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Purpose of EAP Dam Breach Inundation Maps

To assist the dam owner and 
emergency management 

authorities with identifying critical 
infrastructure and population-at-

risk sites that may require 
protective measures and warning 

and evacuation planning.
(FEMA P-946, 2013)



What Are We Mapping?  The Mechanics of a Dam Failure Flood Wave

South Fork Dam Failure
Johnstown, Pennsylvania 
May 31, 1889
2,209 fatalities



What Are We Mapping?  The Mechanics of a Dam Failure Flood Wave

The wall of water swept 
through in such a way that it 

left almost nothing to 
suggest that there had ever 

been such a place as Mineral 
Point.  The town was simply 
shaved off, right down to the 

bare rock… 
“The Johnstown Flood” 
by David McCullough



What Are We Mapping?  The Mechanics of a Dam Failure Flood Wave



https://youtu.be/Hc3u_CHVHJ8
Source: YouTube/Lynn Coleman

What Are We Mapping?  
The Mechanics of a Dam 
Failure Flood Wave

Edenville Dam, Michigan
May 2020
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Edenville Dam Failure

Edenville & Sanford Dam Failures
10,000 evacuated
No fatalities



What Are We Mapping? Insights from Past Failures

1. Not an exact science –uncertainty 
due to bridges, debris, modeling 
assumptions, etc.
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due to bridges, debris, modeling 
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2. We can’t foresee the future.  
Maps provide approximate areas 
of inundation for a variety of 
potential failure scenarios.

- Sunny Day vs. PMF
- Operational Scenario
- Location of Breach
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Piping failure or 
geologic, 

structural, seismic 
and human-

influence failure 

Sunny Day or
Fair Weather Failure

Probable Maximum 
Flood (PMF) or Wet 
Weather Failure

Overtopping 
failure
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What Are We Mapping? 
Insights from Past Failures

1. Not an exact science – lots of 
uncertainty due to bridges, debris, 
modeling assumptions, etc.

2. We can’t foresee the future.  
Inundation maps are intended to 
provide approximate areas of 
inundation for a variety of potential 
failure scenarios.

3. Depth, velocity, and timing 
information can be very helpful in 
evacuation planning efforts



What Are We Mapping?  Floodplain Estimation Techniques

- By Hand (Judgment)
- Hydrologic Routing:

- DAMBRK (1977)
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- By Hand (Judgment)
- Hydrologic Routing:

- DAMBRK (1977)
- One-dimensional models:

- NWS DAMBRK (1988)
- HEC-RAS (1995)
- FLDWAV (1998)

- Two-dimensional models:
- DSS-WISE 
- MIKE 21
- XP-SWMM
- FLO-2D
- HEC-RAS

What Are We Mapping?  Floodplain Estimation Techniques





Min.

Sunny Day Breach

Minot

4th Ave. NW

Minot High 
School

Arrowhead 
Shopping 

Center

Hr.83

Oak Park
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How to Read an Inundation Map?



Index Map

- Overview of Map Panels
- Overview of Inundation Limits
- Important Notes / Clarifications
- Inundation Extent***



Typical Information on an Inundation Map
- Topographic and/or aerial imagery basemap
- Inundation limits for multiple failure scenarios
- Legend / Notes



Typical Information on an Inundation Map
- Structures / communities at risk
- Identification of critical facilities and shelters
- Traffic control measures and traffic routes



How maps are made / examples

Typical Information on an Inundation Map
- Maximum water surface elevations
- Peak discharge (cubic feet per second, cfs)
- Maximum depths
- Maximum velocities
- Time of arrival / Time to peak / Duration



Maximum Inundation 
Extents
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Flow Depth
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Flow Depth
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Flow Depth
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Flow Depth
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Flow Velocity
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Flow Velocity
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Rocky Mountain Arsenal

Depth * Velocity

32



Flood Wave Arrival 
Time

99% of Fatalities occurred 15 miles or 
less from a dam that failed
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How to Read an Inundation Map?



Some Parting Advice

Don’t wait until a crisis to study your 
inundation maps:
- Understand the potential flood severity 

and danger zones
- Use the maps to inform evacuation plans
- Exercise the EAP

Be aware of development in or near the 
inundation zone:
- New developments not shown on the maps may be at risk
- Other changes that could impact flooding extents          

(e.g. highway embankments, bridge replacements, 
warehouses, etc.)
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