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• How do stream crossings impact aquatic ecosystems and public safety?
• What work is being done to address the problem of deficient crossings in NH?
• How do you prioritize culvert replacements for wildlife passage and flood 

resiliency in a changing climate?



• Channel form depends on 
topography, climate, and 
physical properties of 
watershed.

• Determines the ability of a 
river to carry sediment, 
water, and nutrients.

• Aquatic ecosystem and 
biological community 
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STREAM CROSSINGS:
WHERE RIVERS AND ROADS MEET

~20,000 
stream 
crossings 
in NH!



DEFICIENT CROSSINGS IMPACT HOW WATER 
AND SEDIMENT MOVE DOWNSTREAM

• Undersized culverts 
increase water 
velocity and alter 
sediment transport

• Impacts over time
– Sediment accumulation
– Clogged inlet
– Channel widens

upstream
– Bank erosion 
– Bed scour
– Perched



DEFICIENT CROSSINGS IMPACT HOW WATER 
AND SEDIMENT MOVE DOWNSTREAM

Left: Upgraded fish-friendly culvert in Alaska. Right: Same road-stream 
intersection prior to being fitted with a culvert designed to better accommodate 
fish and water. Photos: Ken Ayers, Lounsbury & Associates, Inc.

• Create a “pinch point” in the stream
• Upstream ponding and aggradation and downstream scour 
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DEFICIENT CROSSINGS ARE BARRIERS 
TO AQUATIC ANIMALS



DEFICIENT CROSSINGS DISRUPT 
AQUATIC CONNECTIVITY

Brook Trout need 
access to cold 
water streams

Many turtles 
require 
connected 
wetlands



CULVERT WASHOUTS: A FLOOD HAZARD 
AND AQUATIC HABITAT ISSUE

• Public safety hazard
– Harm to people and property 

• Damage to roads
– Prohibit travel/ detours
– Expensive to repair

• Instream and riparian

habitat degradation
– Bank and streambed erosion
– Washed out sediment and road 

material ends up in rivers
• Increased risk of failure:

– Watershed development
– Aging infrastructure
– More frequent, large rain events 

with climate change 



• NH experienced several storms 
that qualify as 100-year flood in 
past decade

• Inadequate crossings fail
• Millions of dollars in 

infrastructure damage
– Blown out culverts
– Flooded roads
– Severe stream erosion

• Sediment, debris, and asphalt 
washed into stream and rivers

DEFICIENT STREAM CROSSINGS ARE 
VULNERABLE TO FAILURE

Alstead, Warren Brook 2005
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• Inadequate crossings fail
• Millions of dollars in 

infrastructure damage
– Blown out culverts
– Flooded roads
– Severe stream erosion

• Sediment, debris, and asphalt 
washed into stream and rivers

• Replace old, undersized 
crossings that are barriers to 
aquatic connectivity with more 
resilient structures

DEFICIENT STREAM CROSSINGS ARE 
VULNERABLE TO FAILURE

Alstead, Warren Brook 2005



UPGRADING CULVERTS
What benefits fish, benefits people

Stream Simulation Design
• Combines geomorphic and 

ecological principles to mimic 
the natural channel



UPGRADING CULVERTS
What benefits fish, benefits people

Stream Simulation Design
• The size and placement of the 

structure is based on the physical 
dimensions of the natural channel 
first

Versus Hydraulic Design
• Structures are sized to pass a 

design flood using regional flood-
discharge equations
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Hydraulic design for flood capacity

Hydraulic design for flood capacity 
with species-specific fish passage

Stream simulation with natural 
channel throughout structure

Stream simulation with partial 
floodplain connectivity

Stream floodplain simulation- bridge

Conceptual ecological connectivity and 
flood resilience continuum for different 
design approaches at road-stream 
crossings (adapted from SSWG,2008).



UPGRADING CULVERTS
What benefits fish, benefits people

A Well Designed Crossing with 
Stream Simulation

Spans channel width

Water velocity and depth match 
reference  stream conditions

Natural streambed with substrate 
continuity provides good 
conditions for aquatic organisms

Large size to pass 100+ 
recurrence flood with 
freeboard for debris

Open-arch design preserves
natural stream channel

Incorporated in NH Stream 
Crossing Guidelines



UPGRADING CULVERTS
What benefits fish, benefits people

• Lessons learned from 
Tropical Storm Irene in 
VT & NY
– 7” rain in 48 hours
– 963 culverts and 277 

bridges were damaged or 
destroyed

– Forest Service had recently 
upgraded several culverts 
using stream simulation

– ALL of those crossings 
persisted without damage

– Upfront cost 9-22% above 
conventional hydraulic design

– Overall economic benefit after 
damage assessment

100 Year Flood 
Level Design



NEW HAMPSHIRE
STREAM CROSSING INITIATIVE

MISSION
Inventory stream crossings 
throughout the state to inform 
decisions on culvert replacement 
and stream restoration

• How can New Hampshire prepare for increased flood 
frequency and intensity with climate change?

Catastrophic culvert failure  
Warren Brook, Alstead 2005

• Multi-agency team 
• Partnerships with NGOs & RPCs
• Address complex problem of 

undersized and deficient 
crossings



NEW HAMPSHIRE
STREAM CROSSING INITIATIVE

• Stream crossing surveys
• Multiple partners 

collecting data
• Consistent protocol that 

meets many objectives
• Training and QAQC
Score culverts
ü Geomorphic 

compatibility
ü Aquatic organism 

passage
ü Asset condition
ü Flood vulnerability



NEW HAMPSHIRE
STREAM CROSSING INITIATIVE

• Cloud-based data storage and 
management
• “SADES”



PRIORITIZING CULVERT REPLACEMENTS 
FOR FISH AND FLOODS

• 7,500 surveys statewide

• Replacements are costly so 
need to focus efforts where it 
matters most



PRIORITIZING CULVERT REPLACEMENTS 
FOR FISH AND FLOODS

The Aquatic Restoration Mapper
– Interactive mapping tool for prioritizing stream 

crossing replacements for aquatic connectivity 
and flood resiliency

– Survey data is now available to the public

Target Crossings with greatest 
environmental impact

ü Identify crossings with repeated flood 
issues and damage

ü Causing bank erosion and scour
ü Barrier to aquatic organism passage
ü Preventing diadromous fish migrations 

or access to critical spawning habitat
ü Disconnecting T&E species habitat

http://nhdes.maps.arcgis.com/apps/webappviewer/index.html?id=21173c9556be4c52bc20ea706e1c9f5a
























FALL BROOK CULVERT 
SWANZEY, NH

• Restore instream 
aquatic habitat

• Reconnect coldwater
stream for brook trout

• Support high ranked 
wildl i fe habitat

• Increase resil iency 

Project Partners : 
Trout Unlimited, Cheshire 
County Conservation 
District, Town of Swanzey, 
NRCS, Fish &Game, Harris 
Center, NHDES Arm Fund 

UPGRADING CULVERTS
What benefits fish, benefits people

• Undersized, 50-
foot long metal 
pipe causing bank 
and bed erosion 

• A barrier to local 
eastern brook trout

• Flood hazard



UPGRADING CULVERTS
What benefits fish, benefits people

• Installed span open-bottom arch
• Open 10 miles upstream access to coldwater

spawning habitat on headwater tributaries
• Stream simulation and increased hydraulic 

capacity to pass 100-year storm event
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FUNDING FOR STREAM CROSSING 
UPGRADES

1Hazard Mitigation Assistance Grant Programs include: The Hazard Mitigation Grant Program (HMGP), Pre-Disaster 
Mitigation (PDM) Grant Program, and Flood Mitigation Assistance (FMA) Program.

Funding Source

Eligibility Criteria

Aquatic 
barrier

Restores  
connectivity for 
T&E/diadromou

s Spp of 
concern

Inadequate 
hydraulic 
capacity/ 
overtops

History of 
costly 

repairs 
from flood

Public 
safety 
hazard

Builds climate 
change 

resiliency

Commercial/ 
Recreational 
importance

NHDES Aquatic Resource 
Mitigation Fund

NHFG Fisheries Habitat 
Account

FEMA-HSEM Hazard 
Mitigation Assistance  
Grant Programs1

USFWS  National Fish 
Passage Program

National Fish Habitat 
Action Plan- Eastern 
Brook Trout Joint Venture

NFWF New England 
Forests and Rivers Fund

NHDES Coastal 
Resilience Grants

NOAA Coastal and Marine 
Fisheries Habitat 
Restoration Grants

https://www.des.nh.gov/organization/divisions/water/wetlands/wmp/
https://wildlife.state.nh.us/fishing/fm-habitat.html
https://prd.blogs.nh.gov/dos/hsem/?page_id=839
https://www.fws.gov/fisheries/fish-passage/fish-passage-regional-coordinators.html
https://easternbrooktrout.org/funding-opportunities
https://www.nfwf.org/newengland/Pages/home.aspx
http://www.nhcaw.org/explore/funding-opportunities/
https://www.fisheries.noaa.gov/grant/coastal-and-marine-habitat-restoration-grants


NEW HAMPSHIRE
STREAM CROSSING INITIATIVE

Catastrophic culvert failure  
Warren Brook, Alstead 2005

THANK YOU!

Stream Crossing Steering Team
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Ben Nugent
Matt Carpenter
Katie Callahan
Whitney Welch

Partners
Trout Unlimited

The Nature Conservancy
Regional Planning Commissions

University of NH


