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90,000+ dams
in U.S.
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97% more than
30 years old
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70% more than
50 years old
(with 50-yr
service life)
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Worst failure in
U.S. caused
2,000 fatalities
(1889)

—()—

Protect 43% of
U.S.
population

Source U.S. Army Corps of Engineers



THE DAM WILL HOLD BACK ALL THE WATER, RIGHT?
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THE DAM WILL HOLD BACK ALL THE WATER, RIGHT?

@ Process used to quantify risk
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THE DAM WILL HOLD BACK ALL THE WATER, RIGHT?

@ Process used to quantify risk

@ Evaluate flooding scenarios
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THE DAM WILL HOLD BACK ALL THE WATER, RIGHT?

@ Process used to quantify risk

@ Evaluate flooding scenarios / T
/ v\‘v:SﬂcuamScenaﬁo.,;l%,DEI?,
@ Estimate risk (RCEM or LifeSim) /e oo
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THE DAM WILL HOLD BACK ALL THE WATER, RIGHT?

@ Process used to quantify risk
@ Evaluate flooding scenarios / T

/ Vv\‘iSﬂcuamScenaﬁo.,;l%,DE/?,
@ Estimate risk (RCEM or LifeSim) /e oo

Communicate risk
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PROCESS USED TO QUANTIFY RISK
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PROCESS USED TO QUANTIFY RISK
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DEVELOP HYDRAULIC
MODEL

= Arrival time of flood wave




DEVELOP HYDRAULIC
MODEL

5.0

4.5 4 H6 - unsafe for vehicles and people.
All building types considered vulnerable to failure

= Arrival time of flood wave

3.5

3.0 { H5 - unsafe for people

4 or vehicles. Buildings require
special engineering design
and construction

Depth (m)
N
w

2.0

H4 - unsafe
for people
and vehicles

| m\\\ - Maximum depth and velocity results

0.5
H2 - unsafe for small vehicles
H1 - generally safe
0.0 for people, vehicles and buildings

0.0 (0.0kmym) 1.0 (3.6km/m) 2.0 (7.2kmm) 3.0 (10.8km/m) 4.0 (1a.4km/m) 5.0 (18.0 km/h)
Velocity (m/s)

Figure courtesy of FEMA



RECLAMATION CONSEQUENCE
ESTIMATING METHODOLOGY
(RCEM)



PREPARE INPUTS

Reclamation Consequence Estimating
Methodology (RCEM)

« Structure inventory with populations
assigned to each structure.




EVALUATE RISK

Reclamation Consequence Estimating Little or No Warning - Fatality Rate vs DV
Methodology (RCEM) EEEE e L

= Factors that influence risk:
o Depth*Velocity (DV)
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A Day with Littie or No Warning
Day with Partial Warmning F
perprefargere Night with Little or No Wamning |- |
| O Night with Partial Warning

100 2 1,000 10,000
DV (depth x velocity, ft"/sec)
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EVALUATE RISK

Reclamation Consequence Estimating
Methodology (RCEM)

6000004

= Factors that influence risk:
o Depth*Velocity (DV)
o Arrival time of flood wave
o Distance downstream of the dam
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COMMUNICATE RISK
Reclamation Consequence Estimating Methodology (RCEM)

1 0.5 500 0.02 10

2 0.5-1.5 2,600 0.003

3 1.9-4.5 7,800 0.0005 4
Total 22
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PREPARE INPUTS
LifeSim

= Road network — evacuation routes from
homes to safety (LifeSim)

= Destinations to reach safety (LifeSim




PREPARE INPUTS
LifeSim

= Structure inventory




PREPARE INPUTS
LifeSim

= Structure inventory
o Structure information
o AM and PM population estimates
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& NSIV2 Attributes
Eamapr GEESE * ) T

m  Occupancy_Type Stability Criteria Stories_Mumber Type Construction Height_Foundation Ground_Floor_Height Above Ground_Floor_Height Attic_Height NightU65Population NightO65Population & Fa
75414... |RES1-2SNB Waood-Anchored |2 w 3 9 9 6 0 0 l“. L]
75415... |RES1-1SNB Wood-Anchored (1 w 3 9 9 6 1 0 h"' 1
75416... |RES1-1SNB Waoaod-Anchored (1 w 1 9 9 6 1 0 ':i ]
75417 ... |RES2 Manufactured 1 H 3 o 9 6 1 1 ‘?
75418... |RES1-1SNB Wood-Anchored (1 W 3 ] 9 6 1 0 ¢ L
75419... [RES2 Manufactured 1 H 3 o 9 ] 1 1 ™ #
75420... |RES1-1SNB Wood-Anchored (1 W 1 9 9 6 5 1 L] Aa :".
75421... |RES1-1SNB Wood-Anchored (1 W 3 o 9 6 1 1 ﬁ.
75422... |RES1-2SNB Masonry 2 M 1 9 9 6 0 0 .
75423... |RES1-1SNB Wood-Anchored (1 W 3 k) 9 6 0 0 . w
75424, |RES1-1SNB Wood-Anchored (1 W 3 9 9 6 1 0 ".
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EVALUATE RISK
LifeSim

TIME



EVALUATE RISK
LifeSim

TIME



EVALUATE RISK

LifeSim
Warning Delay
Time

TIME



EVALUATE RISK
LifeSim

TIME
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LifeSim
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EVALUATE RISK
LifeSim

Protective Action
Initiation Time
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EVALUATE RISK
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EVALUATE RISK
LifeSim

Protective Action
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EVALUATE RISK
LifeSim

Protective Action
Initiation Time

Evacuation Time

TIME

Flood wave simulated — are people and vehicles caught?




EVALUATE RISK
LifeSim

= Stability criteria for humans, vehicles and . e | — Fosier & Cox
structures gotconations . Fuanedscunts anenenial
’ \ £ ee et al.
o What is the severity of the risk? | Jonkman

low hazard
for adults

Depth (m)

limiting
velocity for
adults and
children in
Xgood

low hazard conditions

for children

0.5

Velocity (m/s)

Figure courtesy of U.S. Army Corps of Engineers




EVALUATE RISK
LifeSim

= Stability criteria for humans, vehicles and
structures
o What s the severity of the risk?

il N X
L Nl

PR R TR SRR R T R R
Floating

Figure courtesy of U.S. Army Corps of Engineers




COMMUNICATE RISK

LifeSim
= Program calculates the population at risk and loss of life _
= Visualize the results of the simulation in plan view 010 1
o ldentify ‘hot spots’ with the greatest LOL _
o Progression of flood wave 10-100 2
o Traffic 100-1000 3
1000-10000 |4




RISK INFORMED
DECISIONS

= Dam safety workshops
= Dam Operations
= Classify the hazard level of a dam

= Set priorities for maintenance and
improvements

Risk Matrix
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Level 4

Consequence Category

Figure courtesy of FERC




RISK INFORMED Risk Matrix
DECISIONS

= Dam safety workshops
= Dam Operations
= Classify the hazard level of a dam

a .
- Set priorities for maintenance and g ”'9"‘ ‘
improvements ;;
5 High
50 | High

Level 2 Level 3 Level4

300 Moderate
3000 | moderate

Consequence Category

Al iIND]|—~

Figure courtesy of FERC
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