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)  MT DAM SAFETY ACT

= MT law defines a risk-based approach for
determining the minimum acceptable
Inflow Design Flood (IDF)

= Risk = Life Loss x Probability of Dam Failure

= As Life Loss increases, the minimum
acceptable IDF increases

ARM 36.14.502 Summary

Life Loss IDF Determination
o
(Recurrence Interval, Years)
0.5<LL=5 LLx 1,000
Calculate Design Precipation (Ps)
5<LL<1,000
Ps=Ps000(10™)
LL=1,000 Probable Maximum Flood (PMF)

| Montana National Guard. (2022). An aerial view of flooding in South Central Montana ——
from a Montana National Guard helicopter [Photograph]. National Guard News. ) .
=S —— — — — _ : -




} TECH NOTE 2 OVERVIEW

= Guidance document for conducting a life
loss study to determine the minimum
acceptable IDF for high-hazard dams in

Dam Safety Program

‘echnical Note 2
Montana that are regulated by the MT Estimatinn Lo of Lie for
D am Safety P rog ram. Determining the Minimum Inflow Design Flood Recurrence Interval
= Current Version (2019): Reclamation’s s n T
ontana Department of Natural t!tuf.l:'.::ln onservation
Consequence Estimating Methodology Water Opertons Burea
(RCEM) N

=  Forthcoming Revision (Expected 2027): —
USACE’s LifeSim methodology powL

222 North 32 St, Suite 700
Billings, MT 59901

February 2019




) KEY TERMS

In Montana, a dam that impounds 50 acre-feet or more in reservoir volume and whose failure would

o likely cause a loss of life. Note: MT high hazard dams are under the authority of Montana Dam Safety
Program (MT DSP), as part of the MT DNRC.

INFLOW DESIGN FLOOD (IDF)

The largest flood that a dam and its appurtenant structures are designed to safely accommodate and
pass without causing failure.

POPULATION AT RISK (PAR)

Number of human lives at risk of injury or death in the event of a dam failure. PAR is the number of
people within a dam breach flood inundation area.




} KEY TERMS (CONTINUED)
o

The amount of time for people to evacuate a breach flood zone after they receive notification of a dam

failure and before the flood failure wave arrives.

FLOOD SEVERITY

Hydraulic characteristics of depth, velocity, DV, flood wave arrival times, etc.

LOSS OF LIFE (LOL) OR LIFE LOSS (LL)

The number of human lives expected to be lost in the event of a dam failure.

FATALITY RATE

The proportion of PAR who die as result of a dam failure event.




Fatality Rate vs DV RCEM - Methodology
Case History Data Identified for Cases with Little or No Warning and Cases with Partial Warning Ingerim
L

} RCEM OVERVIEW f=ts
RECLAMATION

Managing Water in the West

Estimating Methodology T i roE=a==22=
= Chart Approach (Fatality Rate x PAR)

Interim

n Fata I |ty Rates ba SEd on case Guidelines foralln Life Loss for Dam Safety Risk Analysis

| = =~ overall Limit
7 7 7 Suggested Limit
A Cases with Little or No Warning
B Cases with Partial Warning
o Ti chrt o of Reciamatin's Conneancn Estinating
Metrosoiogy (RCER, 2014) % ke o on sedcedy s conprcton

— A : [t o ariw mathodology

histories for flood-caused fatalities P e e
Fatality Rate vs DV RCEM - Methodology

U.S. Department of the Interior
Reclamation

Bureau of February 2014

: = = = Overall Limit
S| === = Suggested Limit
A Cases with Adequate Waming

4 i W Cases with Partial Warning
o < o ™ T o T chant s part of Rectamotion's Conacuence Estmatng
o o T e o [Metodolooy (RCEM, 2014). # 1 riended 1 £ used oy n conunction
Zero AA 4T A pen i ocir
T

1,000 10,000

DV (depth x velocity, ft'/sec)
— BUREAU OF — Figure 2 - Fatality Rate vs. DV - Case History Data Ideatified for Cases with Adequate Warning and Cases with Partial Waming

RECLAMATION



) RCEM APPLICATION
SUMMARY

= Characteristic Reaches
= PAR
*" Flood Severity
= Warning Category

= Fatality Rate Selection
= Characteristic DV
= Warning Category
= (Case History?

= Life Loss = ) Fatality Rate x PAR




} RCEM APPLICATION SUMMARY

Fatality Rate

Fatality Rate vs DV

Case History Data Identified for Cases with Little or No Warning and Cases with Partial Warning

RCEM - Methodology

Interim
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0014
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[
0.0001 !
7 7 7 Overall Limit
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A Cases with Little or No Warning
I . B Cases with Partial Warning
Note: '?-a_lwp-;::.a-:m%m?um—‘w
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Fatality Rate

Fatality Rate vs DV

RCEM - Methodology

Case History Data Identified for Cases with Adequate Warning and Cases with Partial Warning

10
0.4
001
0.001
0.0001
= = = Overall Limit
== = * Suggested Limit
A Cases with Adequate Warning
W Cases with Partial Warning
7 Inose. T enart is pan of Rectamation's Cansequence Esumatng
emsaciogy (RCEM, 2014). R4 dended o be used cnly i conpaction
e sobre
Zero e

DV (depth x velocity, ft*/sec)

1,000 10,000

Interim

DV (depth x velocity, fé/sec) e Py e o ity Do i e s i (P X velocity, fisec)
Arrival Times at Reach Start ) )
Characteristic . Population at Risk .
Reach Lanath DV (hr:min) (PAR) Warning Category Fatality Rate Loss of Life
(valley miles) o (#/- Nearest 15 min.)

(fe/5) Leading Edge |Maximum DV| Day Night Day Night
1 0.0-1.7 40 0:00 1:00 201 234 Little to No Warning Time 0.041 8.18 9.52
2 1.7-2.9 0 0:30 1:15 0 0 Little to No Warning Time 0.000 0.00 0.00
3 29-6.1 0 1:00 1:30 6 5 Little to No Warning Time 0.000 0.00 0.00
4 6.1-9.2 20 2:00 2:30 35 39 Little to No Warning Time 0.006 0.21 0.23
5 9.2-19.3 0 3:00 3:45 0 0 Little to No Warning Time 0.000 0.00 0.00
Totals = 8.4 9.8




LIFESIM OVERVIEW

= Agent-based
=  Spatially-distributed

of Engineers

=  Temporally-distributed

= Monte Carlo LifeSim
Life Loss Estimation

User's Manual

Version 2.0
August 2021

Approvesfor Publc Raease. Dissiuton Ui CPD-97

US Army Corps
of Engineers.

Bureau of Reclamation. (1964). Two Medicine Dam after failure




LIFESIM INPUTS

Likelihood of [jelay

= Hydraulics
=  Structures/PAR
= Warning time

= Roads/Destinations




) HYDRAULICS

= Top of dam failure
= Unsteady hydraulic model
= Qutput timestep

o =
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Billings Gazette (1937). BBWA Canal failure




) STRUCTURES/PAR

= PAR originates from structures

= Structures from the National Structures
Inventory (NSI)

= Primary attributes for life loss

u]

u]

u]

Day/night population
PAR mobility
Structure type
Foundation type
Number of stories
Foundation height

L

Deby Dixon

» “

(2022). Yellowstone River near Gardiner, MT




} WARNING & EVACUATION TIMELINE

Identify Hazard Warning Warning Protective Action
Hazard | Communication Issuance Diffusion Initiation Time Evacuation Time
] Time Delay Time Delay Time Time
— o c o o O—



} WARNING & EVACUATION TIMELINE

Identify Hazard Warning Warning

D : : Protective Action : :
Hazard | Communication Issuance Diffusion Evacuation Time

Time Delay Time Delay Time Time Initiation Time

Timeo
Dam Threat

Breach Detected

| Bureau of Reclamation (1976). Teton Dam, Idaho




} WARNING & EVACUATION TIMELINE

Hazard Warning
Communication Issuance
Delay Time Delay Time

Time o

Threat Hazard Warning
Detected Communicated Issued
% Q\ N

Hazard Hazard
Identification Communication

Warning
Issuance




} WARNING & EVACUATION TIMELINE

Warning
Diffusion

Time
Time

Warning Warning
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WARNING & EVACUATION TIMELINE

Protective Action
Initiation Time

Time
Warning Protective
Received Action Initiated
Protective Action Initiation
E ......... Min
Most Likely
----- Max
500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500

Time (min)



} WARNING & EVACUATION TIMELINE

o (A —
Protective Safety
Action Initiated Reached

Horizontal Vertical

Time




) EVACUATION

EVADING FLOOD WATERS: MOVE TO HIGHER FLOORS OR THE ROOF

- .
Vertical @ FLo0DING BEGINS @ MOVE TO HIGHER FLOORS € GO O THE ROOF IF NEEDED
. re Water rises quickly. Move to upper floors right away. If water continues to rise,
m] Do not wait. Bring essential items if safe go to the roof.
Categorlze by mObI I Ity to do so. Signal for help and stay safe.

o Move to the highest possible position within
the building

= Horizontal

o |n vehicles or on foot
o On roads

o Traffic modeling

Q Act early. Don’t wait for water to reach you.

When in doubt, get to higher ground! @ Move with caution.

@ Sstay together and stay calm.

IMPORTANT TIPS
@ REMEMBER: Your life is most important.




} SHELTER & FATALITY RATE ZONES

» Exposed to relatively calm floodwaters, » Exposed to floodwaters that exceed the
where their stability or the stability of their stability criteria or submergence criteria of
shelter is not at risk. the person, vehicle, or structure.

» A hazard still exists due to the potential for * Victims are typically swept downstream,
bad things to happen when people come in buried in a collapsed building, or trapped
contact with water in locations not meant for underwater.

such an interaction.
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} HUMAN STABILITY

1.4 - ‘ Recommended = Foster & Cox
’ limiting depth for adults in working limit for + Abtetal
good conditions trained adults e Takahashi et al.
LT Y LY Ao Karvonen et al.
: Ve + Yeeetal
\ x Jonkman
AA “”w,
1.0 - Y o$ | ——-DV=04
: extreme hazard for —DV =06
ad . adults e
A — DV =
E 08 low hazard for A e v 83 = ?g
= Y€1 adults o & | —— =1
-‘5_ ) noderite hazard : ?.\. - e o ..
[ ilﬁllll\'\* - . T
e 0.6 1 A g limiting
. limiting depth for children e velocity for
_______ ~ F P ~ { adulgcam ha}aﬂlpr o l adpl[s ‘m_d
0.4 b ~ & J— - f* children in
' + N+ — % | X | good
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i low hazard for e~ -
0-2 children !
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Shand et al., 2014.




} STRUCTURE STABILITY

WOOD FRAME -
RED AND BUO

Depth (ft)

MANUFACTURED HOMES

=
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Lea Adams (2020)

Gallegos et. al. (2012)

FEMA (1985) & Dale (2004)

Clausen and Clark (1990)

Wood Framed
--------- Manufactured Min
----- Manufactured Max
= . = Masonry

20

25
Velocity (ft/s)



LIFESIM RESULTS

= PAR

= Exposed Population
= Life Loss

= Fatality Rate

" |ocations

o -

10
Total Life Loss




) METHODOLOGY COMPARISON

* PAR from structures * PAR from structures
« Fatality rate based on case histories,  PAR exposed based on warning and
warning category, and characteristic DV evacuation probability
» Life loss from PAR x Fatality Rate  Life loss from flood severity (stability)
RECLAMATION
RCEM — Reclamation Consequence.

f Engineers

Estimating Methodology

Interim

ating Life Loss for Dam Safety Risk Analysis

LifeSim
Life Loss Estimation

User's Manual
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} DAM SCREENING TOOL

Request an account

ajohnson@dowl.com

Forgot password?

Password

[JSave User ID

Users from outside USACE will receive a username
and password after approved by the DST

management.

Version 1.4.0




Questions?
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