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Identifying Critical Infrastructure
Through the Use of Hydraulic Modeling

to Support Asset Management
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Purpose: Hydraulic Models vs. Asset Mgmt.
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Ohio Case Studies: Toledo and Akron
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Why Model? ςTraditional Applications
Evaluate Complex 

Hydraulics

ÅSeasonal 
demands

ÅFire flow analysis

ÅMain breaks

ÅSurge analysis

Test Out 
Alternatives

ÅOperational 
changes

ÅFuture service 
areas

Plan for Growth

ÅNew demands

ÅNew supplies

Analyze Water 
Quality

ÅTank cycling / 
mixing

ÅWater age

ÅChlorine residual
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Pressure Contours
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Available Fire Flow Rates
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CSOs/ SSOs/ WIBs
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Annual Average Net Demand Within 

Water Distribution System

Advanced Modeling Applications

Improving capabilities change 
our questions

Advanced applications require 
advanced calibration 

Advanced calibration requires 
advanced modeling expertise

Typical Demand Within A 

Zone/Through a Pumping 

Station

Demand at 

this address
On this day of 

the year
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Advanced Modeling Applications

Improving capabilities change 
our questions

Advanced applications require 
advanced calibration 

Advanced calibration requires 
advanced modeling expertise

Specific, Detailed Analyses

Optimization

Energy

Criticality

ñBig Pictureò

Master Planning
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Disinfectant Concentrations
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Hydraulic Modeling vs.
Asset Management
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Asset Management
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Determine
Asset Risk

Optimize
O&M

Investment

Optimize
Capital

Investment

Determine
Funding
Strategy

Build AM
Plan

Develop
asset registry

Assess 
Condition and
failure modes

Determine
residual

life

Determine life
cycle and 

replacement 
costs

Set target
Levels of

Service (LoS)

Root cause analysis
Reliability centered and
Predictive maintenance

Optimized 
decision-making

Confidence level rating
Strategic validation
Optimized decision

making

System layout
Data hierarchy

Standards inventory

Demand analysis
Balanced scorecard
Performance metric

Valuation, life
cycle costing

Expected life
tables,

decay curves

Condition assessment
Protocol

Rating methodologies

Failure mode and 
effects analysis
Business Risk

Desktop / Interviews

Renewal annuity

Asset management 
plan

Policies and strategies
Annual budget

1. What is the current state of my assets? 2. What is the required LOS?

3. Which assets are critical? 4. What are my best CIP and 
O&M strategies?

5. What is my best 
funding strategy?
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Hydraulic Modeling vs.
Asset Management

Hydraulic Modeling and
Asset Management
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Hydraulic Models Support Asset Management!

High Pressure Water Mains / Force Mains

Wide Range of Pressures / Velocities

Pipes With Varying Flow Direction

Pipes with High Headloss / Excessive I/I

Likelihood of Failure
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Hydraulic Models Support Asset Management!

High Flow Water Mains / Sewers

Pipe Failure Impact

ÅMinimum Pressure Requirements

ÅAbility to Supply All Demands

ÅOperations Concerns (Pump running 
off curve, etc.)

Pipe Network Redundancy

Consequence of Failure
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Semi-Automatic Criticality Analysis

General Analytics Process:
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Take a 
segment out 

of service
Run model

Evaluate LOS 
Requirements

Take next 
segment out 

of service

Many Hydraulic Modeling Platforms Include a Criticality Tool
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Criticality Analysis Approach

STEP 1:

Define 

Analysis Criteria

STEP 2:

Perform Criticality 

Analysis in the Model

STEP 3:

Review Results of the 

Criticality Analysis

STEP 5:  

Evaluate Mitigation 

Strategies

STEP 4: 

Identify Mitigation 

Strategies

Determine the infrastructure (i.e., mains) and 

criteria for the analysis

Set up the model and run the analysis 

using the criticality module

Identify list of segments by unique identifier 

and rank by selected performance criteria

Simulate and evaluate the mitigation 

strategies for the top 5 most critical outages

Workshop to review results and identify 

potential mitigation strategies for top 5  

most critical outages
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Segment can be defined by:

ÅPipes

ïEach pipe is a segment

ïNo information about 
isolation valves

ÅValves

ïSegment is defined by 
isolation elements (more 
than one pipe or section 
of pipes)

ïPreferred method Ąmore 
accurately reflects portion 
of the system out-of-service 
during an outage

Segmentation

* Example from Bentley WaterGEMS Manual

Segment: Basic element of a system that can be isolated so that the effects of an 
outage can be evaluated
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Types of Criticality Analysis 

Connectivity based:

ÅVolume not supplied based on demand nodes disconnected from a 
source (reservoir or tank)

Hydraulic based:

ÅVolume not supplied based on the 
period of time during the simulation that a 
demand node is:

ïDisconnected from a source (e.g. tank empty)

ïPressure is below threshold
Tank
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Ohio Case Studies: Toledo and Akron

Remember This!
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Washington Suburban Sanitary Commission

Eighthlargest water/wastewater utility in the U.S.

Serves a population of nearly 1.8Mpeople in Montgomery and Prince 
DŜƻǊƎŜΩǎ /ƻǳƴǘƛŜǎΣ aŀǊȅƭŀƴŘ

~434,000customer accounts

Avg. day consumption = 175MGD

Max. day consumption = 220MGD

System infrastructure:

Å2 water filtration plants 

Å47 water storage facilities

Å18 water pumping stations

Å86 pressure zones

Å325 PRVs

Å>5,500 miles of pipe
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Embracing Adaptive Resiliency

RESILIENCY
CYCLE

Natural Hazards

Climate 
Change

Emergency 
Response

Safety 
& Security

Business 

Continuity

Operational 
Excellence

Asset 

Management

Technology 
Optimization

Financial 
Position
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Background

2009 - WSSCdeveloped and 
calibrated an all-pipes hydraulic 
model

2014- WSSCmodel was updated 
with the latest infrastructure and 
demand projections

Current Model Applications:

ÅExisting System Analysis

ÅFuture System Needs Analysis

ÅHGL Benchmarking

ÅCriticality Analysis
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Criticality Analysis Objectives

Identify WSSCôs critical 
buried infrastructure 

and quantify the impact 
of discrete system 

outages

Support asset 
management programs 

and master planning
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Define Scope 
and Criteria

Criticality Analysis Selection Set

Infrastructure Scope

Å¢ǊŀƴǎƳƛǎǎƛƻƴ Ƴŀƛƴǎ όҔҐмсέύ

System conditions

ÅExisting system maximum day

Å24 hour Extended Period 
simulation

Level of service 

ÅMinimum Pressure Required = 
40 psi
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Segmentation Results
WSSC criticality analysis considered 
valves, including:

ÅIsolation valves

ÅDivision valves

ÅPRVs

3,150 
SEGMENTS

12,000 
PIPES
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WaterGEMSCriticality Analysis Tool

Tool to identify the 
most critical 
elements in the 
water transmission 
ǎȅǎǘŜƳ όҔҐмсέύΥ

ÅDetermine system 
performance 
results (e.g., 
demand not 
serviced)

ÅSimulation of set 
outages in a single 
run
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Criticality Analysis Results Output

2,177 
SEGMENTS RESULT IN 

DEMAND NOT BEING MET

28,572 
AVG. GALLONS NOT SUPPLIED 

DUE TO PIPE OUTAGE




