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Risk Assessment Framework
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Typical Embankment Dam Showing
Potential Piping Failure Paths
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Risk Assessment Framework
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1) General Principles of Event Trees

Event Tree Components

Flood Event Tree

Weekday
Non Flood
Season

Loading Weekend
intervals Season

e Tree structure

» Begins with a single branch on the left side
— initiating event

» Branches at various nodes

» Terminal branches on the far right side
— Consequences are associated with terminal nodes




Flood Event Tree
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Event tree - a sequence of random variables (continuous or
discrete) or event sets that can be associated with random
variables

Chance node - a branching point at which a new (random)
variable is introduced in the tree
Branch probability - probability of the event (branch)

conditioned on occurrence of those events that precede it (to
left) in the tree
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Each branch represents an event (state of nature)
At each (chance) node

— number of branches represents all possible results from the precursor event
sequence (collectively exhaustive)

— the likelihood that any one of the succeeding events will occur, is governed
by chance, and is conditioned on branches to the left

Often a chronological sequence, but NOT essential

IS essential that occurrence of any event (branch) is conditioned ONLY
on events to the left




Application of Event Trees

» Separate trees for each type of initiating
event:
— e.g. Floods & Earthquakes
— Independent & additive (o = friood + T Earthquake)

» Branches at chance nodes can represent

— System responses of the dam system to event
sequences

— Human actions and interventions - timeliness and
effectiveness

— Emergency response and factors affecting
survival in flooding

— Continuously operating or standby systems

Earthquake Event Tree

Earthquake Event
Tree
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Flood Event Tree

Flood Event Tree

Embankment Failure Modes 5, - e,
- g\lggtoppmg — main dam or EREN PR st e 4
- Piping Bankt (wain Dam) e
- Slope stability :T_q:]
Concrete Section Failure Modes acomgmwe
- Foundation scour nemat e <
- Overstress e
- Instability CTLD
Gate failure cases o,
- Combinations of individual oo o
gates o
- Common cause failure of all E—
gates
Spillway plugging by debris
Consequences .
- Life loss
- Economic damages e Legend

O Expanded Chance Node|
®  Collapsed Chance Node|
<] Consequences Node

Flood Event Tree

Overtopping
depth

No Failure

F-1 Overtopping Breach

System
Response
Protability

™~ Loading
Intervals

Legend

F-2 Toe Erosion No Breach
from Spillway Flow

Breach
F-11 Wave Action No Breach
hear Top of Dam

Breach

o Expanded Chance Node
@ Collapsed Chance Node
<] Consequences Node




Flood Event Tree
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Event Tree Calculations — Loading
Interval Size

 Adjust to control numerical errors

» Event tree for representative interval

- Protocols to assign probabilities and
consequences

 Risk reduction alternatives
- Same step size as for existing dam




2) Pathway Probability
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3) Total Probability of Failure
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Failure Probability vs. Failure Mode
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Exposure Sub Tree
— Appended to Engineering Event Tree
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Probability of Consequences
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5) Probability- Consequences Pairs
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5) Annualized Consequences

“Risk = Probability *
Consequences”

=3 f*N
Special Case

— Annual Average or Annualized
Consequences
Risk Cost, $/year
Lives/year




El - Eliyq ~ Mean Elevation ~ No Failure

A =loading intervals

i k= fall
Total Prob gf <= "flure modeg .

F-1 Overtopping Breach

Failure = =3 /f,
Total (Ann) Risk |
Life Loss =
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ANNUALIZED LIFE LOSS PER PATHWAY
LIFELOSS = FAILUREEVENT X PROBABILITY
UNITS

LIVES LIVES EVENTS

YEAR = EVENT X YEAR
EXAMPLE

102 LIVES/yr = 10 LIVES X 10-3/yr




Risk Cost

DAMAGE PER PATHWAY
RISK COST = FAILURE EVENT * PROBABILITY

UNITS
_$_ $ EVENTS
YEAR = EVENT X YEAR
EXAMPLE
$1,000/yr = $1,000,000 X 10°3yr

7) Common Cause Failure Modes




Common Cause Events

Events emanating from a node:

* MUST be collectively exhaustive (i.e. must
cover all possible events)

« PREFERABLY mutually exclusive (i.e.
only one of the outcomes can happen - sum
of conditional probabilities = 1.0)

» Example exceptions:
- Multiple failure modes at a single dam section
- Failure modes at multiple dam sections

o If not mutually exclusive - COMMON-
CAUSE EVENTS

exclusive
events




Flood Event Tree

Common Cause Failure Modes
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Common cause adjustments

e Uni-modal bounds theorem
 Physical dominance




Common Cause Failure Modes
Uni-modal Bounds Theorem
(Ang and Tang 1984)

For k positively correlated failure modes, with
branch failure probabilities (SRPs), p;, the system
(total) branch failure probability, p;, lies between
the following upper (u) and lower (1) bounds:

U

pp< p < op

maXi[pi] < Ps < 1_Hr=1(l_pi)

Common Cause Failure Modes
Uni-modal Bounds Theorem

Pt = p;(pi/py)

Upper (u) bound used to adjust the each branch probability
for flood and flood-internal failure modes

Freeze adjustment at value for smallest loading interval for
which one of the branch failure probabilities equals or
exceeds 1.0 for flood

Not necessary for earthquake loading it does not
progressively increase like floods

Lower (I) bound: set all branch failure probabilities to zero,
except for the maximum one which should retain its value
without adjustment for floods

Freeze as for upper bound
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