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Outline 

• Water system performance in past earthquakes 

• Pacific Northwest/SPU earthquakes and earthquake 

hazards 

• SPU Seismic Program background 

• Seismic Study goals and schedule 

• Post-earthquake performance goal development 

 

 

 

 



Magnitude vs. Intensity 

Magnitude 6.8 2001 

Nisqually Earthquake 
Magnitude 6.7 Seattle Fault 

Earthquake Scenario 



Loma Prieta (San Francisco) - 1989 

• M6.9 (epicenter 60 miles 

south/southeast of San 

Francisco) 

• Approximately 1000 

watermain breaks 

• Water system damage 

mostly in areas of poor 

soils 

• Water outage 

durations usually 

less than a few days 

• Fire suppression 

water was an issue 

in Marina District 
 

 



Northridge - 1994 
• M6.7 (previously 

unknown fault) 

• Over 1000 watermain 

breaks 

• Over 100 fires 

• Water system damage 

mostly in areas of poor 

soils 

• Outage durations 

over 8 days 

• Swimming pools 

used for fire 

suppression 
 

 



Kobe - 1995 

• M6.9 

• Thousands of 

Pipeline Failures 

• Two Months to 

Completely Restore 

Water Service 

• Over 100 Fires 

 



Christchurch – 2010/2011 
• M6.3 (direct hit) 

• Restoration Times 

• Pipe System – 

Over One Month 

• Treatment –  

Two Months 

• Few Fires 

 

 



Tohoku (Japan) – 2011 
• M9.0  

• Over 2.2 Million Households 

Lost Water Service 

• Water Service Restoration of 

Up to Two Months 

• Over 300 Fires 

• No ERDIP Failures 



Nisqually Earthquake - 2001 
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Nisqually Earthquake Pipeline Damage
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SoDo/Duwamish Area

Liquefaction Areas

• M6.8, hypocenter near 

Olympia, 32 miles 

deep 

• Minimal effect on SPU 

functionality 

• Approximately $4 

million in earthquake 

related costs 

• Masonry Pool 

Engineered Fill Failure 

• 12 Pipe breaks and 7 

pipe leaks 

• 500 Ft. Long, ½-Inch 

wide crack in 

Cascades Dam 



Nisqually 2001 (cont)  
• TOLT EAST SIDE SUPPLY LINE 

JUNCTION VALVE STATION 

DAMAGE 

• SPU ADMINISTRATION 

(DEXTER HORTON) BUILDING 

NONSTRUCTURAL DAMAGE 

• EASTSIDE RESERVOIR FLOOR 

CRACKS AND ROOF DAMAGE 

• OPERATIONS AND CONTROL 

CENTER DAMAGE 



Washington Earthquake Source Zones 



Earthquake Hazards 

Ground Shaking Fault Rupture 

Tsunami 

Landslide 

http://landslides.usgs.gov/research/other/images/Image65.jpg


Earthquake Hazards - Liquefaction 
https://www.youtube.com/watch?v=-eH5fh0YEuQ 

http://airportjournals.com/wp-content/uploads/0603037_1.jpg
https://www.youtube.com/watch?v=-eH5fh0YEuQ
https://www.youtube.com/watch?v=-eH5fh0YEuQ
https://www.youtube.com/watch?v=-eH5fh0YEuQ


SODO from Beacon Hill - 1881 



SODO from Beacon Hill – 1901 and 1914 





SPU Seismic Mitigation Program History 

• Seismic Reliability Study 

of the Seattle Water 

Departments Water 

Supply System (Cygna 

Energy Services, 1990) 

• Earthquake Loss 

Modeling of the Seattle 

Water System (Kennedy 

Jenks Chilton/USGS, 

1990) 



SPU Seismic Mitigation Program History 

(continued) 

• SPU Seismic Upgrade 
Program (e.g., OCC, 
Myrtle Elevated Tanks, 
Barton Standpipe, etc.) 

• Performance of Water 
Supply Systems in the 
February 28, 2001 
Nisqually Earthquake 
(system post-earthquake 
hydraulic modeling, Water 
Research Foundation, 
2008) 

 

Picture of SPU upgrade 
such as myrtle elevated 
tanks goes here 



What’s Changed (since 1990) 

• Active surface faults identified 

throughout Puget Sound 

region (e.g., Seattle Fault, 

South Whidbey Island Fault, 

Tacoma Fault, etc.) 

• Migration from 10% 

probability of exceedance in 

50 years (475 year return 

interval) design earthquake to 

2% probability of exceedance 

in 50 years (2475 year return 

interval) design earthquake 



What’s Changed (since 1990 - continued) 

• Earthquake Experience 

(e.g., Northridge, 

Japanese, Chilean and 

New Zealand events) 

• Potential for mass 

availability of earthquake-

resistant pipe in U.S.  



Seismic Vulnerability Assessment  

- Project Goals 

• Establish post-earthquake water transmission and 

distribution system performance goals  

• Preliminary seismic vulnerability assessments for all 

critical water transmission and distribution system 

facilities.   

– Defined earthquake scenarios 

– ASCE/SEI 7-10 (Building Code) 

• Hydraulic modeling of post-earthquake water system 

performance 

 



Seismic Vulnerability Assessment  
- Project Goals (continued) 

• Develop planning level mitigation measures, cost 

estimates and timeframe to meet service level goals. 

• Define seismic design standards for water transmission 

and distribution pipelines. 

 



Seismic Project Milestone Targets 

• Consultant NTP – 2nd Qtr 2015 

• Performance Goals – 1st Qtr 2016 

• Preliminary findings – 1st Qtr of 2016 

• Final report – 2nd Qtr 2016 



Performance Goals 

• Water is essential for 

– Fire fighting (typically, 100 plus fires in major 

earthquakes) 

– Business recovery and operation 

– Public health 

• Complete water system restoration often takes 

more than two months after a major earthquake 



20% - 30% 

Operational 

50% - 60% 

Operational 

80% - 90% 

Operational 

Pre- 

Earthquake 

Functionality 

         X 

Oregon Resiliency Plan/Portland Water Bureau 

Post-Earthquake Performance Goals 



Performance Goals - Considerations 

• Public policy 

• Codes and design 

standards 

• Economic reality 

• Time frame (for 

implementation) 

 



Performance Goals - Stakeholders 

• Public/Direct Service Customers 

• Wholesale Customers 

• Fire Department 

• City and SPU Leadership 

• Seattle Emergency Management 

• Water LOB Staff 

 

 





Water Supply Forum Resiliency Project 

• Four Subject Areas 

– Drought 

– Water Quality 

– Climate Change 

– Earthquake 

• Committees 

– Water Agency Staff 

– Consultant Technical Experts 

 



Questions? 


