
Design for Flood Resilience

18 - Floodplain Management and Flood Resistant Design

Donald Watson

1



2

Welcome!

This presentation is not and cannot be legal advice, nor does it necessarily 
represent the views of anyone other than the presenter(s).

Don Watson



Outline

1 Identify flood risks in Montana

2 Explain advantages of watershed management

3 Describe flood resistant design

4.   State the case for all-hazard mitigation
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Flood risks in Montana
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Coastal 
• Wave action
• Storm surge & erosion
Riverine (‘inland”)
• Stream overbank flooding
• Dam or levee failure

Shallow
• Surface runoff
• Urban drainage overflow

Alluvial (“uncertain flow”) 
• Flash floods/distant storms
• Movable streambeds

* www.fema.gov/national-flood-insurance-program/definitions

Flood risks
• Flooding … “the general or temporary condition during which normally 

dry land is partially or completely inundated.” (NFIP F-002)*

Alluvial Fan   Montana Science Partnership: Landscape/examples

https://www.fema.gov/national-flood-insurance-program/definitions


INUNDATION of inland waters

Flood impacts (NFIP)

https://www.fema.gov/national-flood-insurance-program/definitions

June 4, 2013 

RAPID ACCUMULATION of runoff

MUDFLOW on normally dry land COLLAPSE/SUBSIDENCE from erosion / flooding

www.montanarightnow.com      10/30/13 L. Beckner  Great Falls Tribune  06/04/13

Billings Gazette/AP                     5/26/2011 Mt. Dept. of Transportation
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https://www.fema.gov/national-flood-insurance-program/definitions


Combined flood impacts
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© Watson, D. and M. Adams, Design for Flooding (2011)



Ice jams

June 4, 2013 

Billings Gazette/AP                     5/26/2011 Mt. Dept. of Transportation

Montana is the most Ice Jam-prone of all U.S. states …Miles City and 
Bozeman are the Montana communities most susceptible to them. From 
1894 to 1997, each racked up 32 potentially dangerous ice jams.     [1] 

[1] billingsgazette.com/news/state-and-regional/..
[2] www.dawsoncountymontana.com/Ice Jams (2015) PDF

[2] 
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www.globalchange.gov/multimedia/observed-us-precipitation-change

Precipitation trends
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Our water bank account
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© Watson, D. and M. Adams, Design for Flooding (2011)



Aquifers - Montana
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https://pubs.usgs.gov/ha/ha730/ch_i/I-reg_aq_systems.html

Groundwater Atlas of the United States HA 730-IFig. 64



Flood measures: retention strategies 
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arc.lib.montana.edu/msu-extension/objects/shelter belts

Detention pond

Retention pond
Shelter belts



Flood measures: streamside buffers
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© Watson, D. and M. Adams, Design for Flooding (2011)



June 4, 2013 

Billings Gazette/AP                     5/26/2011 Mt. Dept. of Transportation

www.dec.ny.gov/lands/81956.html 

Existing                                               Proposed

Boulder barricade
Living shoreline
Public park

Dockside - Cold Spring NY  Milhone & MacBroome  / Donald Watson 
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Flood measures: Ice jam protection



Trout Unlimited My Healthy Stream 
www.tu.org/wp-content/uploads/2019/02/My-Healthy-Stream.pdf

Riparian zone protection 
Instream fish restoration
Willow weaving
Silt reduction
Culvert replacement
Irrigation canal screening

Flood measures: stream protection
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★ RECOMMENDED REFERENCE
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Flood measures: erosion control

Willow  
weaving

Re-establish 
riparian zones

Restoring 
fish habitat

Trout Unlimited My Healthy Stream 
www.tu.org/wp-content/uploads/2019/02/My-Healthy-Stream.pdf
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Advantages of watershed management



Watershed

…the entire land area to which rain/snowmelt drains to a 
shared body of water.
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© Watson, D. and M. Adams, Design for Flooding (2011)



Floodplain
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An area of land that experiences flooding

© Watson, D. and M. Adams, Design for Flooding (2011)
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Building in the Floodplain

© Watson, D. and M. Adams, Design for Flooding (2011)
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Think like a watershed

© Watson, D. (2020)
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Flood resistant design

for buildings and infrastructure



Flood Resistant Design

Flood Design Variables

• Source of flooding

• Flood depth

• Flood velocity

• Flood duration

• Rate of rise and fall

• Wave effects

• Flood-borne debris

• Scour & erosion

© Watson, D. and M. Adams, Design for Flooding (2011)
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Base Flood Elevation (BFE)

• Primarily intended for use in 
Federal Insurance Rates Maps 
(FIRMs)

• Based on historical flood data 

• Not a sufficiently accurate 
indicator of future flood risk

Additional analysis of local 
and “future probable 
conditions” is required

© Watson, D. and M. Adams, Design for Flooding (2011)
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Probability of a 1% Event

The BFE, "Base Flood Elevation” 
is defined by 1% probability of 
exceedance in any one year
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chance any one turn

chance with 30 turns

chance with 70 turns

1%

26%

51%



Probability Table
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FEMA P-55 Coastal Construction Manual  4th edition  (2011) 
www.fema.gov/media-library/assets/documents/3293 



http://www.fema.gov/media-library/assets/documents/3293


Design Flood Elevation (DFE)

• The regulatory flood elevation 
established by State authorities 
& adopted by local 
jurisdictions.

• May equal or exceed NFIP 
requirements for BFE, cannot 
be less.

• May be higher than the BFE by 
adding height, called 
"freeboard," to represent Safety 
Factor above the BFE.

© Watson, D. and M. Adams, Design for Flooding (2011)
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Montana Rules

Montana Department of Natural Resources and Conservation (DNRC)

BFE                       DFE
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Flood Resistant Design 

© Watson, D. and M. Adams, Design for Flooding (2011)
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A 2020 Update

The case for all-hazard mitigation
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All-hazard mitigation

DATA SOURCE: C40 / ARUP  www.cam3.c40.org:



Top-ranked measures
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Flood & Pandemic measures
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Rainbow Resilience



Summary review

1 Identify flood risks in Montana

2 Explain advantages of watershed management

3 Describe flood resistant design

4 State the case for all-hazard mitigation
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RESOURCES

Design for Flood Resilience



THANK YOU!

• Questions and comments

• Contact information

Natural Hazard Mitigation Association

P.O. Box 170984

Boston, MA 02117

Email: nathazma@gmail.com

www.nhma.info
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mailto:nathazma@gmail.com
http://www.nhma.info/


FEMA 480 Floodplain Management
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FEMA  480 Floodplain Management Requirements (2005) 
www.fema.gov/floodplain-management-requirements

★ RECOMMENDED REFERENCE

http://www.fema.gov/floodplain-management-requirements


ASFPM - No Adverse Impact Guides
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★ RECOMMENDED REFERENCES

ASFPM (2004) No Adverse Impact How-To Guides
http://www.floods.org/NoAdverseImpact/NAI_White_Paper.pdf

http://www.floods.org/NoAdverseImpact/NAI_White_Paper.pdf
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FEMA 551  www.fema.gov/media-library-data/fema551.pdf 

FEMA 551

Flood Mitigation existing residential

★ RECOMMENDED REFERENCE

https://www.fema.gov/media-library-data/20130726-1609-20490-5083/fema_551.pdf


Protecting Building Utility Systems from Flood Damage (2017)
FEMA P-346 www.fema.gov/media-library/assets/documents/3.

Flood Mitigation existing commercial

FEMA P-346
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