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FEATURE

Rethinking stream crossings for 
humans and animals— 
four examples from New England
ROBERT B. SOWBY, Hansen, Allen & Luce, Inc., Midvale, UT 

ABSTRACT  |  Culverts have been installed at countless stream crossings in the U.S. as the country’s 

transportation networks have expanded. Unfortunately, many crossings have become barriers to 

aquatic organism mobility, a function essential to healthy ecosystems. Excessive velocity, outlet 

drops, and insufficient water depths impede mobility and constrict or sever habitats. Opportunities 

to reverse this trend continue to arise as aged culverts need to be replaced. Cooperation of 

public and private partners has led to successful local projects, many of which overlapped with 

planned infrastructure improvements and community priorities. Four examples from New England 

demonstrate how culverts can be effectively retrofitted or redesigned to reconnect aquatic habitats 

while maintaining human uses at each crossing.
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INTRODUCTION

As transportation networks have crisscrossed the American landscape, 
hundreds of thousands of culverts have been installed at stream crossings. On 
one level, culverts perform well: They pass water downstream while allowing 
vehicles and people to cross above. Historically, however, little consideration 
was given to their impacts on fisheries and ecosystems. High flow velocities, 
outlet drops, and insufficient water depths impede the mobility of aquatic 
species and constrict or sever their habitats.

Amy Singler, associate director of American Rivers’ River Restoration 
Program, emphasized the importance of such crossings. “Fish and 
aquatic species need to move upstream and downstream to connect 
habitat for food, spawning, and shelter,” she said. “While most people 
ignore the tiny stream under the bridge they’re driving across, river 
scientists and road managers think a lot about these structures.”

Although not all culverts need to accommodate fish passage, many that 
should fail to do so. In Washington and Oregon, more than half of an estimated 
10,000 culverts are considered to be barriers to juvenile salmon passage (Kilgore 
et al. 2010). In Washington alone, 1,987 crossings in fish-bearing streams were 
identified as barriers (WSDOT 2013). In Vermont, only six percent of some 1,500 
culverts inventoried were fully passable (VFWD 2010). In Massachusetts there 
are an estimated 28,500 road or railroad crossings that affect streams (VC&PB 
2004). Not all of the Massachusetts crossings involve passage issues, but the 
number represents the extent and impact of such in-stream structures. 
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TOWARD SOLUTIONS

In recent years the design of culverts has expanded 
to include considerations for aquatic life. Some 
states, particularly in New England, have established 
new design criteria for crossings. Qualitative stream 
crossing handbooks and more detailed technical 
guides are available for Connecticut, Massachusetts, 
Vermont, New Hampshire, and Maine.

Several best practices contribute to a fish-friendly 
crossing (Baker and Votapka 1990; Behlke et al. 1991; 
Kilgore et al. 2010; Metsker 1970; Tillinger and Stein 
1996; Watts 1974; Singler et al. 2012):

• Locate the culvert in a straight segment of the
channel

• Use bank-full width; avoid constricting the
channel

• Minimize the total culvert length
• Match the culvert slope to the natural stream slope
• Size the culvert appropriately to accommodate

high flows and avoid high velocities
• Use corrugated pipe to reduce velocity
• Use open-bottomed culverts where possible, or fill

the culvert bottom with natural sand and gravel
to provide surfaces for insects and a familiar
environment for fish

• Avoid perched outlets; embed the culvert when
possible
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Changes in fish habitat due to stream crossings:  

(a) undisturbed habitat (shaded), (b) disconnected habitats (colored) 

caused by ineffective culverts, (c) fragmented system and loss of first 

habitat, and (d) extirpated habits (hollow) (Kilgore et al. 2010)

This open-bottom arch culvert replaced a double- 

box culvert on Bronson Brook (see page 41)
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• Provide an outlet pool of sufficient depth
• Provide downstream conditions such that

adequate depth in the culvert is maintained
With the country’s transportation network already 

well established, new stream crossings will be rare. 
Rather, replacements and retrofits provide the best 
opportunities to address the problem. Since most of 
the culvert infrastructure in the U.S. was installed 
more than 40 years ago, the design lives of many 
culverts are expiring, bringing opportunities for 
solutions and practices that are more compatible 
with aquatic ecosystems. 

Various states and organizations have succeeded 
in raising funds, replacing impassible culverts, and 
restoring aquatic habitats while still preserving 
road and rail networks. Here are four examples that 
demonstrate the ability to satisfy the human and 
animal needs of stream crossings.

CASE STUDIES

Broad Brook—Sharon, VT

A culvert on Broad Brook is above its confluence 
with the White River near Sharon, Vt. Despite the 
original inclusion of wooden fish baffles, the culvert 
was undersized and ultimately developed a 1-foot 
(0.3-meter) perch, hindering the passage of brook 
trout, rainbow trout, and a variety of nongame fish.

Several groups—White River Partnership, U.S. 
Fish & Wildlife Service, U.S. Forest Service, Trout 
Unlimited, Vermont Fish & Wildlife Department, 
Vermont Department of Environmental 
Conservation, and the town of Sharon—cooperated 
to retrofit the culvert by building a rock sill down-
stream to submerge the outlet. Constructed like a 
natural stream feature, the culvert now permits fish 
to pass at a variety of flows.

Heartwellville Brook—Readsboro, VT

At a crossing of Heartwellville Brook near Readsboro, 
Vt., an original corrugated metal pipe culvert was 
undersized, constricting the flow and producing high 
barrel velocities that prevented passage.

The Vermont Agency of Transportation replaced 
the crossing with a larger concrete box culvert. 
The new culvert accommodates higher flows and 

features a natural streambed. Subsequent moni-
toring revealed that brown trout and brook trout of 
various sizes could successfully navigate the culvert, 
and some had even made a home in it.

The two Vermont projects have been effective 
since their completion in 2007, as have several 
others. “Both structures continue to function,” said 
Rich Kirn, a fisheries biologist with the Vermont 
Fish & Wildlife Department. “We have many 
examples of these throughout the state.” 

Shaker Mill Brook—Becket, MA

When a routine inspection in 2007 revealed that a 
culvert on Shaker Mill Brook at McNerney Road near 
Becket, Mass., was structurally unsafe, the road was 
closed immediately.

“The culvert was in bad shape,” said Carrie 
Banks of the Massachusetts Division of Ecological 
Restoration, “with cracked headwalls and evidence of 
piping around the structure.”

The Massachusetts Department of Transportation 
selected a prefabricated concrete culvert to accel-
erate reconstruction of the critical highway. David G. 
Roach & Sons, TEC, National Park Service, and U.S. 
Army Corps of Engineers also contributed.

The new structure, completed ahead of schedule 
in 2009, allows bank-full width and a natural stream 
bottom, partial rock dams, and plunge pools. Trout, 
turtles, wood ducks, and otter can now pass freely. 

In a test of flood resilience less than two years 
after its installation, the new crossing withstood 
tropical storm Irene in 2011, a flow that likely 
exceeded the 100-year event.

“The stream was able to move water, sediment, 
and debris, including several large trees, through the 
crossing during the flood,” Banks reported. “Post-
flood, the crossing was stable and maintained fish 
and vehicular passage.”

In 2013, Banks’ agency sponsored six statewide 
workshops to educate 400 highway staff, municipal 
officials, transportation planners, engineers, and 
others on how to design “fish-friendly and flood-
resilient” crossings. They are also working with other 
groups to “replace undersized culverts with struc-
tures that will improve habitat, river connectivity, 
and flood resilience,” Banks said.
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Bronson Brook—Worthington, MA

A double-box culvert at Dingle Road on Bronson 
Brook near Worthington, Mass., was destroyed in 2003 
when a flood eroded the banks and gouged a 3-meter 
(9.8-foot) rift between the culvert and the road.

Brian Graber, senior director of American Rivers’ 
River Restoration Program, explained the problem 
in a news release. “Even before the road failure, the 
previous culvert was harmful to fish and wildlife. It 
was suspended above the brook on the downstream 
end, and the inside of the culvert had less than 1 inch 
(2.5 centimeters) of water depth.”

After the collection of $380,000 from government 
grants and local donations, the crossing was recon-
structed with a 39-foot (12-meter) wide open-bottom 
arch culvert. 

“The project team installed a new fish-friendly 
culvert that is wider than the brook and is bottomless, 
allowing fish and wildlife to move through the site 
as if the road were not even there,” Graber said in the 
news release.

“The Bronson Brook project has performed really 
well since it was installed,” Singler said. The new 

crossing, more robust than the original, held up in 
tropical storm Irene in 2011. “It was a great example of 
the infrastructure and safety benefits of these types 
of crossings,” she added.

Partners included Massachusetts Division of 
Ecological Restoration, Massachusetts Division of 
Fisheries and Wildlife, the town of Worthington, Wild 
& Scenic Westfield River Committee, Westfield River 
Watershed Association, Connecticut River Watershed 
Council, The Nature Conservancy, American Rivers, 
Inter-Fluve Inc., and federal agencies. 

CONCLUSIONS

Mobility of aquatic organisms is essential to healthy 
ecosystems. These four examples demonstrate how 
culverts can be retrofitted or redesigned to allow this 
mobility. Successful projects involved public, private, 
and community partners with a desire to reconnect 
aquatic habitats while maintaining human uses at 
each crossing.

Banks is pleased with how stream crossings are 
earning more attention. “In regards to progress on 
stream crossings, in the last 10 years, there has been 

a substantial increase in aware-
ness of how our road and stream 
networks intersect,” said Banks.

While culverts represent a 
problem for many fisheries, 
opportunities to reverse this 
trend continue to arise as aged 
culverts need to be replaced. 
This can be accomplished 
through targeted local 
projects or with planned 
infrastructure improvements 
for transportation or flood 
control. Each crossing is unique 
and requires the cooperation 
of both technical experts and 
community stakeholders for 
the best solution. 

Original culvert at Shaker Mill Brook and McNerney Road  
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Replacement culvert installed on Shaker Mill Brook

Double-box culvert on Bronson Brook was replaced 

with open-bottom arch culvert (see photo page 39)
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