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CPW’s 110 Dams - An Aging Portfolio Te| TeTRA TECH

* Across 7 Major Watersheds: | i N T R

= 82 jurisdictional dams B S T ==
= 20 high = e SitEsnilEn
= 14 significant, and e pEAl e Ol ed | - |
= 48 low-hazard dams e T e m/ SR e

* Average age is 77 years o
o

o
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* Dams exposed to variable S BB R Fe Ve

climatic conditions, some et gl W e ) R
with only seasonal access R f\ i
B gy | /e Ay 7%




Dams Exposed to Variable Climatic Conditions ] e e
Limited, Seasonal Access is Common
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Meadow Creek Dam Spring Creek Dam Heart Lake Dam
Elevation 9,520’ Elevation 9,923’ Elevation 10,703’



Dam Construction Includes Earthen Embankments, Rock ) reran e
Fill and Concrete

Skaguay Dam - U/S Tarryall Dam - Upper Highline Dam -
Steel Plates and Rock Thin Concrete Arch Impervious Core, Shells
Fill



SLRA Goals and Objectives Te| TeTRa TECH

* Assess high and significant hazard dams B cticos inDam

risk profile efficiently e eSasalety Risk
nalysis
* Assist in prioritizing capital projects
* Proactive Risk-Informed Decisions

* Manage/reduce risks for the portfolio

e Follow Best Practices in Dam and Levee
Safety Risk Analysis




Methodology to Perform “Worst-First” Analysis T TETRA TECH

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

» “Speed Assessment” Workshops — Semi-Quantitative Analysis

e 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



l Tools Facilitate Speed Assessment Te| TeTRA TECH

* To evaluate adam in half a
day, Tetra Tech created:

a
SX

Colorado Parks & Wildlife

:o' /: Potential Failure Mode
Q¥s’ Screening Level Risk Assessment

 MS Access® database to mirror
the Best Practices in Dam and
Levee Safety Risk Analysis
process




8-Step Evaluation Process to
Ensure Consistency

Presentation and Discussion of Dam Performance
Select Dam & Pick Failure Mode from Library
I.D. and Discuss Failure Progression

> ot

List Positive and Negative Factors Effecting Failure Modes

Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Estimate Loss of Life Consequence and Key Reasons

Establish Confidence in Results and I.D. Shortcomings

Plot Results on Risk Chart



Step 1 - Presentation and Discussion of Dam ] e e
Performance

Step 1. Presentation and Discussion of Dam Performance

Step 2. Select Dam & Pick Failure Mode from Library

Step 3. I.D. and Discuss Failure Progression

Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and 1.D. Shortcom-

Step 8. Plot Results on Risk Chart

12



Step 1 - Presentation of Dam Performance T TETRA TECH
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1. Design

2. Construction History
3. Foundation
4. Outlet Works
5
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. Spillway

. Summary of Reservoir
Operations

7. Site Access
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Step 2 - Select Dam and Pick Failure Mode from Library (7] rerea rec

Step 1. Presentation and Discussion of Dam Performance

Step 2. Select Dam & Pick Failure Mode from Library

Step 3. I.D. and Discuss Failure Progression

Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and I.D. Shortcom-

Step 8. Plot Results on Risk Chart

14



Step 2 - Library of Failure Modes Te| TeTRA TECH

Dam Component Potential Failure Modes
. Backward Erosion Piping Concentrated Leakage in
Backward Erosion Piping Concentrated Leakage in . . Slope Instability Overtopping BEP due to burrowing by

Foundation and Embankment Contact Erosion of Embankment BEP of Embankment into
Comblnatlon at Foundation Contact Foundation

Overtopping by Spillway Concentrated Leakage along Spillway Failure — Unlined Spillway Failure — Lined
t by Fl

Concentrated Leakage into  Concentrated Leakage out of
Conduit Conduit

Reservoir La pdshde —
Seiche Wave




° ° °
Step 2 - Pick Failure Mode from Library Te) TETRA TECH
Select Dam EI atri; i a —
WILLIAMS CREEK ; [ RISk aTx e Preview Report || Email Report
Potential Failure Modes G ) OF
Search PFMs Add Photo
Sort by: PEME P ial Fai Component
otential Failure Mode P
_MH | 1 BEP of Foundation EI Foundation EI
1 |F oundation Remote - S
2 | E BEP of Embankment Lo PFM Descriptic-n Fail Likelihood fRationale Confidence fRationale Loss of Life/Rationale
3 |F BEF‘fEmhankr_ﬂent into Foundation Remote The reservoir rises. A continuous Remate Izl Maoderate IEI Level 1 E
4 |E |Contact Erosion of Embankment at Foundz Remote ) I . £ d
5 | O Concentrated Leakage along Conduit Remote pE;‘u‘lDu}f ad‘y"EI’ EXIS;S Lum u/s _::_'; /5 Installation of Campground immediately
& O Concentrated Leakage into Conduit LRl under the dam embankment. The piezometers; installation d/s of dam. Catastrophic
; e lc SR . overlying |-mpewmus layer I:Jpstream of of sediment traps breach would impact
il CD”C- iﬁ t”; Lm kaﬂ f‘“f-l‘” - RDW . the dam either does not exist or persons along the Piedra
Aiislieiss e sl dllay Emete pinches out so that there is a direct River (15 miles below) 0
10 E |Slope Instability - Overtopping and/or BEF Remote ..
11 'S  Overtopping High entrance of the reservoir into the to 3 miles (1 small
12 |5 | Overtopping by Spillway Blockage Lows ~ | |upstream portion of the pervious layer. campground); 15 to 60
ADVERSE FACTORS “| POSITIVE FACTORS -
1 |Active Seepage - more on the right abutment (on the order of 7 to 10 gpm through the three 1 Measured seepage volume has been stable over several decades.
O drains and the v-notch weir), than the left abutment (minimal) .
O 3 Sediment transport is not cbservable in the stream channel invert due to stream flow. O 3 No ochserved signs of sediment transport. =
5 During the winter there would be little or no inspection of the dam. S 3 | Relatively deep cutoff trench; Sheet piles driven into the bottom of the cutoff trench to
O . refusal [estimated depth is unknown). Records indicate that the sheet piles were driven to
O a . 4 satisfactory performance over 55 years of service.
5 Indication of thin, clean sand lenses underneath the embankment. 5 Boring under the dam indicate that there is silt clayey generally sandy. Tight layer of clay 25’
O . down into the strata.
O O g |Expectation is that the geologic deposit is a discountinuous mix of materials.




Step 3 - I.D. and Discuss Failure Progression (7] vemRaTecn

Step 1. Presentation and Discussion of Dam Performance

Step 2. Select Dam & Pick Failure Mode from Library

Step 3. I.D. and Discuss Failure Progression

Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and 1.D. Shortcom-

Step 8. Plot Results on Risk Chart
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Step 3 - ID and Discuss Failure Progression

TETRA TECH

Tt

. | =1
Select Dam WILLIAMS CREEK IZI ~ General Notes | g ——— Switchboard Preview Report || Email Report
Potential Failure Modes 3 =
Search PFMs Add Photo
Sort by: i i Component
PFM Potential Failure Mode p
_M_ | 1 BEP of Foundation EI Foundation EI
1 |F |BEP of Foundation Remaote -
2 |E | BEP of Embankment Low PFM Description Fail Likelihood /Rationale Confidence/Rationale Loss of Life/Rationale
3 |F |BER/Embankment into Foundation Remote The reservoir rises. A continuous ~ | Remote IZI Moderate EI Level 1 Izl
4 |E Contact Erosion of Embankment at Foundz Remaote . I icte f /s to d/
5 |0 Concentrated Leakage along Conduit Remote pervious fayer exists from u/s to dfs Installation of Campground immediately
& O Concentrated Leakage into Conduit Remote under the dam embankment. The piezometers; installation dfs of dam. Catastrophic
7 overlying impervious layer upstream of of sediment traps breach would impact
8 |E Conc. leakin Embankment Low the dam either does not exist or persons along the Piedra
g 5 Cu:rncentrateu:_l I__eakage alcrng_ Spillway Remote pinches out so that there is a direct River (15 miles below) 0
10 E Slope Instahility - Overtopping and/or BEF Remaote t £ th ir into th -
11 5 Overtopping High entrance o fa reservoir in ci e to 3 miles (1 small
12 |5 | Owertopping by Spillway Blockage Low ~ || upstream portion of the pervious layer. - campground); 15 to 60
ADVERSE FACTORS “| POSITIVE FACTORS -
1 |Active Seepage - more on the right abutment (on the order of 7 to 10 gpm through the three 1 |Measured seepage volume has been stable over several decades.
O drains and the v-notch weir], than the left abutment (minimal) .
O 3 |Sedimenttransport is not observable in the stream channel invert due to stream flow. O 3 Mo observed signs of sediment transport. =
5 | During the winter there would be little or no inspection of the dam. = 3 |Relatively deep cutoff trench; Sheet piles driven into the bottom of the cutoff trench to
O . refusal (estimated depth is unknown). Records indicate that the sheet piles were driven to
O a . a satisfactory performance over 55 years of service.
5 Indication of thin, clean sand lenses underneath the embankment. 5 Boring under the dam indicate that there is silt clayey generally sandy. Tight layer of clay 25'
O . down into the strata.
O O g |Expectation is that the geclogic deposit is a discountinuous mix of materials.
- b




Step 4 - List Positive and Negative Factors Effecting ) reraa e
Failure Modes

Step 1. Presentation and Discussion of Dam Performance

Step 2. Select Dam & Pick Failure Mode from Library

Step 3. I.D. and Discuss Failure Progression

Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and 1.D. Shortcom-

Step 8. Plot Results on Risk Chart

19



Step 4 - List Factors Effecting Failure Modes Tt TeTRA TECH

ADVERSE FACTORS “| POSITIVE FACTORS -

1 |Active Seepage - more on the right abutment {on the order of 7 to 10 gpm through the three
drains and the v-notch weir), than the left abutment (minimal)

1 Measured seepage volume has been stable over several decades.

2 Sediment transport is not ohservable in the stream channel invert due to stream flow. 5 No ohserved signs of sediment transport.

Ol N N JNON

3 |During the winter there would be little or no inspection of the dam. 3 Relatively deep cutoff trench; Sheet piles driven into the bottom of the cutoff trench to

refusal (estimated depth is unknown). Records indicate that the sheet piles were driven to

L | v ' an (1 amam T . T 1 anw al r et |

a satisfactory performance over 55 years of service.

5 Indication of thin, clean sand lenses underneath the embankment. 5 Boring under the dam indicate that there is silt clayey generally sandy. Tight layer of clay 25

down into the strata.

g |Expectation is that the geologic deposit is a discountinuous mix of materials.

O
®
O
O
O
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Step 5 - Estimate Likelihood of Failure Mode Occurrence ) revaa s
and Key Reasons

Step 1. Presentation and Discussion of Dam Performance

Step 2. Select Dam & Pick Failure Mode from Library

Step 3. I.D. and Discuss Failure Progression

Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and 1.D. Shortcom-

Step 8. Plot Results on Risk Chart

21



Step 5 - Discuss Dam Likelihood of Failure

Remote:

Low:

Moderate:

High:

Very High:

Several events must occur concurrently or in series to cause failure.
Most, if not all of the events are unlikely to very unlikely, and failure
potential is negligible or non-credible.

The possibility cannot be ruled out, but there is no compelling
evidence to suggest it has occurred or that a condition or flaw exists
that could lead to its development (or a flood or an earthquake with
an annual exceedance probability more remote than one chance in
100,000 would likely cause failure).

The fundamental condition of defect is known to exist; indirect
evidence suggests it is plausible; and key evidence is weighted more
heavily toward unlikely than likely (or a flood or an earthquake with
an annual exceedance probability between 100,000/yr and 10,000/yr
would likely cause failure).

The fundamental condition or defect is known to exist; indirect
evidence suggests it is plausible; and key evidence is weighted more
heavily toward likely than unlikely (or a flood or an earthquake with
an annual exceedance probability between 10,000/yr and 1,000/yr
would likely cause failure).

There is direct evidence or substantial indirect evidence to suggest

it has occurred and/or is likely to occur (or a flood or an earthquake
with an annual exceedance probability more frequent (greater) than
1,000/yr would likely cause failure).

TETRA TECH



leading to overtopping of the
embankment. The flow over the top

Contact Erosion of Embankment at Foundz Low

Earthquake/Liquefaction i

Remote

75% of the probable hy
maximum flood. ba

Martin Lake dam will fail
as well.

rologic study for this

[ ] [ ] [ )
Step 5 - Likelihood of Failure Mode to Occur Tt TETRA TECH
Select Dam ! i id =
HORSESHOE LAKE ] General N ute DS ——— Switchboard Preview Report ‘EmailREpcrrt
Potential Failure Modes - ) &1
Search PFMs Add Photo

Sort by: PFM#  Potential Failure Mode Component

“mu — 5 Overtopping of embankment by flood IEI Spillway B

1 |F | BEP of Foundation Remote L

3 |E Conc.leak/Embankment Cracking Remote PEM Description Fail Likelihood/Rationale Confidence /Rationale Loss of Life/Rationale

2 O Concentrated Leakage along Conduit Remote A st t that th -

8 O Concentrated Leakage into Conduit Remote ?"mm even ?CC:er 8 Caujeds € High IZI oderate E Level 2 IZI

9 O Concentrated Leakage out of Conduit Remote spillway capacity to be exceede Spillway structure passes + | |Clyrently performing It is more likely that the

4 [E

6 |F

Overtopping of embankment by flood High the dam causes the d/s face to begin

7 |E |Slope Instability - Overtopping and/or BEF| Remote to erode. The downstream portion of
the dam is eroded by head-cutting fro
the d/s toe. The duration of the flow is

ADVERSE FACTORS

. q |Structure passes 75% of the PMF. Likelihood is less than 1,000 to 10,000.

@
@
@
@

5 |2012 Crest surveys indicate undulated of the crest and low spots which could concentrate
overtopping flows into narrower path. (Dwg - 0997A Sheet 8)

3 Control section at the emergency spillway was constructed one foot higher than designed.

O
@
o ¢
@
@

Hydrologic analysis was rerun once the emergency spillway was constructed; run off was
reduced putting the actual hydrology in question.

g |Likely be signficant wave action associated with a PMF event.

“| POSITIVE FA

in. Itis likely that the
hydrology will

rease confidence, and
fhow a lower peak flow.

1

3 | Even for floods exeeding the IDF (70%), with long crest length, the unit overflow discharge
will be very small.

3




Step 6 - Estimate Loss of Life Consequence and Key ) remma e
Reasons

Step 1. Presentation and Discussion of Dam Performance

Step 2. Select Dam & Pick Failure Mode from Library

Step 3. I.D. and Discuss Failure Progression

Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and 1.D. Shortcom-

Step 8. Plot Results on Risk Chart

24



Step 6 - Loss of Life Consequences Mirror

Best Practices

Level 0:

Level 1:

Level 2:

Level 3:

Level 4:

No significant impacts to the downstream population other than
temporary minor flooding of roads or land adjacent to the river.

Downstream discharge results in limited property and/or
environmental damage. Although life-threatening releases occur,
direct loss of life is unlikely due to severity of location of the
flooding, or effective detection and evacuation.

Downstream discharge results in moderate property and/or
environmental damage. Some direct loss of life is likely, related
primarily to difficulties in warning and evacuating recreationists/
travelers and small population centers (in the range of 1 to 10).

Downstream discharge results in significant property and/or
environmental damage. Large direct loss of life is likely, related
primarily to difficulties in warning and evacuating recreationists/
travelers and smaller population centers, or difficulties evacuating
large population centers with significant warning time (in the range
of 10 to 100).

Downstream discharge results in extensive property and/or
environmental damage. Extensive direct loss of life can be expected
due to limited warning for large population centers and/or limited
evacuation routes (greater than 100).

TETRA TECH
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Step 6 - Loss of Life Consequences T| TETRA TECH

Select Dam : i3 —!
WILLIAMS CREEK B  Generalnotes W FutwreActions W RiskMatrix  NERRERTETUI Preview Report ‘ Email Report
Potential Failure Modes 3 =
Search PFMs Add Photo

Sort by: PFM#  Potential Failure Mode Component

R W p— il 1 ||BEP of Foundation E| Foundation E

1 |F Foundation Remote - _—

2 |E | BEP of Embankment Lo PEM Descriptinn Fail Likelihood fRationale Confidence/Rationale Loss of Life/Rationale

3 | F |BEP/Embankment into Foundation Remote . .

Th A t -

4 |E |Contact Erosion of Embankment at Foundz| Remote € TESETD”’ rISE_S fCDn muousd Remote IZI Moderate :I Levell IZI

5 |0 Concentrated Leakage along Conduit Remote pervious layer exists from u/s to d/s Installation of breach would impact o

& O Concentrated Leakage into Conduit Remote under.theldam Er:nbanl-cment. The piezometers; installation persons along the Piedra

/ . overlying impervious layer upstream of of sediment traps River (15 miles below) 0

8 |E Conc. Leak in Embankment Low the dam either does not exist or -

- to 3 miles (1 small

9 & |Concentrated Leakage along Spillway Remote pinches out so that there is a direct e

10 E |Slope Instability - Overtopping and/or BEF| Remote t £ h - into th Ca_mpgr':'un )i o

11 'S  Overtopping High 2ntrance o E resensolr in D = mile range 100 persons

12 |5 | Overtopping by Spillway Blockage Low ~ | |upstream portion of the pervious layer. dfs. -

ADVERSE FACTORS “| POSITIVE FACTORS -

Active Seepage - more on the right abutment {on the order of 7 to 10 gpm through the three
drains and the v-notch weir], than the left abutment (minimal)

[

3 |Sedimenttransport is not observable in the stream channel invert due to stream flow.

Ce0e0eo0

5 | During the winter there would be little or no inspection of the dam.

5 Indication of thin, clean sand lenses underneath the embankment.

@
@
@
o ¢
@
@

. 1 |Measured seepage volume has been stable over several decades.

3 Mo observed signs of sediment transport.

3 | Relatively deep cutoff trench; Sheet piles driven into the bottom of the cutoff trench to
refusal (estimated depth is unknown). Records indicate that the sheet piles were driven to

| v v o s rr 1ar an [T B B

4 |Satisfactory performance over 55 years of service.

5 Boring under the dam indicate that there is silt clayey generally sandy. Tight layer of clay 25’
down into the strata.

g |Expectation is that the geclogic deposit is a discountinuous mix of materials.




Step 7 - Establish Confidence in Results and I.D. g remma e
Shortcomings

Step 1. Presentation and Discussion of Dam Performance
Step 2. Select Dam & Pick Failure Mode from Library
Step 3. 1.D. and Discuss Failure Progression
Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and I.D. Shortcom-

Step 8. Plot Results on Risk Chart

27



Step 7 - How Confident is the Team? | TETRA TECH

* Qualitative descriptors for level - High:

of confidence used to determine Confidence in the estimated category is high. Itis unlikely that
what actions. if any would additional information would change the assigned category.

b b
increase the team’s confidence
in potential risk-reduction
actions

Confidence in the estimated category is between High and Low.
e Where PFMs are rated with low It is uncertain whether additional information would change the

confidence, notes are made to
suggest additional studies

assigned category.

Low:

Confidence in the estimated category is low. Key additional
information could very well change the assigned category.




Confidence Captured in Template

Select Dam ALBERTA PARK

Potential Failure Modes 5 1
Search PFMs Add Photo
Sorchy: PFM#  Potential Failure Mode

1 BEP of Foundation

1 |F | BEP of Foundation Remote -

2 | E |BEP of Embankment Remote | || PFM Description

3 |E | Contact Erosion of Embankment at Fu:runda Remote The reservoir rises. A continuous

4 |0 Concentrated Leakage along Conduit Low . .

5 |0 Concentrated Leakage into Conduit Remote pervious |a‘5.fer exists from u/s to d/s

6 O |Concentrated Leakage out of Conduit Remote under the dam embankment. The

7 | E |Conc.leak in Embankment Remote overlying impervious layer upstream of

8 |E |Overtopping of embankment by flood High the dam either does not exist or

S 5 Overtopping by Spillway Blockage Low pinches out so that there is a direct

10 E Earthquake/Liquefaction Low ..

11 E Slope Instahility - Overtopping and/or BEF| Remote entrance of the reservoir into the

12 |5 Concentrated Leakage along Spillway Remote ~ | |upstream portion of the pervious |a‘5.fer.
ADVERSE FACTORS

O 1 |MNo designed filters or drainage blanket.
O 2 Documented seepage, particularly along lower left and right abutment.

O 3 Breach outfalls are likely to be high velocity, high severity.

OO0O®@0O00O0

O 4 Moderate gradient at 0.15 ft/ft

@

“| POSITIVE FACTORS

1

".b TETRA TECH
i3 =1
Preview Report || Email Report

Component

I Newer

Fail Likelihood /Rationale Loss of Life/Rationale

Remote

Additional analyses around
life loss, number of
residences, and
vulnerability analyses.

Hicates Fun Valley gets
ndated, two small
ghbins, 10 to 15 houses,
eventually hit South Fork.

Geologic logs of the foundation show clay - Reference Drawing C-253; Drawings require
foundation gets stripped to clay.

Abutments appear to be consistent with coarse rock. Mot susceptible to BEP. Right
abutment d/f= of spillway channel has no classical volcanic rock outcrop. Could be

Cutoff trenches excavated no less than 5

Seepage has not historically had any observation of sediment transport, no evidence of boils.

Performed satisfactorily for 680 years.

Large snowmelt events that flow large amounts of water over foundational materials
appear to indicate that these materials are very non-erosive. -




How Confident is the Team?

* Where PFMs were rated with hig
could be made without further ¢

'“: TETRA TECH

n confidence, risk-reduction actions
ata or information gathering

e Some instances where team hac

low confidence but the ability to

collect additional information to improve confidence was prohibitive:

* |n-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




Step 8 — Plot Results on Risk Chart [ rena Tecn

Step 1. Presentation and Discussion of Dam Performance

Step 2. Select Dam & Pick Failure Mode from Library

Step 3. I.D. and Discuss Failure Progression

Step 4. List Positive and Negative Factors Effecting Failure

Step 5. Estimate Likelihood of Failure Mode Occurrence and Key Reasons

Step 6. Estimate Loss of Life Consequence and Key Reasons

Step 7. Establish Confidence in Results and 1.D. Shortcom-

Step 8. Plot Results on Risk Chart

31



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

Likelihood of Failure

TETRA TECH

Very High

High

Moderate




Tangible Results - Call to Action T TETRA TECH

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

Very High

High

Likelihood of Failure

~ Boundary of established risk guidelines,
considered borderline

Moderate

8 Dams qualified for risk in
“red zone”

Exceed risk guidelines | Require
action to further assess the PFM
and increase confidence

Very High 1

High 3

Moderate 3

pooyiay17 aJnjiey

Low - - 1

Level 1 Level 2 Level 3 Level 4

Consequence




l Outcomes and Benefits to the State

AN

v" Prioritized CIP for budgeting
and planning

v |dentified clear deficiencies

AN

v' Manage and reduceriskofthe v
portfolio
v" Prioritize the Evil Eleven v
v’ “Worst-First” priority

'lt TETRA TECH

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



SLRA in Action! | Case Studies T remea TecH

Two Buttes Dam, Circa 1907




SLRA in Action - Dam “Emergency” — Two Buttes Dam

e Constructed in 1908
= 96-ft high | 864-ft long
= 22,000 AF

* High Hazard Dam placed on
restriction by SEO in 1983

* 500 mi? watershed

* Hadn’t held appreciable
water in 40 years, but. ..

Tt

TETRA TECH




SLRA in Action - Two Buttes Dam T TeTRA TECH

In August 2013 reservoir level rose > 34 feet in less than one week
* 10 feet above restricted level

* Exhibited seepage of concern




l SLRA in Action - Two Buttes Dam T| TETRA TECH

* 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




LoL Likely - Failure Likelihood of > 1,000/yr
Risk Matrix N

Overtopping of embankment by flood
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Contact Erosion of Embankment at Found |Spillway Failure/Wall Overturning
Conc. Leak/Embankment Cracking
Earthquake/Liguefaction
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Level 1 Level 2 Level 3 Level 4

Consequences




SLRA in Action

=
Search PFMs

&
Add Photo

Select Dam TWO BUTTES
Potential Failure Modes
Sort by:
2 | E | BEP of Embankment Remote
4 |F | BEP of Embankment Remote
5 E | Conc.Lleak/Embankment Cracking Low
1 O Concentrated Leakage along Conduit Mot Applicabl
12 O Concentrated Leakage into Conduit Mot Applicabl
13 O Concentrated Leakage out of Conduit Mot Applicabl
3 |E Contact Erosion of Embankment at Foundz Low
7 |F Earthquake/Liquefaction Low
& & |Owvertopping of embankment by flood Wery High
8 E | Slope Instability - Overtopping and/or BEF Remote
9 |5 Spillway Failure/Wall Overturning Low
ADVERSE FACTORS

o
®
-
@

1 | Spillway passes 25% of PMP; 100-year event is safely passed. In 1965 dam incurred flood

damage from a less than 100-year event.

3 |Abutments are abrupt and if overtopping occurs the potential for erosion is increased.

3 |Large wat ershed with propensity for intense storms,

PFM #  Potential Failure Mode

5 Overtopping of embankment by flood

PFM Description

A storm event occurs that causes the
spillway capacity to be exceeded
leading to overtopping of the
embankment. The flow over the top of
the dam causes the d/s face to begin
to erode. The downstream portion of
the dam is eroded by head-cutting from
the d/s toe. The duration of the flow is

Fail Likelihood/Rationale

Very High

POSITIVE FACTORS

@

Component

Spillway

E High

Confidence/Rationale

O 3 |Only PAR resides in town of Holly which is 50 miles away.

TETRA TECH

Tt

i =3
Preview Report §| Email Report
EI Nev PV

Loss of Life/Rationale

EI Level 2

Only PAR resides in town
of Holly which is 50 miles
away. Levee in Holly
designed to retain 120,000
cfs.

=]

O 1 |Downstream slope is clayey soil and well vegetated. May tolerate some overtopping flows.




I Owner and Regulator Make Rapid Assessment Te) TETRA TECH

 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




? '& TETRA TECH

Two Buttes Dam, Circa 1907
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' SLRA in Action! | Prioritized CIP




SLRA in Action - Willow Creek Dam

e Constructed in 1966

* At 24,000 AF, Largest Dam
in CPW’s Inventory

TETRA TECH




Key Project Features T rerea e

~Ottlet Wo-rks'Terminal Structure




SLRA in Action - Willow Creek Dam

* Owner Experienced
Immediate Problems with
Tower Construction

TETRA TECH




l Existing Outlet Works Features ) reron e

Service Spillway Crest

No upstream control Terminal Structure

S § S
e ;

Gate Tower




Original Outlet Works Construction

TETRA TECH

Gate Tower

i




l SLRA in Action - Willow Creek Outlet Works Te| TETRA TECH

* 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




TETRA TECH

Tt

Select Dam EI _ : : . | =1
WILLOW CREEK  GeneralNotes | FutureActions i RiskMatrix  NEEL T L Preview Report || Email Report
Potential Failure Modes 2 Of
Search PFMs Add Photo
Sort by: PFM#  Potential Failure Mode Component
RS W — e 3 Concentrated Leakage into Conduit (Outlet Conduit and GutletTuwlZl Cutlet EI
o [ ewrrE
1 | F BEP of Foundation (Main Dam) Low -
2 BEP of Emhankment Remote PFM Descriptinn Fail LikelihoodfRationale / Confidence/Rationale \ Loss of Life/Rationale
3 Contact Erosion of Embankment at fu:runda Remote The reservoir rises onto the conduit. Moderate IEI High EI Lebel 2 IEI
4 0O Concentrated Leakage along Conduit Low o . duit h hol
5 O Concentrated Leakage into Conduit (Outlet| Moderate & EXIStm_g con LJI.t .as a hole O_r Initiating engineering -
6 O |Concentrated Leakage out of Conduit Remote other opening that is in a strategic part design alternatives to
7 |E Conc.Lleak in Embankment Remote of the embankment and below the remedy low strength
8 |5 |Overtopping Moderate phreatic surface. This hole is in I e e
9 |E Earthquake/Liquefaction Low alignment with an existing flaw in the failure modes develop
10 E Slope Instability - Overtopping and/or BEF| Remote bank t al th duit that ) J
11 R Reservoir Landslide/Seiche Remote embankment along the _Con u a failure of tower would
12 |5 | Spillway Failure-Unlined Channel Lows ~ | |connects to the reservoir. The average \prEdUdE reservoir lowering */
ADVERSE FACTORS “| POSITIVE FACTORS -~
O 1 |Inspection indicates cracks in pipe and leakage u/s of the outlet tower exist. . 1 There is no positive gradient into the Conduit ufs of the tower.
7 Documented poor concrete in the tower walls could lead to a wall failure on the dry side of 3 |D/5energy dissipator would collect any tranported materials. =
. thetower DDEHII‘IEE hole in the wall which could cunnect tuaﬂawln the emhankment or A O
3 Inltlalflows wu:rulu:l ke so0 minimal (as a %) that it u:u:rulu:l gu:rwsuallv unu:leteu:ted 3 Ample opportunity to ochserve the failure progressing either by sink hole, subsidence of the
O O crest.
4 Reservoir volume is large and would likely take a long duration to drain the reservoir a4 A haole in the tower wall would limit flow assuming there is no collapse of the outlet conduit
. through the outlet works (600 cfs capacity). O itself.
5 If the flows approach the capacity of the pipe, likely that the dam would breach by sinkhcle 5 Muddy water and flow increase would likely be detected in the outlet works stilling basin.
O enlargement. .
. & Phreatic level may not have yet developed. If it does the F.5. would be under 1.0; marginal. O g |47 years of satisfactory performance
w -




Fundamental Defect is Known - Likely to
Cause Failure

'lt TETRA TECH
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Level 1 Level 2 Level 3 Level 4
Consequences



Significant Willow Creek DAM PFMs T revnaecn

* 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

distrssed

Y

Tt

TETRA TECH

Condition assessment indicates right wall also
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Structural Analysis Determines Plausible Failure
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Maximum shear stress for the gate tower after filling the reservoir (stress is given in psi).



Analyses Results Lead to Action S| TETRA TECH

* [Inadequate shear strength at bottom of the gate tower
= Unconsolidated concrete in the bottom of the gate tower
= Uncontrolled left abutment seepage.




l Recommended Alternative Te| TETRA TECH

* Lining upper outlet conduit and
maintaining the same
operational configuration with

new control gates in gate tower
* Includes upstream guard gate, g O
left abutment drainage and e A
stability improvements, and A 2m
filter diaphragm around outlet s i s
. L LA I -
conduit. R el L]
L I (T




Dams Regulated by DWR State Engineers Office T reTRa TCH

* SEO sister agency within DNR

e 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’




l Lessons Learned at Workshops Te| TeTRa TECH

1.

Upfront Education of Process and Risk Analysis Fundamentals is
essential.

Provide agenda to keep participants on task and communicate
schedule.

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

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.



l Lessons Learned at Workshops Tt| TETRA TECH

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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