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CPW’s 110 Dams – An Aging Portfolio

• Across 7 Major Watersheds:
▪ 82 jurisdictional dams

▪ 20 high

▪ 14 significant, and

▪ 48 low-hazard dams

• Average age is 77 years

• Dams exposed to variable 
climatic conditions, some 
with only seasonal access
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Dams Exposed to Variable Climatic Conditions
Limited, Seasonal Access is Common

Meadow Creek Dam 
Elevation 9,520’

Heart Lake Dam 
Elevation 10,703’

Spring Creek Dam 
Elevation 9,923’
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Dam Construction Includes Earthen Embankments, Rock 
Fill and Concrete

Upper Highline Dam – 
Impervious Core, Shells 

Tarryall Dam – 

Thin Concrete Arch

Skaguay Dam – U/S 
Steel Plates and Rock 

Fill
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SLRA Goals and Objectives

• Assess high and significant hazard dams 
risk profile efficiently

• Assist in prioritizing capital projects

• Proactive Risk-Informed Decisions

• Manage/reduce risks for the portfolio

• Follow Best Practices in Dam and Levee 
Safety Risk Analysis

6



Methodology to Perform “Worst-First” Analysis

32 Dams with 394 PFMs across 7 Hydrologic Basins 
ranging from 3,560’ to 10,703’ in Elevation

• “Speed Assessment” Workshops — Semi-Quantitative Analysis

• Attendees from the State and the Consultant formed the Risk 
Estimating Team:
▪ Key individuals attend each workshop to ensure consistency of analysis 

across all dams

▪ SEO Dam Safety Branch Engineers provide expert elicitation

▪ Seasoned Facilitator to ensure integrity of process
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Tools Facilitate Speed Assessment

• To evaluate a dam in half a 
day, Tetra Tech created:

• MS Access® database to mirror 
the Best Practices in Dam and 
Levee Safety Risk Analysis 
process
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8-Step Evaluation Process to 
Ensure Consistency
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Step 1 – Presentation and Discussion of Dam 
Performance

STEP

1
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Step 1 – Presentation of Dam Performance

1. Design

2. Construction History

3. Foundation

4. Outlet Works

5. Spillway

6. Summary of Reservoir 
Operations

7. Site Access 

8. Overall performance 
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Step 2 – Select Dam and Pick Failure Mode from Library

STEP

2
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Step 2 – Library of Failure Modes
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Step 2 – Pick Failure Mode from Library
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Step 3 – I.D. and Discuss Failure Progression

STEP

3
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Step 3 – ID and Discuss Failure Progression
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Step 4 – List Positive and Negative Factors Effecting 
Failure Modes

STEP

4
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Step 4 – List Factors Effecting Failure Modes
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Step 5 – Estimate Likelihood of Failure Mode Occurrence 
and Key Reasons

STEP

5
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Step 5 – Discuss Dam Likelihood of Failure
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Step 5 – Likelihood of Failure Mode to Occur 
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Step 6 – Estimate Loss of Life Consequence and Key 
Reasons

STEP

6
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Step 6 – Loss of Life Consequences Mirror 
Best Practices
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Step 6 – Loss of Life Consequences
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Step 7 – Establish Confidence in Results and I.D. 
Shortcomings

STEP

7
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Step 7 – How Confident is the Team?

• Qualitative descriptors for level 
of confidence used to determine 
what actions, if any, would 
increase the team’s confidence 
in potential risk-reduction 
actions

• Where PFMs are rated with low 
confidence, notes are made to 
suggest additional studies
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Confidence Captured in Template
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How Confident is the Team?

• Where PFMs were rated with high confidence, risk-reduction actions 
could be made without further data or information gathering

• Some instances where team had low confidence but the ability to 
collect additional information to improve confidence was prohibitive:
▪ In-situ drilling to gain knowledge of impervious nature of earthen 

embankment but risk of compromising dam may be too high

▪ These cases were documented — any information that could be gathered 
to improve confidence rating was included in form for future action
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Step 8 — Plot Results on Risk Chart

STEP

8
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Step 8 - Development of the Risk Matrix

• PFM classified according to likelihood 
and consequence, “sticky note” 
placed on large blank poster board 
risk matrix

• Dams to monitor plot in lower middle 
area and lower left-hand cells of 
matrix

• PFMs in upper and right-hand cells 
represent risks to receive additional 
attention and action
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Tangible Results – Call to Action 

7 Dams in “green zone”
High confidence | Should be monitored and 
properly managed

17 Dams in “yellow zone”
~ Boundary of established risk guidelines, 
considered borderline

Failu
re

 Like
lih

o
o

d

Very High 1 5 - -

High 3 11 3 -

Moderate 3 3 2 -

Low - - 1 -

Level 1 Level 2 Level 3 Level 4

Consequence

8 Dams qualified for risk in 
“red zone”
Exceed risk guidelines | Require 
action to further assess the PFM 
and increase confidence
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Outcomes and Benefits to the State

✓ Prioritized CIP for budgeting 
and planning

✓ Identified clear deficiencies

✓ Manage and reduce risk of the 
portfolio
✓ Prioritize the Evil Eleven

✓ “Worst-First” priority

✓ Risk analysis training

✓ Education on PFMs – what’s 
important, what’s not!

✓ Learned valuable approach to 
risk and performing inspections

✓ Tool for Portfolio Dam Owners
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SLRA in Action! | Case Studies

Two Buttes Dam, Circa 1907
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SLRA in Action – Dam “Emergency” ― Two Buttes Dam

• Constructed in 1908
▪ 96-ft high | 864-ft long

▪ 22,000 AF 

• High Hazard Dam placed on 
restriction by SEO in 1983

• 500 mi2 watershed

• Hadn’t held appreciable 
water in 40 years, but . . .
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SLRA in Action – Two Buttes Dam

In August 2013 reservoir level rose > 34 feet in less than one week

• 10 feet above restricted level

• Exhibited seepage of concern
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SLRA in Action – Two Buttes Dam

• Local Community implored the State 
to allow water storage above 
restricted level

• CPW and SEO were required to make 
rapid and defensible assessment of 
risks to residents and d/s property
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LoL Likely - Failure Likelihood of > 1,000/yr
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SLRA in Action
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Owner and Regulator Make Rapid Assessment

• Using SLRA, Team reviewed list of PFMs, consequences, and failure 
likelihood
▪ Spillway passes a 100-year event as configured

▪ Passes 30% of PMF @ restricted water level

• CPW and SEO outlined action plan to maintain current level of risk with 
higher restricted reservoir level
▪ Confirm hydrology

▪ Widen the spillway

▪ Allow retention of water in the reservoir
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Questions ?

Two Buttes Dam, Circa 1907
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Willow Creek Dam

SLRA in Action! | Prioritized CIP
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SLRA in Action – Willow Creek Dam

• Constructed in 1966

• At 24,000 AF, Largest Dam 
in CPW’s Inventory
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Key Project Features 

Outlet Works Intake

Willow Creek Main Dam 

Outlet Works Terminal Structure  



SLRA in Action – Willow Creek Dam

• Owner Experienced 
Immediate Problems with 
Tower Construction
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Existing Outlet Works Features 
No upstream control

Terminal Structure 

Gate Tower

Service Spillway Crest  



Original Outlet Works Construction      

Gate Tower



SLRA in Action – Willow Creek Outlet Works

• Work performed in ‘90s to rehabilitate left walls in tower and outlet 
pipe

• Tower Stability Studies in early 2000’s i.d. reduced F.S. in numerous 
loading scenarios
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Fundamental Defect is Known - Likely to 
Cause Failure
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Significant Willow Creek DAM PFMs       

• Concentrated leakage out of the outlet conduit 
leading to a piping failure of the dam

• Concentrated leakage into the outlet conduit 
leading to a piping failure of the dam.      

• Overtopping of dam due to inadequate spillway 
capacity - eliminated during final design.  



SLRA in Action | Willow Creek Dam
   

Condition assessment indicates right wall also 
distressed



• SECTION 4

Structural Analysis Determines Plausible Failure



Analyses Results Lead to Action

   
▪ Inadequate shear strength at bottom of the gate tower

▪   Unconsolidated concrete in the bottom of the gate tower

▪    Uncontrolled left abutment seepage.      



Recommended Alternative    

   
• Lining upper outlet conduit and 

maintaining the same 
operational configuration with 
new control gates in gate tower    

• Includes upstream guard gate, 
left abutment drainage and 
stability improvements, and 
filter diaphragm around outlet 
conduit.   



Dams Regulated by DWR State Engineers Office

• SEO sister agency within DNR

• SEO and CPW hold MOU: 
▪ CPW Dam Operations Engineer 

can inspect low hazard dams

▪ Required to attend SEO Dam 
Safety Branch meetings

▪ Significant and high hazard dams 
must be inspected by SEO Dam 
Safety Branch Engineers

Sylvan Lake Dam - Elevation 8,514’
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Lessons Learned at Workshops

1. Upfront Education of Process and Risk Analysis Fundamentals is 
essential.

2. Provide agenda to keep participants on task and communicate 
schedule.  

3. Extended work days not as effective in providing uniform 
processing of information and risk assessment. 

4. Reserve time at end of each workshop to provide quick review 
of results.  Review results of each dam in comparison with others 
to confirm assessments are uniform and consistent. 
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Lessons Learned at Workshops

5. PFM “Library” descriptors important tool to economize process. 

6. Poster Boards, Projectors, Multiple Screens to efficiently review 
information and assess. 

7. Food and Drink - Provide assortment of healthy (and not) food, 
snacks and drinks!

8. Database Tool invaluable for recording content and discussion as 
well as documenting factors effecting PFM rankings. 

9. Speed Assessment possible due to tools; knowledgeable and 
engaged participants, effective facilitator and fast recorder. 
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