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STATEMENT OF PURPOSE

This document is intended to provide technical guidance in the design and construction of
stream/road crossings where the need for passage of aquatic organism passage has been
identified. This guide is neither a cookbook nor a manual. Each site is unique, and conditions
will lead to individual solutions. The methods and analyses described here are more rigorous
than is necessary for simple sites and experienced design teams will be able to streamline the
process in many cases. Many sites however have unique challenges that can only be solved by
applying an in-depth understanding of the biological, hydrologic, geomorphic, and structural
components of the design. We therefore encourage that an interdisciplinary team approach be
used for these designs. To be successful, it is important to recognize where this higher degree
of rigor is needed and to bring in specialists when appropriate.

These guidelines are not intended for use as a regulatory document. They are informative and
do not impose any legal or regulatory requirement on the owner/designer of the project.

PREFACE

Stream crossings by transportation systems have had a profound influence on the movement
and distribution of populations of aquatic species in Vermont. These impacts range from
exclusion of species from tributaries of the White River and Connecticut River associated with
the development of railroads and the interstate highway system, to highly fragmented habitats
associated with town and private road development adjacent to stream networks. Vermont's
Wildlife Action Plan (Vermont Department of Fish and Wildlife, 2005) identifies a large number
of aquatic species threatened by such habitat fragmentation including 15 “species of greatest
conservation need.” The Vermont Department of Fish and Wildlife (VDFW) and the Vermont
Transportation Agency (VTrans) have formally recognized this threat in a 2005 Memorandum of
Agreement. The agencies developed a common goal “to improve accommodation of wildlife and
aguatic organism movement around and through transportation systems and to minimize habitat
fragmentation resulting from the presence of transportation infrastructure”.

The Guidelines for the Design of Stream/Road Crossings for Passage of Aquatic Organism in
Vermont was developed by VDFW in collaboration with the Vermont Department of
Environmental Conservation and VTrans as a major step toward meeting this goal. The
contents of this guideline are based upon current knowledge of aquatic biology, fluvial
geomorphology, hydrology and engineering and required the assistance of many experts in
these areas of study. This document is presented with the intent of fostering improved design,
installation, and maintenance of stream crossing structures to provide aquatic organism
passage (AOP), aquatic habitat connectivity, and fluvial geomorphic functions in Vermont
streams and rivers.
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Mission Statement

The mission of the Vermont Fish and Wildlife Department is the conservation of all species of
fish, wildlife, and plants and their habitats for the people of Vermont. To accomplish this
mission, the integrity, diversity, and vitality of their natural systems must be protected.
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1. INTRODUCTION

There are numerous barriers to the movement of fish and other aquatic organisms in streams
and rivers in Vermont. Though some of these barriers occur naturally, such as bedrock falls,
many, such as culverts and dams, are human-created. Culverts in particular are a daunting
challenge; there are thousands of them in Vermont’s landscape and more are being installed
every year as Vermont continues to develop. A study by the Vermont Department of Fish and
Wildlife of culverts throughout the state provides some sobering results. Of 465 culverts
assessed, less than 2% were rated as fully passable by aquatic organisms (Milone and
MacBroom 2009).

VDFW presents these guidelines with the intent of fostering improved design, installation, and
maintenance of stream crossing structures to provide and maintain aquatic organism passage
(AOP), aquatic habitat connectivity, and fluvial geomorphic functions in Vermont waters.

This document provides concepts, design framework, and procedures to design road-stream
crossings that satisfy ecological objectives including the passage of fish and other aquatic
organisms.

These guidelines are not meant to replace existing standards and do not include all of the
information necessary for a complete design of a stream crossing. The designer should refer to
other documents, standards and experts for structural, roadway, geotechnical, and other
engineering and environmental considerations associated with the design.

Passage of fish and aquatic organisms at road crossings is a complex issue. We strongly
encourage that an interdisciplinary team approach be used for these designs. There are
technical issues that should be considered by a range of expertise including biological,
engineering, geomorphologic, geotechnical, structural, and hydrologic. We also encourage the
design team to consult with VDFW Fisheries Biologists early in the project planning to ensure
project objectives and biological considerations are appropriately defined.

Regulatory Obligations

These guidelines are not intended for use as a regulatory document, but as technical guidance
for the design road-stream crossings where aquatic organism passage needs have been
identified. There are several existing state and federal regulations that address the passage of
fish and aquatic organisms in Vermont:

e U.S. Army Corps of Engineers, Vermont General Permit
= Condition #17: Waterway Crossings
e Clean Water Act
= National Roads Exemption BMP 40CFR 232.3 c(6)
e V.S.ATitle 10: Conservation and Development
= Chapter 41: Regulation Of Stream Flow
= Chapter 111. § 4607. Obstructing streams
= Chapter 151. State and Land Use Development Plans (Act 250)
¢ Vermont Water Quality Standards
= Section 1-03. Anti-Degradation Policy

¢ Natural Resources Conservation Service - Conservation Practice Standards
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» Fish Passage Code 396.

Relevant sections and jurisdiction of these regulations and recommended practices are
provided in Appendix F — Existing Regulations and Recommended Practices.

Other Standards

The design should also meet or exceed other applicable local, state, or federal standards for
hydraulic capacity, headwater depth, and other design parameters. Other standards might
include VTrans Hydraulics Manual, project environmental documents, VTrans Structures
Manual, and AASHTO Specifications for Highway Bridges. For example, the VTrans Hydraulics
Manual requires culverts to have flood capacities that vary from a 25-year flood to a 100-year
flood by road class. These criteria may be more or less than what would be prudent for
protection of passage facilities and habitat.
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2. ECOLOGICAL ISSUES OF ROAD-STREAM CROSSINGS

The placement of road-stream crossings often results in impacts to aquatic habitats that should
be avoided, minimized, or otherwise mitigated. These impacts may be associated with the
structure itself or with channel modifications necessary to install, repair or retrofit a structure for
passage of fish or aquatic organisms.

The following considerations may affect the siting, sizing, and design of stream crossing
structures and/or passage improvements:

e Fish and other aquatic organism passage

¢ Direct loss of aquatic habitat

e Water quality impacts

e Upstream and downstream channel impacts
e Ecological connectivity

¢ Channel maintenance

e Construction impacts

VDFW District Fisheries Biologists should be consulted on the potential occurrence of these
habitat concerns and to identify appropriate mitigation measures.

2.1 Passage of Fish and other Aquatic Organisms

Allowing movement of fish and aquatic organism is the primary focus of this guideline. Barriers
to movement and migration may lead to the following impacts to aquatic communities:

e Loss of resident populations by preventing recolonization of upstream habitats after
catastrophic events, such as floods or toxic discharges;

o Partial or complete loss of populations of migrant species due to blocked access to
critical spawning, rearing, feeding or refuge habitats;

e Altered aquatic community structure (e.g. species composition, distribution)

¢ Reduced genetic fitness of aquatic populations that allow communities to survive
changing or extreme conditions.

These biological impacts result from restricting the movement of aquatic organisms within the
stream network. Many fish species that live in Vermont's streams move daily, seasonally,
and/or during different life stages. Juveniles of many fish and salamander species will also
move to disperse after hatching and to find suitable rearing habitat.

Studies in Michigan and Vermont have documented daily movement of adult brown trout, which
leave daytime resting areas and travel upstream or downstream overnight, sometimes over a
mile or more, presumably to forage, and then return to daytime home sites (Diana, 2004;
Kenneth Cox, VDFW, personal communication). A recent study on Vermont’'s Batten Kill
documented an adult brown trout moving over nine miles from the mainstem to a small tributary
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during its spawning period (Kenneth Cox, VDFW, personal communication). While brown trout
and rainbow trout are well known for their migratory tendencies, brook trout also rely on regular
seasonal movements to maintain viable populations. Gowan and Fausch (1996) documented
brook trout summer seasonal movements of over a mile and shorter distances traveled regularly
by resident brook trout. Movement occurs even in high gradient streams, as evidenced by
Adams et al. (2000) who observed upstream movement of brook trout in slopes as high as 22%.

In addition to moving during higher flows to access suitable spawning habitat in spring and fall,
trout and salmon also move during summer low flows and in anticipation of winter low flows.
Peterson and Fausch (2003) observed peak movement of brook trout in the summer and fall,
with nearly 80% of recaptured fish moving upstream and up to 2km away within a summer.

The moderating effect of groundwater on extreme water temperatures can also provide
motivation for fish movement. Brook trout often spawn in areas of groundwater inflow (Webster
and Eiriksdottir 1975, Witzel and MacCrimmon 1983, Curry and Noakes 1995, Waters 1995),
and have been observed to overwinter in pools in proximity to groundwater discharges (Cunjak
and Power 1986). Access to groundwater upwellings and tributary confluences is also important
for thermal refuge for trout and other species during summer months (Baird and Kruger 2003).

Freshwater mussels commonly attach to fish hosts during their larval stage as a method of
dispersal. In Vermont, the eastern pearlshell mussel can be found in small streams where
culverts may be used. Since salmonids (trout and salmon) serve as the primary host for the
larval stage of the eastern pearlshell, culverts that block juvenile salmonid movement also likely
block pearlshell movement. The eastern pearlshell is known to occur in the upper Winooski and
Dog River mainstems and the watersheds of Lewis Creek, West River, Passumpsic River, and
Nulhegan River (Fichtel and Smith 1995).

Many crossings may provide “partial” or “temporal” passage, i.e. passage for specific species or
size classes, or under certain flow conditions. In addition to excluding weaker swimming
species and lifestages, significant migration delays may occur for other species (Lang et
al.2004), leaving fish vulnerable to predation, disease and overcrowding and potentially
affecting reproductive success. Fish on spawning migrations will often attempt to access these
structures under impassable conditions and unnecessarily expend critical energy reserves
during a physiologically stressful period. Lang et al. (2004) observed adult salmon attempt
nearly 600 leaps at one culvert with only five successful entries through the structure. Multiple
barriers within a stream system will serve to magnify these impacts.

Streams in Vermont that can be crossed with culverts are typically cold-water habitats. There
are exceptions such as smaller waters in the Lake Champlain Valley where sensitive species
such as the northern brook and American brook lamprey may reside. In general, however, most
of the impacts associated with culverts in Vermont will affect coldwater fish populations —
salmonids (trout and salmon), cyprinids (minnows), catastomids (suckers), osmerids (smelt),
and cottids (sculpin). Aquatic salamanders associated with these habitats may include spring,
two-lined and dusky salamanders.
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2.2 Ecological Connectivity

Connectivity is the capacity of a landscape to support the movement of organisms, materials, or
energy (Peck 1998). It generally includes passage of aquatic organisms as described above but
it also includes linkages of biotic and physical processes and materials between upstream and
downstream reaches. The health of fish populations ultimately depends on the health of their
ecosystems, which includes processes and materials moving through the stream. Biotic
linkages might include upstream and/or downstream movement of mammals, birds, and fish,
and the upstream flight, and downstream drift of insects. Physical processes include the
movement and distribution of woody debris, sediment and migration of channel patterns.

It is important that woody debris and bed material be allowed to pass unhindered through the
stream crossing structure. When debris is trapped at the inlet of a structure, aquatic organism
passage barriers are created, and habitat may be degrade both above and below the stream
crossing.

Road fills and stream crossings that are small relative to the stream corridor may block some of
these functions. These issues are difficult to quantify but can ultimately be significant to the
health of aquatic ecosystems.

2.3 Direct Loss of Aquatic Habitat

Aquatic habitat includes all areas of the environment where aquatic organisms reproduce, feed,
and seek shelter from predators and environmental extremes. Stream crossing installations
often require some level of construction in the stream channel, which often replaces native
stream material and diversity with a uniform concrete or steel surface. In most cases, for every
foot of culvert installed, a foot or more of stream habitat is lost.

Aquatic organisms utilize almost all segments of the stream environment during some stage of
their lives. Habitat usage is highly variable depending upon the species, life stage, and time of
year. For example, brook trout fry and fingerlings tend to often use stream margin habitats,
while adults use deeper pools and runs. Brook trout require cool, clean water and clean, sorted
substrate for spawning and incubation of eggs. As described earlier, groundwater upwellings
through spawning substrates are also important features of brook trout spawning habitat. A
culvert placed in these areas replaces the natural gravel used for spawning with a metal or
concrete surface. Even if natural substrates are recruited within the structure, this habitat will be
disconnected from groundwater influence.

The food chain in the stream environment begins with leaves, seeds, branches, and large wood
provided by nearby trees, shrubs and grasses. Aquatic invertebrates like mayflies, stoneflies
and caddisflies feed on these organic materials and in turn provide an important food source for
fish. In addition, mature trees along the streambank provide shade, overhead cover, a source
of terrestrial insects and large woody material, which are critical to rearing fish. Removal of
riparian vegetation for culvert placement and associated roadway fill impacts these organic
inputs and aquatic habitat values. If undersized, stream crossings may also block the
recruitment of woody debris to downstream reaches.

Culverts often cause changes to channel alignment, channel diversity, and hydraulic conditions,
which may degrade habitats above and below the structure. The configuration and connection
of the channel, floodplain, and side channels may also be altered. Mitigation for direct loss of
fully functioning natural stream habitats may be difficult. Culvert designs that maintain natural
stream substrates within the structure, and minimize disruption to the channel and riparian
corridors are therefore encouraged.
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2.4 Water quality impacts

Roadway stormwater runoff can affect aquatic habitats regardless of the type of crossing.
Quality and quantity of roadway stormwater runoff should be mitigated as determined
appropriate by the Vermont Department of Environmental Conservation Water Quality Division.

2.5 Upstream and downstream channel impacts

An undersized stream crossing can lead to substantial bank erosion, flooding of adjacent
property, or failure of the structure. At high flows, an undersized structure backs water
upstream and bed material deposits in the channel above the structure. With receding flows, the
bed and/or banks erode through or around the deposition. The result is either a chronically
unstable channel bed or increased bank erosion and the need for bank clearing and protection.
The additional input of sediment from increased bank erosion may further degrade aquatic
habitat, potentially impacting fish reproduction and aquatic invertebrate populations.

Increased velocity from an undersized structure can cause scour that threatens the structure’s
soundness, as well as damages adjacent properties with excessive bank erosion and bank
collapse. The risks and costs of structure maintenance, damage to adjacent property, failure of
structures and the resulting road damage and public safety hazards, and loss of recreational
fisheries should be considered in evaluating the cost of stream crossing structures.

Channel migration across the floodplain is a natural geomorphic process that varies with
channel type and geomorphic conditions. When channel migration is halted by placement of a
structure, risk of road failure, channel armoring and maintenance are often a resulit.

Use of the design processes described in this guideline generally mitigates these impacts.
Typically, the size and elevation of stream crossing structures described in this guideline are
such that velocities leaving the structure are not excessive. Sites with banks or beds susceptible
to erosion may require special consideration.

2.6 Channel maintenance

The need for channel maintenance created by poor siting of road-stream crossings can be a
significant problem. Highways are often placed at the fringe of river floodplains and cross the
alluvial fans of small streams entering the floodplain. These areas are natural depositional
zones, where streams are prone to excursions and avulsions. Stream crossings placed in these
locations tend to fill with bed material. To keep the structure from plugging and the water
overtopping the road, periodic and in some cases annual channel dredging becomes necessary.
Bed material removal may affect channel stability, spawning and rearing habitat, and water
quality for some distance upstream and downstream. The interruption of bed movement to
downstream reaches may also trigger channel adjustments, which may lead to additional
channel maintenance activities such as bank armoring.

2.7 Construction impacts

Impacts during construction of a crossing might include the release of sediment or pollutants,
the creation of temporary barriers to movement, stranding or killing fish and aquatic organisms,
removal of streambank vegetation, and the alteration of flow. Timing of construction, water,
erosion and sediment control planning, and post-construction revegetation, can mitigate some
of these issues. Construction plans submitted for regulatory approval should include a sediment
and erosion control plan covering these items.
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2.8 Risk of structure failure

A stream crossing structure in combination with the roadway fill can act like a dam across the
valley. Ice or debris jams may exacerbate the effect, in some cases resulting in catastrophic
failure. Structure failures can cause extensive damage to habitat that persists for many years.
Failures can be a result of inadequate design, poor construction or maintenance, beaver
damming, deterioration of the structure, or extreme natural events. The process of evaluating,
designing, and installing stream crossings should consider the risk of dam formation and failure.
Appropriately sizing the culvert for passage of debris and extreme events can minimize this risk.

Designing road-crossing structures for passage of aquatic organisms is not without risk of
failure. There is an inherent risk of failure to provide passage of aquatic organisms with any
culvert design. Some designs have more risk and/or uncertainties than others. Structures that
span the entire channel without constricting it are preferred, followed by engineered solutions
described in this document. In some cases, resource values and risk assessment may dictate
that engineered solutions are not acceptable.
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3. Culvert Pre-Design

The design of any stream-road crossing project includes three basic steps.

The pre-design phase includes verification of project objectives, assessment of the site,
selection of project alignment and profile, and an initial choice of type of project that will
be designed.

The fish passage design is the design of the structure itself to achieve the objectives of
passage of fish and/or other aquatic organisms. The design might be done with a low-
slope, hydraulic, or steam simulation design process.

The final design includes verification of flood capacity, details of the structure, profile
controls outside of the crossing, construction practices, and contract documents.

The design process is not necessarily linear. Iterations are needed to complete some parts and
a previous phase may have to be re-visited if a satisfactory design cannot be completed with the
current assumptions and design decisions.

The Pre-design phase should be applied regardless of the method selected for the design of the
crossing. It should be applied in fact to the design of many other structures built in rivers or
streams.

3.1

Aquatic Resource Objectives

In addition to the transportation objectives of the project, aquatic resource needs should also be
defined prior to the design process. VDFW Fisheries Division will evaluate the aquatic organism
passage needs on a case-by-case basis. Biologists will consider the following in determining the
need for aquatic organism passage at a site:

Presence/absence of aquatic species populations;

Aquatic species and lifestages currently or historically present and watershed goals for
species or fish community restoration;

Distance from site to a permanent, natural migration barrier;
Presence of exotic and/or invasive species;

On occasions, passage may not be required at a stream crossing structure in order to
maintain separation of aquatic species.

Movement needs of non-fish aquatic organisms;

Where the movement of non-fish aquatic species is of concern (e.g., mussels,
amphibians) the project proponent may be asked to consult with VDFW’s Wildlife
Division.

Movement needs of terrestrial wildlife.

There is certainly interest in addressing the movement of non-aquatic and semi-aquatic
wildlife in some situations, which may or may not coincide with streams. These
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guidelines in themselves are not driven by consideration of other than aquatic and semi-
aguatic species.

VDFW Wildlife Division has an ongoing initiative with VTrans to identify key wildlife
crossing areas and resolve existing wildlife/transportation conflicts. In certain instances,
design for terrestrial wildlife movement along the stream margin may be requested in
design. Where the movement of terrestrial species is of concern the project proponent
may be asked to consult with VDFW’s Wildlife Division.

3.2 Pre-Design Site Assessment

Site assessment is the gathering and interpretation of relevant information from the watershed,
reach, and site. Information requirements and level of detail will vary from site to site depending
on the scale of the project, site characteristics, project objectives, and design method used.

An inter-disciplinary approach is especially important for this part of the design process. Aspects
of a site assessment might include physical and habitat surveys, channel characterization,
pebble counts, hydrologic correlations, geotechnical investigations, etc. Careful and thorough
documentation of the various assessment procedures is very important.

3.2.1 Pre-Design Assessment Data

Most of the site assessment parameters and procedures recommended here are defined in the
Vermont Stream Geomorphic Assessment Protocols published by Vermont Department Agency
of Natural Resources (VANR 2003, VANR 2005a, VANR 2005b) and available through the
Agency’s website.. The handbooks use methods and practices utilized by scientists and
resource managers worldwide.

The procedures within these handbooks are not intended specifically for assessment or design
of road-stream crossings so modifications to those procedures are expected in many situations.
The key is to understand the utility of each parameter or procedure and apply the Vermont
assessment protocols appropriately. They are particular to Vermont streams. They will guide the
designer through an assessment and provide the essential pre-design data needed for a
prudent crossing design.

It's best to have a design method in mind and do the assessment with the method in mind.
Additional assessment parameters that might be necessary for stream simulation designs are
described in Section 6.3.1, Stream Simulation Site Assessment Needs.

The following parameters should be observed or measured as part of the pre-design for any of
the design procedures described in this guideline:

o0 Description and dimensions of existing structures; dimensions, conditions, history,
etc.

= Stream, road, culvert alignments. See VANR, 2003; Appendix G.
0 Recent flood history and evidence at the site
o0 Characteristics of key features and channel grade controls

» What key channel features (debris, live wood, colluvium, bedrock, steps) are
present?

»  What effect do key features have on the channel?
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» Describe size, spacing, function (profile control, roughness, confinement,
bank stability), bed drop, and permanence (mobility and condition).

= See VANR, 2005b; Phase 2 Step 1. Pay attention to wood and permanence
of grade control.

0 Bed material characteristics; amount, size, mobility

= How mobile is the bed material? See Sections 3.2.2-Pre-design Assessment
Interpretations, and 6.3.3, Streambed design.

= See VANR, 2003; Phase 3, Steps 2 and 6.2. See also Section 3.2.2, Pre-
design Assessment Interpretations.

0 Channel profile

= Surveyed natural channel thalweg. See Section 3.2.3, Pre-design
Assessment Products.

= Describe channel slope, continuous or in segments
= See VANR, 2003; Phase 3, Step 2.

0 Measured representative bankfull channel and/or ordinary high water width
= See VANR, 2005b; Phase 2, Step 2.

= Correlate bankfull and/or ordinary high water width with the Vermont regional
hydraulic geometry curves developed by the River Management Program.
See VANR, 2005a; Phase 1, Step 2.

» Include cross-section surveys immediately above and below any existing
structure.

0 Representative floodprone width
= See VANR, 2005b; Phase 2, Step 2 and VANR, 2003 Phase 3, Step 2.
= Estimated conveyance of floodprone area

0 Hydrology

= Develop continuous flow gauging, peak flow gauging, basin correlations,
hydrologic regressions. See VANR, 2005a; Phase 1, Step 1.

» See Basin Characteristics feature of the USGS Vermont Streamstats
interactive map http://water.usgs.gov/osw/streamstats/Vermont.html.

3.2.2 Pre-design Assessment Interpretations
0 Hydrology

» Qualitative hydrologic characteristics of basin
= Expectations of future watershed