How to Model Societal Consequences of Dam Break and an
Introduction to Risk Assessment
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Items to be discussed

Population at Risk and Potential Loss of Life

* Hydraulic Characteristics (Depth and Velocity) overtime

e Structure Inventory and Associated Properties (Including Structural Stability Curve)

* Warning (and Protective Action Initiation Timeline) and Population Redistribution
(Evacuation)

* Roads and Destinations,

* Fatality Rates and PLL

e Hec-LifeSIM (USACE)

An Introduction to Risk Assessment

* Identification and Assembly of all relevant data,
* Hazard and Failure Mode Identification,

* Failure Mode Development (Event Tree),

* Failure Mode Analysis,

* Introduce Risk Plots,

e Total Risk (RMC-USACE)



Population at Risk and Potential Loss of Life

* Hydraulic Characteristics (Depth and Velocity) overtime

e Structure Inventory and Associated Properties (Including Structural Stability Curve)

* Warning (and Protective Action Initiation Timeline) and Population Redistribution
(Evacuation)

* Roads and Destinations,

* Fatality Rates and PLL

* Hec-LifeSIM (USACE)



Hydraulic Characteristics (Depth and Velocity) overtime




Hydraulic Characteristics (Depth and Velocity) overtime
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Hydraulic Characteristics (Depth and Velocity) overtime




Hydraulic Characteristics (Depth and Velocity) overtime




Hydraulic Characteristics (Depth and Velocity) overtime

We need to “Check Sensibility”

* Do the hydraulics make sense?
* For instance, if a levee is overtopped, is the correct area inundated?

* Are there isolated inundation areas that are disconnected from main flow
areas?

* Is the edge of the water surface getting cut off?(Cross sections don’t
extend to high ground?)

* Are depths within reasonable ranges?
* Are velocities within reasonable ranges?
* Watch the animation, check the max depths and velocities



Population at Risk and Potential Loss of Life

e Hydraulic Characteristics (Depth and Velocity) overtime

* Structure Inventory and Associated Properties (Including Structural Stability Curve)

* Warning (and Protective Action Initiation Timeline) and Population Redistribution
(Evacuation)

* Roads and Destinations,

* Fatality Rates and PLL

e Hec-LifeSIM (USACE)



Definition of attributes required for structure (shape file)

Required Definition
attribute
Describes a class of structures (e.g., single family,
Occupancy type | no basement, raised foundation, one story).
Number of stories | Number of stories of a structure.
Describes what the structure is made of,
Construction type | predominant building material.
Foundation The difference between the ground elevation and
height the ground floor elevation.
Ground floor Difference between the floor elevation and ceiling
height elevation of the ground floor.
Above ground Difference between the floor elevation and ceiling
floor height elevation for each story above the ground floor.
Difference between the ceiling elevation of the
highest story and the roof elevation, may be zero in
Attic height some structures.

Required Definition

attribute

Population under | Estimate of people within a structure under the age
65 (night) of 65 during the night, (assumed to be 2ZAM).
Population over Estimate of people within a structure over the age
65 (night) of 65 during the night, (assumed to be 2ZAM).

Population under
65 (day)

Estimate of people within a structure under the age
of 65 during the day (assumed to be 2PM).

Population over
65 (day)

Estimate of people within a structure over the age
of 65 during the day (assumed to be 2PM).

Structure value

Value of a structure, typically in thousands of
dollars.

Content value

Value of what is inside the structure.

Other value

User defined category.

Vehicle value

Value of vehicle(s) associated with structure.




Definition of attributes required for structure (shape file)

1. Engineered - Steel and reinforced concrete construction where the
walls are non-load bearing and instead the columns and beams
carry the load. Walls may be masonry, wood, glass, etc. and are
susceptible to collapse separate from the superstructure.

2. Wood-Anchored - Typical wood frame structure with load
bearing walls that is bolted or anchored to the foundation and
therefore less susceptible to floating off the foundation. Heavy
construction structures made of heavy materials such as large
timbers, homes with a brick facade, and homes with 2 or more
stories are also more likely to resist floating and therefore may also
be considered “anchored.”

3. Manufactured - Prefabricated houses that are constructed off-site
and then assembled at the building site in sections e.g., mobile
homes.

4. Masonry - Unreinforced stone or block structures.

5. Wood-Buoyant - Typical wood frame structure with load bearing
walls that is not anchored or bolted to the foundation and is
therefore highly susceptible to floating off the foundation.



Default Stability Criteria for engineered construction, uniform
distribution
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Default Stability Criteria for wood-anchored construction,
triangular distribution
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Default Stability Criteria for manufactured construction, uniform
distribution
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Default Stability Criteria for masonry construction, triangular
distribution
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Default Stability Criteria for wood-buoyant construction
(unknown weight), uniform distribution
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Default Stability Criteria for wood-buoyant construction (known
weight/light), triangular distribution

e If the weight of the structure is less than 33,623 kilograms (kgs),
then use the light threshold.

e [f the weight of the structure is greater than or equal to 33,623
kilograms (kgs), then use the heavy threshold.
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Default Stability Criteria for wood-buoyant construction (known
weight/heavy), triangular distribution

e [f the weight of the structure is less than 33,623 kilograms (kgs),
then use the light threshold.

e [fthe weight of the structure 1s greater than or equal to 33,623
kilograms (kgs), then use the heavy threshold.
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Proposed hazard regimes compard to available experimental
data (Shand et al., 2014)
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Population at Risk and Potential Loss of Life

e Hydraulic Characteristics (Depth and Velocity) overtime

e Structure Inventory and Associated Properties (Including Structural Stability Curve)

* Warning (and Protective Action Initiation Timeline) and Population Redistribution
(Evacuation)

* Roads and Destinations,

* Fatality Rates and PLL

e Hec-LifeSIM (USACE)



Warning and Protective Action Initiation Timeline
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Warning and Evacuation Timeline
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Warning and Evacuation Timeline

US Army Corps
of Engineers
Risk Management Center

First Alert and/or Warning
Issuance Time Estimation for Dam
Breaches, Controlled Dam
Releases, and Levee Breaches or
Overtopping
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Percentage of PAR that has Received Warning
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Percentage of Warned PAR that has taken Protective Action

Warning and Evacuation Timeline
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Population at Risk and Potential Loss of Life

e Hydraulic Characteristics (Depth and Velocity) overtime

e Structure Inventory and Associated Properties (Including Structural Stability Curve)

* Warning (and Protective Action Initiation Timeline) and Population Redistribution
(Evacuation)

* Roads and Destinations,

* Fatality Rates and PLL

* Hec-LifeSIM (USACE)



Population Redistribution (Evacuation)

Can people get to safety before water arrives?



Population Redistribution (Evacuation)

* # of lanes

* Free Flow Speed

* Jam Density

* Break Point Density

* Stop and Go Speed

* Greenshields Power Term

€& Road Classification Editor — ] X
Vehicke Speed Speed-Density Function
Density: 28 Classification - A10
Speed: 65
4 J; k
& Y
z ] a
Ea0 - [
T ] Lia
£ ] +
201 ®
1 Stop-And-Go Speed B
0 —rr7TTTTT7TTTT71 — 7777 T #
0 20 40 60 80 100 120 140 160
Density [veh/mile/lane]
#® Free Flow Jam Density Break Point Density Stopand Go  Greenshields
(Vehicles/Mile) (Vehicles/Mile) Speed (mph)  Power Term

CFCC Description Lanes Speed (mph)
D Wik frited |

Primary road with limited 7
A11  |access or interstate 3 65
highway, unseparated

28 4 25

Primary road with limited

o | access or interstate

US Customary I System International (SI)

ac it




Population Redistribution (Evacuation)
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In mathematical terms, the dual-regime modified Greenshields is expressed as follows:
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Population Redistribution (Evacuation)
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Number of Destinations and Locations

Too many: LL < 1,700 Too few: LL > 5,100




Population at Risk and Potential Loss of Life

e Hydraulic Characteristics (Depth and Velocity) overtime

e Structure Inventory and Associated Properties (Including Structural Stability Curve)

* Warning (and Protective Action Initiation Timeline) and Population Redistribution
(Evacuation)

* Roads and Destinations,

* Fatality Rates and PLL

* Hec-LifeSIM (USACE)



High and Low Hazard zones fatality function
(based on Flood Fatality Data base)

Low hazard:

* Exposed to relatively calm floodwaters,
where their stability or the stability of their
shelter is not at risk. A hazard exists because
people are coming in contact with water in
locations not meant for such an interaction

High hazard:

 Stability criteria or submergence criteria of
the person (if out in the open), the vehicle
(if caught while evacuating) or the structure
(if not mobilized) has been exceeded. In that
situation, the victims are typically swept
downstream, trapped underwater or buried
in a collapsed building




High and Low Hazard zones fatality function
(based on Flood Fatality Data base)

Fatality Rate

High and Low Hazard Fatality Rates
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Low Hazard zones fatality function
(based on Flood Fatality Data base)

Fatality Rate

Low Hazard Fatality Rates
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Population at Risk and Potential Loss of Life

e Hydraulic Characteristics (Depth and Velocity) overtime

e Structure Inventory and Associated Properties (Including Structural Stability Curve)

* Warning (and Protective Action Initiation Timeline) and Population Redistribution
(Evacuation)

* Roads and Destinations,

* Fatality Rates and PLL

* Hec-LifeSIM (USACE)



Hec-LifeSIM
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An Introduction to Risk Assessment

* Identification and Assembly of all relevant data,
* Hazard and Failure Mode Identification,

* Failure Mode Development (Event Tree),

* Failure Mode Analysis,

* Introduce Risk Plots,

* Total Risk (RMC-USACE)



Identification and Assembly of all relevant data,

Data mining,
Gap analysis,
Understand visual data and during construction information,

Do not underestimate usefulness of Photos at different stages of project construction!
Monitoring and observations,

Surveillance,

Dam Upgrades,
Understanding of FMs.

i Photo RW 8172. Late 1923/Early 1924 (estimated): Left abutment early works. Start of placement of earthifil
on lower left abutment.



Identification and Assembly of all relevant data,

Data mining,

Gap analysis,

Understand visual data and during construction information,

Do not underestimate usefulness of Photos at different stages of project construction!
Monitoring and observations,

Surveillance, & = o
Dam Upgrades, po
Understanding of FMs.

} Photo 4871. 19 June 1924: Steam shovel used to place earthfill in Embankment No. 1. Local moving and
spreading of earthfill using 0.5 yd® horse drawn wheeled scoops



Identification and Assembly of all relevant data,

Data mining,
Gap analysis,
Understand visual data and during construction information,

Do not underestimate usefulness of Photos at different stages of project construction!
Monitoring and observations,

Surveillance,

Dam Upgrades,
Understanding of FMs.

Fe 8.4

1 Photo 4907. 22 October 1924: Local moving and spreading earthfill using 0.5 yd3 horse drawn wheeled
scoops and “compaction” by horse and wheels. Cobble drainage being placed downstream of corewall.






An Introduction to Risk Assessment

Identification and Assembly of all relevant data,
Hazard and Failure Mode Identification,
* Failure Mode Development (Event Tree),
* Failure Mode Analysis,
Introduce Risk Plots,
Total Risk (RMC-USACE)



05.1 Consequence Category, Societal Losses, Financial Losses, Likelihood of Failure and Risk

SDF
Event » FD

EQ

Likelihood > Probability of Failure due to the event

Societal

Consequences — .
Economical



Ri S k -_— Event x Probability of Failure x Consequences



Different Modes of Failure (Emb. Dams)




@ Surveillance procedures, frequency determination based on hazard category

(a)
(b)
(c)
(d) (d)
(e) (e)

FIGURE 3. Breach Process for an Overtopping FIGURE 4. Breach Process for a Piping Failure
Failure






Risk Analysis for Dam Safety
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Figure 67: Vertical deformation contours predicted for the 1:25,000 AEP and 1: 50,000 AEP {0.24g and 0.34g) event with
the reservoir at RL 184.7 m AHD.
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Figure 68: Typical deformed mesh for cases where the reservoir level is lower (RL 185.9 m AHD and RL 184.7 m AHD).
Mote the formation of the graben feature at the centre of the crest. This is consistent with other case
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Component Loading FM Mame Number FiMl Type Description Include Comment

Navigable Pass | Hydrostatic | NPJE.Glay/interface | FM1-MP-IE | Intemnal erosion | Similar mechanism for both components. Yes Considered plausible at this stage, given the potential
A continuous crack/gap/defect exists either within the foundation clay presence of fissuring in clay and/or settlements causing a
{due 1o fissuring) or at the concrete to foundation interface. This crack at the foundation contact.

Sluice Hydrostatic | SLIEGlay/Interface | FM2-SL-IE | Intemnal erosion | gefect allows concentrated leak/scour erosion to occur due to the
hydraulic gradient. An unfiltered exit m anid erosion occurs.
Ergsion reaches a point where collapse of the structure occurs
resulting in a breach or the storage having an uncontrolled release
through/underneath the structure.

Navigable Pass | Hydrostatic MP.IE Sang BEP FM3-NP-IE | Internal erosion | Similar mechanism for both components. Mo
A sand lens underlying the clay foundations has a low Pl and material
properties necessary to allow backwards erosion piping to occur, An

Sluice Hydrostatic SLJE.Sand BEP Fh4-5L-IE Internal erosion | unfiltered exit exists, and erosion occurs. Erosion reaches a point Yes Considerad plausible.
where collapse of the structure occurs resulting in a breach or the Sluice section considered more |ikely, therefore the
storage having an uncontrolled release through/underneath the navigable pass failure is removed.
structure.

Navigable Pass | Hydrostatic NE.Instability, FMS-NP-5T Instability Similar mechanism for both components. Yes Considered plausible, based upon available stability

Differential upper and lower pool levels occur due to either loss of analysis results.
- - — — downstream storage, or due to normal/abnormal aperations. This
Sluice Hydrostatic SkIntaRiliy. FM&-5L-5T Instability differentizl level induces destabilising horizontal sliding forces on the
structure which exceed the shear strength. The upstream apron is
unable to control uplift pressures sufficiently and/or the toe buttress
is unable to provide sufficient resistance. Sliding/Owerturning failure
occurs resulting in a breach.

Navigable Pass Seismic | NP.Zeismicinstability | FM7-NP-55 | Seismic Instability | Seismic ground metions induce destabilising horizontal sliding forces Mo Rough pseudostatic assessment of the plinth operating in
on the structure which exceed the shear strength of both the isolation gave FoS between 1.6-1.8 for 1:500 to 1:10,000
foundation and the downstream buttress. Sliding/Overturning failure events. As such, this will not control the risk and the FM is

Sluice Seismic | SLSeismiclosiabiliny, | FMB-NP-55 | Seismic Instability | QCCUrs resulting in a breach. excluded from this assessment.

Lock Gravity Wall | Hydrostatic | Lock GW,Instability | FMS-LK-ST Instability Differential upper and the pool level within the lock creates Mo Mo credible uncontrolled release of storage considered
destabilising forces on the lock gravity walls. This results in collapse of possible, as both lock gravity wall and the downstream lock
the upstream lock walls and filling of the lock structure. The gate would have to fail simultanecusly.
downstream lock wall or the downstream lock gate also fails.

Lock Floor Slabs | Hydrostatic | Logk.FRlnstapility. | FMLO-LK-ST Instability Differential upper and the pool level within the lock creates Mo Mo credible uncontrolled release of storage considered
destabilising forces on the lock floor slabs. This results in possible, as both the lock floor slabs and the downstream
upliftfremoval of the floor slab and filling of the lock structure. The lock gate would have to fail simultaneously. For
downstream lock gate also fails or is unable to be closed. maintenance activities, not included in risk assessment,

water inflow considered small and life safety not at risk.
Lock Gates Hydrostatic | Lock Gate Instabilty, | FML1-LK-ST Instability Failure of both the upstream and downstream lock gates due to Mo Considering negligible risk, as both upstream and
differential water load or a commen cause defect resulting in downstream gates must fail and stoplogs may be used to
uncontrolled release through the lock structure. Stoplogs are unable stop flow.
to be lowered into the flow.
Sluice Hydrastatic SLIE Abutmens. FMI12-SL-E | Internal Erosion | Internal erosion occurs through the left abutment of the sluice Mo Erasion around right abutment considered not credible as

section. A defect exists and a seepage path to an unfiltered exit with
sufficient gradient exits. The sheet piles are degraded or not extensive
enough to reduce the hydraulic gradient. Erosion continues until
uncontrolled release occurs around the structure.

the lock structure ensures a seepage path that is too long,
and therefore a gradient that Is too small. Erosion around
left abutment consicdered low risk due to sheet piling
presence, and the fishway structure that increases the
reguired seepage path.
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Water Level

Type Description Differential AEP of loading®
{UPL - LPL)
can e e i 3.8m (30.36m
Usual Within historical record (35 years) _27.7m) 1
Interim between ‘Usual’ and ‘Extreme’. Requires
incorrect operation of downstream weir, or
Ui failure of downstream weir gates. Considered 7.65m (31.3m 1000
very unlikely as intervention possible to maintain — 23.65m) '
safe operation range. Situation can be imagined
with considerable effort.
Full loss of downstream pool with elevated
upper poal level. A major crisis would have to 11.5m {32.2m
EdiamG occur for this condition to exist. No plausible - 20.7m) 10,000

scenario can be imagined.

= as no hydrologic hazard curve of such losding exists, Barneich was used to estimate the probability of the loss of the
downstream pool (via failure or miss-operation of the downstream weir) which must oceur for such a load state.

AEP of Loading

Peak Ground
Acceleration

250 0.015
500 0.02
1000 0.026
1500 0.03
2500 0.036
10,000 0.052




Load Load : DS Downstream Factor of Condlt.l?nal
Condition Partition Section Aprc.m Buttress Scoured Safety Problab|||tv of

Effective™® Failure*®*
1 Usual NP Yes Yes 1.59 5.50E-04
2 Unusual NP Yes Yes 5.00E-01
3 Extreme NP Yes Yes 8.00E-01
4 Usual SL Yes Yes 1.81 1.00E-04
5 Unusual SL Yes Yes 1 3.00E-01
& Extreme SL Yes Yes _ 5.00E-01
7 Usual NP Yes No 1.98 1.00E-05
8 Unusual NP Yes MNo 1.03 3.00E-01
9 Extreme NP Yes MNo - 5.00E-01

Table 5: Contribution of Risk per Failure Mode

Failure mode Annualised probability of failure % contribution
FM1-NP-1E 8.83E-05 9%
FM2-5L-IE 3.48E-04 37%
FMA-SL-IE 5.88E-06 1%
FM5-NP-ST 3.01E-04 32%
FME-5L-5T 1.88E-04 20%

TOTAL 9.31E-04 100%

Table 6: Contribution of Risk per Load Partition

Load Partition

Likelihood of Loading

Conditional Probability of failure

% contribution

Normal 0.99E-01 0.05% 49%
Unusual 9.00E-04 43.19% 42%
Extreme 1.00E-04 88.37% 9%




1°4r s l
LEGEND ’d

g w072 g::gg:lp:‘ﬁsm a Category I—facilities designed, built, and operated with
g ol |© Category Il projects state-of-the-practice engineering. Generally these facilities
w ¢ Catogory IV projecss z have high failure consequences:
S 108} | Daia from reat-world projects N Category Il—facilities designed, built, and operated using
E standard engineering practice. Many ordinary facilities fall
g into this category;
2 103} Category IlI—facilities without site-specific design and sub-
E standard construction or operation. Temporary facilities and
2 107 those with low failure consequences often fall into this cat-
2 ol egory; and
é Category IV—facilities with little or no engineering.

gl

6.5 1A.0 1l.5 2‘.0
FACTOR OF SAFETY

Relationship between Factor of Safety and Annual
Probability of Failure (Silva et. al.)

1E+0

—&—Workshop
—s—MWcDonald and Wan (1988] - Mean Strength

—s—McDonald and Wan (1938) - Lower Quartile
Strength
—s—McDonald and Wan {1968 - Lower Bound Strength

—— Case Studies (5 dams) - Median

—&—Workshop o

—+—McDonald and Wan (1998) - Mean Strength

1E-4

Conditional Probability of Failure

—e—McDonald and Wan (1998) - Lower Quartile
Strength

—a—McDonald and Wan (1998) - Lower Bound Strength

1ES

—&— Case Studies (5 dams) - Median o

1E-8

Computed Factor of Safety



Probability mapping scheme — Reclamation
Table 1-6-2. Verbal Mapping Scheme Adopted by Reclamation

Descriptor Assigned Probability
Virtually Certain 0.999

Very Likely 0.99

Likely 0.9

Neutral 0.5

Unlikely 0.1

Very Unlikely 0.01
Virtually Impossible 0.001

Barneich Verbal Mapping Table

Order of

Magnitude of
Description of Condition or Event Probability

Assigned
Occurrence is virtually certain 1

Occurrence of the condition or event are observed in the available database 10"

The occurrence of the condition or event is not observed, or is observed in one
isolated instance, in the available database; several potential failure scenarios 102
can be identified.

The occurrence of the condition or event is not observed in the available
database. It is difficult to think about any plausible failure scenano; however, a 10°
single scenario could be identified after considerable effort.

The condition or event has not been observed, and no plausible scenano

-5
could be identified, even after considerable effort. 10




(5.1

Consequence Category, Societal Losses, Financial Losses, Likelihood of Failure and Risk

Perceptions of Probability

Almost Certainly
Highly Likely

Very Good Chance
Probable

Likely

We Believe

Probably

Better Than Even
About Even
We Doubt

Improbable

Unlikely
Probably Not
Little Chance

Almost No Chance

Highly Unlikely
Chances Are Slight

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Assigned Probability

created by /u/zonination



An Introduction to Risk Assessment

Identification and Assembly of all relevant data,
Hazard and Failure Mode Identification,
* Failure Mode Development (Event Tree),
* Failure Mode Analysis,
Introduce Risk Plots,
Total Risk (RMC-USACE)



Hazard

Risk Plots

Hazard Frequency

Likelihood

Performance

Likelihood

System Response

Hazard

|

Consequence

Consequence

Consequences

Hazard and Performance



Risk Plots

Calculate the breach life loss at the mid-point of each loading range by interpolating

Loading Range

EL 816.9 to
EL 827.4 to
EL 838.0 to
EL 848.5 to
EL 859.1 to
EL 869.6 to
EL 880.2 to
EL 890.7 to
EL901.3 to

EL 827.4
EL 838.0
EL 848.5
EL859.1
EL 869.6
EL 880.2
EL 890.7
EL901.3
EL911.8

>EL911.8

Mid-Point

822.2
832.7
843.3
853.8
864.4
874.9
885.4
896.0
906.5
911.8

Breach Life Loss

202
495
570

Peak Stage

850.0
875.0
889.3
900.0
905.0
913.8

Breach Life
Loss

0
46
110
257
473
598




Risk Plots

"ANCOLD Societal Risk Criteria

Existing Dams

Likelihood

F, probabilty of fallume per darm per year with axpacied loss of |ife

1E-03

™
%
-

1.E-05‘

Risks are
unacceptable, except
in excaptional
circumstances

/ Limit of tolerability

Risks are tolerable — — — — —
only if they satisfy e %
the ALARP .
principle g
\'I
‘\
\\\
\\
LY
Proposed
~ revision
'\.\\
~
iy &5 a4 £.q
1 10 100 100 10000

N, number of fatalities due to dam failure

Consequence



Risk Plots

1.00E-02
1w00
= 1DOE-03
L odmime | % ANCOLD {2003) Limit of
ﬂ '\ tolerability for existing dams
= N Truncated ling removed
B N /
e .
2 e ’ Dam Safety HSW
E \, Salety Threshold
bt
LY
=y LY /
y e \‘\
S N
a \
§ t \
E  ooc-oe IM
T i Lovaio LY
= DSNSW - Risks must %
H be reduced so far as LY
5 reasonably 1 \
g practicable (SFAIRP)
o 100607 -
1 i S0 OO0
1.00€E-08 . 4
1m0 00800 1 10 1 1000 10000

00
M, Number of fatalities due to dam failure

F. probability of failure per year with expected loss of life >=N

TEErETee s wrer o e e w ey —wme— g TR

1.00E-02
1 in 100

1 D0E-03

1 1,000

1.00E-04

1 i 10,000

1.00E-05

§is 100,000

1.00E-08
¥ i 1, D00 D00

1.00E-07
1.n 10, QHLE00

1.002-08

L tonponses 1

1m0 100 1000
M, Number of fatalities due to dam failure
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Depth [ft]

Risk Plots

10

50

Damage [S]

100

Damage [$]

Iteration #

Depth [ft]
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Damage [$]

100



Risk Plots

Further Reading

-« ANCOLD (2003) Guidelines on Risk Assessment

« ANCOLD (2020) Draft Guidelines on Risk Assessment
(coming soon!)



An Introduction to Risk Assessment

* Identification and Assembly of all relevant data,
* Hazard and Failure Mode Identification,

* Failure Mode Development (Event Tree),

* Failure Mode Analysis,

* Introduce Risk Plots,

* Total Risk (RMC-USACE)



Total Risk (RMC-USACE)

4[] Manning River Dam Workshop 6
4 o Hazards
B3 Reservoir_Stage Storage
B3 Reservoir_ Stage Storage Mean
4w Transforms
P Stage to Spillway Flow
4 . System Responses
<5 BEP
5 Spillway Erosion
"5 Overtopping

» Spillway Erosion_Altemative

4 o Consequences
4 T BEP Life Loss
o} BEP Life Loss Day
o} BEP Life Loss Night
o BEP Life Loss
&) BEP Life Loss Day_NS
B} BEP Life Loss Night_NS
28 BEP Life Loss_NS
I Spillway Life Loss
& Spillway Life Loss Day
R Spillway Life Loss Night
& spillway Life Loss
& spillway Life Loss Day NS
& Spillway Life Loss Night_NS
8 Spillway Life Loss NS
4 [ Non Breach Life Loss
& Non Breach Life Loss Day
& Non Breach Life Loss Night
% Mon Breach life Loss
f} Non Breach Life Loss Day NS
8 Non Breach Life Loss Night NS
8 Non Breach life Loss_NS
4 B Overtopping Life Loss
) Overtopping Life Loss Day
@ Overtapping Life Loss Night
% Overtopping Life Loss
8 Overtopping Life Loss Day NS
ol Overtopping Life Loss Night NS
8 Overtopping Life Loss_NS
4 . Risk Analyses
4% Manning Dam Existing
6?& Manning Dam Existing_Alternative
428 Manning Dam Existing_Alternative_Mean

|9
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Properties *q

[ [

4 EVENT TREE PROPERTIES

Properties CwR X
4 EVENT TREE PROPERTIES

Pans 8EP |

.Bad{ward Erosion and .Piping failure |
Description mode event treg

Options Properties Rl ]

4 EVENT TREE PROPERTIES

4 EVENT TREE PROPERTIES

Name |Spillway Erosion

[Unlined Spillway Erosion - With

Naiid BEP |

8EP \
Baclkward Erosion and Piping failure Name - -

igtion | i i Backward Erosion and Piping failure |
Desai L Created On 8/11/2023 9:48:29 AM | Description mode event tree __4
Created On 8/11/2023 10:15:17 AM Created On 8/11/202394829AM | e A R A ‘
1 ifi 11 10:04:19 AM 48
Last Modified 8/11/2023 10:25:16 AM Last Modified 8/11/2023 10:04:19 AM ] Last Modified 18/11/2023 10:04:19 AM | Created On L
Hazard Type Stage it Hazard Type Sade ~ i Last Modified (671172023 10:04:19 AM
Hazard Type Flow il | s o ’ v Sta v 4
i Ui i vl Hazard Units m s Hazard Type ge
Hazard Units cumecs “lI4 Hazard Units m ik
4 INTERPOLATION TRANSFORMS 4 INTERPOLATION TRANSFORMS
4 INTERPOLATION TRANSFORMS fiaed Nore v Hazed Nane v 4 INTERPOLATION TRANSFORMS
Hazard Hoe . Probability None B Probability None - Hazard None -
Probability None - Probability None %
4 SELECTED BRANCH PROPERTIES 4 SELECTED BRANCH PROPERTIES
4 SELECTED BRANCH PROPERTIES Progression L Initiation 2 4 SELECTED BRANCH PROPERTIES
Breach . Nk [Progression Name [Initiation Flaw =
T Breach | Description 4 Description Narme Flaw
Global instability of weir menaliths Description
4 SYSTEM RESPONSE
(sill) and uncontrolled release of A SYSTEMBESPONSE
impounded water occurs? This node Source Single Value il Counts Multi Value v 4 SYSTEM RESPONSE
can be updated to reflect the Select Distribution for Node: v
number of monoliths that are B Distribution = Triangular v Source Multi Value
Description unstable (if applicable). 4 luiargte by ‘ = o Distribution | Triangular v
Min (a) 0.0002 w
4 SYSTEM RESPONSE Most Likely (c) 0.0036 "::_I Response Probability
T Multi Value - Mex (5) UDa37 Response Probability
4 Probability Density Plot X Min@ M Maxw)
Distribution = Triangular b4 Likely (<) M
Ty 60 18723 |o 0 0 L Mn ) | ey M ®
ey 19.028 0.65 0.85 099 18.723 0 0 0
aza e
! Response Probability 2299 07 09 0.99 19.028 0.005 0.01 0015
Mnoat 27.166 071 0.91 0.99 22.99 0.005 0.025 0.045
X Min (a) Likely (9 Max (b) .22 0.72 0.92 0.99 27.166 0.015 0.045 0.15
0 0 - = 32744 0.73 0.93 0.99 31.22 0.05 0.15 03
32.744 0.15 0.25 05
1340588 |0.01 0.1 0.5 » 5UB-BRANCHES
2035556 | 0.05 0.35 07 » SUB-BRANCHES
2442963 |09 047 0.995 Event Tree Response Function Properties
2646591 |09 0991 0.999 A response function can be defined using an event tree, Eventt Tree Response Function Properties
2.946.551 099 0899 0.999 which represent the logic of how an initiating hazard

» SUB-BRANCHES

|
| .
A Description mode event tree
|
]

P SUB-BRANCHES

event, like a flood or earthquake, can lead to a sequence
of component events and conditions resulting in failure.

A response function can be defined using an event tree,
which represent the logic of how an initiating hazard

event, like a flood or earthquake, can lead to a sequence
of component events and conditions resulting in failure,



Life Loss [Lives]

Total Risk (RMC-USACE)

Consequence Function

apg < — Mean - Spillway Life Loss Day
- Mean - Spillway Life Loss Might
1| == 90% Confidence Interval

== Mean

=— Median

— 5004
wn 4

Consequence Function

= Mean - Overtopping Life Loss Day
Mean - Overtopping Life Loss Night

=~ 90% Confidence Interval

== Mean

— Median

26 27

Stage [m]

LI

RO+

e

1,800 2,000 2,200 2400 2,600 2,800 3,000



Total Risk (RMC-USACE)
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Total Risk (RMC-USACE)

Diagram a-nPlot  Summary Statistics

BlFilter Results  Tolerable Risk Limits:  ANCOLD

4 RISK TYPES
Incremental
] Background
] Total

] failure

I:l Non-Failure

4 ALTERNATIVES

4 RISK ANALYSES

4 [_] Manning Dam Existing_Alternative
4[] Reservoir_Stage Storage
4 Failure Modes
[#f] Reservoir_Stage Storage - BEF
Reservoir_Stage Storage - Spillway Er
[#] Reservoir_Stage Storage - Overtoppin

Diagnostics

Exceedance Probability [P(N 2 n)]

v || Set TRL axis extents

1E-002

1E-003

1E-D04

1E-005

1E-006

1E-007

Incremental - Reservoir_Stage Storage - BEP
= Incremental - Reservoir_Stage Storage - Spillway Erosion
==+ Incremental - Reservoir_Stage Storage - Overtopping

Pl

H

RO+

Life Loss, N [Lives]




Total Risk (RMC-USACE)

* “What is the annual
probability (F) of incremental
life loss greater than or equal
to N?”

* In this example, there is about
a 2E-06 probability per year of
a dam failure leading to
incremental life loss of 300 or
more.

Exceedance Probability [F)

1E-002
1E-003
1E-004 -

1E-005 A

1E-006

1E-007

10

100

Life Loss, N [Lives]




Total Risk (RMC-USACE)

Interpretation is the key!

U [ ————————

4[] Manning Dam Existing_Altemative - Reservoir_Stage Storage - Overtopping - Mean

4[] Reservoir_Stage Storage
4 Failure Modes :
Reservoir_Stage Storage - BEF
[¥] Reservoir_Stage Storage - Spillway Er
[] Reservoir_Stage Storage - Overtoppin

EFilter Results  Tolerable Risk Limits:  ANCOLD “ | [ Set TRL axis extents

4 RISK TYPES 1E-002 1 , ‘ %

[ Incremental ] Incremental - Reservoir_Stage Storage - BEP - 90% Confidence Interval :
E ;l::lgzpwd 1 == Incremental - Reservair_Stage Storage - BEP - Median ﬂ
- i il = Incremental - Reservoir_Stage Storage - BEP - Mean Q
(] Non-Faflure 1 « Incremental - Reservoir_Stage Storage - Spillway Erosion - 90% Confidence Interval qz
' = Incremental - Reservair_Stage Storage - Spillway Erosion - Median Lba
4 ALTERNATIVES 1E-003 5 =+ Incremental - Reservoir_Stage Storage - Spillway Erosion - Mean R

] Incremental - Reservoir_Stage Storage - Overtopping - 90% Confidence Interval

4 RISK ANALYSES ] Incremental - Reservoir_Stage Storage - Overtopping - Median B
; =
o

Exceedance Probability [P(N z n)]

q 10 100 ) 10,000
Life Loss, N [Lives]



Total Risk (RMC-USACE)

Interpretation is the key!

Diagram  F-NPlot  onPlot  Summary Statistics m

Integration Systemn Component Risk Type

Risk Measures Reservoir_Stage Storage ¥ Total

Risk Profil
R BEP - Probability of Failure

BEP - Consequence

Reservoir_Stage Storage - Probability of Hazard

Tabular

< Non-Fail > - Probability of Non-Failure

< Non-Fail » - Consequence

Inputs

Spillway Erosion - Response Transform

Spillway Erosion - Probability of Failure

Spillway Erosion - Consequence

Overtopping - Probability of Failure

Overtopping - Consequence

-

Sensitivity Measure

Sensitivity Index

Hazard Level

v |[231579

Mm@ Sensitivity Results

01

0.2

Sensitivity Index

03

T
04

GRO+ELLE



Summary

Conclusion



Thank You!



