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Where is Highline Water District?

Boise

Tacoma

Seattle
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Who does Highline Serve?

• 7 Cities and 

Unincorporated King 
County
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Who does Highline Serve?

• 7 Cities and 

Unincorporated King 
County

• 70,000 Residents (2015)

• 28,000 Employees (2015)
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Water System Assets

• 4 Wells

• 3 Supply Interties with Seattle 

Public Utilities

• 9 Storage Tanks

• 6 Pump Stations (20 pumps)

• 12 Pressure Zones

• 300 Miles of Pipe

• 25 PRV Stations 

• 2 Altitude Valves
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District’s Hydraulic 
Model

• .All Pipe Model

• .H₂ONET® (Innovyze)

• 2,890 Junctions

• 3,760 Pipes

• 39 PRVs

• 2 Float Valves
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District’s Hydraulic 
Model

Model Update 

Checklist

 Add new pressure zones

 Update pipe diameter

 Add 2nd PRV

 Update controls

 Allocate new demands

 Insert custom diurnal 

curves
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Why Create a Customized Diurnal Curve?

• Diurnal Curve: shows 
variation in demand over a 

24 hour period..

• Different Customer types 
have different demand 
patterns.

• Seasonal differences in 
demand patterns.

• Required for an accurate  
Extended Period 
Simulation
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How to Create a Custom Diurnal Curve

• Use SCADA Data

• Qdemand = Qinflow – Qoutflow + ΔVstorage/Δt
– Where

• Qinflow = average rate of production 

• Qdemand = average rate of demand

• Qoutflow = average outflow rate

• ΔVstorage = change in storage within the system

• Δt = time between volume measurements
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District’s Custom ADD and MDD Patterns
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What is calibration?

• A comparison of model simulated results to observed 
data

• Adjustment of model parameters to achieve close 
agreement between computer-calculated values and 
field measurements

• What level of calibration?
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Why do we have to calibrate models?

• Build most accurate tool possible that will help us 
make good decisions

– Build confidence in model results

• Account for:

– Unknowns and uncertainties

– Change in conditions over time

• Help gain insight into the distribution system
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Two Types of Calibration

• Static Calibration or Hydrant-Test Calibration:

– Uses field hydrant tests

– Compares static and residual pressures

• Extended Period Simulation (EPS) Calibration:

– Compares tanks, sources, pump stations operations

 Iterative Processes
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Two Types of Calibration

• Static Calibration or Hydrant-Test Calibration:

– Uses field hydrant tests

– Compares static and residual pressures

• Extended Period Simulation (EPS) Calibration:

– Compares tanks, sources, pump stations operations

 Iterative Processes
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Example of Fire Hydrant Tests Data
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Steps to calibrating a Static Model
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Fire Flow Calibration Set-up

• Two scenarios set up 

for each fire hydrant test

– Static pressure

– Residual pressure

• SCADA Data to set up system at the time of each test

– Demands using the diurnal pattern

– Tank levels

– Pump status

– Sources on and off
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Static Calibration Criteria and Industry 
Practices

• Review of AWWA M32 : master planning static 
calibration goals from hydrant test data: 

– HGL within +/- 10 feet (+/- 4.3 psi) of field values.

• Some sites allowed to go up to +/- 10 psi 

– (United Kingdom WRc guidelines allow up to +/- 15 psi)
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11 Field Hydrant 
Tests are used for 
calibrating the 
model to static 
current condition



C
a
ro

llo
T

e
m

p
la

te
W

a
te

rW
a
v
e
.p

p
tx

20

Static Calibration Results

- 100% between +/- 10 psi

- 92% between +/- 4.3 psi
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What to Adjust?

• PRV settings mainly to match static conditions

• Hazen-Williams Roughness Coefficients (C-factors) 
mainly to match residual conditions

• Elevations

• Closed valves,…

• All adjustments need to be reasonable and make 
sense! 
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Two Types of Calibration

• Static Calibration or Hydrant-Test Calibration:

– Uses field hydrant tests

– Compares static and residual pressures

• Extended Period Simulation (EPS) Calibration:

– Compares tanks, sources, pump stations operations

 Iterative Processes
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Example of SCADA Data

• SCADA data received for two 
weeks:

– 5/13/2014 – 5/20/2014: ADD

– 8/6/2014 – 8/13/2014: MDD
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Steps to calibrating an EPS Model
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What additional information is needed to 
set up an EPS model?

• Diurnal patterns for demands throughout the day

• Pumps ON/OFF controls

• Valves operations

 Model becomes dynamic with tank levels changing 
over time
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Industry Standards for EPS Calibration

• No published Industry Practices 

• Regional Benchmarks

• Intended model use drives calibration needs:

– Master Planning

– Design Purposes

– Water Quality

– Flushing
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15 Sites are used 
for calibrating 
the model to EPS 
condition

• 9 tanks

• 3 pump stations

• 3 wells
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EPS Calibration – Tank A

SPU line fills the tanks

SPU line closed 

MDD Condition MDD Condition 

Calibrated Results 
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EPS Calibration – Tank B

Initial Results

ADD Condition MDD Condition 

ADD – Calibrated Results MDD – Calibrated Results 
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What adjustments can be made and what 
to look for?

• Pump controls

• Valve controls

• Sources

• Tank elevations

• Flows

• Closed valves
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Why calibrating under EPS conditions?

• EPS calibration ensures the model accurately simulates 
real world operations:

– Tank cycling

– Pump station operations

– Pressure fluctuations throughout the day

• Allows for optimization of operational controls for current 
and future conditions

• Allows for advanced model simulations

– Water quality/age

– Energy usage

– Time of use analysis
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What’s next?

• Impacts of Operational changes on the system,

• Storage vs production analysis,

• Energy Optimization,

• Sizing Storage Tanks,

• Water Age and Water Quality 

analyses
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Questions on Static Calibration 

versus Dynamic EPS Calibration

Anabonnand@Carollo.com

Abennett@Carollo.com

PNWS – AWWA

May 6, 2016

mailto:anabonnand@Carollo.com
mailto:Abennett@Carollo.com
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PARKING LOT SLIDES
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EPS Calibration – City Wells

MDD Condition 

ADD Condition 

Well A

Well B

Well C
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EPS Calibration – Pump Station A

PS A

PS A
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Main Model Adjustments during EPS 
Calibration

• PS A – Pump 1: Closed at 14 feet in Tank C instead of 15 
feet

• Altitude Valves added at Tank A

• PS C – Pump 2: Open set point changed to 25 feet in 
Tank D instead of 24 feet

• PS C – Design Flow Point adjusted to better match field 
data

• Adjustments to Wells Operating Pattern

– Well A: 9pm – 7am

– Well B: 8am - 4pm

• Updates to Tank E float valve headloss curve


