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 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

MT DAM SAFETY ACT

Montana National Guard. (2022). An aerial view of flooding in South Central Montana 

from a Montana National Guard helicopter [Photograph]. National Guard News.



 Guidance document for conducting a life

loss study to determine the minimum

acceptable IDF for high-hazard dams in

Montana that are regulated by the MT

Dam Safety Program.

 Current Version (2019): Reclamation’s 

Consequence Estimating Methodology 

(RCEM) 

 Forthcoming Revision (Expected 2027):

USACE’s LifeSim methodology

TECH NOTE 2 OVERVIEW



KEY TERMS

High Hazard Dam

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

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)

Warning Time (Current TN2)

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. 

Fatality Rate

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

Loss of Life (LOL) or Life Loss (LL)

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



 Chart Approach (Fatality Rate x PAR)

 Fatality Rates based on case 

histories for flood-caused fatalities

RCEM OVERVIEW



 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



RCEM APPLICATION SUMMARY



 Agent-based

 Spatially-distributed

 Temporally-distributed

 Monte Carlo

LIFESIM OVERVIEW

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



 Hydraulics

 Structures/PAR

 Warning time

 Roads/Destinations

LIFESIM INPUTS



 Top of dam failure

 Unsteady hydraulic model

 Output timestep

HYDRAULICS

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

Billings Gazette (1937). BBWA Canal failure



 PAR originates from structures

 Structures from the National Structures 

Inventory (NSI)

 Primary attributes for life loss

 Day/night population

 PAR mobility

 Structure type

 Foundation type

 Number of stories

 Foundation height

STRUCTURES/PAR

Deby Dixon (2022). Yellowstone River near Gardiner, MT



WARNING & EVACUATION TIMELINE
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WARNING & EVACUATION TIMELINE

Bureau of Reclamation (1976). Teton Dam, Idaho
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WARNING & EVACUATION TIMELINE
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WARNING & EVACUATION TIMELINE
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WARNING & EVACUATION TIMELINE
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WARNING & EVACUATION TIMELINE
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 Vertical

 Categorize by mobility

 Move to the highest possible position within 

the building

 Horizontal

 In vehicles or on foot

 On roads

 Traffic modeling

EVACUATION



SHELTER & FATALITY RATE ZONES

High Hazard

• Exposed to floodwaters that exceed the 

stability criteria or submergence criteria of 

the person, vehicle, or structure.

• Victims are typically swept downstream, 

buried in a collapsed building, or trapped 

underwater.

Low Hazard

• Exposed to relatively calm floodwaters, 

where their stability or the stability of their 

shelter is not at risk.

• A hazard still exists due to the potential for 

bad things to happen when people come in 

contact with water in locations not meant for 

such an interaction.
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HUMAN STABILITY

Shand et al., 2014.



STRUCTURE STABILITY

Lea Adams (2020)
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 PAR

 Exposed Population

 Life Loss

 Fatality Rate

 Locations

LIFESIM RESULTS



METHODOLOGY COMPARISON

RCEM

• PAR from structures

• Fatality rate based on case histories, 

warning category, and characteristic DV

• Life loss from PAR x Fatality Rate

LifeSim

• PAR from structures

• PAR exposed based on warning and 

evacuation probability

• Life loss from flood severity (stability)



DAM SCREENING TOOL



Questions?


