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UBK Spillway Stabilization – Design In-brief

Upper Baker Dam Spillway Stabilization Project

• Introductions
• Board of Consultants

• Dr. Donald Bruce
• Dr. Robin Charlwood 
• Dr. Brendan Fisher

• PSE project team
• Rex Whistler, Designer, Shannon & Wilson
• Nabil Dbaibo, PSE Dam Safety Engineer
• Mike Likavec, PSE Chief Dam Safety Engineer
• Nate McGowan, Project Manager

• FERC 
• Chris Humphrey, FERC

• Background and Progress since last meeting
• Overview of Final Design

• Main features
• Major changes since 60% design

• Construction Schedule
• BOC review request and schedule

Requesting BOC review and concurrence of 
the final design prior to construction.

Review Documents: DDR, Drawings, Specs, 
Foundation Failure Mode Report 2022, and 
2023 PFMA Report. Sent to BOC on11/24
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Summary of Previous Meeting
BOC Meeting No. 10

Upper Baker Dam Spillway Stabilization Project

• Question 1 – At the current design level, does the Board agree this is an adequate mitigation measure? 
• Board Response - …therefore judged acceptable.

• PFMs S-UB-3 and F-UB-3B
• S-UB-3: Failure of the spillway and underlying rock block under seismic loading occurs and cannot be repaired before a flood occurs, leading to rock 

erosion and an undermining failure of Monoliths 16/17.
• F-UB-3: Sliding failure of Spillway Monoliths 16/17 and adjacent monoliths to the south as a result of failure of the spillway chute block during a flood 

due to an increase in uplift, followed by rock erosion and undermining of the spillway
• Board Recommendations

• S&W should document their basis for design criteria and consistency with FERC guidelines.
• Groundwater pressures are clearly important… recommends that at least two piezometers be installed downslope of the 

spillway to measure pre/post construction phreatic surface.
• Drains are recommended.
• Attention to corrosion protection.
• Existing sluiceway stability evaluation.
• Long drain system should be capable of providing flow measurements/flushed/cleaned.
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Summary of Previous Correspondence
S&W Design Basis – July 2nd, 2021

Upper Baker Dam Spillway Stabilization Project

• FERC Guidelines for Stability
• Factors of Safety for Usual, Unusual, and Post-Earthquake greater or equal to 1.5, 1.3, and 1.3, respectively.

• Groundwater, Existing Conditions, and Joint Roughness
• Joint roughness following Barton-Bandis:

BOC Comments on S&W Design Basis – November 9th, 2021
• BOC is in general agreement with S&W’s design methodology
• BOC agrees with comments contained in FERC letter dated October 13th, 2021

• FERC had the following statements that are relevant to current buttress design:
1. Concur with S&W’s conclusion that current static FS is not below 1.0
2. Stability criteria presented (Table 2A from Chapter 3 of FERC Engineering Guidelines) may be used
3. When modeling the static FS=1.0 condition, groundwater should not be set higher than assumed maximum historic levels.
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Design Memorandum

Upper Baker Dam Spillway Stabilization Project
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Design Progression – Geotechnical Exploration Program

Upper Baker Dam Spillway Stabilization Project

• Four borings were completed in 2021
• All to ~100ft bgs.
• Optical/Acoustic Televiewer
• VWP Installation
• Lab Testing
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Design Progression – Geotechnical Exploration Program

Upper Baker Dam Spillway Stabilization Project
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project

Exh. JPH-19 
Page 8 of 28



9

Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project

 Unit Weight 
 (pcf) 

Min 163 
Max 179 

Average 170 
Median 170 

Standard Deviation 4 
 

# of Tests Category 
Mean Median Standard Deviation Min Max 

ksi ksi ksi ksi ksi 
9 Failure Type C 6.4 3.2 6.8 1.4 24.4 

 

 Peak Friction Angle 
 (pcf) 

Min 38 
Max 74 

Average 51 
Median 44 

Standard Deviation 12 
 

• 11 Tests, 9 failed through combination of intact and along 
discontinuity.  Design value is 3.2ksi. 

• Design used a value of 170 pcf.

• 8 saw cut direct shear tests performed.  Used min value of 38 
degrees for base friction angle in analyses.
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project

 JRC 
Min 1 
Max 19 

Average 6.8 
Median 5 

Standard Deviation 3.8 
 

Spillway Borings RMR89 GSI 
Min 42 23 
Max 68 77 

Weighted Average 60 61 
Median 61 62 

Standard Deviation 5 10 
 

 Post-Peak Friction Angle 
 (pcf) 

Min 33 
Max 74 

Average 48 
Median 41 

Standard Deviation 13 
 

• Analyses used the median JRC of 5.  This, coupled with a 10% reduction in UCS to obtain JCS 
used in Barton Bandis’ i-value equation results in a friction angle of 48 degrees. 

• Analyses used the rounded median/weighted average GSI or 60.

• Analyses used median post-peak saw cut friction of 41 degrees.  
This equates to a reduction of 15% in shear strength for the 
post-earthquake condition.
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project

• Revised existing conditions used friction only discontinuity shear 
strength values, with phi = 48 degrees, resulting in FS=1.02 
under measured groundwater levels. 
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project
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Design Progression – Geotechnical Analysis Revision

Upper Baker Dam Spillway Stabilization Project

• Newmark evaluation results with maximum estimated
displacement of 0.1 inches.  Low displacements due,
in part, to the use of 2/3rd PGA for pseudo-static
analyses.
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Final Design

Upper Baker Dam Spillway Stabilization Project
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Final Design

Upper Baker Dam Spillway Stabilization Project
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Final Design

Upper Baker Dam Spillway Stabilization Project
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Final Design

Upper Baker Dam Spillway Stabilization Project
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Final Design

Upper Baker Dam Spillway Stabilization Project
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Constructability Review & PFMA Workshop

Knight Construction performed bidability and constructability review, 
produced construction schedules, cost estimates, and participated in 
PFMA 
• Added safety high scaling, changed from grouted debris to 

concrete fill buttress, no longer precast access gallery, anchors 
drilled after buttress install

Design and Construction PFMA Workshop was on June 6, 2023
• Need to protect FM1516 drain during construction. Formwork will 

be designed and stamped by structural engineer
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Design and Construction PFMA

Upper Baker Dam Spillway Stabilization Project
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Design and Construction PFMA

Upper Baker Dam Spillway Stabilization Project
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Design and Construction PFMA

Upper Baker Dam Spillway Stabilization Project

• Addressed within Specifications by requiring 
Structural Engineer to design, Sign and 
Stamp the formwork to be used.
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Estimated Construction Schedule 2024 and 2025

Upper Baker Dam Spillway Stabilization Project

• Construction proposals received November 20, 2023
• Award late 2023 or early 2024
• Mobilize: March 2024
• High Scaling: March – April 2024
• Tailrace rock removal: April – May 2024
• Cofferdam installation for buttress (fish removal as needed): late May 

2024
• Construct buttress: June – September 2024
• Demobe for 2024: October - November 2024
• Remobilize: March 2025
• Drill anchor holes and upper drain holes: March – May 2025
• Cleanup, punch-list, demobe: May – June 2025.
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Request review and meeting from BOC
FERC statement: The Board of Consultants must review the 100% Design Documents and 
provide their comments and recommendations. The BOC will need to provide their 
concurrence with the construction documents prior to authorization of the remediation work for 
stabilizing the spillway.

• Does the BOC concur that the UBK Spillway Stabilization construction documents will
improve the stability and mitigate PFMs S-UB-3 and F-UB-3B?

Review schedule and when to have the formal BOC meeting? 

Upper Baker Dam Spillway Stabilization Project
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