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Objective

To evaluate the strength of justification for
maintaining or changing the Hold 680
operating restriction on Lake Cumberliand
following installation: ofi the first grout
curtain based on information available as
off Nov: 2007.




Part 2 — Some Detalls of
the Risk Analysis

1) Potentiall fallure modes
and event tree




Scope of Risk Assessment

> For Each Alternative Operating Restriction:

1) PROBABILITY of Failure (/year)

Focused on Karst Foundation
Omitted Flood and Earthguake Failure Modes

2) CONSEQUENCES of Eailure

Economic ($)
Life loss

3) Economic IMPACTS ofi Operating Restriction
($)

»> Repeated for eachi stage ofi completion of
the fix




Engineering Team

> Nashville District engineers

o Michael Zoccola, Chief, Civil Design Branch
o Tommy Haskins

o Daphne Jackson

o Tim McCleskey

o Jody Stanton

o James Gunnels

> ITR — participative role

o John France
e Francisco Silva
e Dan Hurst

> RAC Engineers & Economists

o Loren Anderson, Facilitator
o David Bowles
o Ignacio Escuder

> DSAC 1 Expert Review Panel — not final estimates

o Keith Ferguson
o Jim Talbot
o [Don Bruce




Potential Failure Modes Analysis

Thorough review of drawings,
performance history, etc.

Detalled site visit

Reviewed engineering analyses < A————— )
and USACE standards i o i .
Reviewed design flood event R
Systematic evaluation of the ' TR

potential failure modes for all

dam components T v —
7 failure modes identified but ﬁw I' '.
only 3 considered “credible” and | 4 A
“significant” for this IRRM study : PR

and these were combined into 2 ! , _ . <

i

for the Risk Analysis

Other faillure modes should be
Included in an IES or DSMS risk
assessment



System Response Probablllty Estlmatlon

> Review all available information
> Discuss all available information

> Make thorough descriptions of
each event tree branch for each
fallure mode

> |dentify factors making each
event more likely or less likely to
occur and duration of pool level
Influences

> Use probability estimation e
guidance table to make

estimates of SRPs and minimum
. irtually certain
duration of pool exceedance

> Discuss differences in estimates

and come to consensus
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Fallure Mode

Loss ofi material inte a collapsed cavity in the downstream Karst foundation followed by piping in the
alluvium foundation or embankment back to the barrier wall and finally through an epening; in the
wall (or below the wall) followed by backward erosion threugh the embankment to the resenrvoir.

Development
Level No.
Branch No.

Intervention 2

Pipe forms, stays
open with
backward

erosion

Material moves
through Karst to
exit

Pipe passes Gross

Pipe forms
through/under 'P enlargement of
upstream of wall .
wall pipe

Cavity connected Loss of material
to an exit into cavity




Fallure
Mode
Event
Tree

> Left with
Barrier
Wall

> Right
without

Barrier
Wall

1 E] Intervention 1 4 Intervention 2 7
Cavity tasn Watarial moves theough Pips farms, stays open Pipe passes throughjunder  Pipe forms upstream of
Loss of yity Gross enlargement of
wait Karst to exit with backwand erosion veall wall X Fipe
Mo cavity connected fa an
it No Failure
Cavity connected to an No boss of maderial into
oult ity No Fallure
1
Mo material moves
Loss af material into cavity rough Karst to exit o Failure
2
Material moves through  Early distress indicators
Karst to ewit recognized Infenwntion suroessful No Failure
3 4 5
intervention unsuccessful No pipe forms No Eailure.
Pipe farms, stays cpen
with backward srosion b wall B der wall Mo Failure
L3
Pipe passes under wall and
progresses upstream of
wall Mo Failure
12

Mo sary distress intieatory

Pipe passe:
wall

saughfunder No pipe forms upstream of

wall

Gross enlargement of pipe
and dam failure
1

No Failure

Pipe forms upstream of

Mo Fallure

0

Grerss enlargemen

ard dam failure

recogrited fo pipe ferms to Failure
Pige forms, stays cpen
with backward eresion Mo beeak in wall Mo pipe passes under wall No Eallure
6
[#ipe passes under wall and
progresses upstream of
wall Ne Failure
12
Gress enlargamant of pipa
and dam Failure
1
pe o hiunder No pipe fon f
wall Mo Fallure
[
Pipe forms upsiream of
wall No Failure
1w

Gress enlargemant of pipe
and da Failure

1"
Distress indicators
recogrized Ingervention successful N Eallure
1 [
aterventian wnsuceessful Mo break in wall < under wall Mo Failure
Pipe passes under wall and
progresses upstream of
wall No Failure
12
Gross enlargemant of pipe
and dan failure
11
Pipy Mo pige b
wall wall Mo Fallure
[l
s upstream of
wall No Failure
P

Gross enlargement of pipe
and d

r—




Part 2 — Some Detalls of
the Risk Analysis

2) Propability’ estimation




System Response Probablllty Estlmatlon

> Review all available information
> Discuss all available information

> Make thorough descriptions of
each event tree branch for each
fallure mode

> |dentify factors making each
event more likely or less likely to
occur and duration of pool level
Influences

> Use probability estimation e
guidance table to make

estimates of SRPs and minimum
duration of pool exceedance T — - —

> Discuss differences in estimates

and come to consensus
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Breach Scenarios

> 8 Breach Cases

o 6 cases on left (with existing barrier wall) — 200 ft and 600 ft wide —
Pool El. 64, 680 and 723

o 2 cases onjright (no barrier wall) — Pool El. 680 and 723




Part 2 — Some Details of
the Risk Analysis

3) Risk model incorporating
uncertainty: analysis

13




it Karst to exit with backward erosion

3 Intervention 1 4 Intervention 2 5 6
I l OW e g e Co A 1OAN | ousof material into cavity  M3terlal moves thicugh Ppefonme, Sty O pe B

Mo cavity connected 1o an
it No Failure

N matarial mewes

Lows of matarial into cavity  through Karst fo eait N Failure

L]
Material movesthough  Farly distress inclcators
Karst o ewit revognived intervention successful No Fallure
s 0 3 |

Indervembion ansecrifil Ko pipe formi No Fallre

Prpe forms, stays open
with backward erosion M breaik in wall Poa pipe passes under wall Na Failure

development e
fo_r the piping g 7=

Pipe passes tiffoughfunder No pipe forms upsiream of
Al
rs

wall N Fallure
waall

10
\ ¢ 5 / Pipe passes under wall and
- progresses upitream of
Currentlevel cS:ewzlop ent of (&e failure mode I / wall e Fallre
12

—Left-shde — -Right-side / = e <
Gross endargemnent of pipe

and daem faiture

\ i
Level 2 Level 3 Level 7
Initiation \ Failure wall wall No Failre

5

Grows enisgemant of pipe

T
>
£z
-
@
5
m
w
-
"
©
=
]
o
e
E
v
=
=
m
-
®
-]
Z
o
]
a
o
o
[

/ .
Pipe formm upmream of
wall N Failire
10

Geos enlagement of pipe
and daem failure

i
Levels 2 -7 / Outress indcators /
\ recogrined ‘ intervention suecessful Mo Failure
T 1 I

Levels1-7

4
Levels 3 -7 / fmbervention unsuccessfil Mo break in wall No pipe passes under wall
/ Proe passes under wall and
pregrasees upstresn af
Levels 4 -7 / 2
Grogs enlagement of pips
/ / ans o fatore
1

Levels5-7 / [Pipe passes through/under No pipa forms upstream of

wall wall Mo Failure

/ =

Levels 6 & 7 =

Gross enlsgement of pipe
and dam faikure

Pipe forms upitres of




Risk Reduction Measures for
Piping — Participant Discussion
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