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SPU System Overview

• Population Served: 1,400,000 
• Average Daily Demand: 120 Million Gallons Per 

Day (450,000 Cubic Meters)
• Pipelines

– Transmission: 200 Miles (350 Kilometers)
– Distribution: 1700 Miles (2700 Kilometers)

• Storage Capacity – 300 Million Gallons 
(1,100,000 Cubic Meters)

• 16 Distribution System and 15 Transmission 
System Pump Stations



Pacific Northwest Earthquake Sources
(Washington State Department of Natural Resources and USGS)



Notable Seattle Seismic Events

• Historic
– 900 – 930 A.D., M7 to M7.5 Seattle Fault
– January 26, 1700, ~ M9 Cascadia Subduction

• Recent
– 1949, M7.1 Olympia (Intraplate)
– 1965, M6.5 Seattle-Tacoma (Intraplate)
– 2001, M6.8 Nisqually (Intraplate)



1965 M6.5 Seattle/Tacoma Earthquake 
Water System Damage

500 mm (20 inch) Cast Iron Main Rupture

Standpipe Anchor Bolt Yielding

900 mm (36 inch) 
Concrete Cylinder 
Pipe Leak



2001 M6.8 Nisqually Earthquake
Water System Damage - Pipelines

Pipeline Failure Locations Liquefaction South of Downtown



2001 M6.8 Nisqually Earthquake
Water System Damage - Miscellaneous

Warehouse Nonstructural Damage Landslide into Reservoir

Minor
Crack
Dam
Crack



Seattle Times: September 23, 2017



SPU Seismic Program Key Elements

• Assess Seismic Hazards
• Update Facility Vulnerability Assessments
• System Vulnerability Assessment
• Develop Performance Goals and Pipeline 

Standards
• Mitigation



Seattle Public Utilities Water System 
Seismic Hazard Map



The Recipe for Man-Made Liquefiable Soils
- Sodo from Beacon Hill, 1901 and 1914



Magnitude 7 Seattle Fault Earthquake Ground Shaking Intensity 
PGA ≤ 0.10 g 0.30 g< PGA ≤ 0.40 g

0.10 g< PGA ≤ 0.20 g 0.40 g< PGA ≤ 0.50 g

0.20 g< PGA ≤ 0.30 g 0.50 g< PGA 

15  KILOMETERS



Magnitude 9 Cascadia Subduction Zone Ground Shaking Intensity 
PGA ≤ 0.10 g 0.30 g< PGA ≤ 0.40 g

0.10 g< PGA ≤ 0.20 g 0.40 g< PGA ≤ 0.50 g

0.20 g< PGA ≤ 0.30 g 0.50 g< PGA 

15  KILOMETERS



Vertical Liquefaction Displacement Model

(New Albion, 2017)



Horizontal Liquefaction Displacement Model

(New Albion, 2017)



(New Albion, 2017)



(New Albion, 2017)



0 to 1 in
(0 to 25mm)

1 to 6 in
(25 to 150 mm)

6 to 12 in
(150 to 300 mm)

12 to 18 in
(300 to 450 mm)

18 to 120 in
(450 to 3000 mm)

Permanent Ground Displacement

M7 Seattle Fault Scenario M9 Cascadia Subduction Scenario



Facility Vulnerability Assessments
• ASCE 41-13
• FEMA 154
• AWWA D-100, D-103, D-110, D-115
• ASCE 7-10
• ACI 350, 350.3



Distribution Pipeline Vulnerability Assessments 
– American Lifeline Alliance Models

• RRPGV = K1 X 0.00187 X PGV   

• RRPGD = K2 X 1.06 X PGD0.319

RRPGV = number of repairs per 1000 feet (305 meters) 
caused by seismic wave propagation effects

K1 = constant dependent on the pipe material and 
joint system

PGV = the peak ground velocity expressed in inches 
per second

RRPGD = number of repairs per 1000 feet (305 
meters) caused by permanent ground displacement 
effects

K2 = constant dependent on the pipe material and 
joint system

PGD = the permanent ground displacement 
expressed in inches

K1 and K2 range from 0.15 for ductile pipe to 1.4 for 
brittle pipe



Distribution Pipeline Vulnerability Assessments 
– High Level Assessment at Multiple Sites



Assessment
Findings



System Assessment/Hydraulic Modeling

• “Skeletonized” 
EPANet System  
Model

• Pipeline Breaks 
Modeled with 
Emitters



Key Findings

• Pipeline Vulnerability Is the 
Critical Issue
– Possible Loss of Both Major 

Supplies
– Over 1000 Distribution Pipeline 

Breaks
• Most Large (40,000 M3, 10 

MG) Reservoirs OK
• Most Pump Stations OK
• Several Highly Vulnerable 

“Vertical” Facilities



• Seismic-Resistant Transmission Pipeline (20 to 50 year 
time frame) 

• Earthquake-Resistant Pipe (50 to 100 year time frame)
• Pipelines Subject to Permanent Ground Displacement
• Transmission, Backbone and Essential/Critical 

Pipelines
• Continuation of Critical Facility Upgrades (tanks, pump 

stations, etc., 20 year time frame)
• Isolation and Control (10 year time frame)

• Reservoirs
• Distribution System 

• Emergency Preparedness and Response Planning 
Augmentation (10 year time frame)
• Stockpiling Resources Needed to Respond
• Emergency Drinking Water Supply

Mitigation



QUESTIONS?
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