confined spaces, trench, and other safety
concerns. DigSafe and OSHA resources may be helpful. Risk reduction
includes record keeping, PM and operations, stockpiling materials, and con-
tingency planning.

 

Condition assessment

 

Condition assessment was discussed earlier in the chapter, and although a
number of techniques are available, cost and performance goals are needed.
The “Nessie” research, originating in Australia, brought condition assessment
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into the prioritization methods introduced through KANEW.

 

35

 

 That is, pipe
condition as well as age is considered in forecasts of replacement needs.
Australians use life-cycle management techniques and will tolerate more
leaks than U.S. utilities, whereas in the U.S. we have looked more toward
replacement than repair as a policy. Given the build-up in the U.S. inventory,
it is inevitable that break rates will increase.

Remote monitoring of mains condition is desirable and new technol-
ogies are available, including acoustics, magnetic instruments, electric
fields, pulse echoes, MRI, and thermal imaging. However, practical appli-
cations for these technologies are not, for the most part, proven for use in
distribution systems.

The rule for condition assessment ought to be “keep it simple.” Condi-
tion assessment should be done as an operational activity, not as a periodic
and expensive study.

 

Materials

 

Research is needed to better understand pipe materials. For example, Euro-
pean utilities may do a better job than U.S. utilities in preparing ductile iron.
They use an alloy coating, epoxy, and polyethylene (PE) bags, whereas the
U.S. uses only the PE bags. Thus, a scratch on the pipe can initiate corrosion.
A simple, valid test for new DIP is needed.

There is a a lot of interest in plastic pipe. Utilities would like to know
the limits or recommended guidelines for connections to PVC pipe. For
example, they would like to know what effect a same size tap has on the
integrity of the pipe or what minimum spacing should be maintained
between service connections. They would also like to know the types of
fittings and connections to PVC pipe and which ones work best. Plastic pipe
has advantages, but connections involve a number of questions. Other issues
are traceability and permeability near leaking petroleum tanks. Some reports
say that the use of PVC is increasing rapidly in the U.S.

 

Future issues and needed research

 

A number of recent reports focus on new directions and research needs. For
example, Smith11 lists a number of research needs and Boyle’s study of
distribution systems offers new ones based on a recent survey.9 These
research needs and future trends focus on new uses of information technol-
ogy, instruments, operating systems, assessment tools, and renewal tech-
niques. The EPA is working on smart systems for pipes. EPA concerns
include health effects and verification of environmental technologies. Trench-
less technologies for water and sewer pipe rehabilitation offer great promise.
Benchmarking for managers offers a new way to compare performance. A
recent tool by Arbour and Kerri uses a benchmark to focus on system char-
acteristics, level of O&M, and system condition.36
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chapter ten

 

Information technology 
in water and sewer 
management

 

Introduction

 

The purpose of this chapter is to describe information technology (IT)
tools for management of water, sewer, and stormwater systems. These
tools are changing work rapidly in water, sewer, and stormwater orga-
nizations, and software or hardware may become outdated quickly. The
discussions in the chapter focus on work applications rather than specific
products. Categories of IT and applications in utilities are given in
Table 10.1.

IT applications already introduced include the following:

• Chapter 3 — Computerized enterprisewide systems for infrastruc-
ture management

• Chapter 4 — Financial models and databases
• Chapter 5 — Computers in systems planning and design. Comput-

er-based construction management systems
• Chapter 6 — Computer-based accounting systems
• Chapter 7 — SCADA, the supervisory control and data acquisition

system
• Chapter 8 — Computer-based emergency management systems
• Chapter 9 — Computerized maintenance management system

(CMMS)

The discussion will begin with IT products and applications in utilities,
and the latter part of the chapter will discuss emerging trends in IT and how
they affect water, sewer, and stormwater work and organizations.
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IT products and technologies

 

Application of IT to water, sewer, and stormwater organizations involves
general technologies for office and machine work and specific technologies
for the water industry.

Rosen presented a vision for emerging computer-based technologies in
water supply utilities:

 

1

 

• Handheld computing devices such as personal digital assistants for
data-logging, advisory, maintenance and communication tasks

• Decision support systems (DSS) for operators to predict, nudge, ad-
vise, and generally assist operators with information aids

• Sensors that automate data collection and provide more information
and knowledge of system state

• Automation of decisions through feedback control loops
• Use of GIS in plants to map areas of work, activities, and data status
• Sampling drones that relieve humans of routine sampling work
• Watershed monitoring systems with automatic controls and data

logging
• Feedback from public health system and hospitals to alert water

utilities to changing public health conditions
• Wireless applications of many kinds in systems and plants
• Automatic meter reading and billing
• Computerized consumption monitoring and analysis

Rosen believes that all of the information available will place utilities
ahead of regulators and change the regulatory environment from com-
mand-and-control to one in which utilities themselves can decide on actions
in the best interests of their customers and overall business.

These technologies also apply to wastewater and stormwater systems.
In addition, new databases, simulation and optimization models, and com-
puterized calculations will be used for all purposes. In stormwater systems,
for example, connecting the flow prediction system to weather forecasting,
which is also automating, will alert operators to future operating conditions.

 

Table 10.1

 

Applications of Information Technology

 

IT category Utility applications

 

Data storage and management Databases such as inventory
Data transmission and communication Telecommunications
Command, control, data collection Remote SCADA, local controls
Graphics GIS, digital drawings
Work management Work scheduling systems, CMMS
Decision support systems Expert systems, models, advisory 

systems
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In wastewater systems, automatic monitoring can be employed to determine
constituents and the need to alter operating conditions. 

IT products generally fall into groups, which can be employed in differ-
ent ways by utilities. The first group is common office software.

 

Office software

 

Use of office software by utilities is similar to its use in other organizations.
Software companies develop products to help in the processing of informa-
tion. Office software includes word processors, spreadsheets, database,
graphics, and communications packages. In offices, these are used for doc-
ument management and office automation, computing, support for decision
making, and communications. The specific applications relate to types of
work in which office software is used. For example, a database in a utility
may keep an inventory of pipe, whereas the same software in a retail chain
might be used to track inventory or customer characteristics.

 

Databases

 

An example of a database evolution can be seen in Chapter 9, where Kalam-
azoo, Michigan’s distribution maps evolved into computerized databases.
In the past, databases were organized around working units, beginning with
file drawers of managers and proceeding to central files. Middle managers
might simply process information and shuffle papers. Today, information
flows more freely, and there are fewer middle managers.

Databases in utilities can be used for multiple purposes, such as tracking
security threats and incidents, maintaining system inventories, keeping
records of system condition, tracking stocks of spare parts, studying cus-
tomer demographics and historical demands, and studying weather and
extreme conditions.

Within organizations, the categories of databases include the following:

• Geographic-based system inventory database (see Chapter 9)
• Condition index database (see Chapter 9)
• Water balance database (see Chapters 4 and 7)
• Systems for operating treatment plants and generating environmen-

tal information (see Chapter 7)
• Analysis and design databases (see Chapter 5)
• Financial database (see Chapter 6)

 

GIS

 

Geographical information systems (GIS) are computer-based mapping sys-
tems. Since their capabilities became practical, GIS have become the main
platform to organize infrastructure-related spatial information. Applications
have been improving continually and will continue to evolve. Coordination
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remains difficult because of institutional constraints in organizations, as the
demands by different units for map information vary so much.

Although GIS are relatively new, they have revolutionized planning and
management in the industries in which maps were used. GIS is really defined
by its link to map-making and usage; a GIS includes a computer link between
its map information and database, and offers the capability to capture, store,
manage, retrieve, analyze, and display spatial information.

 

2

 

GIS applications and products will be found on display at meetings
related to the water, sewer, or stormwater industries. Large meetings of
GIS professionals have emerged, as the field has become a specialty indus-
try itself. Major organizations include the Urban and Regional Information
Systems Association (URISA), the Geospatial Information and Technology
Association (GITA), and the American Congress of Surveying and Map-
ping (ACSM). A URISA congress, for example, will feature many appli-
cations of interest to water industry professionals because maps are so
widely used.

In infrastructure management, a valuable GIS application will be the
system inventory, with GIS providing the mapping capability. This will have
applications all the way from locating addresses to finding broken pipes and
maintenance problems. Also, watersheds require mapping and are studied
by water, sewer, and stormwater utilities for different reasons. Naturally, GIS
integrates spatial information of this kind so that utilities can cooperate
across their functional differences to share information and resources.

It is perhaps confusing to sort out the many different types of software
packages, and there is a “Big Eight” of firms, indicating that among the
competing products, we have now converged to eight products with recog-
nized brand names. These are (in alphabetical order) Arc/Info, ArcView,
AutoCAD Map 2000, GRASS, IDRISI, MapInfo, Maptitude, and Microstation
MGE.

 

2

 

 No doubt these will change, and additional products will emerge, as
in other parts of the IT industry.

 

Models

 

Modeling will continue to be an emerging tool, full of promise and con-
tinuing to improve. At the same time, modeling has to some extent over-
promised and under-delivered, mainly because modelers see so many
applications that they tend to get ahead of the state of technology and
practice, and because of the restricted capability of users to assimilate new
advances. As with any new technology, however, the future will see useful
new advances accepted gradually.

Basically, a model is a mathematical tool in which the state of a system
is simulated or predicted, usually for a particular time. One example could
be a water supply reservoir, where at any time a certain flow enters and
another flow leaves. The result is the amount of water in the reservoir at any
time, which is also a function of losses. Taken another step in complexity,
the model could track growth in water demands by population increases,
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and it could be linked further with the utility’s finances by water sales and
expenditures on capital and water supplies. The author and another
researcher used the “systems dynamics” technique to develop a model of
this type in the 1970s to simulate the Fort Collins, Colorado water system.
The model simulated the water supply, demand, infrastructure, and financial
aspects of the system.

This type of model can be called a simulation model, a process model,
or simply a model. Some people also refer to “optimization models,” but
this term really refers to techniques to find the highest or lowest value
in a mathematical relationship, and is an add-on to modeling rather than
a separate category of model itself. Modelers will of course have many
different explanations and points-of-view about the different types of
models.

Models can be used by water, sewer, and stormwater utilities in many
ways. The best way to illustrate is through examples, as shown in Table 10.2,
which is arranged more or less from upstream to downstream applications.
Each of these model categories has undergone research and commercial
products are available.

 

Internet

 

The Internet itself is an IT technology, having emerged as a different tech-
nology from the PC itself and offering many possibilities for changes in the
way we do business. There are many possibilities for application in utilities.

For example, posting system information on the Internet enables util-
ities to share data with their customers and with each other. Internet
connections can be either open or secure, depending on the applications.
In regional water supply management, for example, utilities can post sys-
tem state information and decide among themselves how to share water
supplies. In a stormwater application, operators can access real-time storm
and flood information.

 

Table 10.2

 

Model Applications in Water, Sewer, and Stormwater Systems

 

Water supply Wastewater Stormwater

 

Basin or well yield Generation of waste by 
quantity and constituent

Watershed runoff

Storage in reservoirs and 
tanks

Flow prediction and 
routing

Flow prediction and 
routing

WTP operations WWTP operations System storage and 
changes

Distribution system 
models, water quantity, 
and quality

Stream and reservoir 
water quality

Routing of flows to points 
in system

Demand forecasting Nonpoint source 
discharges

Stormwater quality 
changes

Receiving water quality
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As Chapter 8 points out, September 11, 2001 brought new concerns about
water system security. Utilities are rethinking the information they post on
the Internet for open access, in the same way they are rethinking visitation
policies of their systems. At the same time, Internet security technologies are
improving the way that information can be sent and received over the
Internet, so that the future will offer new possibilities for changing work
using the Internet. For example, as Chapter 8 explains, utilities will be able
to share security information over a secure system under new software
developed through the National Infrastructure Protection Center (NIPC).

 

IT applications

 

In some industries, E-commerce is changing old business forms rapidly. This is
also true with water, sewer, and stormwater systems, but they are public utility
kinds of businesses and operate under the control of regulations, rather than a
free market. Thus, evolving forms of IT are affecting water, sewer, and storm-
water utilities more on the cost side than on the service side, although customer
relations will involve more disclosure through IT systems such as the Web.

IT is also affecting organizational form in water, sewer, and stormwater
utilities, as information can be shared in different ways (Table 10.3). For
example, financial information systems, including online accounting sys-
tems, are at the heart of utility operation. Automation starts with everyday
tasks such as meter reading. Bridging the dividing line between management
and finance offers opportunities to improve infrastructure management sys-
tems. It is inefficient for each group to gather and maintain its own data;
rather, they can cooperate and save on data management.

 

SCADA

 

The Supervisory Control and Data Acquisition (SCADA) system is the term
that frames the use of IT in operations. Actually, the term has evolved for a
number of years. Murray McPherson labeled early applications of SCADA
“Metropolitan Water Intelligence Systems” before the term SCADA was
invented. He thought automation of water distribution systems would pro-

 

Table 10.3

 

Applications of IT by Organizational Unit

 

Unit Application of IT

 

Planning Planning involves modeling and databases for projections. 
GIS is widely used in planning; IT-based displays are 
needed for presentations

Design and 
construction

Web construction monitoring, electronic construction 
documents

Operations SCADA, meter reading, communications 
Maintenance CMMS, condition assessment, PM scheduling
Finance Asset management, financial information
Organizationwide Inventory, asset management, emergency management
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ceed quickly, and also studied automatic control of combined sewer over-
flow, which seemed technically difficult because of control logic.

 

3

 

SCADA uses both databases and controls, and may involve automation
or simply the transmitting and displaying of information. Separate functions
involved are instrumentation, data transmission, data display, decisions (by
operator or computer), transmission of commands, and application of controls.

To “automate” means to convert to self-operation. A machine or system
that is automated therefore runs itself. The term “automation” goes back to
the early days of computer development and perhaps earlier.

Control theory is a field unto itself. It begins with the basic control loop,
or the lowest level of control, such as a pump that is controlled by devices
that respond to flow and pressure measurements. Other control loops
include chemical feed, valve operation, and tank storage level. In the case
of water and wastewater treatment, control loops are used for unit processes.
The programmable logic controller (PLC) has been developed as a basic way
to handle control loops and combinations of loops.

The next level is combinations of control loops or unit control levels. Loops
are connected with a data highway and an operator station. Multiple control-
lers or local area networks can be linked to each run along the data highway.

Automation does not have to be “closed loop.” Supervisory control means
that system conditions or states are telemetered to the control center. A second
phase might be where the data is logged and stored automatically. A third
might be where computer models provide information about operating the
system, and this information could be used by the operator to make decisions.
The final or ultimate stage would be where a computer model makes all the
decisions and the system goes on closed loop automatic control.

SCADA applications to water, sewer, and stormwater systems include
those shown in Table 10.4.

 

Table 10.4

 

Applications of SCADA to Water, Sewer, and Stormwater Systems

Source of 
supply

Reservoir releases controlled by SCADA with decisions based on 
hydrologic information. Operations may involve water uses for 
supply, pollution control, flood control, recreation, hydropower, 
irrigation, fish and wildlife, and navigation. Water quality can be 
incorporated as quality of raw water affects treatment decisions. 

Treatment 
plants

Water and wastewater treatment plants use SCADA with plant 
instrumentation and automation. Treatment plants use 
programmable controllers and PCs to operate valves and pumps 
and generate reports. Instrumentation and control in wastewater 
plants can be difficult.

Distribution 
systems

Distribution systems use SCADA for energy and water savings 
through control, to control pressure and to monitor losses. 

Wastewater 
collection 

In wastewater collection systems, pumping stations can be 
automated, or pressure systems can be monitored. Gravity 
systems can be monitored. 

Stormwater Flood warning systems, detention storage, weather forecasting, 
and combined sewer overflows can use SCADA.
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Discussions of SCADA quickly reach a confusing technical level and
illustrate the need for technical experts in information technology. Expertise
to integrate IT technologies can help the utility prevent a system from being
“cobbled together,” ceasing to work when one component fails.

As an example of complexity, consider this report about the Sanitary
District of Decatur, Illinois. They had nine monitoring Distributed Control
Units (DCUs) connected to two Distributed Control Operator Consoles by
two redundant fiber highways. A proprietary system was replaced by a new
Allen-Bradley PLC-based SCADA with a backbone consisting of a Human
Machine Interface (HMI), which showed the operator the plant configura-
tion. The LAN had Ethernet hubs, category-5 cables, and a centralized server
running MS NT server software. Nine DCUs were replaced with nine PLCs
tied to two operator interface SCADA nodes. The result is a HMI/SCADA
system. Alarm management software monitors every alarm, process vari-
able, and event, and notifies employees by phone, pager, radio, e-mail, fax,
PA system, and PC workstation popups. The District has also installed Datas-
tream MP2 CMMS. A laboratory information management system (LIMS)
was also used.

 

4

 

In another example, Somers, Wisconsin, a small town, put in a waste-
water SCADA based on open protocols. The advantage is that they are not
locked into one vendor with a proprietary SCADA.

 

5

 

 In another example, in
a small town upgrading SCADA, the UNIX-based HMI was too difficult to
upgrade. The existing system had more than 100 process screens, loop dis-
plays, data trend pages, and popups. The new system is easier to work with
and operators can edit online.

 

6

 

MMS

 

Maintenance management applications also offer great possibilities for IT.
Chapter 9 discusses the maintenance management system, which must pro-
vide information for maintenance and repair needs and for budgeting. In
the MMS, maintenance advisory functions are computerized. These include
an inventory, a scheduling system, and record keeping. A number of viable
commercial software packages are available for maintenance management.

 

One-Call and Reverse 911

 

One-Call is another area where IT has made contributions. One-Call Systems
International (OCSI) is the current version of a program that has existed in
an early form since the 1960s. It promotes facility damage prevention and
infrastructure protection through education, guidance, and assistance. It has
now become a committee of the American Public Works Association (APWA)
and functions under operating guidelines approved by APWA. OCSI has
alliances with other organizations to promote infrastructure protection and
prevention of damage to buried facilities. The Common Ground Alliance
and study of One-Call Systems and Damage Prevention Best Practices are
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significant developments in infrastructure protection and prevention of dam-
age.

 

7

 

 Thus, this information system has been evolving for over 30 years and
requires a great deal of coordination.

Reverse 911 is a tool of emergency managers, rather than of utility
managers. According to Sigma Communications, Inc., a subsidiary of Sigma
Micro Corporation, the Reverse 911 (REVERSE 911

 

®

 

) system is a “Microsoft
Windows

 

®-

 

based program that uses a patented combination of database and
GIS (computer mapping) technologies.”

 

8

 

 In 2000, Sigma Communications,
Inc.’s CEO told a national “All Hazard Warning Roundtable” hosted by the
National Telecommunications & Information Administration that standards
are needed for alerting emergency message recipients. The roundtable dis-
cussed new telecommunications and information technologies that can be
used to deliver warnings to citizens at risk in emergencies.

 

Y2K

 

Shortly before the year 2000, the major concern of utilities and about utilities
was that computers would not work, and this became the “Y2K” issue.
People were worried about electrical system failure, loss of natural gas and
water supplies, telephone or other communications disruptions, loss of Inter-
net, fuel shortages, chemical supply problems, economic problems, civil
unrest, and associated breakdowns. These fears did not materialize, as the
major efforts made by utilities to prepare paid off.

 

Communications

 

Communication systems include radio, broadcast and cable television, Inter-
net, wireless, and emergency communication systems. Utilities use them for
many purposes, including command, control, and coordination during nor-
mal times and emergencies. Mechanisms for coordination are especially
important because of interdependencies among utilities and the need to
control far-flung operations.

Using the business analogy, external communication is required with
customers and suppliers. One type of emerging software replaces old forms
of communication with computerized links. For example, companies report
positive results from customer and supply-chain software. In water, sewer,
and stormwater systems, customers are citizens who are served and suppli-
ers are vendors of various kinds. However, it is unusual to form long-term
business relationships with suppliers because of the open procurement laws
under which cities operate. Also, managers of water, sewer, and stormwater
systems deal with other constituents, consisting of regulators, political fig-
ures, neighboring utilities, and diverse technical and business groups. For
that reason, a utility’s business-to-customer and business-to-supplier infor-
mation links will differ from those of a private-sector company.

Regardless of these differences, there might be a few analogies between
businesses and utilities, mainly in water supply. For example, a utility might
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track the demand patterns of its customers and use them to introduce inno-
vations such as time-of-day pricing for water service. Another example might
be with cooperative water supply systems, in which a group of utilities work
together to share raw water supplies.

 

Design and E-construction

 

IT is changing the face of design and construction through innovations such
as digital drawings and electronic construction documents. Another appli-
cation is Web construction site monitoring. For example, one can use a
construction project Web site to have a project directory, project calendar,
request for information log, photos, discussions, meeting agendas and min-
utes, monthly reports, schedules, weather, specifications, partnering infor-
mation, and operations and maintenance data such as safety data sheets,
punchlists, training calendar and manuals, and O&M manuals.

 

9

 

 Another
example of the use of software was reported by the Longview, Texas, Water
and Sewer Department, which used CMMS to attach digital photos of water
line damage to an insurance claim.

 

10

 

 These examples show how IT is chang-
ing the way work is done from the bottom up.

 

Information architecture

 

How information is organized within organizations is called the information
architecture. Information can be classified in the same ways as organizational
units or work processes.

• By unit (relating to which units share and manage the information).
Information by unit can be intra-system information (as within one
water utility), inter-system information (as between two cooperating
electric utilities), and inter-service information shared among differ-
ent categories of infrastructure (as in information shared among elec-
tric utilities, roads departments, and other services).

• By function (planning, engineering, finance, O&M). This determines
the general application to which the information will be made.

• By issue or business process (capacity expansion, risk management,
operations, design and construction, finance, maintenance, etc.). In-
formation by issue or business process focuses the information on
the specific problem to which it will be applied.

Information flow also considers links with any organization, such as a
local government, that might have a stake in a decision or action. An example
of this type of information would be weather and demand data, such as
when hot weather places severe demands on water systems (such as Chi-
cago’s inner-city fire hydrant use to relieve social tensions), while electricity
supplies are strained due to heavy air-conditioning use, creating a time of
heightened risk of system failure and security concerns.
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An interesting dimension of information is 

 

velocity.

 

 With regard to infra-
structure management, rates of information velocity vary:

• Emergencies — highest velocity, delays can be catastrophic
• Normal operations — rapid velocity, delays can cause serious prob-

lems
• Design and construction — lower velocity, but more deliberate, and

delays can have severe economic and safety consequences
• Planning — slower and more comprehensive velocity; most impor-

tant aspects are availability and validity

 

Information work

 

As work in organizations changes, we can study it to see how information
can be used to improve productivity, either in management/administrative
work or hands-on production or similar work.

Management and administrative work can be at operator levels or at
higher levels of management. Both levels involve information processing
and decision making, but operator-level work focuses on materials and
machine or manual operations, and management levels focus on adminis-
trative work, cross-sector coordination, and communication with larger sets
of people.

The value of IT is in helping workers decide to do something. Examples
are the maintenance management system to help with decisions on mainte-
nance, the SCADA system to send commands for control operations, and a
financial risk model to help with strategic decisions.

 

Decision support work

 

Utility work involves many decisions, which can take different forms. When
decisions are structured, databases and automatic control are easier to apply.
Operating decisions, as opposed to management decisions, are more defin-
able, on shorter time spans, more repetitive, simpler, less risky, less uncertain,
and based more on knowledge of operational data.

When decisions are unstructured, they are more difficult and subjective.
Examples of these include political decisions, such as those made by gov-
erning boards. 

 

Miller on Managing

 

, described in Chapter 12, addresses some
of these.

IT products are part of decision support systems (DSS), which feature
databases, models, and dialog systems. They help the decision maker process
information for a decision. The manager applies logic, rules, procedures, and
data to create a decision or recommendation. Computations and communica-
tions can be automated via IT. Expert systems may be part of DSS. Chapter 9
describes one that could be used to advise on priorities for sewer inspections.

The decisions of any unit can be linked to information flows and data-
bases. Databases result from business system planning, which begins by
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defining the business and its business processes, independent of position on
the organization chart. Clusters of data systems, called data classes, should
be mutually exclusive and independent of the organizational structure. Infor-
mation architecture is the matrix relating business processes to data classes,
and relates decision points to information.

 

Information in regulated industries

 

Water, sewer, and stormwater utilities are either government agencies, regu-
lated monopolies, or industries under government control. As such, they do
not compete in the free market but are subjected to other performance pressures
through customer demands and regulatory actions. Regulated industries gen-
erally submit financial performance data to state public utility commissions.

Information disclosure follows categories of regulation, such as perfor-
mance (how it works), value (cost and comparables), and warnings (hazards
to health and safety). In a free market, this information is available through
consumer channels. In water, sewer, and stormwater systems, it is either
released voluntarily or required by public disclosure rules, as with drinking
water safety under the SDWA.

Table 10.5 shows examples of categories of information that might be
released.

 

Enterprise systems

 

The basis for enterprise software systems is that the same information can
be used for different purposes, to include operations, emergencies, design
and construction, planning, and financial management. The approach to
integration begins with unit information systems for departments such as
finance, operations and maintenance, and engineering; and a common data-
base and management system is organized.

For example, Figure 10.1 shows the use of four IT products in the design
and management of infrastructure systems.

In a practical sense, sharing information is harder than it seems. Obtain-
ing enterprisewide databases and GIS requires managers and workers to

 

Table 10.5

 

Performance Information for Water, Sewer, and Stormwater Systems

 

Water supply Wastewater Stormwater

 

Performance Pressure
Quantity
Quality
Reliability

Conveyance 
capacity

Reliability

Level of service
Flood protection

Value Cost for different 
uses

BCA
Protection of 
environment

BCA

Warnings SDWA labeling
Fire flow limits

Risks and hazards
Backup problems

Risk remaining
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share information and authority, and might generate resistance. Neverthe-
less, IT seems to be forcing acceptance of these. Information products to
support enterprisewide asset management systems include the following:

• GIS
• Inventory and facility information
• Maintenance schedules
• Work management systems

For example, the GBA Master Series suite includes software for man-
agement, analysis, inventory, inspection, and testing. It includes:

• GBA Work Master (maintenance management, customer requests,
work orders, parts/materials inventory)

• GBA GIS Master (automated mapping, toolkits for map generation
and data population integrated with entire suite to allow for graph-
ical selection of infrastructure items)

 

Figure 10.1

 

Information technology systems in infrastructure organization.

Infrastructure
system

management

GISMMIS

Intranet
map

system

Computer-
aided design
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• GBA Sewer Master (sanitary sewer inventory and inspection, system
analysis, system rehabilitation)

• GBA Water Master (water distribution system inventory and inspec-
tion, system testing and administration)

• GBA Storm Master (stormwater system inventory and inspection,
system analysis, system rehabilitation)

Some displays from this software are shown in Figures 10.2, 10.3, and
10.4. The software can be integrated with mapping programs to export or
import maps, and can be used with CAD applications.
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 Figure 10.2 illus-
trates a GIS display of a wastewater line. Figure 10.3 illustrates work order
preparation, and Figure 10.4 is a graphical report on a sewer line.

As an example, Los Angeles County Public Works developed a CMMS
computerized maintenance management system. It uses one centralized
database for inventory, tracking, and maintaining in roads, waterworks,
sewer maintenance, and flood control. Inventories are of more than 600,000
facility records. CMMS uses Oracle-based Maximo software, and is spread
out over 40 locations with more than 500 registered users. Communication
is via a TCP/IP wide area network comprised of T-1 and fractional T-1
lines. The central server is in department headquarters on a large HP multi-
processor server. The department’s Information Technology Division pro-
vides communications, programming, and data processing support. In 1999
the department placed the system under the Central Work Controls Group,

 

Figure 10.2

 

GIS view of sewer line. (Courtesy of GBA Master Series.)
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which acts as the owner organization for the software. Its missions: ensure
that maintenance divisions use the software, have adequate training, use
published standards for data entry, assist in adding new facilities to system,
solve problems, and implement new features and reports. CWCG plans

 

Figure 10.3

 

Work order screen on MMS. (Courtesy of GBA Master Series.)

 

Figure 10.4

 

Graphical report of wastewater line. (Courtesy of GBA Master Series.)
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for future interfaces to financial systems, waterworks billing, pavement
management system, bridge management system (state mandated), GIS,
and mobile data terminals.
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As another example, the Detroit Water and Sewerage Department and
Westin Engineering are developing a Web-based Utility Information Man-
agement System for the Wastewater Operations Group. An “electronic Visual
Management System” is planned to integrate IT systems and SCADA and
give a real-time view of facility and compliance status. The system will have
a master schedule to track projects being planned or under construction and
stay in compliance while equipment is out. The Wastewater Treatment Plant
(WWTP) has capacity of 1.7 bgd, and has been continually under construc-
tion, expansion, remodeling, or upgrading for 30 years. Equipment failures
led to NPDES violations and a consent decree.
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Information technology departments

 

The IT department is becoming an accepted part of organizations, and the
Chief Information Officer (CIO) is a recognized function in some of them.
An example of an IT Department was reported by the Anchorage, Alaska
Water/Wastewater Utility (AWWU).
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 Anchorage’s utility reported very pos-
itive results from organizing an IT Division and creating an IT plan, back in
1992. It allocated a portion of its capital improvement budget to improving
IT, and reported big increases in efficiency and high return on investment.
They focused on six strategies:

1. Improving the enterprisewide computing environment through
reduction of complexity and diversity and more standardization
of applications

2. Reducing paperwork through e-mail, intranet, GIS, and the Internet
3. Integrating data and removing islands of automation
4. Improving business processes and workflow to enhance organiza-

tional effectiveness
5. Replacing obsolete equipment
6. Expanding IT infrastructure to increase bandwidth and improve

reliability

Some applications are shown in Table 10.6.

 

Future directions

 

IT will continue to change organizations and their work. Before computers,
organizations tended to have many layers so that information could be
passed smoothly down the chain to small sections of workers. Organiza-
tions were fragmented because information could be shared among only
a few people at a time. Now, information can be sent over networks and
is more widely available. This has tended to “flatten” organizations and
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eliminate some middle management positions, which were needed mainly
to process information.

In the same way, computers allow sharing of information among func-
tional departments in organizations. For example, engineering and mainte-
nance departments need some of the same information as the finance depart-
ment. This introduces the possibility for different departments to work
together on shared, cross-cutting objectives, such as asset management.

We will see a continued decline in costs of computing and greater soft-
ware availability to apply to water systems and their problems. But the
increasing complexity of management and problem solving will continue to
challenge utilities.
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chapter eleven 

 

Laws and regulations

 

Introduction

 

Water, sewer, and stormwater infrastructure managers encounter many legal
and regulatory situations as they plan, design, construct, and operate sys-
tems. Thus, laws and regulations are important factors in infrastructure
integrity. Highly regulated industries are driven more by law and regulations
than they are by business pressures. In addition to laws that authorize and
place rules on services, society is litigious, and the legal system is often used
to resolve disputes.

Depending on their positions in an organization, technical and manage-
ment staff may find themselves working closely with legal staff. Managers
often retain or supervise lawyers working to resolve legal situations and
deciding on actions to take. Expert witnesses may be involved in bringing
to a case an expert’s opinion about a dispute. Given this involvement of
technical and management staff in situations where law and regulations
affect problems greatly, the purpose of this chapter is to survey the laws and
regulations that affect management of water, sewer, and stormwater systems.

 

Legal scenarios

 

The infrastructure life cycle contains many examples of legal situations:

• In system planning: land use law, building codes, and subdivision
regulations must be followed. Anticipating environmental problems
is required.

• During design: procurement law, laws about the practice of engineer-
ing, codes and standards, and contract law apply.

• In the construction process: the Davis–Bacon Act might control job
labor rates, OSHA requirements apply, and other construction law will
govern relationships with contractors. For example, under Davis–Ba-
con, as part of a settlement agreement with the AFL-CIO, the EPA
resumed applying Davis–Bacon to all Clean Water State Revolving
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Funds. Under the 1931 Davis–Bacon Act, workers on federal projects
must be paid local prevailing wages.
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• In financing systems: the city’s code might have limits on debt, ac-
counting rules must follow GASB, and accounting regulations will
apply. It might be necessary to budget funds for a state-required
public works and art program.

• In operations: compliance with the Safe Drinking Water Act and
Clean Water Act is required.

• In litigation: the justice system is used to settle cases in federal, state,
or local court.

• In Alternative Dispute Resolution (ADR) situations, such as in con-
struction disputes.

• In enforcement situations: Dalton Utilities and Water, Light, and Sink-
ing Fund Commission of City of Dalton entered a civil settlement
with the EPA and Georgia EPD. The utility will pay a $6 million
penalty and make improvements, including implementation of pre-
treatment, better O&M for sewer collection system, implementation
of a land application system characterization plan, and discontinu-
ance of land application of sludge in certain areas. Dalton had been
subject to criminal investigation for falsification of reports.
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These are just the tip of the iceberg, as operation of a utility involves many
other issues related to law, regulations, liability, and risk.

 

Types of laws and regulations

 

The enabling power for law is in federal and state constitutions and local
charters. As shown by Table 11.1, laws and regulations emanate from three
levels and three branches of government.

Law can be classified in several ways. On an overall basis, civil and
criminal law are two major categories. Then law can be classified according
to the industry or problem it deals with. In water, sewer, and stormwater
situations, civil procedures might be involved to resolve contract disputes
or liability suits. In these, the plaintiff sues a defendant in a municipal, state,
or federal court. Cases go through stages, leading to a judgment.

Liability involves tort law, when one party alleges that another did some-
thing wrong against it. Torts are the legal system’s means to compensate

 

Table 11.1

 

A Matrix of Laws

 

Executive
(regulations and 
executive orders)

Legislative
(statutes)

Judicial
(case law)

 

Federal

 

Agency regulations Federal statutes Federal cases

 

State

 

Agency regulations State statutes State cases

 

Local 

 

Agency regulations City codes Local cases

 

L1573_book  Page 202  Friday, August 2, 2002  7:20 AM



 

Laws and regulations 203

 

injured parties. Liability for injuries and failures is an example. In utility work,
safety in construction is an important issue, for example. The trench construc-
tion shown in Figure 11.1 illustrates a scenario where safety is paramount.

Criminal law involves investigation, arrest, and stages leading to possi-
ble penalties, including jail. For example, a utility executive could be charged
with criminal acts in the course of a pollution incident.

In statutory law, statutes authorize programs (enabling legislation) and
provide funds (appropriations bills). For example, the Clean Water Act sub-
sidizes and controls construction of wastewater treatment plants. The Safe
Drinking Water Act drives construction of new water supply treatment and
other infrastructure. Also, municipalities may build new stormwater systems
to comply with clean water rules. Clearly, federal law controls much of the
need for water, sewer, and stormwater infrastructure.

Much of the law involved in construction is about contract compliance.
Categories include purchase contracts, sale contracts, buy-out agreements,
employment contracts, property settlement agreements, enforcement of
contracts, and leases. In addition to contracts, business law categories
include business organization, regulatory rules, bankruptcy, anti-trust, and
labor laws.

Cost of infrastructure is affected by legal issues that occur during the
design and construction processes. Examples are construction documents,
performance and design specifications, competitive bidding, bid bonds, pay-
ment bonds, performance bonds, and other construction business issues.
Situations might include scheduling, communications, subsoil conditions,
suspension of work, sale of material such as ready-mix concrete, and delays
and changes. Law governing the practice of engineering, architecture, and
surveying is specialized state law that enables control activities through
regulatory boards.

Human resources or labor law issues arise in construction and in dealing
with other personnel issues.

 

Figure 11.1

 

Conceptual model of STORM. (Courtesy of Dr. Larry Roesner, Colorado
State University.)
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Property law refers to interests in real property, such as real estate, water
rights, or personal property — tangible (example: land or vehicles) or intan-
gible (example: stocks and bonds). Some infrastructure rules relate to land
use, and involve law and regulations about subdivisions and developer
contributions to pay for infrastructure.

Codes and standards of various kinds determine many requirements.
Without codes and standards, safety and performance would be at risk.
Excess rigidity can lead to other problems, however. During the infra-
structure “crisis” of the 1980s, a problem that turned up was rigid codes
and standards.

 

Environmental law

 

Water, sewer, and stormwater involve issues relating to health, safety,
and the environment. The CWA and SDWA deal with many health and
safety issues, and a body of law known as environmental law has devel-
oped to comprise statutes and cases dealing with issues relating to var-
ious aspects of the environment. The following topics are included in the
field of environmental law:
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• Sources of law and environmental agencies
• Regulatory environmental law and the common law (environmental

impact, air quality, water quality, hazardous materials, underground
storage tanks, drinking water, worker safety, right to know about
chemicals, wetlands and floodplains, coastal zones, dredge and fill,
historic sites, wildlife/wilderness, land use, private restrictions, and
common law)

• Enforcement mechanisms
• Liability
• Expert testimony
• Police power

From time to time, other environmental statutes might affect urban water
infrastructure. There has been great growth in environmental statutes since
about 1970. Most key environmental laws, such as the Clean Water Act and
the Endangered Species Act, were passed within a narrow window from
about 1965 to 1975, but new regulations continue to grow.

 One far-reaching statute is the National Environmental Policy Act
(NEPA). It put into place the requirement for environmental impact state-
ments (EIS). The Endangered Species Act provides substantial authority to
the Fish and Wildlife Service to designate species for protection. The Coastal
Zone Management Act provides broad regulatory authority for coastal zone
states. The Resource Conservation and Recovery Act provides tools for the
management of groundwater. Wetlands protection is a growing area of envi-
ronmental law with most of the authority coming from Section 404 of the
Clean Water Act, but with growing recognition in its own right.
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As an example of an issue in environmental law, the Clean Water Act
regulates stormwater as well as point source discharges. Figure 11.2
shows a model that has been developed to simulate how well stormwater
systems comply.

 

Regulation in water, sewer, and stormwater industries

 

Water, sewer, and stormwater are highly regulated industries. Regulatory
law aims at controlling activities to protect the public interest where private
markets do not. Regulation in the water industry deals with health and
safety, water quality, fish and wildlife, quantity allocation, finance, and ser-
vice quality. The search for better regulatory models continues, but it seems
certain that regulations will get tighter.

The public’s interest in water quality is reflected in pressure from both
the volunteer side (environmental groups) and the elected side (Congress
and state officials). The results eventually materialize in the form of permits,
monitoring, and enforcement of regulations. The press is an important factor,

 

Figure 11.2

 

Pipe construction in trench. (From American Water Works Association.
Copyright 2001. All rights reserved.)
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and courts apply pressure, sometimes in response to public opinion. All
“four” branches of government get involved: executive (agencies), legislative
(Congress and state legislatures), judicial (courts), and the press (unofficial
fourth branch that influences public opinion).

Regulation aims to control behavior with rules or laws, mainly to protect
the public interest where private markets do not. The rules mainly come
from federal law that authorizes agencies to issue regulations through rule
making. Thus the legal system also includes regulations that are usually not
passed or reviewed by either the legislative or judicial branches.

Regulation in the water industry deals with health and safety, water
quality, environment, quantity allocation, finance, and service quality. The
regulatory dilemma faced by water agency and industrial dischargers is
shown by public interest in water quality. The results eventually materialize
in the form of permits, monitoring, and enforcement of regulations. Regu-
lation is necessary because of the inter-related and shared nature of water
resources. One person’s waste affects the other person’s drinking water. The
press is an important factor, and courts apply pressure, sometimes in
response to public opinion.

Moreover, water utilities have monopoly franchises, either because they
are public agencies or because their franchises are granted by state agencies.
Thus, it would be impossible to have a water industry that was completely
unregulated.

Each sector of the water industry has its own regulatory programs. In
water supply, the driving force for regulation is the Safe Drinking Water Act
(SDWA), first passed in 1974, with subsequent amendments. The main driv-
ing force of wastewater service, and related stream quality, is the Clean Water
Act, also as amended. Stormwater regulation has been mostly a local matter,
but that has changed with the anticipated regulation of stormwater through
the Clean Water Act.

Related to stormwater, floodplains are also regulated by local gov-
ernments, but with rules as promulgated by the flood insurance programs
and laws.

Dam safety programs are generally found at the state level, but national
programs affect state laws indirectly.

The Federal Power Act is a regulatory program that controls aspects of
hydropower dam licensing, and through this it controls related aspects of
water management such as irrigation and municipal and industrial water.
Finally, there is the whole range of environmental programs, such as the
National Environmental Policy Act (NEPA).

The U.S. Environmental Protection Agency and state EPAs or water
quality agencies are regulators. The Corps of Engineers has a regulatory
component by delegation of the authority to implement Section 404 of the
Clean Water Act. The U.S. Fish and Wildlife Service and the Forest Service
have entered the regulatory arenas with the Endangered Species Act and
enforcement of federal water-related rules in National Forests.
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State engineer or Department of Water Resources (DWR) offices are
regulators in the sense that they control the diversion of water from streams
and wells.

State public service commissions regulate costs of water service for
some utilities. These commissions, inasmuch as they are concerned with
water at all, regulate only private water companies. The public is largely
ignorant of whether they are receiving the most cost-effective water supply
service possible. Electric, gas, and telecommunications utilities have their
rate decisions made public and comparisons of costs are easier for the
public to make.
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Environmental organizations are key players in regulation. They are
deeply interested in laws such as NEPA, the Endangered Species Act, and
various authorities given to federal and state environmental and resource
agencies. The approximately 20 major environmental organizations have
perhaps 15 million members and budgets of about $600 million total.
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A regulatory program must have an enforcement mechanism to be taken
seriously. Law enforcement is a police function that everyone understands.
This is important in water management, but there are degrees of enforce-
ment, just as there are in criminal justice systems.

To understand enforcement, consider the levels of laws and regulations.
First there is the law, the statute, normally either federal or state. Then there
are regulations, such as a regulation about stream water quality standards.
Then there are various reports and procedures that are administrative in
nature and which are needed to implement a program. Any of these can be
the subject of an enforcement action.

Most of the experience in the water field is from the Clean Water Act
(CWA). The CWA gives authority to the EPA to take actions to enforce its
provisions. This authority includes the right to enter and inspect premises,
review records, test monitoring equipment, and take samples. The EPA can
issue compliance orders or take action in civil court. Civil penalties can be
large, up to $10,000 per day. The EPA has developed a policy of how to
compute a civil penalty: essentially that the penalty should be large enough
so that the discharger has no economic advantage from the violation. In a
practical sense, applying this policy would entail computing how much the
discharger saved by not complying, and that would be the penalty.
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United States Code (USC) and Code of Federal Regulations (CFR)

 

Laws such as the 1972 Federal Water Pollution Control Act (PL 92–500, now
the Clean Water Act) and the Safe Drinking Water Act of 1974 are placed into
the United States Code as Titles and Chapters. For example, the SDWA is
found under Title 42 — The Public Health And Welfare, Chapter 6a — Public
Health Service, Subchapter XII — Safety of Public Water Systems and is in
Articles 300f through 300j. The shorthand would be SDWA, 42 U.S.C. 300f–300j.

The Clean Water Act is in Title 33, Navigation and Navigable Waters,
Chapter 26 — Water Pollution Prevention and Control.
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When regulations are issued by executive branch agencies, such as the
EPA, they are placed in the Code of Federal Regulations (CFR), which is a
codification of the rules published in the 

 

Federal Register

 

.
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Many of the rules governing water and sewer systems are in Title 40 —
Protection of Environment, Chapter I — Environmental Protection Agency
(Parts 1–799). Some of the parts of this chapter that are important to water
and sewer management are in Subchapter D — Water Programs, which
governs the National Pollutant Discharge Elimination System and National
Primary Drinking Water Regulations.

 

Administrative law

 

The regulations, or rules, come under administrative law, which is the set
of rules developed by administrative agencies such as the Environmental
Protection Agency, to carry out their statutory authorities. ”Rule making”
means development and issuance of regulations that spell out how statutes
are to be implemented. Also, agency officials exercise some judicial power
in interpreting rules and in dispute resolution. Courts exercise judicial
review of agency decisions, meaning that any decision made by an admin-
istrator is subject to review in a court of law.

The United States has an administrative procedures act to serve as the
organizing code for rules about procedures. It covers topics such as rules
and practices, administrative courts, boards and commissions, administra-
tive regulations, administrative remedies, complaints, judicial review of
administrative acts, licenses, administrative sanctions, and tax courts. This
area also includes procedure before special courts or administrative (quasi-
judicial) agencies concerned with the adjudication of cases such as taxes
and revenues.

 

Codes and standards

 

Many water, sewer, and stormwater infrastructure rules are in codes and
standards. These might be design standards, for example, and essentially
have the force of law, if they are required by a legally binding rule. These
include local land use and building codes, and are often aimed at health and
safety. Chapter 5 discusses codes and standards for water, sewer, and storm-
water systems in more detail.

 

Water supply regulation

 

As Table 11.2 explains, to discuss regulation of water supply completely
would require consideration of many issues.

As the focus in the book is on capital planning and infrastructure
management, we will discuss the regulatory mechanisms with the greatest
effects on capital, although all regulation ultimately affects capital in one
way or another.
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Health and Safety: Safe Drinking Water Act

 

The main driving force for regulation of water supply is the Safe Drinking
Water Act, passed in 1974, with subsequent revisions. It was the culmination
of legislation beginning in 1914 with regulation of water on interstate carriers.

The SDWA provides primary and secondary drinking water standards
that apply to public water supply systems. The primary standards govern
contaminants that threaten health, and the secondary standards govern those
that threaten welfare.

The American Water Works Association tracks trends in the SDWA and
publishes a review article. Frederick Pontius has reviewed the current status
of the law.
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 Requirements differ for community water systems (CWS), non-
transient–noncommunity water systems (NTNCWS), and transient–non-
community water systems (TNCWS).

As of 2001, there were National Primary Drinking Water Regulations
(NPDWR) for 97 contaminants relating to turbidity, microorganisms or indi-
cator organisms, radionuclides, inorganic contaminants, and organic con-
taminants. Of these, 86 have maximum contaminant levels (MCLs) and 11
have treatment technique requirements. Fifteen contaminants were subject
to secondary standards to ensure aesthetic quality of drinking water.

Water supply executives can be held personally liable in drinking water
cases. A federal district judge issued a ruling holding several family-owned
Monterey County, California, drinking water company executives personally
liable, the first time that corporate owners of a drinking water company have
been held personally liable for SDWA violations.
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Figure 11.3 illustrates a response to the Safe Drinking Water Act — ozone
towers at the Los Angeles Filter Plant.

 

Water quality of source waters

 

The main regulations controlling quality of source waters are those under
the Clean Water Act, to be discussed later. But land use and other laws
also control source water quality. For example, watershed protection can
be used to maintain higher quality source waters and save money on
treatment facilities.

 

Table 11.2

 

Examples of Water Supply Regulation

 

Category of 
regulation Examples

 

Health and safety Safe Drinking Water Act
Water quality Quality control of surface water source
Fish and wildlife Minimum instream flows at diversions
Quantity allocation State water laws or permits for withdrawals
Finance Rate regulation by public service commissions
Service quality Control of access to water, pressure, quantities to be 

supplied
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Environment and fish and wildlife

 

Environmental and fish and wildlife rules can affect the cost of infrastructure,
mainly the cost of acquiring water supplies. For example, rules on bypass flows
to maintain fisheries mean that reservoirs have to be larger and cost more.

 

Quantity allocation

 

Water quantity law affects cost because infrastructure is needed to
develop water supplies and assure safe yields, either from groundwater
or surface water.

In the humid states, regulation of water quantity is mostly by permit
systems. A permit is essentially like a water right and entitles the holder to
use the water. Permits may be for the withdrawal of a particular quantity
of water for urban use as, for example, a permit to withdraw water for a
city of 50,000. Conditions for such a permit would be negotiated between
the administrative agency and the diverter.

 

Figure 11.3

 

Ozone Towers, Los Angeles Filter Plant. (Courtesy of Peter Garra, Los
Angeles Department of Water and Power.)
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In the western U.S., the prior appropriation doctrine is generally fol-
lowed, and a water right is a property right, rather than a permit to use the
water. Security of title to water was necessary in water law in arid regions
because without it, no one would invest in water development.

 

Finance

 

Investor-owned water utilities are subject to rate regulation by state public
service commissions. Like other utilities, their rate increases are evaluated
in terms of a fair rate of return on assets. Government-owned utilities are
not generally subject to this regulation, but rely on political control to hold
rates down. They do not consider rate of return on assets, but set rates
mainly on cost of service. See Chapter 6 for a discussion of rate setting.
Commissions that regulate water are working to improve their regulation
of water systems.

 

Service quality

 

In some utility regulation, service quality is required for monopoly fran-
chises. In the case of water supply, utility service quality is governed more
by industry standards and local codes. For example, minimum pressures
and pipe sizes are established by industry norms and often codified in local
rules. With the exception of potential additional state public utility commis-
sion rules, service quality in water supply utilities is the result of many other
categories of regulation, such as in the SDWA.

 

Wastewater regulation

 

The driving force of wastewater regulation is the Clean Water Act. Prior to
1972, little serious national attention was given to wastewater policy. During
the 1960s, momentum built for a new approach, and the Clean Water Act
was passed in 1972.

Regulation under the CWA is driven by health and environmental con-
cerns, and there has been less attention to rate and service regulation than
in the water supply industry, which is older and has more private utilities.

 

Regulating health and environment: The Clean Water Act

 

The objective of this Act was to restore and maintain the chemical, physical,
and biological integrity of the nation’s waters, and its first goal was to
prohibit the discharge of pollutants into the navigable waters (zero discharge
goal). The second goal was to provide sufficient water quality for fish, shell-
fish, wildlife, and recreation.

Some of the Act’s policies dealt with infrastructure: to provide federal
financial assistance for the construction of publicly owned waste treatment
works (POTWs) and to develop areawide wastewater treatment planning.
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The Act has been amended a number of times since 1972. Its general
provisions include planning, permitting, construction, monitoring, report-
ing, and enforcement. The Act and its programs focus on a process where
studies of stream capacities and standards lead to waste load allocations that
become part of the discharge permit (NPDES permit). To ensure compliance
with the Act, ambient and effluent monitoring are required. Dischargers
must report results of their operational performance, and an enforcement
program maintains standards of the Act.

In effect, the permit is the contract between the operational agency and
the regulator, which is usually the state government, with the EPA oversee-
ing the process. The EPA controls the authority of the state government to
operate the permit program through a memorandum of understanding
wherein the conditions of the program are set. If, in the EPA’s opinion, the
state is not carrying out the full provisions of the Act, then it can withdraw
the authority of the state and begin to operate the permit program itself.

The provisions of the CWA must be implemented by the states, and this
requires parallel state legislation that enables them to operate the provisions
of the Act, including the permit program, the enforcement program, and the
others. One of the most important state activities has been to operate the
construction grants program, which has put billions of dollars into local areas
since 1972.

Local ordinances are required as well, such as a sewer use ordinance
and a system of charges, especially for fair charges to industrial and com-
mercial users.

The Total Maximum Daily Load (TMDL) provision of the Clean Water
Act is being implemented more aggressively now than in the past. TMDLs
allocate pollutant loads to dischargers where water bodies are not meeting
standards. Utilities are concerned that the EPA will impose end-of-pipe
numeric limits on stormwater discharges where TMDLs have been certified.
The EPA included a 11.9 lb per day limit on Hickey Run, a tributary of the
Anacostia River in Washington, D.C. The EPA is also considering trading
arrangements with offsets, such as pollutant trading. The National Associ-
ation of Flood and Stormwater Management Agencies (NAFSMA) tracks
these regulatory issues.
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Financial regulation

 

Fewer wastewater utilities than water supply utilities are investor-owned
and subject to rate regulation by state public service commissions. However,
as this industry grows older, with increasing privatization, financial regula-
tion will become more important.

 

Stormwater and combined sewer system regulation

 

Stormwater is a different kind of service in that it provides local drainage,
major flood control, and control of nonpoint source water quality.
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Legal situations that can develop begin with those from land develop-
ment. A new subdivision might cause flooding in older areas, which might
induce litigation and political action. Another type of legal problem comes
from floodplain zoning, where restrictions are placed on property improve-
ment. Federal regulators might also seek to impose rules on local govern-
ments for stormwater quality.

Generally, the legal basis for stormwater service is the constitutional
charge to local governments to provide services for the health and welfare
of citizens. Except for increasing attention to nonpoint source problems,
there is little regulation of stormwater service itself. Local governments do
regulate developers through land use rules for the quality of construction
in new developments, and there are regulatory requirements about build-
ing in floodplains.

 

Drainage and flood law

 

The law of drainage and flooding controls many situations. Basic doctrines
are the common enemy rule, the natural flow rule, and the reasonable use
rule.
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 Under the common enemy rule, one can do almost anything to protect
one’s property, and it would not matter that one’s neighbor is affected. The
natural flow rule is anti-development; that is, one cannot change anything
that would affect natural flows. The reasonable use rule is the more common
approach today. States that have precedents either in common enemy or
natural flow roots are moving toward compromise.

 In the reasonable use approach, one can modify the land somewhat,
even if it affects one’s neighbor, but there would be a test of reasonableness.
This rule recognizes that development will occur, but that there is a com-
munity obligation to work together to accommodate it. Regulations for
detention storage to hold flood flows to historical levels are examples of
reasonable use doctrine. If a city requires developers to detain stormwater
up to the two-year flow, anything greater than that will be an altered flow.
But there will be a community responsibility to deal with it.

 

Local stormwater programs

 

The major regulatory activity in stormwater is by local government. Most
local governments have stormwater control programs and their elements are
controlled by a local ordinance that generally includes provisions for flood
plain districts and uses, special use permits, nonconforming uses, cost of
drainage improvements, erosion and sedimentation control, grading and
drainage plans required, maintenance, and subdivision plats.

Stormwater programs cut across water and land use issues, and their
authorities are not always clear. Typical local government program elements
include the city’s stormwater standards; subdivision regulations; the storm-
water quality control program; the erosion control and land quality pro-
grams; and programs for the control and beautification of urban areas such
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as stream restoration, greenbelt construction, recreation and environmental
education. All of these might be combined into one stormwater agency.

If the stormwater ordinance does not include provisions for a stormwater
control program, it might be established by other ordinances to include
controls on impacts of urbanization. There might be a general drainage
ordinance to include responsibilities for drainage, cost allocations, and per-
formance standards, as well as other aspects of subdivision regulations.

Stormwater standards might set return periods and levels of service
required. Subdivision regulations might include items such as sidewalk
requirements, street crowns, and inlet sizes. There might be standards to
impose requirements for greenbelts, walkways, ponds, and other amenities.

The stormwater quality control program might be in emerging status,
perhaps with a focus on public education. It might attempt to control haz-
ardous substances and washoff of contaminants from the urban area. Erosion
control and land quality programs might affect construction site runoff.

Programs for control and beautification of urban areas can be integrated
into the stormwater program. Examples are stream restoration, greenbelt
construction, recreation, and environmental education.

The flood control program focuses on protection of life and property.
Trends are to emphasize nonstructural measures.

 

State programs and areawide districts

 

Although it is mainly a local concern, some states have enacted stormwater
legislation with regulatory implications, largely requiring that local govern-
ments have plans that recognize inter-jurisdictional issues. Planning is the
main issue in Pennsylvania’s program, for example, which requires each
county to develop a plan for designated watersheds. Plans are to include
the following:

• Surveys of existing runoff characteristics and obstructions
• Assessment of land development and impact of runoff quantity and

quality
• Analysis of development in flood hazard areas
• Review of stormwater collection systems and impacts
• Assessment of runoff control techniques and flood control projects
• Designation of areas to be served by stormwater facilities within 10 years
• Decisions on who will construct and operate the facilities
• Identification of floodplains
• Development of criteria and standards
• Establishment of priorities for implementation of action within each plan
• Provisions for periodic review

New Jersey also requires plans, but by municipalities rather than coun-
ties, with counties in a review role. The state also provides grants, and the
program deals with pollution control and drainage.
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Special areawide stormwater districts, such as Denver’s Urban Drainage
and Flood Control District, have their own enabling legislation.

 

Federal programs

 

A number of federal agencies are involved in policy and assistance to state
and local governments. Examples include the National Weather Service, the
U.S. Geological Survey, the Soil Conservation Service, the Corps of Engi-
neers, the EPA, HUD, the Department of Transportation, and the Federal
Emergency Management Agency. FEMA is heavily involved in flood hazard
reduction, but not in minor stormwater control.

The Clean Water Act provides authority to regulate stormwater. The EPA
now has a wet weather program that includes storm water runoff, combined
sewer overflows (CSOs), and wet weather sanitary sewer overflows (SSOs).
Storm water runoff includes pollutants such as oil and grease, chemicals,
nutrients, metals, and bacteria. CSOs and wet weather SSOs contain a mix-
ture of raw sewage, industrial wastewater, and storm water.
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Rules issued in 1984 in the 

 

Federal Register

 

 stated that stormwater dis-
charges that come from urbanized, commercial, or industrial areas had to
apply for permits. This attempt to require permits failed, but as a result of
environmental lawsuits, a procedure for larger municipalities, industrial
dischargers, and construction sites was developed.

The program is still evolving, but as of 2001, some municipal storm
sewer systems, industrial activities, and construction activities are covered
under the NPDES stormwater program. Operators of large, medium, and
regulated small municipal separate storm sewer systems require authoriza-
tion to discharge pollutants under a NPDES permit. Medium and large
systems are required to submit comprehensive permit applications and are
issued individual permits. Regulated small operators have options, includ-
ing being covered by a general permit.

Industries in selected SIC codes are also required to file for permits, and
larger construction sites must obtain construction permits. Phase I of the
program was developed in 1990 and rules for Phase II, which extends the
program to additional permit applicants, were developed in 1999.

 

FEMA

 

FEMA programs influence local flood control to a great extent through the
National Flood Insurance Program (NFIP). The NFIP was created and
shaped by the National Flood Insurance Act of 1968, the Flood Disaster
Protection Act of 1973, and the National Flood Insurance Reform Act of
1994. These make the purchase of flood insurance mandatory for federally
backed mortgages on structures located in special flood hazard areas. Flood
insurance is mandatory for buildings in FEMA-identified high-risk flood
areas or Special Flood Hazard Areas. Flood zone determinations establish
whether a structure is located in a flood hazard area. In administering the
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NFIP, FEMA has undertaken a large number of policy and specific area
studies of flooding.
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Enforcement scenarios

 

One legal scenario to avoid in water, sewer, and stormwater management is
an enforcement action, or action taken by a regulatory agency when a utility
is out of compliance with a regulation.

Sometimes, an enforcement action results in a consent decree, which is
a court action in which the violator consents to be submitted to a certain
action in return for release of court action. The decree then requires follow-up
action. An example is the Detroit Water and Sewerage Department’s consent
decree, which requires them to remain in compliance and to submit certain
reports in return for release of charges concerning NPDES violations.
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Another consent decree was with General Electric on its Pittsfield–Hou-
satonic River Site. The consent decree is dated October 7, 1999, with the U.S.
District Court of Massachusetts in Springfield, Massachusetts. Parties to the
comprehensive agreement, in addition to GE and the EPA, included U.S.
Department of Justice, Massachusetts Department of Environmental Protec-
tion, Attorney General, and Executive Office of Environmental Affairs, State
of Connecticut.
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chapter twelve

 

Managing the 21st century 
water industry

 

Introduction

 

In this chapter we focus on how managers can gain the most from infra-
structure capital assets and workforce. Management in the 21st century
water industry will change and require different skills from those in the
past. We will identify some of these changes and discuss how they affect
infrastructure.

It may be surprising to note how much of the material in Chapters 1–11
relates to management.

• Chapter 1 covered management systems for water, sewer, and storm-
water infrastructure, and these included best practices for asset man-
agement, planning, finance, data management, public involvement,
organization, management, and oversight.

• Chapter 2 covered water, sewer, and stormwater systems and servic-
es. These included system configuration, management structures,
regulatory controls, interest groups, and future trends.

• Chapter 3 was about asset and capital management and covered
accounting linkages and use of asset management as a tool for com-
prehensive infrastructure management.

• Chapter 4 covered planning, programming, and budgeting for capital
improvements. Topics included capital life-cycle planning, program-
ming, budgeting, integration, and capital improvement programs.

• Chapter 5 was about design and construction of water and sewer
infrastructure, and management topics included quality in construc-
tion, project management, and control of the construction process.

• In Chapter 6 discussions of financial management included types of
organizations, planning and budget process, revenue and cost, ac-
counting, and reporting.
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• Chapter 7 covered operations management to include comprehensive
improvement programs, operator training, quality control, and im-
provement.

• Chapter 8 was about risk management and disaster preparedness
and covered risk assessment, vulnerability assessment, mitigation,
and reliability.

• Chapter 9 covered maintenance and inventory in water, sewer, and
stormwater systems, including accounting for fixed assets.

• Chapter 10 was about information technology in water and sewer
management and covered SCADA, databases by function, and IT
departments.

• Chapter 11 covered the legal, regulatory, and governmental process-
es, to include laws, regulations, codes and standards, courts, ADR,
and expert witnesses.

Now we depart from the previous discussions to focus on core processes
of management to ensure quality infrastructure.

 

Management in the public works and utility environment

 

Management in the public works and utility environment deals with pub-
lic-sector management in a highly regulated, capital-intensive industry.
Many skills required are similar to those in other industries.

Management is what managers do to plan and direct use of resources
to get a job done and achieve a purpose. Capital and operations of private
or public enterprises require the basic tasks of management as do banks,
police departments, or restaurants — planning, organizing, directing, super-
vising, and controlling people, machines, and facilities.

While we use simple words to define management, they do not tell the
whole story. Universities, companies, and agencies around the world give
much attention to management. Peter Drucker, a famous management
expert, showed that during the 20th century, application of the skills we call
management has been the main factor behind our ability to run today’s
complex society, including both public-sector and private organizations.

 

1

 

Infrastructure management focuses on operations and life-cycle care of
unique facilities. In addition to planning, engineering, operations, and main-
tenance, these require attention to human resources, law, information tech-
nology, finance, and organization. Taken together, these comprise the “man-
agement model” for infrastructure (Figure 12.1). It is not very different from
other management models, other than the focus on capital-intensive and
highly regulated facilities.

Many managers in utilities were educated as engineers. Others enter the
field from related vocations, such as construction or operations. After these
engineering, construction, or operations people become managers, the line
is not always clear between their former occupations and their management
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activities. For example, evidence shows that on a percentage basis, civil
engineers work relatively more in management than other engineers do. This
seems due to the many managerial roles the civil engineer assumes — project
manager, utility or public works manager, manager in a consulting firm, and
others. Consequently, practicing engineers tell educators to teach more busi-
ness skills.

A survey showed that 45% of civil engineers identify management as
their top activity, followed by 39% mentioning design and 20% mentioning
computer applications.
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 It is, of course, usually engineering activities that
are being managed.

Advice about what to teach engineers comes from practitioners such as
H. Edmond Bergeron, who wrote that failure in management knowledge
leads to lost or upset clients, unprofitable projects, missed deadlines, dis-
gruntled fellow employees, and maybe loss of job.

 

3

 

 Bergeron believes that
young engineers are not adequately prepared in management, but that skills
can be taught at senior or graduate levels.

 

Figure 12.1

 

Management model for improving infrastructure.
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Using Bergeron’s examples as well as academic advice, Table 12.1 dis-
plays management disciplines that should be taught.

 

Systems view of utility operations

 

Managers must understand the big picture of how organizations work, and
have the “systems view.” A systems view of utility or business operations
means to look at how the entire organization works together to use its physical
assets to achieve its mission in the face of external pressures. The theoretical
value of the systems approach is widely accepted in management, but organi-
zations are usually too complex to embrace it totally. The essence of it is to
integrate activities, or to achieve “systems integration and management,” as
described in AWWA’s publication, the “Changing Water Utility.”
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In the areas of concern to this book — operations and asset management
— the systems view focuses on sharing information across the organization
using “enterprise” applications of software (see Chapter 10). The systems
view will also help in emergency planning and response. For example,
McMullen used “systems thinking” as a metaphor to write about commu-
nication and teamwork during the response by Des Moines’ waterworks to
the 1993 flood (see Chapter 8).

Taking the systems view is an application of “systems thinking,” which
is a popular metaphor for looking at the big picture and considering inter-
dependency. A system is a group of elements that work together for a
common goal. This applies to both the physical and organizational systems
of water, sewer, and stormwater utilities.

 

Table 12.1

 

Management Disciplines for Engineers

 

Examples of situations Disciplines to be taught

 

Write scope of work. Track progress, 
misses deadlines for drawings and 
specifications. Behind schedule. Runs 
over budget. Schedule flow of work. 
Coordinate with subconsultants. 

Project management. Contracts. 
Scheduling, checking progress. 
Inspections, quality control. 

Unsuccessful bidding, no backlog of 
work, unprofitable projects. Prepare fee 
budget. Assemble project team.

Marketing. Proposals, contracts, 
negotiating fees, scheduling, accounting, 
tracking, reporting overruns and changes 
in scope. Project teaming.

Not handling employees well. City 
engineer has employees quit, file 
grievances.

Communication and human resources. 
Verbal and written communication. 
Hiring, firing, motivation. Women and 
diversity. Equal opportunity, sexual 
harassment, legal issues.

Make presentation to client. Communications, presentations. 
Paying liquidated damages. TQM and loss prevention. Liability 

insurance and causes of lawsuits.
Failing to understand preservation issue. Ethics. Government. Legislation and law. 

Regulatory controls. Nonengineering 
issues. 
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Systems thinking involves process modeling and conceptual thinking.
For water systems, process modeling works at the subsystem level to model
source, treatment, distribution, and collection systems. Higher level, concep-
tual approaches are fuzzy and are used to frame general strategies. Often
we can model specific issues but do not have a good framework for the
larger, systemic issues.

The systems approach requires a coordinated study to tell all parts of
the organization what to do. For example, an emergency plan is a systems
approach to planning and coordinating all activities for emergencies. But
creating a climate where all units can work together effectively is not an easy
task. It cannot be done using only top-down or bottom-up methods; it must
be done both ways using adaptive management. While the theory of the
systems approach is simple, implementation can be difficult. The essence of
it is “systems integration and management.”

 

4

 

As an organizational system, water, sewer, and stormwater utilities
require intra- and inter-organizational activities. Organization charts do not
display an organization’s activities very well and various attempts have been
made to portray cross-cutting organizational activities. The simplest tool to
show this is probably the “matrix organization,” where you have not only
line and staff, but also project organization.

An example of new thinking about organizations is the “Organigraph”
concept, or tools to display the activities of organizations in a more realistic
manner. It consists of product chains, sets of objects that include constituents,
organization units, programs, employees, work schedules, facilities, and
support systems; “hubs” or centers of activity; and “webs” of relationships,
or interdependencies.
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Business process areas of a water utility have been mapped by the
QualServe program offered by the AWWA, as shown in Figure 7.1. This
follows an approach similar to that of information firms, which map business
processes to improve effectiveness.
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 For example, customer service is a busi-
ness process. Figure 12.2 shows a customer service outlet of the Washington
Surburban Sanitary Commission.

Teamwork and communication are important in management, such as
in the way organizations respond to disasters. They ensure that organizations
are prepared, work well as a unit, execute their missions well, and cooperate
well with other organizations.

Information technology offers much promise for the future. Communi-
cation can be facilitated by the decision support system (DSS) concept. Deci-
sion makers ask questions and get answers about problems by dialog with
the DSS, which can query databases and run simulation models, such as in
SCADA systems.

 

Business practices affecting infrastructure

 

As Bergeron showed, many engineers are unaware of effective business
practices, such as running organizations, making them productive, and
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keeping them out of trouble. If the organization does not run well, the
infrastructure clearly will not be in good shape. A starting point to
remedy this is to know about the structure of water, sewer, and storm-
water utilities. A good organizational structure will release capabilities
of employees for maximum performance, minimize need for reorganiza-
tions, serve as a foundation for professional development, and promote
effective performance.
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Organizational theory shows interactions of organizational structure,
people, and psychology, with communication and coordination as key
concepts. The structure should communicate the purpose and specify
leadership, authority, subdivisions of responsibility, and communications
patterns. Variations of organizational types include line, staff, and matrix
organizations. Other variations include functional organizations and pro-
grammatic organizations.

Communication is even more important than structure in organiza-
tions. Problems include lack of contacts between persons working on
similar projects, conflict between sections of organizations, and problems
with the public. Many people do not like meetings, but one reason for
them is to work as a team. Meetings should have a definite purpose and
be run well so that everyone’s time is used productively and not wasted.
A few guidelines on effective meetings are to have a goal and agenda,
include presentations to summarize known information, start on time
and conclude crisply, have a facilitator or chair (not always the “boss”),
have someone record the results, and end with results and after-action
plans.

 

Figure 12.2

 

Customer service section, Washington Suburban Sanitary Commission.
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Human resources

 

Employee motivation is critical. Industrial psychology explains motivational
factors such as design of work, influence and power, communications, deci-
sion processes, and performance evaluation. Figure 12.3 illustrates a way to
improve employee morale by celebrating their work through art. The figure
shows a statue at the Washington Suburban Sanitary Commission of workers
opening a watergate.

Teamwork helps in employee motivation and effectiveness. Teams
work together toward a common vision and focus individual effort toward
organizational objectives. Team members need to be held accountable for
their actions.

Good employees are the key to success, and preparing the caring for
them is the subject of the field of human resources or “HR.” HR supports
managers in finding, hiring, assigning, and managing employees. It used to
be called “personnel management,” but with expanding arenas of profes-
sional development, employment and workplace law, and employee rela-
tions, the field has expanded.

 

8

 

Figure 12.3

 

Sculpture of watergate, Washington Suburban Sanitary Commission.
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HR seeks to make relationships between people better. This involves
co-worker relationships as well as worker–supervisor relationships. Conflict
may signal ill health in the organization. It offers work planning systems to
break jobs into tasks. Tasks are organized according to functions to avoid
duplication and confusion. Jobs lead to accomplishment of the mission. The
effectiveness of employees determines success.

Work in jobs is planned and evaluated according to a cycle. This
approach is sometimes called “management by objectives,” but it has other
names. Objectives for a job or unit should be negotiated. This can be done
annually or more often, with success connected to pay increases and other
incentives. After plans are made and tasks assigned, coaching and motivat-
ing by supervisors are required.

Evaluation is necessary for everyone. Even the chief executive of an
organization is evaluated by the board of directors. Evaluation is followed
by rewards, promotion, and recognition. Then it is time to set new goals.
This cycle of planning, coaching, evaluating, and recognizing is fundamental
to human resources management.

Legal issues in HR have increased. Employee and workplace law has
become a specialty area among attorneys. They deal with hiring, firing,
compensation, harassment, and many other issues. Some categories of
people, mainly based on race, gender, age, and disability, have suffered
discrimination in the past and the goal of equal opportunity law is to cure
this problem.

 

Strategic planning

 

Strategic planning is a useful method to develop strategy for organizations.
It is a structured process to identify directions and prepare a plan of action
to move toward them. A strategic plan will outline goals, objectives, mea-
sures of achievement, plans of action, needs and resources, and development
plans.
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 For example, improving infrastructure might be a key strategy within
a larger organizational strategic plan.

 

Project Management

 

Project management (PM) is the skill area to bring quality capital projects
on line, on time, and under budget. It is discussed in more detail in Chapter
5. As an area of management, PM is often the place where a technical
employee gets a first taste of handling people, money, deadlines, and other
management concerns.

 

Risk management and loss prevention

 

Risk management is an important issue for water, sewer, and stormwater
utilities, and is discussed in more detail in Chapter 8. Risk is tempered by
margins of safety, design factors, insurance programs, performance bonds,
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and other instruments for risk management. Engineers working in private
practice find they must carry liability insurance to protect themselves against
financial loss.

 

Decision making

 

Managers must make quality decisions on a timely basis and see that they
are implemented effectively. Use of information to support decisions is
important at all levels. Decision processes connect parts of organizations,
because decisions affect levels and parts of organizations with dissimilar
functions but with needs for the same information. This is where the concept
of the decision support system enters. Chapter 10 discusses the emerging
use of IT in decision support.

Often the challenge is to handle unstructured management problems,
where flowcharts and logic are not applicable. Unstructured problems
require more experience, judgment, and analysis than structured problems.
The capital planning process may involve unstructured situations, often
political in nature.

 

Program assessment and management audits

 

Just as in a financial audit, a management or performance audit can identify
ways to improve effectiveness. Management consultants can be used for this
task and a team can visit an organization to assess purpose, customers, goals,
procedures, and results. It is amazing how outsiders bring insight to the
operation of a program — something that insiders understand but take for
granted. A management audit is like an annual review of an employee but
for an organization. Methods can include visits, interviews, surveys, inspec-
tions, review of documents, financial studies, and other tools available to
management to assess performance. The QualServe program (see Chapter
7) is an example of a management audit and could be applied to sewer and
stormwater organizations, just as it is to water supply organizations. In fact,
the APWA has also developed an organizational assessment program.

 

Quality management

 

Management can improve from ”quality” programs, such as Total Quality
Management or “TQM.” The concept of quality control has expanded into
a wider view of quality in all aspects of management — in other words,
having it improve continuously.

Bill Creech wrote about TQM that “Product is the focal point for orga-
nizational purpose and achievement. Quality in the product is impossible
without quality in the process. Quality in the process is impossible without
the right organization. The right organization is meaningless without the
proper leadership. Strong, bottom-up commitment is the support pillar for
all the rest. Each pillar depends on the other four, and if one is weak all are.”

 

10
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Quality control (QC) means to assure that quality of product or service
is within acceptable limits. Sometimes, “quality assurance” is used in place
of QC. Tasks that are essential to quality control include inspection, admin-
istration and record keeping, quality control engineering, and gaging. QC is
important in infrastructure, especially in construction, as original condition
is the single most important determinant of long-term condition.

QC functions are also easy to see in a treatment plant that must meet
regulatory requirements. Another example would in stormwater where, if
the goal is to prevent a level of flooding, the quality indicator might be
absence of complaints.

 

Public involvement, marketing, and customer relationship 
management

 

A utility is closely connected to customers and the public. The public should
be involved in decisions and levels of service in appropriate ways. Public
involvement situations include water and sewer education for the public,
dealing with crises, and support for capital campaigns and other decisions.

Public involvement is the process of including the public in planning
and decision making. James Creighton defined it as “a process, or processes,
by which interested and affected individuals, organizations, agencies and
government entities are consulted and included in the decision making of a
government agency or corporate entity.”
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Creighton traced government-required public involvement to the War
on Poverty in the 1960s and the environmental legislation of the 1970s. As
a result, requirements became institutionalized. Of course, it always made
sense as a practice of democracy to involve people in decisions that affect
them. Creighton wrote from the viewpoint of someone who had been “blood-
ied” in the process (by that, he probably means he has attended a lot of
divisive public meetings). The goal is to present people with information
and alternatives in language they can understand, and then to involve them
sincerely in improving understanding of problems, of defining solutions,
and in deciding what to do. That does not mean that everyone has to agree
100% with everything — they never will. It means to involve them, and then
to make the best decision considering all points of view.

If the public consists only of influential citizens who have a financial
stake in a decision, that is not enough. If it only consists of representatives
of interest groups who are loud and visible, that is not enough. The public
should be defined to include all stakeholder groups, by virtue of prox-
imity, economic stake, use, social concern, or value systems, as with
environmentalists.

There are many guides about public involvement — mostly government
manuals and articles in journals such as 

 

Journal AWWA

 

 — and these guides
attract people who are responsible for it. Public involvement begins with
neighborhood meetings and proceeds to more formal presentations before
elected boards and commissions.
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Marketing offers methods for public involvement. While the term is used
mainly in the for-profit world, it also applies to government and nonprofit
organizations. Marketing includes a spectrum of activities, not sales alone.
It begins with identification of the market and customers and the products
or services they want, then proceeds through product and service develop-
ment, pricing, promotion, advertising, selling, and distribution. Public rela-
tions is a support field that includes identification of target audiences, use
of media to achieve objectives with them, and working with organizations
to achieve objectives. A few techniques used in public relations are news
releases and media relations, feature articles, newsletters, annual reports,
special events coordination, celebrity speakers, fliers, invitations to events,
and other advertisement material such as posters and signs. Advisory com-
mittees and public meetings are used for some purposes.

 

Management in a government environment

 

Introduction

 

For utilities, government is a key industry. Without government, society would
grind to a halt. On the other hand, government sometimes gets in the way.

Government has a close association with public works. The term “civil
works” is broader than “public works,” especially in this era of emphasis
on privatization. Without civil works, civilization could not exist for long,
at least in any advanced form, and civil works require that government at
all levels and engineers be involved in planning, financing, constructing,
operating, regulating, maintaining, and renewing them.

 

Public-sector management

 

Administering public organizations is the subject of the academic field of
public administration. The American Society for Public Administration
(ASPA) offers a view of this field that seeks to advance the art of managing
public organizations by focusing on topics such as political science, admin-
istrative law, decision making in government, and other issues of pub-
lic-sector concern.

 

Clients

 

Government must obtain the consent of the citizenry in these activities, at least
in democracies. In forms of government other than democracy, civil facilities
do not seem to work as well. In other words, democracy, as messy as it is,
seems to be the best management framework for public works, as it is for
other areas of public affairs. This is why public involvement is so important.

Civic engagement is important to nurture democracy and trust in gov-
ernment in the U.S., and public works is an ideal way to make it happen.
Without civic life, social capital declines.
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Client groups range from the elderly with an interest in social security
to environmentalists who lobby for wastewater plants. At the local level,
developers watch the budget process to see what they must pay for infra-
structure. The anti-growth forces want these fees to be high, of course.

 

Structure of government

 

Students learn about government form in school, but most people have a
limited view of it. Government is complex, including many different func-
tions, levels, locations, and other characteristics. The U.S. is a federal repub-
lic, or a nation of states held together by the Federal Government. It is also
a representative democracy, meaning that the people rule through their
elected representatives. The government has three branches — executive,
legislative, and judicial — and all three exist at the national (federal), state,
and local levels. The representative government is important because utilities
work directly with the people in public involvement, but also with repre-
sentatives, legislators, and congressmen to make decisions.

In the executive branch, you can trace relationships among similar agen-
cies across the three levels. Local government agencies have functions ori-
ented toward meeting local needs such as infrastructure, police, fire, and
local services. These have related agencies at the state and federal levels. For
example, the local water department is regulated by the state health depart-
ment (or equivalent), which is overseen by the EPA.

The work of public agencies is largely carried out by officials and work-
ers who have been selected through a civil service or merit system. Elected
officials also participate, as do appointed officials who are part of the political
component of government, as opposed to the career civil service or bureau-
cracy. Thus, utilities work with three categories of public officials: elected,
appointed through the political process, and appointed through a merit
system. These categories of public officials respond to different incentive
systems, and it is important to understand how they got their jobs and what
they must do to keep them, or to advance.

 

Functions of government

 

Basic processes of government and political institutions include voting, roles
of citizens, legislative process, and roles of public officials such as mayors,
police officers, and judges. Voting is an important right in the U.S. and, in
addition to voting for representatives, citizens increasingly have the right to
vote on specific civil works projects. Utilities may be involved in campaigns
to gain approval of a project. With the trend toward “direct democracy,” we
can expect more, not less, of this in the future.

Regulation of projects is a function of government. The big shift in work
has been from an emphasis on just building projects to a more complex role
that includes much more regulation. Projects are regulated by all three levels
of government and most regulations are in the categories of land use, envi-
ronmental, health, and financial limitations.
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Financing

 

Government is also involved in project financing, especially for large and
public projects. A few ways that government is involved include:

• Government budgeting
• Issuing of bonds
• Public utility controls
• State infrastructure banks
• Taxes and fees
• Government appropriations
• Government accounting
• Financial policy
• Privatization

 

Politics

 

Water projects involve convergence of powerful political forces. Politics has
shades of meaning — from the science of government to using intrigue to
maneuver within a group.

When does government end and politics begin? Given that the purposes
of government are to provide for the rule of law for the processes of gov-
ernment, for services needed by citizens, and to keep order, it is natural that
political issues will intrude into work arenas.

A way to view politics is as a group of agendas — those of individuals,
interest groups, political parties, and stakeholders in general. Individuals
and groups seek what they consider to be favorable outcomes in public
decisions, such as where road improvement funds are spent, whether a
water project is approved, whether taxes are raised, or even whether they
are elected to office. The individuals or groups then use influence to
improve their chances of gaining the outcomes they seek and the total
result is “politics.”

Some of the political issues the civil engineer must consider include
influence of political campaigns on projects, motivations of elected officials,
roles of lobbyists and interest groups, and use of associations to influence
policy. How public officials get their jobs — elections, political appointments,
or civil service — illustrates the motivational factor.

Perhaps the politics faced most often by utilities is interest group politics,
in which groups promote or oppose a particular action being worked on by
the engineers. Growth and environment issues that civil engineers com-
monly face fall into this category. Typical issues include NIMBY (“not in my
backyard”) opposition to any plan and “no growth” issues. Regional com-
petition is another example. The situation may even become one of ethics:
does the civil engineer promote the project, and one or more interest groups,
or does he or she remain completely objective and represent all sides?
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There are other situations in which politics enters life, of course, such as
in bureaucratic, organizational, or office maneuvering, but these are not the
subject of this chapter on government. The key point is that building rela-
tionships and lining up support for your ideas and points of view are impor-
tant in everything that is to be done. Sometimes, people define this as
“politics,” but it is not a negative thing at all, as long as one is ethical, above
board, and free of conflict of interest.

Government decision making is often characterized as incremental
because each step is built on the previous one, as opposed to being a dra-
matic, large change in direction. Incrementalism sometimes frustrates engi-
neers who like to set goals and move directly toward comprehensive solu-
tions and reforms. In fact, people who are “politically aware,” or think they
are, are sometimes contemptuous of engineers who, they believe, are naïve
and only tuned in to technical topics.

Budget politics are of concern to managers at all levels of government,
especially those involved in infrastructure where so much money is
involved. In any organization, the budget becomes the focal point at which
agendas are worked out with internal competition. For the U.S. budget, this
competition takes on global dimensions.

Budget politics generally involve the triangle of interest groups consist-
ing of agencies, politicians, and public interest groups. The interest groups
work through the agencies and politicians to try to get budget resources
invested in their favorite areas. For example, at a simple level, a group
wanting a street paved (interest group) may see the city engineer (agency),
who may want the street paved also but lacks the budget. The interest group
then sees its elected representative, who may advocate putting that item in
the city capital budget, and through this triangle of interests, the project may
get done.

Political issues in budgeting start with the agency’s roles and expecta-
tions and in deciding how much to ask for and how much to spend. Then
there is competition within agencies for permission to request budget
amounts — the departments versus the bureaus. The budget office has a
strong role in deciding how much to recommend, and in the legislatures,
the appropriations committees have roles and perspectives in deciding how
much to give and how to respond to client groups.

 

Policy analysis

 

Policy analysis is concerned with finding the right policies and is the aspect
of planning concerned with steering big decisions correctly. The term “anal-
ysis” means to divide something into its component parts; it is the opposite
of “synthesis,” which means to combine them. Thus we find many uses of
the term “analysis” — mathematical analysis, chemical analysis, engineering
analysis, and now, policy analysis.

Policy analysis is generally the application of the problem-solving process
to finding the best policies to implement. To do this requires breaking down
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the problem addressed and the possible policies into their separate elements.
Policies are courses of action in relation to particular issues. In a legal sense,
they have a position in the hierarchy of rules and regulations. A company
policy is a rule lacking the force of law but still an important guideline. The
field of social science has a large subdivision called the policy sciences, which
are generally those concerned with government and public matters.

In infrastructure, policy analysis means the analysis that is done to find
lines of action for broad issues. Should water supply be independent or in
concert with a regional agency? Should the solid waste utility be privatized?
How should the capital program be financed? What should be the strategies
employed to solve the community’s mass transit problems? These are exam-
ples of matters that require policy analysis.

The International City Management Association has a guidebook on
policy analysis in local government. Policy analysis is presented there as a
“systems approach to decision making.” There are four essential features
according to the author: the systems approach, the use of the scientific
method, the use of mixed teams (interdisciplinary approach), and an action
orientation. In this sense, policy analysis might be thought of as a variation
of systems analysis.
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Leadership issues for infrastructure managers

 

Leading management thinkers

 

Management is a fascinating topic that attracts leading thinkers and writers,
and the writers have much to say to public-sector managers. One leading
thinker, Peter Drucker, contributed many articles and books about managing
both the private and public sectors. Joan Magretta and Nan Stone wrote
about how Drucker crystallized the discipline of management in his seminal
text “The Practice of Management” in 1954.
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Drucker called management the “least understood of social institutions.”
He thought that with management knowledge, ordinary people and orga-
nizations could achieve better results. Consider that before 1900, 80% of
people worked on farms or with their hands. Now, knowledge workers
engaged in technical and professional specialties comprise the largest group
of workers, and new management challenges occur continually. Drucker also
focused on the nonprofit sector, where “systematic, principled, theory-based
management can yield results.”

Drucker is famous for articulating the important or organizational pur-
pose. He asked: What is our business, who is the customer, and what does
the customer value? This became the “theory of the business.” Drucker
defined the challenge of the 21st century as raising productivity of knowl-
edge workers, including those in public works. He helped us see that the
quality of our lives and our society depends on the quality of the organiza-
tions we build, including public-sector infrastructure organizations.
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Bill Miller was a practicing public-sector manager who wrote 

 

Miller on
Managing

 

 to report on his service as Manager of the Denver Water Depart-
ment.

 

14

 

 Miller focused on the softer side of management; that is, he sees it
as leadership, communication, relationship-building, compliance with law,
integrity, and organizational management.

By combining concepts from management writers such as Drucker,
Miller, Senge, and others, the infrastructure manager can form a successful
strategy.

 

Decision making

 

Decision making in public organizations can be structured or unstructured.
Most operational decisions in water utilities are structured in nature. Oper-
ating decisions, as opposed to policy decisions, are subject to more definable
rules, are usually on a shorter time span, and are more repetitive. They are
simpler, less risky and uncertain, and are based more on knowledge of
operational data.

Decisions are linked with organizational plans, activities, and tasks. An
integrated information system seeks to link business to information flows
and databases. Two of the key issues in disaster preparedness are linking
databases and preserving data through a disaster.

Business system planning begins with a definition of the business, fol-
lowed by delineation of business processes, independent of position on the
organization chart. These are related to data, which are also independent of
the organizational structure. The matrix that relates the business processes
to the data classes is the information architecture of the organization, which
identifies key decision points and relates them to data.

 

Leadership issues in the water industry

 

All organizations depend on the skills, leadership, and character of their
workers and managers. In addition to finding and hiring the right people,
utilities will find professional and personal development programs valuable
for employees. Young employees have a lifetime of development ahead, with
education at the beginning, not the end, of personal development. Older
employees have many needs too.

Figure 12.4 shows a leader of the water industry, Dr. Abel Wolman. His
work in helping to create the Washington Surburban Sanitary Commission
is celebrated by a statue in his honor at the utility. Dr. Wolman also has a
public works building in Baltimore named after him.

The art of leadership fascinates many people, and the difference
between management and leadership is often discussed. When confronted
with problems, people say, “What we need is strong leadership.” The
difference between leadership and management is that the leader gets
people to follow and the manager runs things by delegating. While lead-
ership cannot be easily taught, studying it can help a manager do a
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leadership “self-assessment.” Leadership requires many desirable quali-
ties, such as integrity, knowledge, courage, decisiveness, emotional bal-
ance, and sociability.

One of the helpful aspects of management is the opportunity to be
involved with leadership figures from the community, professional societies,
other businesses and organizations, and nonprofit groups. To become
involved with them, it is beneficial to be involved in civic and business
activities such as the chamber of commerce; service clubs such as Rotary,
Lions, and Kiwanis; and professional societies.

The American Water Works Association helped to spin off a humanitar-
ian nonprofit called “Water For People.” They are “…a nonprofit, charitable
organization in the United States and Canada that helps people in develop-
ing countries obtain safe drinking water…” and they “…work with local
partner organizations to provide financial and technical assistance to com-
munities, depending on their needs.” (www.water4people.org)

For today’s competitive society, the concept of the learning organization
explains that organizations, like individuals, can learn by experience and
become better and more competitive. Peter Senge’s book, 

 

The Fifth Discipline

 

,

 

Figure 12.4

 

Statue of Dr. Abel Wolman, Washington Suburban Sanitary Commission.
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explains the concept in terms of five disciplines: shared vision, personal
mastery, mental models, team learning, and systems thinking.
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Ethics is important in water, sewer, and stormwater organizations. While
knowing about codes of ethics is important, good character traits are ulti-
mately the key to success. A good example of this issue is in the quality of
construction. If shoddy construction work is accepted, or corrupt practices
are involved, water, sewer, and stormwater systems will ultimately suffer.

 

Closure

 

This chapter has brought together a number of management concepts needed
for today’s public-sector organizations that must work well to ensure integ-
rity in infrastructure systems. It is the people, using the resources, after all,
that determines the outcome of all ventures. Tools of management described
in the book — such as asset management, capital improvement programs,
and maintenance management systems — only work as well as the people
who implement them. And financial tools consisting of debt instruments,
rates and fees, budgets, and accounting are there to promote customer ser-
vice. Ultimately, it is how well customers and their society are served that
determines how well we do in managing infrastructure.
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