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Presentation Overview

1. What is a Water Model?

2. What Information is Needed?

3. System Analysis & Capital Improvement 

Planning
a) Water Pressures & Reliability

b) Fire Protection Goals

c) Future Growth and Development

d) Water Quality Issues
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What is a Hydraulic Water Model?

• A computer simulation of a water distribution system that effectively allows for 
the analysis of various components of the system based on changing demands 
and can help demonstrate the effectiveness of proposed solutions.

• Looks at:
 Water Distribution Piping Network
 Pumping Systems
 Water Storage Systems

• Provides Ability to:
 Identify Bottlenecks
 Predict Pressures
 Analyze Water Quality 
 Plan for the Future
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Hydraulic Water Modeling Software

• EPANET from the US EPA
• http://www.epa.gov/nrmrl/wswrd/dw/epanet.html
• Free Software Online
• Limited Functionality
• No Formal Technical Support
• Last Updated in 2005

• Innovyze ® (H2ONET ®, H2OMAP Water ®, others)
• http://www.innovyze.com/
• Numerous water modeling programs
• Formerly MWH Soft

http://www.epa.gov/nrmrl/wswrd/dw/epanet.html
http://www.innovyze.com/
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Hydraulic Water Modeling Software

• Bentley® (Water CAD ®, WaterGEMS ®, HAMMER ®, others)
• http://www.bentley.com/en-US/ 
• Numerous water modeling programs
• Compatible with:

 AutoCAD
 ESRI ArcGIS
 MicroStation
 Stand-Alone Platform

Presentation Modeling:
Bentley ® Water GEMS ® V8i

Presentation Mapping:
ESRI ® ArcMap™ 10.1

http://www.innovyze.com/
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Getting Started…

• The model is only as good as the information put into it!

• Informational Needs include:

• System Mapping

• Waterline Characteristics

• Tank Characteristics

• Pump Stations, WTPs, Entry Points

• Water Demands

 The level of modeling desired will dictate the amount of information needed
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System Mapping

• Useful mapping information can be obtained from:
o Hard copies of system mapping
o AutoCAD files
o GIS Database
o Record Drawings

• County and State GIS data is helpful

• Goal is to develop the critical water distribution network into a model

• Precise location of the waterlines and appurtenances is not required

• Skeletonized Model can save time and create a valuable model
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Sophisticated mapping is not needed!
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Creating the Model
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Waterline Attributes

Critical Properties
• Location
• Diameter
• Material of Construction
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Storage Tank Attributes

Critical Properties
• Base Elevation
• Low Water Level 
• High Water Level
• Size/Configuration
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Pumping System Attributes

Critical Properties
• Pump Curve or Rate
• Operational Controls (for 

extended analysis)
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Water System Demands

Critical Properties
• Historical Water Demands 

• Average Day and Peak Day

• Specific Demands for Large 
Water Customers

• Junction Elevations (use 
available GIS data)
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Junction Elevation Data
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Model Calibration

• Historical Pressure Data 

• Historical Fire Hydrant Flow Test Reports

• Targeted Fire Hydrant Flow Tests

• Pressure Loggers

• Field Survey to Determine Elevation of Critical Features

• Document system conditions during data collection! 

Source:  www.grainger.com

Source:  www.usabluebook .com

ENSURE MODEL REPRESENTS EXISTING CONDITIONS
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Model Calibration

• Use known pressure and flow data to adjust model

• Vary friction factor (Hazen-Williams C factor)

• Help identify closed valves, errors in piping network

Source:  www.mwra.state.ma.us
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Model Calibration
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Model Layout
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Model Analysis

• Steady-State Simulation

• Extended-Period Simulation
• Fluctuations in tank levels
• Fluctuations in demand
• Cycling of pumps
• Water Age
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Steady-State Model Analysis

1. Average Day Demand Typical Pressures

2. Peak Demand Pressures

3. Fire Flow Residual Pressures 

• Where is the lowest residual pressure when operating a specific 
hydrant?

4. Pressure Zone Boundaries and Isolation Locations

5. Pressure Reducing Valve Setpoints and Location
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Steady-State Model Analysis

QUESTION:

How can I improve fire protection to a specific area of my 
distribution system?

I want to be able to provide for 1,000 gpm at the intersection of First 
Ave. and Oakwood Ave. while maintaining a minimum residual 
pressure of 20 psi at all locations.
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1st Ave. & 
Oakwood Ave.
Flow = 0 gpm

Fir Dr. & Long St.
(highest elevation)

P = 25 psi

Tank

Fire Flow Analysis
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Scenario Fire Flow Location
Fire Flow, 

gpm

Reference Location #1

Location
Residual Pressure, 

(psi)

OAKWOOD PRESSURE ZONE

Base - PDD 
1st Ave. & 

Oakwood Ave.
0

Fir Dr. & 
Long St.

25

Base - PDD w/ Fire Flow 
1st Ave. & 

Oakwood Ave.
1,000

Fir Dr. &
Long St.

-10

Fire Flow Analysis
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Scenario Fire Flow Location
Fire Flow, 

gpm

Reference Location #1

Location
Residual Pressure, 

(psi)

OAKWOOD PRESSURE ZONE

Base - PDD 
1st Ave. & 

Oakwood Ave.
0

Fir Dr. & 
Long St.

25

Base - PDD w/ Fire Flow 
1st Ave. & 

Oakwood Ave.
1,000

Fir Dr. &
Long St.

-10

Alt #1 - Replace 1,200 l.f. along Oakwood 
w/ 8"

1st Ave. & 
Oakwood Ave.

1,000
Fir Dr. & 
Long St.

14

Fire Flow Analysis
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Scenario Fire Flow Location
Fire Flow, 

gpm

Reference Location #1

Location
Residual Pressure, 

(psi)

OAKWOOD PRESSURE ZONE

Base - PDD 
1st Ave. & 

Oakwood Ave.
0

Fir Dr. & 
Long St.

25

Base - PDD w/ Fire Flow 
1st Ave. & 

Oakwood Ave.
1,000

Fir Dr. &
Long St.

-10

Alt #1 - Replace 1,200 l.f. along Oakwood 
w/ 8"

1st Ave. & 
Oakwood Ave.

1,000
Fir Dr. & 
Long St.

14

Alt #2 - Replace 1,200 l.f. along Oakwood 
w/ 12"

1st Ave. & 
Oakwood Ave.

1,000
Fir Dr. &
Long St.

19

Fire Flow Analysis
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Scenario Fire Flow Location
Fire Flow, 

gpm

Reference Location #1

Location
Residual Pressure, 

(psi)

OAKWOOD PRESSURE ZONE

Base - PDD 
1st Ave. & 

Oakwood Ave.
0

Fir Dr. & 
Long St.

25

Base - PDD w/ Fire Flow 
1st Ave. & 

Oakwood Ave.
1,000

Fir Dr. &
Long St.

-10

Alt #1 - Replace 1,200 l.f. along Oakwood 
w/ 8"

1st Ave. & 
Oakwood Ave.

1,000
Fir Dr. & 
Long St.

14

Alt #2 - Replace 1,200 l.f. along Oakwood 
w/ 12"

1st Ave. & 
Oakwood Ave.

1,000
Fir Dr. &
Long St.

19

Alt #3 - Replace 2,500 l.f. along Oakwood 
w/ 12"

1st Ave. & 
Oakwood Ave.

1,000
Fir Dr. & 
Long St.

22

Fire Flow Analysis
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Steady-State Model Analysis

QUESTION:

What waterlines are creating flow restrictions and pressures drops?
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Steady-State Model Analysis

QUESTION:

A developer is interested in developing several properties beyond 
the current water service area.  How far up the road can our water 
system provide suitable water service?
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Steady-State Model Analysis

OTHER USES FOR MODELING:

1. We want to install a bulk fill station.  How much flow is available 
without impacting service pressures and fire protection?

2. Tank #1 needs to be taken out of service for maintenance.  Will 
Tank #2 be capable of temporarily maintaining acceptable 
pressures in the system?

3. The 30” main from the old reservoir is scheduled for 
replacement.  Would a new 12” waterline be adequate to 
replace it?
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Extended-Period Simulation

1. Cycling of Pumps 

2. Fluctuations in Tank Levels

3. Fluctuations in Demand & Pressures

4. Water Age (in tank and mains)

5. Duration can range from hours to months

Requires additional inputs:

• Pump operational controls

• Working levels in storage tanks

• Diurnal demands
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Water Level in Tank

Pumping Rate

vs.
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Tank Cycling & Water Age
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Tank Cycling & Water Age
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Tank Cycling & Water Age
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Extended-Period Simulation

• Evaluate impacts of pumping and tank level control strategies on water 
age

 Prevent ice formation in winter

 Prevent thermal stratification and loss of chlorine residual in 
summer

Doesn’t replace detailed modeling of passive and active 
mixing systems offered by various manufacturers.
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Case Study: 

Suburban Lock Haven Water Authority

• Skeletonized Model Created for Multiple Pressure Zones

• Model Utilized for Capital Improvement Planning

• Resulted in:

 Identification of bottlenecks and inefficiencies

 Dramatic improvements in water service pressures and fire protection 
capabilities

 Cost savings (elimination of booster station)

 Strategic looping to minimize water service disruptions

 Proactive planning of infrastructure to support economic development
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Case Study: 

Williamsport Municipal Water Authority

• Detailed Hydraulic Water Model Created

o 7 Pressure Zones

o 8 Storage Tanks

o 7 Pump Stations

o >200 miles of waterlines (all pipes ≥ 6-inches)

• Goal: Develop and system-wide water model and evaluate the system 
to develop a logical and cost-effective capital improvements plan to 
address:

o Fire Protection Needs

o Improved Water Service Pressures (Existing and Future Customers)

o Strategic Replacement of Aging Infrastructure
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Case Study: 

Williamsport Municipal Water Authority

Written Report w/ Mapping:

 14 Alternatives Developed and Evaluated

o Stabilization of Pressures

o Fire Protection

o Estimate of Probable Project Costs

 Recommendations

o 0-5 year Planning Period

o 5-10 year Planning Period

 Future Considerations

o Realignment of Pressure Districts

o Looping Dead Ends

o Unaccounted for Water Evaluation
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Questions?
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Erin N. Threet, P.E.
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David M. Swisher, P.E.
Operations Engineer
Penn State University
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