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Interagency Flood Risk Management
• Silver Jackets teams in states across the United States bring together multiple state, 

federal, and local agencies to learn from one another in reducing flood risk.
• State-led interagency team.
• By applying their shared knowledge, the teams enhance response and recovery efforts 

when such events do occur. 
• No single agency has all the answers but leveraging multiple programs and perspectives 

can provide a cohesive solution. 
• Although each state Silver Jackets team is unique, common agency participants include 

state agencies with mission areas of hazard mitigation, emergency management, 
floodplain management, natural resources management or conservation, etc. 

SILVER JACKETS PROGRAM



SILVER JACKETS TEAM
USACE:

 Liz Norrenberns
 Hal Graef
 Shawn Sullivan
 John Boeckman
 Teri Allen
 Matt Hill
 Asher Leff
 Joey Seib
 Michelle Puzach
 Evan Stewart
 Cathy VanArsdale
 Jamie Simmons
 John McEnery
 Andrea Figueroa Soto
 Terry Acree
 Gafur Umarov
 Cindy Wood

MODOT:
 Chris Engelbrecht

TNC:
 Barbara Charry
 Rob Pulliam

MDC:
 Ange Corson
 Paul Blanchard

USFWS:
 Jahn Kallis

Forrest Service:
 Kelly Whitsett

Meramec Regional Planning 
Commission:

 Tammy Snodgrass

East-West Gateway 
Councils of Government:

 Mary Grace 
Lewandowski

SEMA:
 Darryl Rockfield
 Patrick Lower

FEMA:
 Joe Chandler



PROJECT SCOPE
Identify low water crossings in the Meramec (HUC-8) Watershed that pose high risk to life, 
prioritize crossings for mitigation, recommend actions to reduce risk and build resilience, pair 
projects with mitigation funding sources to address a major public safety issue.

Objective No.1:  High risk will be based on traffic and/or population served (structures served), its 
vulnerability to damage, length of time the crossing is unpassable, and available detours.  

Objective No. 2: Prioritize crossings for physical or non-physical mitigations, recommend actions 
to reduce risk and build resilience by recommending design and construction standards for specific 
crossing that will enable them to withstand flash floods and reopen more quickly after a flooding 
event.  

Objective No.3:  Leverage resources from those agencies where crossing improvements have 
multiple benefits such as reduced risk to life, reduced repetitive damage to infrastructure as well as 
improved hydraulic and geomorphic response including aquatic organism passage.  Document 
findings from all objectives in a low water crossing mitigation plan. 

MERAMEC LWC BACKGROUND



• Locations pulled from 
FWS Report - Stream 
Crossings Posing 
Barriers To Aquatic 
Organism Movement: 
Meramec River 
Watershed

• 118 LWCs displayed



HYDRAULIC STUDY 89 of the 118 structures are within the 
Meramec HEC-RAS 2D models

The models are currently being run and 
evaluated to gather data to prioritize 
these structures

The RAS models cover these streams:

• Boone Creek
• Brush Creek
• Dry Fork Creek
• Lower Bourbeuse

River 1,2, 3
• Middle Bourbeuse

River
• Spring Creek
• Upper Bourbeuse

River 1, 2
• Courtois Creek 1, 2
• Crooked Creek

• Spring Creek
• Brazil Creek-Meramec River
• Courtois Creek 1, 2
• Crooked Creek
• Dry Fork 1,2, 3
• Headwaters Meramec River 

1, 2
• Huzzah Creek 1
• Little Dry Fork
• Whittenburg Creek-

Meramec River 1, 2



LWC BASIN MAP

US Army Corps of Engineers | St. Louis District
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LWC BASIN FLOW PATHS

US Army Corps of Engineers | St. Louis District
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US Army Corps of Engineers | St. Louis District
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HEC-LIFESIM

Provides the ability to track individual people 

throughout the warning and evacuation process 

(Agent based)

Traffic simulation engine to estimate the 

evacuation process

Monte Carlo sampling with uncertainty produces a 

distribution of life loss results



Warning 
Issued

First 
Alert/Warning 

Received
Protective Action 

Initiated

Warning 
Diffusion 

Time

Mobilization 
Time or PAI 

Delay

Hazard 
Identified

Warning 
Issuance 

Delay

Hazard 
Communicated 

to EMA

Hazard 
Communication 

Delay

LifeSim – Population Redistribution



POPULATION REDISTRIBUTION






FISH PASSAGE

Slab crossing

Objective: Optimize longitudinal aquatic organism passage while 
reducing risk to life, and repetitive damage to infrastructure

Fish Passage Considerations:
• Physical and behavioral barriers
• Length of stream habitat reconnected
• Passage opportunity
• Natural streambed preferred
• Hydraulic and habitat diversity is necessary

Constraints:
• Existing conditions (stream type, width, inundation frequency, flow volume, 

traffic/usage) influence crossing structure types: hardened, at-grade crossing, 
arch/oversized culvert, prefabricated arch crossing, slab crossing.

• COST



Slab crossing

Description of Barriers to Fish Passage and Possible Effects
FISH PASSAGE



FISH PASSAGE - COUNTY ROAD 2330 (CROSSING ID: 97711)

Slab crossing

Prefabricated arch crossing

Upstream

Downstream

After – Conceptual Only!

Preliminary Recommendation: 
Multiple oversized/buried culverts



FISH PASSAGE - SAPPINGTON BRIDGE ROAD (CROSSING ID: 94865)

Upstream

Downstream

After – Conceptual Only!

Preliminary Recommendation: 
Prefabricated Arch Culvert 



FISH PASSAGE - COUNTY ROAD 5225 (CROSSING ID: 97890)

Upstream

Downstream

After – Conceptual Only!

Preliminary Recommendation: 
Slab Crossing



CIVIL
– Objective: produce preliminary conceptual designs 

for different sites and present baseline cost 
estimates

– Crossing structure types:
• Arch/oversized culvert
• Prefabricated arch crossing
• Slab crossing
• Bridge (out-of-scope)

– Crossing structure type chosen from existing 
conditions:

• Stream type
• Stream width
• Inundation frequency
• Traffic/usage

– Potential additional factors TBD
– Choose example sites and develop a 10% level 

design for each type of crossing
– Scale to similar locations to develop a baseline cost 

estimate for all sites





SITE VISIT 
• 94987 – Blue Springs Creek on Highway N

• Concrete slab with 3 culverts
• 2 of 3 pipes blocked 
• Degraded/damaged pipes

• 94865 – Greens Creek on Sappington Bridge Rd
• Concrete slab with 3 culverts
• Pipes in good condition

• 97980 – Meramec River on County Road 5225
• Concrete slab with 8 culverts with 7 buried culverts 

below 
• Channel was dry up and down stream
• Heavy scour 

• 97711 – Dry Fork at County Road 2330
• Concrete slab with 6 culverts
• Very worn pipes, some buried, flow only passing 

through one pipe
• Water seepage under roadway

• 97508 – Crooked Creek on Gibbs Road
• Concrete slab/at grade crossing
• Flow over roadway



RANKING MATRIX 



RANKING MATRIX
Factors
• Ecological Factor

• Passage Quality Index (PQI)
• Richness (Mussels)

• Traffic Risk Factor
• Annual Average Daily Traffic 

(AADT)
• Inundation Frequency 

• Safety Factor
• Traffic Risk Factor
• LifeSIM – 100 yr LL

• Cost Factor



POSSIBLE 
FUNDING 
SOURCES

USFWS National Fish Passage 
Program 

USACE Continuing Authorities 
Program Section 206  

FEMA Mitigation Program  

In Lieu Fee Mitigation 



NATIONAL FISH PASSAGE PROGRAM 

• The program works with transportation agencies 
and others to improve stream crossings so that the 
streams can flow naturally beneath them. 

• Ensures infrastructure is more resilient to 
flooding and benefits communities by saving money 
in long-term repair and replacement costs. 

• Eligible projects are those that address outdated, 
unsafe or obsolete dams, culverts, levees and other 
barriers fragmenting our nation’s rivers and 
streams.

• BIL includes $200 million for restoring fish and 
wildlife passage   

• Funding is distributed over five year at 
approximately $38 million/year.  After 

• After FY23 appears to be three additional 
opportunities.  

• Is their any required cost share? 





FEMA MITIGATION PROGRAMS 
• Hazard Mitigation Grant Program (HMGP) contains funding 
available to states, local governments, tribes and nonprofits when 
authorized under a Presidential Major Disaster Declaration, in areas 
of the state requested by the governor. 

• HMGP Projects must be shown to reduce future damage in a 
similar disaster event and rebuilt in a way that reduces, or 
mitigates, future disaster losses. 

• HMGP NOIs can be submitted at anytime before and after the 
event
•
• Section 406 Public Assistance Mitigation is applied on the parts 
of the facility that were damaged by the disaster and the mitigation 
measure directly reduce the potential of future, similar disaster 
damages to the eligible facility.  Limited to declared counties and 
eligible damaged facilities.



USACE CONTINUING 
AUTHORITIES 
PROGRAM 206  

Provides for dam removal and/or in stream 
barrier removal to restore fish passage/aquatic 
habitat.

Likely that we can lump multiple crossing under 
one evaluation.  

USACE can fund the removal of the barrier but 
the replacement structure will likely be the 
sponsors cost (or   

funds they can leverage from other 
partners).

Also the assumption is that real estate will need 
to be fee title but their may be exceptions.



IN LIEU FEE MITIGATION 

In-Lieu Fee Mitigation
Missouri Conservation Heritage Foundation

Points of Contact:
Mr. Kevin Roper 
Ms. Sherry Fischer 
573-634-2080
E-mail: mchf@MoCHF.org

Land Learning Foundation
Scott Martin, Executive Director
Office: 877-573-2323
ILF Hotline: 800-761-6171
info@landlearning.org



THANK YOU

Liz Norrenberns
Project Manager
U.S. Army Corps of Engineers
St. Louis District
314-331-8351 (o)
618-920-2499 (c)
Elizabeth.a.Norrenberns@usace.army.mil

mailto:Elizabeth.a.Norrenberns@usace.army.mil
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