
APPENDIX A – FACILITIES EVALUATED BY REID 
MIDDLETON 
 
 
  



Building and Other Structures 
 August Pump Station and Gatehouse 
 Boulevard Park Well and Chlorination Building 
 Broadway Pump Station and Chlorination Building 
 Burien Pump Station 
 First Hill Pump Station 
 Highland Park Pump Station 
 Lake Youngs Pump Station (new) 
 Lake Youngs Treatment Plant 

o Operations Building 
o Lake Youngs Intake and Raw Water Pump Station 
o Lake Youngs Ozone Generation and Injection Building 
o UV and Chemical Building 

 Landsburg Tunnel Gatehouse 
 Maple Leaf P.S. and Gatehouse 
 Operations and Control Center 

o Administration Building (OCC) 
o Warehouse (OCC) 
o Flammable Liquid Storage (OCC) 
o Pipe Carpentry Shop (OCC) 
o Vehicle Maintenance Bldg (OCC)  
o Meter Shop (OCC) 

 Riverton Well and Chlorination Building 
 Tolt Filtration Plant: 

o Administration Building 
o Filter Gallery 
o Ozone Room/Contact Tank 

 Warren Avenue Pump Station 
 West Seattle Pump Station 

 
Concrete and Earthen Reservoirs 

 Eastside 
 Lake Forest Park 
 Lake Youngs Clearwells (North and South) 
 Lincoln Reservoir 
 Magnolia Reservoir 
 Riverton Heights 
 Soos North 
 Soos South 
 Tolt Clearwell 
 View Ridge 

 
 
Ground-Supported and Elevated Steel Tanks 

 Charleston Standpipe 
 Control Works Tanks (North and South) 
 Foy Standpipe 
 Richmond Highland #2 Elevated Tank 
 Trenton Tanks (North and South) 
 Trenton Tank South 



APPENDIX B – HYDRAULIC MODELING RESULTS 
 
 
 
 
 
 
  



M7.0 Seattle Fault Zone Base Case (No Improvements) Hydraulic Modeling Results









































 



 
 
 
M9.0 Cascadia Subduction Zone Base Case (No Improvements) Hydraulic Modeling 
Results 
 

 































 
 
 
M7.0 Seattle Fault Zone Case 1 (20 Year Improvements) Hydraulic Modeling Results 
 

 



































 



 





 



M7.0 Seattle Fault Zone Case 2 (50 Year Improvements) Hydraulic Modeling Results



 
 
  







































 



 
 
 
M7.0 Seattle Fault Zone Case 3 (20 Year Improvements Plus Roosevelt and Volunteer 
Park Reservoirs Online) Hydraulic Modeling Results 
 

 



 



 



 



 

































 



 
 
 
M7.0 Seattle Fault Zone Case 4 (50 Year Improvements Plus Roosevelt and Volunteer 
Park Reservoirs Online) Hydraulic Modeling Results









































 



 
 
 
M7.0 Seattle Fault Zone Case 5 (No Improvements Except Cedar Transmission System is 
Assumed to be Functional) Hydraulic Modeling Results  
 



 



 







 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 
 
 
M7.0 Seattle Fault Zone Case 6 (No Improvements Except Cedar Transmission System is 
Assumed to be Functional and Damage Isolation Systems Have Been Installed) Hydraulic 
Modeling Results

 
 



 



 

















 



 



 



 



 



 



 



 



 



 



 



 
 
 
M7.0 Seattle Fault Zone Case 7 (No Improvements Except Tolt Transmission System is 
Assumed to be Functional) Hydraulic Modeling Results

 
 
 









































 



 
 
 
M7.0 Seattle Fault Zone Case 8 (No Improvements But Roosevelt and Volunteer Park 
Reservoirs Online) Hydraulic Modeling Results 
 

 
 
 
 



 







































 



 
 
 
M7.0 Seattle Fault Zone Case 9 (No Improvements Except Tolt Transmission System is 
Assumed to be Functional and Damage Isolation Systems Have Been Installed) Hydraulic 
Modeling Results









































 



 
 
 
M7.0 Seattle Fault Zone Case 10 (20 Year Improvements Plus One of the Cedar River 
Pipelines is Functional) Hydraulic Modeling Results 

 











































M7.0 Seattle Fault Zone Transmission Pipeline Base Case (No Improvements) Hydraulic 
Modeling Results 
 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 
 
 
 



M7.0 Seattle Fault Zone Transmission Pipeline Year 2045 Improvement Case Hydraulic 
Modeling Results 
 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 





M7.0 Seattle Fault Zone Transmission Pipeline Year 2045 Improvement Case with 
Roosevelt and Volunteer Reservoirs Online Hydraulic Modeling Results 
 





 



 
 
 



























 











M7.0 Seattle Fault Zone Transmission Pipeline Year 2075 Improvement Case Hydraulic 
Modeling Results 
 































 



 











M7.0 Seattle Fault Zone Transmission Pipeline Year 2075 Improvement Case with 
Roosevelt and Volunteer Reservoirs Online Hydraulic Modeling Results 



 









































APPENDIX C – REPRESENTATIVE WATER UTILITY 
PERFORMANCE GOALS 
  



 
 

 
Table C-1. Oregon Resilience Plan (2013) Water System Post-Earthquake Recovery Targets for Coastal 
Communities (Stronger Ground Shaking than Willamette Valley) 
 



 
Table C-2. Oregon Resilience Plan (2013) Water System Post-Earthquake Recovery Targets for 
Willamette Valley Communities (Lower Ground Shaking than Oregon Coast) 
 
 
 



 
Table C-3.  Resilient Washington State (2012) Lifeline Post-Earthquake Recovery Targets 
 
 



 
Table C-4. East Bay Municipal Utility District (EBMUD) Post-Earthquake Performance Goals for A 
“Probable” Earthquake (e.g., M6 Hayward Fault Event within the EBMUD Service Area or Larger Event 
Outside the EBMUD Service Area) (Eidinger and Davis 2012) 



 
Table C-5. East Bay Municipal Utility District (EBMUD) Post-Earthquake Performance Goals for A 
“Maximum” Earthquake (e.g., A Hayward Fault Event Where the Fault Ruptures Along The Entire Length 
Within the EBMUD Service Area) (Eidinger and Davis 2012) 
 



 

 

 
 
Figure C-6. Humboldt Bay Municipal Water District Post-Earthquake Performance Goals for a Probable 
Earthquake (Eidinger and Davis 2012) 
 
  



 

 
 

 
 
Figure C-7. Humboldt Bay Municipal Water District Post-Earthquake Performance Goals for a Maximum 
Earthquake (Eidinger and Davis 2012) 
 
 
 
 
 
 
 
 
   



 
 
 
 
Level 

Hazard Return 
Period Criteria 

 
Target Water System Performance

1 100 years Limited damage to water system, no casualties, few to no water 
service losses.  All customer services operational within about 3 
days. 

2 500 years Life safety and property protection.  All customer services 
operational within about 20 days, except water quantity; rationing 
may extend up to 30 days.  

3 2500 years1 Life safety and property protection.  All customer services 
operational within about 30 days, except water quantity; rationing 
may extend up to 60 days.

4 > 2500 years 
up to about 
10,000 years 

Life safety and property protection.  All customer services 
operational within about 45 days, except water quantity; rationing 
may extend up to 12 months. 

 
1 – Highly active faults such as the San Andreas Fault have great earthquakes of Mw > 7.8 
within these return periods, for which the performance criteria are proposed to meet Level 4. 
 
 
 
Table C-8.  Los Angeles Department of Water and Power Preliminary/Draft Post-Earthquake Performance 
Criteria (Davis 2017) 
 



APPENDIX D – DRAFT SPU SEISMIC DESIGN STANDARDS 
FOR NEW PIPE 
 
 

  



Scope 

This standard applies to new watermain construction, including new pipelines that are replacing 
existing pipelines. Existing watermains need not adhere to these standards unless they are 
rehabilitated or replaced.  
 
Adoption and Revisions/Updates 
 
This draft standard will form the framework for SPU’s seismic design standards for new 
watermains.  Before these standards can be officially adopted by SPU, they will be reviewed by 
SPU design engineers and operations staff.  The standards will be periodically updated to 
reflect the American Society of Civil Engineers (ASCE) Manual of Practice (MOP) on seismic 
design guidelines for water and wastewater pipelines that is currently being developed, seismic 
hazard mapping changes that occur in the SPU transmission and distribution area, and new 
earthquake resistant pipe systems that are being developed. 
 
Definitions 
 
Primary Backbone Pipelines–Transmission pipelines that convey water from the Tolt Reservoir 
or Lake Youngs Treatment Plant to the terminal reservoirs. Primary Backbone Pipelines are 
identified in Figures 1 and 2. 
 
Secondary Backbone Pipelines–Transmission  
pipelines that convey water from the terminal reservoirs to distribution reservoirs or large service 
areas. Because Lake Youngs can supply the Cedar system for four weeks, the transmission 
pipelines from the Landsburg Diversion to Lake Young are defined as secondary backbone 
pipelines. Secondary Backbone Pipelines are identified in Figures 1 and 2. 
 
 
Hospital/Critical Facility Watermains–Watermains that are needed to supply hospitals or other 
critical facilities that must remain operational after an earthquake. Hospital/Critical Facility 
Watermains are identified in Figure 2. 
 
 
Fire-fighting Mains–Mains needed to supply water to within 2,500 feet of anywhere in the City of 
Seattle. Fire-fighting mains are identified in Figure 2. 
 
 
Ordinary Mains–All watermains that are not classified as backbone, hospital/critical facility or 
firefighting mains. 
 

Permanent Ground Displacement (PGD)-Susceptible Area – Those areas (see Figures 1 and 2 
that are  

1. Identified by Palmer et al. (2004) as having a high- or moderate-to-high liquefaction 
susceptibility or peat area, or 



2. Defined by the Seattle Department of Construction and Inspection to be in a Known or 
Potential Slide Area, or  

3. Defined as a King County Landslide Hazard Area, or 
4. Defined as a Washington Division of Geology and Earth Resources Landslide Area. 
 

If a geotechnical investigation shows that PGD is possible along the alignment, even though 
the alignment is not within one of the PGD-susceptible areas identified in Figures 1 or 2, 
then that pipeline shall be considered to be in a PGD-susceptible area. Alternatively, if a 
geotechnical investigation shows that the pipeline alignment is not susceptible to PGD, even 
though the alignment lies within a PGD-susceptible area identified on Figures 1 or 2, the 
pipeline may be designed as if it does not lie in a PGD-susceptible area.  

Seattle Fault Zone–That area defined by Pratt et al. (2015) as adopted by Lettis Consultants 
International, Inc. (2016) as being in Zone A or Zone B as depicted in Figure 1. 

SPU Intense Ground Shaking Region–The area within the SPU transmission and distribution 
region where the 0.02 probability of exceedance in 50-year ground motions are greater than or 
equal to 0.6g (see Figure 2). 

 
SPU Watermain Seismic Design and Construction Requirements 

The level of analysis and performance required for watermain design and construction shall be 
in accordance with the watermain criticality and earthquake hazard exposure as defined in 
Table 1.  Primary and secondary backbone pipelines, hospital/critical facility and firefighting 
mains are identified in Figures 1 and 2. For any pipeline, if a site-specific analysis shows a 
lesser level of design than that stipulated by Table 1 is adequate, then that pipeline need only 
be designed in accordance with the design indicated by the site-specific analysis.   

Table 1. Minimum Watermain Design and Construction Analysis and Performance 
Requirements 

 
 
Watermain 
Class/Criticality 

 
PGD Area 

 
Seattle Fault Zone or 
SPU Intense Ground 
Shaking Region

 
All Other Areas 

Ordinary   
Performance 
Specification 1 
 

 
Performance 
Specification 2 

 
No seismic 
requirements 

 
Hospital/Critical 
Facility and Fire 
Fighting Mains 
 

 
Performance 
Specification 1 
 

 
Performance 
Specification 1 
 

 
Performance 
Specification 1 

 
Secondary Backbone 

 
Site-specific analysis 

 
Site-specific analysis  

 
Performance 
Specification 1

 
Primary Backbone 

 
Site-specific analysis

 
Site-specific analysis

 
Site-specific analysis



 
 

Performance Specification 1 Requirements 

To meet the requirements for Performance Specification 1, pipelines must meet the following 
ductility and strength requirements:  

1) Segmented Ductile Iron Pipelines 

Axial Elongation: 1% Minimum Axial Elongation or Shortening.   

Axial Pullout Strength: 17,130 pounds per inch diameter 

Deflection: 5 degrees of deflection must be provided at each joint per 20-foot 
segment. Prorate for shorter or longer segment lengths. Maximum segment 
length is 30 feet.  

Segmented pipeline systems that meet the Performance Specification 1 
requirements include, but are not limited to 

 Kubota Genex Earthquake Resistant Ductile Iron Pipe 
 American Pipe Earthquake Joint Pipe 

 
 

2) Continuous Pipelines  

a) Welded Steel Pipelines with Butt-Welded Joints –  
  Meet the requirements of AWWA C200 and  

ଶܦ

ݐ12
 537 

Where D = the pipe diameter in inches 

  t = the pipe wall thickness in inches 

b) HDPE Pipelines – Meet the requirements of AWWA C906 and ASTM F2620. 
 

Pipeline Backfill/Bedding: Pipe backfill and bedding shall be as specified in Standard 
Plan 350 of Seattle Standard Plans for Municipal Construction. The use of Control 
Density Fill or other backfill/bedding that could restrict pipe movement is not permitted. 

Performance Specification 2 Requirements 

The following pipelines are permitted in Performance Specification 2 areas: 

1) Restrained joint ductile iron pipe that conforms to the City of Seattle Standard 
Specifications and Plans. Additionally, for restrained joint ductile iron pipe that is being 
restrained only to address seismic concerns, Series 1100 MegaLug restrained joints are 
acceptable. 

2) Welded steel pipe joint with either lap or butt welds 
3) HDPE pipe that meets the requirements of AWWA C906 and ASTM F2620 



4) Restrained joint, molecularly oriented polyvinyl chloride pipe (PVC O) that meets the
requirements of AWWA C909.

Site-specific analysis: 

The site-specific analysis shall meet the following minimum requirements 

1. Geotechnical hazards shall be identified and evaluated along the pipeline alignment.
a. Geotechnical hazards shall be consistent with those hazards that would occur

from 0.02 probability of exceedance in 50 years (2475 average return interval)
ground motions.

b. Geotechnical hazards shall include transient seismic wave propagation/ground
shaking hazards and PGD hazards.

2. The pipeline shall be designed and constructed to resist and accommodate the forces
and ground motions/displacements along the alignment determined in Step 1.  The
following criteria must be met:

a. The pipeline shall remain operable during and after the seismic event.
b. Inelastic behavior, possibly requiring eventual repair or replacement, is allowable

providing the pipeline can remain operable until the post-earthquake emergency
conditions have passed.

c. The larger of either the mean or medium values of the estimated geotechnical
hazards (e.g., permanent ground displacement, peak ground velocity, etc.) shall
be used in the analysis.

d. Pipe material and system properties will be as specified by the appropriate ASTM
standard with a factor of safety equal to 1.0.

No seismic requirements: New pipelines need only meet SPU non-seismic specific 
requirements. 

Hydrants 

For hydrant runs in PGD areas, accommodation shall be made within 10 feet of the hydrant 
connected to allow for a minimum of five degrees of rotation and two inches of expansion or 
contraction between the main and hydrant piping. Hydrant connection piping shall be restrained 
joint ductile iron, welded joint welded steel or HDPE with thermally fused joints. 

Services 

Services shall be protected by a fabricated steel sleeve that is connected to a semirigid sleeve 
as shown in Figure 3.  The sleeves shall allow the service to move 2-inches of vertical or axial 
direction pipe movement.  If a valve box is needed, a vertical semirigid sleeve is also needed 



Figure 1.  SPU Water Systems Hazards Map 



Figure 2. Direct Service Area Seismic Hazards and Critical Pipelines 



Figure 3. Service Connection 
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