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Executive Summary  

The Oregon Health Authority (OHA), under Oregon Administrative Rule (OAR) 333-061-0060(5)(a)(J), 
requires community water systems with greater than 300 connections to develop a seismic resiliency 
assessment and mitigation plan. The plan needs to be a component of the Water System Master Plan 
which the City of Salem (City) is concurrently preparing. This Seismic Resiliency Analysis Report (Report) 
is intended to satisfy this requirement.  

OHA recommendations are aimed at mitigating the impacts of a potential occurrence of a Magnitude 
9.0 (M9.0) Cascadia Subduction Zone (CSZ) earthquake. Following a CSZ earthquake event, the City's 
water system could suffer significant damage, which can cause service disruptions, public safety hazards, 
and impact firefighting capabilities. The primary objectives of this Report are to:  

1. Establish level of service (LOS) goals to assist the City in prioritizing restoration of functionality 
to support the community's most vital social and economic needs; 

2. Identify infrastructure (both pipelines and facilities) needed to supply water to critical customers 
and locations after an earthquake emergency – also called the water system backbone; 

3. Assess seismic hazards, such as shaking and ground displacement, liquefaction, and lateral 
spreading, and their likelihood to impact critical infrastructure; 

4. Assess the expected seismic performance of the backbone pipelines and selected facilities; and 

5. Identify preliminary recommendations for system improvements that should be implemented to 
restore water service more rapidly after a major earthquake to meet social and economic needs.  

The City established LOS goals which define both customers and water system functions that will need 
to be operational within the short term (1 to 7 days), intermediate-term (within 4 weeks), and long-term 
(within months) following a CSZ earthquake. LOS goals are summarized in Table ES-1. The colors and 
corresponding letters below signify red for minimal, yellow for functional, and green for operational.  
These are explained in further detail in Table 2-4, 
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Table ES-1 Level of Service Goals following a CSZ Earthquake for City of Salem 

Water Components 

 % "Operational" 

Scale/Scenario 

Target Time Frame for Recovery 

Phase 1:  

Short Term 

Phase 2: 

Intermediate 

Term 

Phase 3: 

Long 

Term 

Days Weeks Months 

0-1 1-3 3-7 1-2 2-4 4-12 3-6 6-12 

Source 

Raw or source water and terminal 
reservoirs 

% of winter average 
day demand (ADD)  R  Y    G     

 
  

Raw water conveyance (pump stations 
and piping to WTP) % of winter ADD  R  Y    G     

 
  

Water production (flow rate) % of winter ADD  R  Y    G     
 

  

Well and/or treatment operations 
functional (quality) 

Minimum water quality 
objectives met  R  Y    G     

 
  

Transmission (including Booster Stations) 

Backbone transmission facilities  
(pipelines, pump stations, and tanks) 

Supporting critical 
facilities and fire flow  G         

 
    

Water for fire suppression at key 
supply points (to promote redundancy) 

% of fire flow x 
duration  G   

 
          

Control Systems & Instrumentation 

SCADA and other control systems  
(WTP and boosters) 

% of components for 
normal operation  Y  G             

Distribution 

Critical Facilities 

Wholesale Customer - City of Turner % of winter ADD  Y G       
 

    

Critical City, community, and state 
facilities identified as having a short-
term (no disruption) recovery goal in 
Table 2-2 

% of winter ADD  G         
 

    

Critical City, community, county, and 
state facilities identified as having a 
short term (1-3 days) recovery goal in 
Table 2-2 

% of winter ADD  Y  G       
 

    

Emergency Housing 

Emergency shelters % of water for drinking 
& sanitation  Y  G  

          

Housing/Neighborhoods 

Potable water available at community 
distribution centers 

% of water for drinking 
& sanitation    Y  G          

Water for fire suppression at fire 
hydrants % of hydrants      R  Y  G     

 

Community Recovery Infrastructure 

All other customers % of customers    R  Y  G       
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The water system backbone was defined to more clearly lay out portions of the water system that are 
critical to provide short-term functionality and to define potential emergency shelters, community water 
distribution points, and vulnerable populations. To define the water system backbone, the City first 
established criticality levels for vertical facilities and distribution and transmissions system pipelines. A 
water system backbone map is provided in Section 3.0.  

Both water system pipeline and vertical facilities were assessed for their vulnerability to earthquake 
damage, based on the characteristics of the facility or pipeline (such as bracing or joints) and the 
mapped geohazards from a 2021 Seismic Geohazard Evaluation Report completed by Shannon & Wilson. 
Table ES-2 summarizes the seismic hazard rankings for critical vertical facilities assessed by Shannon & 
Wilson.  

Table ES-2 Seismic Hazard Rankings for Critical Vertical Facilities 

Site ID Locations Site Class1 

Liquefaction 

Settlement 

Hazard2 

Landslide 

Hazard2 

Fault Rupture 

Hazard2 

1 Salem-Keizer Intertie/Cherry Ave 
Booster Pump Station 

D M L L 

2 Grice Hill Reservoir and Repeater 
Tower 

B L L L 

3 Hemlock Well3 B L L L 

4 Mountain View Reservoir and 
Pump Station 

B L L L 

5 EOLA 1B Reservoir3 B L M L 

6 Limelight Pump Station3 B L L L 

7 Fairmount Reservoir3 B L L L 

8 Candalaria Reservoir B L L L 

9 South Salem Repeater Tower B L L L 

10 Croisan Lower Pump Station3 C/D M H L 

11 Edwards S1 Pump Station4 D H M L 

12 ASR Wells3 B L L L 

13 Skyline Repeater Tower3 B L L L 

14 Lone Oak Reservoir B L L L 

15 Creekside Pump Station3 B L L L 

16 Champion Hill Reservoir B M M L 

17 Boone Road Pump Station3 D L L L 

18 Deer Park Pump Station B L L L 

19 Mill Creek Reservoir B L L L 
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Site ID Locations Site Class1 

Liquefaction 

Settlement 

Hazard2 

Landslide 

Hazard2 

Fault Rupture 

Hazard2 

20 Turner Control Facility D L L L 

21 Franzen Reservoir and Repeater 
Tower4 

B L H M 

22 Geren Island WTP D L L L 
1 Site classified as Site Class A, B, C, D, E or F based on the site soil properties in accordance with Chapter 20 of ASCE 7. 
2 L = Low, M = Moderate, H = High 
3 Sites did not have subsurface exploration data.  Nearby well logs could not be found for these sites.  Therefore, the risk 
assessments for these facilities are based on regional seismic hazard mapping only. 
4 Geologic maps may not adequately capture geohazards for locations indicated. Refer to the Shannon and Wilson 2021 
Seismic Geohazard Evaluation Report for more discussion on this topic.   

 
Table ES-3 summarizes the pipeline failures by permanent ground deformation (PGD) and peak ground 
velocity (PGV) .  

Table ES-3 Pipeline Failures for PGD, PGV, Total 

PGD-Related Failures PGV-Related Failures 

Total Failures 

(Breaks + Leaks) Breaks Leaks 

Total Failures 

(Breaks + Leaks) Breaks Leaks 

Total Failures 

(Breaks + Leaks) 

3360 840 4200 11 46 57 4257 
 
Finally, recommended risk mitigation efforts and their associated costs were developed according to the 
City's LOS goals. In the short term, the City should focus on implementing mitigation that will help to 
preserve water in the system or to convey water to the backbone after an earthquake. As a priority, the 
City should implement the following strategies: 

• Installation of seismic isolation valves installed at all reservoirs (the City already has seismic 
valves installed on a significant number of them) and seismic upgrades on the "very high" to 
"moderate" risk reservoirs and their control buildings. 

• Seismic upgrades to pump stations which are appurtenant to reservoirs. 

The City should also focus on conveyance of treated water to the backbone, by hardening the 
transmission lines from Geren Island Water Treatment Plant (WTP) to critical reservoirs, including to 
West Salem. The City should also implement providing alternative water supplies within this phase. 
Alternative local water supply development (such as drilling of new wells to access groundwater 
supplies) will provide additional supply reliability in the case of an emergency. The City should also 
complete studies to understand system vulnerability and risk at vertical facilities not assessed as part of 
this study, such as Franzen Reservoir. As part of the short-term phase, all "moderate" to "very high" risk 
facilities should be seismically improved, and all "moderate to high" to "very high" risk pipelines should 
be hardened.  

In the medium term, the City should focus on hardening the rest of the backbone system so that the 
system will remain operational following a major earthquake. "Low to moderate" and "low" risk facilities 
should be seismically improved, and "moderate" and "low to moderate" risk pipelines (all remaining 
pipelines within the backbone system) should be hardened.  
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In the long term, the City should focus on hardening the rest of the distribution system to address the 
LOS goals discussed in Section 2.0. The City aims to serve a minimum of 80% of all customers within 1 to 
2 weeks following a M9.0 CSZ earthquake. A limited number of breaks and leaks can be repaired by City 
crews in the days and weeks following an earthquake. To reduce the number of breaks and leaks down 
to an amount that can be quickly repaired by the City following an earthquake, and to meet the LOS 
goals, the City would need to replace most "low" risk pipelines. 

A summary of the priorities and total costs for the short, medium, and long term are presented in 
Table ES-4. These costs were developed to the Class 5 (conceptual) level of accuracy, as defined by the 
Association for the Advancement of Cost Engineering (AACE), and expected to have an accuracy range 
from -30% to +50% of actual (2022) costs. 

Table ES-4 Seismic Improvements Phasing and Cost Summary 

Term Priority 

Risk Level of Facilities 

To Be Improved 

Risk Level of Pipelines 

To Be Improved 

Short 
(0 – 15 Years) 

1. Preserve Water in the System 
2. Convey Treated Water 
3. Implement Alternative Supplies 
4. Complete Studies to Refine 

Understanding of Expected System 
Performance  

Very High  Very High 

High High 

Moderate to High Moderate to High 

Moderate  

Total Cost (Short Term) $8.61 – 12M $1.82B 

Medium 
(10 – 25 Years) 

5. Harden the Rest of the Backbone 
Low to Moderate  Moderate  

Low Low to Moderate 

Total Cost (Medium Term) $0.41 – 0.90M $0.56B 

Long 
(20 – 50 years) 

6. Harden Distribution System to 
Reduce the Number of Repairs - Low  

Total Cost (Long Term) $0 $1.27B 
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1.0 Introduction 
The Oregon Health Authority (OHA), under Oregon Administrative Rule (OAR) 333-061-0060(5)(a)(J), 
requires community water systems with greater than 300 connections to develop a seismic resiliency 
assessment and mitigation plan. The plan needs to be a component of the Water System Master Plan 
which the City of Salem (City) is concurrently preparing. This Seismic Resiliency Analysis Report (Report) 
is intended to satisfy this requirement.  

 

1.1 Water System Description 

The City's water system currently consists of the City's water transmission pipelines, the Geren Island 
WTP, water storage reservoirs, pump stations, and distribution system pipelines. The City relies on the 
North Santiam River to supply water for the City's approximately 200,000 customers. Water from North 
Santiam River flows to Detroit Lake, which eventually feeds the Geren Island WTP raw water intake, as 
shown on Figure 1-1. 

 
Figure 1-1 Salem's Water System1  

 
Large-diameter transmission pipelines deliver water from the Geren Island WTP to the 92-million-gallon 
(MG) Franzen Reservoir located in the City of Turner and, subsequently, the City's transmission and 
distribution system. The City's transmission and distribution system is supported by numerous pump 
stations and storage reservoirs within and adjacent to the City's service area. The City also operates four 
aquifer storage and recovery (ASR) wells in Woodmansee Park that supplement the water supply.  

  

 
1 Source: https://online-voice.net/salemgerenisland/, December 2022.  
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1.2 Project Overview 

Following a Cascadia Subduction Zone (CSZ) earthquake, the City’s water system could potentially suffer 
significant damage, which can cause service disruptions, public safety hazards, and impact firefighting 
capabilities. This Report serves the following primary objectives:  

1. Establish LOS goals to assist the City in prioritizing restoration of functionality to support the 
community's most vital social and economic needs; 

2. Identify infrastructure (both pipelines and facilities) needed to supply water to critical customers 
and locations after an earthquake emergency – also called the water system backbone; 

3. Assess seismic hazards, such as shaking and ground displacement, liquefaction, and lateral 
spreading, and their likelihood to impact critical infrastructure; 

4. Assess the expected seismic performance of the backbone pipelines and selected facilities; and 

5. Identify preliminary recommendations for system improvements that should be implemented to 
restore water service more rapidly after a major earthquake to meet social and economic needs.  

This Report analyses a subset of the following assets: 

• Storage reservoirs.  

• Pump stations.  

• ASR wells. 

• Pipelines (including pressure relief valves). 

• Major control features (Turner Control Facility).  

1.3 Study Limitations 

The recommendations presented in this Report were developed with the standard of care commonly 
used for the profession. No other warranties are included, either expressed or implied, as to the 
professional advice included in this Report. This Report has been prepared for the City, to be used solely 
in its evaluation of the seismic safety of the water system components referenced. This Report has not 
been prepared for use by other parties and may not contain sufficient information for purposes of other 
parties or uses. 

1.4 Background Information 

The following available information was used as a part of this Report: 

• 2021 Seismic Geohazard Evaluation Report completed by Shannon & Wilson.  

• Geographic Information System (GIS) data including land use, tax lots, water system, etc., dated 
September 2020 and May 2021. 

• Relevant reports pertaining to the City's water system and emergency management measures, 
including the 2003 Emergency Operations Plan, 1999 and 2014 Salem Emergency Management 
Plan, the 2020 American Water Infrastructure Act Risk and Resilience Assessment, 2004 Salem 
Water System Master Plan, 2019 Water Management and Conservation Plan, 2017 Natural 
Hazards Mitigation Plan. 
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• Selected record drawings of critical City water system facilities. 

• Available seismic evaluations and seismic studies of the City's water system facilities. 

• Maps of the City's reservoirs, pump stations, treatment, distribution systems, and upper and 
lower transmission maps. 

• Field reconnaissance performed in 2021 by Black & Veatch and its subconsultant, SEFT 
Consulting Group (SEFT), at critical facilities and the Center Street and Marion Street Bridges. 

• Meetings and workshops with City staff, conducted in 2021 and 2022, to discuss critical facilities, 
LOS, the water system backbone, geohazards, system vulnerability, and system mitigation and 
improvements. 

• Meetings with key stakeholders, including Marion County, Polk County, the State of Oregon, and 
the City Fire Department. 

• 2001 American Lifelines Alliance (ALA), Seismic Fragility Formulations for Water Systems (ALA, 
2001), which is used widely for pipeline vulnerability assessments. 

• Geohazards datasets, including Earthquake Hazard Maps of the Salem East and Salem West 
Quadrangles, Marion and Polk Counties, Oregon (GMS-105; Wang and Leonard, 1996); the 
Oregon Geologic Data Compilation Release 5; Statewide Landslide Information Database for 
Oregon Release 2 (Burns and others, 2011); the bedrock ground motions included in the 
publication provided to the Oregon Department of Geology and Mineral Industries (DOGAMI) by 
the U.S. Geological Survey (USGS) based on the USGS Cascadia M 9.0 scenario ShakeMap®; 
Seismic Hazard Maps based on the Magnitude 9.0 CSZ scenario defined in the Oregon Resilience 
Plan; and local geological information compiled by Shannon & Wilson. 
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2.0 Level of Service Goals  
LOS goals establish target post-earthquake restoration timeline expectations for buildings, water system 
components, and customer groups based on supporting the community's social and economic needs 
after an earthquake. This section presents a definition of LOS goals and highlights special considerations 
based on City-specific circumstances.  

2.1 Purpose 

LOS goals, paired with a detailed understanding of the water system backbone, will be used to help 
identify the gaps between the system's anticipated performance and the City's desired performance 
during disaster recovery (NIST, 2016). Therefore, in addition to helping to establish a "triage" response 
to disaster recovery by assigning degrees of urgency to key system components, these LOS goals will 
also be used to prioritize improvements that address performance deficiencies (defined in the Risk 
Mitigation Plan in Section 6.0).  

LOS goals establish a phased approach to restoring water system operation (in terms of both water 
quantity and quality) in the days, weeks, and months after a major earthquake and help the City 
prioritize restoration of functionality. Fifty to 60% of businesses in Oregon are small businesses that can 
only tolerate 2 to 4 weeks of disruption of essential services. 

A system with low resilience requires a longer recovery time, resulting in more interruption in lifeline 
services, as shown on Figure 2-1. Pre-disaster mitigation; disaster preparedness; and a phased, 
prioritized approach to recovery can help to shorten recovery time and build resilience for essential 
services.  

 
Figure 2-1 Resilience Triangle2 

  

 
2 Source: Wang, et al., 2012 
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2.2 Standards and References 

Two key references were considered when developing City-specific LOS goals: 

• The 2013 Oregon Resilience Plan (2013 ORP) developed by the Oregon Seismic Safety Policy 
Advisory Commission, which provides a roadmap for reducing risk and improving recovery after 
a CSZ earthquake.  The 2013 ORP suggests performance goals for the time required to restore 
water services to affected communities in the aftermath of a CSZ earthquake.  

• The 2016 Community Resilience Planning Guide for Buildings and Infrastructure Systems by the 
National Institute of Standards and Technology (2016 NIST CRPG).  This document establishes a 
resilience planning process which involves determining a community's resilience goals and 
objectives. It also includes refinement for LOS categories (versus the categories included in the 
2013 ORP) to more transparently cluster assets into groups based upon their functions and the 
degree of urgency for restoring their functions.  

A phased approach to disaster recovery (shown in Table 2-1) considers those primary functions that are 
necessary in three key phases following the disaster: short term (days), intermediate term (weeks), and 
long term (months). LOS goals are defined both in terms of the estimated time for recovery as well as 
the target functionality of the system. Different levels of functionality are necessary at different phases 
of recovery to meet the customers' life-safety needs in the short term, social needs in the intermediate 
term, and economic recovery needs in the long term.  

Table 2-1 Phased Recovery of the Built Environment (2016 NIST CRPG) 

Phase Primary Functions Associated Infrastructure Clusters 

Short Term (Days) Secure, rescue, stabilize, clear 
routes 

Critical facilities, emergency housing, related 
infrastructure systems 

Intermediate Term 
(Weeks) 

Restore neighborhoods, meet social 
needs 

Housing, medical, main street, schools, 
churches, related infrastructure systems 

Long Term (Months) Community social and economic 
recovery 

Commercial businesses, industrial businesses, 
related infrastructure systems 

2.3 Level of Service Workshop 

The project team conducted a LOS workshop with the City's Public Works staff on October 13, 2020 and 
continued on October 29, 2020. At this workshop, the team provided an overview of resilience planning, 
discussed several examples of other resilience plans, and discussed LOS goals. The objective of the 
workshop was to establish a mutual understanding of seismic resilience and resilience planning for 
water infrastructure and to set LOS goals for water system components and customer groups based on 
supporting the community's social and economic needs after an earthquake.  

At the workshop, the following topics were discussed and defined to establish LOS goals for each asset 
category:  

1. Categories of critical facilities that need water after an earthquake emergency;  

2. Measurement of operational service performance; and  

3. Emergency response coordination efforts with state, county, City fire department or other 
emergency services, and retail water agencies.  



City of Salem | Seismic Resiliency Analysis Report 

BLACK & VEATCH | Level of Service Goals 2-3 
 

2.4 Community Needs Following a Major Earthquake 

Table 2-2 provides a breakdown of restoration priorities for City customers that was developed jointly in 
collaboration with City staff and other state and county stakeholders. Table 2-2 links social/economic 
needs to service recovery goals.  

Table 2-2 Social/Economic Needs of the Community 

Recovery Phase Social/Economic Needs 

Short Term 
(no disruption) 

City/Community Services 

• Water for fire suppression at key supply 
points 

• Salem Health Hospital 
• Dialysis centers 

State of Oregon Services 

• Anderson Readiness Center 
• Department of Public Safety Standards and 

Training Campus 
• State Data Center 
• Oregon State Hospital 

Wholesale Customers • City of Turner 

Short Term 
(1-7 days) 

City/Community Services 
 

• City Police Department 
• Willamette Valley Communications Center 
• City Fire Stations1 
• City Hall 
• City Shops Complex 
• Salem Municipal Airport 
• City Main Library 
• Community water distribution points1  
• Emergency shelters1  

o High schools 
o Middle schools 
o Colleges 

• Vulnerable populations1  
o Special needs facilities 
o Rehabilitation facilities 
o Senior care facilities 

• Urgent care centers1  
o Salem Clinic 
o Salem Health Urgent Care 
o SwiftCare LLC 
o Urgent Care Clinic South 
o Urgent Care Kaiser Permanente North 

Lancaster 
o ZOOM+Care 

Marion County Services (exact 
locations should be coordinated 
between county and City staff)  

• Marion County Sheriff's Office 
• Marion County Correctional Facility 
• Marion County Office Building 
• Marion County Health & Human Services 

Building 
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Recovery Phase Social/Economic Needs 

Short Term 
(1-7 days) State of Oregon Services 

• Oregon National Guard Army Aviation 
Support Facility 

• Oregon Department of Aviation 
• Oregon State Police/Oregon State Fire 

Marshall 
• Oregon Department of Transportation 

(ODOT) Campus 
• State Motor Pool 
• Department of Forestry Campus 
• Department of Corrections 

o Mill Creek Correctional Facility 
o Oregon State Correctional Institute 
o Oregon State Penitentiary 
o Santiam Correctional Institute 

• State Buildings around Capitol Mall 
o State Capitol 
o State Library 
o State Supreme Court Building 
o Department of Administrative Services 
o Transportation Building (ODOT) 
o Department of Energy Building 
o Public Services Building 
o Barbara Roberts Human Service 

Building 
o Public Utilities Commission Building 

• State Fair Grounds 
• Treasury Building  
• Lottery 

Intermediate Term 
(within 4 weeks) 

City/County/State Services 
• Remaining City/County/State service 

facilities 
• School district facilities 

Wholesale Customers 
• Suburban East Salem Water District  
• Orchard Heights Water Association  

Retail Customers 
• Medical office buildings 
• 90% of businesses, residential customers, 

fire hydrants 
Long Term 
(months) Retail Customers • Remaining 10% of customer connections 

and fire hydrants 
1Critical facilities were determined by a desktop assessment performed in collaboration with City staff. Further 
vetting and assessment of these locations will occur following this report, to finalize the list of critical fire stations, 
community water distribution points, emergency shelters, vulnerable populations, and urgent care centers.  

 
The recovery phase goals in Table 2-2 have been established based on our current understanding of the 
community's social and economic needs, without consideration or knowledge of the current expected 
seismic performance of these existing community facilities. To support community social and economic 
needs on a similar timeline to that proposed for the water system, many of these community facilities 
may need to be relocated, seismically retrofitted, or replaced with new facilities that are designed with a 
higher structural and non-structural performance objective.  
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2.5 Level of Service Components 

This section describes the three components of LOS goals: 1) water system functional categories, 
2) target time frames for recovery, and 3) restoration levels. 

2.5.1 Functional Categories 

The City's water system is grouped into four functional categories, as shown in Table 2-3.  The four 
categories are based upon the 2016 NIST CRPG: Source, Transmission, Control Systems & 
Instrumentation, and Distribution. Distribution is further broken down into four subcategories: Critical 
Facilities, Emergency Housing, Housing/Neighborhoods, and Community Recovery Infrastructure. Water 
system categorization helps to facilitate assigning target time frames for recovery by asset class and 
function, not by individual asset.  

Table 2-3 Water System Functional Categories 

Functional Category System Components Description 

Source 

Raw or source water and terminal 
reservoirs 

Water source itself before intake 
facilities 

Raw water conveyance  Pump stations and piping to WTP 

Water production Production flow rate 

Well and/or treatment operations  Water quality 

Transmission 
(including Booster 
Stations) 

Backbone transmission facilities  Pipelines, pump stations, and tanks 

Water for fire suppression at key supply 
points 

Reservoirs, hydrants on the backbone, 
temporary water sources to promote 
redundancy 

Control Systems & 
Instrumentation SCADA and other control systems  Server and communication facilities 

(WTP vs. booster stations) 

Distribution 

Critical facilities 
Wholesale customers, hospitals, 
emergency operations centers, 
vulnerable populations 

Emergency housing Emergency shelters 

Housing/Neighborhoods 
Potable water available at community 
distribution centers; Water for fire 
suppression at fire hydrants 

Community Recovery Infrastructure All other customers 
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2.5.2 Target Time Frames for Recovery  

There are three recovery phases that have target time frames for water system recovery:  

• Recovery Phase 1 – Short Term (0-7 days)  

• Recovery Phase 2 – Intermediate Term (1-12 weeks)  

• Recovery Phase 3 – Long Term (3-12 months) 

2.5.3 Restoration Levels 

Descriptions of suggested LOS restoration levels (adapted from the 2013 ORP) are shown in Table 2-4.  

Table 2-4 Level of Service Restoration Levels 

Restoration Stage and Description Operational Level Symbology 

Minimal: A minimum LOS is restored, primarily for use of emergency 
responders, repair crews, and in support of critical health and human 
services. 

20-30% 
Operational Red 

Functional: Although service is not yet restored to full pre-event capacity, it 
is sufficient to get the economy moving again. Limits may be placed on uses 
that take up a lot of capacity. 

50-60% 
Operational Yellow 

Operational: A full LOS has been restored and is sufficient to allow people 
to use the system for non-essential activities  

80-90% 
Operational Green 

2.6 Level of Service Goals  

The LOS categories and their respective target time frames for recovery agreed upon in the LOS 
workshop are presented in Table 2-5. The City also determined the units by which the percentage (%) of 
operational level could be measured. These units vary by asset, or group of assets, and are summarized 
in Table 2-5. 
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Table 2-5 Level of Service Goals 

Water Components 

 % "Operational" 

Scale/Scenario 

Target  Time Frame for Recovery 

Phase 1:  

Short Term 

Phase 2: 

Intermediate 

Term 

Phase 3: 

Long 

Term 

Days Weeks Months 

0-1 1-3 3-7 1-2 2-4 4-12 3-6 6-12 

Source 

Raw or source water and terminal 
reservoirs 

% of winter average 
day demand (ADD)  R  Y    G     

 
  

Raw water conveyance (pump stations 
and piping to WTP) % of winter ADD  R  Y    G     

 
  

Water production (flow rate) % of winter ADD  R  Y    G     
 

  

Well and/or treatment operations 
functional (quality) 

Minimum water quality 
objectives met  R  Y    G     

 
  

Transmission (including Booster Stations) 

Backbone transmission facilities  
(pipelines, pump stations, and tanks) 

Supporting critical 
facilities and fire flow  G         

 
    

Water for fire suppression at key 
supply points (to promote redundancy) 

% of fire flow x 
duration  G   

 
          

Control Systems & Instrumentation 

SCADA and other control systems  
(WTP and boosters) 

% of components for 
normal operation  Y  G             

Distribution 

Critical Facilities 

Wholesale customer – City of Turner % of winter ADD  Y G       
 

    

Critical City, community, and state 
facilities identified as having a short-
term (no disruption) recovery goal in 
Table 2-2 

% of winter ADD  G         
 

    

Critical City, community, county, and 
state facilities identified as having a 
short-term (1-3 days) recovery goal in 
Table 2-2 

% of winter ADD  Y  G       
 

    

Emergency Housing 

Emergency shelters % of water for drinking 
& sanitation  Y  G  

          

Housing/Neighborhoods 
Potable water available at community 
distribution centers 

% of water for drinking 
& sanitation    Y  G          

Water for fire suppression at fire 
hydrants % of hydrants      R  Y  G     

 

Community Recovery Infrastructure 
All other customers % of customers    R  Y  G       
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3.0 Water System Backbone Definition 
This section describes the water system backbone consisting of transmission pipelines, pump stations, 
and storage and treatment facilities, which are needed to support fire flow and the critical 
social/economic needs of the community. The backbone system will support the Short-Term Recovery 
Phase outlined in Table 2-2 in the initial days following a CSZ earthquake. 

The long-term goal for the water system backbone is that it remains operational or experiences only 
minor damage after a major earthquake.  Because it will be challenging to implement any significant 
repairs to the water system backbone in the initial days after an earthquake, backbone components 
should be capable of remaining operational without sustaining significant damage during a CSZ 
earthquake event. 

3.1 Water System Backbone Workshops 

The project team conducted a workshop with City staff on November 5, 2020, to establish the needs for 
the backbone system. At this workshop, the project team provided an overview for identification and 
prioritization of a water system backbone. This backbone was developed following this workshop with 
the City through a collaborative and iterative process. The City engaged the fire department, Marion and 
Polk Counties, and the state in conversations about their critical facilities that need to remain 
operational and be staffed following a CSZ earthquake event.    

3.2 Water Supply Points for Fire Suppression 

A key long-term goal for the water system backbone is that it provides a reliable source for tanker trucks 
to obtain water for fire suppression following an earthquake.  To enable this goal, the backbone must 
consist of a seismically-hardened system of pipelines with hydrants and key reservoir sites distributed 
throughout the City. The majority of the City's reservoirs have seismic shutoff valves to preserve water 
storage. Additionally, City fire trucks are able to draft water directly from the Willamette River. 

3.3 Critical Social/Economic Needs  

The process of identifying the water system backbone begins by locating critical water system customers 
in the Short Term Recovery Phase, which include the following:  

• Hospitals 

• Urgent Care Centers 

• Dialysis Centers 

• City of Salem Critical Services 

• State of Oregon Critical Services 

• Marion County Critical Services 

• Correctional Facilities 

• Emergency Shelters 

• Community Water Distribution Points 

• Vulnerable Populations 

Appendix A includes a detailed list of these facilities within the City limits that are outlined in Table 2-2. 

A special consideration in the above list are dialysis facilities.  There are several dialysis facilities in Salem 
which provide specialty care. Approximately 100 gallons of water is required every 3 days per dialysis 
patient. The City is working with the dialysis centers in the region to identify more permanent facility 
locations that may potentially be connected to the backbone, along with the hospital and urgent care 
facilities. These facilities were not identified at the conclusion of this Report. 
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3.3.1 Emergency Shelters 

Emergency shelters are typically located in existing dormitories or large, open buildings where 
temporary shelters can quickly be established. In addition to university dormitories, 
convention/exposition centers and school gymnasiums have the potential to serve as emergency 
shelters following an earthquake, provided that these buildings are constructed or retrofitted to 
perform well during a CSZ earthquake event.   

Table 3-1 lists 23 potential emergency shelter locations identified by City staff, though there is no 
agreement currently in place between the City and Salem Keizer School District to operate any schools 
as an emergency shelter. To date, there have been concerns about the seismic performance of some of 
these buildings. Since resilience planning considers implementing improvements over a long time frame 
(approximately 50 years), it may be reasonable to assume that the seismic performance of these 
facilities may be improved, making them viable shelter locations in the future.  

Table 3-1 Potential Emergency Shelter Locations 

Location Address Building Type 

Auburn Elementary School 4612 Auburn Rd NE Public Elementary School 

Battle Creek Elementary School 1640 Waln Dr SE Public Elementary School 

Brush College Elementary School 2623 Doaks Ferry Rd NW Public Elementary School 

Chemeketa Community College 4000 Lancaster Dr NE Community College 

Corban University 5000 Deer Park Dr SE College / University Building 

Crossler Middle School 1155 Davis Rd S Public Middle School 

Houck Middle School 1155 Connecticut St SE Public Middle School 

Judson Middle School 4512 Jones Rd SE Public Middle School 

Leslie Middle School 3850 Pringle Rd SE Public Middle School 

McKay High School 2440 Lancaster Dr NE Public High School 

North Salem High School 765 14th St NE Public High School 

Parrish Middle School 802 Capitol St NE Public Middle School 

Putnam University Center 935 Mill St SE College / University Building 

Robert W Straub Middle School 1920 Wilmington Av NW Public Middle School 

Roberts High School-State Street Campus 3620 State St Public Alternative High School 

Salem Convention Center 200 Commercial St SE Assembly / Exhibition Hall 

South Salem High School 1910 Church St SE Public High School 

Sprague High School 2373 Kuebler Rd S Public High School 

Stephens Middle School 4962 Hayesville Dr NE Public Middle School 

Tokyo International University of America 1300 Mill St SE College / University Building 

Waldo Middle School 2805 Lansing Av NE Public Middle School 

Walker Middle School 1075 8th St NW Public Middle School 

West Salem High School  1655 Doaks Ferry Rd NW Public High School 
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3.3.2 Community Water Distribution Points 

Community water distribution points are locations throughout the service area where customers can fill 
their own containers during a water outage. Distribution points can be permanent locations along the 
water system backbone, or they can be temporary sites, as shown on Figure 3-1, where portable 
systems are deployed (e.g., water trucks, portable tanks, blivets, etc.).  

In May 2018, the following seven temporary community water distribution points were established in 
the Salem water service area during a cyanotoxin water advisory: 

1. Chemeketa Community College, 4000 
Lancaster Drive NE, Salem 

2. Oregon State Fair Grounds, 2330 17th 
Street NE, Salem (refer to Figure 3-1) 

3. Wallace Marine Park Softball Complex, 
200 Glen Creek Road NW, Salem 

4. AMF Firebird Lanes, 4303 Center Street 
NE, Salem 

5. Bush's Pasture Park, 600 Mission Street 
SE, Salem 

6. Woodmansee Park, 4629 Sunnyside 
Road SE, Salem 

7. Former Chevrolet Dealership, 5325 
Denver Street, Turner 

 
Photo credit: Kelly Jordan, Statesman Journal 

Figure 3-1 Temporary Water Distribution Point at the Oregon State Fairgrounds, June 1, 2018 

 
After a large regional earthquake, it will be difficult to deploy and staff temporary distribution points on 
a large scale, due to increased demands on City staff.  Therefore, the City is planning to establish 
permanent community water distribution points along the water system backbone at the key sites listed 
in Table 3-2, including the following: 

• All the emergency shelters listed in Table 3-1, which are expected to be operated by the Red 
Cross or other emergency relief organizations; 

• All 11 of the City's fire stations, which are expected to be operated by the Salem Fire 
Department; and 

• Eight other City water facilities and parks, which are expected to be operated by the City 
Public Works Department. 
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Table 3-2 Community Water Distribution Points  

Location Address Building Type 

Emergency Shelter Locations – refer to Table 3-1 

Salem Fire Station 1 370 Trade St SE Salem City Fire Station 

Salem Fire Station 2 875 Madison St NE Salem City Fire Station 

Salem Fire Station 3 1884 Lansing Av NE Salem City Fire Station 

Salem Fire Station 4 200 Alice Av S Salem City Fire Station 

Salem Fire Station 5 1520 Glen Creek Rd NW Salem City Fire Station 

Salem Fire Station 6 2740 25th St SE Salem City Fire Station 

Salem Fire Station 7 1970 Orchard Heights Rd NW Salem City Fire Station 

Salem Fire Station 8 4000 Lancaster Dr NE Salem City Fire Station 

Salem Fire Station 9 5080 Battle Creek Rd SE Salem City Fire Station 

Salem Fire Station 10 3611 State St Salem City Fire Station 

Salem Fire Station 11 5021 Liberty Rd S Salem City Fire Station 

Cascades Gateway Park 2100 Turner Rd SE Developed City Park 

Limelight Water Pump Station 880 Van Buren Dr NW Public Water Pump Station 

River Road Park 3045 River Rd N Developed City Park 

Salem City Shops Building 16 Water  1440 20th St SE Salem City Facility 

Salem/Keiser Intertie #1 Pump Station 4000 Block Cherry Ave NE Public Water Pump Station 

South River Road Water Pump Station  3285 River Rd S Public Water Pump Station 

Turner Control Water Facility 7100 3rd St SE Public Water Facility 

Weathers Street Park 4188 Weathers St NE Developed City Park 
 
The community water distribution points listed in the table above are also included in Appendix A. 

3.3.3 Vulnerable Populations 

The City's emergency planning efforts have also taken into consideration ways to serve vulnerable 
customers. Appendix A includes a detailed list of sizable care facilities; retirement centers where seniors 
receive assisted living, memory, or nursing care; and the Oregon School for the Deaf.  All these facilities 
serve vulnerable populations that need to be supported by the water system backbone.  

3.4 Water Facility Criticality Levels 

In the development of the water system backbone, City staff prioritized the pumping, storage, piping, 
and valve facilities within the water transmission system by how important the facility is to the overall 
operation of the water system (and, therefore, how high the consequence of its failure is) using the 
priority system described in Table 3-3. Table 3-4 lists the City's water facilities in order of criticality, with 
the facilities listed alphabetically within each level. 
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Table 3-3 Water Facility Criticality/Consequence of Failure Level Definitions 

Criticality Level Definition 

5 – Highly Critical Paramount to the operation of the system. 

4 – Critical Necessary to supply water to a significant area. 

3 – Semi Critical The system could operate at reduced capacity without these facilities. 

2 – Local Critical Necessary to supply water to an isolated local area. 

1 – Not Critical/Redundant The system can operate without these facilities. These facilities are not 
considered part of the system backbone.  

 

Table 3-4 Storage and Pumping Facility Criticality Levels 

Criticality Level Name Service Level Elevation (ft) 

Supply/Valves 

5 – Highly Critical Geren Island WTP G-0 470 

5 – Highly Critical Turner Control Facility G-0 266 

4 – Critical ASR Wells S-2 ~382 

2 – Local Critical Hemlock Well G-0 188 

Reservoirs  

5 – Highly Critical 

Fairmont Reservoir  G-0 314 

Franzen Reservoir Franzen 386 

Mountain View Reservoir G-0 313 

4 – Critical 

Candalaria Reservoir S-1 429 

Champion Hill Reservoir S-3 709 

Eola #1b Reservoir W-2 636 

Eola #2 Reservoir W-3 763 

Grice Hill Reservoir W-1 483 

Lone Oak Reservoir S-2 574 

Mill Creek Reservoir MCCC S-1 424 

3 – Semi Critical 
Glen Creek Reservoir W-1 483 

Kurth Reservoir S-2 553 

2 – Local Critical Croisan Mt Upper Reservoir S-2 579 

1 – Not Critical/ 
Redundant 

Chakarun Reservoir S-2 580 

College Reservoir T 438 

Mader Reservoir S-1 385 

Seeger Reservoir S-2 553 

Skyline Reservoir S-3 708 
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Criticality Level Name Service Level Elevation (ft) 

Pump Stations  

4 – Critical 

Boone Pump Station S-2 235 

Creekside Pump Station S-3 491 

Deer Park Pump Station S-1 306 

Edwards S1 Pump Station S-1 206 

Keizer Intertie Pump Station G-0 130 

Mountain View Pump Station W-1 308 

3 – Semi Critical 
Lower Croisan Pump Station S-2 418 

South River Rd Pump Station S-1 153 

2 – Local Critical 

Davis Road Pump Station S-4 697 

Eola #2 Pump Station W-3 530 

Limelight Pump Station W-2 477 

Mill Creek Pump Station T 349 

Rock Ridge Pump Station S-3 464 

Skyline #4 Pump Station  S-4 620 

Upper Croisan Pump Station S-3 510 

Whispering Heights Pump Station W-2 426 

1 – Not Critical/ 
Redundant 

Chatnicka Pump Station W-3 546 

Edwards S2 Pump Station S-2 206 

Fairmont Pump Station S-2 312 

Illahe Pump Station (Private) S-1 240 

Jefferson Pump Station W-1 240 

Skyline Pump Station S-3 502 

3.5 Water System Backbone 

The resulting water system backbone that is needed to connect to each of the critical water system 
components (supply, reservoirs, and pump stations) and the social/economic needs of the community 
(such as critical public agency buildings, emergency shelters, community water distribution points, and 
vulnerable populations) is shown on Figure 3-2. The water system backbone piping shown on Figure 3-2 
connects the tax lots where critical facilities are located. Critical facilities include medical facilities 
(hospitals and urgent care centers), government facilities, correctional facilities, emergency shelters, 
community water distribution points, and vulnerable populations. Also shown on the figure are grey 
0.75- and 1.0-mile radii around each community water distribution point. These radii represent 
reasonable walking distances, in case transportation becomes limited after a CSZ earthquake. As shown 
on Figure 3-2, a significant amount of the City is within 0.75 mile of a community water distribution 
point, and nearly all of the City is within 1 mile of a community water distribution point. 

The water system backbone serves as the foundation for prioritizing seismic upgrades recommended in 
further sections of this Report. 
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3.6 Considerations and Future Coordination Efforts 

Sites identified as community water distribution points require further coordination between the City's 
Water & Utilities and Public Works Departments and emergency services of the City and Marion and 
Polk Counties. All fire stations are currently designated as community water distribution points, which 
means that following a CSZ earthquake, the fire stations will have increased public traffic. This has a 
potential to interfere with fire apparatus responding to an emergency, depending upon how the public 
will access the fire station and water. The City Fire Department will need to consider any potential 
impacts to both staffing and traffic. Similarly, City staff will need to consider the implications of 
increased traffic and staffing at the City Shops Complex, which is also designated as a community water 
distribution point. Proactive coordination between the City's Water & Utilities and Public Works 
Departments and emergency services of the City and Marion and Polk Counties ahead of an emergency 
can help to effectively support the community following a crisis.   

The City is also working with the dialysis centers in the region to identify more permanent facility 
locations that may potentially be connected to the backbone, along with the hospital and urgent care 
facilities. These facilities were not identified at the conclusion of this Report. 

The City should also coordinate with the Salem Keizer School District with regards to operation of 
schools as an emergency shelter. 
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4.0 Water System Seismic Vulnerability Assessment 
Both the pipeline system and priority facilities were evaluated to ascertain the likelihood and potential 
extent of damage to structures and other system infrastructure during an earthquake. Hazards 
associated with seismic activity that have the potential to adversely affect pipelines or water system 
facilities include ground rupture, liquefaction, lateral spreading, strong ground shaking, and earthquake-
induced landslides. The degree to which these hazards could impact the water system is dependent 
upon the earthquake magnitude and distance from each pipeline or facility, the proximity to faults, the 
amount and type of soil displacement, and the joint systems and construction characteristics of the 
pipeline or facility.  

4.1 Geohazards  

A Seismic Geohazard Evaluation Report was completed by Shannon & Wilson in May 2021 (refer to 
Appendix B) to assess the potential for earthquake-induced geologic hazards and formed the basis for 
developing the seismic vulnerability assessment. The Seismic Geohazard Evaluation Report maps various 
seismic parameters within the study area based on geological information for the general area. The 
study area encompassed the City's major water transmission mains and facilities. Seismic hazard maps 
include peak ground velocity, peak ground acceleration, 0.3-and 1.0-second spectral accelerations, 
probability of liquefaction, liquefaction induced settlement, and landslide induced permanent ground 
deformation (PGD) based on the methodology developed by HAZUS. The DOGAMI publishes detailed 
maps showing bedrock, surficial, or engineering geology for specific regions. GMS-105, one of the 
DOGAMI maps which focused on the relative earthquake hazard of Marion and Polk Counties, was used 
as the primary source of liquefaction susceptibility within the Salem area. Permanent ground 
deformations from liquefaction-induced lateral spreading were calculated. 

4.1.1 Pipeline Geohazards 

Table 4-1 summarizes the portions of the City's water transmission and distribution system subject to 
liquefaction-induced lateral spreading, liquefaction-induced settlement, and peak ground velocity (PGV) 
based on the hazard mapping provided by Shannon & Wilson in Appendix B.  

Table 4-1 Potable Water Pipelines Subject to Seismically-Induced Ground Movement 

Severity 

Level 

Liquefaction-Induced 

Lateral Spreading (in.) 

% Water 

System 

Settlement 

(in.) 

% Water 

System PGV (in./s) 

% Water 

System 

Low to 
High 

0 – 0.1 68.6% 0 43.0% 0.00 – 2.90 0.0% 

0.11 – 2 1.3% 1 27.0% 2.91 – 5.90 36.1% 

2.1 – 6 4.2% 2 18.4% 5.91 – 11.90 61.2% 

6.1 – 12 20.7% 6 10.3% 11.91 – 23.90 2.7% 

12.1 – 16 5.1% Other 1.4% > 23.91 0.0% 

 
A small portion of the City's northernmost distribution system was outside of the limits of the area 
assessed for earthquake-induced geologic hazards. The data set for lateral spreading was larger than the 
data set for settlement, and it was observed that in the northernmost portion of the City, anticipated 
lateral spreading was directly proportional to anticipated settlement. Therefore, when lateral spreading 
was known, but the settlement was unknown, settlement was assumed to follow a similar distribution 
as lateral spreading. In the few areas where lateral spreading and settlement were not known, it was 
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deemed appropriate to assign a value of 6 inches for lateral spread and 2 inches for settlement, based 
on settlement levels in the adjacent area. 

For the pipelines, the main hazards were determined to be localized liquefaction and lateral spreading at 
the Sunset Park Willamette River crossing and fault rupture where the pipelines cross the Turner and 
Mill Creek Faults and Waldo Hills Fault. The potential for localized liquefaction is highest at the 
Willamette River crossings, near the City of Turner and the Geren Island WTP. Note that recent site-
specific geotechnical engineering reports for Geren Island WTP indicate that the map-based liquefaction 
hazard shown in Appendix B may be somewhat overestimated due to the relatively high percentage of 
gravels underlying that site. 

4.1.2 Priority Vertical Facility Geohazards 

Facility geohazards were assessed using seismic hazard parameters mapped by Shannon & Wilson in the 
Seismic Geohazard Evaluation Report in Appendix B. These parameters included ground shaking, 
liquefaction-induced settlement, liquefaction-induced lateral spreading, and earthquake-induced 
landslide PGD.   

The facilities were selected in close consultation with the City's Engineering Division based on whether 
the facilities are key to maintaining the integrity of the water system backbone. A total of 24 priority 
facilities were evaluated as part of this study, as listed in Table 4-2. A detailed structural condition 
assessment of the structures was not included in the scope of this project. 

Table 4-2 Facilities Assessed as Part of this Study 

Facilities Assessed  

• ASR #1 and #2 Pump Station 
• ASR #4 Pump Station 

• ASR #5 Pump Station 
• Boone Road Pump Station 
• Candalaria Reservoir 
• Champion Hill Reservoir 
• Champion Hill Reservoir Control Building 
• Creekside Pump Station 
• Deer Park Pump Station 
• Edwards S1 Pump Station 
• Eola #1B Reservoir 
• Fairmount Reservoir 

• Fairmount Reservoir Control Building 
• Grice Hill Reservoir Control Building 
• Limelight Pump Station 
• Lone Oak Reservoir 
• Lone Oak Reservoir Control Building 
• Mill Creek #1 Reservoir 
• Mill Creek #1 Reservoir Control Building 
• Mountain View Pump Station 
• Mountain View Reservoir 
• Salem/Keizer Intertie #1 Pump Station  
• Turner Control Facility 

 
It is recommended that the City conduct seismic evaluations of the remaining inventory of water system 
structures (pump stations, reservoirs, communications towers, etc.) as part of a future project. Several 
facilities were considered critical facilities but were excluded from this evaluation for the following 
reasons: 

• The Geren Island WTP is a key part of the backbone, but the City requested that this facility not 
be included in the assessment because seismic resiliency upgrades to this facility were being 
implemented at the time of this study.  
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• Franzen Reservoir was excluded from assessment because it is an earthen facility which requires 
a specialized evaluation to review seismic deficiencies and potential improvements.  A seismic 
evaluation of the Franzen Reservior is underway under a separate scope. 

• Lower Croisan Pump Station was excluded from further structural and nonstructural assessment 
because the Shannon & Wilson Geohazard Study recommended a full replacement of this 
facility.  

• The Upper Transmission System (Lines 1 and 2) was evaluated by Carollo Engineers in 2016 
under a separate scope.  The findings indicated peak ground velocity between Geren Island and 
Turner is consistent and landslides and liquefaction is unlikely.  The majority of anticipated 
damage to the Upper Transmission System will be near the Turner Control Facility. 

4.1.3 Vertical Facility Hazard Rankings 

The geotechnical evaluation resulted in a set of hazard rankings being assigned to the critical vertical 
facilities based on regional seismic mapping and review of existing information on the facilities, as 
shown in Table 4-3.  The geotechnical evaluation found that numerous facilities were in areas where 
rock is mapped as the geological surface unit. The risk of PGDs at these sites were considered low.   

Table 4-3 Seismic Hazard Rankings for Critical Vertical Facilities 

Site ID Locations Site Class1 

Liquefaction 

Settlement 

Hazard2 

Landslide 

Hazard2 

Fault Rupture 

Hazard2 

1 Salem-Keizer Intertie/Cherry Ave 
Booster Pump Station 

D M L L 

2 Grice Hill Reservoir and Repeater 
Tower 

B L L L 

3 Hemlock Well3 B L L L 

4 Mountain View Reservoir and 
Pump Station 

B L L L 

5 EOLA 1B Reservoir3 B L M L 

6 Limelight Pump Station3 B L L L 

7 Fairmount Reservoir3 B L L L 

8 Candalaria Reservoir B L L L 

9 South Salem Repeater Tower B L L L 

10 Croisan Lower Pump Station3 C/D M H L 

11 Edwards S1 Pump Station4 D H M L 

12 ASR Wells3 B L L L 

13 Skyline Repeater Tower3 B L L L 

14 Lone Oak Reservoir B L L L 

15 Creekside Pump Station3 B L L L 

16 Champion Hill Reservoir B M M L 

17 Boone Road Pump Station3 D L L L 

18 Deer Park Pump Station B L L L 
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Site ID Locations Site Class1 

Liquefaction 

Settlement 

Hazard2 

Landslide 

Hazard2 

Fault Rupture 

Hazard2 

19 Mill Creek Reservoir B L L L 

20 Turner Control Facility D L L L 

21 Franzen Reservoir and Repeater 
Tower4 

B L H M 

22 Geren Island WTP D L L L 
1 Site classified as Site Class A, B, C, D, E, or F based on the site soil properties in accordance with Chapter 20 of ASCE 7. 
2 L = Low, M = Moderate, H = High 
3 Sites did not have subsurface exploration data.  Nearby well logs could not be found for these sites.  Therefore, the risk 
assessments for these facilities are based on regional seismic hazard mapping only. 
4 Geologic maps may not adequately capture geohazards for locations indicated. Refer to the Shannon and Wilson 2021 
Seismic Geohazard Evaluation Report for more discussion on this topic.   

 
The following facilities were rated as having a moderate geologic seismic hazard: 

• EOLA 1B Reservoir:  There is a moderate landslide hazard, as the reservoir is near an existing 
landslide and there was lack of available site-specific subsurface information. If additional 
subsurface information is obtained in the future, the hazard potential for this site may be 
reassessed for landslide hazard. 

• Champion Hill Reservoir:  This facility was assigned a moderate to high hazard for potential 
liquefaction and landslides. Nearby well logs indicate that the soil is mantled by fine grained 
flood deposits which are more likely to experience PGD during a seismic event.  The geohazard 
rankings may be reassessed if additional subsurface data is available in the future. 

The following facilities were assigned a moderate to high geologic seismic hazard:  

• Croisan Lower Pump Station:  This facility was assigned a moderate hazard for potential 
liquefaction and high hazard ranking for landslides. The site is near the contact between a large 
existing landslide and volcanic rock, and there is a lack of available site-specific information. The 
geohazard rankings may be reassessed if additional subsurface data is available in the future. 

• Edwards S1 Pump Station:  Flood maps and well logs indicate presence of poor soils at the site, 
and the pump station may be underlain by these soils. Uncontrolled releases of water have 
resulted in surface settlement around the building foundations. Due to uncertainties associated 
with liquefaction potential and subgrade, the potential for PGD was considered moderate to 
high during a seismic event.  

• Franzen Reservoir and Repeater Tower:  These facilities received a moderate hazard ranking for 
landslide risk and high hazard for fault rupture. These ratings were based on information 
gathered from existing basis of design reports and understanding of past instability along the 
earthen embankments. 
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4.2 Pipeline Vulnerability Assessment 

The City's water system was evaluated using the ALA (American Lifelines Analysis) Seismic Fragility 
Formulations for Water Systems (ALA, 2001), which is used widely for pipeline loss assessments. This 
method uses fragility curves that can be applied to water system components to evaluate the 
probability of damage from earthquake hazards. Damage estimates are expressed as pipeline repair 
rates for breaks and leaks. The general approach is to quantify earthquake shaking (wave propagation) 
intensity using PGV, quantify the amount of ground movement using PGD, and to use both PGV and PGD 
to estimate the damage of the system pipelines. The ALA methodology includes pipeline vulnerability 
functions for both PGV and PGD inputs, which vary based on pipe material.  

4.2.1 Pipeline Joint Assumptions 

The system includes 934.5 miles of pipe with diameters ranging from 0.75 inch to 69 inches. The pipe 
material, length, assumed joint type, and assumed K1 and K2 values for each are shown in Table 4-4. K1 
and K2 values are constants used in the equation to represent the expected performance of the various 
pipe materials. K1 and K2 can have a maximum value of 1.0 each, representing the highest degree of 
vulnerability, which is the value used for cast iron pipe.  

Table 4-4 Pipe Material, Length, Joint Type, and K1 and K2 Values 

Material 

Acronym 

in City's 

Database 

Length 

(miles) 

Percent of 

System Assumed Joint Type K1 K2 

Ductile Iron  DI 453.6 48.5% Rubber Gasket 0.5 0.5 

Cast Iron (pre-1950) CI 110.9 11.9% Cement 1.0 1.0 

Cast Iron (post-1950) CI 170.0 18.2% Rubber Gasket 0.8 0.8 

Steel STEEL 83.8 9.0% Rubber Gasket 0.7 0.7 

Asbestos Cement AC 36.3 3.9% Rubber Gasket 0.5 0.8 

Concrete Cylinder Pipe CCP 35.5 3.8% Rubber Gasket 0.8 0.7 

Unknown UNK 14.1 1.5% Assume to Be Cast Iron Pipe 1.0 1.0 

Polyvinyl Chloride PVC 10.0 1.1% Rubber Gasket 0.5 0.8 

Blank Blank 8.4 0.9% Assume to Be Cast Iron Pipe, 
pre-1950 

1.0 1.0 

Iron Pipe IP 5.5 0.6% Threaded, no gasket 0.5 0.5 

High Density Polyethylene HDPE 3.9 0.4% Fused 0.3 0.3 

Needs to Be Fixed FIX 1.5 0.2% Assume to Be Cast Iron Pipe, 
pre-1950 

1.0 1.0 

Concrete C 0.4 0.04% Rubber Gasket 0.5 0.8 

Unknown OD 0.2 0.02% Assume to Be Cast Iron Pipe, 
pre-1950 

1.0 1.0 

Blue Brut Polyvinyl 
Chloride 

BB 0.1 0.01% Rubber Gasket 0.5 0.8 

Plastic P 0.1 0.01% Assume to Be PVC Pipe 0.5 0.8 

Cross-Linked Polyethylene 
(Pex Pipe) 

PEX 0.0 <0.01% Fused 0.3 0.3 

Steel S 0.0 <0.01% Rubber Gasket 0.7 0.7 

Totals  934.5 100.0%    
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Black & Veatch met with City staff to discuss the assumed joint type for each pipe material based on 
what was typically installed in the City. In the case of cast iron pipe, the joint type was dependent upon 
the age of the pipe; prior to 1950, cast iron had cemented joints rather than rubber gasketed joints. If 
the incorrect joint types are assumed, it could result in different K1 and K2 values, increasing or 
decreasing the estimated number of failures. The K1 and K2 values for specific pipe materials are taken 
directly from the ALA document. When there are no values for some types of pipes represented in the 
City in the ALA document, K1 and K2 values are estimated based on similar types of pipe and pipe joints. 
The ALA fragility relationships assign variables to each pipe material depending on its relative 
performance. 

There is not enough evidence to prove a diameter effect exists for all pipe materials in any given water 
system. However, the empirical evidence strongly indicates that some relationship does exist and that 
the largest pipes, those over 12 inches in diameter, have lower damage rates than common diameter 
distribution pipes of 4 inches to 12 inches in diameter. Therefore, it is more conservative to assume that 
pipe diameters are small when assigning K1 and K2 values.  

In Table 4-4, the Assumed Joint Type column shows the basis for assuming the K1 and K2 values. 
Unknown pipe materials (FIX, OD, UNK, and materials left blank) are assumed to have the same 
performance attributes as cast iron pipe. Plastic pipe is assumed to have the same performance as 
polyvinyl chloride (PVC) pipe. These pipe materials (FIX, OD, UNK, materials left blank, and P) make up a 
small percentage of the system (totaling less than 2.6%) and will have a small influence on overall 
system performance.  

4.2.2 Pipeline Failure Assessment 

The number of pipe failures is calculated by multiplying the pipe repair rate (RR, repairs/1,000 feet of 
pipe) times the pipe length (in 1,000s of feet). The ALA fragility relationships used to calculate the RR are 
as follows:  

• RR = K1 x 0.00187 x PGV, where PGV = Peak ground velocity in inches/sec 

• RR = K2 x 1.06 x PGD0.319, where PGD = Peak ground displacement in inches 

RRs are calculated separately for PGD and PGV and are much lower for PGV than PGD. It was 
conservatively assumed that the PGD for the purposes of the ALA fragility relationships was the sum of 
the PGD from both liquefaction and earthquake-induced landslides.  

In accordance with the 2001 ALA Guidelines, the vector sum of the liquefaction-induced lateral 
spreading PGD (horizontal deformation) and liquefaction-induced settlement PGD (vertical deformation) 
was used to calculate the total PGD associated with liquefaction, which is the distance a block of soil is 
expected to move during an earthquake (typically downhill or towards a free face) before remaining in 
that position within a few minutes after the earthquake shaking has stopped. 

The breakdown of the number of leaks and breaks is dependent on the hazard environment where the 
pipe is located. Repairs include both leaks and breaks. The following methodology was used to segregate 
pipe failures:  

• PGD-related failures – 80% breaks and 20% leaks 

• PGV-related failures – 20% breaks and 80% leaks 
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Breaks are described as loss of hydraulic continuity, e.g., the loss of the ability to transmit water from 
Point A to Point B. "Breaks" include separation of a pipe joint by more than approximately 1 inch, or the 
blowout of the pipe wall. A break results in significant loss of water; a pipe break results in the pipe 
being nonfunctional and must be repaired before the immediate service area can be put back into 
service. A leak is simply a failure resulting in loss of water. A leak does not necessarily need to be 
restored immediately for the immediate service area to be put back into service. A leak versus a break is 
based on the ground deformation associated with each hazard parameter. PGD can range from inches to 
many feet, but PGV is typically fractions of an inch. Pipe with rigid joints such as cast iron pipe with 
leaded joints is particularly vulnerable to PGV, but pipe with elastomeric joints can absorb all but the 
very strongest PGV movements. 

The results of the failure analysis are shown in Table 4-5 grouped by PGD- and PGV-related failures and 
leaks versus breaks. 

Table 4-5 Pipeline Failures for PGD, PGV, and Total 

PGD-Related Failures PGV-Related Failures 

Total Failures 

(Breaks + Leaks) Breaks Leaks 

Total Failures 

(Breaks + Leaks) Breaks Leaks 

Total Failures 

(Breaks + Leaks) 

3360 840 4200 11 46 57 4257 
 
There is no firm threshold above which pipelines need to be replaced. The highest failure rates are 
typically a function of vulnerable pipe materials (e.g., cast iron) and soils subject to PGD (liquefiable 
soils). The number of estimated failures is an approximation based on empirical data and is intended to 
be used for planning purposes. The number of actual failures encountered may range from twice as 
many as those listed to half as many as those listed in the table. Geohazards identified for pipelines are 
based on large-scale mapping for seismic hazards. Site-specific surveys and aerial photographs should be 
used to estimate the potential for loss associated with landslides or liquefaction for specific pipeline 
alignments prior to undertaking a capital improvement plan (CIP) project.  

4.2.3 Willamette River Crossing Vulnerabilities  

Pipeline crossings of the Willamette River suspended from the Center Street and Marion Street Bridges 
are vital water supplies to West Salem and were observed as part of this project. 

4.2.3.1 Center Street Bridge  

Findings of Observation: It was found that the water main under the bridge is all flanged piping with 
rigid Victaulic couplings in some areas. The 24-inch inner diameter DI pipe is sliplined with 22-inch HDPE. 
The piping is suspended under the bridge with minimal bracing. On the east side of the bridge, possible 
flexible joints are present, but the piping was inaccessible for assessment. It was assumed that there are 
no flexible joints present on any aboveground piping. The piping suspended under the bridge was 
determined to be vulnerable, particularly because the bridge columns are supported on piles, while the 
pipe is supported by soil on either side, which results in differential settlement and separation during an 
earthquake.  

Recommendations for Improvement: The pipeline should have flexible joints at either end (where the 
pipe exits or enters the soil) and at each bridge expansion joint to allow for differential settlement. In 
addition, between flexible joints, the pipe should be properly braced to the bridge deck. The City is 
currently scoping the replacement of this line as part of ODOT's seismic retrofit of the Center Street 
Bridge. 
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4.2.3.2 Marion Street Bridge  

Findings of Observation: A similar on-site assessment was conducted for the Marion Street Bridge. 
Under the bridge, there were two large diameter pipes, one assumed to be the water main. One of the 
pipes was observed to have welded joints and the other pipe was flanged. No flexible joints were 
observed. The bridge piping was determined to be vulnerable to differential settlement and separation 
during an earthquake since the bridge columns are supported on piles, while the pipe is supported by 
soil on either side.  

Recommendations for Improvement: Similar to the Center Street Bridge, this pipeline should have 
flexible joints at either end (where the pipe exits or enters the soil) and at each bridge expansion joint to 
allow for differential settlement. In addition, between flexible joints, the pipe should be properly braced 
to the bridge deck. According to ODOT's evaluation of this bridge, the structure is not expected to 
survive a CSZ level event, so further investment in the waterline may not be warranted unless the bridge 
is first seismically retrofitted or replaced.  

4.3 Vertical Facilities Vulnerability Assessment 

SEFT conducted a preliminary seismic assessment based on review of design documents and site visits 
for a selected group of vertical facilities, which include key pump stations, reservoirs, and control 
buildings. The findings of this assessment are included in the Pump Station and Reservoir Seismic 
Vulnerability Assessment Report by SEFT, which is located in Appendix C. The main objective of the 
vulnerability assessment for the facilities sites was two-fold: 

• To identify deficiencies in each of the facilities that affect ability to maintain service in the event 
of a major earthquake (M9.0 CSZ scenario); and  

• To develop preliminary recommendations for mitigation measures to address the identified 
deficiencies. 

This planning-level Report is the first step in identifying and addressing seismic resiliency needs, and the 
findings of this study are intended to support City planning efforts when budgeting for and prioritizing 
facility seismic improvements.  

4.3.1 Facility Assessment Summary 

The seismic structural evaluations of pump stations, control facilities, and reservoir control buildings 
were completed using the Tier 1 screening procedure of American Society of Civil Engineers (ASCE) 41-
17, Seismic Evaluation and Retrofit of Existing Buildings. This Tier 1 procedure uses a checklist-based 
approach to identify potential seismic structural deficiencies that have been commonly observed in past 
earthquakes. It also uses quick-check calculations to identify potential deficiencies in the primary 
components of the seismic lateral-force resisting system.  

It is important to note that the Tier 1 assessment identified structural deficiencies that were confirmed, 
as well as structural deficiencies that were unconfirmed and to be evaluated in future Tier 2 
assessments recommended for various facilities.  It was not possible to confirm certain structural 
deficiencies that were identified in this Tier 1 assessment, because of the following reasons: 

• Engineering drawings for several of the facilities were not available for review; therefore, 
preliminary conclusions were drawn based on observations of readily accessible portions of the 
facilities.   
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• The visual assessment was further limited as it was not possible to observe various structural 
elements (such as roof to wall connections which were concealed by the ceiling and/or 
insulation).  These structural elements need to be inspected as part of a detailed investigation.  
The SEFT report in Appendix C identifies specific measures needed to perform the detailed 
evaluation. 

• Detailed structural analyses need to be performed to determine the adequacy of certain 
elements such as reservoir column reinforcing lap splices.  These analyses are beyond the scope 
of this study and need to be performed as part of a Tier 2 assessments. 

Seismic nonstructural evaluations were completed using the nonstructural seismic evaluation checklists 
presented in ASCE 41-17 supplemented by the Technical Council on Lifeline Earthquake Engineering 
Monograph No. 22, Seismic Screening Checklists for Water and Wastewater Facilities. Like the ASCE 41 
Tier 1 structural evaluation procedure, this checklist-based evaluation approach is used to identify 
potential seismic nonstructural deficiencies that have been commonly observed in past earthquakes. 

4.3.2 Facility Seismic Deficiencies 

Table 4-6 broadly summarizes the structural and nonstructural deficiencies identified at pump stations 
and control buildings. Typical pump station and control building deficiencies included inadequate roof to 
wall in-plane connections; inadequate roof to wall out-of-place bracing; inadequate piping, valve, or 
pump bracing; and unanchored control cabinets or unanchored electrical transformers. Table 4-7 
summarizes the structural and nonstructural deficiencies at reservoirs. Typical reservoir deficiencies 
included insufficient reinforcing splice length on concrete columns, overstressed walls, lack of positive 
connections between roofs and walls, overstressed columns, lack of dowels or seismic cables at wall 
connections, and lack of positive connections between pipe pedestals and reservoir floors. 
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Table 4-6 Pump Station and Control Facility Deficiency Summary 
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ASR # 1 and #2 Pump Station    
     

        3.1 

ASR #4 Pump Station    
     

    
  

  3.2 

ASR #5 Pump Station 
  

  
   

   
 

   
 

 3.3 

Boone Road Pump Station    
     

    
  

  3.4 

Creekside Pump Station    
     

   
  

  
 

3.5 

Deer Park Pump Station    
     

   
  

   3.6 

Edwards Pump Station    
 

  
  

    
 

  
 

3.7 

Limelight Pump Station    
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Mountain View Pump Station    
     

    
 

   3.9 

Salem/Keizer Intertie #1 Pump 
Station 
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Turner Control Facility    
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Champion Hill Control Building    
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Fairmount Control Building 
  

 
     

   
 

    3.17 

Grice Hill Control Building 
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Lone Oak Control Building 
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Mill Creek #1 Control Building  
 

 
     

   
  

   3.23 
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Table 4-7 Reservoirs Deficiency Summary 

Vertical Facility 

Structural Deficiencies Nonstructural Deficiencies 
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Candalaria 
Reservoir 

         3.12 

Champion Hill 
Reservoir 

         3.13 

Eola #1B 
Reservoir 

         3.15 

Fairmount 
Reservoir 

         3.16 

Grice Hill 
Reservoir 

         3.18 

Lone Oak 
Reservoir 

 
        3.20 

Mill Creek #1 
Reservoir 

         3.22 

Mountain View 
Reservoir 

         3.24 

 
Table 4-8 summarizes the readiness of various facilities to meet immediate occupancy, operational, or 
life safety performance under a CSZ M9.0 earthquake. These performance objectives are defined as 
follows: 

• Immediate Occupancy: "Immediate Occupancy" refers to the post-earthquake damage state in 
which only very limited structural damage has occurred.  The basic vertical- and lateral-force-
resisting systems of the building retain almost all their pre-earthquake strength and stiffness.  
The risk of life-threatening injury from structural damage is very low, and although some minor 
structural repairs might be appropriate, these repairs would generally not be required before re-
occupancy.  Continued use of the building is not limited by its structural condition but might be 
limited by damage or disruption to nonstructural elements of the building, furnishings, or 
equipment and availability of external utility services. 

• Operational: "Operational" refers to the performance level where most nonstructural systems 
required for normal use of the building are functional, although minor cleanup and repair of 
some items might be required.  Achieving the Operational nonstructural performance level 
requires considerations of many elements beyond those that are normally within the sole 
province of the structural engineer's responsibilities.  For Operational nonstructural 
performance, in addition to ensuring that nonstructural components are properly mounted and 
braced within the structure, it is often necessary to provide emergency standby equipment to 
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provide utility services from external sources that might be disrupted.  It might also be 
necessary to perform qualification testing to ensure that all necessary equipment will function 
during or after strong shaking.   

• Life Safety: "Life Safety" refers to the post-earthquake damage state in which significant damage 
to the structure has occurred but some margin against either partial or total structural collapse 
remains.  Some structural elements and components are severely damaged, but this damage 
has not resulted in large falling debris hazards, either inside or outside the building.  Injuries 
might occur during the earthquake; however, the overall risk of life-threatening injury as a result 
of structural damage is expected to be low.  It should be possible to repair the structure; 
however, for economic reasons, this repair might not be practical.  Although the damaged 
structure is not an imminent collapse risk, it would be prudent to implement structural repairs 
or install temporary bracing before re-occupancy. 

Most of the facilities do not meet the criteria for immediate occupancy, operational nonstructural 
performance, or life safety.  Completion of the structural and nonstructural mitigation measures 
identified in the SEFT report will enable these facilities to meet these occupancy and safety criteria.  The 
degree to which these facilities require mitigation (and the associated cost) vary significantly from one 
facility to the other as discussed later in this Report. 

Table 4-8 Facility Assessment Summary  

Readiness to Meet M9.0 CSZ Earthquake 

Facility 

Immediate Occupancy 

Structural Performance 

Operational Nonstructural 

Performance 

Life Safety Structural 

Performance 

ASR # 1 and #2 Pump 
Station 

No No No 

ASR #4 Pump Station No No No 

ASR #5 Pump Station No No No 

Boone Road Pump Station No No No 

Creekside Pump Station No No No 

Deer Park Pump Station No No No 

Edwards Pump Station No No No 

Limelight Pump Station No No No 

Mountain View Pump 
Station 

No No No 

Salem/Keizer Intertie #1 
Pump Station 

No No No 

Turner Control Facility No No No 

Candalaria Reservoir No No N/A 

Champion Hill Reservoir No No N/A 

Champion Hill Control 
Building 

No No No 

Eola #1B Reservoir No No N/A 

Fairmount Reservoir No No N/A 
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Readiness to Meet M9.0 CSZ Earthquake 

Facility 

Immediate Occupancy 

Structural Performance 

Operational Nonstructural 

Performance 

Life Safety Structural 

Performance 

Fairmount Control 
Building 

No No No 

Grice Hill Reservoir No No N/A 

Grice Hill Control Building No No No 

Lone Oak Reservoir Yes Yes N/A 

Lone Oak Control Building No No No 

Mill Creek #1 Reservoir No No N/A 

Mill Creek #1 Control 
Building 

No No No 

Mountain View Reservoir No No N/A 
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5.0 Water System Risk Assessment 

5.1 Risk Assessment of Pipelines and Vertical Facilities 

A risk assessment approach can support development and execution of a seismic rehabilitation and 
replacement capital improvement strategy. The risk assessment considers both the Consequence of 
Failure (COF) and Likelihood of Failure (LOF) of an asset to rank and prioritize that asset's overall risk. In 
the case of this Report, COF is a measure of the asset's criticality and LOF is a measure of the asset's 
vulnerability to seismic geohazards. Total risk for an asset is the LOF multiplied by the COF.  

Together, the threat and vulnerability of an asset make up that asset's LOF. Assets that have a high LOF 
are those that have both a) physical vulnerabilities to seismic hazards and b) a high likelihood of seismic 
hazards. Assets that have a high COF are those that are part of the water system backbone and are 
critical to supporting fire flow and the critical social/economic needs of the community during the Short-
Term Recovery Phase in the initial days following a CSZ earthquake. It is recommended that high risk 
assets are given higher priority for replacement/retrofit over lower risk assets. 

An asset's risk score is calculated based by multiplying its LOF by its COF.  The risk score may range from 
1 to 25, as shown on Figure 5-1.  

 
Figure 5-1 Range of Potential Risk Scores 

5.1.1 Consequence of Failure  

The COF score for each asset (facility or pipeline segment) is equal to its criticality level. Criticality levels 
were assigned when establishing the system backbone (refer to Section 3.0, Water System Backbone 
Definition). COF values range from 1 to 5, as listed below: 

• 5 – Highly Critical 

• 4 – Critical 

• 3 – Semi Critical 

• 2 – Local Critical 

• 1 – Not Critical/Redundant (not part of the system backbone) 
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A summary of COF scores for the City's backbone facilities is presented in Table 3-4 (as characterized by 
the numerical Criticality Level). COF values for pipelines are assigned in a GIS database. Pipeline segment 
COF scores were coordinated with the COF scores of vertical facilities they connect to, because these 
pipelines and vertical facilities are interdependent. 

5.1.2 Likelihood of Failure for Pipelines 

A LOF score was assigned to each pipeline segment, based upon the number of breaks per 1,000 feet 
within that pipe segment, as shown in Table 5-1.  

Table 5-1 Likelihood of Failure Scores for Pipelines 

Likelihood of Failure Breaks per 1,000 Feet Percentage of Pipelines Miles of Pipeline 

Low (1) <0.1 29.1% 230 

Low to Moderate (2) 0.10 – 0.69 23.4% 185 

Moderate (3) 0.7 – 0.89 19.2% 161 

Moderate to High (4) 0.90 – 1.39 16.6% 115 

High (5) 1.40 – 3.01 13.2% 99 

5.1.3 Risk Assessment for Vertical Facilities 

The LOF, COF, and risk scores for the 22 vertical facilities that were assessed in this project are 
summarized in Table 5-2. 

Table 5-2 Risk Assessment for Vertical Facilities 

Facility 

Service 

Level 

Potential 

Liquefaction 

Potential 

Landslide LOF COF Risk 

Fairmount 
Reservoir G-0   5 5 25 Very High 

Mountain View 
Reservoir G-0   4 5 20 High 

Deer Park Pump 
Station S-1   5 4 20 High 

Edwards Pump 
Station S-1, S-2   5 4 20 High 

Turner Control 
Facility G-0   4 5 20 High 

Lower Croisan 
Pump Station S-2   5 4 20 High 

Mountain View 
Pump Station W-1   4 4 16 Moderate to 

High 

ASR #1 and #2 
Wells S-2   4 4 16 Moderate to 

High 

ASR #5 Well S-2   4 4 16 Moderate to 
High 

Salem/Keizer 
Intertie #1  G-0   4 4 16 Moderate to 

High 
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Facility 

Service 

Level 

Potential 

Liquefaction 

Potential 

Landslide LOF COF Risk 

Boone Road Pump 
Station S-2   4 4 16 Moderate to 

High 

Champion Hill 
Reservoir Control 

Building 
S-3   4 4 16 Moderate to 

High 

Grice Hill 
Reservoir Control 

Building 
W-1   3 4 12 Moderate 

ASR #4 Well S-2   3 4 12 Moderate 

Candalaria 
Reservoir S-1   3 4 12 Moderate 

Champion Hill 
Reservoir S-3   3 4 12 Moderate 

Lone Oak 
Reservoir Control 

Building 
S-2   3 4 12 Moderate 

Mill Creek #1 
Reservoir Control 

Building 
MCCC S-1   3 4 12 Moderate 

Creekside Pump 
Station S-3   3 4 12 Moderate 

Fairmount Pump 
Station S-2   5 1 5 Low 
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6.0 Water System Risk Mitigation Plan 
This section describes the phasing of recommended improvements to address higher risk assets and 
rapidly restore water service after a major earthquake to meet social and economic needs. 
Improvements include replacement and hardening of pipelines and correction of deficiences for vertical 
facilities which were identified through the vulnerability assessment. This risk mitigation plan leverages 
knowledge of pipeline and facility seismic vulnerabilities to develop a long-term plan for implementing 
water system seismic resilience improvements. Recommendations are provided in 15 to 30 year phases 
to allow the flexibly to incorporate these recommendations into the City's capital improvement plan.  

6.1 Capital Program Prioritization Methodology 

The project team developed priorities for the short, medium, and long-term CIP for seismic 
improvements in close consultation with City staff.  The recommended risk mitigation efforts are 
informed by the City's LOS goals. This prioritization is summarized in Table 6-1.  

Table 6-1 Capital Program Terms and Priorities 

Term Priority 
Risk Level of Facilities to 

Be Improved 

Risk Level of Pipelines to 

Be Improved 

Short 
(0 – 15 
Years) 

1. Preserve Water in the System 
2. Convey Treated Water 
3. Implement Alternative Supplies 
4. Complete Studies to Refine 

Understanding of Expected 
System Performance 

Very High  Very High 

High High 

Moderate to High Moderate to High 

Moderate  

Medium 
(10 – 25 
Years) 

5. Harden the Rest of the Backbone 
Low to Moderate  Moderate  

Low Low to Moderate 

Long 
(20 – 50 
years) 

6. Harden Distribution System to 
Reduce the Number of Repairs - Low  

 
In the short term, the City should focus on implementing mitigation that will help to preserve water in 
the system after an earthquake or to convey water to the backbone after an earthquake. As a priority, 
the City should implement the following strategies: 

• Installation of seismic isolation valves installed at all reservoirs (the City already has seismic 
valves installed on a significant number of them) and seismic upgrades on the "very high" to 
"moderate" risk reservoirs and their control buildings. 

• Seismic upgrades to pump stations which are appurtenant to reservoirs. 

The City should also focus on conveyance of treated water to the backbone by hardening the 
transmission lines from Geren Island WTP to critical reservoirs, including to West Salem. The City should 
also implement providing alternative water supplies within this phase. Alternative local water supply 
development (such as drilling of new wells to access groundwater supplies) will provide additional 
supply reliability in the case of an emergency. The City should also complete studies to understand 
system hazards at vertical facilities not assessed as part of this study, such as Franzen Reservoir. As part 
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of the short-term phase, all "moderate" to "very high" risk facilities should be seismically improved and 
all "moderate to high" to "very high" risk pipelines should be hardened.  

In the medium term, the City should focus on hardening the rest of the backbone system so that the 
system will remain operational following a major earthquake. "Low to moderate" and "low" risk facilities 
should be seismically improved and "moderate" and "low to moderate" risk pipelines (all remaining 
pipelines within the backbone system) should be hardened.  

In the long term, the City should focus on hardening the rest of the distribution system to address the 
LOS goals discussed in Section 2.0. The City aims to serve a minimum of 80% of all customers within 1 to 
2 weeks following a M9.0 CSZ earthquake. A limited number of breaks and leaks can be repaired by City 
crews in the days and weeks following an earthquake. To reduce the number of breaks and leaks down 
to an amount that can be quickly repaired by the City following an earthquake, and to meet the LOS 
goals, the City should need to replace most "low" risk pipelines.  

6.2 Basis for Establishing Opinion of Probable Construction Costs 

An Opinion of Probable Construction Cost (OPCC) was developed for each of the major vertical facilities 
and buried infrastructure identified in this Report. The OPCC was developed to the Class 5 (conceptual) 
level of accuracy, as defined by the Association for the Advancement of Cost Engineering (AACE), and 
expected to have an accuracy range from -30% to +50% of actual (2022) costs.   

6.2.1 OPCC Assumptions for Pipelines  

To develop the OPCC for pipelines, unit costs were developed using 1,000 linear feet (LF) of waterline. 
Three different pipe depths and sizes were used, and the costs were averaged to develop representative 
waterline replacement costs.  The following items were included in the OPCC for pipelines:  

• Mobilization. 

• Insurance and bonds. 

• System ties. 

• Shoring for jacking pits. 

• Corrosion protection.  

• Cathodic protection. 

• Fittings allowance. 

• Pavement demolition and replacement over the top of the waterline. 

Markups associated with the OPCC for pipelines varied depending on whether the pipelines were at rail, 
highway, waterway crossings, or not at any of these crossings, as shown in Table 6-2.  

  



City of Salem | Seismic Resiliency Analysis Report 

BLACK & VEATCH | Water System Risk Mitigation Plan 6-3 
 

Table 6-2 Markups Associated with OPCC for Pipelines  

Cost Component Pipelines 
Rail & Highway 

Crossings 

Waterway 

Crossings 

Contingencies1 40% 40% 40% 

Professional Services1 

Engineering 
Construction Management and Inspection 
Permitting 
City Administration, Public Outreach, and Legal 

 
10% 
10% 
5% 
8% 

 
15% 
10% 
8% 
8% 

 
20% 
10% 
10% 
8% 

1 Excludes right-of-way acquisition. 
 
The following items were not included in the water pipeline OPCC: 

• Fire hydrant with a gate valve and 6-inch fire service replacement, tracer wires, and butterfly 
valves. These are anticipated to be a minor additional cost (<$5,000 on a 1,000 LF waterline 
replacement contract) to the project and generally covered by the "fittings allowance" or cost 
contingencies.  

• Program costs (such as City staffing). 

• Service line replacements – City staff noted that concurrent with replacement of the water 
mains, all service lines to the meter connection are also replaced. The waterline database used 
to develop the water pipeline OPCC had 2.5 miles of pipes that are 1.5 inches in diameter or 
smaller, and included pipes as small as 3/4-inch diameter. Therefore, it is possible that the 
service lines are already included, to a degree, in the pipeline database. Service line 
replacements were not explicitly included in the cost estimate to avoid any double-counting.  

6.2.2 OPCC Assumptions for Vertical Facilities  

The OPCC for vertical facilities is based on the detailed recommendations provided in the Technical 
Memorandum, Pump Station and Reservoir Seismic Vulnerability Assessment (September 6th, 2021), 
provided in Appendix C.  As detailed engineering layouts of the proposed improvements were not 
available due to the conceptual nature of this study, the OPCC is largely based on parametric factoring 
of known costs for similar systems and analogous projects with comparable corresponding features and 
sizing. The OPCC for the vertical facilities sites is based the estimating allowances and contingencies 
noted in Table 6-3.  
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Table 6-3 OPCC Markups for Vertical Facilities  

Cost Component Contingency Applied To Vertical Facilities Contingency 

Contractor and subcontractor overhead and 
profit (OH&P), including market condition 
due to current labor availability and supply 
chain issues; mobilization, general conditions 
and field overhead expense 

Direct construction cost 
(labor, materials, and 

equipment) 
Base cost 

Construction contingency Direct construction cost, 
after OH&P 30% 

Professional services1 

Engineering, construction management, 
and inspection 

Construction cost2 30-40% 

Additional contingency at Mountain View 
and Fairmount Reservoir, due to complexity 
of improvements 

Construction and 
engineering costs $200,000 

1 Excludes right-of-way acquisition. 
2 Direct construction cost, after OH&P and construction contingency. 

6.3 Pipeline System Prioritization and Cost Projections 

6.3.1 Prioritization Approach  

Pipeline work is prioritized based on risk using a combination of the LOF and COF scores.  This resulted in 
the suggested phasing of improvements shown in Table 6-1. A summary of pipeline breaks and pipe 
length in miles for each LOF and COF is provided in Table 6-4, which is color-coded as follows: 

• Red represents "high risk" and "very high risk" pipelines that have a COF and LOF of 5. "High 
risk" pipelines are those in pink that are not classified as "very high risk" and have an LOF of 4 
paired with a COF of 5, or a COF of 4 paired with an LOF of 5. 

• Orange represents "moderate to high risk" pipelines. 

• Yellow represents "moderate risk" pipelines. 

• Dark green represents "low risk" pipelines. 

• Cells that are not color coded represent "very low risk" pipelines that have a COF of 1. These 
pipelines are not part of the system backbone. 
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Table 6-4 Pipeline Risk Matrix 

 

Pipelines with an LOF of 1 do not require hardening because the number of breaks are anticipated to be 
almost zero due to either the low potential for seismic geohazards and/or the high anticipated resilience 
of that pipeline to withstand earthquake damage. Pipes that have an LOF of 1 and a COF of 1 represent 
230 miles of pipeline, but are only forecasted to have three breaks, which can be repaired quickly by 
staff following an earthquake. 

Pipelines with an LOF of 2 and a COF of 1 should be the City's lowest priority for hardening. These pipes 
represent 185 miles of pipeline, which equate to approximately 20% of the City's pipeline system by 
length. The LOS goals allow for a longer duration of time for bringing 20% of customers back into 
operation following a CSZ earthquake, which gives the City time to repair leaks and breaks as needed to 
restore system operation. Therefore, for this risk category, pipe replacement was not included in the 
cost projections. Twenty percent of the City's pipeline system does not equate to 20% of customers 
served, but length of pipe in miles was used as a surrogate until the City develops a more in-depth 
analysis.   

Within a given risk level, the City could further prioritize replacement based upon the existing pipeline 
materials using the K1 and K2 values from Table 4-4 (i.e., prioritize replacement of pipeline materials 
with higher K1 and K2 values over pipelines materials with lower K1 and K2 values). For example, cast 
iron pipe has historically been highly vulnerable to both PGD and PGV/shaking, because it is brittle and 
succeptible to cracking. The joints are typically leaded and rigid. Even small movements will cause them 
to leak.  Larger movements cause the pipe bells to break and/or the joints to separate.  

6.3.2 Pipeline Mitigations 

Pipeline joint systems and materials heavily influence a pipeline's ability to withstand the effects of 
earthquakes. Pipeline joints within seismically vulnerable areas should be designed to allow movement 
and/or deformation without joint failure when subjected to seismic forces. Pipe material should be 
designed to withstand shear and compression forces without local buckling. The overall system (joints 
and pipe material) should accommodate a certain amount of strain. Table 6-5 presents the 
recommended approach for selection of various pipe materials under different conditions.  

COF Breaks
Pipe Length 

(miles) Breaks
Pipe Length 

(miles) Breaks
Pipe Length 

(miles) Breaks
Pipe Length 

(miles) Breaks
Pipe Length 

(miles)
5 0 3 13 5 8 2 104 17 91 10
4 0 18 52 22 57 13 101 17 69 8
3 0 3 2 1 4 1 24 4 48 5
2 0 5 12 5 8 2 16 3 11 1
1 3 230 416 185 704 161 692 115 936 99

5

LOF

1 2 3 4
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Table 6-5 Pipe Replacement Material Selection 

Selection 

Criteria 

Steel (Butt 

Welded) 

Steel (Lap 

Welded) 

DIP 

(Earthquake 

Resistant 

Joints)6 

DIP 

(Mechanically 

Restrained 

Joints, not 

Wedges) HDPE 

PVCO7 with 

Seismic 

Restrained 

Joints 

PVCO7 with 

Double 

Depth Bell 

Cost per inch-
Diameter/LF 
($)1 

45 54 54 45 32 15 15 

Highway, 
creek, or rail 
crossing2 

       

48" diameter 
or greater 

 
 

 
 

   

24"≤ diameter 
< 48" 

       

12"< diameter 
<24" 

       

12" diameter 
or smaller3 

       

PGD > 4"  
 

 COF ≤ 3   COF ≤ 3 

Corrosive soil 
conditions4 

With 
corrosion 
protection 

With 
corrosion 
protection 

With 
corrosion 
protection 

With corrosion 
protection 

   

"Very Strong" 
ground 
shaking5 

 COF ≤ 3  COF ≤ 3   COF ≤ 3 

1 Does not include contingencies or engineering costs. 
2 Additional costs associated with trenchless construction.  
3 Except service lines, which are generally constructed of copper tubing.  
4 Steel corrosion potential is moderate or high, according to mapped corrosion of steel potential from the United States 

Department of Agriculture Natural Resources Conservation Service Web Soil Survey. 
https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm  

5 Very strong ground shaking is characteristic of areas which have PGVs higher than 24 inches per second. Pipelines in the 
City are not anticipated to have PGV values higher than 24 inches per second.  

6 Earthquake resistant joints are restrained but allow longitudinal movement.   
7 PVCO is molecularly-oriented PVC (AWWA C-909). 

 
Empirical leak and break rates associated with modern piping alternatives, such as welded steel, 
earthquake-restrained ductile iron pipe (DIP), mechanically restrained ductile iron pipe, high density 
polyethylene (HDPE), and molecular-oriented polyvinyl chloride (PVCO) are not readily available. Much 
more research on leaks and breaks is available for historic piping materials such as ductile iron, cast iron, 
and asbestos concrete, which characterize the majority of most water distribution systems. Therefore, it 
is difficult to quantify the impact of replacing older pipe materials with newer pipe materials. Future 
research, conducted following future earthquakes in areas that have seismically hardened systems, can 
help to clarify break rates associated with various modern joint and material systems.   

PVCO has successfully undergone extreme earthquake testing at the seismic pipe lab at Cornell 
University. PVC (AWWA C-900) pipe is inherently brittle and has been known for cracks to propagate the 
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full length of the pipe in non-earthquake conditions. PVC was installed in Christchurch, New Zealand, 
and subjected to the 2011 earthquake. It suffered significant damage which resulted in many utilities 
transitioning to use of HDPE or PVCO in liquefiable soils. 

Another area of emerging research is to what degree cured-in-place pipe (CIPP) provides seismic 
resilience. Rehabilitating a pipe with CIPP is a cost-effective means of extending a pipeline's expected 
useful life. A CIPP liner converts a jointed pipe to a continuous pipeline, and more joint stability can 
reduce the rate of breaks and leaks, resulting in less potential for damage during an earthquake. City 
staff are encouraged to keep track of pipelines that are already CIPP-rehabilitated when prioritizing 
pipes for repair and stay on top of current research regarding CIPP and seismic performance.  

6.3.3 Cost Projections  

For the purposes of developing the cost projections for this Report, assumptions were made about the 
pipeline replacement material, as shown in Table 6-6. It is noted that PVC and HDPE do not currently 
meet City design standards, but they are more cost-effective than steel and ductile iron pipes. Due to 
the large number of pipes that would need to be replaced to support the system backbone and 
distribution system as a whole in the event of a CSZ earthquake, the City should consider using these 
materials in seismically vulnerable areas, if they are appropriate for the site conditions, to reduce costs. 
The actual pipeline material selected for replacement will be determined later, during design of the 
pipeline improvements. The costs for pipeline system improvements for the Center Street Bridges are 
not included in the cost projections. 

Table 6-6 OPCC Assumed Replacement Materials for Pipelines 

Pipe Size Assumed Replacement Material 

Mains (≤12") PVC C-909 Brute Deep Bell  

Distribution Pipelines (>12" and ≤42") HDPE 

Transmission Pipelines (>42") Steel Pipe Butt Weld  
A summary of the anticipated pipeline replacement costs in each risk category (not including 
replacement of LOF 1 pipes, which are not anticipated to fail, and COF 1/LOF 2 pipes, which should be 
repaired following an earthquake) is presented on Figure 6-1.  

 
Figure 6-1 Summary of Pipeline Costs in Each Risk Category 
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6.4 Vertical Facilities Prioritization and Cost Projections 

6.4.1 Prioritization Approach 

Vertical facilities are prioritized using their risk scores, as shown in Table 5-2. Suggested phasing of 
improvements to these facilities is shown in Table 6-1. In the near term (in the earlier part of the Short-
Term phase of Table 6-1), it is recommended that the City implement a seismic retrofit program to 
address life safety seismic deficiencies for water system structures that are frequently accessed by City 
staff and contractors. 

6.4.2 Vertical Facility Mitigations 

An approximate, high-level summary of recommended vertical facility mitigations are presented in Table 
6-7 and Table 6-8. Refer to Section 4.0 of Appendix C for full mitigation concepts and details.  

Table 6-7 Summary of Recommended Mitigations Measures at Reservoirs 

Reservoir Summary of Recommendations  

Candalaria 

• Perform an ASCE 41 Tier 2 assessment on the reservoir column reinforcement.  
• Install stainless steel plates to connect riser, base, and lid to the precast construction 

joints in the vault. 
• Repair any leaking precast joints with polyurethane resin or similar method in the vault.  
• Verify pipe materials in the reservoir.  
• Evaluate the adequacy of the overflow pipe and valve operator rise shafts to resist seismic 

forces in the vault. 
• Install lateral bracing of the overflow pipe and valve operator riser shafts in the vault. 
• Verify pipe and pump bracing in the vault, install as required. 

Champion Hill 

Reservoir 
• Perform a geotechnical study to evaluate liquefaction hazard. 
• Perform an ASCE Tier 2 assessment on the reservoir column reinforcement.  
• Anchor pipe support pedestals.  
Control Building 
• Perform a geotechnical study to evaluate liquefaction hazard. 
• Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 

connection.  
• Install blocking support and boundary nailing to support roof sheathing.  
• Install metal connector hardware to provide a vertical connection between the roof 

trusses and kicker brace frames. 
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 
• Install blocking and metal connector hardware to provide connection from ceiling to walls 

for seismic force transfer.  
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Reservoir Summary of Recommendations  

Eola #1B 

• Investigate extent and impact of circumferential concrete cracks. 
• Perform an ASCE Tier 2 assessment on the reservoir column reinforcement.  
• Investigate concrete deterioration near the lid connection of the valve vault. 
• Install stainless steel plates to connect riser, base, and lid to the precast construction 

joints in the vault. 
• Repair any leaking precast joints with polyurethane resin or similar method in the vault.  
• Assess pipe and valve's adequacy to resist seismic force.  

Fairmount 

Reservoir 
• Add 6-inch layer of shotcrete at the inside face of the perimeter walls and footings.  
• Install stainless steel connections along the roof expansion joints. 
• Install anchors between roof slab and the walls.  
• Investigate interaction between the Fairmont Reservoir and the Fairmont Reservoir 

Control Building. 
• Perform an ASCE Tier 2 assessment on the reservoir column reinforcement.  
• Verify pipe materials in the reservoir. 
Control Building 
• Conduct detailed structural seismic assessment.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping.  
• Verify connection of the motor to the top of the steel motor support. 
• Replace any cast iron pipe and fittings. 
• Replace any piping, valves, or fittings with corrosion damage. 

Grice Hill 

Reservoir 
• Perform an ASCE Tier 2 assessment on the reservoir column reinforcement.  
• Install connection brackets to anchor pipe support pedestals. 
Control Building 
• Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 

connection.  
• Install blocking support and boundary nailing to support roof sheathing.  
• Install metal connector hardware to provide a vertical connection between the roof 

trusses and kicker brace frames. 
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 

Lone Oak 

Control Building 
• Source design drawings and calculations and preform a follow up ASCE 41 Tier 1 

evaluation. 
• Provide pipe, pump, and additional bracing for building elements.  
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Reservoir Summary of Recommendations  

Mill Creek #1 

Reservoir 
• Perform an ASCE Tier 2 assessment on the reservoir column reinforcement.  
• Install connection brackets to anchor pipe support pedestals.  
• Install diagonal bracing between stair landing support posts. 

Control Building 
• Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 

connection.  
• Install blocking support and boundary nailing to support roof sheathing.  
• Source design drawings and evaluate the adequacy of the load path from the roof to the 

masonry walls. 
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 
• Install blocking and metal connector hardware to provide connection from ceiling to walls 

for seismic force transfer. 

Mountain View 

• Install seismic restraint between the reservoir walls and foundation. 
• Operate the reservoir at a lower maximum elevation to reduce hydrodynamic forces and 

avoid a seismic retrofit.  
Or  

• Re-wrap the core wall with circumferential prestressing strands encased with shotcrete. 
• Install fiber reinforced polymer wrapping around columns. 
• Verify pipe material.  

Note: This table is not fully inclusive. Refer to Section 4.0 of Appendix C for full mitigation concepts and details. 

 

Table 6-8 Summary of Pump Station and Control Facilities Recommendations 

Pump Station/ 

Control Facility Summary of Recommendations 

ASR #1 and #2 

• Verify load path at roof step between the masonry walls. 
• Verify roof sheathing. 
• Install vertical steel angles where the east-west concrete masonry unit (CMU) walls 

interface with west wall of ASR #1 structure. 
• Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 

connection.  
• Verify masonry wall vertical reinforcement.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping.  
• Verify concrete pillar reinforcement adequacy.   

ASR #4 

• Verify roof sheathing. 
• Investigate roof diaphragm capacity to transfer seismic forces due to hatch.  
•  Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 

connection.  
• Verify masonry wall vertical reinforcement.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 



City of Salem | Seismic Resiliency Analysis Report 

BLACK & VEATCH | Water System Risk Mitigation Plan 6-11 
 

Pump Station/ 

Control Facility Summary of Recommendations 

ASR #5 

• Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 
connection. 

• Investigate ceiling diaphragm connection to masonry walls. 
• Verify ceiling nail size and spacing.  
• Verify masonry wall vertical reinforcement.  
• Investigate the adequacy of free-standing masonry wall to resist seismic forces without 

additional bracing. 
• Investigate extent of corrosion damage to steel column and repair.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 

Boone Road 

• Investigate gable end framing, sheathing nailing, and connection details to roof.  
• Install wood panel overlay to existing sheathing.  
• Install sub-diaphragm framing and connection hardware to repair roof and wall bracing.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 
• Verify connection of the motor to the top of the steel motor support. 

Creekside 

• Verify existing roof sheathing to truss nailing.  
• Verify roof to masonry wall connection and install new shaped blocking and Simpson A35 

clips for masonry walls and roof truss connection.  
• Install plywood, blocking, steel straps, and metal connector hardware to repair CMU wall 

bracing.  
• Verify the roof sheathing and gable end masonry wall op plate connection.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 
• Verify connection of the motor to the top of the steel motor support. 

Deer Park 

• Verify the size and location of masonry wall reinforcement.  
• Replace roof and install out-of-plane bracing to perimeter and interior masonry walls.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 

Edwards  

• Perform a geotechnical study to investigate liquefaction and lateral spreading.  
• Replace the entire structure.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 
• Verify connection of the motor to the top of the steel motor support. 

Limelight 

• Investigate extent and impact of vertical cracks in masonry shear walls.  
• Verify roof sheathing and truss nailing. 
• Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 

connection.  
• Install plywood, blocking, steel straps, and metal connector hardware to repair CMU wall 

bracing.  
• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 
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Pump Station/ 

Control Facility Summary of Recommendations 

Mountain View 

• Install plywood/sheathing, framing/blocking, and connector hardware to provide a load 
path between the roof and interior masonry walls.  

• Verify roof to masonry wall connection and install new shaped blocking and Simpson A35 
clips for masonry walls and roof truss connection.  

• Install plywood, blocking, steel straps, and metal connector hardware to repair CMU wall 
bracing.  

• Provide pipe, pump, and additional bracing for building elements.  
• Install flexible couplings between the pumps and connected piping. 
• Verify connection of the motor to the top of the steel motor support. 
• Install anchorage/positive connection between the strut and masonry shear wall for 

seismic demands. 

Salem/Keizer 
Intertie #1 

• Perform a geotechnical study to investigate liquefaction and lateral spreading.  
• Investigate the gap between the City pump station and the City of Keizer building. 
• Install shaped blocking and boundary nailing to correct the gap in the roof sheathing.  
• Install new shaped blocking and Simpson A35 clips for masonry walls and roof truss 

connection.  
• Install flexible joints where water system piping penetrates through the pump station 

floor. 
• Install flexible couplings between the pumps and connected piping. 
• Verify connection of the motor to the top of the steel motor support. 
• Install anchorage/positive connection between the strut and masonry shear wall for 

seismic demands. 

Turner Control 
Facility 

• Perform a geotechnical study to investigate liquefaction and lateral spreading.  
• Verify the roof sheathing to masonry wall top plate connections.  
• Install fasteners between roof sheathing and outrigger.  
• Perform a geotechnical study to investigate liquefaction and lateral spreading.  
• Install flexible couplings between the pumps and connected piping. 
• Verify connection of the motor to the top of the steel motor support. 
• Install anchorage/positive connection between the strut and masonry shear wall for 

seismic demands. 
Note: This table is not fully inclusive. Refer to Section 4.0 of Appendix C for full mitigation concepts and details. 
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6.4.3 Cost Projections  

For each vertical facility assessed, costs were developed for (1) addressing known issues identified 
through the seismic vulnerability assessment, (2) additional studies recommended by the seismic 
vulnerability assessment, and (3) work identified from additional studies. These costs are broken into 
short and medium term CIP phases in Table 6-9.  

Table 6-9 Short- and Medium-Term Vertical Facility CIP Projections 

Facility Known Issues 

Additional 

Studies 

Potential 

Additional Work1 Total 

Short-Term CIP (Years 0-15) 

ASR 1&2 $180,000 $49,000 $100,000 $329,000 
ASR 4 $100,000 $36,000 None $136,000 
ASR 5 $60,000 $65,000 $170,000 $295,000 
Creekside PS $120,000 $94,000 $80,000 $294,000 
Deer Park PS $130,000 $62,000 $190,000 $382,000 
Mountain View PS $230,000 $11,000 $30,000 $271,000 
Salem Keiser Intertie #1 $140,000 $21,000 $10,000 $171,000 
Turner Control Facility $70,000 $29,000 $100,000 $199,000 
Candalaria Reservoir $10,000 $101,000 $240,000 $351,000 
Champion Hill Reservoir $100,000 $8,000 None $108,000 
Champion Hill Reservoir 
Control Bldg 

$180,000 $6,000 $10,000 $196,000 

Edwards PS $190,000 $11,000 $810,000 $1,011,000 
Fairmount Reservoir $2,650,000 $29,000 $390,000 $2,869,000 
Fairmount Res. Control Bldg $140,000 $18,000 $30,000 $188,000 
Grice Hill Res Control Bldg $150,000 None None $150,000 
Lone Oak Res. Cntrl Bldg $30,000 $44,000 $10,000 $84,000 
Mill  Creek Reservoir $40,000 $8,000 $940,000 $988,000 
Mill Creek#1 Res. Cntrl. Bldg $60,000 $44,000 $150,000 $254,000 
Mountain View Reservoir $3,790,000 None $70,000 $3,660,000 
Eolia 1B Seismic Valve $200,000 None None $200,000 
Subtotal – Short-Term CIP  $8,570,000 $636,000 $3,330,000 $12,136,000 

Medium-Term CIP (Years 20-30) 
Boone Road PS $110,000 $25,000 $140,000 $275,000 
Limelight PS $100,000 $67,000 $310,000 $477,000 
Eola #1B Reservoir $80,000 $8,000 $20,000 $108,000 
Grice Hill Reservoir $20,000 None $20,000 $40,000 
Lone Oak Reservoir None None None None 
Subtotal – Medium-Term CIP $310,000 $100,000 $490,000 $900,000 

Total CIP  $8.88M $0.74M $3.82M $13.04M 
1This includes estimated costs for remedial measures that may arise from the additional studies; these additional studies 
would further define the nature, extent, and cost of this remedial work.   
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6.5 Seismic Capital Recommendations Summary 

A summary of the priorities and total costs for the short, medium, and long term are presented in Table 
6-10. 

Table 6-10 Seismic Improvements Phasing and Cost Summary 

Term Priority 

Risk Level of Facilities to Be 

Improved 

Risk Level of Pipelines to Be 

Improved 

Short 
(0 – 15 Years) 

1. Preserve Water in the System 
2. Convey Treated Water 
3. Implement Alternative Supplies 
4. Complete Studies to Understand 

System Hazards  

Very High  Very High 

High High 

Moderate to High Moderate to High 

Moderate  

Total Cost (Short Term) $8.61 - 12M $1.82B 

Medium 
(10 – 25 Years) 

5. Harden the Rest of the Backbone 
Low to Moderate  Moderate  

Low Low to Moderate 

Total Cost (Medium Term) $0.41 - 0.90M $0.56B 

Long 
(20 – 50 years) 

6. Harden Distribution System to 
Reduce the Number of Repairs - Low  

Total Cost (Long Term) $0 $1.27B 

6.6 Opportunities for Further Study and System Improvements 

It is recommended that the City consider the following noncapital improvements to further mitigate the 
risk of a CSZ earthquake: 

• Emergency Contractors. Staffing shortages and the ability of the City to mobilize contractors can 
impact the City's ability to respond to an emergency. The provision of standing emergency 
contracts with pipeline contractors and maintaining adequate staffing levels can help to improve 
the City's resilience and promote a quicker response to an emergency. It is recommended that 
the City consider the use of emergency contracts. 

• Public Emergency Preparedness. The public can take certain steps to mitigate the impacts of a 
natural disaster. For example, maintaining a 2-week water supply and understanding where to 
find an emergency shelter are two steps that can mitigate the impact of an earthquake. Public 
outreach can help to promote preparedness. 

• Funding Assessment. It is recommended that the City conduct a funding assessment and apply 
for alternative financing to support seismic resiliency improvements. It is also recommended 
that the City analyze staffing and funding constraints to help fully develop a sustainable 
program.  

• Seismic Upgrade Program. It is recommended that the City develop a program for transmission 
pipelines and distribution pipelines which specify replacement materials to be used to promote 
seismic resiliency if those pipes are at risk of damage during a CSZ earthquake. It is 
recommended that new subdivisions that are developed in seismically vulnerable areas use 
seismically resistant materials for new pipelines. It is noted that PVC and HDPE do not currently 
meet City design standards, but they are more cost-effective than steel and ductile iron pipes. 
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The City should consider revising the City standards to allow use of these materials in seismically 
vulnerable areas if they are appropriate for the site conditions. 

• Integrate Seismic Vulnerabilities with Water Master Plan. The City is undertaking a Water 
Master Plan that will identify hydraulic and structural deficiencies. It is recommended that the 
pipelines and vertical facilities that are identified as high priority in this seismic resiliency study 
be similarly prioritized in the master plan. Furthermore, it is recommended that system outage 
scenarios and their impact to the City's backbone system are evaluated in the master plan or as 
a separate effort.  

It is also recommended that the City consider the following future studies and system improvements to 
further mitigate the risk of a CSZ earthquake:   

• Valve Isolation Analysis. The system can be modeled to determine: (1) valves that must be 
closed to isolate the backbone and (2) how to prioritize those valves considering the number of 
valves that can be closed each day in an emergency. The number of valves that can be closed in 
a day depends upon the number of field crews that are available during an emergency to 
perform this service. A valve isolation analysis can be used to develop a workflow and strategy 
for valve isolation and should consider both valve and hydrant flushing.   

• Operations & Maintenance (O&M) Inventory Assessment. An O&M inventory assessment will 
enable the City to know what inventory of materials should be kept on hand in case of an 
emergency, such as pipe clamps, couplings, pipe materials, or chemicals. Materials stored for an 
emergency must also be stored safely in case they are not needed for a long time. Storage of 
materials can be costly, especially for large diameter pipes, but it is useful to have some 
materials on hand so that supply chain delays will not have large impacts on the City's disaster 
response. This assessment can also review the use of inflatable pipes on a temporary basis, such 
as to direct water across a street. 

• Center Street Bridge Improvements Design. As a follow up to the recommendations provided in 
Subection 4.2.3 for the Center Street Bridge, additional design work is necessary to improve the 
pipeline performance during an earthquake and be able to adapt to differential settlement 
without pipe failure. The City is currently scoping the replacement of this line as part of ODOT's 
seismic retrofit of Center Street Bridge. 

• Development of Alternative Water Supplies. It is recommended that the City consider 
implementation of alternative water supplies. The City currently operates four ASR wells and is 
considering constructing emergency well at additional locations. Wells located near the City's 
critical customers can offset some of the demand on the distribution system, which will not be 
hardened in the short term except for "very high," "high," and "moderate to high" pipeline 
segments. Because wells located in liquefiable soils are prone to seismic failure , it is 
recommended that the City site wells in areas with low liquefaction and landslide potential to 
safeguard the integrity of these wells during a seismic event. 

• Seismic Evaluation of Remaining Water System Structures. It is recommended that the City 
conduct seismic evaluations of the remaining inventory of water system structures (pump 
stations, reservoirs, communications towers, etc.) as part of a future project. A key component 
of these evaluations is the assessment of Franzen Reservoir.  
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• Hydrants and Seismic Shutoff Valves. It is recommended that the City consider installing 
hydrants between the reservoirs and seismic isolation valves so that stored water can be 
accessed by the City staff and the City Fire Department. The majority of the City's reservoirs 
have seismic shutoff valves to preserve water storage. However, the reservoir sites with seismic 
shutoff valves seem to be lacking hydrants that are connected between the reservoir and the 
seismic valve. As a result, fire trucks may not currently have a way to access the water stored in 
the reservoirs after the seismic valves close. As part of the City's resilience implementation plan, 
it is recommended that a hydrant is installed between the connection between each of the 
reservoirs and its seismic shutoff valve. 

• Evaluate Improvement Alternatives. It is recommended that the City evaluate improvement 
alternatives for the transmission main alignments and for opportunities to serve West Salem 
during a CSZ earthquake.  
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Appendix A

Critical Social/Economic Needs: Name and Address List

Parcel Description Address City GIS PLACE_TYPE

Hospitals

SALEM HOSPITAL 1002 BELLEVUE ST SE Health Care Clinic or Service
SALEM HOSPITAL 2455 FRANZEN ST NE Health Care Clinic or Service
SALEM HOSPITAL 2561 CENTER ST NE Health Care Clinic or Service
SALEM HOSPITAL 3300 & 3310 STATE ST Health Care Clinic or Service
SALEM HOSPITAL 665 & 699 WINTER ST SE Hospital / Health Care Complex
SALEM HOSPITAL 698 12TH ST SE Health Care Clinic or Service
SALEM HOSPITAL 875, 939, & 1127 OAK ST SE Hospital / Health Care Complex
SALEM HOSPITAL 1073 OAK ST SE Health Care Clinic or Service
SALEM HOSPITAL 985 MISSION ST SE Health Care Clinic or Service
SALEM HOSPITAL REGIONAL LABORATORY 869 MEDICAL CENTER DR NE Health Care Clinic or Service
Urgent Care Centers

KAISER PERMANENTE NORTH LANCASTER 2400 LANCASTER DR NE Health Care Clinic or Service
MEND CLINIC ORTHOPEDIC URGENT CARE 2936 COMMERCIAL ST SE Health Care Clinic or Service
SALEM CLINIC 2020 CAPITOL ST NE Health Care Clinic or Service
SALEM CLINIC SOUTH 2531 BOONE RD SE Health Care Clinic or Service
SALEM HEALTH MEDICAL CLINIC 1049 EDGEWATER ST NW Health Care Clinic or Service
SOUTH SALEM IMMEDIATE CARE CLINIC 3777 COMMERCIAL ST SE Health Care Clinic or Service
SWIFTCARE 560 Wallace Rd NW Suite 140 BV_ADDED
Dialysis Centers

DAVITA DIALYSIS 1220 LIBERTY ST NE Health Care Clinic or Service
DAVITA DIALYSIS 645 9TH ST NW STE 145 BV_ADDED
DAVITA DIALYSIS 421 LANCASTER DR NE BV_ADDED
DAVITA DIALYSIS 4792 PORTLAND RD NE BV_ADDED
DAVITA DIALYSIS 3550 LIBERTY RD S STE 100 BV_ADDED
FRESENIUS KIDNEY CARE 1060 2ND ST NW Health Care Clinic or Service
FRESENIUS KIDNEY CARE 440 LANCASTER DR NE BV_ADDED
City of Salem Critical Services

CITY HALL 1320 EDGEWATER ST NW Office Business
CITY OF SALEM INFORMATION TECHNOLOGY 295 CHURCH ST SE Multi-Use Building
SALEM AIRPORT TERMINAL BUILDING / SALEM AIRPORT TOWER 2990 & 3000 25TH ST SE Airport Terminal, Runway or Support Facility

SALEM CITY SHOPS COMPLEX
1388 - 1590 20TH ST SE
1395 - 1582 22ND ST SE

Salem City Facility

SALEM FIRE STATION 11 1970 ORCHARD HEIGHTS RD NW Salem City Fire Station
SALEM FIRE STATION 8 4000 LANCASTER DR NE Salem City Fire Station
SALEM FIRE STATION 7 5021 LIBERTY RD S Salem City Fire Station
SALEM MAIN LIBRARY 1400 BROADWAY ST NE Service Business
SALEM POLICE DEPT EMERGENCY SERVICES BUILDING 4730 LIBERTY RD S Salem City Facility
SALEM POLICE FACILITY 333 DIVISION ST NE Municipal Police Station
WILLAMETTE VALLEY COMMUNICATIONS CENTER 595 COTTAGE ST NE Salem City Facility
State of Oregon Critical Services

ANDERSON READINESS CENTER 3225 STATE ST State Government Facility
ARMY AVIATION SUPPORT FACILITY 1921 TURNER RD SE State Government Facility
CAPITOL BUILDING 900 COURT ST NE State Government Facility
DEPARTMENT OF AVIATION 3040 25TH ST SE State Government Facility
DEPT OF ADMINISTRATIVE SERVICES 155 COTTAGE ST NE State Government Facility
DEPT OF ENERGY 550 CAPITOL ST NE State Government Facility

DEPT OF FORESTRY
2600 STATE ST
2600 LEE ST SE

State Government Facility

HUMAN SERVICES BUILDING 500 SUMMER ST NE State Government Facility

ODOT
455 & 885 AIRPORT RD SE
1158 & 1178 CHEMEKETA ST NE
4040 FAIRVIEW INDUSTRIAL DR SE

State Government Facility

ODOT AUTO MAINTENANCE 2480 TURNER RD SE State Government Facility
ODOT MATERIALS LAB 800 AIRPORT RD SE State Government Facility
ODOT MILL CREEK BUILDING 555 13TH ST NE State Government Facility
ODOT SAFE HAVEN 1144 CENTER ST NE State Government Facility
ODOT TRAFFIC SIGNAL DIVISION 2445 LIBERTY ST NE State Government Facility
OREGON LOTTERY BUILDING 500 AIRPORT RD SE State Government Facility
OREGON PUBLIC SAFETY ACADEMY 4190 AUMSVILLE HW SE State Government Facility
OREGON STATE FAIRGROUNDS 2330 17TH ST NE State Government Facility
OREGON STATE HOSPITAL 2600 CENTER ST NE State Government Facility
OREGON STATE POLICE OFFICE 3545 & 3565 TRELSTAD AV SE State Police Station / Facility
PUBLIC SERVICE BUILDING 255 CAPITOL ST NE State Government Facility
PUBLIC UTILITY COMMISSION 201 HIGH ST SE Office Business
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Critical Social/Economic Needs: Name and Address List

Parcel Description Address City GIS PLACE_TYPE

State of Oregon Critical Services (Cont.)

SANTIAM CORRECTIONAL INSTITUTION 4005 AUMSVILLE HW SE State Government Facility
STATE DATA CENTER 530 AIRPORT RD SE State Government Facility
STATE LIBRARY BUILDING 250 WINTER ST NE Library / Research Facility
STATE MOTOR POOL 1100 AIRPORT RD SE State Government Facility
SUPREME COURT BUILDING 1163 STATE ST State Government Facility
TRANSPORTATION BUILDING 355 CAPITOL ST NE State Government Facility
Marion County Critical Services

MARION COUNTY COURTHOUSE 100 HIGH ST NE County Government Facility
MARION COUNTY HEALTH 2045 SILVERTON RD NE County Government Facility
MARION COUNTY HEALTH DEPT 3180 CENTER ST NE County Government Facility
MARION COUNTY OFFICE BUILDING 555 COURT ST NE Office Business
Correctional Facilities

HILLCREST YOUTH CORRECTIONAL FACILITY 2450 STRONG RD SE State Government Facility
MARION COUNTY CORRECTIONAL FACILITY 4000 AUMSVILLE HW SE County Government Facility
MARION COUNTY JUVENILE DEPT DETENTION CENTER 2970 CENTER ST NE County Government Facility
MILL CREEK CORRECTIONAL FACILITY 5400 , 5465, & 5471  TURNER RD SE State Government Facility
OREGON STATE CORRECTIONAL INSTITUTION 3405 DEER PARK DR SE State Government Facility
STATE PENITENTIARY 2605 STATE ST State Government Facility
STATE PENITENTIARY MINIMUM 2809 STATE ST State Government Facility

AUBURN ELEMENTARY SCHOOL 4612 AUBURN RD NE Public Elementary School
BATTLE CREEK ELEMENTARY SCHOOL 1640 WALN DR SE Public Elementary School
BRUSH COLLEGE ELEMENTARY SCHOOL 2623 DOAKS FERRY RD NW Public Elementary School
CHEMEKETA COMMUNITY COLLEGE 4000 LANCASTER DR NE Community College
CORBAN UNIVERSITY 5000 DEER PARK DR SE College / University Building
CROSSLER MIDDLE SCHOOL 1155 DAVIS RD S Public Middle School
HOUCK MIDDLE SCHOOL 1155 CONNECTICUT ST SE Public Middle School
JUDSON MIDDLE SCHOOL 4512 JONES RD SE Public Middle School
LESLIE MIDDLE SCHOOL 3850 PRINGLE RD SE Public Middle School
MCKAY HIGH SCHOOL 2440 LANCASTER DR NE Public High School
NORTH SALEM HIGH SCHOOL 765 14TH ST NE Public High School
PARRISH MIDDLE SCHOOL 802 CAPITOL ST NE Public Middle School
PUTNAM UNIVERSITY CENTER 935 MILL ST SE College / University Building
ROBERT W STRAUB MIDDLE SCHOOL 1920 WILMINGTON AV NW Public Middle School
ROBERTS HIGH SCHOOL-STATE STREET CAMPUS 3620 STATE ST Public Alternative High School
SALEM CONVENTION CENTER 200 COMMERCIAL ST SE Assembly / Exhibition Hall
SOUTH SALEM HIGH SCHOOL 1910 CHURCH ST SE Public High School
SPRAGUE HIGH SCHOOL 2373 KUEBLER RD S Public High School
STEPHENS MIDDLE SCHOOL 4962 HAYESVILLE DR NE Public Middle School
TOKYO INTERNATIONAL UNIVERSITY OF AMERICA 1300 MILL ST SE College / University Building
WALDO MIDDLE SCHOOL 2805 LANSING AV NE Public Middle School
WALKER MIDDLE SCHOOL 1075 8TH ST NW Public Middle School
WEST SALEM HIGH SCHOOL 1655 DOAKS FERRY RD NW Public High School
Community Water Distribution Points

CASCADES GATEWAY PARK 2100 TURNER RD SE Developed City, County or State Park / Area
LIMELIGHT WATER PUMP STATION 880 VAN BUREN DR NW Public Water Pump Station
RIVER ROAD PARK 3045 RIVER RD N Developed City, County or State Park / Area
SALEM CITY SHOPS BUILDING 16 WATER STORAGE 1440 20TH ST SE Salem City Facility
SALEM FIRE STATION 1 370 TRADE ST SE Salem City Fire Station
SALEM FIRE STATION 2 875 MADISON ST NE Salem City Fire Station
SALEM FIRE STATION 3 1884 LANSING AV NE Salem City Fire Station
SALEM FIRE STATION 4 200 ALICE AV S Salem City Fire Station
SALEM FIRE STATION 5 1520 GLEN CREEK RD NW Salem City Fire Station
SALEM FIRE STATION 6 2740 25TH ST SE Salem City Fire Station
SALEM FIRE STATION 7 1970 ORCHARD HEIGHTS RD NW Salem City Fire Station
SALEM FIRE STATION 8 4000 LANCASTER DR NE Salem City Fire Station
SALEM FIRE STATION 9 5080 BATTLE CREEK RD SE Salem City Fire Station
SALEM FIRE STATION 10 3611 STATE ST Salem City Fire Station
SALEM FIRE STATION 11 5021 LIBERTY RD S Salem City Fire Station
SALEM/KEISER INTERTIE #1 (CHERRY AVE BOOSTER) 4000 BLOCK CHERRY AVE NE Public Water Pump Station
SOUTH RIVER ROAD WATER PUMP STATION 3285 RIVER RD S Public Water Pump Station
TURNER CONTROL WATER FACILITY 7100 3RD ST SE Public Water Facility
WEATHERS STREET PARK 4188 WEATHERS ST NE Developed City, County or State Park / Area

Emergency Shelters & Community Water Distribution Points
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Critical Social/Economic Needs: Name and Address List

Parcel Description Address City GIS PLACE_TYPE

Vulnerable Populations

ADULT CARE HOME 1530 GABRIELA CT NE Adult Care Home or Facility
AFH LICENSE #514816 3565 BELLE VISTA CT S Adult Care Home or Facility
AVAMERE SKILLED NURSING FACILITY 3445 BOONE RD SE Adult Care Home or Facility
BATTLE CREEK MEMORY CARE 1805 WALN DR SE Adult Care Home or Facility
BERRY CARE 1665 BERRY ST SE Adult Care Home or Facility
BONAVENTURE SENIOR LIVING CENTER 3411 BOONE RD SE Retirement Center or Other
BROOKDALE SALEM ALZHEIMERS & DEMENTIA CARE(Clare Bridge) 1355 BOONE RD SE Retirement Center or Other
BROOKSTONE ALZHEIMER SPECIAL CARE CENTER 5881 WOODSIDE DR SE Retirement Center or Other
CAPITAL MANOR RETIREMENT 368 LOWER LAVISTA CT NW Retirement Center or Other
CAPITAL MANOR RETIREMENT 1961 MANORVIEW LN NW Retirement Center Residence
CAPITOL MANOR MAINTENANCE BLDG 2071 SALEM DALLAS HW NW Retirement Center or Other
DANVILLE SERVICES OF OREGON LLC 4900 LIBERTY RD S Adult Care Home or Facility
FARMINGTON SQUARE OFFICE 920 BOONE RD SE Retirement Center or Other
FORDS WESTSIDE MANOR 1042 8TH ST NW Retirement Center or Other
FOUR SEASONS RESIDENTIAL CARE FACILITY 2850-2855 EVERGREEN AV NE Adult Care Home or Facility
GIBSON CREEK ASSISTED LIVING OFFICE 1615 BRUSH COLLEGE RD NW Adult Care Home or Facility
HARMONY HOUSE 3062 HYACINTH ST NE Adult Care Home or Facility
HAWTHORNE HOUSE 3042 HYACINTH ST NE Adult Care Home or Facility
HIDDEN LAKES OFFICE 400 MADRONA AV SE Retirement Center or Other
HOME INSTEAD SENIOR CARE 2015 25TH ST SE Health Care Clinic or Service
INDEPENDENT LIVING CENTER AND DAYCARE FACILITY 2990 BOONE RD SE Adult Care Home or Facility
JASON LEE MANOR 1551 CENTER ST NE Retirement Center or Other
LANCASTER VILLAGE RETIREMENT COMMUNITY 1496 BRENNER ST NE Retirement Center or Other
LANCASTER VILLAGE RETIREMENT COMMUNITY 4099 CYPRESS ST NE Retirement Center or Other
LANCASTER VILLAGE RETIREMENT COMMUNITY 4138 - 4156 MARKET ST NE Retirement Center or Other
LANCASTER VILLAGE RETIREMENT COMMUNITY 1492 BRENNER ST NE Retirement Center or Other
MADRONA HILLS RETIREMENT APTS OFFICE 707 MADRONA AV SE Retirement Center or Other
MEADOW CREEK VILLAGE 3988 12TH ST CUTOFF  SE Retirement Center or Other
MOSAIC SENIOR LIVING 2950 BOONE RD SE Retirement Center or Other
ORCHARD HEIGHTS SENIOR COMMUNITY 695 ORCHARD HEIGHTS RD NW Retirement Center or Other
OREGON SCHOOL FOR THE DEAF 999 LOCUST ST NE Special Purpose School
REDWOOD HEIGHTS ASSISTED LIVING CO 4050 12TH ST CUTOFF  SE Retirement Center or Other
RODINA RETIREMENT CENTER 4107 FISHER RD NE Retirement Center or Other
SALEM MASONIC TEMPLE CARE HOME 1601 BRUSH COLLEGE RD NW Adult Care Home or Facility
SHANGRI LA CORP 1460 VISTA AV SE Adult Care Home or Facility
SOUTHERN HILLS ASSISTED LIVING COMMUNITY 4795 SKYLINE RD S Adult Care Home or Facility
SPRUCE VILLA INC SIZEMORE APTS 1915 SIZEMORE DR NE Adult Care Home or Facility
SUNNY OAKS INC 2526 WILARK DR NW Adult Care Home or Facility
SUNNY OAKS INC THE GROTTO 4375 RICKEY ST SE Adult Care Home or Facility
SUNNYSIDE CARE HOME 4515 SUNNYSIDE RD SE Retirement Center or Other
SWEET BYE N BYE ASSISTED LIVING 2520 CORAL AV NE Retirement Center or Other
SWEET BYE N BYE RCF 2480 CORAL AV NE Adult Care Home or Facility
THARSEL NURSING HOME 2210 LANSING AV NE Adult Care Home or Facility
THE RIDGE AT MADRONA HILLS CLUBHOUSE 678 RATCLIFF DR SE Retirement Center or Other
THE SPRINGS AT SUNNYVIEW RETIREMENT COMMUNITY 1950 45TH AV NE Retirement Center or Other
THE WOODS AT WILLOWCREEK 4398 GLENCOE ST NE Adult Care Home or Facility
TIERRA ROSE SENIOR LIVING COMMUNITTY 4254 WEATHERS ST NE Retirement Center or Other
TOUCH OF LOVE SENIOR CARE 4190 SUNNYVIEW RD NE Adult Care Home or Facility
WILLSON HOUSE 1625 CENTER ST NE Retirement Center or Other
WINDSONG OF EOLA HILLS 2030 WALLACE RD NW Adult Care Home or Facility
WOODLAND RESIDENCE INN OFFICE 4710 SUNNYSIDE RD SE Retirement Center or Other
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Submitted To: Black & Veatch 
19801 SW 72nd Ave Suite 200 
Tualatin, Oregon, 97602 
Attn: Ho-ping Wei, PE 

Subject: DRAFT SEISMIC GEOHAZARD EVALUATION REPORT, CITY OF SALEM 
SEISMIC 
RESILIENCE STUDY, SALEM, OREGON 

Shannon & Wilson prepared this report and participated in this project as a subconsultant to 
Black & Veatch.  Our scope of services was specified in Agreement Number 406828.12.1000 
with Black & Veatch dated October 16, 2020.  This report presents our Seismic Geohazard 
Evaluation and was prepared by the undersigned. 

We appreciate the opportunity to be of service to you on this project. If you have questions 
concerning this report, or we may be of further service, please contact us. 

Sincerely, 

SHANNON & WILSON, INC. 

Elliott Mecham, PE Kevin Wood, PE 
Senior Associate Senior Engineer 
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EXECUTIVE SUMMARY 
Based on our regional seismic hazard mapping and review of existing information provided 
to us or obtained from publicly available sources, we have assigned hazard rankings for 
various seismic hazards at each of the critical facilities provided to us.  The hazard rankings 
for the various seismic hazards we considered are summarized in Exhibit ES-1.  Numerous 
assets are located in areas where rock is mapped as the geologic surface unit.  The risk of 
permanent ground deformation from liquefaction related hazards at rock sites is considered 
low and the primary seismic hazard is strong ground motions.  Assets where rock is 
mapped and we have ranked a low risk of liquefaction and landslide include Grice Hill 
Reservoir, Hemlock Well, Mountain View Reservoir and Pump Station, Limelight Pump 
Station, Fairmount Reservoir, Candalaria Reservoir, the South Salem Repeater Tower, the 
ASR Wells, Skyline Repeater Tower, Lone Oak Reservoir, Creekside Pump Station, Deer 
Park Pump Station, and Mill Creek Reservoir. 

We assigned a moderate hazard ranking to the EOLA 1B Reservoir for landslides due to the 
proximity of the reservoir to an existing landslide and the lack of available site-specific 
subsurface information.  If subsurface information is provided to us for this site, we can 
reassess the landslide hazard and ranking at this site. 

We assigned moderate and high hazard rankings to Croisan Lower Pump Station for 
liquefaction and landslides based on the predicted ground deformations, our site 
reconnaissance, and due to the site being near the contact between a large existing landslide 
and volcanic rock, and the lack of available site-specific subsurface information.  If 
subsurface information is provided to us for this site, we can reassess the seismic hazards 
and rankings at this site. 

Based solely on the geologic mapping and modeling, the potential permanent ground 
deformation was low at the Edwards S1 Pump Station.  However, the assessment is based 
on the presence of coarse-grained flood deposits at the site as indicated on the geologic map 
and the nearest publicly available well logs indicate that site is mantled with fine-grained 
flood deposits.  Because the predicted settlements in the mapping model are based on the 
assumption that the pump station is underlain by gravel as mapped which appears not to be 
correct based on the closest available well log, the hazard may not be adequately defined by 
the hazard mapping.  Additionally, we understand that there haves been uncontrolled 
releases of water at this site in the past that has resulted in the manifestation of surface 
settlement around the building foundations.  Due to uncertainties associated with the 
liquefication potential and subgrade, we consider the potential for permanent ground 
deformation from landslides and liquefaction to be moderate to high during a seismic event.  
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We assigned a moderate hazard rating to the Champion Hill Reservoir for potential 
liquefaction and landslides due to uncertainty in the subsurface conditions from a lack of 
available site-specific subsurface explorations.  Based solely on the geologic mapping and 
the hazard modeling, the potential for geohazards was considered to be low due to rock 
being mapped at the site.  However, the nearest publicly available well logs indicate that 
site is mantled with fine grained flood deposits, which are at a higher risk of permanent 
ground surface deformations during a seismic event.  If subsurface information is provided 
to us for this site, we can reassess the seismic hazards and ranking at this site. 

We assigned moderate and high hazard rankings to the Franzen Reservoir and Repeater 
Tower for potential landslides and fault rupture.  The hazard rankings are based on our 
understanding from the existing basis of design reports provided to us and our 
understanding of past instability along the earthen embankments.   
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Exhibit ES-1: Summary of Geotechnical Seismic Hazard Rankings 

Site ID Locations Site 
Class 

Liquefaction 
Settlement 

Hazard 

Landslide 
Hazard 

Fault Rupture 
Hazard 

1 Salem-Keizer Intertie/Cherry Ave 
Booster Pump Station 

D M L L 

2 Grice Hill Reservoir and Repeater 
Tower 

B L L L 

3 Hemlock Well B L L L 

4 Mountain View Reservoir and 
Pump Station 

B L L L 

5 EOLA 1B Reservoir B L M L 

6 Limelight Pump Station B L L L 

7 Fairmount Reservoir B L L L 

8 Candalaria Reservoir B L L L 

9 South Salem Repeater Tower B L L L 

10 Croisan Lower Pump Station C/D M H L 

11 Edwards S1 Pump Station* D H M L* 

12 ASR Wells B L L L 

13 Skyline Repeater Tower B L L L 

14 Lone Oak Reservoir B L L L 

15 Creekside Pump Station B L L L 

16 Champion Hill Reservoir B M M L 

17 Boone Road Pump Station D L L L 

18 Deer Park Pump Station B L L L 

19 Mill Creek Reservoir B L L L 

20 Turner Control Facility D L L L 

21 Franzen Reservoir and Repeater 
Tower* B L H M 

22 Geren Island Water Treatment 
Plant 

D L L L 

NOTE:  L = Low, M = Moderate, H = High 
*See discussion in main text.  Geologic maps may not adequately capture geohazard.



City of Salem Seismic 
Resilience Study 

 DRAFT Seismic GeoHazard Evaluation Report 

 

105679-501 May 2021 
vi 

Note that the sites highlighted in red did not have subsurface explorations available for 
review, and nearby well logs could not be found.  Therefore, the sites highlighted in red in 
Exhibit ES-1 are based on the regional seismic hazard mapping only. 

For the pipelines, the main hazards based on the mapping appears to be localized 
liquefaction, lateral spreading at the Sunset Park Willamette River crossing, and fault 
rupture where the pipelines cross the Turner and Mill Creek Faults and Waldo Hills Fault.  
Based on the mapping, the potential for localized liquefaction is highest at the Willamette 
River Crossings, near Turner, Oregon, and near the Geren Island Water Treatment Plant 
(WTP).  However, existing subsurface information and Geotechnical Engineering Reports 
performed at Geren Island WTP show that the mapping-based liquefaction hazard may 
overestimate the actual hazard.  This is due to the relatively high percentage of gravels 
underlying that site.   
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1 SCOPE OF SERVICES 
The purpose of the project is to provide a seismic resiliency analysis of the City of Salem 
(City) water treatment, transmission, and distribution system and to develop 
recommendations for mitigation and future infrastructure design.  Shannon & Wilson's 
scope of work consisted of the following:  

 Gather existing geologic/geotechnical and seismic data in the greater Salem area to
develop a preliminary understanding of subsurface conditions and potential seismic
hazards, including local and regional readily available geologic publications and maps,
DOGAMI seismic hazard maps, Oregon Department of Water Resources well logs at
select locations and geotechnical boring information and reports, as available.

 Evaluate existing geologic/geotechnical and seismic data in the greater Salem area to
develop a thorough understanding of subsurface conditions and potential seismic
hazards.

 Prepare seismic hazard maps including Seismic Hazard Maps based on the Magnitude
9.0 Cascadia Subduction Zone (CSZ) scenario defined in the Oregon Resilience Plan and
local geology.  The maps include peak ground velocity, peak ground acceleration, 0.3-
and 1.0-second spectral accelerations, probability of liquefaction, liquefaction induced
settlement, and landslide induced permanent ground deformation based on the
methodology developed by HAZUS.

 Perform screening level liquefaction analyses on available geotechnical borings
provided by the City using methods developed by Boulanger and Idriss (2014).

 Perform site visits to facilities identified by the City as critical.

 Evaluate the seismic geohazard rankings and assigned hazard rankings to the backbone
assets identified by Black & Veatch and the City.

2 SEISMIC HAZARD MAPPING 
2.1 Approach 

The GIS map layers developed for this project are primarily based on published geologic 
maps; variations from actual site conditions should be expected.  Also, the analyses, 
methods, and approaches applied herein were developed and used by the Oregon 
Department of Geology and Mineral Industries (DOGAMI) and the Federal Emergency 
Management Agency (FEMA) for planning purposes only.  FEMA methodology referenced 
by DOGAMI refers to the Hazus® -MH 2.1 Technical Manual (FEMA, 2011).  This manual 
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has since been updated, (Hazus® -MH 4.2 Technical Manual (FEMA, 2020), and these 
manuals were compared so that current, updated methodologies would be used where 
applicable.  While the 2020 Hazus® manual expanded on analyses in the 2011 manual, for 
all of the analyses done for this regional mapping, the two manuals do not differ in their 
methodologies.  Also, note that these types of analyses are not the same as those used for 
site-specific, code-based geotechnical design. 

2.2 Existing Information Review 

2.2.1 Regional Seismological Setting 

Earthquakes in the Pacific Northwest occur largely as a result of the subduction of the Juan 
de Fuca plate beneath the North American plate along the Cascadia Subduction Zone (CSZ).  
The CSZ is located approximately parallel to the coastline from northern California to 
southern British Columbia.  The compressional forces that exist between these two colliding 
plates cause the oceanic Juan de Fuca plate to descend, or subduct, beneath the continental 
plate at a rate of about 1.5-inches per year (DeMets and others, 1990).  This process leads to 
volcanism in the North American plate and stresses and faulting in both plates throughout 
much of the western regions of southern British Columbia, Washington, Oregon, and 
northern California.  Stress between the colliding plates is periodically relieved through 
great earthquakes at the CSZ plate interface. 

Within the regional tectonic framework and historical seismicity, three broad earthquake 
sources are identified:   

 Subduction Zone Interface Earthquakes originate along the CSZ, which is located 25
miles beneath the coastline.  Paleoseismic evidence and historic tsunami records from
Japan indicate that the most recent subduction zone interface event was in 1700 AD and
was an approximately magnitude 9 earthquake that likely ruptured the full length of the
CSZ.

 Deep-Focus, Intraplate Earthquakes originate from within the subducting Juan de Fuca
oceanic plate as a result of the downward bending and tension in the subducted plate.
These earthquakes typically occur 28 to 38 miles beneath the surface.  Such events on the
CSZ are estimated to be as large as magnitude 7.5.  Historic earthquakes include the
1949 magnitude 7.1 Olympia earthquake, the 1965 magnitude 6.5 earthquake between
Tacoma and Seattle, and the magnitude 6.8 2001 Nisqually earthquake.  The highest rate
of CSZ intraslab activity is beneath the Puget Sound area, with much lower rates
observed beneath western Oregon.

 Shallow-Focus Crustal Earthquakes are typically located within the upper 12 miles of
the earth’s surface.  The relative plate movements along the CSZ cause not only east-
west compressive strain but dextral shear, clockwise rotation, and north-south
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compression of the leading edge of the North American Plate (Wells and others, 1998), 
which is the cause of much of the shallow crustal seismicity of engineering significance 
in the region.  The largest known crustal earthquake in the Pacific Northwest is the 1872 
North Cascades earthquake with an estimated magnitude of about 7.  Other examples 
include the 1993 magnitude 5.6 Scotts Mill earthquake and magnitudes 5.9 and 6.0 
Klamath Falls earthquakes.   

2.2.2 Oregon Resilience Plan 

The Oregon Resilience Plan is a result of Oregon House Resolution 3, adopted in April 2011.  
The House Resolution directed the Oregon Seismic Safety Policy Advisory Commission “to 
lead and coordinate preparation of an Oregon Resilience Plan that reviews policy options, 
summarizes relevant reports and studies by state agencies, and makes recommendations on 
policy direction to protect lives and keep commerce flowing during and after a Cascadia 
earthquake and tsunami” (OSSPAC, 2013).  A task group then developed a Cascadia 
Earthquake Scenario for use by other work groups as a basis for assessing the effects of the 
scenario on various sectors of society or parts of the built environment. 

This assessment is for a magnitude 9.0 CSZ earthquake, as defined in the Oregon Resilience 
Plan.  Other magnitudes of CSZ events and earthquakes from other sources are not 
considered.  However, at the request of Black & Veatch, we have provided design ground 
displacements from fault rupture at the pipeline crossings of shallow Class A faults.  

2.2.3 Geology 

The project site lies within the Willamette Valley physiographic province (Orr and others, 
1992).  The local geology has been mapped by numerous authors including Tolan and others 
(2000) and O'Connor and others (2001).  A simplified geologic map of the study area is 
presented in Figure 2 and is based on DOGAMI publications OGDC-6 (Smith and Row, 
2015) and SLIDO 4.0 (Franczyk and others, 2019). 

Today the Willamette Valley is a broad alluvial plain bounded by the Columbia River to the 
north, the Cascade Range to the east, and the Coast Range to the west and south.  Before it 
was a terrestrial valley, the region was a broad continental shelf, extending westward from 
the proto-Cascades into the ocean (Orr and others, 1992).  Around 50 million years ago, an 
oceanic island chain slowly collided with the coastline as the oceanic crust that carried it 
was subducting beneath the North American tectonic plate.  This accreted island chain 
ultimately formed the Coast Range and shaped the present-day Willamette Valley by 
creating the western and southern boundary. 
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Structurally, the valley is a tectonic fore-arc basin created by down warping and faulting of 
the underlying Columbia River Basalt Group bedrock as the Coast Range and Cascades 
were being uplifted (Gannett and others, 1998).  From the creation of the sedimentary basin 
to the beginning of the ice age, the valley was inundated by deposition from the 
surrounding uplands including Pleistocene (2.6 million to 11,700 years ago) sand and 
gravels, and mud and debris flows from volcanic eruptions in the Cascades (O’Conner and 
others, 2001).  These Pleistocene sand and gravels formed large widespread sheets and 
alluvial fan complexes which extended into the Valley floor where major Willamette 
tributaries exited from the Cascade Range.  In the central and southern Willamette Valley, 
these Pleistocene sand and gravels directly correspond to previously mapped Pleistocene 
alluvial deposits referred to as Linn Gravel and the Rowland Formation (O’Conner and 
others, 2001).  Estimated thickness of the Pleistocene sand and gravel deposits from drill 
logs indicate near surface deposits of 40 to greater than 100 meters thick at alluvial fan 
apexes, and 10 to 20 meters thick in the distant areas away from the Cascades or Coast 
ranges (O’Conner and others, 2001).   

During the late stages of the last great ice age, between about 18,000 and 15,000 years ago, a 
lobe of the continental ice sheet repeatedly blocked and dammed the Clark Fork River in 
western Montana, which then formed an immense glacial lake called Lake Missoula.  The 
lake grew until its depth was sufficient to buoyantly lift and rupture the ice dam, which 
allowed the entire massive lake to empty catastrophically.  Once the lake had emptied, the 
ice sheet again gradually dammed the Clark Fork Valley and the lake refilled, leading to 40 
or more repetitive outburst floods at intervals of decades (Allen and others, 2009).  During 
each short-lived episode, floodwaters washed across the Idaho panhandle, through the 
eastern Washington scablands, and through the Columbia River Gorge.  When the 
floodwater emerged from the western end of the gorge, it spread out over the Portland 
Basin and up the Willamette Valley as far south as Junction City, depositing a tremendous 
load of sediment (O’Conner and others, 2001).  In the Salem area, these deposits are mostly 
composed of silt and clay, and mapped as fine-grained Missoula Flood deposits by 
O’Connor and others (2001).  These fine-grained flood deposits blanketed the earlier 
Pleistocene sand and gravel alluvium obscuring the underlying gravels beneath a layer of 
silt and clay.  In more recent times, portions of the site have been cut, graded, or filled 
during the course of development.   

2.2.4 Available Mapping 

DOGAMI developed a publication based on the Oregon Resilience Plan CSZ scenario for the 
state of Oregon.  The publication, Open-File Report O-13-06, primarily consists of GIS data 
of site conditions, ground motions, ground deformations, and other hazards associated with 
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a magnitude 9.0 event on the CSZ (Madin and Burns, 2013).  Datasets of interest for this 
project include the following: 

 Shear Wave Velocity within 30 meters of the Ground Surface (Vs30)

 Bedrock and Site Peak Ground Acceleration (PGA)

 Bedrock and Site 1-second Spectral Acceleration (SA1)

 Bedrock and Site Peak Ground Velocity (PGV)

 Liquefaction Susceptibility, Probability, and Permanent Ground Deformation (PGD)

 Earthquake-Induced Landslide Susceptibility, Probability, and PGD

The provided methodology indicates that, within the project area, the majority of these 
datasets were derived based on the Relative Earthquake Hazard Maps of the Salem East and 
Salem West Quadrangles, Marion and Polk Counties, Oregon (GMS-105; Wang and 
Leonard, 1996); the Oregon Geologic Data Compilation Release 5 (OGDC-5); and the 
Statewide Landslide Information Database for Oregon Release 2 (SLIDO-2; Burns and 
others, 2011).  The bedrock ground motions included in the publication were provided to 
DOGAMI by the U. S. Geological Survey (USGS) and are based on the USGS Cascadia M 9.0 
scenario ShakeMap®. 

Following the publication of O-13-06, DOGAMI published the Oregon Geologic Data 
Compilation Release 6 (OGDC-6; Smith and Roe, 2015) and Release 4.0 of the Statewide 
Landslide Information Database for Oregon (SLIDO-4.0, Franczyk and others, 2019). These 
recent publications have not yet been incorporated into DOGAMI’s CSZ scenario datasets.  

Bedrock 0.3-second spectral acceleration data were downloaded from the USGS website for 
the Cascadia M 9.0 scenario ShakeMap® (USGS, 2017).  Data for the 0.2-second spectral 
acceleration, as used in building codes, were not available.  For preliminary planning 
purposes, the 0.2-second spectral acceleration can be approximated as the 0.3-second 
spectral acceleration. 

2.3 Shear Wave Velocity, Vs30 

For the study area around Salem, there are published DOGAMI maps which show both Vs 
(approximate weighted average shear wave velocity of the geologic unit) and Vs30 values 
(time-averaged shear wave velocity in the upper 30 meters of the geologic profile).  
However, the published Vs30 values for the study area do not incorporate shear wave 
velocity measurements from the Salem area.  Instead, they represent averages from 
measurements from similar geologic units taken from across the state, primarily the 
Portland Metropolitan area.  Therefore, we used Vs values from the DOGAMI GMS-105 
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publication.  While Vs and Vs30 values can differ, because the data from GMS-105 
represents actual values from the study area, for this project, we are assuming that Vs and 
Vs30 values are approximately the same.  The values used for the geologic units within the 
study area are shown below and on Figure 3. 

 Volcanic Rock: 968 m/s

 Sedimentary Rock: 920 m/s

 Landslide deposits: 360 m/s

 Terrace Deposits: 250 m/s

 Recent Alluvium: 250 m/s

 Missoula Flood Deposits: 190 m/s

2.4 Liquefaction Hazard 

The liquefaction susceptibility map provided in O-13-06 is a compilation of liquefaction 
susceptibility maps from other DOGAMI publications.  Within the Salem area, this 
primarily includes GMS-105 (Wang and Leonard, 1996).  Explanatory text for GMS-105 
indicates that susceptibility categories (0-5) were based on the available thickness of 
liquefiable material.  Conservative groundwater levels were also used so as to not 
underestimate the liquefaction susceptibility.   

Even though the map provided in O-13-06 indicates that the GMS-105 map was used, 
comparison of the original map and the one provided indicated this was not the case.  
Therefore, the O-13-06 map was not used.  Instead, the raw data from GMS-105 was used for 
the area within Salem, and outside of it we used our geologic map (Figure 2), updated to 
include all mapped landslides, and employed the Youd and Perkins (1978) methodology, as 
well as knowledge of regional liquefaction susceptibility, to assign new liquefaction 
susceptibilities and create a unified map.  To do this, we considered how Youd and Perkins 
would have classified a unit, and then qualitatively fit that with the Wang and Leonard 
(1996) susceptibility categories.  During this process, the Wang and Leonard susceptibility 
categories 4 and 5 were merged.  In areas where a susceptibility category of 5 was given, 
there were no apparent site-specific studies as recommended by the methodology.  
Furthermore, GMS-105 does not include an underlying geologic map in GIS form.  Instead, 
it shows a generalized geologic map, which was amended based on limited site visits, aerial 
photograph interpretation, limited field reconnaissance, and available subsurface data.  
Therefore, the categories were combined to create a unified map.  The resulting map is 
shown on Figure 4 
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2.5 Landslide Susceptibility 

We generally followed the methodology and Geologic Group assignments as described in 
O-13-06, using the compiled geologic map shown on Figure 2 and discussed above, as the
base map.  We assigned Geologic Group C (relatively weak material) to areas mapped as
Alluvium, Missoula Flood Deposits, Terrace Deposits, and Landslide Deposits.  All other
geologic units, including Volcanic Rock and Sedimentary Rock, were assigned Geologic
Group B.  We calculated a slope map from bare earth lidar data of the area to complete the
landslide susceptibility map because DOGAMI’s slope map was not included in O-13-06.  In
order to give what we believe are upper and lower limits of landslide susceptibility, maps
accounting for both dry and wet conditions were generated.  Dry conditions assume that the
groundwater is below the level of sliding, while wet conditions assume that the
groundwater level is at ground surface.  The landslide susceptibility maps are shown on
Figures 5 and 6.

2.6 PGA, SA1, SA0.3, and PGV 

The site amplification factors in O-13-06 were calculated based on site class and the 
appropriate Vs30 value for each site, as determined from the Vs30 map.  We calculated the 
PGA and SA1 site amplification factors for the Salem area from the Vs30 dataset described 
above using the approach referenced in O-13-06 (Boore and Atkinson, 2008) and applied 
them to the bedrock PGA and SA1 maps provided with O-13-06 to produce PGA, SA1, and 
PGV maps. 

Maps of Peak Ground Acceleration, 1-Second Spectral Acceleration, and Peak Ground 
Velocity are shown on Figures 7, 9, and 10, respectively.  The same methodology was used 
for the 0.3-Second Spectral Acceleration map, shown in Figure 8, using the bedrock SA0.3 
map from the USGS scenario.  It should be noted that current USGS & DOGAMI mapping 
does not include mapping for the 0.2-second spectral acceleration, but it does include 
spectral acceleration for a period of 0.3 seconds.  For preliminary planning purposes the 0.2-
second spectral acceleration can be approximated as the 0.3-second spectral acceleration. 

2.7 Probability of Liquefaction 

We used the refined liquefaction hazard map described above and followed the methods 
presented in O-13-06 to develop a map of liquefaction probability.  The resulting map is 
shown on Figure 11. 
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2.8 Liquefaction-Induced PGD 

2.8.1 Lateral Spreading 

We used the refined liquefaction hazard map described above and followed the methods 
presented in O-13-06 to calculate permanent ground deformations from liquefaction-
induced lateral spreading.  The map of estimated PGD due to lateral spreading is included 
on Figure 12. 

2.8.2 Settlement 

DOGAMI did not include a map of predicted ground settlement associated with 
liquefaction in O-13-06.  We calculated estimated liquefaction-induced settlements using the 
methodology in Chapter 4 of the Hazus® -MH 4.2 Technical Manual (FEMA, 2020), using 
the refined liquefaction hazard map discussed above.   

The FEMA method associates each susceptibility category with a unique settlement 
amplitude value.  Each of the values is assumed to have an uncertainty with a uniform 
probability distribution from one-half to two times the respective value.  The map of 
estimated PGD due to liquefaction-induced settlement is included on Figure 13. 

2.9 Probability of Earthquake-Induced Landslides 

We used the refined landslide susceptibility and PGA maps described above and followed 
the methods presented in O-13-06 to calculate and map the probability of earthquake-
induced landslides.  To give what we believe are upper and lower limits of the probability 
of earthquake-induced landslides, we calculated probabilities in both wet and dry 
conditions.  This was done by populating tables 4.16 and 4.17 in Chapter 4 of the Hazus® -
MH 4.2 Technical Manual (FEMA, 2020).  The resulting maps are shown on Figures 14 and 
15. 

2.10 Earthquake-Induced Landslide PGD 

The earthquake-induced landslide PGD map is based on the methodology in Hazus® -MH 2 
Technical Manual (FEMA, 2011), which is referenced in O-13-06.  It should be noted that the 
Hazus methodology remains the same in the 4.2 Technical Manual (2020).  We retained the 
acceleration term that DOGAMI chose to remove from FEMA equation 4-14 because the 
acceleration is in “decimal fraction of g’s,” not cm/sec2, as DOGAMI indicated.   

Additionally, we observed that the equation given by DOGAMI for the displacement factor 
did not produce a curve similar to the FEMA Figure 4.13 relationship.  In examining the 
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DOGAMI equation, we saw that if the first constant was made negative, a curve similar to 
the FEMA Figure 4.13 relationship was seen.  Therefore, we based our calculations on this 
slightly amended and corrected relationship to match the source FEMA publication.  As we 
did for all landslide maps, we generated permanent ground deformation maps for both wet 
and dry conditions.  These maps were based on probability inputs generated when 
calculating the probability of earthquake-induced landslides.  Our maps of estimated 
earthquake-induced landslide permanent ground deformation are shown on Figures 16 and 
17. 

2.11 Surface Faulting 

The United States Geologic Survey defines four categories of faults, Class A through D, 
based on evidence of tectonic movement known or presumed to be associated with large 
earthquakes during Quaternary time (within the last 2.6 million years). For Class A faults, 
geologic evidence demonstrates that a tectonic fault exists and that it has likely been active 
within the Quaternary period.  The Lower Transmission Line crosses two Class A Faults 
identified in the United States Geologic Study Fault and Fold Data Base at the locations 
shown on Figure 2, Geologic Map.  The Class A faults consist of the Turner Creek and Mill 
Creek Faults (the southern fault) and the Waldo Hills Fault (the northern fault). 

Exhibit 2-1: USGS Fault Information for Mapped Faults Crossed by Transmission Mains 

Fault Name 
USGS Fault 

Number Fault Class 
Approximate 

Length Sense of Slip 
Slip Rate 
Category1 

Time Since 
Last 

Deformation2 

Turner and Mill 
Creek Faults 

871 A 11.2 miles Strike Slip < 0.2 mm/yr < 1.6 Ma 

Waldo Hills 
Fault 

872 A 7.5 miles Normal < 0.2 mm/yr < 1.6 Ma 

NOTES: 
mm = millimeters; yr = year. 
Ma = “Mega-annum” or million years ago. 

The American Lifelines Alliance (ALA) water pipeline seismic design guidelines specify that 
large diameter transmission pipelines should be designed to cross active faults with 
evidence of fault movement within the Holocene geologic time period (i.e. less than 
approximately 11,000 years).  While there is currently no evidence of Holocene tectonic 
activity along either the Turner and Mill Creek Faults or the Waldo Hills Fault, the ALA 
guidelines suggest considering a hypothetical displacement of approximately 10 percent of 
the maximum estimated fault movement due to a surface rupture. 

Using the regression equations published in Wells and Coppersmith (1994), maximum 
hypothetical earthquake magnitudes of 6.3 and 6.6 were determined for the Waldo Hills 
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Fault and Turner and Mill Creek Faults, respectively.  Applying the Wells and Coppersmith 
(1994) magnitude-fault displacement relationship calculates a maximum displacement of 
approximately 19 and 21 inches for the Waldo Hills Fault and Turner and Mill Creek Faults, 
respectively.  Thus, 10 percent of the maximum estimated fault movement along both the 
Waldo Hills Fault and Turner and Mill Creek Faults is approximately 2 inches. 

2.12 Seismic Hazards at Critical Infrastructure 

The locations of selected infrastructure have been provided by Black & Veatch.  The 
approximate locations of the selected infrastructure are shown on Figures 1 through 17, and 
a summary of the GIS map results for seismic hazards at these specific locations are shown 
on the attached Table 1. 

3 SITE RECONNAISSANCE AND DOCUMENT REVIEW 
Site reconnaissance was completed in two stages, on March 30, 2021 and April 16, 2021.  A 
Shannon & Wilson geology staff member and a senior geotechnical engineer completed the 
reconnaissance.  Descriptions of findings are provided in the following subsections, and 
information related to the on-site structures is primarily from the Black & Veatch 2001 
seismic resiliency study.  For information regarding the seismic geohazards at each of the 
critical facilities, see Table 1.  We present the results of our site reconnaissances in the 
following sections in the same order that they are listed on the figures and in Table 1. 

3.1 Site 1 - Salem-Keizer Intertie/Cherry Ave Booster Pump Station 

The Salem-Keizer intertie is located at the Cherry Avenue Booster in Keizer, Oregon.  The 
pump station houses a single pump, with a capacity of approximately 5 million gallons per 
day.  During our site reconnaissance, it was observed that the pump station is on flat 
ground, with no observed geologic hazards. 

Existing subsurface information was not available for this pump station.  Based on the 
geologic mapping, the site is underlain by alluvial deposits.  Therefore, the regional seismic 
hazard mapping indicates there are seismic related hazards as an issue for this site.  As the 
site is flat, the regional seismic hazard mapping is showing liquefaction as the main hazard 
for this site. 

We reviewed a publicly available water well log completed for the Keizer Water District 
within 350 feet of the site.  The water well log indicates sandy clay to 22 feet, which is 
underlain by sands and gravels.  Cemented gravel is noted at a depth of 75 feet.  The static 
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groundwater table based on this log is at 25 feet below the ground surface.  A log of the 
exploration we reviewed is included in Appendix A. 

If subsurface conditions underlying the pump station are similar to what was encountered 
in the nearby exploration, then the potential for liquefaction and associated hazards is 
considered to be moderate, which is consistent with the regional seismic mapping.  

Exhibit 3-1: Photo of Salem-Keizer Intertie/Cherry Avenue Booster PS During Site Visit 

3.2 Site 2 - Grice Hill Reservoir and Transmission Tower 

Grice Hill Reservoir is a 20-foot-high reinforced concrete reservoir with a nearby 
Transmission Tower.  The reservoir is located at the western extent of the Salem urban 
growth boundary and has a capacity of 2.3 million gallons.  During our site visit, we 
observed that the reservoir is on relatively flat ground, and evidence or indicators of 
potential geologic hazards were not observed. 

Subsurface information from the City and Black and Veatch was not available for this 
reservoir.  Based on the geologic mapping, the site is underlain by volcanic rock.  Therefore, 
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the regional seismic hazard mapping does not indicate seismic geohazards at this site, 
except for strong ground motions.   

We reviewed publicly available water well logs from two nearby residences that are 
approximately 700 to 800 feet south of the reservoir on 27th Place NW.  The water well logs 
indicate that approximately 55 to 60 feet of clay overlies the basalt rock.  However, both 
water well logs indicate that groundwater is near the contact between the clay and rock.  
Logs of the explorations that we reviewed are included in Appendix B. 

If subsurface conditions underlying the reservoir are similar to what was encountered in the 
nearby explorations, the potential for permanent ground deformation from liquefaction and 
seismic slope instability is low, which is consistent with the regional seismic geohazard 
mapping. 

Exhibit 3-2: Photo of Grice Hill Reservoir During Site Visit 
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3.3 Site 3 - Hemlock Well 

Hemlock well is located near 1398 Hemlock Street NW.  During our site reconnaissance, we 
observed that the site is on relatively flat ground with no observable geologic hazards.  
Based on the geologic mapping, the site is underlain by volcanic rock.  Therefore, the 
regional seismic hazard mapping does not indicate permanent ground deformations from 
liquefaction induced settlement or seismic slope instability. 

Exhibit 3-3: Photo of Hemlock Well During Site Visit 

3.4 Site 4 - Mountain View Reservoir and Pump Station 

Mountain View Reservoir is a buried, circular, prestressed concrete wire-wrapped reservoir, 
that was constructed in 1971.  The reservoir tank has a capacity of approximately 10 million 
gallons.  Just northeast of the reservoir is Mountain View Pump Station, constructed in 1995.  
This pump station is built on a 6-inch-thick reinforced concrete slab.   
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Only approximately 6 inches of the tank are exposed.  Therefore, it could not be fully 
observed during our site visit.  During our site visit, no evidence of slope instability or other 
geologic hazards were observed at either the reservoir or pump station. 

The borings used during design were not available for this reservoir.  Based on the geologic 
mapping, the site is underlain by volcanic rock.  We reviewed publicly available 
geotechnical explorations completed for 1500 Orchard Heights Rd NW, which is 
approximately 700 to 800 feet northwest from the reservoir.  The explorations were 
completed in 2011 and indicate that approximately 15 feet of clay overlies weathered basalt.  
A water well from 1999 for 1657 Orchard Heights Rd NW, which is approximately 500 feet 
north of the reservoir indicates that groundwater may be relatively deep (i.e. greater than 
100 feet).  Logs of the explorations that we reviewed are included in Appendix C. 

If the subsurface conditions underlying the reservoir are similar to what was encountered in 
the nearby explorations, then the potential for liquefaction and associated hazards is 
considered to be low, which is consistent with the regional seismic mapping and the 
available. Therefore, the primary geologic hazard identified at this site for the Cascadia 
Subduction Zone event is strong ground motions. 

Exhibit 3-4: Photo of Mountain View Reservoir and Pump Station During Site Visit 

3.5 Site 5 - EOLA 1B Reservoir 

EOLA 1B reservoir is a partially-buried reinforced concrete tank that was constructed in 
2001.  The tank has a capacity of 0.77 million gallons, with approximately 1.5 to 3 feet 
exposed above ground.   
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During the site visit, we observed that the reservoir is approximately 450 feet north of the 
mapped headscarp of a landslide above Doaks Ferry Road.  However, at the reservoir, the 
ground is only gently-sloping to the south, and no on-site slope instability, such as road 
cracking, was observed. 

Subsurface information was not available for the EOLA reservoir.  Based on the geologic 
mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic hazard 
mapping does not indicate permanent ground deformation from liquefaction induced 
settlement or seismic slope instability.  However, because of the proximity of the reservoir 
to an existing landslide, we recommend site specific geotechnical data be considered to 
further assess the geohazards.  If the City has existing as-built information or geotechnical 
borings at this reservoir we request that they be provided to the project team to better assess 
the seismic geohazards.   

Exhibit 3-5: Photo of EOLA 1B Reservoir During Site Visit 
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3.6 Site 6 - Limelight Pump Station 

Limelight Pump Station is a reinforced masonry structure with a flexible roof diaphragm 
located just north of Glen Creek Reservoir.  Built in 1998, the structure rests on a 6-inch 
reinforced concrete slab.  Housing three pumps, the pump station has a total capacity of 5.18 
million gallons per day.  During our site reconnaissance, no evidence of slope instability or 
other geologic hazards were observed. 

Existing subsurface information was not available for this pump station.  Based on the 
geologic mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic 
hazard mapping does not indicate permanent ground deformations from liquefaction 
induced settlement or seismic slope instability. 

Exhibit 3-6: Photo of Limelight Pump Station During Site Visit 

3.7 Site 7 - Fairmont Reservoir 

Fairmont Reservoir is a partially-buried rectangular reinforced concrete reservoir, 
constructed in 1937, making it Salem's oldest reservoir.  The reservoir tank, which has a 
capacity of approximately 10 million gallons, is divided into two cells.  The total height of 
the reservoir is 22 feet.   
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With approximately 2 feet of the reservoir exposed above the ground surface.  it could not 
be fully observed during our site visit.  In the immediate vicinity around the reservoir, the 
ground is flat, and there are no signs of slope instability. 

Subsurface information was not available for this reservoir.  Based on the geologic mapping, 
the site is underlain by volcanic rock.  Therefore, the regional seismic hazard mapping does 
not indicate permanent ground deformation from liquefaction induced settlement or seismic 
slope instability.  The primary geologic hazard identified at this site for the Cascadia 
Subduction Zone event is strong ground motions. 

Exhibit 3-7: Photo of Fairmont Reservoir During Site Visit 

3.8 Site 8 - Candalaria Reservoir 

Candalaria Reservoir is a buried rectangular reinforced concrete reservoir that was 
constructed in 1940.  The tank is 15 feet tall and has a capacity of 0.56 million gallons.  The 
reservoir is currently beneath a small park where the ground is typically flat but slopes to 
the north, just beyond of the reservoir.  The Candalaria Reservoir was included in a 2004 
study performed by GRI for proposed seismic improvements.  We understand from this 
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study, that the proposed seismic improvements would likely consist of adding "seismic" 
valves to the reservoir.  However, we do not know if the proposed improvements to the 
reservoir were completed.   

As part of this 2004 study, a boring was completed to assess the subsurface conditions.  The 
boring was designated B-2, and the location is shown on the site plan included in Appendix 
D. This boring encountered an approximately 28-foot-thick layer of hard silt with
weathered basalt fragments overlying basalt.  Average SPT blow counts in the silt ranged
from 40 to refusal.  One sample taken within the silt directly overlying the basalt had a blow
count of 10.  Groundwater was not indicated on the boring log, and a nearby water well
installed in 1999 indicated that static groundwater was at a depth of 30 feet below the
ground surface.

The tank is buried and could not be observed during the site visit.  However, we observed 
the slopes in the immediate vicinity around the reservoir and our reconnaissance did not 
reveal signs of on-site slope instability nor did we observe evidence of soil creep.  Based on 
our site visit, existing subsurface information provided to us and assumed groundwater 
conditions from publicly available resources, we consider the potential for seismic related 
permanent ground deformation due to liquefaction or seismic slope instability at this site to 
be low, which is consistent with the regional seismic hazard mapping.  The primary 
geologic hazard identified at this site for the Cascadia Subduction Zone event is strong 
ground motions (i.e., ground shaking).  
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Exhibit 3-8: Photo of Candalaria Reservoir During Site Visit 
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3.9 Site 9 - South Salem Repeater Tower 

The South Salem Repeater Tower is located at 955 Downs Street S.  Based on the geologic 
mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic hazard 
mapping does not indicate permanent ground deformations from liquefaction induced 
settlement or seismic slope instability.  We reviewed a publicly available geotechnical 
exploration completed at the site for the City of Salem.  The log of the exploration indicates 
that the site is underlain by weathered basalt to a depth of 45 feet, which is consistent with 
the regional seismic hazard mapping.   

3.10 Site 10 - Croisan Lower Pump Station 

Croisan Lower Pump Station is a wood frame structure that sits on a 6-inch reinforced 
concrete slab.  According to geologic mapping, this pump station sits on the headscarp of a 
landslide.  Information from the Statewide Landslide Information Database for Oregon 
(SLIDO Release 4) indicates it is a deep-seated landslide with a length exceeding 1,000 feet 
and an estimated area of approximately 382,000 square feet.  Based on our site 
reconnaissance, we estimate pavement cracks are typically 1/4 to 1/2 inch wide and oriented 
parallel and perpendicular to the roadway.  The cracks where observed throughout the 
roadway leading to the pump station, as well as in Croisan Mountain Drive above the pump 
station. 

Subsurface information was not available for this pump station.  Based on the geologic 
mapping, the site is near the contact between volcanic rock and the mapped landslide.  The 
values included in Table 1 are based on the pump station being located in landslide 
deposits.  

If the City has existing as-built information or geotechnical borings at this pump station, we 
request that they be provided to the project team to better assess the seismic geohazards.   
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Exhibit 3-9: Photo of Croisan Lower Pump Station During Site Visit 



City of Salem Seismic 
Resilience Study 

DRAFT Seismic GeoHazard Evaluation Report 

105679-501 May 2021 
 22

Exhibit 3-10: Photo of Cracking Observed in Driveway During Site Visit 

3.11 Site 11 - Edwards Pump Station 

Edwards Pump Station was built in 1961 of non-reinforced SCR bricks.  There are three 
pumps inside the pump station .  The pump station is located within approximately 25 feet 
of a small creek with creek bank heights estimated to be less than 5 feet but is otherwise 
located on relatively level ground.   

Based on our conversations with the City of Salem, we understand that past uncontrolled, 
pressurized water releases lifted the pavement outside the pump station above the base rock 
and subgrade.  We observed locations where the pavement adjacent to the west side of the 
pump station building settled and cracks radiating around the pavement settlement formed.  
We also observed some cracking in the southwest corner of the pump station building.  
Exact measurements of the settlement areas and cracks were not performed; however, we 
estimate the pavement settlement adjacent to the building to be less than 6 inches and the 
width of the cracks to be less than 1/2 inch in width.  A photo of the pump station and a 
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close-up photo of the cracking and settlement observed in the pavement on the west side of 
the pump station are included below.   

Subsurface information from the City was not available for this pump station at the time of 
our report.  Based on the geologic mapping, the site is underlain by Missoula flood deposits.  
The Missoula flood deposits in this area are mapped as coarse-grained deposits with a very 
low liquefaction hazard. 

We reviewed a publicly available geotechnical exploration that was completed in 1995 for 
the City of Salem near the intersection of Madrona Street and Madrona Court, which is 
approximately 250 feet southeast of the site.  The exploration indicates that a 13-foot-thick 
layer of clay overlies gravel to a depth of 25 feet.  Groundwater conditions were not 
indicated on the log; however, we expect them to closely follow those in the nearby creek.  A 
log of the exploration we reviewed is included in Appendix F. 

Because the predicted settlements in the HAZUS model are based on the assumption that 
the pump station is underlain by gravel which appears not to be correct based on the closest 
available well log, the hazard may not be adequately defined by the hazard mapping.  The 
actual potential for liquefaction and movement to the nearby creek would be a function of 
the plasticity of the fine-grained material above the gravel.  If the fine-grained material has 
consistent medium or high plasticity the liquefaction potential may be low.  However, if 
layers of saturated, low plasticity silt or loose sand are also present, a liquefaction hazard 
may be present. Additionally, portions of the subgrade in the pavement next to the building 
appear to be negatively affected by past uncontrolled water releases at the pump station.  If 
the areas of disturbed soil or voids extend below the building foundations, then portions of 
the foundations may have significantly less subgrade support than at locations where 
undisturbed native soil is present during both seismic and static conditions.  Due to 
uncertainties associated with the liquefication potential and subgrade we consider the 
potential for permanent ground deformation to be moderate to high during a seismic event.  



City of Salem Seismic 
Resilience Study 

DRAFT Seismic GeoHazard Evaluation Report 

105679-501 May 2021 
 24

Exhibit 3-11: Photo of Edwards Pump Station During Site Visit 
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Exhibit 3-12: Photo of Cracking and Settlement along Edwards Pump Station West Wall During Site Visit 

3.12 Site 12 - ASR Wells 

The ASR Wells for the City of Salem are located in Woodmansee Park.  At the ASR wells, of 
which there are five, treated water from the North Santiam River is pumped deep into the 
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underground aquifer so that it can be used during times of the year where usage is higher.  
The ASR system is currently under construction, undergoing improvements and expansions 
to the system.  As it currently stands, the ASR capacity is 8.71 million gallons per day.  
Because the ASR wells are located on relatively flat ground, there were no observed 
geologic hazards during our site reconnaissance. 

Existing subsurface information was not available for this pump station.  Based on the 
geologic mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic 
hazard mapping does not indicate permanent ground deformations from liquefaction 
induced settlement or seismic slope instability. 

Exhibit 3-13: Photo of Woodmansee Park During Site Visit 

3.13 Site 13 - Skyline Repeater Tower 

Based on the geologic mapping, the site is underlain by volcanic rock.  Therefore, the 
regional seismic hazard mapping does not indicate permanent ground deformations from 
liquefaction induced settlement or seismic slope instability. 
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3.14 Site 14 - Lone Oak Reservoir 

Lone Oak Reservoir is a partially-buried reinforced concrete reservoir.  Approximately 2 to 6 
feet of the reservoir, which is 25 feet high, are exposed at the surface.  The tank has a total 
capacity of 5.64 million gallons.  At the reservoir site, there is a gentle slope to the south.  
During our site reconnaissance, no evidence of slope instability or soil creep was observed. 

Existing subsurface information was not available for this reservoir.  Based on the geologic 
mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic hazard 
mapping does not indicate permanent ground deformations from liquefaction induced 
settlement or seismic slope instability.   

We reviewed publicly available geotechnical exploration logs from the intersection of Lone 
Oak Road SE and Mildred Lane SE, which is the intersection adjacent to the reservoir and 
were completed for the City of Salem Public Works Department.  Two explorations were 
completed, and both included a monitoring well.  Both explorations encountered residual 
soil to depths of 40 feet and both did not encounter groundwater.  Logs of the explorations 
that we reviewed are included in Appendix G. 

If subsurface conditions underlying the reservoir are similar to what was encountered in the 
nearby explorations, then we consider the potential for liquefaction and associated hazards 
to be low, which is consistent with the regional seismic mapping.  
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Exhibit 3-14: Photo of Lone Oak Reservoir During Site Visit 

3.15 Site 15 - Creekside Pump Station 

Creekside Pump Station is located just south of Lone Oak Reservoir.  The pump station, 
constructed in 1998, contains three pumps and has a capacity of approximately 6 million 
gallons per day.  The pump station sits on relatively flat ground at the bottom of a hill.  
During site reconnaissance, no signs of slope instability were observed. 

Existing subsurface information was not available for this pump station.  Based on the 
geologic mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic 
hazard mapping does not indicate permanent ground deformations from liquefaction 
induced settlement or seismic slope instability.   



City of Salem Seismic 
Resilience Study 

DRAFT Seismic GeoHazard Evaluation Report 

105679-501 May 2021 
 29

Exhibit 3-15: Photo of Creekside Pump Station During Site Visit 

3.16 Site 16 - Champion Hill Reservoir 

Champion Hill Reservoir is a 2.3-million-gallon reinforced concrete reservoir.  The reservoir 
is located just south of the Salem city limits and is surrounded by vineyards.  In the area 
around the tank, the ground is gently-sloping to the south. However, no signs of slope 
instability or soil creep were observed during our site reconnaissance.  

Existing subsurface information was not available for this reservoir.  Based on the geologic 
mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic hazard 
mapping does not indicate seismic related hazards as an issue for this site.   

We reviewed publicly available geotechnical exploration logs from a site that is 
approximately 800 feet north of the intersection between Hylo Road SE and Champions Hill 
Road SE, which would be approximately 200 feet south of the reservoir.  Three explorations 
were completed at this site with one exploration including a monitoring well.  Two of the 
explorations indicate that approximately 40 to 63 feet of silt overlies decomposed basalt.  
The third exploration was performed to 25 feet and included a monitoring well.  
Groundwater was not observed within the monitoring well and was not noted on the other 
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explorations.  Water well logs that are within approximately 0.5 miles from the reservoir site 
indicate that groundwater is relatively deep (i.e. greater than 100 feet below the ground 
surface).  Logs of the explorations that we reviewed are included in Appendix H. 

If the reservoir is potentially founded on silty soil overlying rock and perched water was 
present, then the silt may be susceptible to liquefaction depending on its plasticity.  
However, if the static groundwater is similar to the nearby water wells, then the potential 
for liquefaction and associated seismic hazards is considered to be low, which is consistent 
with the regional seismic mapping.  If the City has existing as-built information or 
geotechnical borings at this reservoir, we request that they be provided to the project team 
to better assess the seismic geohazards.   

Exhibit 3-16: Photo of Champion Hill Reservoir During Site Visit 

3.17 Site 17 - Boone Road Pump Station 

Boone Road Pump Station was originally constructed in 1977 with modifications made in 
1994 and again after 2001.  Three pumps, with a total capacity of 12.96 million gallons per 
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day are inside two structures on site.  The pump station sits on flat ground and the were no 
observed slope or geologic hazards observed during our site reconnaissance. 

Existing subsurface information was not available for this pump station.  Based on the 
geologic mapping, the site is underlain by terrace deposits.  However, the mapped terrace 
deposits in this area are mapped as coarse-grained deposits with a very low liquefaction 
hazard. 

Exhibit 3-17: Photo of Boone Road Pump Station During Site Visit 

3.18 Site 18 - Deer Park Pump Station 

Deer Park Pump Station sits on an 8-inch-thick reinforced concrete slab foundation.  The 
pump station, which was built in 1982, houses three pumps with a total capacity of 
approximately 5 million gallons per day.  The pump station is on relatively flat ground and 
no geologic hazards were observed during our site reconnaissance. 

Existing subsurface information was not available for this pump station.  Based on the 
geologic mapping, the site is underlain by volcanic rock.  Therefore, the regional seismic 
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hazard mapping does not indicate permanent ground deformations from liquefaction 
induced settlement or seismic slope instability. 

We reviewed publicly available geotechnical explorations completed in 1998 for the Oregon 
Department of Corrections at 5485 Turner Road SE, which is 300 to 500 feet west of the 
pump station site.  The explorations indicated 6 to 10 feet of clay to silty clay overlying 
weathered basalt.  Monitoring wells were also installed and indicate static groundwater 
ranges from 15 to 18 feet below the ground surface.  Logs of the explorations we reviewed 
are included in Appendix I. 

If subsurface conditions underlying the pump station are similar to what was encountered 
in the nearby exploration, then we consider the potential for liquefaction and associated 
hazards to be low, which is consistent with the regional seismic mapping.  

Exhibit 3-18: Photo of Deer Park Pump Station During Site Visit 

3.19 Site 19 - Mill Creek Reservoir 

Mill Creek Reservoir is a 2.3-million-gallon reinforced concrete tank.  The reservoir is 
adjacent to College Reservoir, near Corban University.  The reservoir is near the top of a hill, 
where it slopes to the southwest.  We did not observe indicators or evidence of slope 
instability around the tank. 
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We reviewed publicly available water well and geotechnical exploration logs completed for 
sites near the reservoir.  We found two explorations completed for 5358 Deer Park Dr SE in 
2015, which is approximately 300 to 400 feet south of the reservoir.  These two explorations 
indicated sandy silt overlying weathered basalt.  The contact with the weathered basalt 
varied from 9 to 18 feet below the ground surface.  Neither of these explorations indicated 
observations of groundwater.  A water well was completed for 5583 Jenniches Ln SE in 2005, 
which is approximately 0.5 mile southeast of the reservoir indicated groundwater was at a 
depth of 62 feet below the ground surface.  Logs of the explorations that we reviewed is 
included in Appendix J. 

If subsurface conditions underlying the reservoir are similar to what was encountered in the 
nearby explorations, the potential for permanent ground deformation from liquefaction and 
seismic slope instability is low, which is consistent with the regional seismic mapping.  The 
primary hazard at the site is strong ground motions.   

Exhibit 3-19: Photo of Mill Creek Reservoir During Site Visit 
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3.20 Site 20 - Turner Control Facility 

We understand from review of a Geotechnical Engineering Report prepared by Foundation 
Engineering, Inc., (FEI) that the Turner Control Facility was being designed for replacement 
with a larger structure in 2005.  The existing Turner Control Facility is on relatively flat 
ground. 

As part of the previous Geotechnical Engineering Report, one boring, designated BH-1, was 
drilled near the Turner Control Building on March 10, 2005.  The borehole was advanced to 
approximately 16.6 feet prior to encountering practical refusal.  Another exploration, 
designated BH-12, was performed by FEI southwest of the control building on May 1, 1998 
and was advanced to a maximum depth of 21.5 feet. 

Subsurface conditions encountered in boring BH-1 consisted of alluvial soils that were 
comprised of very stiff, silty clay to a depth of approximately 5 feet, which was underlain by 
dense to very dense gravel to the bottom of the hole at 16.6 feet.  Subsurface conditions 
encountered in boring BH-12 also consisted of alluvial soils that were comprised of medium 
stiff silt to approximately 3.5 feet, which was underlain by dense to very dense sandy gravel 
with cobbles to approximately 19 feet.  The FEI report indicates that the gravels were 
underlain by dense sand from 19 to 21.5 feet. 

Based on the geologic mapping, the site is underlain by terrace deposits.  The regional 
hazard mapping indicates that the terrace deposits underlying the Turner Control Building 
have a low liquefaction hazard, which is consistent with the subsurface conditions 
encountered in the previous explorations. 

3.21 Site 21 - Franzen Reservoir and Transmission Tower 

Franzen Reservoir, located in the hills above Turner Oregon, was built in 1951 and has a 
capacity of just over 92 million gallons.  A transmission tower was later constructed on the 
site.  The reservoir consists of two cells.  We reviewed the following documents provided 
for Franzen Reservoir: 

 Squire Associates, 2001, Geotechnical Schematic Design Report Franzen Reservoir
Rehabilitation Project;

 Squire Associates, 2002, Geotechnical Basis of Design Report Franzen Reservoir
Rehabilitation Project; and

 City of Salem Public Works, 2008, Slump Failure at Franzen Reservoir.

The 2002 Geotechnical Basis of Design Report and study performed by Squire Associates 
included 22 borings, 18 test pits, 12 shallow hand augers, and four seismic refraction survey 
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lines.  The report included an evaluation of slope stability including seismic slope stability 
as well as evaluation of other seismic related geologic hazards such as fault rupture and 
liquefaction.  That study identified what they believed to be an unknown fault with 
indeterminate activity extending through the middle of the reservoir based on offsets in the 
geologic units encountered in the explorations.  They concluded that this unmapped fault is 
unlikely to experience surface ruptures for earthquake magnitudes less than M5.6, which is 
what they considered to be the maximum magnitude for this unmapped fault. 

This study also concluded that liquefaction was not a hazard as the site is primarily 
underlain by residual soil, and coarse-grained subunits contained plastic fines contents 
ranging between 30 to 40 percent.  Seismic slope stability was also performed and concluded 
that slopes were generally stable under the design seismic loading condition but that the 
downstream slope may experience deformations of up to 6 inches.  A site plan and profile 
drawings from this study are included in Appendix L. 

According to a 2008 memorandum prepared by the City of Salem, two slump failures 
occurred within the cut slope of the west cell of the reservoir.  Each failure was 
approximately halfway down the slope from the top of the reservoir.  Each slumped area is 
about 10 feet x 10 feet in size. Based on information contained within the memorandum, the 
failures were discovered when the plastic liner was removed for routine maintenance.  No 
definitive cause of failure was stated in memorandum; however, the memo indicates that 
the original geotechnical engineer for the 2004 upgrades of the reservoirs (Barry Meyers) 
visited the site and that based on the type of failure groundwater was not anticipated to be 
the cause.  The memo also indicates that a similar failure occurred at or near the site during 
the first year of the reservoir's operation.  We understand that the failures were repaired.  
During our site visit the reservoir was covered, and we did not observe evidence slope 
instability; however, the reservoir cut walls were covered with a plastic liner.  No 
information was available on how the cells were repaired at the time of this report.  

Based on our site visit and existing subsurface information provided to us, the potential for 
liquefaction induced settlement of the native soils beneath the reservoir is low, which is 
consistent with the regional seismic mapping.  However, because the failures on the 
embankment wall have occurred during static conditions (i.e. no-ground motion) it is our 
opinion the potential for permanent ground deformation from seismic slope instability is 
not adequately captured in the HAZUS model.  Additional slope modeling outside of the of 
the current scope of the seismic geohazard evaluation would be required to better quantify 
the hazard, but it is our qualitative assessment based on the historic slumping the potential 
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for seismic slope instability of the embankment may be moderate to high. 

Exhibit 3-20: Photo of Franzen Reservoir During Site Visit 
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Exhibit 3-21: Photo of Slump Failure along Cut Slope of West Cell from 2008 (Photo Provided by the City 
of Salem) 

3.22 Site 22 - Geren Island Water Treatment Plant and Transmission 
Tower 

Geren Island is located in the Santiam River approximately 20 miles east of Salem near 
Stayton.  At the Geren Island Water Treatment Plant, which was constructed in 1937, water 
from the North Santiam River is taken from the river and filtered through sand filters and 
disinfected with chlorine.  The treatment plant is the main source of drinking water for the 
City of Salem and is also an active construction site where a new ozone treatment facility, 
scheduled to be finished in 2021, is being built.  Over the course of several decades 
numerous improvements have been made to improve treated water quality, capacity and 
reliability.  Not including the improvements currently under construction, the Geren Island 
Water Treatment Plant includes the following elements: 

 Surface water intakes and metering facilities, including one active intake referred to as
the "Middle Intake" and two intakes that have been abandoned as the depth and shape
of the channel has changed over time and the intakes are no longer viable;
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 Three groundwater supply wells;

 Pre-treatment facilities consisting of primary coagulant, pH adjustment and two
roughing filters;

 Three slow sand filters (2-cells each);

 Post-treatment facilities consisting of primary disinfection, pH adjustment, and
fluoridation; and

 Office buildings for staff, located adjacent to post treatment facilities.

The water treatment plant site is relatively flat.  However, there are embankments for the 
side walls of the various filter facilities on-site, and there are slopes along the banks of the 
North Santiam River Channels.  During our site visit, we did not observe signs of slope 
instability. 

Based on the geologic map, the site is underlain by alluvial soils.  Therefore, the regional 
seismic geohazard mapping indicates high liquefaction and other associated hazards (i.e. 
lateral spreading) are present at this site.  

Existing explorations for Geren Island were provided to us or were found within our 
records.  We reviewed the following geotechnical reports for Geren Island: 

 Shannon & Wilson, 1987, Geotechnical Studies Geren Island Water Intake Facilities;

 Foundation Engineering, Inc., 1996, Geren Island Treatment Facility Improvements
Geotechnical Investigation;

 Squire, 2004, Foundation Investigation at Geren Island Corrosion Control Facility - Soda
Ash Storage Silo(s) and Equipment Building; and

 McMillen Jacobs Associates, 2019, Geren Island Water Treatment Plant Improvement
Project Phase 1 - Ozone Facility.

These four reports include logs of 12 test pit explorations and 10 borings.  A site plan 
showing the location of known previous explorations is included in Figure 18.  Available 
logs of the explorations we reviewed are included Appendix M.   

Subsurface conditions indicated on the exploration logs indicate that most of the site is 
primarily underlain by gravel alluvium.  Standard Penetration Test samples collected within 
the gravel indicate that it is dense to very dense.  Some of the test pits and boring logs 
indicate that there are localized areas of loose to medium dense silty sand overlying the 
gravels.   
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We evaluated the liquefaction potential of the soils in the borings in accordance with 
methods described by Boulanger and Idriss (2014) for a magnitude 9 earthquake and the 
peak ground acceleration shown in Table 1 (0.16 g).  These analyses indicate that the factors 
of safety against liquefaction for a magnitude 9 CSZ event are greater than 1.0.  Our analysis 
assumed a groundwater depth of 8 feet below the ground surface based on measured 
groundwater conditions in the borings, which is below the bottom of the localized areas of 
loose to medium dense sand noted on the test pit and boring logs.  If groundwater levels are 
higher than assumed in our analyses, the loose to medium dense sand would show zones 
with factors of safety against liquefaction of less than 1.0.  We also note that the subsurface 
conditions on the site vary from loose sand to very dense gravel, with the density and 
particle size of the alluvial deposits which form the island related to the energy and flow in 
the Santiam River during deposition.  Consequently, the soil type, density, and strength 
characteristics can change over relatively short vertical and horizontal distances.   

Liquefaction potential analysis of the available boring logs did not identify a liquefaction 
hazard for the Cascadia Subduction Zone ground motions considered in this study.  
Therefore, the seismic geohazard mapping overestimates the liquefaction induced 
settlement on those portions of the island where borings are available.  However, in areas 
where there are no borings to indicate a low liquefaction hazard, we recommend that the 
liquefaction geohazard information indicated on the seismic geohazard maps be assumed.  
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Exhibit 3-22: Photo Showing Area Near New Ozone Facility 
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Exhibit 3-23: Photo Showing Middle Intake at Geren Island Water Treatment Plant 
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Exhibit 3-24: Photo Showing Geren Island Transmission Tower. 

We note that the Geren Island WTP is downstream of Detroit Lake, a Lake impounded by 
the Detroit Dam, and the Big Cliff Reservoir, a reservoir impounded by the Big Cliff Dam.  
These reservoirs and dams are owned and operated by the U.S. Army Corps of Engineers 
(USACE).  The Water Treatment Plant is also downstream of the Upper Bennett Dam and 
portions of Water Treatment Plant Facilities are downstream of the Lower Bennett Dam.  
The Lower and Upper Bennett Dams are co-owned by the Santiam Flood Control District 
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and the City of Salem.  Our study did not include an evaluation of the Upper and Lower 
Bennett Dams or the dams owned by the USACE. 

3.23 Sites 23 and 24 - Upper and Lower Transmission Mains 

We understand that the City of Salem's water transmission backbone is separated into an 
upper and a lower segment.   The upper and lower transmission mains are further divided 
into two lines.  The upper transmission lines extend from the Geren Island WTP and 
terminate in Turner at the Turner Control Valves, which is northwest of Franzen Reservoir.  
Line 1 for the upper transmission main is 36 inches in diameter, and Line 2 for the upper 
transmission main is 54 inches in diameter.  The lower transmission lines extend from the 
Turner Control Valves and Line 1 terminates at the Fairmont Reservoir and Line 2 
terminates at the Mountain View Reservoir.  Line 2 of the lower transmission main crosses 
under the Willamette River at Sunset Park. 

Based on the geologic mapping, both lines of the upper transmission main segment are 
primarily within terrace deposits.  Based on the regional seismic geohazard mapping, the 
terrace deposits in this area are characterized as coarse-grained sediments that have a low 
liquefaction hazard.  There are portions of the upper transmission mains that are within 
mapped areas of alluvium, specifically near Geren Island and just south of Turner.  Based 
on the regional seismic geohazard mapping, the alluvial soils have a high liquefaction 
hazard.   

Based on geologic mapping, both lines of the lower transmission main segment are 
primarily within terrace deposits and Missoula flood deposits.  The regional seismic 
geohazard mapping indicates that the terrace and Missoula flood deposits have a low 
liquefaction potential in the HAZUS model. However, there are areas in the north part of 
Salem where the Missoula flood deposits have a moderate liquefaction hazard, and Line 2 of 
the lower transmission main crosses through these regions.  Line 2 of the lower transmission 
main also crosses through mapped alluvium as it approaches the Willamette River.  This 
area is mapped as having a moderate to high liquefaction hazard. 

The other liquefaction-related hazard for Line 2 of the lower transmission main segment is 
lateral spreading near the Willamette River crossing.  There is also a potential for lateral 
spreading where the upper transmission main segment crosses the North Santiam River.  
Lateral spreading can occur if soil liquefaction develops during a seismic event and the 
ground acceleration (inertial force) surpasses the yield acceleration (shear strength) of the 
liquefied soil.  The displacements are cumulative and permanent and can occur on mild 
slopes or level ground adjacent to a much steeper slope or vertical face (free face).   
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Existing information related to this river crossing was not provided.  Also, the depth of the 
pipeline was unknown to Shannon & Wilson at the time of this report.  Based on a paper 
published by Youd in 2018, if a pipeline was buried 1H below the bottom of a channel, then 
the shear zone generated by lateral spread is typically above and non-damaging to the pipe. 

Based on the regional seismic hazard mapping, permanent ground deformations due to 
lateral spreading are estimated to be up to 11 inches at distances of up to 350 feet west of the 
Willamette River crossing and 4 inches at distances of up to 1,000 feet east of the Willamette 
River crossing.  Permanent ground deformations due to lateral spreading are estimated to 
be up to 9 inches at distances of up to 1,000 feet on either side of the North Santiam River 
crossing. 

We also understand that there are lower Willamette River crossings at Marion Street and 
Center Street and that the pipelines for these crossings are supported by the Marion and 
Center Street bridges that are owned and maintained by ODOT.  Our study did not include 
an evaluation of the lower Willamette River bridge crossings owned by ODOT.  However, 
Shannon & Wilson is involved with a planned seismic retrofit of the Center Street bridge for 
ODOT and has submitted a draft Preliminary Geotechnical Memorandum (Shannon & 
Wilson, 2018). 

The draft Preliminary Geotechnical Memorandum prepared by Shannon & Wilson did not 
include subsurface explorations, and preliminary results were based on historic 
explorations performed for the existing bridge.  Based on the Preliminary Geotechnical 
Memorandum, soils underlying the West Approach and River Spans are susceptible to 
liquefaction.  Up to 8 inches of liquefaction-induced settlement is estimated for the West 
Approach and River Spans.  At the time the Preliminary Memorandum was prepared, 
Shannon & Wilson determined that there was not sufficient SPT data to perform a 
liquefaction analysis for the East Approach.  However, Shannon & Wilson did include 
review of one existing test hole performed for the East Approach, which showed low 
liquefaction susceptibility.  Lateral spreading was also noted as a hazard for the west 
riverbank, but a low potential for the east riverbank.  Existing geotechnical data for the 
bridge from Historic Record Drawings provide by ODOT are included in Appendix N. 

We recommend that the project team communicate with ODOT to understand the expected 
performance of the bridges and use that information to estimate the performance of the 
pipelines supported by the bridges. 

Also, note that based on fault mapping, the upper and lower transmission mains appear to 
cross two Class A faults.  A discussion of the faults and potential for surface rupture are 
included in Section 2.11 of this report. 
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4 LIMITATIONS 
Our interpretations, conclusions and geotechnical considerations are based on a desktop 
study including review of publicly available information prepared by others, and a single 
site visit.  No explorations were performed to evaluate geotechnical site conditions and 
make interpretations.  Should proposed development of sites within the study area occur, 
we recommend that appropriate explorations and site characterization testing and 
evaluation be done, a detailed site-specific geotechnical study be performed, and 
geotechnical firms with experience in both static and seismic conditions perform the work. 

Within the limitations of scope, schedule, and budget, the conclusions presented in this 
report were prepared in accordance with generally accepted professional geotechnical 
engineering principles and practice in this area at the time this report was prepared.  
Shannon & Wilson makes no other warranty, either express or implied.  These conclusions 
were based on Shannon & Wilson’s understanding of the project as described in this report 
and the site conditions as observed at the time of our field reconnaissance. 

This report was prepared for the exclusive use of Black & Veatch and City of Salem, Oregon. 
The scope of Shannon & Wilson’s present work did not include environmental assessments 
or evaluations regarding the presence or absence of hazardous or toxic substances in the 
soil, surface water, groundwater, or air, on or below or around this sites, or for the 
evaluation or disposal of contaminated soils or groundwater should any be encountered.   

Shannon & Wilson has prepared “Important Information About Your 
Geotechnical/Environmental Report” to assist you and others in understanding the use and 
limitations of our reports and is attached at the end of this report. 
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LIQUEFACTION HAZARD
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1. Liquefaction hazard developed from data

provided with DOGAMI publications GMS-105
and OGDC-7, the Youd and Perkins, 1978
methodology, and knowledge of regional liquefaction
hazards.

2. City of Salem pipelines provided by
Black & Veatch.
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LANDSLIDE SUSCEPTIBILITY
(DRY CONDITIONS)
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1. Landslide Susceptibility calculated from data provided

 with DOGAMI publications SLIDO-4.0, O-12-02, 
 OGDC-6, and LiDAR. Methodology taken from HAZUS.
 See text for details.

2. City of Salem pipelines provided by Black & Veatch.

LEGEND

_̂ Critical FacilitiesLandslide Susceptibility in Dry Conditions

0
3
4
5
6
7
9

(Scale of 0-10)
City of Salem Pipeline Backbone

11.

17.

18.
19.

2016.

14.

15.

12.

10.

8.
7.

6.
5.

2.

4.

3.

1

21.

9.

13.

22

23

24

1. Salem-Keizer Intertie/Cherry Ave Booster
2. Grice Hill Reservoir and Repeater Tower
3. Hemlock Well
4. Mountain View Reservoir and Pump Station
5. EOLA 1B Reservoir
6. Limelight Pump Station
7. Fairmont Reservoir
8. Candalaria Reservoir
9. South Salem Repeater Tower
10. Croisan Lower Pump Station
11. Edwards Pump Station
12. ASR Wells
13. Skyline Repeater Tower
14. Lone Oak Reservoir
15. Creekside Pump Station
16. Champion Hill Reservoir
17. Boone Road Pump Station
18. Deer Park Pump Station
19. Mill Creek Reservoir
20. Turner Control Facilities
21. Franzen Reservoir and Repeater Tower
22. Geren Island WTP and Repeater Tower
23. Upper Transmission Mains
24. Lower Transmission Mains

Critical Facilities:

DRAFT



_̂

_̂

_̂

_̂

_̂

_̂

_̂
_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri
Japan, METI, Esri China (Hong Kong), swisstopo, © OpenStreetMap contributors, and the GIS User Community

Salem Seismic
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LANDSLIDE SUSCEPTIBILITY
(WET CONDITIONS)
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with DOGAMI publications SLIDO-4.0, O-12-02,
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See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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PEAK GROUND
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NOTES
1. PGA map for the magnitude 9.0 Cascadia Earthquake

Scenario calculated from data provided in DOGAMI
publication O-13-06 and methodology in Boore
and Atkinson, 2008. See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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0.3-SECOND SPECTRAL
ACCELERATION, SA0.3

FIG. 8
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NOTES
1. SA0.3 map for the magnitude 9.0 Cascadia Earthquake

Scenario calculated from data provided with the USGS
Scenario published September 20, 2011, and DOGAMI
publications O-12-02 and OGDC-6. See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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NOTES
1. SA1 map for the magnitude 9.0 Cascadia Earthquake

Scenario calculated from data provided in DOGAMI
publications O-13-06 and OGDC-6, and methodology
in Boore and Atkinson, 2008. See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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Salem Seismic
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PEAK GROUND VELOCITY, PGV

FIG. 10
May 2021 105679

0 12,000 24,0006,000

Scale in Feet

£
Fil

en
am

e: 
T:\

Pr
oje

cts
\PD

X\
10

50
00

s\1
05

67
9 -

 S
ale

m 
Se

ism
ic\

Av
mx

d\1
1x

17
\Fi

g 9
 - P

GV
.m

xd
    

 D
ate

: 4
/22

/20
21

    
 Lo

gin
: D

SJ

NOTES
1. PGV map for the magnitude 9.0 Cascadia Earthquake

 Scenario calculated from data provided in DOGAMI
 publications O-13-06 and OGDC-6, and methodology
 in Boore and Atkinson, 2008. See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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Salem Seismic
Salem, Oregon

PROBABILITY OF
LIQUEFACTION

FIG. 11
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NOTES
1. Probability of liquefaction for magnitude 9.0 Cascadia

 Earthquake Scenario calculated from data provided
 with DOGAMI publications O-12-02, GMS-105, and 
 OGDC-6. See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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Salem Seismic
Salem, Oregon

LIQUEFACTION-INDUCED LATERAL
SPREADING PERMANENT GROUND

DEFORMATION, PGD

FIG. 12
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NOTES
1. Liquefaction-induced lateral spreading PGD for the

magnitude 9.0 Cascadia Earthquake Scenario
calculated from data provided with DOGAMI
publications O-12-02, OGDC-6, GMS-105, and
FEMA publication HAZUS 4.2 Technical Manual.
See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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1. Liquefaction-induced lateral spreading PGD for the

 magnitude 9.0 Cascadia Earthquake Scenario
 calculated from data provided with DOGAMI
 publications O-12-02, OGDC-6, GMS-105, and 
 FEMA publication HAZUS 4.2 Technical Manual.
 See text for details.

2. City of Salem pipelines provided by Black & Veatch.
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2. City of Salem pipelines provided by Black & Veatch.
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magnitude 9.0 Cascadia Earthquake Scenario
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2. City of Salem pipelines provided by Black & Veatch.
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 ft. toBackfill placed from
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Completed Well
Existing Well / Predeepening

Date SWL(psi)

+

SWL(ft)

SWL Date From To Est Flow SWL(psi)

+

SWL(ft)
Depth water was first found

LINDBECK FAMILY LLC

B-2

2255 ELLIS AVE NE
SALEM OR 97301

GEOTECHNICAL

Uncased Temporary Cased Permanent
Uncased Permanent Slope Stablity
Other

    20.00

10-06-2011 10-06-2011

10-06-2011 10-06-2011

  53215POLK

10-12-2011

10626

BRYAN MEAD
SUBSURFACE TECHNOLOGIES

Flowing Artesian?

    16.00

Supervising Geologist/Engineer

Electronically Submitted

BRY 100611PROJECT NAME/NBR:

8 0 20 Bentonite S10200

Bentonite S10200

15
20

0
15

BROWNISH REDDISH CLAY
WEATHERED BASALT

Polk   7.00 S   3.00 W
 16 SW SW 103

1500 ORCHARD HEIGHTS RD. NW SALEM, OREGON 97308

Street address of hole Nearest address

Pump Bailer Air Flowing Artesian

Form Version:   0.95

DRAFT



Page 1 of 2

Hole Number

First Name 

Address
Zip

(1) OWNER/PROJECT

(2) TYPE OF WORK  New  Deepening

(3) CONSTRUCTION
 Rotary Air

 Other

 State City

STATE OF OREGON 
GEOTECHNICAL HOLE REPORT 
(as required by OAR 690-240-0035)

(6) BORE HOLE CONSTRUCTION
Depth of Completed Hole  ft. 

SEALBORE HOLE 

(Attach copy)

Dia From To

 Special Standard

 Dia From To Gauge Stl Plstc Wld ThrdCasing Screen

(8) WELL TESTS

Yield gal/min Drawdown Drill stem/Pump depth Duration(hr)

(9) LOCATION OF HOLE (legal description)

Tax Lot
  Lot

Twp   Range  E/W WM 
Sec  1/4  1/4 

Lat ° ' " or   DMS or DD
Long ° ' " or   DMS or DD 

County N/S
of the

(10) STATIC WATER LEVEL

 WATER BEARING ZONES

(11)  SUBSURFACE LOG Ground Elevation

Material To

CompletedDate Started

Tax Map Number

I accept responsibility for the construction, deepening, alteration, or abandonment
work performed during the construction dates reported above. All work performed
during this time is in compliance with Oregon geotechnical hole construction
standards.  This report is true to the best of my knowledge  and belief. 

License/Registration Number

From

Company
 Last Name 

+

Professional Certification (to be signed by an Oregon licensed water or
monitoring well constructor,Oregon registered  geologist or professional engineer).

(12)  ABANDONMENT LOG:

(7) CASING/SCREEN 

(5) USE OF HOLE 

(4)  TYPE OF HOLE:

Date Started Completed

Affiliation
 First Name 

 Rotary Mud  Cable
 Hand Auger  Hollow stem auger

Push Probe

 Abandonment

Last Name 

 Alteration (repair/recondition)

Other:

  Date

Temperature °F  Lab analysis 

 Water quality concerns? 

Yes

From
Yes (describe below)

To Description

  By

Amount Units

sacks/
lbsAmtToFromMaterial

Filter pack from  ft. to  ft. Material
 ft.    Material 

Material From To Amt
sacks/

lbs

 ft. toBackfill placed from
Size

ORIGINAL - WATER RESOURCES DEPARTMENT
THIS REPORT MUST BE SUBMITTED TO THE WATER RESOURCES DEPARTMENT WITHIN 30 DAYS OF COMPLETION OF WORK

Completed Well
Existing Well / Predeepening

Date SWL(psi)

+

SWL(ft)

SWL Date From To Est Flow SWL(psi)

+

SWL(ft)
Depth water was first found

LINDBECK FAMILY LLC

B-1

2255 ELLIS AVE NE
SALEM OR 97301

GEOTECHNICAL

Uncased Temporary Cased Permanent
Uncased Permanent Slope Stablity
Other

    20.00

10-06-2011 10-06-2011

10-06-2011 10-06-2011

  53216POLK

10-12-2011

10626

BRYAN MEAD
SUBSURFACE TECHNOLOGIES

Flowing Artesian?

    16.00

Supervising Geologist/Engineer

Electronically Submitted

BRY 100611PROJECT NAME/NBR:

8 0 20 Bentonite S10200

Bentonite S10200

15
20

0
15

BROWNISH REDDISH CLAY
WEATHERED BASALT

Polk   7.00 S   3.00 W
 16 SW SW 103

1500 ORCHARD HEIGHTS RD. NW SALEM, OREGON 97308

Street address of hole Nearest address

Pump Bailer Air Flowing Artesian

Form Version:   0.95

DRAFT



Page 2 of 2

Map of Hole
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Attachment to and part of Report: 105679 
Date: May 2021 
To: Ho-ping Wei  
 Black & Veatch, Inc.. 

Important Information About Your  
Geotechnical/Environmental Report 

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS. 

Consultants prepare reports to meet the specific needs of specific individuals.  A report prepared for a civil 
engineer may not be adequate for a construction contractor or even another civil engineer.  Unless indicated 
otherwise, your consultant prepared your report expressly for you and expressly for the purposes you indicated.  
No one other than you should apply this report for its intended purpose without first conferring with the 
consultant.  No party should apply this report for any purpose other than that originally contemplated without 
first conferring with the consultant. 

THE CONSULTANT’S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS. 

A geotechnical/environmental report is based on a subsurface exploration plan designed to consider a unique set 
of project-specific factors.  Depending on the project, these may include the general nature of the structure and 
property involved; its size and configuration; its historical use and practice; the location of the structure on the 
site and its orientation; other improvements such as access roads, parking lots, and underground utilities; and the 
additional risk created by scope-of-service limitations imposed by the client.  To help avoid costly problems, ask 
the consultant to evaluate how any factors that change subsequent to the date of the report may affect the 
recommendations.  Unless your consultant indicates otherwise, your report should not be used (1) when the 
nature of the proposed project is changed (for example, if an office building will be erected instead of a parking 
garage, or if a refrigerated warehouse will be built instead of an unrefrigerated one, or chemicals are discovered 
on or near the site); (2) when the size, elevation, or configuration of the proposed project is altered; (3) when the 
location or orientation of the proposed project is modified; (4) when there is a change of ownership; or (5) for 
application to an adjacent site.  Consultants cannot accept responsibility for problems that may occur if they are 
not consulted after factors that were considered in the development of the report have changed. 

SUBSURFACE CONDITIONS CAN CHANGE. 

Subsurface conditions may be affected as a result of natural processes or human activity.  Because a 
geotechnical/environmental report is based on conditions that existed at the time of subsurface exploration, 
construction decisions should not be based on a report whose adequacy may have been affected by time.  Ask the 
consultant to advise if additional tests are desirable before construction starts; for example, groundwater 
conditions commonly vary seasonally. 

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater 
fluctuations may also affect subsurface conditions and, thus, the continuing adequacy of a 
geotechnical/environmental report.  The consultant should be kept apprised of any such events and should be 
consulted to determine if additional tests are necessary. 

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 

Site exploration and testing identifies actual surface and subsurface conditions only at those points where 
samples are taken.  The data were extrapolated by your consultant, who then applied judgment to render an 
opinion about overall subsurface conditions.  The actual interface between materials may be far more gradual or 
abrupt than your report indicates.  Actual conditions in areas not sampled may differ from those predicted in 
your report.  While nothing can be done to prevent such situations, you and your consultant can work together to 
help reduce their impacts.  Retaining your consultant to observe subsurface construction operations can be 
particularly beneficial in this respect. 
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A REPORT’S CONCLUSIONS ARE PRELIMINARY. 

The conclusions contained in your consultant’s report are preliminary, because they must be based on the 
assumption that conditions revealed through selective exploratory sampling are indicative of actual conditions 
throughout a site.  Actual subsurface conditions can be discerned only during earthwork; therefore, you should 
retain your consultant to observe actual conditions and to provide conclusions.  Only the consultant who 
prepared the report is fully familiar with the background information needed to determine whether or not the 
report’s recommendations based on those conclusions are valid and whether or not the contractor is abiding by 
applicable recommendations.  The consultant who developed your report cannot assume responsibility or 
liability for the adequacy of the report’s recommendations if another party is retained to observe construction. 

THE CONSULTANT’S REPORT IS SUBJECT TO MISINTERPRETATION. 

Costly problems can occur when other design professionals develop their plans based on misinterpretation of a 
geotechnical/environmental report.  To help avoid these problems, the consultant should be retained to work 
with other project design professionals to explain relevant geotechnical, geological, hydrogeological, and 
environmental findings, and to review the adequacy of their plans and specifications relative to these issues. 

BORING LOGS AND/OR MONITORING WELL DATA SHOULD NOT BE SEPARATED FROM THE REPORT. 

Final boring logs developed by the consultant are based upon interpretation of field logs (assembled by site 
personnel), field test results, and laboratory and/or office evaluation of field samples and data.  Only final boring 
logs and data are customarily included in geotechnical/environmental reports.  These final logs should not, under 
any circumstances, be redrawn for inclusion in architectural or other design drawings, because drafters may 
commit errors or omissions in the transfer process.   

To reduce the likelihood of boring log or monitoring well misinterpretation, contractors should be given ready 
access to the complete geotechnical engineering/environmental report prepared or authorized for their use.  If 
access is provided only to the report prepared for you, you should advise contractors of the report’s limitations, 
assuming that a contractor was not one of the specific persons for whom the report was prepared, and that 
developing construction cost estimates was not one of the specific purposes for which it was prepared.  While a 
contractor may gain important knowledge from a report prepared for another party, the contractor should 
discuss the report with your consultant and perform the additional or alternative work believed necessary to 
obtain the data specifically appropriate for construction cost estimating purposes.  Some clients hold the mistaken 
impression that simply disclaiming responsibility for the accuracy of subsurface information always insulates 
them from attendant liability.  Providing the best available information to contractors helps prevent costly 
construction problems and the adversarial attitudes that aggravate them to a disproportionate scale. 

READ RESPONSIBILITY CLAUSES CLOSELY. 

Because geotechnical/environmental engineering is based extensively on judgment and opinion, it is far less exact 
than other design disciplines.  This situation has resulted in wholly unwarranted claims being lodged against 
consultants.  To help prevent this problem, consultants have developed a number of clauses for use in their 
contracts, reports, and other documents.  These responsibility clauses are not exculpatory clauses designed to 
transfer the consultant’s liabilities to other parties; rather, they are definitive clauses that identify where the 
consultant’s responsibilities begin and end.  Their use helps all parties involved recognize their individual 
responsibilities and take appropriate action.  Some of these definitive clauses are likely to appear in your report, 
and you are encouraged to read them closely.  Your consultant will be pleased to give full and frank answers to 
your questions. 

The preceding paragraphs are based on information provided by the ASFE/Association of Engineering Firms 
Practicing in the Geosciences, Silver Spring, Maryland 
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1.0 Introduction and Background 
 
1.1 City of Salem Water System Description 
 
The City of Salem relies on the North Santiam River Watershed (including the North 
Santiam River and Detroit Lake) to supply water for the City’s approximately 170,000 
residents and commercial customers.  Water flows down the North Santiam River to the 
raw water intake at the Geren Island Water Treatment Facility near Stayton.  Large 
diameter transmission mains deliver water from Geren Island to the 100-million-gallon 
Franzen Reservoir located in Turner and/or the City’s transmission and distribution 
system that is supported by numerous pump stations and storage reservoirs within and 
adjacent to the City of Salem service area.  The City also operates four aquifer storage 
and recovery (ASR) wells in Woodmansee Park. 
 
 
1.2 Seismic Resilience Study 
 
Based on Oregon Health Authority requirements, the City of Salem has retained a team, 
led by Black & Veatch, to perform a water system seismic resilience study.  This study 
has established post-earthquake level of service goals for the City’s water system 
following a Magnitude 9.0 (M9.0) Cascadia Subduction Zone (CSZ) earthquake, 
identified a water system backbone, evaluated the expected performance of selected City 
water system components following an M9.0 CSZ earthquake, and identified preliminary 
recommendations for improvements that should be implemented to enable the City to 
more rapidly restore water service after a major earthquake, and to meet community 
social and economic needs. 
 
This Technical Memorandum (TM) presents SEFT’s observations, findings, and 
recommendations related to a preliminary structural and nonstructural seismic assessment 
of selected City of Salem water system facilities (10 pump stations, Turner Control 
Facility, 8 reservoirs, and 5 reservoir control buildings).  The components of the water 
system that have been evaluated by SEFT as part of this effort are summarized in Table 
1.1 (pump stations and control facilities), Table 1.2 (reservoirs), and Table 1.3 (reservoir 
control buildings).  The locations of these components are illustrated in Figure 1.1.  To 
complete this scope of work, SEFT utilized the available original design drawings, 
seismic retrofit drawings, and previous reports indicated in Table 1.4 (pump stations and 
control facilities) and Table 1.5 (reservoirs and reservoir control buildings), that were 
provided to the Black & Veatch team by the City. 
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Table 1.1 Summary of Evaluated Pump Stations and Control Facilities 
 

Pump Station or 

Control Building 
Construction Type 

Year of 

Original 

Construction 

Year(s) of 

Modification 

or Retrofit 

ASR #1 and #2 Reinforced Masonry Shear 
Wall 1995 1998 

ASR #4 Reinforced Masonry Shear 
Wall 1998 -- 

ASR #5 
Reinforced Masonry Shear 
Wall with Octagonal Steel 
Framed Pavilion 

1998 -- 

Boone Road (original) Reinforced Masonry Shear 
Wall 1976 2018 

Creekside Reinforced Masonry Shear 
Wall 1998 -- 

Deer Park Reinforced Masonry Shear 
Wall Unknown Unknown(1) 

& 2013 

Edwards Masonry Shear Wall and 
Steel Frame  -- 

Limelight Reinforced Masonry Shear 
Wall 1998 -- 

Mountain View Reinforced Masonry Shear 
Wall 1994 -- 

Salem/Keizer Intertie #1 Reinforced Masonry Shear 
Wall 2012 -- 

Turner Control Facility 

Reinforced Masonry Shear 
Wall (above-grade) and 
Reinforced Concrete Shear 
Wall (below-grade) 

2007(2) -- 

 

(1) An electrical room addition was constructed abutting to the south side of the original Deer Park Pump 
Station at an unknown date.  This addition approximately doubled the size of the pump station. 

(2) The original Turner Control Facility was substantially replaced by the 2007 construction.  However, a 
small subgrade portion of the original Turner Control Facility was integrated into the new structure. 
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Table 1.2 Summary of Evaluated Reservoirs 
 

Reservoir Construction Type 

Year of 

Original 

Construction 

Year(s) of 

Modification 

or Retrofit 

Candalaria 0.5 MG(1) Rectangular 
Reinforced Concrete 1940 2006 

Champion Hill 
2.2 MG Strand-Wound 
Circular Prestressed 
Concrete 

2005 -- 

Eola Reservoir #1B 0.86 MG Circular 
Reinforced Concrete 1999 -- 

Fairmount 10 MG Rectangular 
Reinforced Concrete 1936 -- 

Grice Hill 
2.2 MG Strand-Wound 
Circular Prestressed 
Concrete 

2001 -- 

Lone Oak 
5.6 MG Strand-Wound 
Circular Prestressed 
Concrete 

2003 -- 

Mill Creek #1 
2.2 MG Strand-Wound 
Circular Prestressed 
Concrete 

2013 -- 

Mountain View 
10 MG Strand-Wound 
Circular Prestressed 
Concrete 

1971 -- 
 

(1) million gallon (MG) 
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Table 1.3 Summary of Evaluated Reservoir Control Buildings 
 

Reservoir Control 

Building 
Construction Type 

Year of 

Original 

Construction 

Year(s) of 

Modification 

or Retrofit 

Champion Hill 

Reinforced Masonry Shear 
Wall (above-grade) and 
Reinforced Concrete Shear 
Wall (below-grade) 

2005 -- 

Fairmount Reinforced Concrete Shear 
Wall 1936 -- 

Grice Hill Reinforced Masonry Shear 
Wall 2001 -- 

Lone Oak 

Reinforced Masonry Shear 
Wall (above-grade) and 
Reinforced Concrete Shear 
Wall (below-grade) 

2003 -- 

Mill Creek #1 

Reinforced Masonry Shear 
Wall (above-grade) and 
Reinforced Concrete Shear 
Wall (below-grade) 

2013 

-- 
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Table 1.4 Available Pump Station and Control Facility Documents 
 

Pump Station or 

Control Building 

Design Drawing, As-Built Drawing or 

Evaluation Report 
Date 

ASR #1 and #2 

“Aquifer Storage & Recovery Project” by 
Stettler Company April 1995 

“Aquifer Storage & Recovery Well No. 2” by 
Stettler Company November 1997 

ASR #4 “Aquifer Storage & Recovery Well No. 4” by 
Stettler Company February 1998 

ASR #5 “Aquifer Storage & Recovery Well No. 5” by 
Stettler Company November 1997 

Boone Road 

“Boone Road Pump Station” by C & G 
Engineering August 1976 

“Boone Road Water Pump Station Upgrades” 
by Murraysmith September 2018 

Creekside “Creekside S-3 Pump Station” by Multi/Tech 
Consultants September 1997 

Deer Park “Deer Park Pump Station Improvements” by 
Landis Consulting January 2013 

Edwards 
“Intermediate Level Booster Pumps and 
Piping Edwards Pump Station” by Clark & 
Groff Engineers Inc. 

January 1966 

Limelight “Limelight Pump Station” by Multi/Tech 
Consultants March 1997 

Mountain View “Mt. View Pump Station for the City of 
Salem” by KMC, Inc.  January 1994 

Salem/Keizer 
Intertie #1 

“Keizer Intertie (Cherry Ave. N) Water 
Booster Pump Station” by Westech 
Engineering, Inc.  

June 2012 

Turner Control 
Facility 

“75 MGD Transmission Conduit Phase 2 
Delaney Road to Turner Control” by Black & 
Veatch Corporation 

October 2007 
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Table 1.5 Available Reservoir and Reservoir Control Building Documents 
 

Reservoir Design Drawing, As-Built Drawing or 

Evaluation Report 
Date 

Candalaria 

“Proposed Candalaria Reservoir” by R.D. 
Cooper May 1940 

“Salem Concrete Reservoirs (Candalaria, 
Chacarun, Glen Creek and Skyline) Seismic 
Retrofit Project” by Black & Veatch 
Corporation 

January 2006 

“City of Salem’s 0.5 Million Gallon 
Candalaria Reservoir Evaluation” by Murray, 
Smith & Associates, Inc. 

August 2011 

Champion Hill “2.2 Million Gallon Champion Hill 
Reservoir” by Westech Engineering  August 2005 

Eola Reservoir #1B “Eola 1B Water Reservoir” by Multi/Tech 
Consultants May 1999 

Fairmount 

“Fairmount Reservoir” by Stevens & Koon April 1936 
“Fairmount Reservoir Seismic Evaluation” by 
Black & Veatch Corporation April 2007 

“Fairmount Reservoir Structural Evaluation” 
by Carollo Engineers April 2018 

Grice Hill “Grice Hill Reservoir & Waterline Extension” 
by Westech Engineering May 2001 

Lone Oak “5.6 Million Gallon Lone Oak Reservoir” by 
CH2M Hill July 2003 

Mill Creek #1 “Mill Creek Reservoir As-Built Drawings” by 
Westech Engineering December 2014 

Mountain View “Mountain View Reservoir” by Stevens, 
Thomsen & Runyan Inc. May 1971 
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Figure 1.1 City of Salem Water System General Location Map 
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2.0 Evaluation Methodology and Seismic Performance 
Objectives 

 
2.1 Seismic Hazard 
 
This evaluation considered a single seismic hazard level associated with a Magnitude 9.0 
(M9.0) scenario earthquake originating on the Cascadia Subduction Zone (CSZ).  As part 
of this project, Shannon and Wilson, Inc. conducted a geotechnical seismic hazard 
assessment (Shannon & Wilson, 2021).  In their report, Shannon & Wilson provided 
estimates of the spectral acceleration and permanent ground deformation (PGD) for 
liquefaction-induced settlement, liquefaction-induced lateral spreading, and earthquake-
induced landslide associated with the M9.0 CSZ scenario earthquake.  The geotechnical 
data that was used as the basis for SEFT’s structural evaluation is summarized in Table 
2.1 (pump stations and control facilities) and Table 2.2 (reservoirs and reservoir control 
buildings). 
 
 
2.2 Seismic Performance Objectives 
 
In the initial phase of this project, the Black & Veatch/SEFT team worked with the City 
of Salem to establish proposed level of service (LOS) goals for the City of Salem water 
system following a major earthquake as described in Black & Veatch (2021).  The 
structural and nonstructural performance objectives used for evaluation of water system 
components for the M9.0 CSZ scenario earthquake were based on the post-earthquake 
performance of facilities that will be required to achieve these LOS goals (i.e., Immediate 
Occupancy structural performance and Operational nonstructural performance) and are 
described in Sections 2.2.1 and 2.2.2.  Additionally, this evaluation identified several 
structures that are not currently expected to achieve Life Safety structural performance 
(see Section 2.2.1 for definition) for the M9.0 CSZ scenario earthquake and represent a 
potential safety hazard to City staff and contractors. 
 
 
2.2.1 Structural Performance Objective 
 

Immediate Occupancy: “Immediate Occupancy” refers to the post-earthquake damage 
state in which only very limited structural damage has occurred.  The basic vertical- and 
lateral-force-resisting systems of the building retain almost all their pre-earthquake 
strength and stiffness.  The risk of life-threatening injury from structural damage is very 
low, and although some minor structural repairs might be appropriate, these repairs 
would generally not be required before re-occupancy.  Continued use of the building is 
not limited by its structural condition but might be limited by damage or disruption to 
nonstructural elements of the building, furnishings, or equipment and availability of 
external utility services. 
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Life Safety: “Life Safety” refers to the post-earthquake damage state in which significant 
damage to the structure has occurred but some margin against either partial or total 
structural collapse remains.  Some structural elements and components are severely 
damaged, but this damage has not resulted in large falling debris hazards, either inside or 
outside the building.  Injuries might occur during the earthquake, however, the overall 
risk of life-threatening injury as a result of structural damage is expected to be low.  It 
should be possible to repair the structure; however, for economic reasons, this repair 
might not be practical.  Although the damaged structure is not an imminent collapse risk, 
it would be prudent to implement structural repairs or install temporary bracing before re-
occupancy. 
 
 
2.2.2 Nonstructural Performance Objectives 
 

Operational: “Operational” refers to the performance level where most nonstructural 
systems required for normal use of the building are functional, although minor cleanup 
and repair of some items might be required.  Achieving the Operational nonstructural 
performance level requires considerations of many elements beyond those that are 
normally within the sole province of the structural engineer’s responsibilities.  For 
Operational nonstructural performance, in addition to ensuring that nonstructural 
components are properly mounted and braced within the structure, it is often necessary to 
provide emergency standby equipment to provide utility services from external sources 
that might be disrupted.  It might also be necessary to perform qualification testing to 
ensure that all necessary equipment will function during or after strong shaking.  
 
 
2.3 Water System Evaluation Methodology 
 
2.3.1 Pump Stations, Control Facilities, and Control Buildings 
 
The seismic structural evaluations of pump stations, control facilities and reservoir 
control buildings were completed using the Tier 1 screening procedure of the standard by 
the American Society of Civil Engineers (ASCE), ASCE 41-17 Seismic Evaluation and 

Retrofit of Existing Buildings.  This Tier 1 procedure uses a checklist-based approach to 
identify potential seismic structural deficiencies that have been commonly observed in 
past earthquakes.  The Tier 1 procedure also uses quick-check calculations to identify 
potential deficiencies in the primary components of the seismic lateral-force-resisting 
system. 
 
The seismic nonstructural evaluation of pump stations, control facilities, and reservoir 
control buildings was completed using the nonstructural seismic evaluation checklists 
presented in ASCE 41-17 supplemented by the Technical Council on Lifeline Earthquake 
Engineering (TCLEE) Monograph No. 22 Seismic Screening Checklists for Water and 

Wastewater Facilities.  Similar to the ASCE 41 Tier 1 structural evaluation procedure, 
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this checklist-based evaluation approach is used to identify potential seismic 
nonstructural deficiencies that have been commonly observed in past earthquakes. 
 
 
2.3.2 Reservoirs 
 
The seismic evaluation approach for the conventionally reinforced concrete reservoirs 
(Candalaria and Eola #1B Reservoirs) has been adapted from an American Society of 
Civil Engineering (ASCE) seismic evaluation and retrofit standard, ASCE 41-17 Seismic 

Evaluation and Retrofit of Existing Buildings.  This standard provides a tool for 
identifying potential structural and nonstructural seismic deficiencies.  The ASCE 41 Tier 
1 screening process uses a quick-check calculation approach with unreduced (no response 
modification factor, R) and non-amplified (no importance factor, I) seismic forces.  The 
demand-capacity ratio for seismic force resisting system elements is compared to ASCE 
41 specified component modification factors (m-factors) to evaluate the acceptability of 
components of the structure for the Immediate Occupancy structural performance 
objective.  Earthquake-induced hydrodynamic forces were calculated using the procedure 
outlined in American Concrete Institute (ACI) standard ACI 350.3-06 Seismic Design of 

Liquid-Containing Concrete Structures and Commentary (for Candalaria, Fairmount and 
Eola #1B Reservoirs), as modified by ASCE 7-16 Minimum Design Loads and 

Associated Criteria for Buildings and Other Structures.  However, R and I-factors were 
set equal to 1.0 for consistency with the ASCE 41 evaluation approach.  Consistent with 
ACI 350.3, soil loads were neglected where they act to decrease the demand on buried 
portions of reservoir concrete walls. 
 
The approach used for the seismic evaluation of the Fairmount Reservoir was to complete 
a desktop review of the reservoir structural evaluation performed by Carollo Engineers in 
2018 and our observations in the field. 
 
For the five strand-wound, circular, prestressed concrete reservoirs (Champion Hill, 
Grice Hill, Lone Oak, Mill Creek #1, and Mountain View Reservoirs), a different 
evaluation approach was used because ASCE 41-17 does not include quick-check 
evaluations and acceptance criteria that are applicable to this type of reservoir.  American 
Water Works Association (AWWA) standard design checks were performed to evaluate 
primary components of the seismic load path (roof to wall connection, circumferential 
strand, and seismic cables connecting the wall to foundation).  Earthquake-induced 
hydrodynamic forces were calculated using the procedure outlined in AWWA D110-13 
Wire- and Strand-Wound, Circular, Prestressed Concrete Water Tanks, as modified by 
ASCE 7-16 Minimum Design Loads and Associated Criteria for Buildings and Other 

Structures.  Consistent with AWWA D110, soil loads were neglected where they act to 
decrease the demand on buried portions of reservoir concrete walls. 
 
The Mill Creek #1 Reservoir, also a strand-wound, circular, prestressed concrete 
reservoir, was built in 2013.  Since this reservoir is relatively new and was designed per 
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the latest seismic standards, the seismic assessment of this reservoir was conducted based 
on a desktop review of the reservoir drawings and our observations in the field. 
 
Freeboard calculations were completed based on both the applicable AWWA or ACI 
design standard, and ASCE 7-16.  The conclusions and recommendations of this study 
have been based on the more conservative of the freeboard estimates calculated using 
these standards.  
 
The seismic nonstructural evaluation of reservoir components was completed using the 
nonstructural seismic evaluation checklists presented in ASCE 41-17, supplemented by 
TCLEE Monograph No. 22.  Similar to the ASCE 41 Tier 1 structural evaluation 
procedure, this checklist-based evaluation approach is used to identify potential seismic 
nonstructural deficiencies that have been commonly observed in past earthquakes. 
 
 

Table 2.1 Summary of Mapped Seismic Hazards at Pump Stations and Control Facilities 
(Source: Shannon & Wilson, 2021) 

 

Pump Station 

or Control 

Building 

Short 

Period 

Spectral 

Accel. 

(g) 

One-

Second 

Spectral 

Accel. 

(g) 

Liquefaction-

Induced 

Settlement 

 

(inches) 

Liquefaction-

Induced 

Lateral 

Spreading 

(inches) 

Earthquake-

Induced 

Landslide 

PGD 

(feet) 

ASR #1 and #2 0.28 0.12 NA NA NA 
ASR #4 0.28 0.12 NA NA NA 
ASR #5 0.28 0.12 NA NA NA 
Boone Road 0.53 0.29 NA NA NA 
Creekside 0.27 0.12 NA NA NA 
Deer Park 0.35 0.12 NA NA NA 
Edwards 0.68 0.32 NA(1) NA(1) NA(1) 
Limelight 0.33 0.13 NA NA NA 
Mountain View 0.39 0.12 NA NA NA 
Salem/Keizer 
Intertie #1 0.74 0.29 1 NA NA 

Turner Control 
Facility 0.64 0.28 1 NA NA 
 
(1) Geologic maps may not adequately capture geohazard, see Shannon & Wilson (2021) for additional 
information. 
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Table 2.2 Summary of Mapped Seismic Hazards at Reservoirs and Reservoir Control 
Buildings 

(Source: Shannon & Wilson, 2021) 
 

Reservoir and 

Control 

Building 

Short 

Period 

Spectral 

Accel. 

(g) 

One-

Second 

Spectral 

Accel. 

(g) 

Liquefaction-

Induced 

Settlement 

 

(inches) 

Liquefaction-

Induced 

Lateral 

Spreading 

(inches) 

Earthquake-

Induced 

Landslide 

PGD 

(feet) 

Candalaria 0.43 0.12 NA NA NA 
Champion Hill 0.27 0.12 NA(1) NA(1) NA(1) 
Eola Reservoir 
#1B 0.30 0.13 NA NA NA 

Fairmount 0.46 0.12 NA NA NA 
Grice Hill 0.30 0.13 NA NA NA 
Lone Oak 0.27 0.12 NA NA NA 
Mill Creek #1 0.27 0.12 NA NA NA 
Mountain View 0.39 0.12 NA NA NA 
 
(1) Geologic maps may not adequately capture geohazard, see Shannon & Wilson (2021) for additional 
information. 
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3.0 Expected Seismic Structural and Nonstructural 
Performance 

 
3.1 Pump Stations and Control Facilities 
 
The expected structural and nonstructural seismic performance of selected City water 
pump stations and control facilities (i.e., Turner Control Facility) has been evaluated for a 
M9.0 CSZ scenario earthquake.  The following sections provide a short narrative 
description of each pump station or control building evaluated, followed by tables that 
summarize the potential seismic structural and nonstructural deficiencies identified by the 
seismic evaluation using the ASCE 41-17 Tier 1 and TCLEE Monograph No. 22 
checklist-based procedures.  For each pump station or control building, selected images 
from the design drawings and/or site visit photos are provided to help illustrate the 
identified potential structural and nonstructural deficiencies. 
 
Site visits to these pump stations and control facilities were conducted by SEFT on May 
11th, 14th, 18th, and 25th, 2021.  Site observation was limited to those areas readily 
accessible to view, and did not include any areas concealed by existing finishes, such as 
ceilings, soffits, etc.  Site observation did not include entry into any permit required 
confined spaces.  A detailed structural condition assessment of these structures was not 
included in the scope of this project. 
 
 
3.1.1 ASR #1 and #2 Pump Station 
 
The ASR #1 Pump Station structure was built in 1995 at 4635 Sunnyside Road SE.  The 
ASR #2 structure was constructed in 1998 as an addition to the original ASR #1 Pump 
Station.  The ASR #1 and #2 Pump Station structure (see Figure 3.1) is an above-grade, 
single-story, reinforced masonry shear wall structure with a plywood sheathed wood 
framed roof.  The building is rectangular in plan, with approximate dimensions of 12 feet 
in the north-south direction by 54 feet in the east-west direction. 
 
This pump station supports Wells #1 and #2 of the City’s aquafer storage and recover 
(ASR) system.  Water is drawn from the ASR system during the higher water demand 
summer season and the aquafer is recharged during the wintertime.  One pump supports 
each of the wells and primarily serve the S2 pressure zone.  A chlorination station is 
currently located within the pump station but will soon be relocated to a new common 
treatment building (chlorination, de-chlorination, pH adjustment, and corrosion control) 
that will support all the ASR wells on the site and is currently being constructed adjacent 
to the ASR #4 Pump Station.  Therefore, the chlorination station nonstructural 
components within the ASR #1 and #2 Pump Station were not included in the scope of 
this seismic assessment. 
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This pump station does not have an emergency generator and does not have a pre-wired 
connection to hook-up a portable generator.  The SCADA antenna for the ASR #1 and #2 
Pump Station also supports the ASR #5 Pump Station and transmits to the antenna at the 
ASR #4 Pump Station that functions as a repeater to send information off this ASR site. 
 
Table 3.1 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.1, the ASR #1 and #2 Pump Station is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake.  Similarly, based on the structural deficiencies identified, the ASR #1 
and #2 Pump Station is not currently expected to achieve Life Safety structural 
performance and represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.1 ASR #1 and #2 Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The original design drawings do not indicate how the masonry 
walls of the ASR #2 addition were connected to the walls of the 
original ASR #1 structure. 

• There is a step in the roof elevation between the ASR#1 and ASR 
#2 portions of the structure.  Based on the original drawings, the 
load path to transfer seismic forces at this step from the roof 
diaphragm to the west masonry wall of the original ASR #1 
structure is unclear (as it is concealed behind gypsum board). 

• The roof plywood sheathing to truss nailing schedule was not 
provided in the available original design drawings. 

• A positive connection does not appear to be provided between the 
sloped truss blocking and masonry wall top plate.  Therefore, the 
load path is incomplete to transfer in-plane shear forces from the 
roof diaphragm to the masonry walls (see Figure 3.2).  
Additionally, blocking in approximately every third bay has a long 
vent slot that limits its capacity to transfer seismic forces from the 
roof diaphragm to the masonry wall. 

• Out-of-plane bracing for the perimeter and interior masonry walls 
is not adequate.  The roof trusses are attached to the top plate of 
the perimeter masonry walls with hurricane ties, which are 
intended to provide capacity to primarily resist uplift, not to resist 
wall out-of-plane demands (see Figure 3.3). 

• Adequate cross ties between diaphragm chords are not provided in 
both directions. 

• No trim reinforcing is indicated at the sides of door and other 
openings in the original design drawings. 
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Table 3.1 ASR #1 and #2 Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.4) 

• Valves in line with the water system piping are not braced (see 
Figure 3.4).  

• The air relief valve is not braced and is only supported by rigid 
small diameter piping (see Figure 3.4). 

• Vertical pump motors are not braced above the center of gravity of 
the motor (see Figure 3.5).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• Electrical cabinets do not appear to be anchored or braced to the 
wall near the top of the cabinets to prevent them from tipping over 
during an earthquake.  

• Light fixtures in the pump station do not include lens covers (see 
Figure 3.6).  

• Electrical conduits, hung from the roof and connected to the top of 
wall-mounted electrical panels, may not have adequate flexibility 
to account for differential movement between the floor and the 
pump station roof (see Figure 3.7).  

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.8). 

• A 4-inch split-face CMU veneer was added to the original ASR #1 
structure as part of construction of the ASR #2 addition.  Original 
design drawings do not indicate the use of veneer ties and it was 
not clear if veneer ties were installed based on field observations of 
the gap between the original 8-inch CMU walls and 4-inch CMU 
veneer (see Figure 3.9). 

• The six architectural concrete pillars around the perimeter of the 
pump station may not have adequate capacity to resist seismic 
forces (see Figure 3.10).  The number of vertical reinforcing bars is 
unclear in the original design drawings and no tie reinforcing is 
indicated. 

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.11). 
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Figure 3.1 ASR #1 and #2 Pump Station 

 
 

 
 

Figure 3.2 Inadequate Connection between Blocking and Masonry Wall Top Plate 
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Figure 3.3 Roof Truss to Masonry Wall Top Plate Connection 

 
 

 
 

Figure 3.4 Unbraced Piping, Valves, and Air Relief Valve 
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Figure 3.5 Unbraced Pump Motor 

 
 

 
 

Figure 3.6 Light Fixtures without Lens Covers 
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Figure 3.7 Conduit Top Connection to Electrical Panels without Flexible Connection 

 
 

 
 

Figure 3.8 SCADA Antenna 
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Figure 3.9 Unknow Masonry Veneer Ties to Backup Masonry Wall 

 
 

 
 

Figure 3.10 Architectural Concrete Pillar 
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Figure 3.11 Unanchored Electrical Transformer 
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3.1.2 ASR #4 Pump Station 
 
The ASR #4 Pump Station structure (see Figure 3.12) was built in 1998 at 4535 
Sunnyside Road SE.  This structure is an above-grade, single-story, reinforced masonry 
shear wall structure with a plywood sheathed wood framed roof.  The building is 
rectangular in plan, with approximate dimensions of 12 feet in the north-south direction 
by 30 feet in the east-west direction.  Note that the interior masonry wall between the 
storage room and chlorination room (as shown on the original design drawings) has been 
previously removed. 
 
This pump station supports Well #4 of the City’s ASR system.  Water is drawn from the 
ASR system during the higher water demand summer season and the aquafer is recharged 
during the wintertime.  One pump supports the well and primarily serve the S2 pressure 
zone.  A chlorination station is currently located within the pump station but will soon be 
relocated to a new common treatment building (chlorination, de-chlorination, pH 
adjustment, and corrosion control) that will support all the ASR wells on the site and is 
currently being constructed adjacent to the ASR #4 Pump Station.  Therefore, the 
chlorination station nonstructural components within the ASR #4 Pump Station were not 
included in the scope of this seismic assessment. 
 
This pump station does not have an emergency generator or a pre-wired connection to 
hook-up a portable generator.  The SCADA antenna for the ASR #4 Pump Station also 
functions as a repeater for the ASR # 1 and #2 Pump Station and ASR #5 Pump Station to 
send information off this ASR site. 
 
Table 3.2 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.2, the ASR #4 Pump Station is not expected to achieve Immediate Occupancy 
structural performance or Operational nonstructural performance for a M9.0 CSZ 
earthquake.  Similarly, based on the structural deficiencies identified, the ASR #4 Pump 
Station is not currently expected to achieve Life Safety structural performance and 
represents a potential safety hazard to City staff and contractors. 
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Table 3.2 ASR #4 Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The roof plywood sheathing nailing schedule was not provided in 
the available original design drawings. 

• A positive connection does not appear to be provided between the 
sloped truss blocking and masonry wall top plate.  Therefore, the 
load path is incomplete to transfer in-plane shear forces from the 
roof diaphragm to the masonry walls (see Figure 3.13). 

• The roof access hatch (for pump motor replacement) immediately 
adjacent to the east masonry wall creates a large opening in the 
diaphragm near a shear wall.  This opening reduces the capacity of 
the diaphragm to transfer seismic forces to the shear wall below. 

• Out-of-plane bracing for the perimeter and interior masonry walls 
is not adequate.  The roof trusses are attached to the top plate of 
the perimeter masonry walls with hurricane ties, which are 
intended to provide capacity to primarily resist uplift, not to resist 
wall out-of-plane demands (see Figure 3.14).  Additionally, 
blocking in approximately every third bay has a long vent slot that 
limits its capacity to transfer seismic forces from the roof 
diaphragm to the masonry wall. 

• Adequate cross ties between diaphragm chords are not provided in 
both directions. 

• No trim reinforcing is indicated at the sides of door and other 
openings in the original design drawings. 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.15). 

• Valves in line with the water system piping are not braced (see 
Figure 3.15).  

• The air relief valve is not braced and is only supported by rigid 
small diameter piping (see Figure 3.15). 

• The vertical pump motor is not braced above the center of gravity 
of the motor (see Figure 3.16).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pump to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• The pump station control cabinet does not appear to be anchored to 
the floor or wall (see Figure 3.17).  

• Light fixtures in the pump station do not include lens covers (see 
Figure 3.18).  

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.19). 
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Figure 3.12 ASR #4 Pump Station 

 
 

 
 

Figure 3.13 Inadequate Connection between Blocking and Masonry Wall Top Plate 
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Figure 3.14 Roof Truss to Masonry Wall Top Plate Connection 

 
 

 
 

Figure 3.15 Unbraced Piping, Valves, and Air Relief Valve 
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Figure 3.16 Unbraced Pump Motor 

 
 

 
 

Figure 3.17 Unanchored Control Cabinet 
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Figure 3.18 Light Fixtures without Lens Covers 

 
 

 
 

Figure 3.19 Unanchored Electrical Transformer 
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3.1.3 ASR #5 Pump Station 
 
The ASR #5 Pump Station structure (see Figure 3.20) was built in 1998 at 4615 
Sunnyside Road SE.  The pump station equipment is housed in an above-grade, single-
story, reinforced masonry shear wall structure with a plywood ceiling diaphragm.  This 
pump station structure is trapezoidal in plan, with approximate overall dimensions of 40 
feet in north-south direction and 12 feet in east-west direction.  This masonry shear wall 
structure is integrated with a premanufactured, hexagonal steel framed pavilion that is 
used by visitors to Woodmansee Park.  The City of Salem Parks Department uses the 
room at the south end of the pump station structure for storage.  This room was not 
accessible during SEFT’s site visit. 
 
This pump station supports Well #5 of the City’s aquafer storage and recover (ASR) 
system.  Water is drawn from the ASR system during the higher water demand summer 
season and the aquafer is recharged during the wintertime.  One pump supports the well 
and primarily serve the S2 pressure zone.  A chlorination station is currently located 
within the pump station but will soon be relocated to a new common treatment building 
(chlorination, de-chlorination, pH adjustment, and corrosion control) that will support all 
the ASR wells on the site and is currently being constructed adjacent to the ASR #4 
Pump Station.  Therefore, the chlorination station nonstructural components within the 
ASR #5 Pump Station were not included in the scope of this seismic assessment. 
 
This pump station does not have an emergency generator or a pre-wired connection to 
hook-up a portable generator.  SCADA data from the ASR #5 Pump Station is 
transmitted by buried cable to the ASR #1 and #2 Pump Station which then transmits to 
the antenna at the ASR #4 Pump Station that functions as a repeater to send information 
off this ASR site. 
 
Table 3.3 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.3, the ASR #5 Pump Station is not expected to achieve Immediate Occupancy 
structural performance or Operational nonstructural performance for a M9.0 CSZ 
earthquake.  Similarly, based on the structural deficiencies identified, the ASR #5 Pump 
Station is not currently expected to achieve Life Safety structural performance and 
represents a potential safety hazard to City staff and contractors.  Note that the ASCE 41-
17 Tier 1 procedure does not include checklists for the unique steel frames pavilion 
portion of the ASR #5 Pump Station structure.  The interaction of the steel framed 
pavilion with the masonry shear wall structure below should be further investigated as 
part of a future detailed evaluation and seismic retrofit project. 
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Table 3.3 ASR #5 Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• There does not appear to be either an adequate load path to transfer 
the seismic forces generated by the steel framed pavilion to the 
masonry shear wall structure or an adequate seismic separation to 
prevent unintended interaction between the steel framed pavilion 
and masonry shear wall structure. 

• The horizontal span for the ceiling diaphragm in the north-south 
direction is greater than the ASCE 41-17 Tier 1 limit for unblocked 
wood structural panel diaphragms if the interior masonry walls are 
not engaged as part of the seismic force resisting system. 

• The ceiling plywood sheathing nailing schedule was not provided 
in the available original design drawings. 

• Based on the original design drawings, it is unclear if blocking is 
provided between the ceiling sheathing and masonry wall top plate 
(see Figure 3.21).  Therefore, the load path is potentially 
incomplete to transfer in-plane shear forces from the ceiling 
diaphragm to the masonry walls. 

• Out-of-plane bracing for the perimeter and interior masonry walls 
is not adequate.  The ceiling joists are attached to the top plate of 
the perimeter masonry walls with hurricane ties, which are 
intended to provide capacity to primarily resist uplift, not resist 
wall out-of-plane demands (see Figure 3.21). 

• Adequate cross ties between diaphragm chords are not provided in 
both directions.  

• No vertical trim reinforcing is indicated at the sides of door and 
other openings in the original design drawings. 

• The free-standing masonry wall to the north of the pump station is 
not braced (see Figure 3.22). 

• Corrosion damage was observed at the base of the northern-most 
steel tube section columns of the pavilion (see Figure 3.23).  If this 
corrosion damage is not adequately addressed, the seismic 
performance of the steel framed pavilion may be compromised. 
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Table 3.3 ASR #5 Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.24) 

• Valves in line with the water system piping are not braced (see 
Figure 3.24).  

• The air relief valve is not braced and is only supported by rigid 
small diameter piping (see Figure 3.25). 

• The vertical pump motor is not braced above the center of gravity 
of the motor (see Figure 3.26).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pump to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• Electrical conduits, hung from the roof and connected to the top of 
floor- and wall-mounted electrical panels and cabinets, may not 
have adequate flexibility to account for differential movement 
between the floor and the pump station roof (see Figure 3.27).  

• The pump station controls cabinet does not appear to be anchored 
to the floor or wall (see Figure 3.28).  

• Light fixtures in the pump station do not include lens covers (see 
Figure 3.29).  

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.30).  

 
 

 
 

Figure 3.20 ASR #5 Pump Station 
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Figure 3.21 Inadequate Blocking and Masonry Wall Out-of-Plane Anchorage 
(Source: Detail 5 on Sheet A3 of 1997 design drawings by Stettler Company) 

 
 

 
 

Figure 3.22 Free-Standing Masonry Wall without Bracing 
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Figure 3.23 Corrosion Damage at Northern-Most Pavilion Steel Column 

 
 

 
 

Figure 3.24 Unbraced Piping, Valves, and Air Relief Valve 
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Figure 3.25 Unbraced Air Relief Valve 

 
 

 
 

Figure 3.26 Unbraced Pump Motor 
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Figure 3.27 Conduit Top Connection to Motor Control Center without Flexible Connection 

 
 

 
 

Figure 3.28 Unanchored Control Cabinet 
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Figure 3.29 Light Fixtures without Lens Covers 

 
 

 
 

Figure 3.30 Unanchored Electrical Transformer 
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3.1.4 Boone Road Pump Station 
 
The original Boone Road Pump Station structure (see Figure 3.31 and Figure 3.32) was 
built in 1977 at 3351 Boone Rd SE.  This structure is an above-grade, single-story, 
reinforced masonry shear wall structure with a straight-sheathed wood framed roof.  The 
building is rectangular in plan, with approximate dimensions of 34 feet in the north-south 
direction by 36 feet in the east-west direction.  The north and south gable end walls are 
offset from the masonry shear walls below, creating a step in the roof diaphragm.  As part 
of a recent expansion project at the Boone Road Pump Station site, the original Boone 
Road Pump Station structure underwent a partial seismic retrofit.  The roof to wall 
connections were strengthened with a combination of steel brackets installed between the 
straight-sheathed roof decking and masonry wall, and screws were added between the 
roof decking and masonry wall top plate. 
 
A new electrical building that serves the pump station was recently constructed to the 
west of the original Boone Road Pump Station (see Figure 3.31).  This recently 
constructed electrical building and the recently installed emergency generator, fuel tank, 
surge tank, and electrical utility owned transformer were excluded from the scope of this 
seismic assessment.  
 
The Boone Road Pump Station currently houses three pumps that deliver water from the 
G0 Level to the S2 Level.  Both the pump station and electrical building have capacity to 
support a future expansion to deliver water to the S1 Level.  Note that the S2 Level 
pumps at Edwards Pump Station serve to supplement the Boone Road Pump Station.  
 
Table 3.4 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.4, the Boone Road Pump Station is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake.  Similarly, based on the structural deficiencies identified, the Boone 
Road Pump Station is not currently expected to achieve Life Safety structural 
performance and represents a potential safety hazard to City staff and contractors. 
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Table 3.4 Boone Road Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The roof configuration results in a partial height gable end that is 
offset from the masonry shear walls on the north and south sides of 
the building.  These gable ends consist of plywood sheathing over 
the end glulam trusses, but the exact framing details and sheathing 
nail schedule are not clear in the available original design 
drawings.  The load path may not be adequate to deliver seismic 
forces from the upper roof through these gable end walls and into 
the lower roof. 

• The roof diaphragm span and aspect ratio exceed the ASCE 41-17 
Tier 1 limits for straight-sheathed diaphragms. 

• Adequate cross ties between diaphragm chords are not provided in 
both directions.  The tension rod cross ties between diaphragm 
chords in the east-west direction do not provide adequate capacity 
to resist compressive cross tie forces. 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.33) 

• Valves in line with the water system piping are not braced (see 
Figure 3.33).  

• Vertical pump motors are not braced above the center of gravity of 
the motor (see Figure 3.34).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• The cable tray does not appear to have adequate longitudinal 
bracing (see Figure 3.35).  In some locations the anchors for the 
transverse bracing appear to be improperly installed in a masonry 
head joint (see Figure 3.36). 

• Light fixtures in the pump station do not include lens covers (see 
Figure 3.37).  

• Metal floor grating lacks clip connecting the grating to the steel 
support framing (see Figure 3.38). 

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.39). 
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Figure 3.31 Boone Road Pump Station (right) and Electrical Building (left) 

 
 

 
 

Figure 3.32 Boone Road Pump Station 
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Figure 3.33 Unbraced Piping and Valves 

 
 

 
 

Figure 3.34 Unbraced Pump Motor 
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Figure 3.35 Cable Tray Lacks Longitudinal Bracing 
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(a) Overall View 

 
 

 
 

(b) Close-up View 

 
Figure 3.36 Cable Tray Transverse Brace with Anchor Installed in Masonry Head Joint 
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Figure 3.37 Light Fixtures without Lens Covers 

 
 

 
 

Figure 3.38 Grating without Clip Connection to Supporting Steel Framing 
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Figure 3.39 SCADA Antenna 
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3.1.5 Creekside Pump Station 
 
The Creekside Pump Station structure (see Figure 3.40) was built in 1998 at 6025 Lone 
Oak Road SE.  This structure is an above-grade, single-story, reinforced masonry shear 
wall structure with a plywood sheathed wood framed roof.  The building is rectangular in 
plan, with approximate dimensions of 20 feet in the north-south direction by 47 feet in 
the east-west direction. 
 
The Creekside Pump Station houses three pumps that deliver water from the S2 Level to 
the Champion Hill Reservoir (S3 Level).  There is a terraced retaining wall to the north of 
the pump station that was excluded from the scope of this seismic assessment. 
 
Table 3.5 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.5, the Creekside Pump Station is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake.  Similarly, based on the structural deficiencies identified, the Creekside 
Pump Station is not currently expected to achieve Life Safety structural performance and 
represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.5 Creekside Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The roof plywood sheathing nailing schedule was not provided in 
the available original design drawings. 

• The roof diaphragm span for east-west oriented seismic forces 
exceeds the ASCE 41-17 Tier 1 limit for unblocked wood 
structural panel diaphragms. 

• The available original design drawings do not indicate that 
blocking was installed between the roof sheathing and masonry 
wall top plate in the bays between wood trusses.  During the site 
visit, this area was blocked from view by soffit panels from the 
exterior and insulation in the attic space.  Even if there is blocking 
installed, based on observation of similar construction, it is likely 
that blocking connections to the sheathing or masonry wall top 
plate are deficient.  Therefore, the load path is likely inadequate to 
transfer in-plane shear forces from the roof diaphragm to the 
masonry walls. 

• The available original design drawings do not indicate how the 
roof diaphragm is connected to the gable end masonry walls.  
Therefore, the load path is potentially incomplete to transfer in-
plane shear forces from the roof diaphragm to the masonry walls. 
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Table 3.5 Creekside Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Structural 

(cont.) 

• Out-of-plane bracing of perimeter and interior masonry walls is not 
adequate.  The roof trusses do not appear to be attached to the top 
plate of the perimeter masonry walls with any connection hardware 
intended to resist wall out-of-plane demands (see Figure 3.41). 

• Adequate cross ties between diaphragm chords are not provided in 
both directions. 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.42). 

• Valves in line with the water system piping are not braced (see 
Figure 3.42).  

• Air relief valves are not braced and are only supported by rigid 
small diameter piping (see Figure 3.43). 

• Vertical pump motors are not braced above the center of gravity of 
the motor (see Figure 3.44).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage. 

• Anchorage of electrical cabinets to the housekeeping pads was not 
visible from the outside of the cabinets and may not be adequate.  
Details for how the housekeeping pad is reinforced and connected 
to the slab on grade are not provided in the available original 
design drawings and may not be adequate.  Additionally, electrical 
cabinets do not appear to be anchored or braced to the wall near 
the top of the cabinets to prevent them from tipping over during an 
earthquake. 

• The emergency generator air intake support frame, muffler, and 
exhaust pipe do not appear to be adequately anchored/braced (see 
Figure 3.45, Figure 3.46, and Figure 3.47).  

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.48).  

 
 



3.0 EXPECTED SEISMIC STRUCTURAL AND NONSTRUCTURAL PERFORMANCE 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 46 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

 
 

Figure 3.40 Creekside Pump Station 

 
 

 
 

Figure 3.41 Inadequate Wall Out-of-Plane Anchorage Connection 
(Source: Section A-A on Sheet A 2.3 of 1997 design drawings by Multi/Tech Consultants) 
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Figure 3.42 Unbraced Piping and Valves 

 
 

 
 

Figure 3.43 Unbraced Air Relief Valves 
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Figure 3.44 Unbraced Pump Motor 

 
 

 
 

Figure 3.45 Unanchored Emergency Generator Air Intake Support Frame 
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Figure 3.46 Unbraced Emergency Generator Muffler 
 

 

 
 

Figure 3.47 Unbraced Emergency Generator Exhaust Pipe 
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Figure 3.48 Unanchored Electrical Transformer 
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3.1.6 Deer Park Pump Station 
 
The Deer Park Pump Station structure (see Figure 3.49) was built in 1982 at 5475 Turner 
Rd SE, with an electrical room addition built between 2008 and 2010 immediately to the 
south of the original pump station structure.  Roll-up door installation and associated 
modifications were constructed in 2013. The design drawings for the original pump 
station building and the electrical room addition were not available for review as part of 
this assessment.  Based on site visit observations and the 2013 modification drawings, 
this structure is an above-grade, single-story, reinforced masonry shear wall structure 
with a plywood sheathed wood framed roof.  The building is rectangular in plan, with 
approximate dimensions of 44 feet in the north-south direction by 20 feet in the east-west 
direction. 
 
The Deer Park Pump Station houses three pumps that deliver water from the City’s main 
transmission line (G0 Level) to the Mill Creek Reservoir (S1 Level).  Note that the S1 
Level pumps at Edwards Pump Station server as a backup to Deer Park Pump Station. 
 
Table 3.6 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.6, the Deer Park Pump Station is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake.  Similarly, based on the structural deficiencies identified, the Deer Park 
Pump Station is not currently expected to achieve Life Safety structural performance and 
represents a potential safety hazard to City staff and contractors. 
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Table 3.6 Deer Park Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• No design drawings were available for the original construction of 
the pump station or the electrical room addition.  The size, spacing, 
and detailing of the steel reinforcing for the masonry walls is 
unknown.  Additionally, it is unknown how the masonry walls 
from the electrical room addition are connected to the walls of the 
original pump station. 

• The roof plywood sheathing to truss nail size and spacing are 
unknown. 

• The original south wall of the pump station (now an interior wall 
between the pump and electrical rooms) is not adequately engaged 
to resist seismic forces from the roof diaphragm (see Figure 3.50).  
Without engaging this interior wall, the roof diaphragm span for 
east-west oriented seismic forces exceeds the ASCE 41-17 Tier 1 
limit for unblocked wood structural panel diaphragms. 

• A positive connection does not appear to be provided between the 
sloped truss blocking and masonry wall top plate in the original 
pump station (see Figure 3.51).  In the electrical room addition, the  
view of the area where blocking would be installed was obstructed 
by insulation.  Even if there is blocking installed, based on 
observation of similar construction, it is likely that blocking 
connections to the sheathing or masonry wall top plate are 
deficient.  Therefore, the load path is likely inadequate to transfer 
in-plane shear forces from the roof diaphragm to the masonry 
walls. 

• The details of how the roof diaphragm is connected to the south 
gable end masonry wall are unknown.  Therefore, the load path is 
potentially not adequate to transfer in-plane shear forces from the 
roof diaphragm to the masonry walls. 

• Out-of-plane bracing of perimeter and interior masonry walls is not 
adequate.  The roof trusses are not attached to the top plate of the 
perimeter masonry walls with any metal connector hardware that is 
designed to resist wall out-of-plane demands (see Figure 3.52).  

• Adequate cross ties between diaphragm chords are not provided in 
both directions. 
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Table 3.6 Deer Park Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.53) 

• Valves in line with the water system piping are not braced (see 
Figure 3.53). 

• It is unknown if adequate dowels are provided between the pump 
support concrete pedestal and the floor slab to resist the expected 
shear and overturning demands. 

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• The pipe support stanchion base plates are missing anchors into the 
concrete slab (see Figure 3.54). 

• Anchorage of electrical cabinets to the concrete slab on grade was 
not visible from the outside of the cabinets and may not be 
adequate.  Additionally, electrical cabinets do not appear to be 
anchored or braced to the wall near the top of the cabinets to 
prevent them from tipping over during an earthquake (see Figure 
3.55).  

• The emergency generator starter batteries may not be adequately 
restrained.  A restrainer bracket (similar to the one that would be 
expected to be installed for the emergency generator starter 
batteries) was observed inside the pump station (see Figure 3.56). 

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.57). 

• The wood pole and anchorage of the pole-mounted transformer to 
the pole may not be adequately designed to resist the seismic 
forces generated by the transformer 
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Figure 3.49 Deer Park Pump Station 

 
 

 
 

Figure 3.50 Sheathing Not Connected to Top Plate of Interior Masonry Wall 
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Figure 3.51 Inadequate Connection between Blocking and Masonry Wall Top Plate 

 
 

 
 

Figure 3.52 Inadequate Connection between Truss Chord and Masonry Wall Top Plate 
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Figure 3.53 Unbraced Piping and Valves 

 
 

 
 

Figure 3.54 Pipe Support Stanchion Missing Anchors into Floor Slab 
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Figure 3.55 Electrical Cabinet with Unknown Anchorage Details 

 
 

 
 

Figure 3.56 Emergency Generator Starter Battery Restraint Bracket Observed in Pump 
Station 
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Figure 3.57 SCADA Antenna 
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3.1.7 Edwards Pump Station 
 
The Edwards Pump Station structure (see Figure 3.58) was built in 1961 at Edward Dr 
SE, with intermediate level pump and piping modification completed in 1966.  The 
design drawings for the original pump station building (i.e., 1961 construction) were not 
available for review as part of this assessment.  Based on site observations and the 1966 
modification drawings, this structure is an above-grade, single-story structure with a 
straight-sheathed wood framed roof.  The lateral-force-resisting-system consists of 
Structural Clay Research (SCR) brick shear walls at the perimeter of the building and 
built-up steel frames in the east-west direction in the main (S2 Level) pump room area.  
Roof straight-sheathing is supported by a combination of steel frames, wood framing, and 
masonry walls.  The building is L-shaped in plan, with approximate overall dimensions 
of 51 feet in the north-south direction by 39 feet in the east-west direction. 
 
The Edwards Pump Station houses three pumps that deliver water from the City’s main 
transmission line (G0 Level) to the S1 Level and three additional pumps that deliver 
water to the S2 Level.  Note that the S1 Level pumps at Edwards Pump Station serve as a 
backup to Deer Park Pump Station and the S2 Level pumps at Edwards Pump Station 
serve to supplement the Boone Road Pump Station. 
 
Table 3.7 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.7, the Edwards Pump Station is not expected to achieve Immediate Occupancy 
structural performance or Operational nonstructural performance for a M9.0 CSZ 
earthquake.  Similarly, based on the structural deficiencies identified, the Edwards Pump 
Station is not currently expected to achieve Life Safety structural performance and 
represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.7 Edwards Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• Per the Technical Memorandum “Seismic Geohazard Evaluation 
Report, City of Salem Seismic Resilience Study” by Shannon & 
Wilson, Inc., there is evidence of soil settlement resulting from 
past uncontrolled water releases at the pump stations and 
uncertainty associated with the liquefaction potential of the soil in 
the area around the pump station. 

• Cracking of the masonry wall was observed at the southwest 
corner of the building near the base of the wall (see Figure 3.59). 
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Table 3.7 Edwards Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Structural 

(cont.) 

• No design drawings were available for the original construction of 
the pump station.  It has been assumed that the SCR brick walls are 
unreinforced.  Additionally, member sizes and connection details 
are unknown for the roof straight-sheathing, wood framing, and 
steel frames in the main pump room.  The load path may be 
incomplete or inadequate to transfer seismic forces from the roof 
diaphragm to the masonry walls and/or steel frames. 

• The shear stress in the masonry walls exceeds the ASCE 41-17 
Tier 1 limit for unreinforced masonry. 

• The height-to-thickness ratio for the masonry walls exceeds the 
ASCE 41-17 Tier 1 limit for unreinforced masonry. 

• The flexural stress in the steel moment frame beams exceeds the 
ASCE 41-17 Tier 1 limit. 

• The story drift ratio for the steel moment frames exceeds the 
ASCE 41-17 Tier 1 limit. 

• The roof diaphragm spans and aspect ratios exceed the ASCE 41-
17 Tier 1 limit for straight-sheathed diaphragms. 

• Adequate cross ties between diaphragm chords are not provided in 
both directions.  

• Independent secondary columns are not provided for all roof 
framing that is supported by unreinforced masonry walls/pilasters 
(see Figure 3.60). 

Nonstructural 

• Water system piping that penetrates through the pump station floor 
may not have adequate flexibility to accommodate the potential 
differential movement between the pump station and the 
surrounding soil at the pipe penetration. 

• Water system piping within the pump station is not braced (see 
Figure 3.61) 

• Valves in line with the water system piping are not braced (see 
Figure 3.61).  

• Vertical pump motors are not braced above the center of gravity of 
the motor (see Figure 3.62). 

• It is unknown if adequate dowels are provided between the pump 
support concrete pedestal and the floor slab to resist the expected 
shear and overturning demands.  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage. 
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Table 3.7 Edwards Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Anchorage of electrical cabinets to the housekeeping pads was not 
visible from the outside of the cabinets and may not be adequate.  
Details for how the housekeeping pad is reinforced and connected 
to the slab on grade are not provided in the available original 
design drawings and may not be adequate.  Additionally, electrical 
cabinets do not appear to be anchored or braced to the wall near 
the top of the cabinets to prevent them from tipping over during an 
earthquake (see Figure 3.63).  

• Electrical conduits, hung from the roof and connected to the top of 
floor- and wall-mounted electrical panels and cabinets, may not 
have adequate flexibility to account for differential movement 
between the floor and the pump station roof (see Figure 3.64). 

• The emergency generator starter batteries may not be adequately 
restrained. 

• Pendant lights in the pump station do not include lens covers (see 
Figure 3.65). 

• The antenna may not be adequately braced to prevent the antenna 
from being misaligned or damaged after an earthquake (see Figure 
3.66). 

• The HVAC condenser unit is not anchored to the concrete pad (see 
Figure 3.67). 

• Metal floor grating lacks clip connecting the grating to the steel 
support framing (see Figure 3.68). 

• The overhead bridge crane is not laterally braced and may damage 
other equipment during an earthquake (see Figure 3.69). 

• The rolling lifts are unrestrained and may potentially damage the 
piping and valves during an earthquake (see Figure 3.70). 

• The ladders are unrestrained and may topple into and potentially 
damage the piping and valves during an earthquake (see Figure 
3.70). 

• The wood pole and anchorage of the pole-mounted transformer to 
the pole may not be adequately designed to resist the seismic 
forces generated by the transformer (see Figure 3.71). 
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Figure 3.58 Edwards Pump Station 

 
 

 
 

Figure 3.59 Cracking of Masonry Wall 
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Figure 3.60 Masonry Pilaster Supporting Roof Framing 

 
 

 
 

Figure 3.61 Unbraced Piping and Valves 
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(a) S1 Level Pumps 

 
 

 
 

(b) S2 Level Pumps 
 

Figure 3.62 Unbraced Pump Motor 
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Figure 3.63 Electrical Cabinets with Unknown Anchorage Details 

 
 

 
 

Figure 3.64 Conduits Connecting to Electrical Cabinets without Flexible Connections 
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Figure 3.65 Pendant Lights without Lens Covers 

 
 

 
 

Figure 3.66 SCADA Antenna 
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Figure 3.67 Unanchored HVAC Condenser Unit 

 
 

 
 

Figure 3.68 Grating without Clip Connection to Supporting Steel Framing 
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Figure 3.69 Unrestrained Overhead Bridge Crane 

 
 

 
 

Figure 3.70 Unrestrained Ladder and Rolling Lift 
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Figure 3.71 Pole-Mounted Electrical Transformers 
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3.1.8 Limelight Pump Station 
 
The Limelight Pump Station structure (see Figure 3.72) was built in 1998 at NW Van 
Buren Dr.  This structure is an above-grade, single-story, reinforced masonry shear wall 
structure with a plywood sheathed wood framed roof.  The building is rectangular in plan, 
with approximate dimensions of 20 feet in the east-west direction by 41 feet in the north-
south direction. 
 
The Limelight Pump Station houses three pumps that deliver water from the Glen Creek 
Reservoir to approximately 1,000 nearby homes. 
 
Table 3.8 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.8 the Limelight Pump Station is not expected to achieve Immediate Occupancy 
structural performance or Operational nonstructural performance for a M9.0 CSZ 
earthquake.  Similarly, based on the structural deficiencies identified, the Limelight Pump 
Station is not currently expected to achieve Life Safety structural performance and 
represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.8 Limelight Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• Several vertical cracks were observed in all four exterior masonry 
walls of the pump station (see Figure 3.73).  Also, deterioration of 
the plywood sheathing and support framing was observed adjacent 
to the pump station entrances (see Figure 3.74). 

• The roof plywood sheathing nailing schedule was not provided in 
the available original design drawings. 

• The roof diaphragm span for east-west oriented seismic forces 
exceeds the ASCE 41-17 Tier 1 limit for unblocked wood 
structural panel diaphragms. 

• A positive connection does not appear to be provided between the 
sloped truss blocking and masonry wall top plate.  Therefore, the 
load path is incomplete to transfer in-plane shear forces from the 
roof diaphragm to the masonry walls.  Additionally, blocking in 
approximately every other bay has a long vent slot that limits its 
capacity to transfer seismic forces from the roof diaphragm to the 
masonry wall (see Figure 3.75). 
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Table 3.8 Limelight Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Structural 

(cont.) 

• The available original design drawings do not indicate how the 
roof diaphragm is connected to the gable end triangular portion 
wood framed walls and masonry walls below, and do not provide 
any details for these wood framed walls.  Therefore, the load path 
is potentially inadequate to transfer in-plane shear forces from the 
roof diaphragm to the masonry shear walls below. 

• Out-of-plane bracing of perimeter and interior masonry walls is not 
adequate.  The roof trusses do not appear to be attached to the top 
plate of the perimeter masonry walls with any connection hardware 
intended to resist wall out-of-plane demands (see Figure 3.76). 

• Adequate cross ties between diaphragm chords are not provided in 
both directions. 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.77). 

• Valves in line with the water system piping are not braced (see 
Figure 3.77).  

• Air relief valves are not braced and are only supported by rigid 
small diameter piping (see Figure 3.78). 

• Vertical pump motors are not braced above the center of gravity of 
the motor (see Figure 3.79).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• Anchorage of electrical cabinets to the housekeeping pads was not 
visible from the outside of the cabinets and may not be adequate.  
Details for how the housekeeping pad is reinforced and connected 
to the slab on grade are not provided in the available original 
design drawings and may not be adequate.  Additionally, electrical 
cabinets do not appear to be anchored or braced to the wall near 
the top of the cabinets to prevent them from tipping over during an 
earthquake (see Figure 3.80).  

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.81).  

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.82).  
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Figure 3.72 Limelight Pump Station 

 
 

 
 

Figure 3.73 Masonry Wall Cracking 
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Figure 3.74 Sheathing and Framing Deterioration 

 
 

  
Figure 3.75 Sloped Blocking Between Wood Trusses 
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Figure 3.76 Inadequate Wall Out-of-Plane Anchorage Connection 
(Source: Typical Building Section on Sheet A 2.2 of 1997 design drawings by Multi/Tech 

Consultants) 
 
 

 
 

Figure 3.77 Unbraced Piping and Valves 
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Figure 3.78 Unbraced Air Relief Valve 

 
 

 
 

Figure 3.79 Unbraced Pump Motor 
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Figure 3.80 Electrical Cabinets with Unknown Anchorage Details 

 
 

 
 

Figure 3.81 SCADA Antenna 
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Figure 3.82 Unanchored Electrical Transformer 
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3.1.9 Mountain View Pump Station 
 
The Mountain View Pump Station structure (see Figure 3.83) was built in 1994 at 1616 
Schoolhouse Ct NW.  This structure is an above-grade, single-story, reinforced masonry 
shear wall structure with a plywood sheathed wood framed roof.  The building is 
rectangular in plan, with approximate dimensions of 29 feet in the north-south direction 
by 62 feet in the east-west direction.  A significant length of the north wall of the building 
is inset by approximately four feet.  Roof framing at the north edge of the building is 
supported by a CMU beam that is then supported by three CMU square columns.  
 
The Mountain View Pump Station houses four pumps that deliver water from the G0 
Level to the Grice Hill Reservoir (W2 Level).  There is a site/retaining wall to the south 
and west of the pump station that was excluded from the scope of this seismic 
assessment. 
 
Table 3.9 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.9 the Mountain View Pump Station is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake.  Similarly, based on the structural deficiencies identified, the Mountain 
View Pump Station is not currently expected to achieve Life Safety structural 
performance and represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.9 Mountain View Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The load path is incomplete to deliver seismic forces from the roof 
diaphragm to the north masonry shear wall.  Note that the observed 
as-built framing configuration is different than shown in the 
original design drawings (see Figure 3.84). 

• Out-of-plane bracing of perimeter and interior masonry walls is not 
adequate.  The roof trusses do not appear to be attached to the top 
plate of the perimeter masonry walls with metal connector 
hardware specifically designed to resist out-of-plane seismic 
forces.  In the direction perpendicular to the roof trusses, the roof 
sheathing is used to provide out-of-plane bracing for the masonry 
walls (see Figure 3.85). 

• Adequate cross ties between diaphragm chords are not provided in 
both directions. 
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Table 3.9 Mountain View Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• Water system piping within the pump station is not braced (see 
Figure 3.86) 

• Valves in line with the water system piping are not braced (see 
Figure 3.86).  

• Air relief valves are not braced and are only supported by rigid 
small diameter piping (see Figure 3.87). 

• Vertical pump motors are not braced above the center of gravity of 
the motor (see Figure 3.88).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• The piping gravity support stanchions are not anchored to the slab 
(see Figure 3.89).  

• The chlorination equipment is not adequately anchored, and the 
supporting concrete curb is severely damaged (see Figure 3.90 and 
Figure 3.91). 

• The fuse protection soft starter cabinets are restrained at the top by 
a wall mounted strut and spacers.  The lag screw expansion shield 
anchors used to attach the strut to masonry wall are likely not 
seismically rated and may not provide adequate capacity (see 
Figure 3.92).  Also, the short strut section spacers are not 
positively connected to the main strut. 

• The electrical transformer hung from the roof is not adequately 
braced (see Figure 3.93). 

• Anchorage of electrical cabinets to the concrete slab was not 
visible from the outside of the cabinets and may not be adequate.  
Additionally, electrical cabinets have only one clip angle bracket 
per cabinet that attaches between the top of the cabinet to the wall, 
which may not be adequate to prevent them from tipping over 
during an earthquake (see Figure 3.94). 

• Electrical conduits, hung from the roof and connected to the top of 
floor- and wall-mounted electrical panels and cabinets, may not 
have adequate flexibility to account for differential movement 
between the floor and the pump station roof (see  

• Figure 3.95). 
• The emergency generator starter batteries are not adequately 

restrained, and the battery bins are not anchored (see Figure 3.96). 
• The emergency generator muffler is not adequately braced (see 

Figure 3.97). 
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Table 3.9 Mountain View Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Light fixtures in the pump station do not include lens covers (see 
Figure 3.98).  

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.99). 

• The overhead trolley chain hoist is not laterally braced and may 
damage other equipment during an earthquake (see Figure 3.100).  

• A ladder is unrestrained and may topple into and potentially 
damage the piping and valves during an earthquake (see Figure 
3.100). 

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.101). 

 
 

 
 

Figure 3.83 Mountain View Pump Station 
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(a) Detail from Original Design Drawings 
(Source: Detail 2 on Sheet S4 of 1994 design drawings by KMC, Inc.) 

 
 

 
 

 (b) As-built Framing Configuration Different than Shown on Original Design Drawings 
 

Figure 3.84 Incomplete Load Path at North Wall 
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Figure 3.85 Inadequate East and West Wall Out-of-Plane Anchorage 
(Source: Detail 3 on Sheet S4 of 1994 design drawings by KMC, Inc.) 

 
 

 
 

Figure 3.86 Unbraced Piping and Valves 
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Figure 3.87 Unbraced Air Relief Valve  

 
 

 
 

Figure 3.88 Unbraced Pump Motor 
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Figure 3.89 Pipe Support Stanchion Missing Anchors into Floor Slab 

 
 

 
 

Figure 3.90 Chlorine System without Adequate Anchorage 
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Figure 3.91 Deteriorated Concrete Curb 

 
 

 
 

Figure 3.92 Inadequate Lag Screw and Spacer Strut Connection to Wall 
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Figure 3.93 Unbraced Elevated Electrical Transformer  

 
 

 
 

Figure 3.94 Electrical Cabinet with Single Anchor Bracket at Top of Cabinet 
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Figure 3.95 Conduits Connecting to Electrical Cabinets without Flexible Connections 

 
 

 
 

Figure 3.96 Unrestrained Emergency Generator Starter Batteries 
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Figure 3.97 Unbraced Emergency Generator Muffler 

 

 

 
 

Figure 3.98 Light Fixtures without Lens Covers 
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Figure 3.99 SCADA Antenna  

 
 

 
 

Figure 3.100 Unrestrained Chain Hoist and Ladder 
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Figure 3.101 Unanchored Electrical Transformer 

  



3.0 EXPECTED SEISMIC STRUCTURAL AND NONSTRUCTURAL PERFORMANCE 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 91 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

3.1.10 Salem/Keizer Intertie #1 Pump Station 
 
The Salem/Keizer Intertie #1 Pump Station structure (see Figure 3.102) was built in 2013 
at 4110 Cherry Ave NE.  This structure is an above-grade, single-story, reinforced 
masonry shear wall structure with a plywood sheathed wood framed roof.  The building 
is rectangular in plan, with approximate dimensions of 26 feet in the north-south direction 
by 22 feet in the east-west direction.  The pump station is separated from a City of Keizer 
well building immediately to the east of the pump station by a half-inch gap.  
 
The Salem/Keizer Intertie #1 Pump Station houses one pump and chlorination equipment 
that can be used as an emergency source to deliver water from the City of Keizer to the 
City of Salem system.  The pump and piping have a capacity of approximately 10 million 
gallons per day (MGD).  However, the City of Keizer is only able to deliver 
approximately 4 to 5 MGD to the City of Salem at this intertie. 
 
Table 3.10 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.10 the Salem/Keizer Intertie #1 Pump Station is not expected to achieve 
Immediate Occupancy structural performance or Operational nonstructural performance 
for a M9.0 CSZ earthquake.  Similarly, based on the structural deficiencies identified, the 
Salem/Keizer Intertie #1 Pump Station is not currently expected to achieve Life Safety 
structural performance and represents a potential safety hazard to City staff and 
contractors. 
 
 

Table 3.10 Salem/Keizer Intertie #1 Pump Station Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• Per the Technical Memorandum “Seismic Geohazard Evaluation 
Report, City of Salem Seismic Resilience Study” by Shannon & 
Wilson, Inc., there is a potential liquefaction hazard at the site.  
Liquefaction-induced permanent ground deformation may result in 
damage to the building structure. 

• The City of Salem pump station and the adjacent City of Keizer 
building are only separated by a half-inch seismic joint.  This small 
separation may not be adequate to prevent damage resulting from 
earthquake shaking-induced pounding between the two buildings. 

• Roof sheathing is not continuous to the roof ridge line (see Figure 
3.103). 

• A positive connection does not appear to be provided between the 
truss blocking and masonry wall top plate.  Therefore, the load 
path is incomplete to transfer in-plane shear forces from the roof 
diaphragm to the masonry walls (see Figure 3.104).  



3.0 EXPECTED SEISMIC STRUCTURAL AND NONSTRUCTURAL PERFORMANCE 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 92 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

Table 3.10 Salem/Keizer Intertie #1 Pump Station Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Structural 

(cont.) 

• In the east-west direction, continuous cross ties are not provided 
between diaphragm chords.  Blocking and metal connector straps 
are provided at 2 feet on center in all but two of the bays between 
trusses (see Figure 3.105). 

Nonstructural 

• Water system piping that penetrates through the pump station floor 
may not have adequate flexibility to accommodate the potential 
differential movement between the pump station and the 
surrounding soil at the pipe penetration. 

• Water system piping within the pump station is not braced (see 
Figure 3.106).  Also, the overflow pipe on the south side of the 
pump station is not braced (Figure 3.107). 

• Valves in line with the water system piping are not braced (see 
Figure 3.106).  

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage.  

• The chlorination skid is not adequately restrained (see Figure 
3.108).  Also, the tank is bolted to the floor grid of the chlorination 
skid, but the floor grid is not positively connected to the skid itself. 

• Anchorage of electrical cabinets to the concrete housekeeping pads 
was not visible from the outside of the cabinets and may not be 
adequate. 

• The top of the electrical cabinet is restrained with an L-shaped 
bracket that was fabricated by cutting the flanges of a short section 
of strut and bending about the web of the strut.  The web of the 
strut may be susceptible to fracture during an earthquake based on 
how it was fabricated.  Also, the vertical position of the anchor bolt 
between the bracket and wall results in a large eccentricity that will 
cause additional prying action demand on the anchor (see Figure 
3.109). 

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.110).  

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.111).  
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Figure 3.102 Salem/Keizer Intertie #1 Pump Station 

 
 

 
 

Figure 3.103 Roof Sheathing not Continuous to Ridge Line 
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Figure 3.104 Incomplete Load Path 
(Source: Detail 3 on Sheet S-06 of 2012 design drawings by Westech Engineering) 

 
 

 
 

Figure 3.105 Ceiling Level Blocking not Continuous 
(Source: Section B on Sheet S-03 of 2012 design drawings by Westech Engineering) 
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Figure 3.106 Unbraced Piping and Valves 

 
 

 
 

Figure 3.107 Unbraced Overflow Pipe on South Side of Pump Station 
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Figure 3.108 Unanchored Chlorination Skid 

 
 

  
 

Figure 3.109 Anchorage at Electrical Cabinet with Bent Strut 
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Figure 3.110 SCADA Antenna  

 
 

 
 

Figure 3.111 Unanchored Electrical Transformer 
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3.1.11 Turner Control Facility 
 
The original Turner Control Facility at 7100 3rd Street SE in Turner was substantially 
replaced in 2007.  However, a small subgrade portion of the original Turner Control 
Facility was integrated into the new structure.  The Turner Control Facility (see Figure 
3.112) is a single-story, above grade reinforced masonry shear wall structure with a 
plywood sheathed light-gauge metal framed roof.  The building is constructed over two 
sections of concrete basement, where the three water transmission lines and associated 
valves are located.  The building is rectangular in plan, with approximate wall 
dimensions of 36 feet in the northwest-southeast direction by 52 feet in the northeast-
southwest direction. 
 
The Turner Control Facility houses valves that are used to control the flow of water to the 
G0 Level system from Franzen Reservoir and Geren Island Water Treatment Facility. 
 
Table 3.11 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.11, the Turner Control Facility is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake.  Similarly, based on the structural deficiencies identified, the Turner 
Control Facility is not currently expected to achieve Life Safety structural performance 
and represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.11 Turner Control Facility Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• Per the Technical Memorandum “Seismic Geohazard Evaluation 
Report, City of Salem Seismic Resilience Study” by Shannon & 
Wilson, Inc., there is a potential liquefaction hazard at the site.  
Liquefaction-induced permanent ground deformation may result in 
damage to the building structure.  

• The roof diaphragm spans in both directions exceed the ASCE 41-
17 Tier 1 limit for unblocked wood structural panel diaphragms. 

• At the gable end walls, the roof sheathing to blocking and blocking 
to masonry wall top plate fastener detailing are unclear.  The load 
path may not be adequate to transfer in-plane shear forces from the 
roof diaphragm to the masonry walls (see Figure 3.113). 

• At the gable end walls, the outrigger to roof diaphragm connection 
may not have adequate capacity to resist the expected out-of-plane 
seismic forces from the masonry walls. 

• There are no cross ties provided between diaphragm chords in the 
direction perpendicular to the roof trusses. 
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Table 3.11 Turner Control Facility Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• Water system piping that penetrates through the control facility 
walls may not have adequate flexibility to accommodate the 
potential differential movement between the control facility and 
the surrounding soil at the pipe penetration. 

• Water system piping within the control facility does not appear to 
be adequately braced (see Figure 3.114) 

• Valves in line with the water system piping are not braced (see 
Figure 3.115).  

• The valve actuators are not braced (see Figure 3.116). 
• The control cabinet did not appear to be anchored to the 

housekeeping pad or wall (see Figure 3.117).  
• The electrical transformer is only anchored with two anchors at the 

front of the unit.  It is missing two anchors into the concrete slab at 
the back of the unit (see Figure 3.118).  

• Backup batteries in the battery cabinet are not adequately 
restrained (see Figure 3.119). 

• Pendant lights are not restrained to prevent them from hitting the 
wall (see Figure 3.120).  

• Light fixtures in the control facility do not include lens covers (see 
Figure 3.121). 

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.122).  

• The ceiling hung inline HVAC fan is not laterally braced (see 
Figure 3.123).  

• No anchorage was observed between the HVAC condenser unit 
and concrete support pad (see Figure 3.124). 

• Two storage shelving units are not anchored to the floor and/or the 
wall (see Figure 3.125).  

• The fire extinguisher is not adequately restrained in its cabinet (see 
Figure 3.126).  
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Figure 3.112 Turner Control Facility 

 
 

 
 

Figure 3.113 Incomplete Load Path at Gable End Walls 
(Source: Detail 2 on Sheet S11 of 2007 design drawings by Black & Veatch) 
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Figure 3.114 Unbraced Pipe 

 
 

 
 

Figure 3.115 Unbraced Valve 
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Figure 3.116 Unbraced Valve Actuator  
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(a) Exterior View 

 
 

 
 

(b) Interior View 

 
Figure 3.117 Unanchored Control Cabinet 
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Figure 3.118 Electrical Transformer Missing Anchors into Floor Slab  

 
 

 
 

Figure 3.119 Unrestrained Backup Batteries in Battery Cabinet 
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Figure 3.120 Unrestrained Pendant Light Fixtures 

 
 

 
 

Figure 3.121 Light Fixtures without Lens Covers 
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Figure 3.122 SCADA Antenna 

 
 

 
 

Figure 3.123 Unbraced Inline Fan Unit  
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Figure 3.124 Unanchored HVAC Condenser Unit  

 
 

 
 

Figure 3.125 Unanchored Shelf 
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Figure 3.126 Unrestrained Fire Extinguisher 
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3.2 Reservoirs and Reservoir Control Buildings 
 
The expected structural and nonstructural seismic performance for selected City water 
reservoirs and associated reservoir control buildings has been evaluated for a M9.0 CSZ 
scenario earthquake.  The following sections provide a short narrative description of each 
reservoir and associated reservoir control building (where applicable), followed by tables 
that summarize the potential seismic structural and nonstructural deficiencies identified 
by the seismic evaluations conducted using the procedures described in Section 2.3.  For 
each reservoir and reservoir control building, selected images from the design drawings 
and/or site visit photos are provided to help illustrate the identified potential structural 
and nonstructural deficiencies. 
 
Site visits to these reservoirs and reservoir control buildings were conducted by SEFT on 
May 11th, 14th, 18th, and 25th, 2021.  Site observation was limited to those areas readily 
accessible to view, and did not include any areas concealed by existing finishes, such as 
ceilings, soffits, etc.  Site observation did not include entry into any permit required 
confined spaces and did not include any entry or observation inside the reservoirs.  A 
detailed structural condition assessment of these structures was not included in the scope 
of this project. 
 
 
3.2.1 Candalaria Reservoir 
 
The Candalaria Reservoir (see Figure 3.127) is located at Candalaria Park, to the north of 
Candalaria Blvd S.  The 0.5-million-gallon (MG) reservoir was originally constructed in 
1940.  This reservoir is a completely buried rectangular reinforced concrete reservoir 
with approximate dimensions of 123 feet in the north-south direction by 50 feet in the 
east-west direction, and a maximum height of retained water of 15 feet.  The Candalaria 
Reservoir serves the City’s S1 Level.  The City has future plans to construct additional 
water storage capacity on this site, with a new reservoir located to the south of the 
existing reservoir. 
 
In 2006 the reservoir was seismically retrofit.  The scope of this retrofit included the 
addition of anchors to connect the roof of the reservoir to the walls.  The 2006 retrofit 
also included the installation of a seismic shutoff valve in a new vault located on the 
north side of the reservoir.  Note that SEFT did not have access to the interior of this 
valve vault during our site visit.  In 2011, Murray, Smith & Associates conducted a 
condition assessment of Candalaria Reservoir.  SEFT reviewed the report associated with 
the 2011 condition assessment to help inform our seismic assessment. 
 
Table 3.12 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.12, the Candalaria Reservoir is not expected to achieve Immediate Occupancy 
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structural performance or Operational nonstructural performance for a M9.0 CSZ 
earthquake. 
 
 

Table 3.12 Candalaria Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

Reservoir 
• The column vertical reinforcing lap splice length is less than the 

ASCE 41-17 Tier 1 specified minimum length for Immediate 
Occupancy structural performance (i.e., 50 bar diameters). 

 
Valve Vault 
• Per the 2006 design drawings, the valve vault was specified to be 

cast-in-place concrete or precast concrete, at the contractor’s 
option.  If the valve vault was constructed from precast concrete, 
riser joints of stacked precast components may separate and shift 
due to seismic lateral earth pressures of the face of the valve vault. 

• Sand, silt, or groundwater may infiltrate and leak into the valve 
vault at the precast concrete construction joints. 

Nonstructural 

Reservoir 
• Some piping and fittings within the reservoir may be cast-iron, 

which is a brittle material that may crack when subjected to 
earthquake shaking-induced forces and/or ground deformation. 

• The overflow pipe and valve operator riser shafts may not be 
adequately braced to resist seismic forces (see Figure 3.128).  Note 
that the 2011 condition assessment also indicated that these 
elements were observed to have significant corrosion deterioration. 

 
Valve Vault 
• Per the 2006 design drawings, the piping and valve inside the valve 

vault are not independently braced. 
• Backup batteries in the battery cabinet (for operation of the seismic 

valve) may not be adequately restrained. 
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Figure 3.127 Candalaria Reservoir 

 
 

 
 

Figure 3.128 Overflow Pipe and Valve Operator Risers Not Adequately Braced 
(Source: 2011 Reservoir Condition Assessment by Murray, Smith & Associates) 
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3.2.2 Champion Hill Reservoir and Control Building 
  
The Champion Hill Reservoir (see Figure 3.129) is a 2.2 MG tank built in 2005 at the 
Champion Hill site off Reservoir Road SE.  This reservoir is a strand-wound, circular, 
prestressed concrete reservoir with a nearly flat roof, an approximate diameter of 140 feet 
and a maximum height of retained water of 20 feet.  The Champion Hill Reservoir serves 
the City’s S3 Level and is supplied by the Creekside Pump Station.   
 
The Champion Hill Reservoir Control Building (see Figure 3.130) is located to the north 
of the reservoir.  The control building is a single-story structure, with reinforced concrete 
walls below grade, reinforced masonry walls above grade, and a plywood sheathed wood 
truss roof.  The building is rectangular in plan, with approximate dimensions of 38 feet in 
north-south direction by 46 feet in east-west direction.  The building houses piping and 
valves (including seismic shutoff valves) that support the operation of the reservoir.  The 
original design of the control building included a chlorination room and associated 
equipment, but the chlorination system is not currently used.  Therefore, the chlorination 
system has not been included in the scope of the nonstructural assessment. 
 
Table 3.13 and Table 3.14 present a summary of potential seismic structural and 
nonstructural deficiencies identified by this evaluation.  Based on the potential 
deficiencies identified in Table 3.13, the Champion Hill Reservoir is not expected to 
achieve Immediate Occupancy structural performance or Operational nonstructural 
performance for a M9.0 CSZ earthquake.  Based on potential deficiencies identified in 
Table 3.14, the Champion Hill Reservoir Control Building is not expected to achieve 
Immediate Occupancy structural performance or Operational nonstructural performance 
for the M9.0 CSZ earthquake.  Similarly, based on the structural deficiencies identified, 
the Champion Hill Reservoir Control Building is not currently expected to achieve Life 
Safety structural performance and represents a potential safety hazard to City staff and 
contractors. 
 
 

Table 3.13 Champion Hill Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• Per the Technical Memorandum “Seismic Geohazard Evaluation 
Report, City of Salem Seismic Resilience Study” by Shannon & 
Wilson, Inc., the reservoir site is potentially founded on silty soil 
that may be susceptible to liquefaction depending on the 
groundwater level. 

• The column vertical reinforcing lap splice length is less than the 
ASCE 41-17 Tier 1 specified minimum length for Immediate 
Occupancy structural performance (i.e., 50 bar diameters). 
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Table 3.13 Champion Hill Reservoir Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• The pipe support concrete pedestals within the reservoir do not 
appear to be positively connected to the reservoir floor.  Original 
design drawings show that the vertical reinforcing at the corners of 
the pedestal terminates at the top of the reservoir floor (see Figure 
3.131). 

 
 

Table 3.14 Champion Hill Reservoir Control Building Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• Per the Technical Memorandum “Seismic Geohazard Evaluation 
Report, City of Salem Seismic Resilience Study” by Shannon & 
Wilson, Inc., the reservoir site is potentially founded on silty soil 
that may be susceptible to liquefaction depending on the 
groundwater level. 

• The roof diaphragm spans in both directions exceed the ASCE 41-
17 Tier 1 limit for unblocked wood structural panel diaphragms. 

• A positive connection does not appear to be provided between the 
sloped truss blocking and masonry wall top plate (see Figure 
3.132).  Therefore, the load path is incomplete to transfer in-plane 
shear forces from the roof diaphragm to the masonry walls. 

• A positive connection does not appear to be provided between the 
gable end wall sheathing and the masonry wall top plate (see 
Figure 3.133).  Instead of the sheathing being edge nailed to the 
masonry wall top plate, drawings indicate edge nailing to the end 
truss bottom chord.  However, no positive connection is indicated 
between the end truss bottom chord and masonry wall top plate.  
Therefore, the load path is incomplete to transfer in-plane shear 
forces from the roof diaphragm to the masonry walls. 

• Out-of-plane bracing of the east and west gable end masonry walls 
is not adequate.  Kicker braces are provided between the top of the 
masonry walls and roof diaphragm (see Figure 3.134).  However, 
no positive connection is indicated between the blocking that the 
kicker brace frames into and the roof trusses.  Therefore, the load 
path is incomplete to resist the vertical component of the kicker 
brace force associated with providing out-of-plane bracing for the 
gable end masonry walls.  
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Table 3.14 Champion Hill Reservoir Control Building Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• Water system piping that penetrates through the control building 
walls may not have adequate flexibility to accommodate the 
potential differential movement between the control facility and 
the surrounding soil at the pipe penetration (see Figure 3.135). 

• Water system piping within the control building is not adequately 
seismically braced (see Figure 3.136). 

• Valves in line with the water system piping are not braced (see 
Figure 3.137). 

• The motor for the reservoir recirculation pump is not anchored at 
the base (see Figure 3.138) and the associated piping is not braced. 

• The pressure tank for the irrigation system appears to be missing 
an anchor at the base (see Figure 3.139). 

• Backup batteries in the battery cabinet (for operation of the seismic 
valves) are not adequately restrained (see Figure 3.140).   

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.141). 

• The ceiling framing of the chlorine room inside the control 
building does not appear to provide adequate connections to 
transfer seismic forces from the ceiling to the masonry walls 
below.  Also, the wood ledger attachment to the masonry wall is 
not detailed to avoid cross-grain bending (see Figure 3.142). 

• The temporarily stored electrical cabinets are not anchored and 
may tip over during an earthquake and potentially damage valves 
or other components (see Figure 3.143). 

• The wood pole and anchorage of the pole-mounted transformer to 
the pole may not be adequately designed to resist the seismic 
forces generated by the transformer (see Figure 3.144). 
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Figure 3.129 Champion Hill Reservoir 

 
 

 
 

Figure 3.130 Champion Hill Reservoir Control Building 
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Figure 3.131 Reservoir Pipe Support Detail 
(Source: Detail 10 on Sheet S5 of 2005 design drawings by Westech Engineering) 

 
 

 
 

Figure 3.132 Inadequate Connection between Blocking and Masonry Wall Top Plate  
(Source: Detail 6 on Sheet S13 of 2005 design drawings by Westech Engineering) 
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Figure 3.133 Inadequate Connection between Sheathing and Masonry Wall Top Plate  
(Source: Detail 4 on Sheet S13 of 2005 design drawings by Westech Engineering) 

 
 

 
 

Figure 3.134 Inadequate Connection between Blocking and Roof Truss 
(Source: Detail 4 on Sheet S13 of 2005 design drawings by Westech Engineering) 
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Figure 3.135 Rigid Pipe Connection Through Wall 

 
 

 
 

Figure 3.136 Unbraced Piping and Valves 
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Figure 3.137 Unbraced Seismic Valve 

 
 

 
 

Figure 3.138 Unanchored Recirculation Pump Motor 
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Figure 3.139 Irrigation Pressure Tank Missing Anchor 

 
 

 
 

Figure 3.140 Unrestrained Backup Batteries 
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Figure 3.141 SCADA Antenna 
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Figure 3.142 Chlorine Room Ceiling Framing 
(Source: Section C on Sheet S11 of 2005 design drawings by Westech Engineering) 

 
 

 
 

Figure 3.143 Temporarily Stored Electrical Cabinets 
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Figure 3.144 Pole-mounted Electrical Transformer 
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3.2.3 Eola #1B Reservoir 
 
The Eola #1B Reservoir (see Figure 3.145) is a 0.86 million-gallon (MG) reservoir 
constructed in 1999, at a site west of 35th Avenue NW and north of Eola Drive NW.  This 
reservoir is a circular-shaped reinforced concrete reservoir with an approximate diameter 
of 92 feet, and a maximum height of retained water of 17 feet.  The west side of the 
reservoir is completely buried and the east side of the reservoir is partially exposed (with 
a maximum exposed height of approximately 3 feet).  The Eola #1B Reservoir serves the 
City’s W3 Level and is supplied by the Gibson Woods Pump Station. 
 
Two, approximately 8-foot diameter, precast concrete valve vaults are located to the 
southeast of the reservoir.  These vaults house piping and valves that support the 
operation of the reservoir.  Note that SEFT did not have access to the interior of these 
valve vaults during our site visit. 
 
Table 3.15 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.15, the Eola Reservoir #1 is not expected to achieve Immediate Occupancy 
structural performance or Operational nonstructural performance for a M9.0 CSZ 
earthquake. 
 

Table 3.15 Eola #1B Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

Reservoir 
• Circumferential concrete cracking was observed near the roof to 

wall interface.  The cracking was observed on the east side of the 
reservoir with a combined length of approximately one-eight the 
circumference of the reservoir. 

• The column vertical reinforcing lap splice length is less than the 
ASCE 41-17 Tier 1 specified minimum length for Immediate 
Occupancy structural performance (i.e., 50 bar diameters). 

 
Valve Vaults 
• Concrete deterioration was observed near the top of South Valve 

Vault wall to lid interface (see Figure 3.146) that may impact the 
seismic performance of the valve vault. 

• Valve vaults are constructed from precast concrete components.  
The riser joints of stacked precast components may separate and 
shift due to seismic lateral earth pressures of the face of the valve 
vault. 

• Sand, silt, or groundwater may infiltrate and leak into the valve 
vaults at the precast concrete construction joints. 
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Table 3.15 Eola #1B Reservoir Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

Reservoir 
• The vertical section of inlet pipe may not be adequately braced as 

the bracing detail relies on cantilever bending of a relatively small 
angle section (see Figure 3.147). 

 
Valve Vaults 
• Per the 1999 design drawings, the piping and valves inside the 

valve vault may not be independently braced. 
 
 

 
 

Figure 3.145 Eola #1B Reservoir 
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Figure 3.146 Concrete Deterioration at Lid to Wall Connection of South Valve Vault 
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Figure 3.147 Reservoir Inlet Pipe Support Detail 
(Source: Sheet 6 of 1999 design drawings by Multi/Tech Consultants) 
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3.2.4 Fairmount Reservoir and Control Building 
 
The Fairmount Reservoir (see Figure 3.148), is a 10 MG reservoir constructed in 1936, at 
the Fairmount City Park near the intersection of Rural Avenue S and John Street S.  This 
rectangular-shaped reinforced concrete reservoir is divided into two cells, each with a 5 
MG capacity, and has approximate overall dimensions of 384 feet in the east-west 
direction by 192 feet in the north-south direction, and a maximum height of retained 
water of 21 feet.  The reservoir is partially buried with approximately the top four feet 
exposed above grade.  The Fairmount Reservoir serves the City’s G0 Level and is 
hydraulically connected to both Franzen and Mountain View Reservoirs. 
 
The Fairmount Reservoir Control Building/Pump Station (see Figure 3.149) is located on 
the south side of the reservoir and adjacent to the division between the two cells.  The 
control building is a single-story above grade with a basement, constructed with 
reinforced concrete walls, and a reinforced concrete floor and roof.  Two walls of the 
control building were constructed integrally with the Fairmount Reservoir.  The building 
is square in plan, with approximate dimensions of 21 feet by 21 feet.  During SEFT’s site 
visit, the City noted that the pumps in this building are very rarely used. 
 
In 2007, Black & Veatch conducted a condition assessment and seismic study of the 
Fairmount Reservoir and, in 2008, completed a follow-up structural evaluation of the 
roof.  In 2018, Carollo Engineers conducted a seismic study of the Fairmount Reservoir 
and developed preliminary seismic retrofit concepts, and also developed repair concepts 
to address observed leaking of roof joints.  SEFT reviewed the reports associated with 
these previous studies as part of our desktop evaluation of the Fairmount Reservoir.  It 
should be noted that these previous studies were preliminary in nature and did not include 
consideration of the potential interaction between the reservoir and adjacent control 
building/pump station.  The City plans to implement a future seismic retrofit of the 
Fairmount reservoir based on the recommendations of the 2018 Carollo seismic study. 
 
Table 3.16 presents a summary of the seismic structural deficiencies for the Fairmount 
Reservoir that were identified in the 2018 reservoir seismic study conducted by Carollo 
Engineers and additional potential structural and nonstructural deficiencies identified by 
SEFT as part of this project.  Note that based on our desktop evaluation and considering 
the M9.0 CSZ scenario earthquake seismic hazard parameter data provided by Shannon 
& Wilson as part of this project, SEFT concurs with the structural seismic deficiencies 
identified by Carollo.  
 
Table 3.17 presents a summary of potential seismic structural and nonstructural 
deficiencies for the Fairmount Reservoir Control Building/Pump Station that were 
identified by this evaluation. 
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Based on the potential deficiencies identified in Table 3.16, the Fairmount Reservoir is 
not expected to achieve Immediate Occupancy structural performance or Operational 
nonstructural performance for a M9.0 CSZ earthquake.  Based on the potential 
deficiencies identified in Table 3.17, the Fairmount Reservoir Control Building/Pump 
Station is not expected to achieve Immediate Occupancy structural performance or 
Operational nonstructural performance for a M9.0 CSZ earthquake.  Similarly, based on 
the structural deficiencies identified, the Fairmount Reservoir Control Building/Pump 
Station is not currently expected to achieve Life Safety structural performance and 
represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.16 Fairmount Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

(based on 

2018 seismic 

study by 

Carollo 

Engineers) 

• The perimeter walls and footings are overstressed due the tension 
loads imposed by the bending moment loads caused by 
hydrodynamic forces.  

• There is no load path provided to transfer seismic forces from the 
reservoir roof to the walls.  The roof expansion joints (see Figure 
3.150) cannot transfer shear forces between adjacent roof panels. 
Additionally, there is not positive connections between the 
reservoir roof and walls (see Figure 3.151).  This results in 
reservoir columns being overstressed. 

Additional 

Structural 

(based on 

SEFT desktop 

assessment) 

• The 2018 Carollo study considered the BSE-1E seismic hazard 
level as defined by ASCE 41-13.  Chapter 34 of the 2019 Oregon 
Structural Specialty Code (OSSC) indicates that the BSE-1E 
hazard level should not be taken as less than 75% of the BSE-1N 
seismic hazard level as defined by ASCE 41, much higher than 
what was considered in the 2018 Carollo study. 

• Previous studies were preliminary in nature and did not include 
consideration of the potential interaction between the Fairmount 
Reservoir and adjacent Fairmount Reservoir Control 
Building/Pump Station. 

• The column vertical reinforcing lap splice length is less than the 
ASCE 41-17 Tier 1 specified minimum length for Immediate 
Occupancy structural performance (i.e., 50 bar diameters). 

Nonstructural 

• Per the original drawings, some piping and fittings within the 
reservoir may be cast-iron, which is a brittle material that may 
crack when subjected to earthquake shaking-induced forces and/or 
ground deformation. 
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Table 3.17 Fairmount Reservoir Control Building Seismic Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The northeast and northwest walls of the control building/pump 
station were constructed integrally with the reservoir (see Figure 
3.152).  Evaluation of the potential interaction between these two 
structures is beyond the scope of this preliminary ASCE 41 Tier 1 
check-list based assessment, but should be considered as part of a 
future detailed seismic evaluation and retrofit design. 

• Several potential deficiencies are likely associated with detailing 
requirements for reinforcing steel [reinforcement ratio, maximum 
spacing limits, reinforcing around openings, reinforcing hooks at 
slab to wall connections (see Figure 3.153) and foundation dowels 
(see Figure 3.154)]. 

• At the operating floor level, large stair openings are located 
adjacent to three of the four shear walls, limiting the connection 
length to transfer seismic forces from the floor slab to the concrete 
walls. 

Nonstructural 

• Water system piping within the control building is not seismically 
braced (see Figure 3.155). 

• Valves and valve actuators in line with the water system piping are 
not braced (see Figure 3.156). 

• The vertical pump bells and valve operator riser shafts are not 
braced (see Figure 3.157). 

• Per the original drawings and site visit observations, piping and 
valves within the control building are cast-iron (see Figure 3.158), 
which is a brittle material that may crack when subjected to 
earthquake shaking-induced forces and/or ground deformation.  

• Significant corrosion-induced deterioration was observed for some 
piping, valves, and pipe connection bolts in the control building 
(see Figure 3.159). 

• Pumps do not appear to be anchored at the base (see Figure 3.160).   
• Vertical pump motors are not braced above the center of gravity of 

the motor (see Figure 3.160). 
• There does not appear to be adequate flexibility in the piping that 

is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage. 

• The air vent vertical pipe adjacent to the east reservoir access stair 
does not appear to be braced (see Figure 3.161). 
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Table 3.17 Fairmount Reservoir Control Building Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Anchorage of electrical cabinets to the concrete slab was not 
visible from the outside of the cabinets and may not be adequate.  
Additionally, electrical cabinets do not appear to be anchored or 
braced to the wall near the top of the cabinets to prevent them from 
tipping over during an earthquake (see Figure 3.162) 

• Electrical conduits, hung from the roof, penetrating the wall and 
connected to the top of floor-mounted electrical cabinets, may not 
have adequate flexibility to account for differential movement 
between the floor, walls, and roof (see Figure 3.163). 

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.164). 

• The wood pole and anchorage of the pole-mounted transformer to 
the pole may not be adequately designed to resist the seismic 
forces generated by the transformer (see Figure 3.165). 

 

 

 
 

Figure 3.148 Fairmount Reservoir 
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Figure 3.149 Fairmount Reservoir Control Building 

 
 

 
 

Figure 3.150 Fairmount Reservoir Roof Expansion Joints 
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Figure 3.151 Sliding Joint Between Wall and Roof 
(Source: Section L-L on Sheet 8 of 1936 design drawings by Stevens & Koon) 

 
 

 
 

Figure 3.152 Reservoir Adjacent to Control Building/Pump Station 
(Source: Section H-H on Sheet 11 of 1936 design drawings by Stevens & Koon) 
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Figure 3.153 Inadequate Shear Wall to Diaphragm Connection 
(Source: Section a-a on Sheet 16 of 1936 design drawings by Stevens & Koon) 

 
 

  
 

Figure 3.154 Inadequate Shear Wall to Foundation Connection 
(Source: Section J-J on Sheet 12 of 1936 design drawings by Stevens & Koon) 
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Figure 3.155 Unbraced Piping and Valves 

 
 

 
 

Figure 3.156 Unbraced Valve 
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Figure 3.157 Unbraced Pump Bells and Valve Operator Riser Shafts 

 
 

 
 

Figure 3.158 Cast Iron Valve 
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Figure 3.159 Corroded Bolts and Pipe 

 
 

 
 

Figure 3.160 Unanchored Pump 
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Figure 3.161 Unbraced Vent Pipe 

 
 

 
 

Figure 3.162 Electrical Cabinets with Unknown Anchorage Details 
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Figure 3.163 Conduits Connecting to Electrical Cabinets without Flexible Connections 

 
 

 
 

Figure 3.164 SCADA Antenna 
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Figure 3.165 Pole-mounted Electrical Transformers 
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3.2.5 Grice Hill Reservoir and Control Building 
 
The Grice Hill Reservoir (see Figure 3.166) is a 2.2 MG tank built in 2001 at the Grice 
Hill site off 27th Place NW.  This reservoir is a strand-wound, circular, prestressed 
concrete reservoir with a nearly flat roof, an approximate diameter of 140 feet and a 
maximum height of retained water of 20 feet.  The Grice Hill Reservoir serves the City’s 
W2 Level and is supplied by the Mountain View Pump Station.  
 
The Grice Hill Reservoir Control Building (see Figure 3.167) is located west of the 
reservoir.  The control building is an above-grade, single-story structure, with reinforced 
masonry shear walls and a plywood sheathed wood truss roof.  The building is 
rectangular in plan, with approximate dimensions of 45 feet in north-south direction by 
37 feet in east-west direction.  The building houses piping and valves (including seismic 
shutoff valves) that support the operation of the reservoir.  The original design of the 
control building included a chlorination room and associated equipment, but the 
chlorination system is not currently used.  Therefore, the chlorination system has not 
been included in the scope of this nonstructural assessment.  The SCADA antenna at the 
Grice Hill Reservoir site is supported by a tall lattice tower (see Figure 3.168) and has not 
been included in the scope of the nonstructural assessment.  
 
Table 3.18 and Table 3.19 present a summary of potential seismic structural and 
nonstructural deficiencies identified by this evaluation.  Based on the potential 
deficiencies identified in Table 3.18, the Grice Hill Reservoir is not expected to achieve 
Immediate Occupancy structural performance or Operational nonstructural performance 
for a M9.0 CSZ earthquake.  Based on the potential deficiencies identified in Table 3.19, 
the Grice Hill Reservoir Control Building is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake.  Similarly, based on the structural deficiencies identified, the Grice Hill 
Reservoir Control Building is not currently expected to achieve Life Safety structural 
performance and represents a potential safety hazard to City staff and contractors. 
 
 

Table 3.18 Grice Hill Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The column vertical reinforcing lap splice length is less than the 
ASCE 41-17 Tier 1 specified minimum length for Immediate 
Occupancy structural performance (i.e., 50 bar diameters). 

Nonstructural 

• The pipe support concrete pedestals within the reservoir do not 
appear to be positively connected to the reservoir floor.  Original 
design drawings show that the vertical reinforcing at the corners of 
the pedestal terminates at the top of the reservoir floor (see Figure 
3.169). 



3.0 EXPECTED SEISMIC STRUCTURAL AND NONSTRUCTURAL PERFORMANCE 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 142 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

Table 3.19 Grice Hill Reservoir Control Building Seismic Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The roof diaphragm spans in both directions exceed the ASCE 41-
17 Tier 1 limit for unblocked wood structural panel diaphragms. 

• The configuration of the toenail connection provided between the 
sloped truss blocking and masonry wall top plate (see Figure 
3.170) may have resulted in splitting of the blocking, corner of the 
top plate, or both.  Therefore, the load path may not be adequate to 
transfer in-plane shear forces from the roof diaphragm to the 
masonry walls. 

• Out-of-plane bracing of the north and south gable end masonry 
walls is not adequate.  Kicker braces are provided between the top 
of the masonry walls and roof diaphragm (see Figure 3.171).  
However, no positive connection is indicated between the blocking 
that the kicker braces frames into and the roof trusses.  Therefore, 
the load path is incomplete to resist the vertical component of the 
kicker brace force associated with providing out-of-plane bracing 
for the gable end masonry walls.  

Nonstructural 

• Water system piping within the control building is not adequately 
seismically braced (see Figure 3.172). 

• Valves in line with the water system piping are not braced (see 
Figure 3.173).   

• One of the seismic valves has a note attached indicating that the 
valve is out of service (see Figure 3.174). 

• The pressure tank for the irrigation system is not anchored at the 
base (see Figure 3.175). 

• Backup batteries in the battery cabinet (for operation of the seismic 
valves) are not adequately restrained (see Figure 3.176). 

• The ceiling framing of the chlorine room inside the control 
building does not appear to provide adequate connections to 
transfer seismic forces from the ceiling to the masonry walls below 
(see Figure 3.177).   

• The temporarily stored electrical cabinet (see Figure 3.178), 
emergency generator, etc. may tip over or slide during an 
earthquake and potentially damage valves or other components. 

• A ladder is unrestrained (see Figure 3.179) and may topple into 
and potentially damage valves or other components during an 
earthquake.    

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.180). 
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Figure 3.166 Grice Hill Reservoir 

 
 

 
 

Figure 3.167 Grice Hill Reservoir Control Building 
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Figure 3.168 SCADA Antenna Supported by Lattice Tower  

 
 
 

 
 

Figure 3.169 Reservoir Pipe Support Detail 
(Source: Detail 10 on Sheet S6 of 2001 design drawings by Westech Engineering) 
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Figure 3.170 Inadequate Connection between Blocking and Masonry Wall Top Plate  
(Source: Detail 6 on Sheet B-5 of 2001 design drawings by Westech Engineering) 

 
 

 
 

Figure 3.171 Inadequate Connection between Blocking and Roof Truss 
(Source: Detail 4 on Sheet B-5 of 2001 design drawings by Westech Engineering) 
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Figure 3.172 Unbraced Piping and Valves 

 
 

 
 

Figure 3.173 Unbraced Seismic Valve 
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Figure 3.174 Note about Inoperable Seismic Valve 

 
 

 
 

Figure 3.175 Unanchored Irrigation Pressure Tank 
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Figure 3.176 Backup Batteries without Adequate Restraint 

 
 

 
 

Figure 3.177 Chlorine Room Ceiling Framing 
(Source: Detail 1 on Sheet B-5 of 2001 design drawings by Westech Engineering) 
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Figure 3.178 Temporarily Stored Electrical Cabinet 

 
 

 
 

Figure 3.179 Unrestrained Ladder  
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Figure 3.180 Unanchored Electrical Transformer 
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3.2.6 Lone Oak Reservoir and Control Building 
 
The Lone Oak Reservoir (see Figure 3.181) is a 5.6 MG tank built in 2003 near the 
intersection of Lone Oak Road SE and Midred Lane SE.  This reservoir is a strand-
wound, circular, prestressed concrete reservoir with a nearly flat roof with an 
approximate diameter of 196 feet and a maximum height of retained water of 26 feet.  
The Lone Oak Reservoir serves the City’s S2 Level. 
 
The Lone Oak Reservoir Control Building (see Figure 3.182) is located west of the 
reservoir.  The control building is a single-story building with reinforced concrete walls 
below grade, reinforced masonry walls above grade, and a plywood sheathed wood truss 
roof.  The building is rectangular in plan, with approximate dimensions of 39 feet in 
north-south direction by 29 feet in east-west direction.  The building houses piping and 
valves (including a seismic shutoff valve) that support the operation of the reservoir.  The 
original design of the control building included a chlorination room and associated 
equipment, but the chlorination system is not currently used.  Therefore, the chlorination 
system has not been included in the scope of the nonstructural assessment (with the 
exception of the large hot water heater). 
 
Table 3.20 and Table 3.21 present a summary of potential seismic structural and 
nonstructural deficiencies identified by this evaluation.  Based on the potential 
deficiencies identified in Table 3.20, the Lone Oak Reservoir is expected to achieve 
Immediate Occupancy structural performance and Operational nonstructural performance 
for a M9.0 CSZ earthquake.  Based on the potential deficiencies identified in Table 3.21, 
the Lone Oak Reservoir Control Building may not achieve Immediate Occupancy 
structural performance and is not expected to achieve Operational nonstructural 
performance for a M9.0 CSZ earthquake.  Similarly, based on the structural deficiencies 
identified, the Lone Oak Reservoir Control Building may not achieve Life Safety 
structural performance and may represent a potential safety hazard to City staff and 
contractors. 
 
 

Table 3.20 Lone Oak Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural • None identified. 
Nonstructural • None identified. 
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Table 3.21 Lone Oak Reservoir Control Building Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The original design drawings indicate that the design of the Lone 
Oak Reservoir Control Building masonry walls and roof structure 
was a deferred submittal item (see Figure 3.183).  The deferred 
submittal drawings/calculations were not available for review as 
part of this project and the roof framing was not visible during 
SEFT’s site visit.  Based on the limited information available, the 
expected structural performance of the Lone Oak Reservoir 
Control Building could not be quantified. 

Nonstructural 

• Water system piping within the control building is not seismically 
braced (see Figure 3.184). 

• Valves in line with the water system piping are not braced (see 
Figure 3.185).   

• The pressure tank for the irrigation system is not anchored at the 
base (see Figure 3.186).  

• Anchorage of the control cabinet to the housekeeping pads was not 
visible from the outside of the cabinets and may not be adequate.  
Additionally, the control cabinet does not appear to be anchored or 
braced to the wall near the top of the cabinet to prevent it from 
tipping over during an earthquake (see Figure 3.187).   

• Anchorage of the battery cabinet to the top of the control cabinet 
(see Figure 3.187) was not visible from the outside of the cabinet 
and may not be adequate.  Also, backup batteries in the battery 
cabinet may not be adequately restrained. 

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.188). 

• The suspended HVAC unit may not be adequately braced (see 
Figure 3.189).  Potential bracing deficiencies include the bracing 
angle for one pair of cable braces is near vertical (resulting in a 
significant decrease in the capacity of the braces to resist 
horizontal seismic forces), some braces appear to load the bottom 
chord of the roof truss in the out-of-plane direction (blocking or 
other detailing to deliver these seismic forces to the roof 
diaphragm are unknown) and only a single cable clamp is used for 
the braces (no redundance if the single clamp were to loosen) 

• The base skid for the large water heater and safety shower in the 
chlorine room does not appear to be adequately anchored (see 
Figure 3.190). 
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Table 3.21 Lone Oak Reservoir Control Building Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• The original design drawings indicate that the design of the 
chlorine room masonry walls and top of wall bracing was a 
deferred submittal item (see Figure 3.191).  The deferred submittal 
drawings/calculations were not available for review as part of this 
project and the bracing at the top of these masonry walls was not 
visible during SEFT’s site visit.  Therefore, the adequacy of the 
masonry wall bracing is unknown. 

• A ladder is unrestrained (see Figure 3.192) and may topple into 
and potentially damage valves or other components during an 
earthquake. 

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.193). 

 
 

 
 

Figure 3.181 Lone Oak Reservoir 
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Figure 3.182 Lone Oak Reservoir Control Building 

 
 

 
 

Figure 3.183 Design of Lone Oak Reservoir Control Building was a Deferred Submittal 
(Source: Section B on Sheet B-15 of 2003 design drawings by CH2M Hill) 
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Figure 3.184 Unbraced Piping and Valves 

 
 

 
 

Figure 3.185 Unbraced Seismic Valve 

 
 



3.0 EXPECTED SEISMIC STRUCTURAL AND NONSTRUCTURAL PERFORMANCE 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 156 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

 
 

Figure 3.186 Unanchored Pressure Tank 

 
 

 
 

Figure 3.187 Control Cabinet with Unknown Anchorage Details 
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Figure 3.188 SCADA Antenna 

 
 

 
 

Figure 3.189 Suspended HVAC Unit 
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Figure 3.190 Inadequate Overturning Anchorage of Water Heater 

 
 

 
 

Figure 3.191 Chlorine Room Ceiling Framing 
(Source: Section C on Sheet B-15 of 2003 design drawings by CH2M Hill) 
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Figure 3.192 Unrestrained Step Ladder  

 
 

 
 

Figure 3.193 Unanchored Electrical Transformer 
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3.2.7 Mill Creek #1 Reservoir and Control Building 
 
The Mill Creek #1 Reservoir (see Figure 3.194) is a 2.2 MG tank built in 2013 at the Mill 
Creek #1 site off Deer Park Drive SE.  This reservoir is a strand-wound, circular, 
prestressed concrete reservoir with a nearly flat roof, an approximate diameter of 140 feet 
and a maximum height of retained water of 20 feet.  The Mill Creek #1 Reservoir serves 
the City’s S1 Level and is supplied by the Deer Park Pump Station.    
 
The Mill Creek #1 Reservoir Control Building (see Figure 3.195) is located southwest of 
the reservoir.  The control building is a single-story building with reinforced concrete 
walls below grade, reinforced masonry walls above grade, and a plywood sheathed wood 
truss roof.  The building is rectangular in plan, with approximate dimensions of 46 feet in 
north-south direction by 42 feet in east-west direction.  The building houses piping and 
valves (including seismic shutoff valves) that support the operation of the reservoir and a 
small pump station that supports the City’s College Reservoir (steel tank).  The original 
design of the control building included a chlorination room and associated equipment, but 
the chlorination system is not currently used.  Therefore, the chlorination system has not 
been included in the scope of the nonstructural assessment. 
 
Table 3.22 and Table 3.23 present a summary of potential seismic structural and 
nonstructural deficiencies identified by this evaluation.  Based on the potential 
deficiencies identified in Table 3.22, the Mill Creek #1 Reservoir is not expected to 
achieve Immediate Occupancy structural performance or Operational nonstructural 
performance for a M9.0 CSZ earthquake.  Based on the potential deficiencies identified 
in Table 3.23, the Mill Creek #1 Reservoir Control Building is not expected to achieve 
Immediate Occupancy structural performance or Operational nonstructural performance 
for a M9.0 CSZ earthquake.  Similarly, based on the structural deficiencies identified, the 
Mill Creek #1 Reservoir Control Building is not currently expected to achieve Life Safety 
structural performance and represents a potential safety hazard to City staff and 
contractors. 
 
 

Table 3.22 Mill Creek #1 Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The column vertical reinforcing lap splice length is less than the 
ASCE 41-17 Tier 1 specified minimum length for Immediate 
Occupancy structural performance (i.e., 50 bar diameters). 
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Table 3.22 Mill Creek #1 Reservoir Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• The pipe support concrete pedestals within the reservoir do not 
appear to be positively connected to the reservoir floor.  Original 
design drawings show that the vertical reinforcing at the corners of 
the pedestal terminates at the top of the reservoir floor (see Figure 
3.196). 

• The steel framed roof access stair located on the southeast side of 
the reservoir is relatively flexible (see Figure 3.197).  During an 
earthquake, the stair will likely pound against the reservoir and 
may damage the stair or locally damage the concrete reservoir. 

 
 

Table 3.23 Mill Creek #1 Reservoir Control Building Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• The roof diaphragm spans in both directions exceed the ASCE 41-
17 Tier 1 limit for unblocked wood structural panel diaphragms. 

• The original design drawings indicate that the truss manufacturer 
was to provide truss blocking capable of transferring shear loads 
from the roof diaphragm to the masonry wall top plate (see Figure 
3.198).  The deferred submittal drawings/calculations were not 
available for review as part of this project and this area was not 
visible during SEFT’s site visit.  Therefore, the adequacy of the 
truss blocking is unknown. 

• Out-of-plane bracing of the north and south gable end masonry 
walls is not adequate.  Three bays of blocking are provided to 
transfer out-of-plane wall bracing forces to the ceiling level 
plywood sheathed diaphragm (see Figure 3.199).  This blocking 
does not engage an adequate depth of the ceiling level diaphragm. 
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Table 3.23 Mill Creek #1 Reservoir Control Building Evaluation Summary (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

• Water system piping within the control building is not adequately 
seismically braced (see Figure 3.200). 

• Valves in line with the water system piping are not braced (see 
Figure 3.201). 

• The pressure tank for the irrigation system is not anchored at the 
base (see Figure 3.202). 

• Vertical pump motors are not braced above the center of gravity of 
the motors (see Figure 3.203).   

• There does not appear to be adequate flexibility in the piping that 
is attached to the pumps to accommodate potential relative 
movement between the piping and the pump, and to prevent the 
piping from adding additional load to the pump anchorage. 

• Backup batteries in the battery cabinet (for operation of the seismic 
valves) may not be adequately restrained. 

• The horizontal arm of the SCADA antenna may not be adequately 
connected to the supporting pole to prevent the antenna from being 
misaligned or damaged after an earthquake (see Figure 3.204). 

• The ceiling framing of the chlorine room inside the control 
building does not appear to provide adequate connections to 
transfer seismic forces from the ceiling to the masonry walls 
below.  Also, the wood ledger attachment to the masonry wall is 
not detailed to avoid cross-grain bending (see Figure 3.205). 

• The electrical “room” partial height masonry walls are not laterally 
braced (see Figure 3.206).   

• Two ladders are unrestrained (see Figure 3.207) and may topple 
into and potentially damage valves or other components during an 
earthquake. 

• No anchorage was observed between the electrical transformer and 
concrete support pad (see Figure 3.208). 
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Figure 3.194 Mill Creek #1 Reservoir 

 
 

 
 

Figure 3.195 Mill Creek #1 Reservoir Control Building 
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Figure 3.196 Reservoir Pipe Support Detail 
(Source: Detail 9 on Sheet S4 of 2014 design drawings by Westech Engineering) 

 
 

 
 

Figure 3.197 Mill Creek #1 Reservoir Roof Access Stair 
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Figure 3.198 Inadequate Connection between Blocking and Masonry Wall Top Plate  
(Source: Detail 5 on Sheet S-20 of 2014 design drawings by Westech Engineering) 

 
 

 
 

Figure 3.199 Inadequate Transfer Length between Blocking and Ceiling Diaphragm 
(Source: Detail 1 on Sheet S-20 of 2014 design drawings by Westech Engineering) 
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Figure 3.200 Unbraced Piping and Valves 

 
 

 
 

Figure 3.201 Unbraced Seismic Valves 
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Figure 3.202 Unanchored Pressure Tank 

 
 

 
 

Figure 3.203 Unanchored Pump Motor 
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Figure 3.204 SCADA Antenna 
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Figure 3.205 Chlorine Room Ceiling Framing 
(Source: Section C on Sheet S-17 of 2014 design drawings by Westech Engineering) 
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Figure 3.206 Unbraced Partial Height CMU Walls in Electrical Room 

 
 

 
 

Figure 3.207 Unrestrained Ladders  
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Figure 3.208 Unanchored Electrical Transformer 
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3.2.8 Mountain View Reservoir 
 
The Mountain View Reservoir (see Figure 3.209) is a 10 MG tank built in 1971 near the 
intersection of Wallowa Avenue NW and Orchard Heights Road NW.  This reservoir is a 
completely buried strand-wound, circular, prestressed concrete reservoir with a nearly flat 
roof, an approximate diameter of 292 feet and a maximum height of retained water of 20 
feet.  The Mountain View Reservoir serves the City’s G0 Level and is hydraulically 
connected to both Franzen and Fairmount Reservoirs. 
 
In 2008, Black & Veatch conducted a condition assessment and seismic evaluation of 
Mountain View Reservoir.  SEFT reviewed the report associated with the 2008 condition 
assessment and seismic evaluation to help inform our seismic assessment. 
 
Table 3.24 presents a summary of potential seismic structural and nonstructural 
deficiencies identified by this evaluation.  Based on the potential deficiencies identified 
in Table 3.24, the Mountain View Reservoir is not expected to achieve Immediate 
Occupancy structural performance or Operational nonstructural performance for a M9.0 
CSZ earthquake. 
 
 

Table 3.24 Mountain View Reservoir Evaluation Summary 
 

Potential 

Deficiencies 
Description 

Structural 

• No seismic cables or dowels were used to connect the base of the 
wall to the foundation (see Figure 3.210).  Shear forces are only 
transferred from the wall to foundation by friction, which is likely 
inadequate to resist the earthquake-induced lateral force. 

• The existing capacity of the horizontal prestressing strands on the 
wall of the reservoir is inadequate to resist the combination of 
hydrostatic and expected hydrodynamic hoop forces during an 
earthquake. 

• The column vertical reinforcing lap splice length and tie spacing is 
less than the ASCE 41-17 Tier 1 specified values for Immediate 
Occupancy structural performance (i.e., minimum lap splice length 
of 50 bar diameters and minimum tie spacing of 8 bar diameters) 

Nonstructural 

• Per the original drawings, some piping and fittings within the 
Reservoir may be cast-iron, which is a brittle material that may 
crack when subjected to earthquake shaking-induced forces and/or 
ground deformation. 
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Figure 3.209 Mountain View Reservoir 

 
 

 
 

Figure 3.210 Base of Wall to Foundation Connection without Dowels or Seismic Cables 
(Source: Section C on Sheet 6 of 1971 design drawings by Stevens, Thomsen & Runyan) 

 



4.0 PRELIMINARY SEISMIC STRUCTURAL AND NONSTRUCTURAL MITIGATION CONCEPTS 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 174 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

4.0 Preliminary Seismic Structural and Nonstructural 
Mitigation Concepts 

 
4.1 Pump Stations and Control Facilities 
 
This section provides summary tables that describe preliminary seismic retrofit concepts 
to mitigate the potential structural and nonstructural seismic deficiencies identified for 
selected City pump stations and control facilities, described in Section 3.1.  Where 
appropriate, these tables also provide recommendations for further investigation and/or 
analysis to potentially mitigate deficiencies through more detailed structural calculations 
or to infill gaps in the data that was available for this study.  
 
 
4.1.1 ASR #1 and #2 Pump Station 
 
Table 4.1 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.1 for the ASR #1 and #2 
Pump Station.   
 
 

Table 4.1 ASR #1 and #2 Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Install vertical steel angles where the east-west oriented CMU 
walls of the ASR #2 addition interface with the west wall of the 
original ASR #1 structure. 

• Remove existing gypsum board interior finish to investigate the 
load path to transfer seismic roof diaphragm forces at the roof step 
between the ASR #1 and ASR #2 portions of the structure to the 
masonry wall below.  Likely add a combination of plywood 
sheathing, blocking, and metal connector hardware to provide an 
adequate load path. 

• Remove a small section of existing roofing to verify the adequacy 
of the existing roof sheathing to truss nailing. 

• Install new shaped blocking between the roof sheathing and 
masonry wall top plate.  Provided boundary nailing between the 
roof sheathing and blocking, and Simpson A35 clip angles between 
the blocking and top plate and blocking and trusses. 

• Install Simpson A35 clips between truss bottom chord and 
masonry wall top plate in conjunction with cross tie retrofit 
described in next bullet item. 
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Table 4.1 ASR #1 and #2 Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Structural 

(cont.) 

• Install a combination of plywood sheathing, blocking, steel straps, 
and metal connector hardware to provide adequate out-of-plane 
support for CMU walls (see Figure 4.1). 

• Conduct nondestructive scanning to verify the size and location of 
masonry wall vertical reinforcing.  If vertical trim reinforcing is 
not provided adjacent to door openings, install face mounted steel 
plates through-bolted to masonry wall and anchored to foundation 

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide independent support and bracing for the air relief valve. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, and the connection of the motor 
support to the steel well casing. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Provide anchorage/bracing between the top of the electrical 
cabinets and wall. 

• Provide lens covers for light fixtures with safety devices that 
prevent the lens cover and light bulbs from falling. 

• Provide flexible couplings where conduits connect to the top of 
wall-mounted electrical panels and cabinets. 

• Verify the adequacy of the connection between the horizontal 
antenna and the supporting pole.  

• Add helical wall ties between the masonry veneer and the ASR #1 
masonry walls. 

• Conduct nondestructive scanning to verify the size and spacing of 
reinforcing in the architectural concrete pillars and perform 
calculations to verify the adequacy of the existing reinforcing.  If 
reinforcing is found to be inadequate, remove existing architectural 
concrete pillars. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 
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Figure 4.1 Sub-diaphragm Retrofit Concept 
(Adapted From: Roof Plan on Sheet A1 of 1997 design drawings by Stettler Company)  
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4.1.2 ASR #4 Pump Station 
 
Table 4.2 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.2 for the ASR #4 Pump 
Station.   
 
 

Table 4.2 ASR #4 Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Remove a small section of existing roofing to verify the adequacy 
of the existing roof sheathing to truss nailing. 

• Install new shaped blocking between the roof sheathing and 
masonry wall top plate.  Provided boundary nailing between the 
roof sheathing and blocking, and Simpson A35 clip angles between 
the blocking and top plate and blocking and trusses. 

• Perform additional analysis to investigate if the diaphragm has 
adequate capacity to transfer seismic forces from the roof 
diaphragm to the east masonry shear wall, considering the impact 
of the hatch opening adjacent to the wall.  Note that this analysis 
will require information about the existing roof sheathing to truss 
nailing (i.e., size, and spacing). 

• Install Simpson A35 clips between truss bottom chord and 
masonry wall top plate in conjunction with cross tie retrofit 
described in next bullet item.   

• Install a combination of plywood sheathing, blocking, steel straps, 
and metal connector hardware to provide adequate out-of-plane 
support for CMU walls (see Figure 4.2). 

• Conduct nondestructive scanning to verify the size and location of 
masonry wall vertical reinforcing.  If vertical trim reinforcing is 
not provided adjacent to door openings, install face mounted steel 
plates through-bolted to masonry wall and anchored to foundation. 

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide independent support and bracing for the air relief valve. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, and the connection of the motor 
support to the steel well casing. 

• Add flexible couplings between the pump and the connected 
piping. 
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Table 4.2 ASR #4 Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Provide anchorage/bracing of pump station control cabinet to floor 
and wall. 

• Provide lens covers for light fixtures with safety devices that 
prevent the lens cover and light bulbs from falling. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 

 
 

 
 

Figure 4.2 Sub-diaphragm Retrofit Concept 
(Adapted From: Roof Plan on Sheet A2 of 1998 design drawings by Stettler Company)  
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4.1.3 ASR #5 Pump Station 
 
Table 4.3 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.3 for the ASR #5 Pump 
Station.   
 
 

Table 4.3 ASR #5 Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Add shaped blocking or framing/sheathing with metal connector 
hardware to provide a load path between the roof of the steel 
framed pavilion and masonry shear walls of the pump station 
structure. 

• Perform an investigation to determine if the ceiling diaphragm is 
adequately connected to the interior masonry walls to engage the 
walls as part of the seismic force resisting system.  If not, add 
blocking/framing to provide a load path between the ceiling 
diaphragm and interior masonry shear walls. 

• Perform an investigation of the existing ceiling nail size and 
spacing to verify the adequacy of the existing ceiling sheathing to 
joist nailing. 

• Perform an investigation to determine if adequate blocking and 
connections are provided between the ceiling sheathing and 
masonry wall top plate.  Install new blocking with boundary 
nailing between the ceiling sheathing and blocking, and Simpson 
A35 clip angles between the blocking and top plate and blocking 
and ceiling joists, as appropriate. 

• Install Simpson A35 clips between ceiling joists and masonry wall 
top plate in conjunction with cross tie retrofit described in next 
bullet item. 

• Install a combination of blocking, steel straps, and metal connector 
hardware to provide adequate out-of-plane support for CMU walls 
(see Figure 4.3). 

• Conduct nondestructive scanning to verify the size and location of 
masonry wall vertical reinforcing.  If vertical trim reinforcing is 
not provided adjacent to door openings, install face mounted steel 
plates through-bolted to masonry wall and anchored to foundation. 

• Perform additional analysis to investigate the adequacy of the free-
standing masonry wall to resist seismic forces without additional 
bracing. 
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Table 4.3 ASR #5 Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Structural 

(cont.) 

• Investigate extent and severity of the corrosion damage to the steel 
column, repair damage (as appropriate), and mitigate cause of 
moisture to prevent similar future damage. 

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide independent support and bracing for the air relief valve. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, and the connection of the motor 
support to the steel well casing. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Provide flexible couplings where conduits connect to the top of 
floor- and wall-mounted electrical panels and cabinets. 

• Provide anchorage/bracing of pump station control cabinet to floor 
and wall.  

• Provide lens covers for light fixtures with safety devices that 
prevent the lens cover and light bulbs from falling. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 
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Figure 4.3 Sub-diaphragm Retrofit Concept 
(Adapted From: Detail 6 on Sheet A3 of 1997 design drawings by Stettler Company)  
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4.1.4 Boone Road Pump Station 
 
Table 4.4 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.4 for the Boone Road 
Pump Station.   
 
 

Table 4.4 Boone Road Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Perform an investigation to determine if the gable end framing, 
sheathing nailing, and connection details are adequate to deliver 
seismic forces from the upper roof to the lower roof.  If not, add 
supplemental nailing, framing, blocking, and/or metal connector 
hardware, as appropriate. 

• Install a wood structural panel overlay on top of the existing 
straight sheathing.  The joints of the wood structural panels should 
be placed so that they are near the center of the existing sheathing 
boards or at a 45-degree angle to the joints between existing 
sheathing boards. 

• Install a combination of sub-diaphragm framing and connection 
hardware at the roof level to provide adequate out-of-plane support 
for CMU walls (see Figure 4.4). 

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, the connection of the motor support to 
the concrete pedestal, and the concrete pedestal. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Provide longitudinal bracing for the cable tray.  Reconfigure the 
anchorage of the transverse bracing strut to avoid anchorage into 
the masonry head joints.  

• Provide lens covers for light fixtures with safety devices that 
prevent the lens cover and light bulbs from falling. 

• Provide grating clip connections between the grating and steel 
support framing.  

• Verify the adequacy of the antenna connection to the supporting 
pole. 
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Figure 4.4 Sub-diaphragm Retrofit Concept 
(Adapted From: Detail 1 on Sheet S-8 of 2018 design drawings by Murraysmith)  
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4.1.5 Creekside Pump Station 
 
Table 4.5 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.5 for the Creekside 
Pump Station.   
 
 

Table 4.5 Creekside Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Remove a small section of existing roofing to verify the adequacy 
of the existing roof sheathing to truss nailing. 

• Add blocking to support the edges of the roof sheathing panels and 
provided boundary nailing between the roof sheathing and 
blocking. 

• Perform an investigation to determine if adequate blocking and 
connections are provided between the roof sheathing and masonry 
wall top plate.  Install new shaped blocking between the roof 
sheathing and masonry wall top plate.  Provided boundary nailing 
between the roof sheathing and blocking, and Simpson A35 clip 
angles between the blocking and top plate and blocking and 
trusses, as appropriate.  Also, suggest engaging the shear resistance 
of the interior masonry wall by adding a combination of plywood 
sheathing, framing/blocking, and metal connector hardware to 
provide a load path between the roof diaphragm and the interior 
masonry wall. 

• Perform an investigation to verify the adequacy of the connection 
between the roof sheathing and gable end masonry wall top plate. 

• Install Simpson A35 clips between trusses and masonry wall top 
plate in conjunction with cross tie retrofit described in next bullet 
item. 

• Install a combination of plywood, blocking, steel straps, and metal 
connector hardware to provide adequate out-of-plane support for 
CMU walls (see Figure 4.5).  

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide independent support and bracing for the air relief valves. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, the connection of the motor support to 
the concrete pedestal, and the concrete pedestal. 

• Add flexible couplings between the pumps and the connected 
piping. 
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Table 4.5 Creekside Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Perform an investigation to evaluate the adequacy of the anchorage 
of electrical cabinets to housekeeping pads and housekeeping pads 
to slab on grade, and supplement anchorage (as required).  Also, 
provide anchorage/bracing between the top of the electrical 
cabinets and masonry wall. 

• Provide anchorage/bracing for emergency generator air intake 
support frame, muffler, and exhaust pipe. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 
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Figure 4.5 Sub-diaphragm Retrofit Concept 
(Adapted From: Roof Plan on Sheet A1.3 of 1997 design drawings by Multi/Tech 

Consultants)  
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4.1.6 Deer Park Pump Station 
 
Table 4.6 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.6 for the Deer Park 
Pump Station.   
 
 

Table 4.6 Deer Park Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Conduct nondestructive scanning to verify the size and location of 
masonry wall reinforcing and evaluate the adequacy of the 
masonry walls. 

• Based on the number of potential deficiencies identified that are 
associated with the wood framed roof, suggest removing existing 
roof and replacing with new plywood sheathed wood truss roof 
with appropriate seismic detailing (including consideration of cross 
ties between diaphragm chords and out of plane bracing for 
perimeter and interior masonry walls).  

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Install angles all around the perimeter of the pump support 

concrete pedestal with anchors into the floor slab. On two 
opposing sides, add a pair of steel straps that are welded to the 
angle and anchored up the face of the pedestal. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Add anchors through the pipe support stanchion base plates into 
the slab-on-grade at locations with missing anchors. 

• Perform an investigation to evaluate the adequacy of the anchorage 
of electrical cabinets to housekeeping pads and housekeeping pads 
to slab on grade, and supplement anchorage (as required).  Also, 
provide anchorage/bracing between the top of the electrical 
cabinets and masonry wall. 

• Re-install the restrainer bracket for the emergency generator starter 
batteries, as appropriate. 

• Verify the adequacy of the antenna connection to the supporting 
pole. 

• Coordinate with electrical utility to conduct further evaluation to 
validate the seismic performance of pole-mounted transformer and 
utility pole. 
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4.1.7 Edwards Pump Station 
 
Table 4.7 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.7 for the Edwards Pump 
Station.   
 
 

Table 4.7 Edwards Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Perform a site-specific geotechnical study to further evaluate the 
potential earthquake-induced liquefaction and lateral spreading 
hazard at the site.  If required, mitigate the potential permanent 
ground deformation hazard at the site with geotechnical 
improvement, or other appropriate techniques. 

• Based on the age of the structure and the number of potential 
deficiencies identified, it is recommended that the City consider 
replacing the Edwards Pump Station structure.    

Nonstructural 

• Mitigation of potential nonstructural deficiencies is dependent on 
the selected approach to mitigate structural deficiencies.  If the 
pump stations is replaced, it is anticipated that new components 
would be installed satisfying current seismic design and detailing 
requirements. 

• Provide appropriate flexible joints where water system piping 
penetrates through the pump station floor to accommodate 
potential differential movement between the structure and the 
surrounding soil at or near the pipe penetration. 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, the connection of the motor support to 
the concrete pedestal, and the concrete pedestal. 

• Install Z-shaped brackets (fabricated from welded channel 
sections) anchored to the concrete slab on grade and bearing 
against top surface of the pump support steel base plate.  Provide 
two brackets on each side of the concrete pedestal near the existing 
steel base plate anchors. 

• Add flexible couplings between the pumps and the connected 
piping. 
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Table 4.7 Edwards Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Perform an investigation to evaluate the adequacy of the anchorage 
of electrical cabinets to housekeeping pads and housekeeping pads 
to slab on grade, and supplement anchorage (as required).  Also, 
provide anchorage/bracing between the top of the electrical 
cabinets and masonry wall. 

• Provide flexible couplings where conduits connect to the top of 
floor- and wall-mounted electrical panels and cabinets. 

• Provide restraint for the emergency generator starter batteries. 
• Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling.  
• Verify the adequacy of the antenna connection to the supporting 

pole. 
• Provide anchorage of the HVAC unit to the concrete pad. 
• Provide grating clip connections between the grating and steel 

support framing. 
• Provide restraint for the overhead bridge crane, when not in use. 
• Provide restraint for rolling lifts, when not in use. 
• Provide restraint for ladders (using straps to the wall, etc.), when 

not in use. 
• Coordinate with electrical utility to conduct further evaluation to 

validate the seismic performance of pole-mounted transformer and 
utility pole. 

  



4.0 PRELIMINARY SEISMIC STRUCTURAL AND NONSTRUCTURAL MITIGATION CONCEPTS 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 190 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

4.1.8 Limelight Pump Station 
 
Table 4.8 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.8 for the Limelight 
Pump Station.   
 
 

Table 4.8 Limelight Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Perform an evaluation of the potential impact of the vertical cracks 
in the masonry shear walls on the seismic performance of the 
pump station and implement an appropriate repair concept.  
Implement repairs of localized deterioration of plywood sheathing 
and framing to restore these components to their original strength. 

• Remove a small section of existing roofing to verify the adequacy 
of the existing roof sheathing to truss nailing. 

• Add blocking to support the edges of the roof sheathing panels and 
provided boundary nailing between the roof sheathing and 
blocking. 

• Install new shaped blocking between the roof sheathing and 
masonry wall top plate.  Provided boundary nailing between the 
roof sheathing and blocking, and Simpson A35 clip angles between 
the blocking and top plate and blocking and trusses.  Also, suggest 
engaging the shear resistance of the interior masonry wall by 
adding a combination of plywood sheathing, framing/blocking, and 
metal connector hardware to provide a load path between the roof 
diaphragm and the interior masonry wall. 

• Perform an investigation to verify the adequacy of the connection 
between the roof sheathing, gable end triangular portion wood 
framed shear walls and masonry wall top plate below. 

• Install Simpson A35 clips between trusses and masonry wall top 
plate in conjunction with cross tie retrofit described in next bullet 
item. 

• Install a combination of plywood sheathing, blocking, steel straps, 
and metal connector hardware to provide adequate out-of-plane 
support for CMU walls.  The concept is similar to that shown in 
Figure 4.5, for the Creekside Pump Station, except that all three 
sub-diaphragms should be installed with added plywood at the at 
the ceiling level, since the masonry portion of the gable end walls 
does not extend all the way to the roof level. 

Nonstructural 
• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
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Table 4.8 Limelight Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Provide independent support and bracing for the air relief valves. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, the connection of the motor support to 
the concrete pedestal, and the concrete pedestal. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Perform an investigation to evaluate the adequacy of the anchorage 
of electrical cabinets to housekeeping pads and housekeeping pads 
to slab on grade, and supplement anchorage (as required).  Also, 
provide anchorage/bracing between the top of the electrical 
cabinets and masonry wall. 

• Verify the adequacy of the antenna connection to the supporting 
pole. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 
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4.1.9 Mountain View Pump Station 
 
Table 4.9 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.9 for the Mountain 
View Pump Station.   
 
 

Table 4.9 Mountain View Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Reconfigure roof trusses and framing/blocking to provide plywood 
shear wall between roof diaphragm and top plate of north masonry 
wall.  Also, suggest engaging the shear resistance of the interior 
north-south oriented masonry wall by adding a combination of 
plywood sheathing, framing/blocking, and metal connector 
hardware to provide a load path between the roof diaphragm and 
the interior masonry wall. 

• Install Simpson A35 clips between trusses and masonry wall top 
plate in conjunction with cross tie retrofit described in next bullet 
item. 

• Install a combination of plywood sheathing, blocking, steel straps, 
and metal connector hardware to provide adequate out-of-plane 
support for CMU walls (see Figure 4.6).  

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide independent support and bracing for the air relief valves. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support, the motor support, the connection of the motor support to 
the concrete pedestal, and the concrete pedestal. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Add anchors through the pipe support stanchion base plates into 
the slab-on-grade at locations with missing anchors. 

• Provide additional anchors for chlorination equipment and 
repair/replace damaged curb. 

• Provide adequate anchorage between the strut and the masonry 
shear wall for seismic demands and provide positive connection 
between spacers and main strut. 

• Provide bracing for transformer hung from roof. 
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Table 4.9 Mountain View Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Perform an investigation to evaluate the adequacy of the anchorage 
of electrical cabinets to the slab on grade, and supplement 
anchorage (as required).  Also, supplement the existing anchorage 
between the top of the electrical cabinets and masonry wall. 

• Provide flexible couplings where conduits connect to the top of 
floor- and wall-mounted electrical panels and cabinets. 

• Provide restraint for the emergency generator starter batteries 
within the battery bins (e.g., strap) and anchorage of the battery 
bins. 

• Provide bracing for the emergency generator muffler. 
• Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling. 
• Verify the adequacy of the antenna connection to the supporting 

pole. 
• Provide restraint for overhead trolley chain hoist, when not in use. 
• Provide restraint for ladders (using straps to the wall, etc.), when 

not in use. 
• Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 
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Figure 4.6 Sub-diaphragm Retrofit Concept 
(Adapted From: Detail 1 on Sheet S4 of 1994 design drawings by KMC, Inc.)  
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4.1.10 Salem/Keizer Intertie #1 Pump Station 
 
Table 4.10 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.10 for the Salem/Keizer 
Intertie #1 Pump Station.   
 
 

Table 4.10 Salem/Keizer Intertie #1 Pump Station Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Perform a site-specific geotechnical study to confirm the expected 
liquefaction-induced settlement.  If required, mitigate the potential 
permanent ground deformation hazard at the site with geotechnical 
improvement, or other appropriate techniques. 

• Perform additional analysis to investigate the adequacy of the gap 
between the City of Salem pump station and the adjacent City of 
Keizer building. 

• Install shaped blocking at the ridge line to bridge over the existing 
gap in the roof sheathing.  Provide boundary nailing between the 
roof sheathing and new blocking.  Coordinate with architect for 
any necessary modifications to roof venting.  

• Install Simpson A35 clip angles between the blocking and top plate 
and blocking and trusses. 

• Install a combination of blocking and steel straps between truss 
bottom chord members in the two truss bays where blocking is not 
currently installed to provide continuous cross ties in the east-west 
direction.   

Nonstructural 

• Provide appropriate flexible joints where water system piping 
penetrates through the pump station floor to accommodate 
potential differential movement between the structure and the 
surrounding soil at or near the pipe penetration. 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Add flexible couplings between the pumps and the connected 

piping. 
• Provide anchorage of the chlorination skid to the concrete slab on 

grade and anchorage of chlorination system components to the 
skid. 

• Perform an investigation to evaluate the adequacy of the anchorage 
of electrical cabinets to the concrete housekeeping pads, and 
supplement anchorage (as required). 
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Table 4.10 Salem/Keizer Intertie #1 Pump Station Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Remove the existing L-shaped strut brackets at the top of the 
electrical cabinets and replace with a more appropriate steel 
bracket. 

• Verify the adequacy of the antenna connection to the supporting 
pole. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 

 
  



4.0 PRELIMINARY SEISMIC STRUCTURAL AND NONSTRUCTURAL MITIGATION CONCEPTS 
CITY OF SALEM – PUMP STATION AND RESERVOIR SEISMIC VULNERABILITY ASSESSMENT 

 197 January 6, 2023 
230106_Final Seismic Assessment TM.docx 

 

4.1.11 Turner Control Facility 
 
Table 4.11 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.1.11 for the Turner 
Control Facility.   
 
 

Table 4.11 Turner Control Facility Preliminary Mitigation Concepts 
 

Potential 

Deficiencies 
Description 

Structural 

• Perform a site-specific geotechnical study to confirm the expected 
liquefaction-induced settlement.  If required, mitigate the potential 
permanent ground deformation hazard at the site with geotechnical 
improvement, or other appropriate techniques. 

• Add blocking to support the edges of the roof sheathing panels and 
provided boundary fasteners between the roof sheathing and 
blocking. 

• Perform an investigation to determine if adequate fasteners are 
provided for the roof sheathing to blocking and blocking to 
masonry wall top plate connections.  Provide supplemental 
fasteners, as required. 

• Install additional fasteners between the roof sheathing and 
outriggers in conjunction with cross tie retrofit described in next 
bullet item. 

• Install a combination of blocking, steel straps, and metal connector 
hardware to provide adequate out-of-plane support for CMU walls 
in the direction perpendicular to the roof trusses (see Figure 4.7).  

Nonstructural 

• Provide appropriate flexible joints where water system piping 
penetrates through the control facility wall to accommodate 
potential differential movement between the structure and the 
surrounding soil at or near the pipe penetration. 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide independent bracing for the valve actuators. 
• Provide anchorage of the control cabinet to the housekeeping pad. 
• Provide supplemental anchorage of the electrical transformer to the 

concrete slab on grade. 
• Provide restraint for backup batteries inside the battery cabinet. 
• Provide restraint for pendant supported lights to prevent excessive 

swing.  
• Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling. 
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Table 4.11 Turner Control Facility Preliminary Mitigation Concepts (cont.) 
 

Potential 

Deficiencies 
Description 

Nonstructural 

(cont.) 

• Verify the adequacy of the antenna connection to the supporting 
pole. 

• Provide seismic bracing for the ceiling hung inline HVAC fan.  
• Provide anchors between the HVAC condenser unit and concrete 

support pad. 
• Provide anchorage or bracing for the storage shelving to the floor 

and/or the wall. 
• Provide appropriate restraint for the fire extinguisher in its cabinet. 
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Figure 4.7 Sub-diaphragm Retrofit Concept 
(Adapted From: Roof Plan on Sheet S6 of 2007 design drawings by Black & Veatch 

Corporation) 
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4.2 Reservoirs and Reservoir Control Buildings 
 
This section provides summary tables that describe preliminary seismic retrofit concepts 
to mitigate the potential structural and nonstructural seismic deficiencies identified for 
selected City reservoirs and reservoir control buildings, described in Section 3.2.  Where 
appropriate, these tables also provide recommendations for further investigation and/or 
analysis to potentially mitigate deficiencies through more detailed structural calculations 
or to infill gaps in the data that was available for this study. 
 
 
4.2.1 Candalaria Reservoir 
 
Table 4.12 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.2.1 for the Candalaria 
Reservoir.   
 
 

Table 4.12 Candalaria Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

Reservoir 
• Perform a future ASCE 41 Tier 2 assessment to evaluate the 

adequacy of the provided column reinforcing lap splice length.  
 
Valve Vault 
• Install stainless steel plates and/or angles to connect riser, base, 

and lid precast components at the precast concrete construction 
joints. 

• Repair any leaking precast joints with polyurethane resin 
injection or other similar method after an earthquake, as 
required. 

Nonstructural 

Reservoir 
• Verify that piping, fittings, and valve bodies are constructed of 

steel or ductile iron.  Replace any components that are 
suspected to be cast iron. 

• Perform additional analysis to evaluate the adequacy of the 
overflow pipe and valve operator riser shafts to resist seismic 
forces.  Provide lateral bracing of the overflow pipe and valve 
operator riser shafts, as required. 
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Table 4.12 Candalaria Reservoir Preliminary Mitigation Concepts (cont.) 
 

Retrofit 

Recommendations 
Description 

Nonstructural 

(cont.) 

Valve Vault 
• Perform additional analysis to evaluate the adequacy of the 

piping and valve to resist seismic forces (e.g., span between 
vault walls).  Alternatively, provide bracing for the pipe and 
valve inside the valve vault. 

• Provide restraint of backup batteries, as required. 
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4.2.2 Champion Hill Reservoir 
 
Table 4.13 and Table 4.14 summarizes preliminary seismic retrofit concepts to mitigate 
the potential structural and nonstructural deficiencies described in Section 3.2.2 for the 
Champion Hill Reservoir and the Champion Hill Reservoir Control Building, 
respectively 
 
 

Table 4.13 Champion Hill Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

• Perform a site-specific geotechnical study to further evaluate 
the potential earthquake-induced liquefaction hazard at the site.  
If required, mitigate the potential permanent ground 
deformation hazard at the site with geotechnical improvement, 
or other appropriate techniques. 

• Perform a future ASCE 41 Tier 2 assessment to evaluate the 
adequacy of the provided column reinforcing lap splice length. 

Nonstructural 

• Install connection brackets at the corners of the pipe support 
pedestals that are anchored to both the concrete pedestal and 
concrete floor slab. 

 
 

Table 4.14 Champion Hill Reservoir Control Building Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

• Perform a site-specific geotechnical study to further evaluate 
the potential earthquake-induced liquefaction hazard at the site.  
If required, mitigate the potential permanent ground 
deformation hazard at the site with geotechnical improvement, 
or other appropriate techniques. 

• Add blocking to support the edges of the roof sheathing panels 
and provided boundary nailing between the roof sheathing and 
blocking. 

• Install Simpson roof boundary clips (RBCs) between blocking 
and masonry wall top plate and Simpson A35 clip angles 
between the blocking and trusses. 

• Install Simpson A35 clip angles, at approximately 2-feet on 
center, between gable end truss bottom chord and masonry 
wall top plate. 
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Table 4.14 Champion Hill Reservoir Control Building Preliminary Mitigation Concepts 
(cont.) 

 

Retrofit 

Recommendations 
Description 

Structural 

(cont.) 

• Install appropriate metal connector hardware to provide a 
vertical connection between the blocking that the kicker brace 
frames into and the adjacent roof trusses.  Provide local 
strengthening of trusses, as appropriate. 

Nonstructural 

• Provide appropriate flexible joints where water system piping 
penetrates through the control building wall to accommodate 
potential differential movement between the structure and the 
surrounding soil at or near the pipe penetration. 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide independent bracing for the recirculation pump and 

associated piping. 
• Provide an additional anchor at the base of the pressure tank. 
• Provide restraint for backup batteries inside the battery cabinet. 
• Verify the adequacy of the antenna connection to the 

supporting pole. 
• Install a combination of blocking and metal connector 

hardware to provide adequate connections to transfer seismic 
forces from the ceiling to the masonry walls and eliminate the 
potential for cross-grain bending of wood ledgers. 

• Provide restraint for temporarily stored electrical cabinets and 
other components (using straps to the wall, etc.). 

• Coordinate with electrical utility to conduct further evaluation 
to validate the seismic performance of pole-mounted 
transformer and utility pole. 
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4.2.3 Eola #1B Reservoir 
 
Table 4.15 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.2.3 for the Eola #1B 
Reservoir.   
 
 

Table 4.15 Eola #1B Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

Reservoir 
• Perform an evaluation of the potential impact of the 

circumferential concrete cracks adjacent to the roof to wall 
interface on the seismic performance of the reservoir. 

• Perform a future ASCE 41 Tier 2 assessment to evaluate the 
adequacy of the provided column reinforcing lap splice length. 

 
Valve Vaults 
• Investigate concrete deterioration near top of South Valve 

Vault wall to lid connection and develop appropriate repair 
concepts. 

• Install stainless steel plates and/or angles to connect riser, base, 
and lid precast components at the precast concrete construction 
joints. 

• Repair any leaking precast joints with polyurethane resin 
injection or other similar method after an earthquake, as 
required. 

Nonstructural 

Reservoir 
• Supplement existing bracing for vertical section of inlet pipe. 
 
Valve Vaults 
• Perform additional analysis to evaluate the adequacy of the 

piping and valves to resist seismic forces (e.g., span between 
vault walls).  Alternatively, provide bracing for the piping and 
valves inside the valve vaults. 
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4.2.4 Fairmount Reservoir 
 
Table 4.16 and Table 4.17 summarizes preliminary seismic retrofit concepts to mitigate 
the potential structural and nonstructural deficiencies described in Section 3.2.4 for the 
Fairmount Reservoir and the Fairmount Reservoir Control Building/Pump Station, 
respectively. 
 
 

Table 4.16 Fairmount Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

(based on 2018 

seismic study by 

Carollo 

Engineers) 

• Add a 6-inch layer of shotcrete at the inside face of the 
perimeter walls and footings. 

• Provide stainless steel connections along the roof expansion 
joints to transfer shear forces between roof panels.  Also, 
provide anchors between the roof slab and the walls to transfer 
roof seismic loads to the perimeter walls. 

Additional 

Structural 

(based on SEFT 

Desktop 

assessment) 

• It is recommended that if the future seismic retrofit of 
Fairmount Reservoir is designed for a reduced seismic hazard 
level (i.e., BSE-1E hazard level), the 2019 OSSC Chapter 34 
exception that the seismic hazard level should not be taken as 
less than 75% of the BSE-1N seismic hazard level should be 
considered. 

• Perform a future structural assessment to evaluate the potential 
impact of the interaction between the Fairmount Reservoir and 
the integrally constructed Fairmount Reservoir Control 
Building/Pump Station. 

• Perform a future ASCE 41 Tier 2 assessment to evaluate the 
adequacy of the provided column reinforcing lap splice length. 

Nonstructural 
• Verify that piping, fittings, and valve bodies are constructed of 

steel or ductile iron.  Replace any components that are 
suspected to be cast iron. 
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Table 4.17 Fairmount Reservoir Control Building/Pump Station Preliminary Mitigation 
Concepts 

 

Retrofit 

Recommendations 
Description 

Structural 

• In coordination with the future detailed design for the seismic 
retrofit of the Fairmount Reservoir, perform a detailed 
structural seismic assessment of the Fairmount Reservoir 
Control Building/Pump Station and develop seismic mitigation 
concept recommendations for consideration by the City. 

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves and valve actuators. 
• Provide bracing/restraint for vertical pump bells and valve 

operator riser shafts. 
• Replace any piping and valve components that are suspected to 

be cast iron. 
• Replace any corrosion damaged piping and valve components 

and connection hardware not already replaced by the bullet 
item above. 

• Provide anchorage between pump bases and concrete slab. 
• Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 
support and the motor support. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Provide bracing for the air vent vertical pipe. 
• Perform an investigation to evaluate the adequacy of the 

anchorage of electrical cabinets to concrete floor slab, and 
supplement anchorage (as required).  Also, provide 
anchorage/bracing between the top of the electrical cabinets 
and concrete wall. 

• Provide flexible couplings where conduits connect to the top of 
floor-mounted electrical cabinets. 

• Verify the adequacy of the antenna connection to the 
supporting pole. 

• Coordinate with electrical utility to conduct further evaluation 
to validate the seismic performance of pole-mounted 
transformer and utility pole. 
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4.2.5 Grice Hill Reservoir 
 
Table 4.18 and Table 4.19 summarizes preliminary seismic retrofit concepts to mitigate 
the potential structural and nonstructural deficiencies described in Section 3.2.5 for Grice 
the Hill Reservoir and the Grice Hill Reservoir Control Building, respectively. 
 
 

Table 4.18 Grice Hill Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 
• Perform a future ASCE 41 Tier 2 assessment to evaluate the 

adequacy of the provided column reinforcing lap splice length. 

Nonstructural 
• Install connection brackets at the corners of the pipe support 

pedestals that are anchored to both the concrete pedestal and 
concrete floor slab. 

 
 

Table 4.19 Grice Hill Reservoir Control Building Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

• Add blocking to support the edges of the roof sheathing panels 
and provided boundary nailing between the roof sheathing and 
blocking. 

• Install Simpson roof boundary clips (RBCs) between blocking 
and masonry wall top plate and Simpson A35 clip angles 
between the blocking and trusses. 

• Install appropriate metal connector hardware to provide a 
vertical connection between the blocking that the kicker brace 
frames into and the adjacent roof trusses.  Provide local 
strengthening of trusses, as appropriate.   

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Repair seismic valve so that is operational in the event of an 

earthquake. 
• Provide anchorage of the pressure tank. 
• Provide additional restraint for backup batteries inside the 

battery cabinet. 
• Install a combination of blocking and metal connector 

hardware to provide adequate connections to transfer seismic 
forces from the ceiling to the masonry walls and eliminate the 
potential for cross-grain bending of wood ledgers. 
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Table 4.19 Grice Hill Reservoir Control Building Preliminary Mitigation Concepts (cont.) 
 

Retrofit 

Recommendations 
Description 

Nonstructural 

(cont.) 

• Provide restraint for temporarily stored electrical cabinets and 
other components (using straps to the wall, etc.). 

• Provide restraint for ladder (using straps to the wall, etc.), 
when not in use. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 
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4.2.6 Lone Oak Reservoir 
 
Table 4.20 and Table 4.21 summarizes preliminary seismic retrofit concepts to mitigate 
the potential structural and nonstructural deficiencies described in Section 3.2.6 for the 
Lone Oak Reservoir and the Lone Oak Reservoir Control Building, respectively. 
 
 
 

Table 4.20 Lone Oak Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 
• No potential deficiencies were identified that require 

mitigation. 

Nonstructural 
• No potential deficiencies were identified that require 

mitigation. 
 
 

Table 4.21 Lone Oak Reservoir Control Building Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

• Coordinate with the City to attempt to locate deferred 
submittal design drawings and calculations from original 
construction.  Supplement available drawings with a detailed 
field investigation (including localized removal of architectural 
finishes) to observe and document details of original 
construction.  Once additional details of original construction 
are available, complete a follow-up ASCE 41 Tier 1 evaluation 
and develop preliminary concepts to mitigate the identified 
deficiencies. 

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide anchorage of the pressure tank. 
• Perform an investigation to evaluate the adequacy of the 

anchorage of control cabinet to housekeeping pad, and 
supplement anchorage (as required).  Also, provide 
anchorage/bracing between the top of the control cabinet and 
masonry wall. 

• Perform an investigation to evaluate the adequacy of the 
anchorage of the battery cabinet to the control cabinet, and 
supplement anchorage (as required).  Also, provide restraint 
for backup batteries inside the battery cabinet. 
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Table 4.21 Lone Oak Reservoir Control Building Preliminary Mitigation Concepts (cont.) 
 

Retrofit 

Recommendations 
Description 

 

• Verify the adequacy of the antenna connection to the 
supporting pole. 

• Perform an investigation to evaluate the adequacy of the 
bracing of the suspended HVAC unit, and supplement bracing 
(as required). 

• Perform an investigation to evaluate the adequacy of the 
anchorage of the water heater/safety shower base skid to the 
concrete slab, and supplement anchorage (as required). 

• Perform an investigation of the original deferred submittal 
design details for the chlorine room masonry wall reinforcing 
and top of wall bracing.  Provide supplemental bracing of 
masonry walls, as required. 

• Provide restraint for ladder (using straps to the wall, etc.), 
when not in use. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 
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4.2.7 Mill Creek #1 Reservoir 
 
Table 4.22 and Table 4.23 summarizes preliminary seismic retrofit concepts to mitigate 
the potential structural and nonstructural deficiencies described in Section 3.2.7 for the 
Mill Creek #1 Reservoir and the Mill Creek #1Reservoir Control Building, respectively. 
 
 

Table 4.22 Mill Creek #1 Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 
• Perform a future ASCE 41 Tier 2 assessment to evaluate the 

adequacy of the provided column reinforcing lap splice length. 

Nonstructural 

• Install connection brackets at the corners of the pipe support 
pedestals that are anchored to both the concrete pedestal and 
concrete floor slab. 

• Provide additional seismic separation between the steel framed 
stair landing platform and reservoir concrete roof and/or 
provide diagonal bracing between stair landing support posts. 

 
 

Table 4.23 Mill Creek #1 Reservoir Control Building Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

• Add blocking to support the edges of the roof sheathing panels 
and provided boundary nailing between the roof sheathing and 
blocking. 

• Coordinate with the City to attempt to locate deferred 
submittal design drawings and calculations from original 
construction.  Supplement available drawings with a detailed 
field investigation (including potential localized removal of 
architectural finishes) to observe and document details of the 
truss blocking and associated connections.  Once additional 
details of original construction are available, evaluate the 
adequacy of the load path to transfer seismic forces from the 
roof diaphragm to the masonry wall top plate and develop 
mitigation concepts, as appropriate. 

• Install a combination of blocking and steel straps between truss 
bottom chord members in four additional truss bays per line of 
blocking. 

Nonstructural 

• Provide bracing for the piping. 
• Provide independent bracing for the valves. 
• Provide anchorage of the pressure tank. 
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Table 4.23 Mill Creek #1 Reservoir Control Building Preliminary Mitigation Concepts (cont.) 
 

Retrofit 

Recommendations 
Description 

Nonstructural 

(cont.) 

• Perform additional analysis to evaluate the adequacy of the 
existing connection of the motor to the top of the steel motor 
support, the motor support, and the connection of the motor 
support to the concrete slab. 

• Add flexible couplings between the pumps and the connected 
piping. 

• Provide restraint for backup batteries inside the battery cabinet. 
• Verify the adequacy of the antenna connection to the 

supporting pole. 
• Install a combination of blocking and metal connector 

hardware to provide adequate connections to transfer seismic 
forces from the ceiling to the masonry walls and eliminate the 
potential for cross-grain bending of wood ledgers. 

• Perform additional analysis to evaluate the adequacy of the 
electrical room unbraced partial height masonry walls. 

• Provide restraint for ladders (using straps to the wall, etc.), 
when not in use. 

• Coordinate with electrical utility to anchor the utility owned 
electrical transformer to the concrete pad, as required. 
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4.2.8 Mountain View Reservoir 
 
Table 4.24 summarizes preliminary seismic retrofit concepts to mitigate the potential 
structural and nonstructural deficiencies described in Section 3.2.8 for the Mountain 
View Reservoir.   
 
 

Table 4.24 Mountain View Reservoir Preliminary Mitigation Concepts 
 

Retrofit 

Recommendations 
Description 

Structural 

• Install seismic restraint between the reservoir walls and 
foundation.  Potential concepts include using brackets and 
high-strength rods installed from inside the reservoir or 
installing new seismic cables in a thickened wall section from 
the exterior of the reservoir.  Both options would likely require 
modifying/enlarging the existing foundation ring. 

• Operate the reservoir at a lower maximum elevation to reduce 
hydrodynamic forces to a level that makes the seismic 
performance of the prestressing strands adequate without 
further retrofit. (Note that this option may not be practical due 
to how the water level in the Mountain View Reservoir is 
hydraulically connected to the level in Franzen and Fairmount 
Reservoirs. 
 

OR 
 

Re-wrap the core wall with additional circumferential 
prestressing strands encased with shotcrete to provide 
additional capacity to resist the combination of hydrostatic and 
expected hydrodynamic hoop forces during an earthquake. 

• Provide fiber reinforced polymer (FRP) wrapping of columns. 

Nonstructural 

• Verify that piping, fittings, and valve bodies are constructed of 
steel or ductile iron.  Replace any components that are 
suspected to be cast iron. 
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5.0 Next Steps 
 
This technical memorandum summarizes the results of SEFT’s preliminary seismic 
structural and nonstructural evaluation of selected City of Salem water system facilities 
(10 pump stations, Turner Control Facility, 8 reservoirs, and 5 reservoir control 
buildings).  Based on the potential structural and nonstructural deficiencies identified, 
only one reservoir is expected to achieve Immediate Occupancy structural performance 
and Operational nonstructural performance.  None of the other structures evaluated are 
expected to achieve either Immediate Occupancy structural performance or Operational 
nonstructural performance for a M9.0 CSZ scenario earthquake. 
 
Due to project budget limitations, not all City of Salem water system structures were 
included in the scope of the preliminary seismic structural and nonstructural evaluations 
conducted as part of this project.  It is recommended that the City conducts seismic 
evaluations of the remaining inventory of water system structures (e.g., pump stations, 
reservoirs, communications towers, etc.) as part of a future project. 
 
The seismic evaluation findings presented in this report should be integrated with the 
findings of previous seismic studies of other water system components and future seismic 
assessments of the remaining water system components, to develop a holistic view of the 
expected seismic performance of the water system.  This knowledge can be leveraged in 
developing a comprehensive long-term plan for implementing water system seismic 
resilience improvements.  In the near-term, the City is strongly encouraged to implement 
a seismic retrofit program to address Life Safety seismic deficiencies for water system 
structures that are frequently accessed by City staff and contractors. 
 
During this project it was observed that the City has installed seismic isolation valves on 
many reservoirs.  These seismically activated valves are designed to close when they 
detect earthquake shaking and are intended to help prevent all the water stored in these 
reservoirs from leaking out of transmission and distribution system pipelines that may be 
damaged by the earthquake.  The significant volume of water that will be preserved in the 
reservoirs that have seismic isolation valves will help to meet community water needs 
(e.g., firefighting, drinking, sanitation, etc.) after a major earthquake.  However, once the 
seismic isolation valves shut, accessing the water stored in the reservoirs may be 
challenging.  There does not appear to be hydrants (or other connection points) installed 
between the reservoirs and seismic isolation valves.  In the near-term, the City should 
consider installing hydrants (or other connection points) between the reservoirs and 
seismic isolation valves, so that the stored water can be easily accessed by City staff and 
the City of Salem Fire Department.  These hydrants and associated piping should be 
designed to accommodate the expected level of permanent ground deformation that may 
occur at the reservoirs.  Also, in the near-term, the City should consider installing seismic 
isolation valves and associated hydrant connections for reservoirs that do not currently 
have seismic isolation valves. 
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If replacement of existing or construction of new water system structures is considered in 
the future to meet water demand or operational goals, then this would provide an 
opportunity to build more seismically resilient structures and associated support 
infrastructure that are capable of achieving the City’s post-earthquake LOS goals.  The 
selection of the location of any new water system structures and the foundation design for 
those structures should include appropriate consideration of potential earthquake-induced 
permanent ground deformation and related mitigation strategies to achieve the City’s 
resilience goals. 
 
In order to continue to advance the City’s water system resilience planning process, we 
recommend that a follow-up study be conducted to identify and understand dependency 
relationships and develop appropriate strategies to manage them to minimize any 
associated cascading effects.  Planning for and addressing issues such as where the City 
will get fuel for trucks and generators, how suppliers and contractors will be rapidly 
engaged and compensated, etc. will help improve resilience and speed the return to 
normalcy after a major disaster.  The City of Salem should also continue to evaluate and 
implement alternative options to provide water to customers in the event that the water 
system is significantly damaged by a major earthquake and could take months to repair 
for more recently constructed structures to years to rebuild older structures. 
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6.0 Limitations 
 
The opinions and recommendations presented in this report were developed with the care 
commonly used as the state of practice of the profession.  No other warranties are 
included, either expressed or implied, as to the professional advice included in this report.  
This report has been prepared for the City of Salem to be used solely in its evaluation of 
the seismic safety of the water system components referenced.  This report has not been 
prepared for use by other parties and may not contain sufficient information for purposes 
of other parties or uses. 
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Appendix D. Facility Vulnerability Assessment Summary 

The following sections provide a brief description of each of the facilities and summaries of seismic 
assessments for each of these facilities.  The seismic assessments focus on structural and geotechnical 
issues.  Nonstructural deficiencies are not discussed in this section.  Detailed descriptions of the 
structural and nonstructural assessment results are presented in the SEFT report in Appendix C. 

ASR # 1 and #2 Pump Station 

ASR #2 Pump Station was built in 1998 as an addition to the ASR #1 Pump Station which was constructed 
in 1995.  The combined structure of the two pump stations is an above-grade, single-story, reinforced 
masonry shear wall structure with a plywood-sheathed wood framed roof. The single-story building has 
an approximate footprint of 12 feet by 54 feet.  

Structural deficiencies comprise the following items: 

• Design or construction drawings for the structure were not available, so the masonry 
connections of ASR #2 to the original structure #1 could not be verified. 

• Structurally, the roof poses seismic concerns as roof anchorage and wall bracing could not be 
identified. 

• The load path is incomplete to transfer in-plane shear forces from the roof diaphragm to the 
masonry walls.  

ASR #4 Pump Station  

The ASR #4 Pump Station structure is an above-grade, single-story, reinforced masonry shear wall 
structure that was built in 1998.  It has a plywood sheathed wood framed roof. The single-story building 
has an approximate footprint of 12 feet by 30 feet. 

Structural concerns comprise the following items: 

• A positive connection does not appear to be provided between the masonry walls and the roof.  

• An access hatch in the roof creates an incomplete load path, reducing the capacity to transfer 
seismic forces to the shear wall below.  

• Additionally, wall bracing is inadequate for this structure.  
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ASR #5 Pump Station  

The ASR #5 Pump Station structure was built in 1998 and consists of an above-grade, single-story, 
reinforced masonry shear wall structure with a plywood ceiling diaphragm.  It has a footprint of 
approximately 40 feet by 12 feet.  The pump station's masonry shear wall structure is integrated with a 
premanufactured, hexagonal steel framed visitor-pavilion.  The City Parks Department uses the room at 
the south end of the pump station structure for storage.  This room is out of the scope of the seismic 
assessment.  

Structural deficiencies comprise the following items:  

• There does not appear to be either a) an adequate load path to transfer the seismic forces 
generated by the steel framed pavilion to the masonry shear wall structure or b) an adequate 
seismic separation to prevent unintended interaction between the steel framed pavilion and 
masonry shear wall structure. 

• The north-south horizontal span for the ceiling diaphragm exceeds the ASCE 41-17 Tier 1 limit. 

• No ceiling plywood sheathing nailing schedule was available in the drawings; therefore, it was 
unable to verify the nailing system adequacy, 

• It is unclear if blocking is provided between the ceiling sheathing and masonry wall top plate. 
Therefore, there may be an incomplete load path to transfer in-plane shear forces from the 
ceiling diaphragm to the masonry walls. 

• There is inadequate out-of-plane bracing for the perimeter and interior masonry walls.  

• There are inadequate crossties between diaphragm chords. 

• Vertical trim reinforcing is missing at the sides of door and other openings. 

• The free-standing masonry wall to the north of the pump station is unbraced. 

• Corrosion damage was observed at the base of the northern-most steel tube section columns of 
the pavilion. 

Boone Road Pump Station 

The original Boone Road Pump Station structure is an above-grade, single-story, reinforced masonry 
shear wall structure with a straight-sheathed wood framed roof that was built in 1977.  The building has 
an approximate footprint of 34 feet by 36 feet.  The structure received a partial seismic retrofit as part 
of a recent expansion project at the Boone Road Pump Station site.   

The new electrical building that services the pump station is excluded from the scope of this study. 

Structural deficiencies comprise the following items: 

• The roof is slightly offset from the masonry shear walls on the north and south ends of the 
structure. The current load path may not be adequate for withstand seismic forces.  

• The roof diaphragm span and aspect ratio exceed the ASCE 41-17 Tier 1 limits.  

• The crossties between diaphragm chords are inadequate to resist seismic forces.   
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Creekside Pump Station   

The Creekside Pump Station is an above-grade, single-story, reinforced masonry shear wall structure 
with a plywood sheathed wood framed roof.  The facility as built in 1998 and has an approximate 
footprint of 20 feet by 47 feet. 

Structural deficiencies comprise the following items: 

• The original design drawings did not provide the roof plywood sheathing nailing schedule; 
therefore, the adequacy of the nailing system could not be verified. 

• The roof diaphragm span for east-west oriented seismic forces exceeds the ASCE 41-17 Tier 1 
limit for unblocked wood structural panel diaphragms. 

• The load path is likely inadequate to transfer in-plane shear forces from the roof diaphragm to 
the masonry walls.  

• Out-of-plane bracing of perimeter and interior masonry walls is inadequate.   

• Adequate cross ties between diaphragm chords are not provided in both directions. 

Deer Park Pump Station  

The Deer Park Pump Station is an above-grade, single-story, reinforced masonry shear wall structure 
with a plywood sheathed wood framed roof. It was originally constructed in 1982, with an electrical 
room addition (located to the south of the pump station) added between 2008 and 2010.  Roll-up doors 
and associated modifications were added in 2013. The building has an approximate footprint of 
approximate 44 feet by 20 feet.  

Structural deficiencies comprise the following items: 

• Design drawings were unavailable for the original construction of the structure the additions. 
Sizing, spacing, and detailing of the structure is unknown, and could result in further structural 
deficiencies. 

• The roof diaphragm span for east-west oriented seismic forces exceeds the ASCE 41-17 Tier 1 
limit for unblocked wood structural panel diaphragms. 

• A positive connection between the roof and the masonry walls was not observed, resulting in 
inadequate load path to transfer in-plane shear forces from the roof to the walls.  

• Out-of-plane bracing of perimeter and interior masonry walls is inadequate.   

• There are inadequate cross ties between diaphragm chords in both directions. 
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Edwards Pump Station  

The Edwards Pump Station structure was built in 1961, and structural and piping modifications were 
completed in 1966.  This structure is an above-grade, single-story structure with a straight-sheathed 
wood framed roof.  Structural clay research (SCR) brick shear walls are located at the perimeter of the 
building.  Roof straight-sheathing is supported by a combination of steel frames, wood framing, and 
masonry walls.  The L-shaped building has an overall footprint of 51 feet by 39 feet. 

Structural deficiencies comprise the following items: 

• There is evidence of soil settlement resulting from past uncontrolled water releases at the pump 
stations and uncertainty associated with the liquefaction potential of the soil in the area around 
the pump station. 

• Design or construction drawings were not available for the original construction of the structure 
or for the additions. The structural detailing for the facility could not be ascertained; therefore, 
additional structural deficiencies may be revealed in the Tier 2 investigation. It is assumed that 
the brick walls are unreinforced.  Therefore, the load path may be incomplete or inadequate to 
transfer seismic forces from the roof diaphragm to the masonry walls and/or steel frames.  

• Cracking was observed in the masonry walls at the southwest corner of the building.  

• Many components of the structure do not meet ASCE 41-17 Tier 1 limits. This includes the shear 
stress in the masonry walls, the height-to-thickness ratio for the masonry walls, the flexural 
stress in the steel moment frame beams, the steel moment frames, and the roof diaphragm.  

Limelight Pump Station  

The Limelight Pump Station is an above-grade, single-story, reinforced masonry shear wall structure 
with a plywood-sheathed wood framed roof.  The structure was built in 1998 and has an approximate 
footprint of 20 feet by 41 feet.  

Structural deficiencies comprise the following items: 

• Vertical cracks were observed in all four exterior masonry walls.  

• The roof diaphragm span for east-west oriented seismic forces exceeds the ASCE 41-17 Tier 1 
limit. 

• A positive connection between the roof and the masonry walls does appear to be provided.  This 
may result in an inadequate load path to transfer in-plane shear forces.  

• There is inadequate out-of-plane bracing of perimeter and interior masonry walls.   

• Adequate crossties between diaphragm chords are not provided in both directions. 
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Mountain View Pump Station  

The Mountain View Pump Station was built in 1995 and comprises an above-grade, single-story, 
reinforced masonry shear wall structure with a plywood-sheathed wood framed roof.  The facility has an 
approximate footprint of 29 feet by 62 feet.  A significant length of the north wall of the building is inset 
by approximately 4 feet.  Roof framing at the north edge of the building is supported by a CMU beam 
that is then supported by three CMU square columns. 

Structural deficiencies comprise the following items: 

• The load path of the roof of this structure is incomplete to deliver seismic forces from the roof 
to the masonry walls.  

• There is inadequate out-of-plane bracing of perimeter and interior walls. 

• Adequate cross ties between diaphragm chords are not provided in both directions. 

Salem/Keizer Intertie #1 Pump Station 

The Salem/Keizer Intertie #1 Pump Station was built in 2013 and comprises an above-grade, single-story, 
reinforced masonry shear wall structure with a plywood-sheathed wood framed roof.  The structure has 
an approximate footprint of 26 feet by 22 feet.   

Structural and geotechnical deficiencies comprise the following items: 

• There is a potential liquefaction hazard at the site.  Liquefaction-induced permanent ground 
deformation may result in damage to the building structure. 

• The pump station and the adjacent City of Keizer building are only separated by a 1/2-inch 
seismic joint.  The two buildings are susceptible to earthquake-induced pounding because of this 
small separation. 

• Roof sheathing is not continuous to the roof ridge line. 

• The load path is incomplete to transfer in-plane shear forces from the roof diaphragm to the 
masonry walls, because a positive connection does not appear to be provided between the truss 
blocking and masonry wall top plate.   

• Adequate crossties between diaphragm chords are not provided in both directions. 

Turner Control Facility  

The Turner Control Facility is mostly a new structure, as the original Turner Control Facility was 
substantially replaced in 2007.  Only a small subgrade portion of the original structure integrated into 
the new structure.  The facility is a single-story, above-grade reinforced masonry shear wall structure 
with a plywood-sheathed light-gauge metal framed roof.  The building is constructed over two sections 
of concrete basement where the three water transmission lines and associated valves are located.  The 
building has an approximate footprint of 36 feet by 52 feet. 
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Structural deficiencies comprise the following items: 

• There is a potential liquefaction hazard at the site.  Liquefaction-induced permanent ground 
deformation may result in damage to the building structure.  

• The roof diaphragm spans in both directions do not meet ASCE 41-17 Tier 1 limits.  

• At the gable end locations, the load path may be inadequate to transfer in-plane shear forces 
from the roof diaphragm to the masonry walls. 

• Also at the gable end walls, the outrigger to roof diaphragm connection may not have adequate 
capacity to resist out-of-plane seismic forces from the masonry walls. 

• There are no crossties between diaphragm chords in the direction perpendicular to the roof 
trusses. 

Candalaria Reservoir 

The 0.5 MG Candalaria Reservoir is a completely buried rectangular reinforced concrete reservoir, 
located at Candalaria Park, to the north of Candalaria Blvd S.  This reservoir is approximately 123 feet in 
by 50 feet, with a maximum height of retained water of 15 feet.  The reservoir was originally 
constructed in 1940 and was seismically retrofit in 2006.  The scope of this retrofit included the addition 
of anchors to connect the roof of the reservoir to the walls.  The 2006 retrofit also included the 
installation of a seismic shutoff valve in a new vault located on the north side of the reservoir. The 
assessment of the Candalaria Reservoir did not include the interior of the reservoir valve vault. 

Structural deficiencies comprise the following items: 

• The column vertical reinforcing lap splice length is less than the ASCE 41-17 Tier 1 specified 
minimum length for Immediate Occupancy.  

• The valves may have structural deficiencies if they were constructed from precast concrete. 

• Riser joints may separate and shift due to seismic forces, and sand, silt, and groundwater could 
infiltrate at these compromised locations. 

Champion Hill Reservoir and Control Building 

The Champion Hill Reservoir is a strand-wound, circular, prestressed concrete reservoir with a nearly flat 
roof.  It has an approximate diameter of 140 feet and a maximum height of retained water of 20 feet.  

The 2.2 MG tank and control building were built in 2005. The control building is a single-story structure 
that is approximately 37 feet by 46 feet in footprint.  It has reinforced concrete walls below grade, 
reinforced masonry walls above grade, and a plywood sheathed wood truss roof. 
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Structural deficiencies comprise the following items: 

• In the reservoir, the column vertical reinforcing lap splice length is less than the ASCE 41-17 Tier 
1 specified minimum length for Immediate Occupancy structural performance. 

• The control building does not show a positive connection between the gable end wall sheathing 
and the masonry wall top plate. 

• There is an incomplete load path to transfer in-plane shear forces from the roof to the walls.  

• The masonry walls indicate inadequate bracing.  

Eola #1B Reservoir  

The Eola #1B Reservoir was constructed in 1999 and has a capacity of 0.86 MG.  The tank is 92 feet in 
diameter with a maximum water depth of 17 feet.  The reservoir is partially buried:  the west side is 
completely buried, whereas the east side of the reservoir is partially exposed.  Two precast concrete 
valve vaults are located to the southeast of the reservoir. 

Structural deficiencies comprise the following items: 

• Around the circumference of the reservoir, concrete cracking was observed on the east side of 
the structure. 

• In the reservoir, the column vertical reinforcing lap splice length is less than the ASCE 41-17 Tier 
1 specified minimum length for Immediate Occupancy structural performance. 

• The valve vaults show concrete deterioration. 

• The vaults were constructed using precast concrete, which can result in water infiltration from 
shifted riser joints due to lateral earth pressures. 

Fairmount Reservoir and Control Building 

The Fairmount Reservoir and Control Building were constructed in 1936. The reservoir is a rectangular, 
reinforced concrete structure with two cells, each with a 5 MG capacity.  The 10 MG reservoir is 
approximately 384 feet by 192 feet and has a maximum water depth of 21 feet.  The reservoir is partially 
buried.  

The Control Building/Pump Station is located on the south side of the reservoir and consists of a single-
story above grade structure with a basement, constructed with reinforced concrete walls, and a 
reinforced concrete floor and roof.  Two walls of the control building were constructed integrally with 
the Fairmount Reservoir.  The building is approximately 21 feet by 21 feet. 

Structural deficiencies comprise the following items (from 2018 seismic study by Carollo Engineers): 

• Overstressed perimeter walls and footings, resulting from tension loads imposed by the bending 
moment loads caused by hydrodynamic forces.  

• Lack of load path to transfer seismic forces from roof to walls.  

• Shear forces cannot be transferred adequately between roof panels due to expansion joints  

• Lack of positive connections between the roof and walls resulting in columns being 
overstressed. 
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In addition to these issues (which appear to be unmitigated), the following additional issues were noted 
about the reservoir in SEFT's Tier 1 assessment: 

• "The 2018 Carollo study considered the BSE-1E seismic hazard level as defined by ASCE 41-13.  
Chapter 34 of the 2019 Oregon Structural Specialty Code (OSSC) indicates that the BSE-1E 
hazard level should not be taken as less than 75 percent of the BSE-1N seismic hazard level as 
defined by ASCE 41, much higher than what was considered in the 2018 Carollo study. 

• Previous studies were preliminary in nature and did not include consideration of the potential 
interaction between the Fairmount Reservoir and adjacent Fairmount Reservoir Control 
Building/Pump Station. 

• The column vertical reinforcing lap splice length is less than the ASCE 41-17 Tier 1 specified 
minimum length for Immediate Occupancy structural performance (i.e., 50 bar diameters)." 

SEFT also noted the following structural issues related to the Control Building: 

• The northeast and northwest walls of the control building/pump station were constructed 
integrally with the reservoir.  Evaluation of the potential interaction between these two 
structures is beyond the scope of this preliminary ASCE 41 Tier 1 check-list based assessment 
but should be considered as part of a future detailed seismic evaluation and retrofit design. 

• Several potential deficiencies are likely associated with detailing requirements for reinforcing 
steel (reinforcement ratio, maximum spacing limits, reinforcing around openings, reinforcing 
hooks at slab to wall connections, and foundation dowels). 

• At the operating floor level, large stair openings are located adjacent to three of the four shear 
walls, limiting the connection length to transfer seismic forces from the floor slab to the 
concrete walls. 

Grice Hill Reservoir and Control Building 

The Grice Hill Reservoir is a strand-wound, circular, prestressed concrete reservoir with a nearly flat 
roof.  The 2.2 MG reservoir has an approximate diameter of 140 feet and a maximum depth of 20 feet.  
The facility was constructed in 2001. 

The Control Building is located to the west of the reservoir, comprising an above grade, single-story 
structure, with reinforced masonry shear walls and a plywood sheathed wood truss roof.  The building 
has an approximate footprint of 45 feet by 37 feet.   

The only structural issue identified with the reservoir is that the column vertical reinforcing lap splice 
length is less than the ASCE 41-17 Tier 1 specified minimum length for Immediate Occupancy structural 
performance.  
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Structural deficiencies comprise the following items: 

• The ASCE 41-17 Tier 1 limit (unblocked wood structural panel diaphragms) was exceeded for the 
roof diaphragm spans in both directions.  

• The sloped roof truss blocking and/or corners of top plate may be split as a result of the 
configuration of the toenail connection between the blocking and masonry wall top plate.  This 
may have caused a reduced and inadequate load path to transfer in-plane shear forces from the 
roof diaphragm to the walls. 

• The north and south gable end walls have inadequate out-of-plane bracing.   

Lone Oak Reservoir and Control Building 

The Lone Oak Reservoir is a strand-wound, circular, prestressed concrete reservoir with a nearly flat 
roof.  The 5.6 MG reservoir has an approximate diameter of 196 feet and a maximum water depth of 
26 feet.   

The Lone Oak Reservoir Control Building is located to the west of the reservoir. The Control Building is a 
single-story building with reinforced concrete walls below grade, reinforced masonry walls above grade, 
and a plywood-sheathed wood truss roof.  The building has an approximate footprint of 39 feet by 
29 feet.   

Structural deficiencies comprise the following items: 

• No structural deficiencies were identified for the reservoir. 

• Original design drawings for the control building were not available for review; therefore, an 
analysis of the structural deficiencies could not be completed.  

Mill Creek #1 Reservoir and Control Building 

The Mill Creek #1 Reservoir is a strand-wound, circular, prestressed concrete reservoir with a nearly flat 
roof.  The 2.2 MG reservoir is approximately 140 feet in diameter, with a maximum water depth of 
20 feet. The facility was built in 2013.    

The Control Building is located to the southwest of the reservoir.  The structure is a single-story building 
with reinforced concrete walls below grade, reinforced masonry walls above grade, and a plywood-
sheathed wood truss roof.  The building has an approximate footprint of 46 feet by 42 feet.   

The only structural deficiency noted for the reservoir was that the minimum lap slice length according to 
ASCE 41-17 Tier 1 criteria are exceeded for reinforcing in the support columns. 

Structural deficiencies comprise the following items: 

• The ASCE 41-17 Tier 1 limit (unblocked wood structural panel diaphragms) was exceeded for the 
roof diaphragm spans in both directions. 

• The adequacy of the truss blocking is unknown because submittal drawings/calculations from 
the roof truss manufacturer were not available for review.  The trusses were not visible during 
SEFT's site visit. 

• There is inadequate out-of-plane bracing for the north and south gable end masonry walls. 
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Mountain View Reservoir 

The Mountain View Reservoir is a completely buried, strand-wound, circular, prestressed concrete 
structure with a flat roof.  It has a capacity of 10 MG and was built in 1971.  The reservoir has an 
approximate diameter of 292 feet and a maximum water depth of 20 feet.  

Structural deficiencies comprise the following items: 

• Seismic cables or dowels were not used to connect the base of the wall to the foundation. 
Therefore, the connection has inadequate strength to seismic lateral forces.  

• The horizontal prestressing strands on the wall of the reservoir have inadequate capacity to 
resist hydrostatic and hydrodynamic hoop forces during an earthquake. 

• The main structural deficiency of the reservoir is that the column vertical reinforcing lap splice 
length is less than the ASCE 41-17 Tier 1 specified minimum length for Immediate Occupancy. 
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Appendix E. Facilities Cost Estimate Summary 
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Attachment A Summary of Vertical Facilities Costs 

1.0 Introduction 

1.01  PROJECT DESCRIPTION AND LOCATION 

Black & Veatch (BV) developed cost estimates associated with recommended seismic improvements for 
vertical facilities and replacement of Low to Very High Risk pipelines.  
 
The scope for recommended seismic improvements for vertical facilities is based upon a Draft Technical 
Memorandum (TM): Pump Station and Reservoir Seismic Vulnerability Assessment, dated September 
6th, 2021 (SEFT Project Number: B20028.00).   
 
The scope of replacement work for horizontal facilities (pipelines) was based upon a risk assessment 
conducted and described in the Seismic Resiliency Analysis Report (main report). Pipelines were first 
assessed for their consequence and likelihood of failure, then an overall risk score was applied. Pipelines 
with Low to Very High Risk are proposed to be preventatively replaced over a period of 50 years to 
improve systemwide resiliency, while Very Low Risk Pipes are proposed to remain and be repaired if 
needed after a major earthquake occurs. Pipeline replacement costs are based upon Black & Veatch’s 
cost library information and professional judgement. Assumptions for the pipeline replacement cost 
estimate are further described in the Seismic Resiliency Analysis Report.  
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1.02  PURPOSE AND DISCLAIMER 

The Opinion of Probable Construction Cost (hereinafter “OPCC”) is based on a conceptual level of design 
detail and information and are generally prepared based on very limited information and subsequently 
have wide accuracy ranges.  The Class 5 OPCC is prepared for any number of strategic business planning 
purposes, such as market studies, assessment of initial viability, evaluation of alternate schemes, project 
screening, project location studies, evaluation of resource needs and budgeting, long-range capital 
planning, etc.  The OPCC is based on expected capital construction cost only and does not consider life 
cycle costs or extended operation, maintenance, design or owner costs unless specifically included in the 
estimate details.  The OPCC does not represent a certainty, and the final project costs may vary from the 
OPCC cost range presented to clients. 

1.03  OPCC ORGANIZATION AND WORK BREAKDOWN STRUCTURE 

Improvements were listed in the order presented in the TM with costs applied on a per improvement 
basis.  Where complexity of the improvement required more detail, the improvement was broken down 
into further line items for clarity of scope and cost.   

1.04  OPCC CLASSIFICATION AND ACCURACY 

The OPCC can be considered consistent with an Association for the Advancement of Cost Engineering 
(AACE) Class 5 estimate.  Typical accuracy ranges for Class 5 OPCC are -20% to - 50% on the low side, and 
+30% to +100% on the high side, depending on the technical complexity of the project, and appropriate 
contingency determinations.  Ranges could exceed those shown in unusual circumstances. 
 
The expected accuracy range for the OPCC is based on confidence and assessment of the quality and 
reliability of information used by the estimator.  The range for this project is expected to be -30% to +50% 
low to high. 

2.0 Basis of Estimate 

2.01 ESTIMATING METHODOLOGY 

A combination of methods, techniques and data sources are used in development of the OPCC.   

For areas where quantities are provided with the design criteria, the values are incorporated into the 
OPCC and compared along with pricing based on both historical unit costs and built-up estimated costs.  
For estimating scope where quantities are unknown or unclear, the OPCC uses a combination of 
parametric factoring of known costs for similar systems and analogous projects with comparable 
corresponding features and sizing.   

Where estimating scope was required but specific sizing could not be determined, costs are based on 
expert judgement and the use of allowances to meet an expected range of accuracy.  In some instances, 
the estimator consults with process or subject matter experts to more clearly define project requirements 
to meet the confidence level in the allowance made. 
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2.02  ASSUMPTIONS AND ALLOWANCES 

Where assumptions have been made to cover gaps in the scope of work or supply of components, the 
assumptions have been identified in the OPCC with the leading term “assumed” or “assume” followed by 
a description of the work.  Similarly, where allowances have been made for costs that are not quantifiable 
or lack sufficient detail to price, the allowances have been identified with the leading term “allow” or 
“allowance”. 

2.03  DIRECT COSTS   

The OPCC includes direct costs for labor, permanent and incidental materials, construction equipment 
based on unit pricing for similar projects in the West Coast US Region.    

2.04 MARKET CONDITION  

Where market conditions in the project location are volatile or know to have extremes, we include a 
Market Adjustment.  This adjustment takes into account unusual project circumstances that would 
otherwise have little basis for inclusion, including labor shortages and market fluctuations. 

2.05 MARKUPS, TAXES AND INSURANCE 

The OPCC builds up costs from direct construction and adds markups to represent a complete price for 
the scope of work representing the methodology a prime contractor would use.  The OPCC is only a 
representation of how contractors may apply markups.   

From years of tracking projects, we have determined markup ranges that are applied to direct costs as 
an aggregate.  The aggregate factor used has been calculated for this OPCC to be the appropriate 
amount based on our experience.   

2.06 ESCALATION 

All costs are in 2022 dollars.    

2.07  ENGINEERING AND CONSTRUCTION MANAGEMENT 

Engineering and construction management costs were calculated for each of the identified scope items 
in the SEFT Seismic Resiliency TM.  A minimum 30% multiplier was applied to base construction costs for 
engineering and construction management for vertical facilities, and a multiplier of 20 to 30% was 
applied to base costs for pipelines. For many of the scope items, engineering and construction 
management cost factors higher than 30% were used, due to the high proportion of engineering that is 
likely required to provide design and engineering relative to the cost of construction for these items. 

2.08  CONTINGENCIES 

Contingency is included in the OPCC and evaluated based on how complete the scope of work and OPCC 
are.  Contingency at Class 5 level is often assessed at 30%; this contingency was applied to vertical 
facility cost estimates.  While there are norms for contingency, the OPCC considers several factors in the 
assessment including range of accuracy, completion of scope, quality of cost data and systemic or 
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perceived risk to the contractor.  For pipelines, a contingency of 40% was applied, since less is known 
about the specific conditions for each pipeline.  

In addition to this contingency applied at the end of the estimate, some scope items were identified as 
“contingency” scope additions; these items of work may be required after further study or assessment 
of the vertical facilities. These additional scope items may not be comprehensive to all required 
improvements at vertical facilities. 

Through the process of creating the OPCC, any clarifications that would have a significant impact on the 
project were noted in the cost items comments. 

2.09 EXCLUSIONS 

Based on the discipline estimator’s understanding of the project some scope may be specifically 
excluded from the OPCC value.  Where costs have been excluded, they are identified in the OPCC with 
the leading term “exclude”, “excluded”, “not in cost” or “NIC”.  Exclusions that have not been explicitly 
identified in the OPCC are listed in this section by the estimator.  The following exclusions are not 
expected to be required in the improvements scope of work. 

• Electrical if required 

• Instrumentation if required 

• Communications if required 

• Right of Way Acquisition 

2.10  OPCC CALCULATION ASSUMPTIONS 

Assumptions and markups for the pipelines and vertical facilities cost estimates are further described in 
the Seismic Resiliency Analysis Report (main report), in Section 6.2, “Basis for Establishing Opinion of 
Probable Construction Costs”.  

The information contained in this document is proprietary and its contents may not be copied, 

disclosed to other parties not directly affiliated with this specific project, or used for other than 

the express purpose for which it was provided.  

 



Facility Known issues Additional 

Studies

Total Base Costs Potential Work 

Resulting from 

Studies 

Total Potential 

Costs

ASR 1&2 $180,000 $49,000 $229,000 $100,000 $329,000

ASR 4 $100,000 $36,000 $136,000 $0 $136,000

ASR 5 $60,000 $65,000 $125,000 $170,000 $295,000

Creekside PS $120,000 $94,000 $214,000 $80,000 $294,000

Deer Park PS $130,000 $62,000 $192,000 $190,000 $382,000

Mountain View PS $230,000 $11,000 $241,000 $30,000 $271,000

Salem Keiser Intertie #1 $140,000 $21,000 $161,000 $10,000 $171,000

Turner Control Facility $70,000 $29,000 $99,000 $100,000 $199,000

Candalaria Reservoir $10,000 $101,000 $111,000 $240,000 $351,000

Champion Hill Reservoir $100,000 $8,000 $108,000 $0 $108,000

Champion Hill Reservoir Control Bldg $180,000 $6,000 $186,000 $10,000 $196,000

Edwards PS $190,000 $11,000 $201,000 $810,000 $1,011,000

Fairmount Reservoir $2,650,000 $29,000 $2,479,000 $390,000 $2,869,000

Fairmount Res. Control Bldg $140,000 $18,000 $158,000 $30,000 $188,000

Grice Hill Res Control Bldg $150,000 $0 $150,000 $0 $150,000

Lone Oak Res. Cntrl Bldg $30,000 $44,000 $74,000 $10,000 $84,000

Mill  Creek Reservoir $40,000 $8,000 $48,000 $940,000 $988,000

Mill Creek#1 Res. Cntrl. Bldg $60,000 $44,000 $104,000 $150,000 $254,000

Mountain View Reservoir $3,790,000 $0 $3,590,000 $70,000 $3,660,000

Eolia 1B Seismic Valve $200,000 $200,000

Subtotal - High Priority $8,570,000 $636,000 $8,606,000 $3,330,000 $12,136,000

Boone Road PS $110,000 $25,000 $135,000 $140,000 $275,000

Limelight PS $100,000 $67,000 $167,000 $310,000 $477,000

Eola #1B Reservoir $80,000 $8,000 $88,000 $20,000 $108,000

Grice Hill Reservoir $20,000 $0 $20,000 $20,000 $40,000

Lone Oak Reservoir $0 $0 $0 $0 $0

Subtotal - Medium Priority $310,000 $100,000 $410,000 $490,000 $900,000

Total Program Costs (rounded) $8,880,000 $740,000 $9,020,000 $3,820,000 $13,040,000

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction Cost Engineering Cost Total Construction 

Cost

Correct Wall Connection Install vertical steel angles where the east-west oriented CMU walls of the 

ASR #2 addition interface with the west wall of the original ASR #1 

structure.

24 LF $2,756 $1,575 $4,331

Further Assessment Necessary Remove existing gypsum board interior finish to investigate the load path to 

transfer seismic roof diaphragm forces at the roof step between the ASR #1 

and ASR #2 portions of the structure to the masonry wall below. Likely add 

a combination of plywood sheathing, blocking, and metal connector 

hardware to provide an adequate load path.

Study 4  Day $12,185 $8,400 $20,585

Remediate Deficiency in Roof Truss 

to Sheathing Nailing,

Contingency 80 hrs $20,717 $10,500 $31,217

New Shaped Blocking  Install new shaped blocking between the roof sheathing and 

masonry wall top plate.  Provided boundary nailing between the roof 

sheathing and blocking, and Simpson A35 clip angles between the blocking 

and top plate and blocking and trusses. 

648 SF Footprint $20,108 $7,875 $27,983

Correct CMU Wall Support Install a combination of plywood sheathing, blocking, steel straps, and 

metal connector hardware to provide adequate out-of-plane support for 

CMU walls 

1 LS $14,816 $6,300 $21,116

Further Assessment Necessary  Conduct nondestructive scanning to verify the size and location of masonry 

wall vertical reinforcing.  If vertical trim reinforcing is not provided 

adjacent to door openings, install face mounted steel plates through-bolted 

to masonry wall and anchored to foundation. 

Study 1 0 $7,488 $2,771 $10,259

Repair Door Opening Contingency 3 EA - assumed 

openings

$4,223 $6,300 $10,523

Pipe Bracing Provide bracing for the piping 8 EA - assumed 

Locations

$14,756 $5,460 $20,216

Valve Bracing Provide independent bracing for the valves. 4 EA $10,014 $3,705 $13,719

Valve Bracing Provide independent support and bracing for the air relief valve 1 EA $2,503 $2,100 $4,603

Pump Bracing Vertical pump motors are not braced above the center of gravity of the 

motor

Contingency 2 EA $8,446 $3,150 $11,596

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,670 $4,688 $17,357

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor support, the 

motor support, the connection of the motor support to the concrete pedestal, 

and the concrete pedestal. 

Study $0 $4,200 $4,200

Wall Bracing Improvements  Provide anchorage/bracing between the top of the electrical 

cabinets and wall. 

20 LF $1,393 $1,575 $2,968

Lens Cover  Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling. 

8 EA $2,456 $909 $3,365

Electrical Flexible Conduits Provide flexible couplings where conduits connect to the top of wall-

mounted electrical panels and cabinets. 

10 EA $7,538 $2,789 $10,327

Further Assessment Necessary Verify the adequacy of the connection between the horizontal 

antenna and the supporting pole.  

Study                    1  EA $4,133 $1,529 $5,663

Contingency Item to seismically 

strengthen antenna.

Contingency                    1  LS $5,591 $2,100 $7,691

Correct Wall Connection Add helical wall ties between the masonry veneer and the ASR #1 masonry 

walls.

?? LS -  QTY? $16,224 $6,003 $22,227

Further Assessment Necessary Conduct nondestructive scanning to verify the size and spacing of 

reinforcing in the architectural concrete pillars and perform calculations to 

verify the adequacy of the existing reinforcing.  If reinforcing is found to be 

inadequate, remove existing architectural concrete pillars

Study 1 $0 $8,400 $8,400

C0ntingency Item - Remediate 

structural Deficiencies in 

architectural concrete pillars

If assessment finds need to reinforce the columns, assume that steel bracing 

will be provided on outside of the columns.

Contingency 4 ea $7,288 $6,300 $13,588

Anchor Electrical Transformer Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

1 LS $2,037 $3,150 $5,187

Pump Flexible Couplings Add flexible couplings between the pumps and the connected piping 2 EA $26,537 $9,819 $36,356

Total Cost $203,881 $109,597 $313,478

ASR 1 & 2

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Roof Truss Inspection  Remove a small section of existing roofing to verify the adequacy 

of the existing roof sheathing to truss nailing. 

Study 4 Day $6,470 $6,300 $12,770

New Shaped Blocking  Install new shaped blocking between the roof sheathing and 

masonry wall top plate.  Provided boundary nailing between the 

roof sheathing and blocking, and Simpson A35 clip angles between

the blocking and top plate and blocking and trusses. 

Contingency 360 SF Approx 

Footprint

$7,548 $6,300 $13,848

Further Assessment Necessary  Perform additional analysis to investigate if the diaphragm has 

adequate capacity to transfer seismic forces from the roof 

diaphragm to the east masonry shear wall, considering the impact 

of the hatch opening adjacent to the wall.  Note that this analysis 

will require information about the existing roof sheathing to truss 

nailing (i.e., size, and spacing). 

Study ENG ONLY $0 $8,400 $8,400

Install Simpson A35 Clips  Install Simpson A35 clips between truss bottom chord and 

masonry wall top plate in conjunction with cross tie retrofit 

described in next bullet item

Contingency 50 ea $2,964 $4,200 $7,164

Correct CMU Wall Support  Install a combination of plywood sheathing, blocking, steel straps, 

and metal connector hardware to provide adequate out-of-plane 

support for CMU walls

Contingency 1 LS $10,643 $4,200 $14,843

Further Assessment Necessary  Conduct nondestructive scanning to verify the size and location of masonry 

wall vertical reinforcing.  If vertical trim reinforcing is 

not provided adjacent to door openings, install face mounted steel 

plates through-bolted to masonry wall and anchored to foundation. 

Study 1 0 $7,488 $2,771 $10,259

Repair Door Opening Contingency  EA - assumed 
openings

$4,223 $6,300 $10,523

Pipe Bracing  Provide bracing for the piping. 8 EA - assumed 

Locations

$14,756 $5,460 $20,216

Valve Bracing Provide independent bracing for the valves. 4 EA $7,378 $2,730 $10,108

Valve Bracing Provide independent support and bracing for the air relief valve. 4 EA $7,378 $2,730 $10,108

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,670 $4,688 $17,357

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Anchor Control Cabinet to Wall Anchorage of pump station control cabinet to floor or wall Yes 6 LF $517 $1,575 $2,092

Lens Cover  Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling. 

4 EA Assumed $1,228 $454 $1,682

Flexible Coupling Add flexible couplings between the pump and the connected 

piping. 

1 EA $13,269 $4,909 $18,178

Anchor Electrical Transformer Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

1 LS $2,037 $3,150 $5,187

Total Cost $98,568 $68,367 $166,935

ASR #4

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Correct Wall Connection  Add shaped blocking or framing/sheathing with metal connector 

hardware to provide a load path between the roof of the steel 

framed pavilion and masonry shear walls of the pump station 

structure. 

480 SF Approx 

footprint

$10,064 $3,724 $13,788

Further Assessment Necessary Perform an investigation to determine if the ceiling diaphragm is 

adequately connected to the interior masonry walls to engage the 

walls as part of the seismic force resisting system.  If not, add 

blocking/framing to provide a load path between the ceiling 

diaphragm and interior masonry shear walls. 

Study 1 LS - Remove & 

Replace existing 

finish for 

inspection

$17,290 $8,400 $25,690

Contingency - add ceiling to wall 

bracing if found necessary in 

investigation

Contingency 480 SF Approx 

footprint

$6,500 $8,400 $14,900

Further Assessment Necessary Perform an investigation of the existing ceiling nail size and 

spacing to verify the adequacy of the existing ceiling sheathing to 

joist nailing. 

Study ENG ONLY $0 $2,100 $2,100

Contingency  - Add additional nailing Repairs needed, as a result of item above Contingency 480 SF Approx 

footprint

$3,120 $3,150 $6,270

New Shaped Blocking Perform an investigation to determine if adequate blocking and 

connections are provided between the ceiling sheathing and 

masonry wall top plate.  Install new blocking with boundary 

nailing between the ceiling sheathing and blocking, and Simpson 

A35 clip angles between the blocking and top plate and blocking 

and ceiling joists, as appropriate. 

Study ENG ONLY $0 $2,100 $2,100

Install Simpson A35 Clips  Install Simpson A35 clips between ceiling joists and masonry wall 

top plate in conjunction with cross tie retrofit described in next 

bullet item. 

Contingency $0 $0 $0

Correct CMU Wall Support  Install a combination of blocking, steel straps, and metal connector 

hardware to provide adequate out-of-plane support for CMU wall

Contingency 1 LS $24,180 $8,947 $33,127

Further Assessment Necessary  Conduct nondestructive scanning to verify the size and location of 

masonry wall vertical reinforcing.  If vertical trim reinforcing is 

not provided adjacent to door openings, install face mounted steel 

plates through-bolted to masonry wall and anchored to foundation. 

Study 1 0 $7,540 $2,790 $10,330

Repair Door Opening Contingency  EA - assumed 
openings

$4,290 $6,300 $10,590

Corrosion Assesment  Investigate extent and severity of the corrosion damage to the steel 

column, repair damage (as appropriate), and mitigate cause of 

moisture to prevent similar future damage. 

Study $0 $3,150 $3,150

Remediate steel Corrosion Contingency 6 ea $51,220 $18,951 $70,171

Pipe Bracing Provide bracing for the piping. 8 EA - assumed 

Locations

$14,820 $5,483 $20,303

Valve Bracing Provide independent bracing for the valves. 4 EA $7,410 $2,742 $10,152

Valve Bracing Provide independent support and bracing for the air relief valve 4 EA $1,950 $722 $2,672

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,740 $4,714 $17,454

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Coupling  Add flexible couplings between the pumps and the connected 

piping. 

Contingency 1 EA $13,390 $4,954 $18,344

Electrical Flexible Coupling  Provide flexible couplings where conduits connect to the top of 

floor- and wall-mounted electrical panels and cabinets

10 EA $7,540 $2,790 $10,330

Anchor Pump Station Control Cabinet  Provide anchorage/bracing of pump station control cabinet to floor 

and wall.

6 LF $520 $1,575 $2,095

Lens Cover Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling. 

4 EA Assumed $1,300 $481 $1,781

Anchor Electrical Transformer Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

1 LS $2,080 $3,150 $5,230

Total Cost $185,954 $98,822 $284,776

ASR #5

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Further Assesment Necessary  Perform an investigation to determine if the gable end framing, 

sheathing nailing, and connection details are adequate to deliver 

seismic forces from the upper roof to the lower roof.  If not, add 

supplemental nailing, framing, blocking, and/or metal connector 

hardware, as appropriate. 

Study             1,224  SF Footprint $6,931 $8,400 $15,331

Contingency Item - Remediate Gable end framing if neededThis is the cost to remediate the above repairs if needed. Contingency             1,224  sf $11,700 $8,400 $20,100

Wood Structural Overlay  Install a wood structural panel overlay on top of the existing 

straight sheathing.  The joints of the wood structural panels should 

be placed so that they are near the center of the existing sheathing 

boards or at a 45-degree angle to the joints between existing 

sheathing boards.

Contingency             1,504  SF Approx 

Sheating Area 

$58,760 $21,741 $80,501

Correct CMU Wall Support  Install a combination of sub-diaphragm framing and connection 

hardware at the roof level to provide adequate out-of-plane support 

for CMU walls

Contingency                140  LF $3,640 $1,347 $4,987

Pipe Bracing Provide bracing for the piping.                    3 EA $11,180 $4,137 $15,317

Valve Bracing Provide independent bracing for the valves                    3  EA $11,180 $4,137 $15,317

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,740 $4,714 $17,454

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Coupling  Add flexible couplings between the pumps and the connected 

piping. 

3 EA $39,910 $14,767 $54,677

Cable Tray Bracing Provide longitudinal bracing for the cable tray.  Reconfigure the 

anchorage of the transverse bracing strut to avoid anchorage into 

the masonry head joints.  

                   1  LS $9,360 $3,463 $12,823

Lens Cover  Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling

4 EA Assumed $1,300 $481 $1,781

Support Framing Bracing  Provide grating clip connections between the grating and steel 

support framing

                 16  LF $1,950 $722 $2,672

Further Assessment Necessary Verify the adequacy of the connection between the horizontal 

antenna and the supporting pole.  

Study                    1  EA $4,160 $1,539 $5,699

Contingency Item to seismically 

strengthen Antenna.

Contingency                    1  LS $5,720 $2,116 $7,836

Total Cost $178,531 $80,163 $258,694

Boone Road Pump Station

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

ASCE Tier 2 Assessment  Perform a future ASCE 41 Tier 2 assessment to confirm the 

adequacy of the provided column reinforcing lap splice length.  SEFT 

indicates that they don’t anticipate this being an issue.

Study  ENG $0 $8,400 $8,400

Further Assessment Necessary Verify that piping, fittings, and valve bodies are constructed of 

steel or ductile iron.  Replace any components that are 

suspected to be cast iron.

Study                   3  Days $53,950 $19,962 $73,912

Contingency Item Replace significant portion of reservoir Piping internals. Contingency $168,740 $62,434 $231,174

Further Assessment Necessary Perform additional analysis to evaluate the adequacy of the 

overflow pipe and valve operator riser shafts to resist seismic 

forces.  Provide lateral bracing of the overflow pipe and valve 

operator riser shafts, as required

Study                   3  EA $13,390 $4,954 $18,344

Backup Battery Restraints  Provide restraint of backup batteries, as required                   1 EA $520 $192 $712

Total Cost $236,600 $95,942 $332,542

 Candalaria Reservoir and Valve Vault

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Blocking Support Add blocking to support the edges of the roof sheathing panels 

and provided boundary nailing between the roof sheathing and 

blocking. 

            1,748  SF Footprint $36,660 $13,564 $50,224

Install Simpson A35 Clips Install Simpson A35 clip angles, at approximately 2-feet on 

center, between gable end truss bottom chord and masonry 

wall top plate.

                 76  LF $5,850 $2,165 $8,015

Correct Wall Connection Install appropriate metal connector hardware to provide a 

vertical connection between the blocking that the kicker brace 

frames into and the adjacent roof trusses.  Provide local 

strengthening of trusses, as appropriate. 

                 92  LF $7,540 $2,790 $10,330

Flexible Pipe Joints Provide appropriate flexible joints where water system piping 

penetrates through the control building wall to accommodate 

potential differential movement between the structure and the 

surrounding soil at or near the pipe penetration. 

                   2  ea $31,590 $11,688 $43,278

Pipe Bracing  Provide bracing for the piping.                    8 EA $17,420 $6,445 $23,865

Valve Bracing Provide independent bracing for the valves.                    8 EA $9,490 $3,511 $13,001

Pump Bracing Provide independent bracing for the recirculation pump and associated 

piping. 

                   1  LS $3,380 $1,251 $4,631

Pressure Tank Bracing Provide an additional anchor at the base of the pressure tank.                    1  LS $520 $192 $712

Backup Battery restraints Provide restraint for backup batteries inside the battery cabinet.                    1  LS $910 $337 $1,247

Further Assessment Necessary Verify the adequacy of the antenna connection to the 

supporting pole. 

Study                    1  EA $4,160 $1,539 $5,699

Jim indicates that enhancement of attachement between antenna and pole 

likely, not bracing.  Cost includes cost for a bucket truck for installation.

Contingency                    1  LS $5,720 $2,116 $7,836

 Correct Wall Connection Install a combination of blocking and metal connector 

hardware to provide adequate connections to transfer seismic 

forces from the ceiling to the masonry walls and eliminate the 

potential for cross-grain bending of wood ledgers. 

                   1  LS $10,400 $3,848 $14,248

Electrical Cabinet Restraint Provide restraint for temporarily stored electrical cabinets and 

other components (using straps to the wall, etc.). 

                   1  LS $1,430 $529 $1,959

Electrical Transformer Bracing Coordinate with electrical utility to conduct further evaluation 

to validate the seismic performance of pole-mounted 

transformer and utility pole.

 ENG $0 $175 $175

Total Cost $135,070 $50,151 $185,221

 Champion Hill Reservoir Control Building

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

ASCE Tier 2 Assessment Perform a future ASCE 41 Tier 2 assessment to evaluate the 

adequacy of the provided column reinforcing lap splice length

Study  ENG $0 $8,400 $8,400

Connection Brackets Install connection brackets at the corners of the pipe support 

pedestals that are anchored to both the concrete pedestal and 

concrete floor slab. 

                   1  LS $71,890 $26,599 $98,489

Total Cost $71,890 $34,999 $106,889

 Champion Hill Reservoir

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Further Investigation - Roof Truss 

Inspection

 Remove a small section of existing roofing to verify the adequacy 

of the existing roof sheathing to truss nailing. 

Study 4 days $57,857 $21,407 $79,264

Roof Blocking Add blocking to support the edges of the roof sheathing panels and 

provided boundary nailing between the roof sheathing and 

blocking. 

Contingency 940 SF Footprint $19,760 $7,311 $27,071

Further Assessment Necessary  Perform an investigation to verify the adequacy of the connection 

between the roof sheathing and gable end masonry wall top plate.

Study ENG $0 $10,500 $10,500

Correct CMU Wall Support  Install a combination of plywood, blocking, steel straps, and metal 

connector hardware to provide adequate out-of-plane support for 

CMU walls

Contingency 124 LF $24,180 $8,947 $33,127

Pipe Bracing  Provide bracing for the piping.                    3 EA $11,180 $4,137 $15,317

Valve Bracing  Provide independent bracing for the valves.                    3  EA $11,180 $4,137 $15,317

Valve Bracing Provide independent support and bracing for the air relief valves. 3 EA $3,640 $1,347 $4,987

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,740 $4,714 $17,454

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Coupling  Add flexible couplings between the pumps and the connected 

piping. 

3 EA $39,910 $14,767 $54,677

Contingency Item - Cabinet 

Anchorage

This assumes the electrical cabinets in item above require seismic 

reinforcement.

Contingency 6 LF $520 $1,575 $2,095

Correct Wall Connections Provide anchorage/bracing between the top of the electrical 

cabinets and masonry wall. 

6 LF $520 $192 $712

Emergency Generator Bracing Provide anchorage/bracing for emergency generator air intake 

support frame, muffler, and exhaust pipe. 

3 EA $11,050 $4,089 $15,139

Anchor Electrical Transformer  Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required.

1 LS $2,080 $3,150 $5,230

Total Cost $194,617 $90,471 $285,089

 Creekside Pump Station

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Further Assessment Necessary  Conduct nondestructive scanning to verify the size and location of 

masonry wall reinforcing and evaluate the adequacy of the 

masonry walls. 

Study                    4  ea $40,876 $15,124 $56,000

Contingency Item - Replace SuperstructureEntire CMU superstructure may need to be replaced with equipment in 

place.  (44 ft x 2- ft structure)

Contingency             1,280  SF Area $43,290 $16,017 $59,307

Roof Replacement  Based on the number of potential deficiencies identified that are 

associated with the wood framed roof, suggest removing existing 

roof and replacing with new plywood sheathed wood truss roof 

with appropriate seismic detailing (including consideration of cross 

ties between diaphragm chords and out of plane bracing for 

perimeter and interior masonry walls).  

Contingency             1,300  SF Approx 

Roofing Area 

$88,660 $32,804 $121,464

Pipe Bracing Provide bracing for the piping.                    3 EA $11,180 $4,137 $15,317

Valve Bracing Provide independent bracing for the valves                    3  EA $11,180 $4,137 $15,317

Pump Support/Bracing  Install angles all around the perimeter of the pump support 

concrete pedestal with anchors into the floor slab. On two 

opposing sides, add a pair of steel straps that are welded to the 

angle and anchored up the face of the pedestal. 

                   3 EA $18,070 $6,686 $24,756

Flexible Couplings Add flexible couplings between the pumps and the connected 

piping. 

3 EA $39,910 $14,767 $54,677

Pipe Support Amchoring Add anchors through the pipe support stanchion base plates into 

the slab-on-grade at locations with missing anchors. 

                 12  EA $3,640 $1,347 $4,987

Contingency Item - Cabinet AnchorageThis assumes the electrical cabinets in item above require seismic 

reinforcement.

Contingency 6 LF $520 $1,575 $2,095

Emergency Generator bracing Re-install the restrainer bracket for the emergency generator starter 

batteries, as appropriate. 

Contingency                    1  LS $3,900 $1,443 $5,343

Further Assessment Necessary Verify the adequacy of the antenna connection to the supporting 

pole. 

Study                    1  EA $4,160 $1,539 $5,699

Anchor Electrical Transformer Coordinate with electrical utility to conduct further evaluation to 

validate the seismic performance of pole-mounted transformer and 

utility pole. 

1 LS $2,080 $3,150 $5,230

TOTAL COST $267,466 $102,725 $370,192

Deer Park Pump Station

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Replace Pump Station Based on the age of the structure and the number of potential 

deficiencies identified, it is recommended that the City consider 

replacing the Edwards Pump Station structure.    

Contingency 1200 SF Approx 

Building 

Footprint

$569,140 $210,582 $779,722

Flexible Pipe Joints  Provide appropriate flexible joints where water system piping 

penetrates through the pump station floor to accommodate 

potential differential movement between the structure and the 

surrounding soil at or near the pipe penetration. 

3 EA $39,910 $14,767 $54,677

Pipe Bracing  Provide bracing for the piping.                    3 EA $10,790 $3,992 $14,782

Valve Bracing  Provide independent bracing for the valves.                    3 EA $10,790 $3,992 $14,782

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,740 $4,714 $17,454

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Couplings  Add flexible couplings between the pumps and the connected 

piping. 

3 EA $39,910 $14,767 $54,677

Further Asessment Necessary  Perform an investigation to evaluate the adequacy of the anchorage 

of electrical cabinets to housekeeping pads and housekeeping pads 

to slab on grade, and supplement anchorage (as required).  Also, 

provide anchorage/bracing between the top of the electrical 

cabinets and masonry wall. 

Study 6 LF $1,040 $385 $1,425

Flexible Electrical Couplings  Provide flexible couplings where conduits connect to the top of 

floor- and wall-mounted electrical panels and cabinets.

20 EA $15,080 $5,580 $20,660

Emergency Generator Bracing Provide restraint for the emergency generator starter batteries 1 LS $2,470 $914 $3,384

Lens Cover Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling.  

4 EA Assumed $1,300 $481 $1,781

Further Assessment Necessary  Verify the adequacy of the antenna connection to the supporting 

pole.

Study                    1  EA $4,160 $1,539 $5,699

Contingency Item to seismically 

strengthen Antenna.

Jim indicates that enhancement of attachement between antenna and pole 

likely, not bracing.  Cost includes cost for a bucket truck for installation.

Contingency                    1  LS $5,720 $2,116 $7,836

HVAC Anchoring  Provide anchorage of the HVAC unit to the concrete pad. 1 LS $2,470 $914 $3,384

Grating Clips  Provide grating clip connections between the grating and steel 

support framing. 

                 16  LF $1,950 $722 $2,672

Crane Restraints Provide restraint for the overhead bridge crane, when not in use. 1 LS $4,420 $1,635 $6,055

Edwards Pump Station 

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Edwards Pump Station 

Rolling Lift Restraints Provide restraint for rolling lifts, when not in use. 1 LS $1,690 $625 $2,315

Ladder Restraints Provide restraint for ladders (using straps to the wall, etc.), when 

not in use. 

1 LS $780 $289 $1,069

Anchor Electrical Transformer  Coordinate with electrical utility to conduct further evaluation to 

validate the seismic performance of pole-mounted transformer and 

utility pole. 

1 LS $2,080 $3,150 $5,230

TOTAL COST $726,440 $275,363 $1,001,803

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

contingency Item - Repair roof CracksAssume 1/3 of wall to roof connection will require roof dowels.  This is a 

92 ft dia reservoir that is completely buried, except for roof.

Contingency                110  ea $14,040 $5,195 $19,235

ASCE Tier 2 Assessment  Perform a future ASCE 41 Tier 2 assessment to confirm the 

adequacy of the provided column reinforcing lap splice length.  SEFT 

indicates that they don’t anticipate this being an issue.

Study  ENG $0 $8,400 $8,400

Stainless Steel Plates Install stainless steel plates and/or angles to connect riser, base, 

and lid precast components at the precast concrete construction 

joints. 

                   1  LS $13,650 $5,051 $18,701

Pipe Bracing Supplement existing bracing for vertical section of inlet pipe.                    1  LS $30,680 $11,352 $42,032

Valve Bracing Perform additional analysis to evaluate the adequacy of the 

piping and valves to resist seismic forces (e.g., span between 

vault walls).  Alternatively, provide bracing for the piping and 

valves inside the valve vaults. 

                   1  ea $11,570 $4,281 $15,851

Total Cost $69,940 $34,278 $104,218

 Eola #1B Reservoir

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Pipe Bracing  Provide bracing for the piping.                    1  LS $26,650 $9,861 $36,511

Valve Bracing Provide independent bracing for the valves and valve actuators.                    1  LS $17,940 $6,638 $24,578

Pump Bracing Provide bracing/restraint for vertical pump bells and valve 

operator riser shafts.

                   1  LS $4,290 $1,587 $5,877

Pipe Replacement  Replace any piping and valve components that are suspected to 

be cast iron. 

                   1  LS $12,480 $4,618 $17,098

Corrosion Assessment and Replacement  Replace any corrosion damaged piping and valve components 

and connection hardware not already replaced by the bullet 

item above. 

Contingency                    1  LS $12,480 $4,618 $17,098

Pump Base Bracing Provide anchorage between pump bases and concrete slab.                    1  LS $4,420 $1,635 $6,055

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Couplings Add flexible couplings between the pumps and the connected 

piping

                   1  LS $31,590 $11,688 $43,278

Pipe Bracing Provide bracing for the air vent vertical pipe                    1  LS $4,420 $1,635 $6,055

Further Assessment Necessary  Perform an investigation to evaluate the adequacy of the 

anchorage of electrical cabinets to concrete floor slab, and 

supplement anchorage (as required).  Also, provide 

anchorage/bracing between the top of the electrical cabinets 

and concrete wall. 

Study                  12 LF $2,990 $1,106 $4,096

Further Assessment Necessary Verify the adequacy of the connection between the horizontal 

antenna and the supporting pole.  

Study                    1  EA $4,160 $1,539 $5,699

Contingency Item to seismically 

strengthen Antenna.

Contingency                    1  LS $5,720 $2,116 $7,836

Total Cost $127,140 $55,442 $182,582

 Fairmont Reservoir Control Building 

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction Cost Engineering Cost (% of 

Construction)

Engineering Cost Total Construction 

Cost

Shotcrete Add a 6-inch layer of shotcrete at the inside face of the 

perimeter walls and footings

              683  CY $1,704,768 $630,764 $630,764 $2,335,532

Correct Roof Connections Provide stainless steel connections along the roof expansion joints to 

transfer shear forces between roof panels.  Also, provide anchors between 

the roof slab and the walls to transfer roof seismic loads to the perimeter 

walls.

         73,728  SF $80,340 $29,726 $29,726 $110,066

Further Assessment Necessary Perform a future structural assessment to evaluate the potential impact of 

the interaction between the Fairmount Reservoir and the integrally 

constructed Fairmount Reservoir Control Building/Pump Station. 

Study  ENG $0 $0 $21,000 $21,000

ASCE Tier 2 Assessment Perform a future ASCE 41 Tier 2 assessment to confirm the 

adequacy of the provided column reinforcing lap splice length. SEFT 

indicates that this is unlikely to result in remedial work

Study  ENG $0 $0 $8,400 $8,400

Contingency Item - Reservoir 

Mechanical Replacement of interior 

piping

Complete Contingency                 10  MG $280,410 $103,752 $103,752 $384,162

Electrical Transformer Bracing Coordinate with electrical utility to conduct further evaluation 

to validate the seismic performance of pole-mounted 

transformer and utility pole.

 ENG $0 $0 $175 $175

Total Cost $2,065,518 $764,242 $793,817 $2,859,335

Fairmount Reservoir

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction Cost Engineering Cost Total Construction 

Cost

Blocking Support Add blocking to support the edges of the roof sheathing panels 

and provided boundary nailing between the roof sheathing and 

blocking. 

                   1,665  SF Footprint $34,909 $12,916 $47,825

Roof Truss Bracing  Install appropriate metal connector hardware to provide a 

vertical connection between the blocking that the kicker brace 

frames into and the adjacent roof trusses.  Provide local 

strengthening of trusses, as appropriate.  

                          1  LS $23,400 $8,658 $32,058

Pipe Bracing  Provide bracing for the piping.                           6 EA $11,180 $4,137 $15,317

Valve Bracing Provide independent bracing for the valves                           3 EA $5,590 $2,068 $7,658

Valve Seismic Improvement Repair seismic valve so that is operational in the event of an 

earthquake. 

                          1  LS $7,540 $2,790 $10,330

Tank Bracing  Provide anchorage of the pressure tank.                           1  LS $1,430 $529 $1,959

Backup Battery Restraints Provide additional restraint for backup batteries inside the 

battery cabinet

                          1 LS $780 $289 $1,069

Correct Wall Connection  Install a combination of blocking and metal connector 

hardware to provide adequate connections to transfer seismic 

forces from the ceiling to the masonry walls and eliminate the 

potential for cross-grain bending of wood ledgers.

                          1  LS $13,130 $4,858 $17,988

Electrical Cabinet Restraints Provide restraint for temporarily stored electrical cabinets and 

other components (using straps to the wall, etc.). 

                          1 EA $780 $289 $1,069

Ladder Restraints Provide restraint for ladder (using straps to the wall, etc.), 

when not in use. 

                          1 EA $390 $144 $534

Anchor Electrical Transformer  Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

1 LS $2,080 $3,150 $5,230

Total Cost $101,209 $39,828 $141,037

Grice Hill Reservoir Control Building

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Total 

Construction 

Cost

Study Work Contingency 

Work

ASCE 24 Tier 2 Assessment Perform a future ASCE 41 Tier 2 assessment to confirm the 

adequacy of the provided column reinforcing lap splice length.  SEFT 

indicates that they don’t believe this will result in remedial work

Study 1 Assessment $19,632 $0 $19,632

Total Cost $35,127 $0 $19,632

Grice Hill Reservoir

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

 Further Assessment Necessary Perform an evaluation of the potential impact of the vertical cracks 

in the masonry shear walls on the seismic performance of the 

pump station and implement an appropriate repair concept.  

Implement repairs of localized deterioration of plywood sheathing 

and framing to restore these components to their original strength

Study                    1  LS $15,575 $5,763 $21,338

Contingency Item - Replace 

superstructure

Replace pump Station superstructure.  Contingency                820  SF Footprint $158,600 $58,682 $217,282

New Shaped Blocking  Install new shaped blocking between the roof sheathing and 

masonry wall top plate.  Provided boundary nailing between the 

roof sheathing and blocking, and Simpson A35 clip angles between 

the blocking and top plate and blocking and trusses.  Also, suggest 

engaging the shear resistance of the interior masonry wall by 

adding a combination of plywood sheathing, framing/blocking, and 

metal connector hardware to provide a load path between the roof 

diaphragm and the interior masonry wall. 

               820  SF Footprint $17,290 $6,397 $23,687

Further Assessment Necessary  Perform an investigation to verify the adequacy of the connection 

between the roof sheathing, gable end triangular portion wood 

framed shear walls and masonry wall top plate below.

Study                    4  days $23,010 $8,514 $31,524

Correct CMU Wall Support  Install a combination of plywood sheathing, blocking, steel straps, 

and metal connector hardware to provide adequate out-of-plane 

support for CMU walls.  The concept is similar to that shown in 

Figure 4.5, for the Creekside Pump Station, except that all three 

sub-diaphragms should be installed with added plywood at the at 

the ceiling level, since the masonry portion of the gable end walls 

               116  LF $24,960 $9,235 $34,195

Pipe Bracing Provide bracing for the piping.                    3 EA $11,180 $4,137 $15,317

Valve Bracing Provide independent bracing for the valves.                    3  EA $11,180 $4,137 $15,317

Valve Bracing Provide independent support and bracing for the air relief valves.                    3 EA $3,640 $1,347 $4,987

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,740 $4,714 $17,454

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Couplings Add flexible couplings between the pumps and the connected 

piping. 

Contingency 3 EA $39,910 $14,767 $54,677

Further Assessment Necessary Perform an investigation to evaluate the adequacy of the anchorage 

of electrical cabinets to housekeeping pads and housekeeping pads 

to slab on grade, and supplement anchorage (as required).  Also, 

provide anchorage/bracing between the top of the electrical 

cabinets and masonry wall. 

Study 20 LF $2,990 $1,106 $4,096

Contingency Item - Cabinet 

Anchorage

This assumes the electrical cabinets in item above require seismic 

reinforcement.

Contingency 6 LF $520 $1,575 $2,095

Further Asessment Necessary Verify the adequacy of the antenna connection to the supporting 

pole.

Study                    1  EA $4,160 $1,539 $5,699

Seismically strengthen Antenna This is a contingency item in case work is needed as determined in the item 

above.

Contingency                    1  LS $6,240 $2,309 $8,549

Anchor Electrical Transformer  Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required.

1 LS $2,080 $3,150 $5,230

Total Cost $334,075 $131,571 $465,646

Limelight Pump Station

ATTACHMENT A



Remedial Action Description Cost Estimating 

Assumptions

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Pipe Bracing Provide bracing for the piping.                   6 EA $11,180 $4,137 $15,317

Valve Bracing Provide independent bracing for the valves. Assume one floor 

mounted pipe 

                  3 EA $5,590 $2,068 $7,658

Anchor Pressure Tank Provide anchorage of the pressure tank.                   1  LS $1,430 $529 $1,959

Further Assessment Necessary Perform an investigation to evaluate the adequacy of the 

anchorage of control cabinet to housekeeping pad, and 

supplement anchorage (as required).  Also, provide 

anchorage/bracing between the top of the control cabinet and 

masonry wall.

                  1  LS $1,300 $481 $1,781

Further Assessment Necessary  Perform an investigation to evaluate the adequacy of the 

anchorage of the battery cabinet to the control cabinet, and 

supplement anchorage (as required).  

ENG $0 $0 $0

Backup Battery Restraints Provide restraint for backup batteries inside the battery cabinet.                   1 LS $780 $289 $1,069

Further Assessment Necessary Verify the adequacy of the antenna connection to the 

supporting pole

                   1  EA $4,160 $1,539 $5,699

Further Assessment Necessary  Perform an investigation to evaluate the adequacy of the 

bracing of the suspended HVAC unit, and supplement bracing 

(as required). 

 ENG $0 $525 $525

Contingency Item Install HVAC Bracing for item above                    960 $1,560 $577 $2,137

Further Assessment Necessary Perform an investigation to evaluate the adequacy of the 

anchorage of the water heater/safety shower base skid to the 

concrete slab, and supplement anchorage (as required). 

 ENG $0 $525 $525

Contingency Item Install Bracing for item above                    960 $1,560 $577 $2,137

Further Assessment Necessary  Perform an investigation of the original deferred submittal 

design details for the chlorine room masonry wall reinforcing 

and top of wall bracing.  Provide supplemental bracing of 

masonry walls, as required

DC - Please add 

contractor cost for 

4 days contractor 

crew time

                  4  Days $26,000 $9,620 $35,620

Ladder Restraints  Provide restraint for ladder (using straps to the wall, etc.), 

when not in use. 

                  1  LS $650 $241 $891

Anchor Electrical Transformer Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

                   1  LS $780 $289 $1,069

Total Cost $54,990 $21,396 $76,386

Lone Oak Reservoir Control Building 

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Blocking Support  Add blocking to support the edges of the roof sheathing panels 

and provided boundary nailing between the roof sheathing and 

blocking. 

Contingency            1,932  SF Footrpint $40,507 $14,988 $55,495

Source Drawings for Further Assessment Coordinate with the City to attempt to locate deferred submittal design 

drawings and calculations from original construction.  Supplement available 

drawings with a detailed field investigation (including potential localized 

removal of architectural finishes) to observe and document details of the 

truss blocking and associated connections.  Once additional details of 

original construction are available, evaluate the adequacy of the load path to 

transfer seismic forces from the roof diaphragm to the masonry wall top 

plate and develop mitigation concepts, as appropriate.

Study                   4  days $24,960 $9,235 $34,195

Truss Bracing  Install a combination of blocking and steel straps between truss 

bottom chord members in four additional truss bays per line of 

blocking. 

Contingency                   1  LS $16,380 $6,061 $22,441

Pipe Bracing Provide bracing for the piping.                   6 EA $11,180 $4,137 $15,317

Valve Bracing Provide independent bracing for the valves.                   3 EA $5,590 $2,068 $7,658

Anchor Pressure Tank Provide anchorage of the pressure tank.                   1  LS $1,430 $2,220 $3,650

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,740 $4,714 $17,454

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Couplings Add flexible couplings between the pumps and the connected 

piping. 

                  1  LS $14,820 $5,483 $20,303

Backup Battery Restraints Provide restraint for backup batteries inside the battery cabinet.                   1 EA $520 $192 $712

Further Assessment Necessary Verify the adequacy of the antenna connection to the 

supporting pole. 

Study                   1  EA $4,160 $1,539 $5,699

Correct Wall Connection Install a combination of blocking and metal connector 

hardware to provide adequate connections to transfer seismic 

forces from the ceiling to the masonry walls and eliminate the 

potential for cross-grain bending of wood ledgers. 

Contingency                   1  LS $23,400 $8,658 $32,058

Contingency Item - Brace Walls Assume 20 ft of freestanding masonry wall to be braced Contingency               280  SF Footrpint $15,340 $5,676 $21,016

Ladder Restraints Provide restraint for ladders (using straps to the wall, etc.), 

when not in use.

                  1  LS $650 $241 $891

Anchor Electrical Transformer  Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

1 LS $2,080 $3,150 $5,230

Total Cost $173,757 $72,561 $246,319

 Mill Creek #1 Reservoir Control Building

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

ASCE 41 Tier 2 Assessment  Perform a future ASCE 41 Tier 2 assessment to confirm the 

adequacy of the provided column reinforcing lap splice length. SEFT does 

not believe this will result in need for remedial work.

Study ENG $0 $8,400 $8,400

Contingency Item - Reinforce Wall Contingency 8792 SF $680,290 $251,707 $931,997

Pipe Support Bracing Install connection brackets at the corners of the pipe support 

pedestals that are anchored to both the concrete pedestal and 

concrete floor slab. 

1 LS $7,670 $2,838 $10,508

Seismic Seperation Provide additional seismic separation between the steel framed 

stair landing platform and reservoir concrete roof and/or 

provide diagonal bracing between stair landing support posts. 

1 LS $19,370 $7,167 $26,537

Total Cost $707,330 $270,112 $977,442

Mill Creek #1 Reservoir

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Roof Truss Repair  Reconfigure roof trusses and framing/blocking to provide plywood 

shear wall between roof diaphragm and top plate of north masonry 

wall.  Also, suggest engaging the shear resistance of the interior 

north-south oriented masonry wall by adding a combination of 

plywood sheathing, framing/blocking, and metal connector 

hardware to provide a load path between the roof diaphragm and 

the interior masonry wall. 

               372  SF $15,128 $5,597 $20,725

Correct CMU Wall Support  Install a combination of plywood sheathing, blocking, steel straps, 

and metal connector hardware to provide adequate out-of-plane 

support for CMU walls

            1,798  SF Footprint $37,700 $13,949 $51,649

Pipe Bracing  Provide bracing for the piping.                    4 EA $16,120 $5,964 $22,084

Valve Bracing Provide independent bracing for the valves.                    4 EA $16,120 $5,964 $22,084

Valve Bracing Provide independent support and bracing for the air relief valves                    4 EA $7,410 $2,742 $10,152

Pump Bracing Brace Pump(s) motor(s). Contingency 3 EA $12,740 $4,714 $17,454

Further Assesment Necessary  Perform additional analysis to evaluate the adequacy of the 

existing connection of the motor to the top of the steel motor 

support, the motor support, the connection of the motor support to 

the concrete pedestal, and the concrete pedestal. 

Study $0 $4,200 $4,200

Flexible Couplings Add flexible couplings between the pumps and the connected 

piping

                   4 EA $53,170 $19,673 $72,843

Anchor Pipe Support Add anchors through the pipe support stanchion base plates into 

the slab-on-grade at locations with missing anchors. 

                   8  EA $780 $289 $1,069

Anchor Chlornation Equipment Provide additional anchors for chlorination equipment and 

repair/replace damaged curb. 

                   1  LS $1,820 $673 $2,493

Wall Bracing Provide adequate anchorage between the strut and the masonry 

shear wall for seismic demands and provide positive connection 

between spacers and main strut. 

                   1  LS $1,820 $673 $2,493

Transformer Bracing Provide bracing for transformer hung from roof.                    2  EA $1,690 $625 $2,315

Further Assessment Necessary  Perform an investigation to evaluate the adequacy of the anchorage 

of electrical cabinets to the slab on grade, and supplement 

anchorage (as required).  Also, supplement the existing anchorage 

between the top of the electrical cabinets and masonry wall. 

Study                    6 LF $780 $289 $1,069

Electrical Flexible Coupling Provide flexible couplings where conduits connect to the top of 

floor- and wall-mounted electrical panels and cabinets. 

                   4 EA $3,120 $1,154 $4,274

Emergency Generator Bracing Provide restraint for the emergency generator starter batteries 

within the battery bins (e.g., strap) and anchorage of the battery 

bins. 

                   1  LS $910 $337 $1,247

Emergency Generator Bracing Provide bracing for the emergency generator muffler                    1  LS $780 $289 $1,069

Lens Cover  Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling

                   4 EA $1,300 $481 $1,781

Further Assessment Necessary  Verify the adequacy of the antenna connection to the supporting 

pole. 

Study                    1  EA $4,160 $1,539 $5,699

Contingency Item to seismically 

strengthen Antenna.

Contingency                    1  EA $4,160 $1,539 $5,699

Trolley Restraints  Provide restraint for overhead trolley chain hoist, when not in use                    1 LS $4,420 $1,635 $6,055

Ladder Restraints  Provide restraint for ladders (using straps to the wall, etc.), when 

not in use.

                   1 LS $650 $241 $891

Electrical Transformer Bracing Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

1 LS $2,080 $3,150 $5,230

Total Cost $186,858 $75,718 $262,575

 Mountain View Pump Station

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Seismic Restraints Install seismic restraint between the reservoir walls and foundation.  

Potential concepts include using brackets and high-strength rods installed 

from inside the reservoir or installing new seismic cables in a thickened 

wall section from the exterior of the reservoir.  Both options would likely 

require modifying/enlarging the existing foundation ring. 

                 76  CY $265,574 $98,263 $363,837

Excavation of Existing Reservoir for Seismic Improvements             3,985  CY $1,129,653 $417,972 $1,547,625

CHOICE 2 Re-wrap the core wall with additional circumferential 

prestressing strands encased with shotcrete to provide 

additional capacity to resist the combination of hydrostatic and 

expected hydrodynamic hoop forces during an earthquake. 

               459  CY $1,076,924 $398,462 $1,475,386

FRP Wrap  Provide fiber reinforced polymer (FRP) wrapping of columns.                    1  LS $143,290 $53,017 $196,308

Contingency Item - Replace 

Reservoir Piping

Llump Sum to replace interior piping Contingency                  25  lf $49,321 $18,249 $67,570

Total Cost $2,664,763 $985,962 $3,650,725

 Mountain View Reservoir

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Futher Assessment Necessary  Perform additional analysis to investigate the adequacy of the gap 

between the City of Salem pump station and the adjacent City of 

Keizer building.

Study ENG $0 $8,400 $8,400

New Shaped Blocking  Install shaped blocking at the ridge line to bridge over the existing 

gap in the roof sheathing.  Provide boundary nailing between the 

roof sheathing and new blocking.  Coordinate with architect for 

any necessary modifications to roof venting.

572 SF Footprint $11,180 $4,137 $15,317

Wall Bracing  Install a combination of blocking and steel straps between truss 

bottom chord members in the two truss bays where blocking is not 

currently installed to provide continuous cross ties in the east-west 

direction.   

               130  LF $8,580 $3,175 $11,755

Flexible Pipe Joints Provide appropriate flexible joints where water system piping 

penetrates through the pump station floor to accommodate 

potential differential movement between the structure and the 

surrounding soil at or near the pipe penetration.

                   3 EA Assumed $39,910 $14,767 $54,677

Pipe Bracing Provide bracing for the piping.                    3 EA $12,090 $4,473 $16,563

Valve Bracing Provide independent bracing for the valves.                    3 EA $12,090 $4,473 $16,563

Fleixble Couplings  Add flexible couplings between the pump and the connected 

piping. 

                   1 EA Assumed $14,300 $5,291 $19,591

Chlorination Bracing Provide anchorage of the chlorination skid to the concrete slab on 

grade and anchorage of chlorination system components to the 

skid. 

                   1 EA $520 $192 $712

Further Assessment Necessary Perform an investigation to evaluate the adequacy of the anchorage 

of electrical cabinets to the concrete housekeeping pads, and 

supplement anchorage (as required). 

Study                    1 LS $5,200 $1,924 $7,124

Electrical Cabinet Bracing Remove the existing L-shaped strut brackets at the top of the 

electrical cabinets and replace with a more appropriate steel 

bracket. 

Contingency                  12 LF $520 $1,575 $2,095

Further Acessment Necessary Verify the adequacy of the antenna connection to the supporting 

pole. 

Study                    1  EA $4,160 $1,539 $5,699

Electrical Transformer Bracing  Coordinate with electrical utility to anchor the utility owned 

electrical transformer to the concrete pad, as required. 

Contingency 1 LS $2,080 $3,150 $5,230

Total Cost $110,630 $53,096 $163,726

 Salem/Keizer Intertie #1 Pump Station

ATTACHMENT A



Remedial Action Description Category of Work 

(Base, Study, or 

Contingency)

Quantity Unit Construction 

Cost

Engineering 

Cost

Total 

Construction 

Cost

Geotechnical and Structural 

Assessment 

Perform a site-specific geotechnical study to further evaluate the 

potential earthquake-induced liquefaction and lateral spreading 

hazard at the site.  If required, mitigate the potential permanent 

ground deformation hazard at the site with geotechnical 

improvement, or other appropriate techniques. This scope also includes 

for a high-level structural evaluation of the geotechnical investigation 

results.

Study  ENG $0 $10,500 $10,500

Blocking Support Add blocking to support the edges of the roof sheathing panels and 

provided boundary fasteners between the roof sheathing and 

blocking. 

Contingency            1,872  SF $39,260 $14,526 $53,786

Further Assessment Necessary  Perform an investigation to determine if adequate fasteners are 

provided for the roof sheathing to blocking and blocking to 

masonry wall top plate connections.  Provide supplemental 

fasteners, as required

Study                 54  EA $4,550 $8,400 $12,950

Install Fasteners Install additional fasteners between the roof sheathing and 

outriggers in conjunction with cross tie retrofit described in next 

bullet item

Contingency                 60  EA $5,850 $2,165 $8,015

Correct CMU Wall Support Install a combination of blocking, steel straps, and metal connector 

hardware to provide adequate out-of-plane support for CMU walls in 

the direction perpendicular to the roof trusses

Contingency               200  LF $12,350 $4,570 $16,920

Flexible Pipe Joints Provide appropriate flexible joints where water system piping 

penetrates through the control facility wall to accommodate 

potential differential movement between the structure and the 

surrounding soil at or near the pipe penetration

                  1 EA Assumed $15,860 $5,868 $21,728

Pipe Bracing  Provide bracing for the piping.                   2 EA $13,130 $4,858 $17,988

Valve Bracing Provide independent bracing for the valves.                   2 EA $8,840 $3,271 $12,111

Valve Bracing Provide independent bracing for the valve actuators.                   2 EA $3,380 $1,251 $4,631

Anchor Control Cabinet Provide anchorage of the control cabinet to the housekeeping pad                   1 EA $780 $289 $1,069

Electrical Transformer Bracing Provide supplemental anchorage of the electrical transformer to the 

concrete slab on grade.

                  1 EA $650 $241 $891

Backup Battery Restraints  Provide restraint for backup batteries inside the battery cabinet.                   1 EA $520 $192 $712

Lighting Restraints Provide restraint for pendant supported lights to prevent excessive 

swing.

                  1 LS $1,690 $625 $2,315

Lens Cover  Provide lens covers for light fixtures with safety devices that 

prevent the lens cover and light bulbs from falling. 

                  8 EA Assumed $2,600 $962 $3,562

Further Assessment Necessary Verify the adequacy of the connection between the horizontal 

antenna and the supporting pole.  

Study                   1  EA $4,160 $1,539 $5,699

Contingency Item to seismically 

strengthen Antenna.

Contingency                   1  LS $8,450 $3,127 $11,577

HVAC Bracing Provide seismic bracing for the ceiling hung inline HVAC fan.                   1  LS $780 $289 $1,069

HVAC Bracing Provide anchors between the HVAC condenser unit and concrete 

support pad. 

                  1  LS $650 $241 $891

Shelving Bracing Provide anchorage or bracing for the storage shelving to the floor 

and/or the wall. 

                  1  LS $650 $241 $891

Fire Extinguisher Restraints Provide appropriate restraint for the fire extinguisher in its cabinet.                   1  LS $390 $144 $534

Total Cost $124,540 $63,296 $187,836

Turner Control Facility

ATTACHMENT A


