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Chapter 1

Introduction to

Distribution System
Modeling

1.1. INTRODUCTION

Water utilities seek to provide customers with a safe, reliable, continuous supply of high-
quality drinking water while managing costs. This water is often delivered through a
complex network of pipelines, numerous pumps, regulating valves, and storage reser-
voirs. The performance of these water systems is often difficult to measure and understand
because of their physical size, complexity, underground location (out of sight, out of mind),
and the large amount of system data needed to fully grasp how they function. Sometimes,
key pieces of information needed to understand a system are missing or incomplete. One
tool that has evolved over time to help water system designers, operators, planners, and
managers meet their goals of delivering a safe, reliable, cost-effective water supply is a
water distribution system model (herein referred to as a model).

Distribution system modeling (commonly referred to as hydraulic modeling) involves
the use of a computerized mathematical model to predict the performance of a water sys-
tem to solve a wide variety of issues including, but not limited to, design, operations, sys-
tem planning, water quality, water loss, energy management, and emergency response.
Models can help water utilities by enabling more proactive and responsive decision mak-
ing, delivering better customer service, and ensuring employee satisfaction. Water utilities
can use models to understand the infrastructure and operations needed to support a net-
work of growing residential and commercial consumers. For example, a model can predict
pressures and flows within a water system in order to evaluate a design and compare the
system performance against design standards. Models are also used in operational stud-
ies to answer questions related to storage capacity, control schemes, water delivery, water

1
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2 COMPUTER MODELING OF WATER DISTRIBUTION SYSTEMS

quality, and more. Water quality models are used to predict water age, track disinfectant
residuals, and reduce disinfection by-products in a distribution system.

Computerized system modeling began with the advent of analog computers and has
evolved as software and hardware have advanced to become more powerful and easier
to use. Models that contain hundreds or thousands of miles of pipeline are now common
and can be used on a wide variety of computer platforms. Models that once took hours to
run are now run in seconds or fractions of a second. Originally, models were used only to
evaluate system hydraulic grade lines, system pressures, and flows.

Historically, model building was an expensive and labor-intensive process due to
lack of available data to build from and to support relevant applications. Now, models can
effectively share data with geographic information systems (GIS), computer-aided design
and drafting (CADD) systems, supervisory control and data acquisition (SCADA) systems,
customer information systems (CIS), computerized maintenance management systems
(CMMS), and asset management system (AMS) software, thus reducing the effort needed
to create, update, calibrate, and maintain a model. Information obtained from a model
study can be filtered, organized, and presented using a variety of graphical and tabular
methods so that results can be more easily understood and communicated. These advances
in technology have broadened the uses of distribution system modeling from just an infra-
structure planning tool to an integrated design-and-operations analysis system.

1.2. PURPOSE OF THIS MANUAL

The Engineering Modeling Applications Committee of the American Water Works Asso-
ciation developed this manual. The purpose of this manual is to share the committee’s
collective experience with distribution system modeling to help educate and communicate
the benefits of a model to water utilities and water customers everywhere.

The manual is intended to be a basic-level or primer reference guide to provide new
to intermediate modelers with a foundation for, and practical benefits of, water distri-
bution system modeling. The manual takes users through the modeling process from
development to system analysis as shown in Figure 1-1. The manual delivers in-depth
discussion on

* Model construction and development,

e Field data collection and testing,

e Model calibration,

¢ Steady-state analysis,

e Extended-period simulation,

e Water quality analysis,

e Storage tank mixing and water age analysis,
e Model maintenance,

e Transient analysis, and

¢ Advanced modeling applications.

M32 is designed to help modelers use water models as effective tools to plan, design,
and operate a water distribution system; maintain acceptable water quality; and reduce
both operating costs and water loss within their water distribution systems.
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