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" '+ Risk by definition is something you want to
avoid, so why embrace It?

* Risk encourages a broader engagement
across the organization when critical
decisions need to be made.

* Risk provides an informed context for
participants while reducing the need to find
the “exact answer.”




for Dam Safety

Y A Risk Assessment Program (RAP) brings
technical experts, operations,
management, and regulators together to
arrive at a common understanding of
Infrastructure performance and related
ISSues.

e Initial meetings are aimed at
understanding performance risks of our
dams and supporting infrastructure.
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hase | Workshop

"« Assess and evaluate your dams and
support infrastructure on the basis of
likelihood and consequence of failure.

 Assemble this information into a Risk
Matrix that provides an “instant visual” for
where your critical needs are.

* Develop a priority list of dams and support
Infrastructure for advanced engineering
studies or even retrofits.




"'+ This workshop focuses on event risk
assessments associated with “high risk”
dams and support infrastructure.

e Outcomes may include

— agreement to shift location within Risk Matrix
based on previously unknown information or
conditions

— fragility analyses to further evaluate event risk
and risk to operations




Ground Rules

/~Studies in the workshop and resulting
documents are unique for SCE dams.
They are confidential and should not be
released to the public, or for reference by
others without prior permission from SCE

2. The resulting documents may be
released to the FERC for reference only
upon their request and with SCE Senior

Management Approval /




elihood Descriptions

= There is direct evidence or substantial indirect evidence to suggest it
curred and/or is likely to occur. Or, a flood or earthquake with a return period
€than 1,000 years would likely trigger the potential failure mode.

FrHigh — 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 earthquake with a return period between 1,000 and 10,000
years would likely trigger the potential failure mode.

e 1/10,000

« Moderate — The fundamental condition or 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 earthquake with a return period more remote than 10,000
years would likely trigger the potential failure mode.

» Low — 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 a return period much more than
10,000-years would likely trigger the potential failure mode.

 Remote — Several events must occur concurrently or in series is required to trigger
failure. Most, if not all of the events are very unlikely; potential failure is non-credible.
(Note: this category may not be included on the risk matrix.)




Con:@rl nce (Simplified) Descriptions

. Level 1 — Downstream discharge results in minor property and
environmental damage. Damage is likely to recreation areas, roads,
and bridges in low-lying areas. Direct loss of life is unlikely.

Level 2 — Downstream discharge results in moderate property and
environmental damage. Damage to permanently occupied
structures, recreation areas, roadways, and bridges in low lying
areas is possible. The potential exists for some direct loss of life.

Level 3 — Downstream discharge results in extensive damage to
permanently occupied structures, roadways and bridges throughout
the inundation zone. Direct loss of life is likely.

Level 4 — Downstream discharge results in extensive damage to
permanently occupied structures, roadways and bridges throughout
the inundation zone. Direct loss of life could be high.




onfidence Level
.

i “each category rating, assign a confidence
Yievel to the rating:

— Good: Confidence In the rating Is high; it is
unlikely that additional information would
change the rating

— Poor: Confidence In the rating is low; additional
iInformation could very well result in a change to

the rating

— Medium: In between Good and Poor




FMA Category

ry | — ng hi Ig hted — These potential failure modes have the greatest significance,
e?ing: need for awareness, potential for occurrence, and magnitude of adverse
gequences (physical possibility is evident, fundamental flaw or weakness is

identified, and condition or events leading to failure are in progress or seem reasonable
'and credible).

Category Il - Considered but not nghllghted — These potential failure modes are

less
significant than Category I. They are judged to be possible but do not need to be
highlighted to the owner for various reasons. For example, the PFEM does not result in a
significant downstream hazard,; it has a low probability of occurrence; or there is an
existing monitoring or maintenance program that makes the probability of occurrence
unlikely. However, conditions are such that they are physically plausible and continued
awareness is important.

Category lll - More Information or Analysis Needed - A potential failure mode
In

this category requires additional information and/or analysis to allow proper classification.

Category IV — Ruled Out - Thereis not a physical possibility that these potential failure

modes could occur, the concern is eliminated by considered information, and/or the
possibility that the failure mode could occur is so remote as to be non-credible.
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Worksheet for Gualitative Assessment
Tioga Lake Dam

CONFIDENTIAL

Potential Fallure Mode PFMA | Llkallhood | Raflonals for Liksllhood Catagory | Likslihood | Consequance | Rabonals for Congequence Calegory | Consaquence
Summary Category | Cafagory [Hey Factors) Confidsncs Category {Kay Factors) Confidsnca

1 Slocied spillway durng fleod [ Cat | Remote  |Splliway bays are namow. Mo log =ood 2 Thungarstorm event could tngger this zood
regulis In SVEropRINgow- booms In place. D2pih of overopping BFM, thus prowiding litte waming. Tioga
{hrough erosional fallure could b= slgnificant i spliveays Resort Is a1 risd and s only a short

biocked Spllway depshs ars distance from the reservelr. Property and

shallpw Wegetalion Is sparce abova peapis at risk. Overtopping event, 52 lake

dam. Mg histony of debris or lee evel Indicators would akert Sishop Contral

probiems. This type of rockfll dam Is iz tnis condiion, providing soms advanced

wery farghving. Two splllways &1 dam, waming.

proviging seme regundancy
2 Timber facing deteroratlon | Cat | Low Delerorated tmber [s no lenger belng =o0d 223 Gheen the arge rocal evidant on the Mamum
2ading to fow-through sroshana replacsd. This scenario would procesd downslream face, fils event would
fallura slowily and would be detecizd by weirs procesd much slowsr than at olher SCE

befors 3@ nupture would oocur. The tmber faced dams. Anliclpatad that same

redwiad facing is 2 layers thice, In time may be avallable to alert downsiream

1333, vandals blastad 3 hole In the areas. However, there Is sl sams

dam that resulted In 25 ofs leakage uncariainty regarding rate at which this

without any impact to dam. SF would prograss

Zaomemirane Installation ks

scheduled Tor 2014, whlch may reducs

the category o Remats.
3. SeEmic deformation resuls In| 3t IV Low |FozEdl was dumped, nol com pacted =o0d 23 Uncertaln on how fast this f&illure would Mamum
dam breach Dam has not sxperlenced aven progress. nce dam breachas, thers are

moderate Intznsiy earhguass. populated arsas very closa hal would be

Redwood Tasing can accommodats mipacisa quiskly.

some deformation. Four feet of

fresbizard under normal full poal.

Angular rockll Is lkely sireng dus &2

Inserigciing etecis. Swalsgood analysis

for 0.31g {10,000 year eveni) shows

0.4 fast of setizment
4. Slope slaollity fallure of gam [ Cat IV Remole  |Dam & compos20 of srong angUIar =o0d 3 Thils evend would prozeed rapidly and Zood

under static loading

roecE Nl Rockdll ks free draining. kors
than adeguate computed Tactors of
safety.

thers would b2 [He tme 1o warm
downslream arazs
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Worksheet for Gualitative Assessment
Tioga Lake Dam

CONFIDENTIAL

Potential Fallure Moda
SUmMmaEny

PFMA
Catsgory

LIkalingod
Catagory

Rationals for Liksllhood Catagony
|Mey Factors)

LIKslihgod
Confldanca

Consequance

Rationals for Congaquence Categorny
[Kay Factora)

Congagquence
Confidanca

5. Spliway undamining engslon
results In breach in main
splltway

Cat v

Remote

Spilway concrate conirol crast s
foundad mrectly on nand, erasion
reglziant grankz. Spllveay dEchanges
several Inches sach year win no
observable damage. Spillway saw
about 1 Tool of Jeptn during food of
recard Wit no Jamags. Spiway has
genile slopes doansiream with ane
armored wih eroslon reslstant cobbies
and bouklers

Good

Catepory
1

Loss of spllway crest would have

negligicis Impacl on peat outfiows and mot

axpactad to Impact maln dam.

Good

. Fliood ercslon of doanstream
il falls arch dam

Cat v

Remote

Arcn dam foundation repartedly
excavatad 1.5 feet minimum into hard
granise bedroci. Dam was designed to
bz stable even If the downstream
bacal erodes away. Recent analyses
ghow low compressive and tenslle
stresses for PRF load case. Significant
depth of backfill on downstream slds
(a5 much a5 14 feet). Larga boulders
are eyvident In dralnage area, lkely
lImizing eroskan o near surfacs
mazera

Good

23

Faliure of arch dam would be much
quicker than maln dam, out peak Nows
could be about he same t=causs of
smaller breach widsh

\eadum

7. Geksmic Talune of arch dam

cat v

Back Tl conTnes the lower nalf of gam,
Incrazzing stablity. Analysls for 0.31g
event shows Synamic 1=2nslie sireEEes
are |ess thant the estimated dynamic
tensie strength of concrelz with pinned
foundation condltions. For 10,000 year
event, tensllz siresses consarvativaly
eslimated to b= 530 to 530 psl. Dam
concrete I5 In good condiion ang
Inzuzes nominal renforsng stesl in
each face. Concrets t=8is have not
been perormead bo valdaie matena
properiles ussd in analysls. Adeguats
tactor of satety for stabliy.

Flows CoUlT De sUMclently iGNt quickly
ripact ocal downEiream arsas.

Good

8. Bnow avalanche selche
regults In overopping wave
eroeion fallura

cat v

Remuote

|Reserver = drained In winter marns
Reservolr I shalow and not conducive
ta formation of 3 large wave. Fockil
dam can wEhs:and some shor-iem
oVEImappIng.

Good

Mo waler In regerdalr when avalanchs
would poeur, 53 no Impact to propary or
public.

Good
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“Industry Trend

AJSBR is the first major dam owner who has
~conducted a “Risk Assessment Program for
Dams” and has developed guidelines for the
program

2. The US Army Corps of Engineers (USACE)
has started a program motivated by “Katrina.”

3. FERC-Washington DC has proposed a Risk
Assessment Program (RIDM) with a budget

plan beginning in 2010.
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The Team at Work




The Team at Work
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