Seismic Design Quality Control Practice to
Improve Overall Seismic Performance of Large
Water Transmission System Pipelines & Facilities
AWWA PNWS Conference - April 29, 2022
Michael Britch, P.E., MPA
Engineering and Construction Manager
Willamette Water Supply Program

Outline
• Willamette Water Supply Program Background
• Expert Advisors, Workshops, & Approach
• Seismic Guidelines
– (MDR Checklists, Pipeline Limit States, Inaccessible Areas, CML Checks)

• Facilities Specific Considerations

– (Project specific resilience workshops & meetings, Inaccessible Areas, Peer Review, ASCE 7 vs. ASCE 41
review approach, Raw Water Facilities Physical Model Witness Test, Seismic Certification Checklist)

• Seismic Ground Shaking QC Tool
• GIS Hazard Tool
• Concluding Remarks

2

Willamette Water Supply Program

15 MG Storage Tanks

30+ Miles of 66” & 48”
Welded Steel Pipelines

New Water Treatment Plant

It’s important to think about
this as a “system” when
considering seismic resilience
Modified River Intake

Image from the Regional Water Providers Consortium

Expert Advisors, Workshops, & Approach
●

Needed to figure out our approach to
incorporating seismic resilience in the design:
○
○
○

Assembled internal team to help
Review of existing projects
Identified where to place responsibility
■
■

Identified owner minimum requirements
Identified design consultant scope of work items
●
●
●

■
○

Lake Oswego WTP

Special seismic reviews
Seismic workshops
Use of checklists

Wilsonville WTP

Future activities involving “Operations” & “Resiliency
Planning”

Seismic experience & approach important part of
design consultant selection
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Expert Advisors, Workshops, & Approach
Involved Literature Review

Engaging Outside Seismic Experts

Held a Series of Seismic
Resiliency Workgroup Meetings
Planning Out Our Approach

Expert Advisors, Workshops, & Approach
Seismic Design Framework (at the core of the seismic
guidelines):
Step 1 – Identify Service Priorities
Step 2 – Establish Level of Service Goals
Step 3 – Establish Design Earthquake
Step 4 – Evaluate Project Specific Seismic Hazards
Step 5 – Establish Design Standards and Methods
Step 6 – Design for Seismic Risk Mitigation
These guidelines support consistency across all the project designs

June 10, 2020, Version 1.1
(First release June 8, 2018)

Seismic guidelines included the use of checklists for the
consultant to use during their design development

Expert Advisors, Workshops, & Approach
Based on advice from Dr. O’Rourke early in the
development of our seismic guidelines (2016):
●

What you do should be technically defensible

●

You should be able to explain what you’re
doing to a non-technical audience

-

-

●

It also needs to be practical to implement
Peer review and independent quality control
checks are crucial

You need to understand clearly your performance objectives, and then
Be able to communicate what you’re doing and why in simple terms

Dr. Thomas O’Rourke

Focus your design effort in the most problematic locations
-

Targeting the right level of design on the site-specific seismic hazard
Allows you to implement seismic resiliency in a cost-effective manner

Seismic Guidelines
●

Recognized the Need for
Checklists
○

○

○

Supports consistency across the
program
Makes “Design Consultant” have
to report out
Allows “Owner” to review
understanding and approach to
seismic issues
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Seismic Guidelines
●

Minimum Design Requirement Checklists

“I came away… with a kind of
theory: under conditions of
complexity, not only are
checklists a help, they are
required for success.”
Atul Gawande
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Seismic Guidelines
●

Minimum Design Requirement Checklists

Draft seismic checklist submitted at 60% design and
final signed version submitted with 90% design
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Seismic Guidelines
●

Pipeline
Limit States
Identified
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Seismic Guidelines
●

Accessibility for repair
considerations for Limit State 2
“Local Buckling – Compressive
Strain Limit”

Alignment Crossing
Chicken Creek to Right

In those areas where the pipe is expected to be
reasonably assessable for repairs following the design
earthquake, maximum allowable design compressive
strain is limited to 1.76 t/D (where t is the wall thickness
and D is the pipe diameter), consistent with maintaining
pressure integrity per the ALA (2005) and PRCI (2009)
guidelines.
For areas where the pipe is not expected to be
accessible or where access is limited (e.g. trenchless
crossings and sensitive environmental areas), the
compressive strain is limited to 33 percent of the
accessible limit to achieve a minimum safety factor of 3
against the pressure integrity limit. An even lower
bound compressive strain limit can be considered based
on professional judgment and specific circumstances,
such as locations that are particularly critical to system
performance.

Seismic Guidelines
●

Cement Mortar Lining
Serviceability Limit
State Identified

Figure 7-10 shows the limit for
protecting lap welded pipe with a
cement mortar lining expressed as
internal pressure by site class (for Site
Class BC, C, CD, D, and E). Internal
pressures that fall above the line
represent a condition where the
addition of transient ground shaking
strains could result in localized load
conditions that are detrimental to the
performance of cement mortar lining
at the joint. Where these conditions
exist, alternative linings, thicker pipe
wall, and/or butt welded joints may
be considered.

Facilities – Project Specific Meetings
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Facilities – Inaccessible Areas
Reservoir

Email Correspondence Sent: Tuesday, September 08, 2020 2:11 PM
An open action item from August 13, 2020 reads as
follows: “Prepare list of reservoir structure areas that are uninspectable after design EQ and subject to 110% capacity
requirement.”
The proposed list of items we plan on designing to 110% of
demand due their importance to the seismic capacity of the tank
and their un-inspectable location immediately after an earthquake
are:
•
•
•
•
•
•

Plastic hinge regions of reservoir columns
Column capital or base. Only as required to force the hinge into the
columns
Seismic Cables in walls. Both tensile capacity and anchorage to wall
footings
Strands wrapping the tank that are below ground
Anchorages for all interior appurtenances and overflow box
Core Wall as required for below ground strand increase
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Facilities – Inaccessible Areas
Water Treatment Plant

• Addressed through:
– Extensive structural and
geotechnical subject matter
expert (SME) engagement
– Thorough review of load cases
considered as part of the
design process
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Facilities – Peer Review
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Facilities – Peer Review

Raw Water Facilities

(River Intake & Pump Station)

Angled Jet Grouting & Deep Soil Mixing (DSM)
Used to Improve the Ground along the Riverbank

Raw Water Facilities

(River Intake & Pump Station)

ASCE 411 and ASCE 7
considerations for the
project
Pump verticality
governing criteria
(Less than 2-inch rotation
required for pump
operation)

Detailed analysis and structural modeling
of pump station building seismic
Important for “Operational” New concrete seismic walls at RWPS
response

Performance Goal

Required for retrofitting existing structure
to our design requirements
1

Seismic Certification Checklist
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Water Treatment Plant

Classified as “Critical”
Systems (seismic
certification required)

Classified as
“Semi-Critical”
Systems
(impractical to
get seismic
certification/not
needed for
primary water
quality needs)

Raw Water Facilities Physical Model Witness Test
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Pipeline Sections PLM_4.1, 4.2, 4.3, and 4.4
Seismic Hazard: Transient Ground Shaking & Associated Joint Efficiency
Combination of load factors important:
Axial stress from ground shaking,
Poisson’s stress, and thrust near bends

Site Class DE Important
Change from NEHRP (2020)
Approach: Change joint type where capacity of double lap weld is exceeded

Developed Spreadsheet Tool to Assess
Joint Efficiency

Pipeline Section PLM_5.3 –
Rural Area N. of Farmington Rd
Seismic Hazard: Liquefaction, Lateral Spreading,
Slope Failure, Soil Amplification

O’Rourke and Lui (2012) indicate that lateral spreading can occur for distances up

to 1,000 ft (300 m) away from a “free face” at slopes as little as 1.5%
ALA (2005) similar recommendations for lateral spreading within 1,000 ft from a
“free face” at slopes as little a 1%

Seismic
Hazard

Slope
≤ 3%

Slope
> 3% - 6%

Slope
> 6% - 9%

Slope
> 9% - 12%

Slope
> 12%

LDI ≤ 2 ft

Low

Low

Low

Medium

Medium

LDI 2 to 6 ft

Low

Medium

High

High

Very High

LDI ≥ 6 ft

Medium

High

Very High

Very High

Very High

(LDI – Lateral Displacement Index)

Approach: Developed GIS Seismic Screening Tool

PLM_5.3 Pipe Alignment

Concluding Remarks
• Quality control is essential for optimizing seismic resilience in the
design of infrastructure
• Checklists are:
– Effective tools to help address complex problems like resiliency
– Support consistency across different project designs
– Make design consultant more accountable and requires them to
incorporate seismic resiliency throughout the design

• Outside experts, internal teams, and peer review are valued
additions to project seismic design development
• Leadership is a fundamental underpinning for resiliency
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