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Executive Summary

Culverts designed and constructed in an ecological manner provide floodwater conveyance
while maintaining transport of sediment, ecological connectivity, and fish passage. A properly
designed culvert can reduce maintenance, prevent erasion, which in turn results in cost savings
over time. The following techniques are detailed in this report:

Bridge Spans / Bottomless Culverts
Buried Culverts

Floodplain Bypass Culverts

Stream Daylighting

o

The River Restoration Toolbox Practice Guide 9: Culvert Adjustment (Practice Guide) has been
developed to assist with the presentation of design and construction information for stream
restoration in lowa. It is intended to provide guidance to:

¢ Those responsible for reviewing and implementing stream restoration,
e Engineers responsible for the design of stream restoration projects,

e Othersinvolved in stream restoration at various levels who may find the information useful
as a technical reference to define and illustrate culvert adjustment techniques.

The Practice Guide includes a written assessment of the culvert adjustment practice and
describes a variety of culvert adjustment techniques. Each technique includes design guidelines,
a specifications list, photographs, and, when applicable, drawings.

The information in the Practice Guide is intended to inform practitioners and others, and define
typical information required by the State of lowa to be included with the use of floodplain
restoration techniques. The information and drawings are not meant to represent a standard
design method for any type of technique and shall not be used as such. The Practice Guide
neither replaces the need for site-specific engineering and/or landscape designs, nor precludes
the use of information not included herein.

The Practice Guide may be updated and revised to reflect up-to-date engineering, science,
and other information applicable to lowa streams and rivers.
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Culverts have long been used as a means of passing stream flows under roads and other
infrastructure. In the past, the engineering approach to crossing small streams considered only
the hydraulic capacity of the culvert to handle flood events. Until recently there has been
minimal consideration for the impact on the ecological function of the stream when designing
stream crossings. The result has been culverts which impact stream functions upstream and
downstream of the culvert.

Traditional culvert crossings interrupt healthy stream functions (carrying water and sediment) by
affecting the channel shape, slope and bottom material. The evidence of these interruptions
can be seen at culvert outlets and inlets. The culvert outlet often has erosion and scour due to
high velocity flows exiting the culvert. The culvert inlets can accumulate sediment when culverts
are over-wide and accumulate debris when multiple small openings are used. Standard culvert
shapes (i.e. circle, rectangle, etc.) are effective for carrying floodwater but fail to transport
sediment. Culverts can have negative impacts on a stream system when they are over-sized
and when they are under-sized.

A proper width/depth ratio allows a stream system to sustainably carry floodwater and
sediment. Multiple design concepts have been developed to provide a proper width/depth
ratio through culvert crossings including bottomless culverts and buried culverts. Many designers
have decided to remove existing culverts altogether by using bridge spans or providing
alternative crossings. Stream systems with healthy water and sediment transport provide flood
conveyance, water quality, and habitat for plants and wildlife. These streams will also resist
erosion, manage debris, and provide recreation opportunities for a variety of users.

The guidelines and specifications provided in this document are general and not a
comprehensive design manual. It is the responsibility of the designer to understand the design
approach and the feasibility of using culvert adjustment techniques on a case-by-case basis.
The following criteria in no way replaces design discretion, experience, and training, and cannot
incorporate every scenario. They are intended to flag common errors, promote empirically
stable design ranges, assist designers and reviewers in communication, and adapt tested
designs to lowa conditions.
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2.1 BRIDGE SPAN / BOTTOMLESS CULVERT

Bridge spans or bottomless culverts provide ecological and floodwater conveyance benefits for
streams at stream crossings. Often, existing culverts are oversized relative to the bankfull
discharge, resulting in an over-wide section of stream at the location of the culvert. This is the
case when double and triple-barrel culverts are used. In some cases, the stream may be
constricted at the crossing resulting in higher velocities in the culvert and the adjacent portion of
stream. The higher velocities create scour at the outlet of the culvert and make it difficult for fish
species attempting to swim upstream inside the culvert.

Properly designed bridge spans or bottomless culverts allow for streams to maintain their natural
bed material and bankfull channel shape through the crossing. They promote channel bed
stability, allow for aquatic species passage, and maintain in-stream and floodplain habitats. The
bankfull channel provides the appropriate width/depth ratio for the stream to carry water and
sediment. The floodplain above the bankfull channel helps to pass debris and provide lower
velocities during high flow events. The reduced velocities minimize scour and erosion forces at
the outlet of the culvert and also allow fish to migrate upstream and downstream easily through
the crossing.

A bridge span or bottomless culvert should be considered at new crossings and existing crossings
where a culvert needs to be replaced and where site conditions allow the feasibility of the
concept. The bridge span or bottomless culvert should be designed by a professional engineer
or person meeting the qualifications required by the governing jurisdiction. The crossing should
be designed to handle the peak flow required by the governing jurisdiction. Additional
considerations for culvert replacements include buried culverts (See Section 2.2) and new
culvert with floodplain culverts (See Section 2.3).
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e Use: Bridge spans or bottomless culverts allow for long term dynamic channel stability,
maintain stream integrity and natural channel characteristics, and preserve ecological
connectivity. (Mendocino Co CA Chapter 4, pg 59)

e Other uses: Bridge spans or bottomless culverts allow streams to maintain a proper
width/depth ratio, which is essential for healthy sediment transport through the culvert.
They can prevent erosion by allowing for high flows to pass through the crossing without
increasing flow velocities. Bridge spans or bottomless culverts also require less
maintenance by allowing debris to pass through the crossing for more flood events.

e Best applications:
o New stream crossings

0 Existing culverts with downstream erosion from constricted flow and high
velocities

0 Existing culverts with perched outlets from unstable stream bed due to headcuts
or improper culvert sizing

0 Existing culverts that are wider than the existing stream channel due to oversizing
the culvert

0 Existing culverts with a need for frequent cleaning of debris at the culvert inlet
0 Existing culverts with condition or hydraulic capacity deficiencies

e Variations:
0 Replace culvert with bottomless culvert.

o0 Add floodplain bypass culverts to convey flood events and reduce high flow
velocities at the stream channel culvert. See Section 2.3.

o Can be designed to allow for the passage of wildlife under roadways to reduce
wildlife-related vehicle collisions and reduce the effect of habitat fragmentation
due to roadways (Bissonette et al., 2008).

e Computations: The proposed bridge span or bottomless culvert should be sized to allow
the bankfull channel to be formed within the span or culvert. The span or culvert must be
deigned to meet appropriate design guidelines by governing bodies (i.e. lowa DOT, etc.)

o Key Features:
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0 Bridge spans or bottomless culverts provide sufficient cross sectional area for the
stream to convey high flow events through the culvert without significantly
changing the velocity and sediment carrying capacity of the stream from the
upstream and downstream stream sections.

o Natural channel bottom thru the crossing provides habitat for aquatic species.

0 Bridge spans or bottomless culverts allow debris to pass through culvert during
small and frequent flood events without requiring maintenance.

The following drawings and data table depict information that should be included in
construction plans for bridge spans or bottomless culverts. The data table includes design
guidelines and sources, where applicable.
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Table 1. Required Design Data for Bridge Spans / Bottomless Culverts

Dimension? Name Typical Unit Guidelines? Description
A Bankfull Width Feet Measured at site using surveying The cha|.'1nel width at pankfull stage,
. . where discharge has filled the
techniques or determined based on ,
. channel to the top of its banks and
regional curves i
water begins to overflow onto a
floodplain
B Channel Thalweg Feet Existing thalweg elevation measured LOV\fSt el;a;atmin W'thmtthe F:ross
Elevation / Culvert (NAVD) in the field or designed based on sec.|on otthes regm atagven
. . station along the river
Inlet Elevation natural channel guidance
C Bankfull / Floodplain Feet Measured at site using surveying llc\l/lax(;mur: Wgter I(Zvel bfr]fors ful
Elevation (NAVD) techniques or determined based on oodwaterrises a. ove the banxiu
. channel and begins to overflow onto
regional curves )
a floodplain
D Bankfull Bench / Feet Bench width should be greater than \t/)VIdthh(/):l thz blar]kfull
Floodplain Width or equal to the bankfull width ench/floodpiain
E Bridge Span / N/A Sized based on guidelines specified in The culvert located at the stream
. . channel
Bottomless Culvert computations section
Notes:

1. Some labels are referenced in the detail drawings.

2. Common guidance, values, or ranges are given unless they require computation using site-specific input.

3. NAVD-North American Vertical Datum or other, as appropriate.
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Drawing 1. Bridge Span / Bottomless Culvert

Existing Culvert

I Stream Valley
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7 Roadway Fill
Bankfull

Stream Channel
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In addition to the information presented in Section 1.0 Introduction, the following information
should be developed into specifications to accompany the use of bridge spans or bottomless
culverts when replacing existing culverts:

e Materials:

(o}

(o}

Culvert material should comply with local requirements and meet design

standards.

Embankment fill material should meet local standards.

e Equipment/Tools:

(0]

Machinery to excavate and install culverts

e Sequence:

(0}

(0]

Remove existing culvert and dispose of material according to project documents
(if necessary)

Install bridge span or bottomless culvert.

Install scour protection, if necessary.

Construct stream crossing embankment (for road or other infrastructure).
Seed and/or plant appropriate vegetation.

Protect slopes with temporary erosion control measures.

e Workmanship:

(0]

The finished alignment and elevations of the bridge span or bottomless culvert
should be within the tolerance specified by plan documents, including the lines,
grades, cross sections and elevations of the design.

e Maintenance: During and immediately after construction, the project area will be
vulnerable to erosion. Establishing vegetation or other cover material as soon as possible
will help reduce erosion.
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Photo 1. Example 1 - Inga Creek, perched Photo 2. Example 1 - Inga Creek,
culvert, existing conditions. Source: Marty bottomless culvert, post construction.
Rye, Superior National Forest. Source: Marty Rye, Superior National Forest.

Photo 3. Example 2 — Mark Creek, perched

Phot 4. Example 2 - Mark Crek,

culvert, existing conditions. Source: Marty bottomless culvert, post construction.
Rye, Superior National Forest. Source: Marty Rye, Superior National Forest.

: T “' : .
Photo 5. Example 3 - Tait River, culvert, 12’ Photo 6. Example 3 - Tait River, bridge, 24’
span, existing conditions. Source: Marty Rye,  span, post construction. Source: Marty Rye,
Superior National Forest. Superior National Forest.
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2.2 BURIED CULVERTS

Buried culverts mimic natural streams by incorporating a natural streambed within the culvert
bottom. They promote channel bed stability, allow for aquatic species passage, and maintain
in-stream and floodplain habitats. A buried culvert has a natural channel bed and is designed to
accommodate bankfull flow without restriction.

Traditional culverts have been designed to convey a specific flood event. They have also been
designed to have a minimum cleaning velocity for low flow periods of time. A cleaning velocity
is the minimum velocity required in the culvert to wash away sediment and debris that could
collect in the culvert bottom. The idea was that the entire culvert cross sectional area be
available for floodwater conveyance. Culverts designed with a minimum cleaning velocity
constrict the flow of the stream and increase velocities. Increased velocities create increased
erosion potential downstream of the culvert and also impede passage of native aquatic
organisms.

A buried culvert is an oversized culvert with a natural channel bottom constructed within the
culvert. A buried culvert is set below the active channel elevation of the stream. The stream
channel functions the same way within the culvert as it does upstream or downstream of the
culvert up to the bankfull flow at minimum. This approach reduces erosion concerns at the
culvert outlet because the flow velocities are similar to the flow velocities in the upstream and
downstream portions of the stream.

Design considerations include bankfull elevations, ecological connectivity, safety, and
economics. Design methods for buried culverts are described in Stream Simulation: An
Ecological Approach to Providing Passage for Aquatic Organisms at Road-Stream Crossings,
USDA Forest Service, 2008.

Buried culverts should be considered at new crossings and existing crossings where a culvert
needs to be replaced and where site conditions allow the feasibility of the concept. Buried
culverts should be designed by a professional engineer or person meeting the qualifications
required by the governing jurisdiction. The culvert should be designed to handle the peak flow
required by the governing jurisdiction. Additional considerations for buried culverts include the
use of floodplain bypass culverts (See Section 2.3).

10
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Use: Buried culverts provide a proper width/depth ratio for the bankfull channel resulting
in channel bed stability.

Other uses: Buried culverts provide aquatic species passage and maintain in-stream and
floodplain habitats, while reducing scour at culvert entrances and outfalls. They
typically require less maintenance by allowing debris to pass through the crossing for
during flood events.

Best applications:
0 Proposed stream crossings where a stable stream system exists.

0 Replacing existing culverts that have condition or hydraulic capacity
deficiencies.

0 Replacing existing stream crossings that are batrriers for fish passage.
Variations:

o0 Buried culverts can either be box culverts or round pipes with stream bed material
placed within the culvert.

0 Bottomless culverts can be used in place of buried culverts. See Section 2.1.

o0 Add floodplain bypass culverts to convey flood events and reduce high flow
velocities at the stream channel culvert. See Section 2.3.

o Can be designed to allow for the passage of wildlife under roadways to reduce
wildlife-related vehicle collisions and reduce the effect of habitat fragmentation
due to roadways (Bissonette et al., 2008).

Computations: The culvert should be sized so that the bankfull channel can be formed
within the culvert. Scour potential calculations should be performed to determine the
depth of material needed for the bed of the stream within the culvert. Check the culvert
capacity at high flow events to ensure that the pipe will not become pressurized.
Additional floodplain width (bankfull bench width) can be included within the culvert or
floodplain culverts can be considered (See Section 2.3). The culvert must be deigned to
meet appropriate design guidelines by governing bodies (i.e. lowa DOT, etc.)

Key Features:

o0 Buried culverts provide a natural channel bottom within the culvert.

11
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o0 Buried culverts provide ecological connectivity and maintain in-stream and
floodplain habitats.

o Buried culverts provide channel bed stability.

The following drawings and data table depict information that should be included in
construction plans for buried culverts. The data table includes design guidelines and sources,
where applicable.

12
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Table 2. Required Design Data for Buried Culverts

Dimension? Name Typical Unit Guidelines? Description
A Bankfull Width Feet Measured at site using surveying The chahnel width at pankfull stage,
. . where discharge has filled the
techniques or determined based on ,
. channel to the top of its banks and
regional curves ,
water begins to overflow onto a
floodplain.
B Bankfull Elevation Feet Measured at site using surveying ][\I/Iax(;murtn Wgter Iivel bter:‘orke) Kl
(NAVD) techniques or determined based on oodwaterrises a. ove the bankiu
. channel and begins to overflow onto
regional curves )
a floodplain.
. . Lowest elevation within the cross
C Channel Thalweg Feet Existing thalweg elevation measured "  the st ¢ )
Elevation (NAVD) in the field or designed based on sec'|on otthes regm atagiven
. station along the river.
natural channel guidance
D Channel Bed Material Feet Use scour analysis calculations to Gradation of material to be used for
iy . o channel bottom.
Sizing determine material sizing and
thickness
E Culvert N/A Sized based on guidelines specified in Culvertlocated at crossing.
computations section
Notes:

1. Some labels are referenced in the detail drawings.

2. Common guidance, values, or ranges are given unless they require computation using site-specific input.

3. NAVD-North American Vertical Datum or other, as appropriate.

13
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Drawing 2. Buried Culvert — Cross Section

Bankfull Width
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Page 1of2
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Drawing 3. Buried Culvert - Profile View

Top of Embankment
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—
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In addition to the information presented in Section 1.0 Introduction, the following information
should be developed into specifications to accompany the use of buried culverts:

e Materials:

0 Culvert material should comply with local requirements and meet design
standards.

o Embankment fill material should meet local standards.

o0 Stream bedding material. Bed should be well compacted (vibratory compaction
recommended).

e Equipment/Tools:
0 Machinery to excavate and install culverts
e Sequence:
0 Place culvert per design elevations.
0 Place stream bed material and compact.
o Install scour protection, if necessary.
o0 Seed and/or plant appropriate vegetation in vicinity of culvert.
0 Protect slopes with temporary erosion control measures.
¢ Workmanship:

0 The culvert and stream bed material should be within the tolerance specified by
plan documents, including the lines, grades, cross sections and elevations of the
design.

¢ Maintenance: During and immediately after construction, road banks are vulnerable to
erosion. Establishing vegetation or other cover material as soon as possible will help
reduce erosion.

16
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2.2.5 Photographs

Photo 7. Buried culvert. Source: Doug Photo 8. Buried culvert. Source: Maine
Peterson/USFWS Watch, PBS

Photo 9. Buried aluminum box culvert. Photo 10. Buried aluminum circulér culvert.
Source: Ozaukee Co, WI Source: Ozaukee Co, WI

Photo 11. Buried concrete box culvert.
Source: Ozaukee Co, WI

17
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2.3 FLOODPLAIN BYPASS CULVERTS

Floodplain culverts provide floodwater conveyance within the floodplain. Allowing floodwater to
stay in the floodplain helps streams remain self-sufficient and maintain their width/depth ratio at
bankfull stage. A floodplain culvert is a culvert located in the floodplain of a stream crossing
designed with the intent to pass floodwater from the floodplain during high flow events.

When streams are constricted or over-wide at culverts, the sediment transport function of the
stream is altered. Higher velocities within the stream channel culvert create scour, especially
near the culvert outlet. Floodplain bypass culverts reduce constriction at one location and
connect the upstream and downstream floodplains with multiple culvert openings. The result is a
stream channel and floodplain that both function efficiently and sustainably in terms of carrying
floodwater and sediment. The floodplain culvert concept still provides flood conveyance via the
combination of the stream culvert and the floodplain culverts.

The appropriately sized stream channel culvert (See Sections 2.1 and 2.2) should be designed to
convey the bankfull flow. The stream channel culvert should be located within the bankfull
dimensions of the stream. The floodplain culverts should be designed to convey flood flows that
overtop the stream banks and run out onto the floodplain. Floodplain culverts should be located
within the floodplain and constructed with the inlet set at the floodplain elevation.

Floodplain culverts should be considered at new crossings and existing crossings where a culvert
needs to be replaced and where site conditions allow the feasibility of the concept. Floodplain
culverts should be designed by a professional engineer or person meeting the qualifications
required by the governing jurisdiction. The floodplain culvert(s), combined with the stream
channel culvert, should be designed to handle the peak flow required by the governing
jurisdiction. Additional considerations for culvert replacements include bridge spans or
bottomless culverts (See Section 2.1)

18
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e Use: Floodplain culverts provide floodwater conveyance within the floodplain.

e Other uses: Floodplain culverts allow streams to more effectively access the floodplain
near road crossings and other common restrictions. They help streams to maintain the
proper width/depth ratio and effectively transport sediment.

e Best applications:

0 Stream crossings with a wide and accessible floodplain

o Shallow crossings where cover over the channel culvert is minimal

0 Replacing existing culverts with condition or hydraulic capacity deficiencies
e Variations:

o Stream channel culvert should be sized to handle the bankfull flow at a minimum.
See Section 2.1 and 2.2.

o0 Provide outlet protection at the floodplain culverts.

0 Floodplain culvert inlet elevations should be set above the bankfull elevation and
located within the floodplain.

o0 Can be designed to allow for the passage of wildlife under roadways to reduce
wildlife-related vehicle collisions and reduce the effect of habitat fragmentation
due to roadways (Bissonette et al., 2008).

e Computations: The steps below assume that the stream channel is functioning in a
healthy manner. The designer should know how to identify the characteristics of the
bankfull channel. Hydraulic modeling tools, such as HEC-RAS, should be used to confirm
that the combination of floodplain culverts and stream channel culvert will meet
governing flood conveyance requirements.

o Determine required cross sectional area based on standards of governing
jurisdiction.

o Stream channel culvert should be sized to handle the bankfull flow at a minimum.
Remaining required cross sectional area should be achieved by floodplain
culverts spaced evenly across the floodplain.

19
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Key Features:
o]

Stream channel culvert flowline elevation should be designed based on the
stream channel thalweg elevation (See Section 2.2). Floodplain culvert flowline
elevations should be set at the bankfull elevation.

Hydraulics modeling may be necessary to justify that combination of culverts can
convey the required design flood event.

Floodplain culverts provide floodwater conveyance within the floodplain.

Outlet protection at all culverts prevents scour.

20
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The following drawing depicts information that should be included in construction plans for floodplain bypass culverts. The
data table includes design guidelines and sources, where applicable.

Table 3. Required Design Data for Floodplain Bypass Culverts

Dimension? Name Typical Unit Guidelines? Description
A Bankfull Width Feet Measured at site using surveying The cha|.'1nel width at t,’a”kf“” stage,
. . where discharge has filled the
techniques or determined based on ,
. channel to the top of its banks and
regional curves i

water begins to overflow onto a
floodplain

B Channel Thalweg Feet Existing thalweg elevation measured LOV\?St el;ez/hatlotn W|th|ntthe F:ross

Elevation / Culvert (NAVD) in the field or designed based on sec.|on orthes regm atagiven
. . station along the river
Inlet Elevation natural channel guidance
C Bankfull / Floodplain Feet Measured at site using surveying ]Ic\l/lat;muT wgter I(;:;vel btehfors Kl
Elevation (NAVD) techniques or determined based on oodwaterrises a' ove the bankid
. channel and begins to overflow onto
regional curves )

a floodplain

D Bankfull Bench / Feet Bench width should be greater than \éwdthh(/):l thzblahkfull

Floodplain Width or equal to the bankfull width ench/floodpiain
E Stream Channel N/A Sized based on guidelines specified in The culvert located at the stream

Culvert

computations section

channel
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Table 3. Required Design Data for Floodplain Bypass Culverts

Dimension? Name Typical Unit Guidelines?

Description

F Floodplain Culvert N/A Sized based on guidelines specified in
computations section

The culvert(s) located within the
floodplain

G Bed Material Depth Feet Determined based on velocity,
sediment transport, and conveyance
calculations

Depth Main Culvert is Buried in the
Stream Bed

Notes:

1. Some labels are referenced in the detail drawings.

2. Common guidance, values, or ranges are given unless they require computation using site-specific input.

3. NAVD-North American Vertical Datum or other, as appropriate.
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Drawing 4. Floodplain Bypass Culverts — Cross Section
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Drawing 5. Floodplain Bypass Culverts — Plan View
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In addition to the information presented in Section 1.0 Introduction, the following information
should be developed into specifications to accompany the use of floodplain culverts:

Materials:

0 Culvert material should comply with local requirements and meet design
standards.

o Embankment fill material should meet local standards.

Equipment/Tools:

0 Machinery to excavate and install culverts

Sequence:
o Install stream channel culvert.
o Construct stream crossing berm (for road or other infrastructure)
o Install floodplain culverts.
o Install scour protection.
0 Seed and/or plant appropriate vegetation in vicinity of culverts.
0 Protect slopes with temporary erosion control measures.

e Workmanship:

o0 Culvert flow lines should be within the tolerance specified by plan documents,
including the lines, grades, cross sections and elevations of the design.

e Maintenance: During and immediately after construction, the project area will be
vulnerable to erosion. Establishing vegetation or other cover material as soon as possible
will help reduce erosion. Maintenance will be needed to clear debris at the entrances of
the culverts.
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Photo 12. Fishpot Creek Tributary, St. Louis
Co, MO. Source: Steve Gough

Photo 14. Floodplain culvert on Lamothe
Hollow Creek in Spruce, WV. Source:
Canaan Valley Institute

Photo 13. 3-culvert design with varying
elevations. Maryland. Source: Delaware
River Basin Commission.
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2.4 STREAM DAYLIGHTING

Stream daylighting provides streams with a restored channel and floodplain. Stream daylighting
includes removing buried culverts or storm sewers and exposing the streams that run through
them to a natural stream channel and floodplain. This technique has been used primarily in
urban areas and requires removing pavement, removing the culvert, and constructing a new
stream channel. In many urban areas the answer to rainfall runoff has been to increase storm
sewer sizing and quantity. The short term advantage to storm sewer is more area available for
development. However, as flooding and flood damage costs have accumulated over the
years, many municipalities and agencies have begun to rethink their approach to flooding. They
have started to look at the idea of giving up some land available for development and
daylighting the storm sewer system into a natural stream. The approach has resulted in less
frequent flooding of surrounding properties, a natural corridor of green space within the city,
water quality benefits, and less maintenance of the stormwater system.

The investment in stream daylighting can be cost effective when compared to repairing or
replacing damaged or failing culverts. Long term cost savings includes reduced flood damage
and maintenance costs associated with the culverts. Water quality improvements are achieved
by reconnecting the daylighted stream to a natural stream bed, vegetated stream banks, and
floodplain. The ecological benefits of stream daylighting are numerous, including restoring
habitat for fish, birds, and other wildlife.

Stream restoration practices described (See Practice Guide 5 - Geomorphic Channel Design)
should be utilized to develop the restoration design following stream daylighting. Stream
daylighting should be considered in areas where existing culverts and storm sewers experience
frequent flooding, are in disrepair, and where site conditions allow the feasibility of the concept
(i.e. property can be acquired to construct a stream channel, etc.). Stream daylighting should
be designed by a professional engineer or person meeting the qualifications required by the
governing jurisdiction. Design of the stream daylighting should meet all permitting requirements
required by the governing jurisdiction. Flood modelling software may be required to
demonstrate feasibility and likelihood of success for the project.
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e Use: Stream daylighting provides a natural stream channel and floodplain to existing
streams conveyed by a culvert.

e Other uses: Stream daylighting reduces flooding impacts and maintenance costs and
often provides water quality and recreational benefits.

e Best applications:
0 Existing culverts that are undersized and flood frequently
0 Existing culverts that require frequent maintenance and are in disrepair

0 Existing culverts that are located in areas where property can be acquired to
construct a natural stream channel

e Variations:

o Stream daylighting can be done in combination with the culvert adjustment
techniques described in this guide for street crossings along the existing culvert.
See Section 2.1 - 2.3.

e Computations: The restored stream following stream daylightin stream should be
designed based on Practice Guide 5 - Geomorphic Channel Design. The key features of
the stream are the bankfull channel, floodplain, channel slope, and channel bed
material.

o Key Features:

o Daylighted stream provides natural channel with floodplain.

28



RIVER RESTORATION TOOLBOX PRACTICE GUIDE 9

Culvert Adjustment Techniques
December 2017

2.4.3 Photographs

Photo 15. Lower Bee Branch pre- Photo 16. Lower Bee Branch post
construction. Source: City of Dubuque construction. Source: City of Dubuque

Photo 17. Saw Mill River daylighting project ~ Photo 18. Saw Mill River daylighting project
during construction. Source: Younkers, NY post construction. Source: Nathan
Kensinger, Curbed New York

.'j:.’ ’ _:Il‘ -

Photo 19. Fairmeadows Park pre- Photo 20. Fairmeadows Park post
construction. Source: LT Leon Associates construction. Source: LT Leon Associates

29



RIVER RESTORATION TOOLBOX PRACTICE GUIDE 9

Culvert Adjustment Techniques
December 2017

American Association of State Highway and Transportation Officials (AASHTO). 2017. Center for
Environmental Excellence, Chapter 3: Design for Environmental Stewardship in Construction
& Maintenance, 3.5 — Culverts and Fish Passage.

Bentley, CIiff. 2013. MN DNR Public Waters Work Permits, Culvert Design Criteria. Lake Superior
Watershed Ditch and Culvert Design Workshop, Duluth, MN.

Bissonette, John A. and Cramer, Patricia C., 2008. Evaluation of the Use and Effectiveness of
Wildlife Crossings. U.S. Geological Survey — Utah Cooperative Fish and Wildlife Research Unit
Utah State University, Logan, UT.

Buchholz, Tracy and Younos, Tamim, 2007. Urban Stream Daylighting Case Study Evaluations.
Virginia Water Resources Research Center, Blacksburg, VA.

Castro, Janine. 2003. Geomorphologic Impacts of Culvert Replacement and Removal: Avoiding
Channel Incision. USFWS - Oregon Fish and Wildlife Office, Portland, OR.

CON/SPAN Bridge Systems, Inc., 2000. Con San Bridge Systems Installation Handbook. Dayton,
OH.

FEMA. 2009. Private Water Crossings: Considerations before you build or rebuild. FEMA P-778,
Catalog No. 09301-2.

Forest Service Stream-Simulation Working Group (2008). STREAM SIMULATION: An Ecological
Approach To Providing Passage for Aquatic Organisms at Road-Stream Crossings, National
Technology and Development Program, San Dimas, CA 91773.

lowa Department of Natural Resources. 2009. lowa Storm Water Management Manual, Chapter
14: Design of Culverts.

Kilgore, R.T., Bergendahl, B.S., Hotchkiss, R.H., 2010. Culvert Design for Aquatic Organism Passage
Hydraulic Engineering Circular Number 26. U.S. Federal Highway Administration.

Levine, J.F., Eads, C.B., et al. 2007. A comparison of the Impacts of Culverts versus Bridges on
Stream Habitat and Aquatic Fauna. Raleigh, NC.

Minneapolis City of Lake Community Planning & Economic Development, et al., 2007. Bassett
Creek Stream and Habitat Restoration Implementation Plan.

Minnesota Department of Natural Resources. 2017. Floodplain Culvert Fact Sheet. Division of
Ecological & Water Resources.

30



RIVER RESTORATION TOOLBOX PRACTICE GUIDE 9

Culvert Adjustment Techniques
December 2017

Minnesota Department of Natural Resources. 2017. How to Establish & Apply Land Form into
Infrastructure (Site) Design.

Minnesota Department of Transportation. 2014. Best Practices for Meeting DNR General Public
Waters Work Permit GP2004-0001, Version 4, Chapter 2: Hydraulic and Hydrologic
Recommendations.

Montana Department of Natural Resources and Conservation. 2001. Montana Stream
Permitting: A Guide for Conservation District Supervisors and Others, Chapter 3: Stream
Crossings.

Naturally Resilient Communities. Daylighting Rivers.
Pinkham, Richard. 2000. Daylighting: New Life For Buried Streams. Snowmass, CO.

Rye, Marty E. 2010. Culvert Design in Forested Watersheds That Improve: Ecological Function,
Infrastructure Protection, and Public Safety. Northland Innovation Stormwater Management
Conference, Duluth, MN.

Trice, Amy. Daylighting Streams: Breathing Life into Urban Streams and Communities. American
Rivers, Washington, DC.

Weaver, W.E., Weppner, E.M. and Hagans, D.K., 2015, Handbook for Forest, Ranch and Rural
Roads: A Guide for Planning, Designing, Constructing, Reconstructing, Upgrading,
Maintaining and Closing Wildland Roads (Rev. 1st ed.), Mendocino County Resource
Conservation District, Ukiah, California.

Wisconsin Department of Transportation. 2017. Standard Specifications, Section 203: Removing
Old Culverts and Bridges.

Zytkovicz, K., Murtada, S., 2013. Reducing Localized Impacts to River Systems Through Proper

Geomorphic Sizing of On-Channel and Floodplain Openings at Road/River Intersections.
Minnesota DNR.

31



	1.0 Introduction
	2.0 CULVERT ADJUSTMENT TECHNIQUES
	2.1 BRIDGE SPAN / Bottomless Culvert
	2.1.1 Narrative Description
	2.1.2 Technique Information
	2.1.3 Detail Drawings and Data Table
	2.1.4 Specifications
	2.1.5 Photographs

	2.2 BURIED CULVERTS
	2.2.1 Narrative Description
	2.2.2 Technique Information
	2.2.3 Detail Drawings and Data Table
	2.2.4 Specifications
	2.2.5 Photographs

	2.3 FLOODPLAIN BYPASS CULVERTS
	2.3.1 Narrative Description
	2.3.2 Technique Information
	2.3.3 Detail Drawings and Data Table
	2.3.4 Specifications
	2.3.5 Photographs

	2.4 STREAM DAYLIGHTING
	2.4.1 Narrative Description
	2.4.2 Technique Information
	2.4.3 Photographs


	3.0 References

