Appendix

Miscellaneous reports or publications

A-2 GP2004-0001 (DNR)
A-7 MESBOAC (DNR)
A-16 Aquatic Organism Passage (USDA Forest Service)
A-26 Flood Effects on Road—Stream Crossing Infrastructure (USDA Forest Service)
A-27 Floodplain Culverts (DNR)
A-28 Perimeter Control (MPCA)
A-34 Understanding our Streams and Rivers (DNR)
Resource Sheet 1: Streambank Erosion and Restoration
Resource Sheet 2: The Value and Use of Vegetation
A-46 MnDOT Standard Plans (reduced to 8.5x11)
Passage Bench (MnDOT Fig. 5-397-309)
Temporary Sediment Control (MnDOT Fig. 5-297.405)
Bioengineering (MNnDOT Fig 5-297.407)
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MINNESOTA DEPARTMENT OF NATURAL RESOURCES
Limited/Amended

Public Waters Work General 2004-0001

General Permit Number

DERARTHENT OF .
HATURAL RESOURCES Permit

Expiration Date: 11/27/2018

Pursuant to Minnesota Statutes, Chapter 103G, and on the basis of statements and information contained in the
permit application, letters, maps, and plans submitted by the applicant and other supporting data, all of which are
made part hereof by reference, PERMISSION IS HEREBY GRANTED to the applicant to perform actions as
authorized below. This permit supersedes the original permit and all previous amendments.

Project Name: County: Watershed: Resource:

MNDOT Statewide General All counties in All watersheds in Minnesota All waters shown on the
Permit Minnesota Public Waters Inventory
Purpose of Permit: Authorized Action:

Bridge, culvert, or stormwater outfall repair or Upon notification of approval by the DNR Transportation
replacement. Hydrologist or Area Hydrologist, replace or repair of bridges,

culverts, riprap, or stormwater outfalls on Public Waters, where
all conditions and provisions specified herein are met.

Permittee: Authorized Agent:

MN DEPARTMENT OF TRANSPORTATION N/A
CONTACT: CLARKOWSKI, LYNN, (651) 366-3602
OFFICE OF ENVIRONMENTAL STEWARDSHIP
395 JOHN IRELAND BLVD, MS 620

ST. PAUL, MN 55155

(651) 366-3600

Property Description (land owned or leased or where work will be conducted):

The Permittee or its authorized agent must own, control, or have permission to access and use all lands affected by the

project.

Authorized Issuer: Title: Issued Date: Effective Date: Expiration Date:

Tom Hovey Water Regulations Unit 11/27/2013 11/27/2013 11/27/2018
Supervisor

This permit is granted subject to the following CONDITIONS:

APPLICABLE FEDERAL, STATE, OR LOCAL REGULATIONS: The permittee is not released from any rules, regulations,
requirements, or standards of any applicable federal, state, or local agencies; including, but not limited to, the U.S. Army
Corps of Engineers, Board of Water and Soil Resources, MN Pollution Control Agency, watershed districts, water
management organizations, county, city and township zoning.

NOT ASSIGNABLE: This permit is not assignable by the permittee except with the written consent of the Commissioner
of Natural Resources.

NO CHANGES: The permittee shall make no changes, without written permission or amendment previously obtained from
the Commissioner of Natural Resources, in the dimensions, capacity or location of any items of work authorized
hereunder.

SITE ACCESS: The permittee shall grant access to the site at all reasonable times during and after construction to
authorized representatives of the Commissioner of Natural Resources for inspection of the work authorized hereunder.

TERMINATION: This permit may be terminated by the Commissioner of Natural Resources at any time deemed
necessary for the conservation of water resources of the state, or in the interest of public health and welfare, or for violation
of any of the conditions or applicable laws, unless otherwise provided in the permit.

(MPARS revision 10/07/2013, Permit Issuance 1D 10959, printed 11/27/2013) CONDITIONS continued on next page
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GENERAL PERMIT CONDITIONS (Continued from previous page)

COMPLETION DATE: Construction work authorized under this permit shall be completed on or before the date specified
above. The permittee may request an extension of the time to complete the project by submitting a written request,
stating the reason thereof, to the Commissioner of Natural Resources.

WRITTEN CONSENT: In all cases where the permittee by performing the work authorized by this permit shall involve the
taking, using, or damaging of any property rights or interests of any other person or persons, or of any publicly owned
lands or improvements thereon or interests therein, the permittee, before proceeding, shall obtain the written consent of all
persons, agencies, or authorities concerned, and shall acquire all property, rights, and interests needed for the work.

PERMISSIVE ONLY / NO LIABILITY: This permit is permissive only. No liability shall be imposed by the State of
Minnesota or any of its officers, agents or employees, officially or personally, on account of the granting hereof or on
account of any damage to any person or property resulting from any act or omission of the permittee or any of its agents,
employees, or contractors. This permit shall not be construed as estopping or limiting any legal claims or right of action of
any person other than the state against the permittee, its agents, employees, or contractors, for any damage or injury
resulting from any such act or omission, or as estopping or limiting any legal claim or right of action of the state against
the permittee, its agents, employees, or contractors for violation of or failure to comply with the permit or applicable
conditions.

EXTENSION OF PUBLIC WATERS: Any extension of the surface of public waters from work authorized by this permit
shall become public waters and left open and unobstructed for use by the public.

INVASIVE SPECIES - EQUIPMENT DECONTAMINATION: All equipment intended for use at a project site must be free
of prohibited invasive species and aquatic plants prior to being transported into or within the state and placed into state
waters. All equipment used in designated infested waters, shall be inspected by the Permittee or their authorized agent
and adequately decontaminated prior to being transported from the worksite. The DNR is available to train inspectors
and/or assist in these inspections. For more information refer to the "Best Practices for Preventing the Spread of Aquatic
Invasive Species" at http://files.dnr.state.mn.us/publications/ewr/invasives/ais/best_practices_for_prevention_ais.pdf.
Contact your regional Invasive Species Specialist for assistance at www.mndnr.gov/invasives/contacts.html. A list of
designated infested waters is available at http://files.dnr.state.mn.us/eco/invasives/infested_waters.pdf. A list of prohibited
invasive species is available at www.mndnr.gov/ecol/invasives/laws.html#prohibited.

APPLICABLE PROJECTS: This permit applies only to the replacement, reconstruction, or repair (including associated
minor channel or shoreline work) of existing bridges, culverts, stormwater outfalls, or riprap in Public Waters that are
designed under the supervision of a registered professional engineer. A project not meeting applicable conditions of this
permit or a project the DNR identifies as having the potential for significant resource impacts, is not authorized herein.
Rather, such projects will require an individual permit application.

PROJECT AUTHORIZATION: This permit provides conditions to aid project planning and facilitate initial design to
streamline DNR regulatory approval. A project must be reviewed by the DNR Transportation Hydrologist through the
MnDOT Early Notification Memo (ENM) process in order for it to qualify for authorization under this permit. The existing
framework of MNnDOT environmental review by the applicable DNR personnel will be utilized to review projects at the
earliest possible stage for permit needs and additional conditions. Additional design information may be required of
MnDOT during this process. If a project can not meet the conditions of this permit, a separate individual permit will be
required. If emergency or unforeseen projects arise that can not include the framework of the ENM process, the permittee
shall contact the DNR Transportation Hydrologist or Area Hydrologist immediately to provide details and discuss project
design and applicable standards for authorization under this permit. Work shall not commence until written approval that
the project will meet these (and any additional written) permit conditions is received from the applicable DNR Hydrologist.

RESPONSIBILITY: The permittee is responsible for satisfying all terms and conditions of this permit. When a project is
awarded to a said third party (contractor) for work to be completed, the permittee may notify the DNR in order to
administratively amend the project authorization form to include the said third party as a co-permittee for joint
responsibility in compliance with this permit.

ENVIRONMENTAL REVIEW: If the bridge/culvert construction is part of a road project that requires mandatory
environmental review pursuant to MN Environmental Quality Board rules, then this permit is not valid until environmental
review is completed.

DNR NOTIFICATION: The permittee shall notify the DNR Transportation Hydrologist or Area Hydrologist at least five days
in advance of the commencement of the work. An email notification of the pre-construction meeting will suffice for this
notification.

Page 2 - General Permit Number 2004-0001 CONDITIONS continued on next page
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GENERAL PERMIT CONDITIONS (Continued from previous page)

PHOTOS AND AS-BUILTS: Upon completion of the authorized work, the permittee may be required to submit a copy of
established benchmarks, representative photographs, and may be required to provide as-built surveys of Public
Watercourse crossing changes.

STATE & FEDERAL LISTED SPECIES PROHIBITION: If there are unresolved concerns regarding impacts to federally or
state listed species (endangered, threatened, or special concern), this general permit is not applicable, and the project
must be submitted as a separate permit application. Compliance with DNR and federal guidelines established for a listed
species (e.g. Topeka Shiner conditions) would constitute a resolved concern.

PRELIMINARY ENGINEERING: This permit authorizes preliminary engineering studies in the water associated with bridge
planning (e.g., core sampling). All core holes must be sealed in accordance with Department of Health well sealing
requirements. On designated infested waters, all equipment in contact with the water must be decontaminated per the
Invasive Species condition.

HYDROLOGIC/HYDRAULIC DATA REPORTING: Unless waived by the DNR Transportation Hydrologist or Area
Hydrologist, hydrologic modeling to show the impacts of the structure(s) on the 100-yr (1% chance) flood elevation is
required. Calculations showing calculated velocities through the structures at 2-year peak flows may also be required.

NAVIGATION MAINTAINED OR IMPROVED: The structure’s final design will not obstruct reasonable public navigation,

as determined by the DNR. For bridges, three feet above the calculated 50-year flood stage ordinarily satisfies navigational
clearance requirements. For culverts, three feet of clearance above the ordinary high water level (top of the bank) ordinarily
satisfies navigational requirements.

STATE TRAILS: Projects proposed near an existing or proposed state trail system should be consistent therewith.

FLOWLINE/GRADIENT NOT CHANGED: Replacement of culverts or crossings are to follow (or be restored to) the natural
alignment and profile of the stream. Changes from the existing flowline, gradient or alignment must be consistent with the
Water Level Control and Fish Passage conditions and authorized by the DNR Transportation Hydrologist or Area
Hydrologist.

FLOOD STAGES/DAMAGES NOT INCREASED: A. No approach fill for a crossing shall encroach upon a DNR approved
community designated floodway. When a floodway has not been designated or when a floodplain management ordinance
has not been adopted and approved, increases in flood stage in the regional flood of up to one-half of one foot shall be
approved if they will not materially increase flood damage potential. Additional increases may be permitted if: a field
investigation and other available data indicate that no significant increase in flood damage potential would occur upstream
or downstream, and any increases in flood stage are reflected in the floodplain boundaries and flood protection elevation
adopted in the local floodplain management ordinance as determined by the applicable DNR Hydrologist; B. If the existing
crossing has a swellhead of one-half of one foot or less for the regional flood, the replacement crossing shall comply with
the provisions for new crossings in (A). If the existing crossing has a swellhead of more than one-half of one foot for the
regional flood, stage increases up to the existing swellhead may be allowed if field investigation and other available data
indicate that no significant flood damage potential exists upstream from the crossing based on analysis of data submitted
by the applicant. The swellhead for the replacement crossing may exceed the existing swellhead if it complies with the
provisions found in (A) above.

WATER LEVEL CONTROL: Permittee is responsible for maintaining existing water level control elevations.

FISH PASSAGE: Bridges, culverts and other crossings shall provide for fish movement unless the structure is intended to
impede rough fish movement, aquatic invasive species movement, or the stream has negligible fisheries value as
determined by the Transportation Hydrologist or Area Hydrologist in consultation with the Area Fisheries Manager. The
accepted practices for achieving these conditions include: A. Where possible a single culvert or bridge shall span the
natural bankfull width adequate to allow for debris and sediment transport rates to closely resemble those of upstream and
downstream conditions. A single culvert shall be recessed in order to pass bedload and sediment load. Additional culvert
inverts should be set at a higher elevation. All culverts should match the alignment and slope of the natural stream
channel, and extend through the toe of the road side slope. “Where possible” means that other conditions may exist and
could take precedence, such as unsuitable substrate, natural slope and background velocities, bedrock, flood control,
100-yr (1% chance) flood elevations, wetland/lake level control elevations, local ditch elevations, and other adjacent
features. B. Rock Rapids or other structures may be used to retrofit crossings to mimic natural conditions.

TERRESTRIAL SPECIES MOVEMENT: Structures shall not be detrimental to significant wildlife habitat. If the crossing is
located at a significant wildlife travel corridor as determined by DNR Wildlife or Ecological & Water Resources staff, the
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GENERAL PERMIT CONDITIONS (Continued from previous page)

crossing shall be designed to minimize concerns. Typically this is accomplished with the presence of a walkable surface
(dry ground) at normal flow conditions. For bridges this is known as a ‘Passage Bench’, which is incorporated into bridge
abutment riprap. On multiple culvert installations, outer culvert inverts can be set at an elevation higher than normal flow to
allow terrestrial species use during non-flood conditions. A Passage Bench design is incorporated into MnDOT Standard
sheet (Figure 5-397.309) and available at http://www.dot.state.mn.us/bridge/cadd/files/bdetailspart2/pdf/fig7309e.pdf. Also
see ‘Passage Bench Design’ as well as other species protection measures in Chapter 1 of the collection of “Best
Practices for Meeting DNR General Public Waters Work Permit GP 2004-0001"
http://www.dnr.state.mn.us/waters/watermgmt_section/pwpermits/gp_2004_0001_manual.html.

RESTORATION OF VEGETATION: On areas of disturbed soil adjacent to Public Waters, final vegetation plans should
include native species suitable to the local habitat. This may include trees, shrubs, grasses, and/or forbs. Also see
MnDOTs “Native Seed Mix Design for Roadsides”
http://www.dot.state.mn.us/environment/erosion/pdf/native-seed-mix-dm.pdf.

TEMPORARY IMPACTS DURING CONSTRUCTION: Construction methods not finalized at the time of project review
shall be submitted for review and approval at a later date. Temporary work below the Ordinary High Water (OHW)
elevation, such as channel diversions, placement of temporary fill, structures for work pads/dock walls, bypass roads,
coffer dams, or staging areas to aid in the demolition or construction of any authorized structure shall be submitted for
review and approval in writing by the DNR Transportation Hydrologist or Area Hydrologist prior to beginning work. This is
normal procedure for bridge or culvert projects as we recognize that final project designs are often posted for bid without
final construction/ demolition plans. The following conditions must be met:

A. AQUATIC INVASIVE SPECIES - EQUIPMENT DECONTAMINATION: All equipment intended for use at a project site
must be free of prohibited invasive species and aquatic plants prior to being transported into or within the state and placed
into state waters. All equipment used in designated infested waters, shall be inspected by the Permittee or their
authorized agent and adequately decontaminated prior to being transported from the worksite. The DNR is available to
train inspectors and/or assist in these inspections. For more information refer to the "Best Practices for Preventing the
Spread of Aquatic Invasive Species" at
http://files.dnr.state.mn.us/publications/ewr/invasives/ais/best_practices_for_prevention_ais.pdf. Contact your regional
Invasive Species Specialist for assistance at www.mndnr.gov/invasives/contacts.html. A list of designated infested waters
is available at http://ffiles.dnr.state.mn.us/eco/invasives/infested_waters.pdf. A list of prohibited invasive species is
available at www.mndnr.gov/eco/invasives/laws.html#prohibited.

B. WORK EXCLUSION DATES FOR FISH SPAWNING AND MOVEMENT: Work within Public Waters may be restricted
due to fish spawning and migration concerns. Dates of fish spawning and migration vary by species and location
throughout the state. Specific dates for each DNR Region may be found on page 3 of Chapter 1 of the manual: Best
Practices for Meeting DNR General Waters Work Permit GP2004-0001.
http://www.dnr.state.mn.us/waters/watermgmt_section/pwpermits/gp_2004_0001_manual.html. Work in the water is not
allowed within these dates. The DNR Transportation Hydrologist, Area Hydrologist, or Area Fisheries Supervisor shall be
contacted about waiving work exclusion dates where work is essential or where MnDOT demonstrates that a project will
minimize impacts to fish habitat, spawning, and migration.

C. HYDROLOGIC MODELING: Hydrologic modeling of temporary fill or temporary structures may be required by DNR
Transportation Hydrologist or Area Hydrologist in order to evaluate impacts to the 100-yr (1% chance) flood elevation.
Contingency plans may also be required to ensure all construction equipment and unsecured construction materials are
moved out of the floodplain to prevent impacts to the 100-yr (1% chance) flood elevation or from being swept away by flood
waters.

D. TEMPORARY FILL: If approved, temporary fill shall be free of organic material or any material that may cause siltation
or pollute the waterbody. All such material shall be removed and the area restored to pre-existing profiles prior to project
completion.

E. WETLAND PROTECTION: Should MnDOT or its contractors chose to do work in association with this project that is
outside MnDOT project area right-of-way (EG excavation, grading, fill, vegetation alterations, utility installations, etc), they
must obtain a signed statement from the property owner stating that permits required for work have been obtained or that
a permit is not required, and mail a copy of the statement to the regional DNR Enforcement office where the proposed
work is located. The Landowner Statement and Contractor Responsibility Form can be found at:
http://www.bwsr.state.mn.us/wetlands/wca/index.html#general

F. STORAGE/STOCKPILES: Project materials must be deposited or stored in an upland area, in a manner where the
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GENERAL PERMIT CONDITIONS (Continued from previous page)

materials will not be deposited into the public water by reasonably expected high water or runoff.

G. NAVIGATION: All work on navigable waters shall be so conducted that free navigation of waterways will not be
interfered with, except as allowed by permits issued by the proper public authority. See MnDOT Standard Specifications
for Navigable Waters (spec #1709) of MNnDOT Standard Specifications for Construction, 2005 edition, or its successor:
http://www.dot.state.mn.us/pre-letting/spec/2014/2014-Std-Spec-for-Construction.pdf.

H. EROSION PREVENTION AND SEDIMENT CONTROL: In all cases, erosion prevention and sediment control methods
that have been determined to be the most effective and practical means of preventing or reducing sediment from leaving
the worksite shall be installed in areas that are within 200 feet of the water’'s edge and drain to these waters, and on
worksite areas that have the potential for direct discharge due to pumping or draining of areas from within the worksite (EG
coffer dams, temporary ponds, stormwater inlets). These methods, such as mulches, erosion control blankets, temporary
coverings, silt fence, silt curtains or barriers, vegetation preservation, redundant methods, isolation of flow, or other
engineering practices, shall be installed concurrently or within 24 hours after the start of the project, and shall be
maintained for the duration of the project in order to prevent sediment from leaving the worksite. DNR requirements may be
waived in writing by the authorized DNR staff based on site conditions, expected weather conditions, or project completion
timelines.

. MPCA WATER QUALITY REQUIREMENTS: MPCA administers the requirements of the National Pollutant Discharge
Elimination System and the State Disposal System (NPDES/SDS) requirements. To ensure state water quality standards
during construction are not violated, check with the MPCA Stormwater Program www.pca.state.mn.us/stormwater for
permit application requirements, pollution prevention guidance documents, and additional measures required for work in
Special or Impaired Waters. For questions on MPCA requirements, contact the MPCA-MnDOT Liaison (Dan Sullivan at
Dan.Sullivan@state.mn.us or 651-366-4294).

J. TEMPORARY DEWATERING: A separate water use permit is required for withdrawal of more than 10,000 gallons of
water per day or 1 million gallons per year from surface water or ground water. GP1997-0005 (temporary water
appropriations) covers a variety of activities associated with road construction and should be applied if applicable. An
individual appropriations permit may be required for projects lasting longer than one year or exceeding 50 million gallons.
Information is located at: http://www.dnr.state.mn.us/waters/watermgmt_section/appropriations/permits.html .

K. PROTECTION OF VEGETATION: If DNR Ecological & Water Resources staff determine that Native Plant
Communities, Sites of Biodiversity Significance, other Areas of Environmental Sensitivity are present in or adjacent to
Public Waters, precautions must be implemented to ensure protection and restoration of vegetation. MNDOT Standard
Specifications for Protection and Restoration of Vegetation (spec #2572) of MnDOT Standard Specifications for
Construction, 2005 edition, or its successor must be followed to minimize disturbance to such areas, see
http://www.dot.state.mn.us/pre-letting/spec/2014/2014-Std-Spec-for-Construction.pdf. This may include, but is not limited
to, the following: (1) During the project, parking, placement of temporary structures or material shall not be allowed outside
the existing road right-of-way; (2) Place temporary fence at the construction limits and at other locations adjacent to
vegetation designated to be preserved; (3) Minimize vehicular disturbance in the area (no unnecessary construction
activities); (4) Leave a buffer of undisturbed vegetation between the critical resource and construction limits; (5)
Precautions should be taken to ensure that borrow and disposal areas are not located within native plant communities;
and (6) Revegetate disturbed soil with native species suitable to the local habitat.

L. NESTING BIRDS: MnDOT adherence to existing federal migratory bird protection programs will suffice for DNR
concerns. Should active nests be encountered on the project (including swallow nests attached to bridges or culverts),
contact MnDOT Office of Environmental Stewardship (Jason.Alcott@state.mn.us, ph; 651-366-3605), for specific guidance
relating to Federal Threatened and Endangered Species and U.S. Fish and Wildlife Service coordination.

BEST PRACTICES - MNDOT: Please refer to the collection of “Best Practices for Meeting DNR General Public Waters
Work Permit GP 2004-0001” for guidance to meeting the conditions of this General Permit. A PDF version is available at:
http://www.dnr.state.mn.us/waters/watermgmt_section/pwpermits/gp_2004_0001_manual.html.

Page 5 - General Permit Number 2004-0001
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MESBOAC Guidance as often referred to by DNR in NE Minnesota
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Stream Simulation for Aquatic Organism
Passage at Road-Stream Crossings

Daniel A. Cenderelli, Kim Clarkin, Robert A. Gubernick, and Mark \Weinhold

Historically, road—stream crossing structures were designed on the basis
of the hydraulic capacity of the structure for a specific design flood with-
out consideration of aquatic species or the swimming and jumping abili-
ties of a single target fish species and life stage during its migration, and
ignored the movement needs of other adult fish, juvenile fish, and aquatic
organisms occupying the stream. Hydraulic designs typically constrict the
channel, create flow hydraulics and channel conditions that are markedly
dissimilar from those in the natural channel, and impede the movement of
most other nontarget fish and aquatic organisms along the stream corri-
dor. The stream simulation approach for designing road-stream crossing
structures was recently adopted by the U.S. Department of Agriculture
Forest Service as a pragmatic and sustainable long-term solution to main-
tain passage for all aquatic organisms at all life stages at road-stream
crossings while meeting vehicle transportation objectives. This study
shows how the stream simulation design process integrates fluvial geo-
morphology concepts with engineering principles to design a natural
and dynamic channel through the road-stream crossing structure. The
premise of stream simulation is that the creation of channel dimensions
and characteristics similar to those in the adjacent natural channel will
enable fish and other aquatic organisms to experience no greater difficulty
moving through the structure than if there were no crossing. Stream sim-
ulation channels are designed to adjust laterally and vertically to a wide
range of floods and sediment or wood inputs without compromising the
movement needs of fish and other aquatic organisms or the hydraulic
capacity of the structure.

Migration barriers such as dams, irrigation diversions, and road—
stream crossings are one of the primary reasons the populations of
many aquatic species throughout the world are decreasing in number
or are at risk of extinction (1, 2). Movement is essential for fish and
many other types of aquatic species to gather food, escape poor habi-
tat conditions or predators, and complete phases of their life-cycle
such as spawning and rearing (3). Recolonization of stream areas by
aquatic species after a local extirpation also depends on barrier-free
stream movement corridors. Aquatic species isolated by barriers have
lower genetic diversity and may be less able to adapt to changing envi-
ronmental conditions (4). Recent movement studies have found that
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ture (USDA) Forest Service, 2150A Centre Ave., Suite 368, Fort Collins, CO 80526.
K. Clarkin, San Dimas Technology and Development Center, USDA Forest Service,
3270 Pond Lane, Bow, WA 98232. R. A. Gubernick, Tongass National Forest, USDA
Farest Service, Box 309, Petersburg, AK 99833. M. Weinhold, White River National
Forest, USDA Forest Service, 900 Grand Ave., P.O. Box 948, Glenwood Springs,
CO 81602. Corresponding author: K. Clarkin, kclarkin@fs.fed.us.

Transportation Research Record: Journal of the Transportation Research Board,
No. 2203, Transportation Research Board of the National Academies, Washington,
D.C., 2011, pp. 36-45.
DOI: 10.3141/2203-05

36

resident salmonid movements are more wide ranging and common
than formerly thought, and even small warm-water fish species can no
longer be considered sedentary (5).

The National Forest Management Act directed the U.S. Depart-
ment of Agriculture Forest Service to preserve the diversity of aquatic
communities and maintain viable populations of native species on
streams within National Forest System lands. The Endangered Species
and Clean Water Acts also require that essential behavioral patterns of
aquatic species, including their movement, not be disrupted or
obstructed. Beginning in the 1970s, the Forest Service began to
respond to the issue of road culverts that blocked spawning migra-
tions of salmon and steelhead trout in the Pacific Northwest. Block-
ages associated with undersized culverts were generally due to high
water velocities, excessive turbulence, and shallow water depths in
culverts; debris accumulation at the culvert inlet; or high perches of
the culvert outlet above the scoured downstream channel (Figure 1;
note the distinct perch of the culvert outlet above the channel bed, lack
of sediment in the culvert, or aggraded sediment at the culvert inlet).

The Forest Service began replacing older undersized culverts with
larger ones designed to provide hydraulic conditions that allowed for
passage of adult fish. Hydraulic design has been used for decades to
design fish-passable culverts at road—stream crossings along with
fishways and other types of passage structures. The objective of a
hydraulic design is to create flow conditions through the structure that
decrease velocities, decrease turbulence, and increase flow depths for
the range of flows in which a particular target species has been
shown to be moving. Culvert size, slope, length, and material rough-
ness along the culvert bottom are factored into the hydraulic design
method. Baffles, weirs, and rock substrate can be used to increase
roughness, decrease flow velocity, and increase flow depth to achieve
the design criteria for the target species. However, culverts designed
by using the hydraulic method are generally much narrower than the
width of the adjacent natural channel.

In the late 1980s, engineers using the hydraulic design approach to
design culverts identified several concerns with the method: () fish
swimming performance criteria were lacking for a large number of
species, (b) the timing and magnitude of flows when fish migrated
were uncertain, (¢) juvenile salmonids could not necessarily navigate
the culverts designed for adults of the same species, and (d) design-
ing for passage of multiple species that migrate at different times of
year and at different flows was impractical. In addition, fish biologists
and ecologists began to express the importance that all aquatic species,
at all life stages, need to be able to move freely along the stream corri-
dor for the range of flows in which they typically are moving in the nat-
ural channel. Moreover, observations that juvenile salmonids were
not able to pass through engineered fishways identified the importance
of channel substrate and bank heterogeneity in providing critical
pathways and resting areas for fish as they moved along the channel
(K. K. Bates, Consultant, unpublished data, March 2010).
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(d)

FIGURE 1 Effects of undersized culverts on channel morphology and fluvial processes: (8) upstream view of B8-ft (1.8-m) diameter culvert on
Save Creek (Olympic National Forest, Washington), (b) downstream view of 3-ft (0.96-m) diameter culvert on North Thompson Creek (White
River Nstional Forest, Colorado), (c) upstream view of B-ft (1.8-m) diameter culvert on unnamed stream (White Mountain National Forest,
New Hampshire), and (d) upstresm view of 9-ft (2.7-m) diameter culvert on Peavine Creek (Tahoe Nationsl Forest, California)

In addition to the impacts on the movement of fish and other aquatic
organisms, culverts smaller than bankfull width are prone to back-
watering of the culvert inlet during high flows, causing sediment and
debris to accumulate at the inlet. This accumulation of material at the
inlet can result in increased maintenance or even failures that disrupt
the transportation system, reduce water quality, and degrade channel
conditions. In an assessment of the numerous road-stream crossings
that failed in the Pacific Northwest from floods between 1996 and
1998, Furniss et al. found that plugging of the culvert by sediment and
wood was the primary factor that caused many road-stream crossings
to fail (6). They concluded that culverts presenting the least change to
channel cross section, slope, and alignment through the crossing were
most likely to pass sediment and debris, substantially reducing the risk
for failure of those crossings. Thus, for both biological and physical
reasons, a new paradigm of culvert design, stream simulation, began
to evolve.

The concept of stream simulation was first introduced by the
Washington Department of Fish and Wildlife in 1999 (7). The basic
premise of stream simulation is that creation of a structure with chan-
nel dimensions and characteristics similar to those in the adjacent
natural channel would cause fish and other aquatic organisms to

experience no greater difficulty moving through the structure than
if there were no crossing. Although the concepts and overarching
goals of stream simulation are easily understood, technical guide-
lines for collecting and interpreting channel data in the vicinity of
the road-stream crossing and integrating those data to design a stream
simulation channel and structure or roadway had not been thoroughly
developed. A 2008 Forest Service publication expands the concept
of stream simulation as an ecosystem-based approach to road-stream
crossing design and provides detailed guidelines for developing and
implementing a stream simulation design (8).

Stream simulation designs have a continuous channel through the
structure with dimensions and characteristics similar to those in the
adjacent natural channel (Figure 2). Water depths, velocities, and path-
ways in a stream simulation channel are designed to be as similar and
diverse as those encountered in the adjacent natural channel, provid-
ing for unimpeded passage of fish and other aquatic organisms at all
life stages through the structure (8). Unlike hydraulic designs, stream
simulation designs are not subject to the uncertainties associated with
fish swim performance data and migration flows, nor do they depend
on the questionable assumption that providing for a target fish species
accommodates the needs of other fish and aquatic organisms.
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(a)

FIGURE 2 Road-stresm crossings: (&) culvert built in late 1950s with dismeter of 6 ft (1.83 m), length of 80 ft (27.4 m), and gradient of
2.19% before replacement along tributary to Middle Fork Salmon River, Washington; (6) same site as in (8) after the culvert was replaced
using stream simulation design approach with open-bottom arch built in late 2005 with span of 18 ft (5.5 m), height of 8 ft (2.7 m), length
of 85 ft (28.8 m), and gradient of 4.0%,; (c) culvert built in late 1960s with dismeter of 3 ft (0.86 m), length of 48 ft (14.6 m), and gradient
of 2.0% before replacement along North Thompson Creek, Colorado; and (d) same site as in (¢) after culvert was replaced using stream
simulstion design approach with pipe-arch culvert built in late 2008 with span of 12.2 ft (3.7 m), height of 8.5 ft (2.6 m), length of 48 ft
(14.6 m), and gradient of 2.5%

The various components of the assessment, design, and construc-
tion process used in stream simulation are briefly summarized here.
Examples of road-stream crossings that were designed using the
stream simulation approach are presented along with a brief discus-
sion of site conditions where stream simulation is not appropriate. A
more in-depth discussion and list of references on stream simulation
may be found elsewhere (8).

STREAM SIMULATION DESIGN APPROACH

Stream simulation integrates fluvial geomorphology with engineering
principles to design a road-stream crossing that contains a natural and
dynamic channel through the structure. This approach requires mea-
surements of site-specific channel characteristics in the adjacent nat-

ural channel to ensure that an appropriate reference reach can be iden-
tified. Identifying a reference reach is a key component of stream sim-
ulation as it provides the natural template for designing a channel
through the crossing and determining the size and embedment depth
of the replacement structure. The reference reach is typically located
ina section of channel that is in close proximity to but not affected by
the existing undersized crossing structure and is in the same geomor-
phic setting as the crossing. The reference reach characterizes chan-
nel and floodplain dimensions, channel features and bedforms, and
sediment characteristics along a stable, representative reach of the
channel. By developing a design channel through a road-stream
crossing structure with a gradient, a cross-section shape, bedforms,
and sediment size characteristics that are similar to those of the stable
nearby reference reach, natural fluvial processes will function through
the structure and provide unimpeded aquatic organism passage. The
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replacement structure, either a bridge or a culvert, is designed around
and over the stream simulation channel so that the design channel
dimensions determine the dimensions of the structure.

Natural channels constantly adjust their dimension in response to a
range of floods and sediment and wood inputs. A stream simulation
channel responds similarly to the natural channel and should provide
long-term, sustainable geomorphic continuity through the structure
and along the stream corridor. To allow for such channel adjustment,
flows that transport sediment and wood along the channel should
not be constrained by or accelerated inside the crossing structure.
The width of a stream simulation design structure is equivalent to
or exceeds the bankfull width of the natural channel, which reduces
or eliminates backwatering or ponding at the inlet during moderate
floods and makes those areas less prone to sediment and debris accu-
mulation. Flow velocities through and exiting the stream simula-
tion structure are similar to those in the downstream channel during
a range of floods, preventing excessive scour and degradation of
the channel immediately downstream of the structure. In addition,
stream simulation structures are less susceptible to damage by high
flows and debris blockage because flows are not constricted until
they substantially exceed bankfull flow conditions.

Stream simulation design is an interdisciplinary approach requir-
ing those skilled in engineering, hydrology, geomorphology, bi-
ology, and construction contract administration. The approach is
a multiple-step process that involves (a) conducting a watershed and
initial reach review, (b) conducting a site assessment, (¢) developing
a stream simulation design channel and selecting an appropriate
structure, (d) finalizing the design and preparing a design contract,
and (e) constructing the design.

Watershed and Initial Reach Review

Geomorphic processes need to be considered at the watershed scale
because channel characteristics and fluvial processes at the local scale
are strongly tied to the supply of water and sediment from the upstream
watershed and to base-level controls downstream. The interaction and
integration of watershed-scale processes control the hydrologic regime
(discharge magnitude, duration, and frequency) and sediment regime
(quantity and size of sediment supplied) at a given location along
the channel, which in tumn influence channel characteristics such
as channel-bed composition and structure, channel width and depth,
channel gradient, sediment transport, and sediment deposition. If
watershed-scale processes are not considered in the road-stream
crossing channel design, the replacement structure may not ade-
quately handle the temporal variability of water and sediment that
passes through the crossing from natural and anthropogenic distur-
bances, potentially causing unintended passage issues to fish and
other aquatic organisms.

By using existing information and data resources, the watershed
review identifies (@) large-scale natural processes (¢.g., landslides,
floods, wildfire) and management activities that can influence, have
influenced, or will influence channel conditions and geomorphic
processes at the crossing; (b) the value of aquatic resources at the
crossing within a broader, watershed-scale context; and (¢) current
and future transportation requirements, potential roadway constraints,
and past road maintenance issues at the crossing.

Once this watershed information is obtained, the interdisciplinary
team performs a site reconnaissance at the road-stream crossing. Dur-
ing the site reconnaissance the team gathers preliminary information
about the road-stream crossing and qualitatively describes channel
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characteristics upstream and downstream of the crossing. The team
evaluates the alignment of the channel with the current structure and
roadway, determines if the crossing can be relocated to a more favor-
able location, assesses current channel conditions and stability, iden-
tifies important geomorphic features of the stream that will need to be
surveyed in subsequent phases of the stream simulation process, and
identifies potential construction constraints and challenges at the site.

From the information obtained from the watershed review and site
reconnaissance, the interdisciplinary team develops preliminary proj-
ect objectives for replacing the road-stream crossing. Project objec-
tives will become more clearly defined as the team learns more about
site conditions and constraints during the site assessment. Prelimi-
nary project objectives should address both ecological and transporta-
tion needs at the site, reflecting both the risks and resource values
associated with the project.

Site Assessment

After preliminary project objectives to replace the road-stream cross-
ing structure have been defined, a detailed site assessment is con-
ducted. During the site assessment, the interdisciplinary team collects
data and information to characterize channel features and interpret
geomorphic processes 20 to 30 channel widths upstream and down-
stream from the road-stream crossing, At the crossing, the team also
evaluates road travel-way alignment and approaches, right-of-way
and property boundary issues, and the presence of utilities.

Data collection for the site assessment requires a site survey to char-
acterize channel, valley, and road topography as well as important
geomorphic and road features observed at the site. A longitudinal pro-
file survey of the channel is the most valuable data collected and
interpreted in the stream simulation design process because it char-
acterizes the range of channel gradients, type and stability of grade
controls, range of pool scour depths, spacing and length of channel
units, and potential aggradation surfaces upstream and downstream
of the road-stream crossing, as shown in Figure 3a. In Figure 3a, note
the differences between the depth and spacing of pools upstream and
downstream of the crossing. The dashed red and green lines bracket
the potential range of bed elevations along the channel in response to
floods and inputs of sediment and debris over the service life of the
structure. The effects of the undersized culvert are illustrated by the
sediment wedge upstream of the inlet and the deep plunge pool
downstream of the outlet.

Surveying representative cross sections upstream and down-
stream of the road-stream crossing provides important data on
bankfull flow width, flood-prone width, bank height and stability,
channel entrenchment, and valley confinement along the channel
(Figure 3b-d).

The site assessment includes interpreting the natural channel pat-
tern through the road—stream crossing, collecting sediment data along
the channel bed, and conducting a preliminary geotechnical investi-
gation. Interpreting the original natural channel location and pattern
through the road-stream crossing is necessary to determine how the
existing crossing structure has affected the length and slope of the
channel through the crossing. Characterizing channel-bed composi-
tion is important for understanding of bed mobility along the channel,
the stability of key feature particle sizes in the channel, and sediment
supply to the channel and for determining the size and range of sedi-
ment sizes for the design channel through the crossing (Figure 4). A
geotechnical field investigation is performed to assess the presence of
bedrock, unstable soils, and shallow groundwater at the road-stream
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particle size (in)

crossing and to determine if a more in-depth subsurface investigation
is necessary.

On the basis of the analyses and interpretations of the various site
assessment data, potential channel responses and risks are predicted
when the existing structure is replaced. Channel responses and site
risks that need to be addressed at the road-stream crossing include the
stability or instability of the channel, floodplain-conveyance issues,
and the potential for headeutting, vertical channel adjustments, lateral
channel adjustments, and debris loading.

Stream Simulation Design

During the stream simulation design phase, the information and data
obtained during the site assessment are used to develop a stream sim-
ulation charmel through the road-stream crossing that is based on a
reference reach in the adjacent natural channel. The key components
of the stream simulation design process include optimizing horizon-
tal alignment relative to the road, developing a longitudinal profile of
the design chamnel through the crossing, developing the cross-section
shape of the design channel, and developing the size and arrangement
of bed material for the design channel.
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FIGURE 4 Particle-size distributions collected at four cross sections along channel upstream
and downstream from road-stream crossing site described in Figures 3 and §. Solid line
represents final bed design mix for design based on bed mobility analysis and inclusion of fines
to reflect presence of fines in subsurface. For design channel to have similar mobility as
reference reach channel, particles larger than DB0-percentile particle size were increased by
fastor of 1 2 in design channel when compared with reference reach particle sizes

On the basis of the interpreted natural channel pattern through the
crossing, the structure orientation and road alignment are evaluated to
determine if they can be modified to improve the hydraulic transition
between the channel and the structure. Special design options such as
headwalls or dips in the road that shorten the length of the replace-
ment structure should be considered and used to develop the best
alignment between the structure and the channel.

Developing the design longitudinal profile through the road-stream
crossing is the most important step in the stream simulation design
process (Figure 5a, b). The design profile in Figure 5 shows the pro-
posed structure and embedment depth, that the plunge pool is to be
filled with channel-bed sediment, that the sediment wedge surface
will be eroded and lowered by natural flood processes, and the pre-
dicted channel-bed surface after a period of adjustment (see Figure 3
for additional information about prereplacement conditions). The
design longitudinal profile represents the surface that will be con-
structed through the project reach so that geomorphic continuity
is provided between the upstream and downstream channels. This
process involves (a) developing a design channel gradient that is
anchored to stable grade controls upstream and downstream of the
crossing, (b) identifving a reference reach in an adjacent natural
channel that is similar in gradient and length to the design channel,
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(¢} determining the spacing and dimensions of bedforms in the design
channel that are similar to those measured in the reference reach,
() ensuring that the design channel provides geomorphic continuity
between the upstream and downstream channel, (e) determining the
structure embedment depth based on pool scour depths measured
along the channel and interpreted scour depths at the crossing, and
(f)interpreting the potential ranges of channel-bed surface elevations
that may occur over the service life of the structure.

The cross-section shape for the stream simulation design chan-
nel is based on finding a shape that best fits the shape of cross sec-
tions in the reference reach (Figure 5¢) and is feasible to deseribe
ina contract and to construct. This shape is used later in the design
process to determine the size and type of structure that are best suited
for the site.

The particle-size mix for the stream simulation design channel is
initially determined by using the particle-size distribution of the chan-
nel bed in the reference reach Typically, the percentage of smaller
particles isincreased in the particle-size distribution to reflect the pres-
ence of those sediment sizes in the subsurface that fill the voids
between the larger particles (Figure 4). The particle sizes needed to
construct key features in the stream simulation design channel (e.g.,
grade controls, bedforms, banks, large roughness elements) are ini-
tially determined from measurements of the 10 to 25 largest particles
of key features in the reference reach channel. Later in the stream
simulation design process, the initial particle sizes selected may be
modified on the basis of bed mobility and stability analyses, site risk
factors, and site conditions.

Final Design and Contract Preparation

The final design and contract preparation phase of the stream
simulation design process involves

1. Selecting a structure,

2 Analyzing the mobility of the stream simulation design
channel bed,

3. Analyzing the stability of key pieces and bedforms in the design
channel bed for the design flood,

4. Evaluating the hydraulic capacity of the selected structure for
the design flood,

5. Developing final bed material specifications for the stream
simulation design channel,

6. Developing erosion control and dewatering plans, and

7. Preparing the documents necessary for soliciting construction
bids.

After the shape and dimensions of the stream simulation design
channel are determined (width, depth, range of potential vertical bed
changes, bank geometry), the replacement structure is selected and the
roadway is designed. The type and size of crossing structure selected
are determined by fitting them around the design channel and allow-
ing for additional space to accommodate potential vertical and lateral
adjustments over the service life of the structure (Figure 54). A wide
variety of structures such as cireular culverts, arch culverts, concrete
or metal open-bottom arches, and bridges may be suitable at the
road-stream crossing. Engineering considerations at the crossing
(right-of -way and property boundary issues, limitations on chang-
ing the road travel-way alignment and approach, limitations on
moving utilities) combined with economic costs, materials and equip-
ment available, value of the aquatic resource, and funds available will
influence the type and size of the structure selected at a given site.

43

After the structure type and its dimensions have been selected, the
mobility of the design bed material, stability of key particles in grade
controls, and hydraulic capacity of the proposed structure are ana-
lyzed The purpose of the bed mobility analysis is to determine if the
imtial bed material sizes selected are mobilized at the same flows as
those in the reference reach. If they are not, the initial bed material
sizes are increased until similar bed mobility between the design chan-
nel and reference reach channel is obtained (Figure 4). Bed mobility
in the stream simulation design channel needs to be similar to that of
the reference reach during low and moderate floods to ensure that
excessive aggradation and degradation do not oceur in the design
channel.

The purpose of the bed stability analysisis to determine if the ini-
tial key feature particle sizes selected for the stream simulation design
channel are stable for the design flood Key pieces for features such
as steps, riffles, and banks that are used to control channel form and
flow hydraulies need to be stable for the design flood. This stability is
important since the particle sizes of key features in the design chan-
nel are not easily replenished or replaced if mobilized. Banks for both
low- and high-gradient channels are designed to be permanent for the
design life of the structure. The stability of most natural banks is a
function of the root structure of bank vegetation, the particle sizes and
stratigraphy of the banks, and cohesive nature of the banks. Because
vegetation growth inside the structure is not attainable, bank material
must be sized appropriately to emulate the function of vegetation for
bank stability in the design channel during the design flood discharge.
From the results of the bed mobility and stability analyses, a final bed
material gradation for the overall bed and the key pieces is determined
and specified in the contract.

The proposed design structure is then evaluated to determine if
it has sufficient hydraulic capacity and debris clearance during the
design flood. Stream simulation design structures are required to have
headwater-to-depth ratios less than (.80, This requirement reduces
the likelihood that pressurized flow will occur at the inlet and provides
clearance for debris being transported during large-magnitude floods.
Observations and analyses of stream simulation structures show that
the headwater-to-depth ratio for the 100-year design flood discharge
15 typically less than 0.60.

Finalizing the engineering design for the contract includes speci-
fying the road reconstruction and fill requirernents, providing docu-
mentation outlining special contract provisions needed to control the
size of bed material used and how it is placed in the design channel,
providing details on how to protect aquatic species and water qual-
ity during construction activities, and specifying dewatering and
pollution control plans.

Construction

The long-term success of a stream simulation project depends on the
effective implementation of the design during construction. Success-
ful implementation requires that those involved in construction have
a solid understanding of the project objectives and critical design ele-
ments. Construction for a stream simulation design is somewhat dif-
ferent from other road-stream crossing design approaches because it
involves building a three-dimensional channel bed. Precision in deter-
mining channel elevation control can be erueial to the success of the
project, especially on steeper channels.

Installation of the physical structure of a streamn simulation design
is the same as that for any other road-stream crossing design and must
be in accordance with the installation specifications of the selected
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structure, The most critical aspects of stream simulation construction
are the placement and arrangement of the bed material, grade control
features (e.g., steps, riffles), and banks (Figures 2b, d, and 5a). The
material used to construct the stream simulation channel bed is built
inmultiple lifts or layers. The thickness of the liftsis a function of the
larger particles in the bed gradation (D84- to D95-percentile particle
sizes) since those sizes affect placement and compaction. The large
particles used to construct the key features should be incorporated
and embedded into the surrounding bed material. The bed material is
compacted around the key features to help lock them in place. Proper
channel-bed construction techniques include keying in the base of
structural elements (steps, riffles, banks), interlocking and packing
key particles against each other to maximize the stability of those fea-
tures, incorporating smaller particles between the voids of larger par-
ticles to reduce bed permeability and achieve a dense interlocking
channel bed, and conducting quality control measurements to ensure
that the sediment sizes specified in the design are being used. Bed
material must be well graded and contain a sufficient quantity of fines
(generally between 5% and 10%) so that the voids between larger
rocks can be filled. As lifts are compacted, fines can be jetted into the
surface of the channel to effectively fill the voids throughout the con-
structed bed. If the bed material does not include enough fines, flows
can infiltrate into the bed, unnaturally drying sections of the channel
during critical low flow periods when aquatic species need to move.
Experience has shown that the voids between large particles do not
necessarily fill naturally over time.

Dewatering the construction area is an important step, and it can
be challenging because some structures can take weeks or months
to build. The dewatering system must accommodate any high flows
that may occur during the construction period. Also, projects in
habitat occupied by threatened, endangered, or other critical species
often require special care in removing organisms that would other-
wise be killed during construction. Dewatering of the channel needs
to be done slowly to allow crews to catch and move aquatic species
out of the construction area. Slow rewatering of the channel after
construction is necessary to avoid releasing a pulse of sediment that
could bury habitats and harm aquatic organisms downstream of the
construction site.

Proper and successful construction of key features requires ade-
quate oversight at multiple times to ensure that materials meet gra-
dation requirements, particles are properly packed and interlocked,
and voids are sufficiently filled with fines. Other critical aspects of
construction that require oversight and inspection include founda-
tion preparation, dewatering of the site, and material development.
In addition, erosion and pollution control measures, traffic control,
and public safety measures need to be in place at all times during
construction.

LIMITATIONS AND CHALLENGES

Although the stream simulation approach can be used to assess and
design most road-stream crossings where aquatic organism passage
isanissue, there are environments that make achieving the objectives
of stream simulation unlikely. These environments include

1. Unstable, incised channels downstream of road-stream
crossings;

2. Road-stream crossings located on active alluvial fans;

3. Road-impounded wetlands that form sediment sinks upstream
of road-stream crossings; and

Transportation Research Record 2203

4. Roads that cross channels prone to debris flows or other mass
wasting events.

These types of environments are identified during the watershed
review and site reconnaissance of the stream simulation design
process. In these cases, the physical differences between the design
channel and reference-reach channel may be too great to achieve the
objectives of stream simulation. However, the collection of channel
data and analyses performed during site assessment of the stream
simulation process can be used to develop analternative, geomorphic-
based channel design that reconnects the upstream and downstream
channel while meeting the needs of most fish and other aquatic
organism movement.

Stream simulation requires critical inspection of the design chan-
nel when it is being built. The actual process of constructing a
channel bed with bedforms, banks, and key features is new to many
contractors and Forest Service personnel. In some instances, this lack
of familiarity has resulted in improperly built design channels that are
dissimilar to those in the adjacent natural channel and are possibly not
providing passage for fish and other aquatic organisms at all life
stages. Contract administrators and inspectors may require additional
training to ensure that critical elements of the stream simulation design
channel are built as specified in the contract.

Road-stream crossing structures designed with the stream sim-
ulation approach initially cost about 20% to 30% more than those
designed with hydraulic design methods because the structures are
wider and placed deeper below the channel bed, and a channel with
bedforms and banks is built through the structure. However, stream
simulation structures are anticipated to require little or no mainte-
nance and last longer than structures designed using the hydraulic
design methods, resulting in lower total costs over the service life of
the structure. Monitoring and anecdotal information provided by field
offices reports that stream simulation road-stream crossing designs
have lower maintenance needs than the culverts they replaced.

SUMMARY

The stream simulation approach for designing road-stream crossing
structures is applied on all Forest Service roads where restoring eco-
logical continuity along the stream corridor is an objective. Since the
turn of the century, the Forest Service has successfully designed and
installed hundreds of road-stream crossings on national forests using
the stream simulation approach. Although more time is needed to
evaluate the long-term effectiveness of stream simulation designs,
the Forest Service believes that the approach is a pragmatic and sus-
tainable long-term solution to maintain passage for all aquatic organ-
isms at all life stages at road-stream crossings while meeting vehicle
transportation objectives. Moreover, the stream simulation design
approach to road-stream crossings allows the Forest Service to
meet requirements of not disrupting or obstructing the movement
and habitat needs of aquatic species as outlined in the National For-
est Management Act, the Endangered Species Act, and the Clean
Water Act.

The stream simulation design approach at road-stream crossings
integrates fluvial geomorphology concepts with engineering princi-
ples to designa natural and dynamic channel through the road-stream
crossing structure, By using reference reach metrics in the stream sim-
ulation design channel, the morphology and hydraulic characteristics
of the design channel should provide no greater obstacle to the move-
ment needs of fish and other aquatic organisms occupying the stream.
Because the dimensions and characteristics of stream simulation
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channels through the road—stream crossing are similar to those in the
natural channel, stream simulation channels are capable of laterally
and vertically adjusting to a wide range of floods and sediment or
wood inputs without compromising the movement needs of fish and
other aquatic organisms or hydraulic capacity of the structure. In addi-
tion, stream simulation structures are less susceptible to damage by
high flows and debris blockage because they do not constrict the chan-
nel until flows substantially exceed bankfull flow conditions. More
details and discussion on the stream simulation assessment, design,
and construction process may be found in the 2008 Forest Service
technical guide (8).
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ABSTRACT

Stream simulation design is a geomorphic, engineering, and ecologically based approach to
designing road-stream crossings that creates a natural and dynamic channel through the
crossing structure similar in dimensions and characteristics to the adjacent natural channel,
allowing for unimpeded passage of aquatic organisms, debris, and water during various flow
conditions, including floods. A retrospective case study of the survival and failure of road-
stream crossings was conducted in the upper White River watershed and the Green Mountain
National Forest in Vermont following record flooding from Tropical Storm Irene in August 2011.
Damage was largely avoided at two road-stream crossings where stream simulation design
was implemented and extensive at multiple road-stream crossings constructed using
traditional undersized hydraulic designs. Cost analyses suggest that relatively modest
increases in initial investment to implement stream simulation designs yield substantial
societal and economic benefits. Recommendations are presented to help agencies and
stakeholders improve road-stream crossings, including increasing coordination to adopt stream
simulation design methodology, increasing funding and flexibility for agencies and partners to
upgrade failed crossings for flood resiliency, and expanding training workshops targeting
federal, state, and local stakeholders.
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This guidance, one of several 2013 Permit fact sheets, is available at MPCA website:
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/stormwater/construction-stormwater/index.html

§ Minnesota Pollution Control Agency www.pca.state.mn.us

Perimeter control
National Pollutant Discharge Elimination System/State Disposal
System Permit Guidance on the use of perimeter control

" Perimeter control is a method of sediment control best

; management practices (BMPs) that acts as a barrier to retain
sediment on a construction site. Sediment control BMPs are
intended to slow and hold flow, filter runoff, and promote the
settling of sediment out of runoff, via ponding behind the
sediment control BMP.

S

Silt fence used as perimeter control

What is required by the National Pollutant Discharge Elimination

System/State Disposal System Construction Stormwater Permit?

The National Pollutant Discharge Elimination System/State Disposal System (NPDES/SDS) Construction
Stormwater Permit (Permit) requires that certain sediment control BMPs are utilized to minimize
sediment from leaving a construction site. Some sediment controls, such as ditch checks, may be
needed to promote sheet flow and prevent rills and gullies from forming on steeper slopes or ditch
bottoms. The Permit also requires additional sediment controls to be utilized at the base of soil piles to
contain sediment. Sediment controls located at down gradient boundaries of the construction site are
referred to as “perimeter controls”. The location and type of perimeter control BMPs, along with other
sediment control BMPs required by the Permit, must be identified in the site’s Stormwater Pollution
Prevention Plan (SWPPP).

The perimeter sediment control BMPs must be established on all down gradient perimeters and up-
gradient of buffer zones before any land disturbing activities begin. These BMPs shall remain in place
until final stabilization has been established. If the down gradient perimeter controls are overloaded,
additional up gradient controls may be necessary to prevent further overloading. The selection of
perimeter control BMPs is the permittee’s decision, but it must be effective at keeping sediment on the
site. If it is determined through inspection that the selected method is not effective, then the BMP must
be upgraded to a method that is effective at keeping sediment on the site.

The timing of the perimeter control installation may be adjusted to accommodate short term activities
such as clearing and grubbing, and passage of vehicles. This means these BMPs may be taken down as
necessary to allow vehicle on and off areas of the site or to allow work such as utilities to be installed
through the perimeter BMP. These short term activities must be completed as quickly as possible and
the perimeter control BMPs must be reinstalled immediately after the activity is finished. All perimeter
control BMPs, however, must be in place before the next precipitation event, even if the activity is not
complete. For full details of the Permit requirements, a copy of the NPDES/SDS Permit can be found at
Www.pca.state.mn.us/water/stormwater/stormwater-c.html.

Minnesota Pollution Control Agency August 2013 | wqg-strm2-26
651-296-6300 | 800-657-3864 | TTY 651-282-5332 or 800-657-3864 Available in alternative formats
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Types of perimeter sediment control

Silt fence is a commonly known method of perimeter control. However, other types of perimeter
controls exist that can be equally or even more effective depending on the construction site
circumstances. The following sediment control BMPs are commonly used as perimeter control on
construction sites of all sizes:
01 ditch checks
[ rock logs
[ compost berms, logs, and rolls
1 biorolls
[ sand bags
[ vegetated or stabilized soil berms
(1 geotextile wrapped jersey barriers
[ existing vegetation
[ silt fence
super duty
heavy duty
preassembled

Planning perimeter sediment control

Perimeter controls should be planned as a system, taking the entire site into consideration and installed
prior to any land disturbing activity, and only need to be installed in locations down gradient of the
construction. The design of a site’s perimeter control system should anticipate ponding that will occur
up gradient of the controls and provide sufficient storage and deposition areas and stabilized outlets to
prevent flows from over topping the controls. The SWPPP must account for the following factors in
designing the temporary erosion prevention and sediment control BMPs including perimeter controls:

1. The expected amount, frequency, intensity, and duration of precipitation.

2. The nature of stormwater runoff and run-on at the site, including factors such as expected flow from
impervious surfaces, slopes, and site drainage features.

3. If any stormwater flow will be channelized at the site, the Permitte(s) must design BMPs to control
both peak flow rates and total stormwater volume to minimize erosion at outlets and to minimize
downstream channel and stream bank erosion.

4. The range of soil particle sizes expected to be present on the site.

Flows should be strategically directed to specified deposition areas through appropriate positioning of
the perimeter controls and site grading. Sometimes additional perimeter controls need to be added or
moved to different locations on a project as conditions change. For example, perimeter control is
installed above street curbs once the curb and gutter system is installed to keep sediment out of the
water conveyance. Some perimeter controls can be relocated as needed, such as biorolls, rock logs,
sand bags, and triangular silt dikes. Keeping a vegetated buffer between disturbed areas on a
construction site and the down gradient perimeter control BMP can help the BMP perform better and
need less maintenance.

Perimeter control BMPs serve no function along ridges or drainage divides where there is little
movement of water. Perimeter controls should be installed on the contour of slopes, and the ends of
the BMP should bend up slope forming a crescent shape or a “J- hook” rather than a straight line. This
will prevent runoff from flowing around the ends of the controls.
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.7 Install fiber
7% roll along the
contour
Install biorolls or other sediment controls along the contour of the slope. “J-hooked” silt fencing

Maintenance considerations

The NPDES/SDS Permit requires that all BMPs are inspected once every seven days or within 24 hours of
a rainfall event greater than 0.5 inches in 24 hours. All non-functioning BMPs must be replaced, repaired
or supplemented with functional BMPs within 24 hours of discovery or as soon as field conditions allow
access. Generally, sediment controls must be repaired, replaced, or supplemented when they become
nonfunctional, or sediment reaches 1/3 the height of the control.

After the contributing drainage area has been stabilized, all sediment controls and the associated
sediment build up must be removed and disposed of properly. Care should be taken to dispose of
sediment in a location that is not susceptible to erosion.

Cold weather considerations

It is important to consider winter conditions when planning a perimeter control system. All construction
sites must remain in compliance with the NPDES/SDS Permit throughout the winter even if no
construction is occurring. It is imperative that properly functioning sediment controls are in place during
minor thaws and for the large spring snowmelt to prevent transport of sediment to area surface waters.
For this reason, the BMPs must be installed and functional prior to winter freeze up. The BMPs must be
inspected and maintained immediately following intermittent snow melt or rainfall that occurs in winter
months. If construction resumes during the winter, then the weekly inspection schedule must also
resume.

The best way to ensure proper functioning of perimeter
controls throughout the winter is to have all sediment controls
installed prior to the first freeze. Stakes needed for some
sediment control BMPs will be difficult, if not impossible to
install into frozen ground. The site’s SWPPP should clearly
outline the strategy to prepare the site for the winter months.

If construction is going to continue during the winter and new
areas will be disturbed that requires new sediment controls;
materials such as compost berms, logs and rolls, fiber rolls,
rock bags and rock filters can be installed over the snow cover.
These installations will need extra care and frequent inspections to assure continued effectiveness.

v * : -

Regular maintenance is needed to ensure that a
site’s perimeter control is functioning properly.
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Use of down gradient perimeter sediment control for work in or near open water

It is critical to ensure down gradient perimeter controls are utilized during work on stream banks and
lake shores to keep sediment from washing into open water. Sediment discharges resulting from this
type of construction can result in enforceable water quality violations.

Sites that include work in public waters permits from the Department of Natural Resources (DNR) that
also have coverage under the Minnesota Pollution Control Agency’s (MPCA) general construction
stormwater permit are required to comply with the conditions in both permits, including the use of
down gradient perimeter controls to minimize sediment discharges.

More specialized types of sediment control BMPs may be needed to protect surface waters during
construction that extends below the water surface. Whenever possible, work below the Ordinary High
Water table (OHW) should be done in a manner that keeps water out of the work area, or separated
from flowing water. For example, coffer dams made of sheet pilings or other materials to isolate the
work from the water or water diversions to divert water around the work area may be the best choices
during bridge construction or any work that encroaches into open water.

Biorolls, rock logs, sand bags,
triangular silt dikes, geotextile
wrapped jersey barriers or
stabilized soil berms that can
easily be relocated may be best
during stream bank restoration
work. The perimeter control
method may need to change as
work changes at the site.
Therefore, multiple perimeter
control methods may be
employed at one site at different
times or at the same time.

If the work is conducted on an

z 4 MPCA designated special water,
Coffer dams made of sheet metal to isolate the work area from the surface such as a trout stream or scenic
water. and recreational river segment,

redundant BMPs must be employed when an existing 100 foot buffer is encroached. In this case, more
than one method of perimeter control is employed or a super duty perimeter control method may be

required to adequately protect the surface water.

Protection of wildlife

Perimeter controls have been known to trap amphibians, reptiles, and small mammals within a
construction area. Of concern is the inadvertent harm to rare species. Inspectors of perimeter controls
should move rare species out of harm’s way if they appear trapped or are in imminent danger. If not in
danger, they should be left alone. In areas of known rare species populations, silt fence may also be
helpful in keeping these animals out the construction area. In all cases it is critical that silt fencing be
removed after the area has been re-vegetated. More information on Minnesota’s rare species can be
found on the DNR website: http://www.dnr.state.mn.us/ets/index.html.

Floating curtain is not perimeter control

Frequently, floating silt curtains are employed during work in water. However, it is important to note
that floating curtains will not satisfy MPCA’s NPDES/SDS Permit requirement for down gradient
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perimeter control. Even if a floating
curtain is utilized, down gradient
perimeter control must still be installed
between the work and the surface
water to prevent sediment from
entering the surface water. A nuisance
condition (as described in Minn.

R. 7050.0210 sub. 2) caused by allowing
sediment runoff into the water body is
a water quality violation.

-y — ‘ »r

Relying on floating curtain as down gradient perimeter control will result
in permit violations for failure to install sediment control and in most
cases will result in water quality violations.

Floating silt curtain is not designed to prevent sediment from entering surface water. It is designed to
help contain suspended sediment within the water column until it has settled to the bottom of the
water body. Therefore, floating curtain’s only use may be for work that cannot be done outside the
water or as a secondary containment to minimize the impact of a water quality violation and keep the
damage to the water body near the shore and the sediment recoverable.

- > ’ B
e I
7 / . /
; i,

Use floating silt curtain for work in the water as secondary containment to contain sediment close to the work area.

Proper placement of perimeter sediment controls near water

Perimeter controls need to be installed before upgradient work begins. The perimeter control should be
placed at the water’s edge during work on the bank or shoreline. If possible, vegetation should be left
between disturbed areas and the sediment control BMP. As work is completed on the bank and the
bank is fully stabilized, the perimeter controls can be moved upward away from the water’s edge above
the vegetated or rip rapped areas.
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PLACE COIR ROLLS PARALLEL

7O THE STREAMBANK ALONG
A HORIZONTAL CONTOUR
i G
) ),
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A

DOUBLE STAKES OPTIONAL
REQUIRED FOR OFFSHORE ¥
INSTALLATION g SIAES

Fiber roll installation at shoreline. Move perimeter controls up the bank as the bank is
stabilized.

Additional resources

Additional information on the use of perimeter controls; including use of floating silt curtain, water
diversions, coffer dams and other perimeter control BMPs for work in or near waters as well as all other
applications can be found in the MPCA Protecting Water Quality in Urban Areas — Manual
http://www.pca.state.mn.us/index.php/view-document.html|?gid=7157.

Minnesota DNR species protection information
http://files.dnr.state.mn.us/waters/watermgmt_section/pwpermits/gp 2004 0001 chapterl.pdf.

MPCA Stormwater Construction Inspection Guide
http://www.pca.state.mn.us/publications/wqg-strm2-10.pdf.

United States Environmental Protection Agency NPDES Menu of BMPs —Construction Site Sediment
Control - Silt Fences
http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=browse&Rbutton=detail&bmp
=56&minmeasure=4.
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Are Minnesota Streams Healthy?
Just as our human health is determined by the factors that in fluence our bodies, including environment, lifestyle, and
healthcare, so too is stream health determined by the combined factors of the stream’ s configuration, environment, resil-
ience, and our stewardship. A stream, like the human body, has several interdependent features that indicate health of the
stream. These features can be grouped into the following five components: shape, flow, connectivity, biology, and water
quality.

1. Stream shape PATTERN

A stream’s shape is formed over time through the continuous interaction between
water and the watershed, including its size, climate (wet or dry), topography , soil
types, and vegetation. The channel is shaped by the predominant floodfiow, known
as bankfull flow, in which the water fills the banks and just begins to overflow onto
the floodplain. Natural streams of all types and sizes have a tendency toward a Cutbank
balanced, stable state. In this state, streams transport water and sediment and dis-
sipate the water’s energy while maintaining over time their shape: pattern, profile,
and dimension (see graphics at right). In other words, when erosion and deposition
and scour and fill are balanced, the channel does not widen or narrow, nor does the
streambed rise (aggrade) or deepen (degrade). PROFILE

This does not mean a stream channel’s position is permanent; instead, the channel

is able to adjust over time as the bends, or meanders, of the channel slowly migrate
down the valley. Naturally shaped streams provide aquatic organisms a variety of
habitats, like riffles (shallow, rocky rapids), pools, sandbars, and backwaters, because
of variations in stream depth, width, water currents, and streambed materials.

2. Streamflows

Streamflows vary seasonally and interannually depending on snow melt, rain-on-
snow events, growing season rains, drought, and climatic changes such as increas- DIMENSION
ing temperatures. Variations in seasonal and annual precipitation yield a range of

flows that are fundamental to sustaining river ecosystems. Aquatic organisms such as L
spawning fish have evolved to these seasonal cues. Streamflows are also altered by ——
land-use changes, from agriculture and urbanization to timber harvest. These chang- Floodplain
es generally inhibit infiltration of precipitation into the ground. Reduced in filtration
increases runoff, which increases the volume of water that streams must transport, Bankfull
resulting in stream instability and excessive erosion. ‘

In the stream channel, flows
vary because of stream fea-
tures such as sinuosity (curving shape), width, depth, and bed and
! bank materials (e.g., sand, gravel, boulders, vegetation). For exam-
. ple, flows are faster along the outside of bends and slower along the
cutbavpk 2By, inside of bends. Consequently, strong erosional forces along outside
kel . i bends form pools, or scours, and cutbanks if the banks are weak;
-pointbar slower flows along inside bends deposit sediment, forming point bars
(see photo at left). Streams create bends to reduce the speed of the
flows just as a downhill skier carves from side to side down the hill-
side. Also like a skier gaining speed, the tighter the turns, the deeper
Streamflow is faster along the outer bend of a stream and the scours or pools left by the stream flow. The strongest streamflow
will erode a streambank lacking stabilizing native vegetation,  generally follows the thalweg (deepest part of the channel), travels
creating a cutbank. Excessive erosion increases the sediment from pool to pool or bend to bend, and crosses from one side of the

load of the stream. Streamflow is slower on the inside of the o h . N
bend, which allows sediment to settle and form a point bar. channel to the other depositing sediment, which creates rif fles.

3. Stream connectivity

Fragmenting streams with dams and culverts disrupts the longitudinal connectivity of a stream. Uninterrupted flow along
the entire length of the stream is essential for the proper flow and exchange of water, energy, sediments, nutrients, and
organisms. Structures that fragment streams disrupt the progression of stream habitats from small, shaded, rocky , steep
headwater streams to large, sandy, flat, warm, slow-flowing valley streams.
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Freshwater mussels are sedentary, Iong Ilved

and oxygen from the water to feed and
breathe. Mussels are vulnerable to stream
habitat disturbances (dams, channelization,

most endangered animals in North America. sources.

Lateral connectivity be-
tween the stream chan-
nel and its floodplain is
crucial to stream health
and stability. Flood-
plains play an important
role because this land
reduces the floodwater’s
energy with plants and
trees and provides tem-
porary storage space for

15940}
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R oxbow wetland
floodwaters and sedi- developed floodplain channel | lake |  floodplain | | bluff

ment. Floodplains also

I
" 1 g floodplain
provide habitat for vari-

ous plant and wildlife corridor

communities, some of Lateral connectivity: The stream is connected to its floodplain on the right but is disconnected on the left by
which depend on flood development. At various stream stages, the stream and its floodplain provide a range of habitat settings.
events to reproduce and

grow. Floodwaters nourish floodplains with sediments and nutrients and provide temporary aquatic habitat for invertebrate
communities, amphibians, reptiles, and spawning fish.

4. Stream biology

Streams are complex networks of terrestrial and aquatic communities. Streams and their floodplains provide diverse habi-
tats including uplands, riparian zones (streambanks), floodplain forests, marshes, fens, oxbow lakes, rif fles and pools. The
diverse habitats and their plant and animal species are key to maintaining healthy ecosystems.

Terrestrial plants, aquatic plants, and aquatic animals in the stream are important to the stream’ s health. Terrestrial plants
in the floodplain and riparian zones strengthen and stabilize the soil; intercept runof f; filter out nutrients, sediment, and
other pollutants; and provide habitat. Similarly, aquatic plants protect the shoreline, stabilize the streambed, are a food
source, provide refuge, absorb nutrients and contaminants from the water, and produce oxygen. Aquatic animals such as
freshwater mussels are important to aquatic systems because they stabilize the streambed by anchoring themselves into
the sediment, clean the water of particles and chemicals during their feeding process, and are a source of food and habitat
for fish and invertebrates. They also use fish as hosts for their larvae, relying on fish health, abundance, and migration for
dispersal. This demonstrates the interconnections of aquatic systems.

5. Water quality

Water quality includes the chemical, biological, and physical characteristics of water . Good water quality is maintained
by natural channel shapes and flows, naturally vegetated riparian zones, a healthy biological community, and proper
stewardship. The most common pollution sources in Minnesota are sediment, herbicides, insecticides, industrial chemi-

i cals, sewage effluent (outflow), and fertilizers. Some of these sources such as
industrial and sewage effluent are point sources, which are |dent|ﬁable Iocal
sources that are relatively easy
to monitor and regulate. Others
are nonpoint sources such as
herbicides and fertilizers, which
are contaminants from sources
that are much harder to assess
and regulate.

Healthy stream systems ensure
good water quality and are para-
mount to human and ecological
(some more than 100 years) mollusks that health. This crucial resource
nestle in sediments while filtering particles provides drinking water from
lakes and rivers for many cities,
in addition to habitat for wild-
pollution, exotics) and are good biological indi- |1fe, fish, and aquatic organisms,
cators of stream health. They are one of the ~ Some of which are valuable food

N ‘\l A
Naturally vegetated streambanks protect streams

and stream organisms. Desirable woody vegetation
includes willow, cottonwood, and dogwood. Beneficial
forbs and grasses include monkey flower, blue vervain,
fox sedge, swamp milkweed, and river bulrush.
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How do stream alterations affect the five components of stream health?

Structures in a stream, such as dams and culverts, and some land use practices in a watershed can signi ficantly affect
the five components of natural, healthy streams: shape, flow, connectivity, biology, and water quality.

How structures affect stream health

1. Shape: Dams, culverts, and handmade structures alter the natural
stream pattern, dimensions, and profile. The water flowing over
a dam is “sediment hungry,” leading to scouring or down cutting
the streambed and erosion of streambanks. Dams also create un-
natural reservoirs upstream that slowly fill with settling sediment.

2. Flow: Dams and improperly sized or placed culverts limit the
flow of water, energy, sediments, and nutrients downstream.
These structures also lock the channel in place, which restricts the
stream from adjusting to maintain stability. =

3. Connectivity: Dams and perched culverts create barriers that Dams and culverts: (above) A handmade dam disconnects
disrupt the flow downstream and prevent fish migration upstream ?bsgmﬂ”rf;téﬁzg‘C'"Sl'géer‘t“glns g?r?h?t')titesrsﬁgf ;;rseszngeﬂg‘r’]"a
tq U, over-wintering, or other habitat el Le.v ees and disrupts the longitudinal connectivity of the stream.
dikes disconnect the channel from the floodplain, forcing the .. A P—
channel to carry floodflows. sl :

4. Biology: Dams create reservoirs or impoundments that initially
flood and eventually bury critical wildlife habitat. Dams and le-
vees also disrupt the flow and exchange of material longitudinally
and laterally on which biological communities depend.

5. Water quality: In the upstream reservoirs, contaminants and
nutrients accumulate, which ultimately degrades water quality .

¢

How land use practices affect stream health

1. Shape: Digging ditches converts headwater streams into
unstable straight trenches and increases the stream slope. This
leads to excessive erosion upstream and sediment deposition
downstream of the ditched area. Removal and degradation of
natural riparian vegetation weakens streambanks, resulting in
excessive erosion and ultimately a change in stream shape.

2. Flow: Irrigation from streams can lower stream flows to poten-
tially critical levels, especially during dry periods when water
levels are low and aquatic communities need refuge. Urbaniza-
tion and tiling on farmland funnel excess rainwater directly
into streams, forcing the streams to carry higher, flashier flows.

3. Connectivity: Connection to the floodplain is commonly
degraded or removed. Floodplains converted to farmland,
pasture, or developments do not effectively dissipate or store
floodwaters. Riparian zones that are farmed, mowed, grazed,
deforested, or developed replace natural and diverse vegetation AR
with crops, lawns, bare soil, and pavement.

4. Water quality, and 5. Biology: Excessive erosion of topsoil
commonly degrades water quality, primarily by decreasing
water clarity. Field and lawn fertilizer and manure inputs add
excess nutrients to streams, causing extreme plant and algal
growth followed by decomposition that extracts oxygen from
the water. Pesticides, herbicides, and insecticides have been
found at dangerous levels in streams. Research indicates that
these chemicals kill aquatic organisms, inhibit reproduction,
and upset hormones in animals in addition to a multitude of
adverse physiological effects.

Land use: (above) Parking lot runoff, (below left) eroded
fields, and (below right) unvegetated ditches transport pol-
lutants and excess sediment to streams.
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To what extent have we disturbed Minnesota streams and watersheds?

Minnesotans take great pride in and enjoy the state’s 92,000 miles of large and small

streams. However, throughout our history, humans have had a growing impact on our

streams and watersheds due to a booming population and technological advancements.

The following are a few examples of the extreme changes that have degraded stream

health in Minnesota:

* Nearly one-third of the streams have been converted to ditches.

* Nearly 18,000 miles of tile are added to farmland in Minnesota every year. That is
nearly three-fourths of the circumference of the earth.

*  More than 900 dams greater than 6 feet in height and hundreds of smaller (low-head)
dams have been built on Minnesota streams.

«  More than 56 percent of the landscape has been converted from native prairies, wet-
lands, and forests to farmland and urban areas.

These land-use changes and resulting changes in stream shape lead to excessive stream-
bank or streambed erosion and degraded stream health. These impacts, in addition to
climate change, lead to increased erosion and deposition, altered hydrology, more frequent
and destructive flooding, degradation of aquatic and riparian habitat, and decrease in spe-
cies diversity. Moreover, these effects have huge economic impacts. In the deep loess soils
(highly erodible, windblown fine sediments) of western lowa there has been an estimated
$1.1 billion in damage to private and public infrastruc-
ture due to channelization and ditching. In Minnesota,
flowing water carries off more than 60 million tons of
upland topsoil each year. That amount would fill the
Metrodome with topsoil 21 times every year. Conse-
quently, stream stability is crucial to our environment
and our own well being.

How can you and the community correct stream
disturbances and improve stream health?

As individuals, riparian landowners can restore, protect,
and maintain naturally vegetated riparian buffers and

(above) Buffered: The vegetated buf-
fer along the Pelican River decreas-
es the contaminants and sediment
carried by runoff to the stream.
(below) Unbuffered: The South
Branch of the Buffalo River lacks
such protection from runoff.

needed for recovery to begin.

into planning and implementation efforts.

Additional information

The Healthy Rivers instructional CD and resource sheets on
stream health, such as techniques to stabilize a streambank, are on
the DNR web site. Research sources are available on request.

Soflety
La 1

Reconnecting the Red River: Since the
early 1800s, more than 500 dams have
been built on the Red River of the North
and its tributaries. Lake sturgeon could
no longer migrate to critical spawning
habitat in the higher gradient tributaries.
By the mid-1900s, the sturgeon were
gone, victims of a fragmented river that
no longer provided the habitat the fish
needed to reproduce. The DNR is work-
ing with local communities to “recon-
nect the Red” by removing or modifying
dams into artificial rapids. This has
successfully opened hundreds of miles
of streams to migrating fish.

floodplains realizing that rivers are dynamic. However, many stream health problems
are the result of widespread land use issues. In these cases, communitywide ef forts are

Watershed planning engages citizens, landowners, businesses, local governments, inter -
est organizations, and other agencies. Watershed protection and planning becomes effec-
tive through cooperation toward long-term goals like improving water quality , reduc-
ing surface runoff, reducing soil loss, improving habitat, restoring natural biodiversity ,
and allowing for sustainable development. Furthermore, focusing on a watershed scale
makes it easier to integrate social, economic, and cultural factors [ g
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DNR Contact Information
DNR Stream Habitat Program is described ~ Twin Cities: (651) 296-6157
on the Ecological Services website: Minnesota toll free: 1-888-646-6367
http://mndnr.gov/eco/streamhab
The DNR Waters website:
http://mndnr.gov/waters

Minnesota

TDD toll free: 1-800-657-3929

DNR address in St. Paul:

500 Lafayette Road

St. Paul, MN 55155

DNR Ecological Services: (651) 259-5100
DNR Waters: (651) 259-5700

DEPARTMENT OF
NATURAL RESOURCES

the Interior, Washington, DC 20240.

DNR Information Center
Telecommunication device for the deaf (TDD): (651) 296-5484

This information is available in an alternative format on request. Equal opportunity to participate
in and benefit from programs of the Minnesota Department of Natural Resources is available re-
gardless of race, color, national origin, sex, sexual orientation, marital status, status with regard to
public assistance, age, or disability . Discrimination inquiries should be sent to Minnesota DNR,
500 Lafayette Road, St. Paul, MN 55155-4049; or the Equal Opportunity Of fice, Department of

Understanding Our Streams and Rivers

Page 4 of 4

(http://www.dnr.state.mn.us/waters/watermgmt_section/pwpermits/gp_2004 0001 manual.html)

Best Practices for Meeting DNR GP 2004-0001 (Version 4, October 2014)

Appendix, Page 37




Resource Sheet 1: Streambank Erosion and Restoration

Why is my streambank eroding?

In order to determine why a streambank is eroding and to develop a restoration approach, it is necessary to
understand stream behavior. All streams are dynamic, gradually changing shape as they erode, transport, and
deposit sediment. A natural stream will have slowly eroding banks, developing sandbars, migrating meanders, and
channels reshaped by flood flows. They are in a state of dynamic equilibrium, where the stream is able to maintain
a stable shape (dimension, pattern, and profile) over time without excessive erosion or sedimentation even as natural
changes or artificial changes occur in the watershed (see informational sheet Understanding Our Streams and Rivers).
A stream system maintains this

dynamic equilibrium when its natural
flexibility and a functional connection 4
to the floodplain are preserved (see

figure).

Many streams are artificially confined;
consequently, they cannot adjust or
regain their equilibrium within their
meander belt or floodplain after a
disturbance. Streams are increasingly

confined by agriculture, infrastructure,
and development in the floodplain. A natural, healthy stream channel meanders from bend to bend within a meander belt.
When ditches and levees. roads. This meandering (seen here from above) is known as the stream’s pattern.

bridges and culverts, rock revetments, and other structures are placed in the
floodplain, the state of dynamic equilibrium is interrupted. Confined streams
can no longer self-mend, which results in instability where bed and bank
erosion is a common consequence.

1199 Japueay

ure|dpool4

Common causes of stream instability

Land use changes

Land use activities throughout the watershed lead to stream instability by
changing the watershed’s Aydrology. Land use changes force a stream to adjust
to changes in discharge, water velocities, or sediment load. For example, both
urban storm drains and agricultural tile funnel rainfall quickly and directly into
streams. These practices dramatically increase the peak discharge and water
velocity of a stream. Additionally, this direct flow is low-sediment or “sedi-
ment-hungry” runoff and is very erosive. Another land use change that impacts
hydrology is draining wetlands. By removing natural water storage, streams
are further burdened with water that is no longer retained on the landscape.
Consequently, affected streams are unstable, usually degraded and incised, and
must eventually adjust their shape to accommodate the flashy discharge events
with un-naturally high peak flows.

Vegetation changes

Streambank instability, erosion, and bank failure also result from a lack or loss
of natural vegetation along streambanks. Deep, dense-rooting, and flood-toler-
ant native plants strengthen and stabilize the banks and slow floodwaters. (See
additional benefits explained in Resource Sheet #2.) The loss or degradation

Land use change and channelization: The

Definitions: of natul:al Tiparian floodplain and stream corridor are impinged
a radation'. rising streambed, sedimentation veg?tatlon e cauged by agricultural fields. The meanders

99 L HS0: ’ 4 by livestock overgrazing, | are disconnected after straightening by
degradation: lowering streambed, erosion T pe lizati
discharge: volume of water carried by a stream per unit time 10w, crqps pathow anneszaton.
headcut: downcutting of streambed in upstream direction vegetative buffers, .
hydrology: movement of water through the hydrologic cycle ~ herbicide applications, deforestatlon,_ or development. Oncq
nickpoint: sudden change in the slope of the streambed streambanks are degraded the potential for accelerated erosion
sediment load: amount of sediment carried by a stream is greatly increased because the banks are weak and unstable.
el R ) S e Common practices of repairing banks with riprap are expensive,

Yaloclty: speed o flow less stable, and lack the biological benefits of a vegetated bank.
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Resource Sheet 1: Streambank Erosion and Restoration

In-channel changes

In-channel alterations of stream shape directly disrupt stream
balance resulting in aggradation and degradation. For
instance, ditching or channelizing a stream replaces a long,
sinuous stream reach with a short, straight, smooth channel.
Such a change steepens the slope and removes roughness
from the streambed. The sudden increase in speed and
erosive energy of the streamflow will degrade the streambed
within the straightened reach. Upstream the channel will
begin to incise at the nickpoint. This forms an active headcut
that migrates upstream (referred to as headcutting). Over In-channel changes: As shown in this side view, channelizing
time, the streambed continues to deepen and the entire stream a stream may cause headcutting upstream and aggradation
reach becomes incised and disconnected from its floodplain. downsirea. -

The effects of channelization are widespread and impact the entire stream
network. A headcut can initiate headcuts in the tributaries. This leads to
excessive erosion and instability upstream into the basin. As excessive
sediment is released into the stream system, the instability will extend
downstream as the newly eroded sediment aggrades in flatter valley reaches.

Stable, original streambed =========«
Streambed after disturbance

Channelized reach

In-channel structures such as dams, bridges, and culverts interrupt the natural 2‘:’?"*7';.
stream shape by creating unnatural reservoirs or passageways. For instance, )
culverts are commonly too small, set improperly, and do not emulate the - o e
natural channel pattern. Stream instability is the result as demonstrated by Headcut & nickpoint: An active headcut
flooding upstream and erosion downstream of these structures. degrades the bed of an lllinois stream.

Stream responses to disturbances

A disturbance such as ditching, development, or deforestation that changes the hydrology, stream shape, or riparian
vegetation causes a stream to lose its equilibrium. When a stream is in disequilibrium, the stream channel actively adjusts
toward a more stable form by going through transitional phases. Channel evolution can progress through many phases,
where each phase could persist for years to centuries depending on stream and valley slope, geology, and hydrology. One
of the more common channel degradation progressions is illustrated below.

Channel
evolution

1. A properly shaped stream in equilibrium and connected to its floodplain prior to disturbance.

II. Channel incision from ditching or by a headcut originating in a channelized reach due to increased slope and flow.
lll. Channel widening as the channel begins to meander again.

IV. A more properly shaped stream as it evolves to re-establish equilibrium and rebuild a new floodplain.

V. A new, properly shaped channel in equilibrium with a lowered floodplain.

The first section below describes an undisturbed stream in equilibrium. The next three sections describe common
responses to stream instability after a disturbance. These responses vary greatly in extent and duration depending on the
disturbance and the channel’s recovery potential.

Equilibrium

A stream in equilibrium (Stage | in Channel evolution figure above) can transport water and sediment and dissipate the
water’s energy while maintaining its shape over time without excessive degradation or aggradation. A stream channel in
equilibrium has these shape features:

« Pattern: a sinuous pattern that increases the stream’s length, thereby decreasing its gradient and stream flows

» Profile: an alternation between riffles that help control stream gradient and pools that absorb the water’s energy

* Dimension: the proper width and depth to effectively transport water and sediment supplied by the watershed
Furthermore, the channel is connected to the floodplain during high flows, the riparian zone is well vegetated, and the
channel is not confined throughout the meander belt. As a result, channel movement (meander migration) and streambed
and streambank erosion are minimal.
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Channel incision

When a channel is incising (Stage Il in Channel evolution
figure), the streambed is actively eroding, downcutting, or
degrading in response to disturbances such as:

* changes in the watershed (urban stormwater drains,

Restoration philosophy
Incision is a common stream channel condmon in Min-

nesota due to the prevalence of activities such as ditching
and drainlng wetlands. It is also a systemic problem that

ditching, tiling, draining wetlands) that introduce results in stream instabilities throughout the watershed.
higher volumes of water or low-sediment (“sediment During this response stage the channel will continue to
hungry”) runoff, unwind (degrade) until a new equilibrium is established.

» erosion by low-sediment water flowing over a dam or To reach equilibrium, the channel will go through succes-

out of a reservoir, sional stages that erode the banks to develop meanders,

. : . rebuild a new floodplain, and develop a properly sized
unproperg' sized dorglacpd iondges 05;;;1‘1"“15 that channel that can effectively transpor? wa,:er%endysed»mem
constrict flow and efiectively act as dams, This process can be advanced artificially by constructing

« increased streamflow velocities because of disturbances | z properly shaped channel with a new lowered floodplain.
such as channelization or urbanization, or ~ Another method involves installing riffles and rock weirs

» aheadcut that originated downstream. that incrementally elevate the streambed to reconnect the.

channel to the original floodplain. These structures, unlike

check dams, maintain sediment transport and are sub-

An incised channel is disconnected from its floodplain. merged during a bankfull event,

During high flows, the channel must transport the total

volume of water because it cannot access the floodplain Widening is a successional stage following incision or
that, under natural conditions, could store and slow aggradation when the channel is in disequilibrium. Res-
down the floodwaters. The banks of an incised channel toration approaches depend on the cause, the extent of
are actively eroding (see Channel widening, below). incision or aggradation, and future impacts. A restoration
Consequently, excessive erosion of the streambed and des'gg;%‘;’g &%ggggr;h?mfgla‘gt“sngg Fosloting patrean
streambanks occurs and often results in long-term :
instability. As degradation continues, streambank heights e (e g mrles ety placed o)
and angles increase, which further reduces bank stability installing woody material and structures to add rough-
r&sultmg in weak banks prone to failure and slumpmg. ness, narrow the channel, and protect the banks,
reshaping cutbanks with a bankfull bench.,
Channel widening « installing tree or rootwad revetments,

excavating a properly shaped ch‘annel. or

Channel widening is lateral erosion of the streambanks excavating a new floodplain.

(Stage Il in Channel evolution figure). It can be caused
by one or more of the following: channel incision; scour Aggradation in Minnesota most commonly occurs
below culverts, bridges, or dams; flood flows in incised downstream of channelized reaches. To re-establish

channels; weakened banks; increased streamflows due to equilibrium, an aggraded stream reach must develop a

. o, : - properly shaped channel (sinuous, deep, and narrow)
ﬁgrzlﬁ:gncehlfges, aggradation; or construction of over through the aggraded sediment, which becomes the new

floodplain. A restoration approach would be similar to that
. . . described above for an over-wide channel and similarly
Channel widening occurs in an incised or scoured stream “would depend on the cause, the extent of aggradation,
reach that attempts to find a new equilibrium by reforming recovery potential, and future circumstances.

and amplifying meanders to decrease the slope of the
streambed and stream velocities. Also during this process,
developing point bars establish a new floodplain that corresponds to the channel’s new, lower streambed elevation. (For
more detail, refer to the MN DNR website for the brochure, “The Shape of Healthy Rivers.”)

Channel aggradation

Channel aggradation is the raising of the
streambed elevation as sediment is deposited
from upstream erosion along the flatter valley
reaches, making the channel too shallow

or over-wide. An aggraded stream reach
will continue to fill and widen because the
channel dimensions are out of balance with
the amount of sediment that needs to be
transported by the stream. More sediment
settles out, further aggrading the stream bed.
(left) Incision: Extreme field erosion and an active headcut resulting from unbuf- | The channel becomes increasingly shallow,
fered runoff. (right) Aggradation: Downstream of the headcut, the flow of water | Wwater extends laterally and erodes the banks,

slowed where the terrain flattened and deposited sediment, forming a delta. and stream flows more readily cause flooding.
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What are the steps to address streambank erosion?

Extreme strcambank crosion indicates an unstable, unhealthy stream. The
instability stems from a change in the stream’s shape, flow, or connectivity
(sce info sheet Understanding Qur Streams and Rivers). These changes
can be direct (ditching, dredging, straightening, dams) or the results of
land use changes within the watershed (degradation of natural riparian
vegetation, urbanization, logging, agriculture). Explained below are the
recommended steps for restoring an croding streambank with naturally
designed approaches.

Identify the underlying cause

The first step is to determine the cause of stream instability. Are there
disturbances in or along the stream; or are there destabilizing activitics in
the watershed? Individual landowners may not be able to control activities
in a watershed that affect a strcam, but landowners and citizens can have a
voice in promoting and advocating natural channel design. In any situation,
restoration and protection of natural riparian zones is a positive step for
landowners to take to prevent or reduce streambank erosion and promote
good stewardship of the watershed.

Adopt a natural design approach
Bclow is a list of recommended designs and approaches that can be used

Additional adverse impacts to
stream health

Channel incision, widening, and
gradation not only affect stream
:gapo and flow but also degrade the

other components of stream health:

* Biology. Loss and degradation of
aquatic and riparian habitat (e.
sedimentation in rifﬂes and
degraded arian veg

eroslon and land inputs. Warmer
water temperatures in aggraded
reaches and in reservoirs.

* Connectivity. Disconnection
from floodplain habitat (lateral) in
incised streams. Disconnection
from upstream and downstream
reaches (longitudinal) due to
dams and culverts. Increased

flood risk in aggraded streams.

in combination to stabilize the soils in a streambank, protect the banks and floodplain, aceelerate recovery, and ultimately
restore stream stability. The keys to a successful bank stabilization project are:

+ Allow the stream to maintain its dynamic cquilibrium by not confining the channel.

+ Design streambank structures to temporarily protect the banks while they stabilize.

+ Consider future watershed conditions in a project design to assess how the stream will need to adjust with time.
The structures and materials listed in the box below are explained in more detail in following resource sheets.

Consult with a professional and
determine what permits you need

Contact a representative of the Stream
Habitat Program from DNR Eco]oggal
Resources, your Arca Hydrologist

DNR Waters, or your local soil and water
conscrvation district to discuss what you
can do on your strcambank and within

the watershed to minimize or correct
strcambank crosion. Before attempting
any stabilization project, obtain the
applicable permits from the DNR or other
agencies. The permits you need can be
identified when you contact your DNR Arca
Hydrologist and representatives from other
agencics.

Contact Information

DNR Ecological Resources in St. Paul:
500 Lafayette Road, Box 25, St. Paul, MN
55155, (651) 259-5900

Stream Habitat Program website:
http2//mndnr.gov/ecao/streamhab

DNR Waters in St. Paul: 500 Lafayette
Road, Box 32, St. Paul, MN 55155,
(651) 259-5700

DNR Waters website:
httpz//mndnr.gov/waters
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Why is vegetation so important? * B et R R ]
Naturally vegetated stream banks, riparian The benefits of streambank vegetat|on
zones, and floodplains are crucial to Riparian zones, or buffers, along the banks naturally -
streambank and channel stability, stream consist of deep-rooting, flood-tolerant plants and trees that

condition and function, water quality, and provide multiple benefits: %778
overall ecosystem health. Healthy streams /

provide, among many things, clean drinking Streambank stabilization

. . » Native riparian vegetation has dense, deep, lntertwmed 4
water and a diversity of fish. The loss and root systems that physically strengthen soils. /= &8
degradation of native riparian vegetation through + Riparian root systems remove excess moisture from the | B
human activities is a common cause of streambank soil, making banks more resistant to erosion or slumping. *"

P
i
Ev
P
erosion and failure. These activities include l * Exposed root systems provide roughness that dissipates - ..‘ \

N

cultivation, deforestation, watershed development, the water’s erosive energy along the banks while the plant A
livestock overgrazing, herbicide application, and

streambank armoring. Water quality protection

The most simple, inexpensive, and valuable form E « Vegetated buffers intercept and filter out much of

of streambank stabilization is the preservation i the overland flow of water, nutrients, sediment, and "
and restoration of native riparian and floodplain I pollutants; accordingly, wider corridors are more effective
vegetation. Vegetation, in addition to natural ?éclﬁg:ggﬂng water quality and promoting ground-water

materials and structures, are rudiments of the natural

channel design approach that naturally stabilize | Riparian habitat benefits & ;
and protect streambanks. Larger materials such as + Diverse riparian vegetation provides shade, shelter Ieafy
I or woody debris, and other nutnents needed by fish and

logs and root wads provide strength and structure
and gradually decompose giving streambanks time
to re-vegetate and stabilize. For channels

to be stable over the long term they
need the flexibility to slowly shift
with time, which is what
native vegetation provides.

other aquatic organisms. U ARy
» Wide, continuous, vegetated floodplalns help dissipate
flood flows, provide storage for floodwaters, retain
{ sediment and nutrients, and provide shelter forage and
migration corridors for wildlife. =+ 2

) i

_

Natural channel design fundamentals

Restoring and conserving native vegetation in the riparian zone
and throughout the floodplain and meander belt is fundamental
to bank stability and stream health because of the many benefits
provided (see text box above). In situations where erosion is
L not severe and the grade is not too steep, restoring vegetation

AT : / {  may be the only step required. In cases where erosion is more

g severe (e.g. cutbanks, incised channel), re-vegetation remains
an essential component of a restoration involving more complex
methods and structures, which are explained in following
resource sheets.

Floodplain

Prior to planting native vegetation,
non-native and nuisance species must be
completely removed and the bank may

need to be re-graded if the bank slope

is too steep or unstable. Re-vegetation
techniques include planting seeds, seedlings/
saplings, live cuttings, and shrubs and
hydroseeding. Live cuttings are branches
cut from readily sprouting tree species, such
as black willow or dogwood, preferably
from nearby vegetation that is adapted to
the site. These species will grow and root
quickly, thereby providing immediate soil
strength and erosion protection. The seeds,
plants, disturbed soil, and bank toe should
be protected from runoff and stream flow
during the rooting process. Such erosion
control products and methods are described
next.

Disadvantages of hard armoring

Hard armoring banks with rock (riprap), timber walls, sheet piling, or waste
concrete (which is not allowed) is a common bank protection approach;
however, there are many disadvantages and undesirable impacts.

« Hard armored banks transfer the problem downstream by strength-
ening and redirecting stream flows downstream of the armor and
into the next bend or meander resulting in bank erosion and failure,
particularly along downstream bend(s).

* From an ecological standpoint, armoring does not provide aquatic or
terrestrial habitat (shade, shelter, food) and has no ability to filter or
process nutrients and sediments, which negatively impacts stream
health.

« Armored banks can negatively affect long-term stability because they
lock the channel into place preventing it from adjusting to changes in
the watershed.

« Lastly, riprap is expensive to install and looks unnatural.
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In choosing suitable native plant species, consider local habitat type (e.g. forest, prairie,
wetland) and habitat components such as shade, soil type, moisture, and climate.
Resources available to identify plant species suitable for various habitat types and
desired purposes, such as erosion control, aesthetics, and wildlife habitat include: local
nurseries, extension offices, soil and water conservation districts, the “Restore Your
Shore” CD-ROM (info at http:/mndnr.gov/restoreyourshore) and MN DNR website =

R
7T -Sheres

http://mndnr.gov/gardens/nativeplants. Vegetative stabilization has all the benefits of

Golden alexanders

restoring native vegetation (strengthen and stabilize stream banks, runoff buffer, provide
habitat, aesthetic value) in addition to low cost, low maintenance, lack of structural
complexity, and endurance. Below is a list of plant species native to Minnesota that are
recommended for streambank restorations.

Common name Scientific name Life form | Habitat
Blue vervain Verbena hastata E W, UM
Canada anemone Anemone canadensis F w, UM
Golden alexanders Zizia aurea F W, UM
4 p Grass-leaved goldenrod | Euthamia graminifolia F W, UM

Canada gnemone Monkey flower Mimulus ringens F w
Obedient plant Physostegia virginiana F W, UM
Swamp milkweed Asclepias incarnata F W, UM Fox sedge
Fowl manna grass Glyceria striata G w
Fox sedge Carex vulpinoidea G W, UM
Hardstem bulrush Scirpus acutus G AW
Porcupine sedge Carex hystericina G w
River bulrush Scirpus fluviatilis G AW
Softstem bulrush Scirpus validus G AW Porcufinasedge
Tall manna grass Glyceria grandis G w
Virginia wild-rye Elymus virginicus G w
Basswood Tilia americana T UM, UD
Black willow Salix nigra T w
Red-osier dogwood Cornus sericea (stolonifera) T W, UM, UD
Silver maple Acer saccharinum T W, UM

Natural materials and structures

Natural materials and structures can be used
in addition to native vegetation to:

& provide habitat.

The following six techniques are effective
on small to medium streams. They are

of moderate cost and can be installed by
most landowners with a bit of direction.
Landowners should consult an area
hydrologist as project approval or a permit is
required by the DNR and other agencies.

Native Minnesota plant species recommended for stream bank resto-
rations throughout the state (sorted by Life form then Common name).
F: forb (flower) G: grass or grass-like T: woody vegetation

A: aquatic W: wet/transitional UM: upland moist UD: upland dry

Red-osier dogwood

Biodegradable erosion control blankets (ECBs)

» Biodegradable ECBs are made of: jute (a vegetable fiber) mesh (in photo),
coconut/coir fiber, straw, or excelsior (fine wood fiber) that are woven into a fiber
matrix. ECBs are designed to temporarily provide erosion protection and assist with

% protect seed & plantings from overland vegetation establishment as they degrade over 1-3 years leaving a vegetated bank.
and stream flows, Products with polypropylene materials are not recommended because they do not

¥ protect the toe of the streambank, degrade and can entangle wildlife

% prevent erosion on slopes, in the rigid knitting.

¥ promote trapping of sediment, x ECBs are placed over re-graded

¥ quickly develop dense roots and sprouts, | and re-seeded streambanks (use

more durable netting for steeper
banks). Wood stakes or live
cuttings are used to secure the
fabric in place (instead of metal
anchor pins). Blankets should

be installed promptly after the
restoration to provide immediate
erosion protection.
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Broadcast seeding and hydroseeding

» Broadcast seeding is the scattering of native seed mixes by hand or mechanically over prepared
soil. Good seed to soil contact, protection (ECBs, mulch, oats or rye as a cover crop), and watering
are important.

» Hydroseeding is a planting process that uses a mixture of water, seed, fertilizer, mulch, and
tackifiers that is sprayed over renovated banks or slopes. Native seeds that are suitable to the
habitat should be used in the mix. This mixture can be applied to the upper slopes, even on

polluting the stream or seed from being washed away.

Staking and live cuttings
» Stakes and live cuttings from readily sprouting, local, healthy tree species such as black willow,
dogwood, and alder are used to quickly vegetate restored streambanks. Staking can be applied on
all types of banks and in addition to other techniques.

x The cuttings or stakes (branch sections without twigs or leaves) are cut and planted while
dormant, late fall through early spring. Stakes are 2+ in length and % - 3” in diameter with one
end cut at a 45° angle. Stakes are planted 1 - 2’ deep in soft soils or into a pilot hole in harder soils
ensuring the stake is deep enough to reach permanently wet soils. Stakes are planted 1 - 2" apart
depending on the size of the stakes to ensure successful survival and sufficient cover.

Biologs, coir fiber rolls, wattles, fascines Erosion
» Biologs and coir fiber rolls are made of coconut fiber, straw, or excelsior fiber. control. sy , (native vegetation
Wattles and fascines are cylindrical bundles of wheat or rice straw or cuttings. They ~ é e
are strong, flexible rolls (8-10’ long, 8-12” diameter) of biodegradable material
used to protect the toe of banks and to stabilize slopes . These structures work best
where scour is not too severe and where flows will infrequently flow over the toe
protection.
% The logs, rolls, or bundles are staked and tied into a shallow trench along the toe
of the streambank to deflect flows and wave energy, retain sediment, and provide
a stable structure for plant growth (substrate). Native vegetation is planted on and
around the structures, then as the vegetation or cuttings becomes established, the
Brush mattress natural materials will degrade in 2 to 6 years leaving a vegetated bank.
x Additional rows can be installed (placed in shallow trenches secured by wood
stakes) upslope parallel to the toe of the bank for additional bank stabilization.

Brush mattresses

» Brush mattresses consist of a layer of interlaced dormant cuttings (e.g. willow,
dogwood, alder) that are laid perpendicular to the toe and staked over a gently
sloped streambank, often with a fascine or biolog at the base as toe protection.
% These structures work on most banks. They require good soil contact to
support brush growth; base flows to keep the basal ends of the cuttings moist;
and installation during the non-growing season, preferably early spring.

; see& bank

bankfull

Tree revetments

» Tree revetments involve anchoring
coniferous (such as Christmas trees) or
hardwood trees along an outside bend where
erosion is excessive.

% The trees are tied by the trunks with natural
filament rope to wooden stakes placed at

the bankfull level with the treetops pointing
downstream. Tree revetments dissipate
outside meander flows and collect sediment,
thereby reducing erosion and promoting deposition.

% Tree revetments work best in small to medium streams with high sand or gravel loads because sediment deposition is important to the
long-range goal of rebuilding and protecting the bank.

=> These structures provide habitat and as they degrade and accumulate sediment they become a natural, structural part of the bank.

willow stake

manila

f
<
il
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*Variations of this design have been used through
the years. For more specific design details see
Applied River Morphology by Dave Rosgen, 1996.

Root wad revetments
» Root wad revetments are more complex structures
built into exposed cutbanks where erosion is actively
cutting away the bank. These revetments commonly
involve the construction of a bankfull bench to help
accommodate and dissipate flood flows. This design
is especially useful where there is infrastructure on
the bank that needs to be protected from bank loss
or slumping. These revetments can be scaled to the
size of the stream (e.g., root wads can be stacked in
large streams). They are not recommended in sandy
soils where it is difficult to drive the trunks into the bank and the sand is more erodible.

% Large tree trunks with root wads are driven into a renovated cutbank so that the trunks
angle upstream and the root wads are positioned below bankfull level directed into the
flow. The trunks are secured with large boulders and a matrix of logs. Live cuttings are
staked, natural vegetation planted
or seeded, and erosion control
fabric is staked on the bankfull
bench and restored bank.

=>These revetments protect the
banks over a range of flows, provide
substrate for invertebrates and
refuge for fish, and will slowly
degrade while becoming a natural
part of the streambank.

( bankfull bench \

root wad

bankfull

Root wad revetment and a revegetated bankfull
bench built to stabilize a cutbank encroaching on
Installation of root wads using an excavator to drive tree Interstate 94, two years after construction (looking
trunks into the bankfull bench (looking upstream). downstream).

Toe wood-sod mats (see fact sheet for more details)

» Toe wood-sod mats involve similar design elements to the root
wad revetments. This approach can be scaled to all stream sizes.

% Cutbanks are renovated with a bankfull bench consisting of
layers of logs, branches, brush, roots, and fill. Root wads can be
incorporated to provide additional roughness and habitat. These
layers are then covered with sod mats, willow cuttings, and
transplants set at bankfull stage.

=> This structure design restores the connection to the floodplain
with a bankfull shelf, restores channel dimensions, protects a once
vulnerable and unstable cutbank, provides habitat (both aquatic and
terrestrial), and is relatively inexpensive.

as fill

toelofibank’
*Variations of this design have been used through the years. General
design details are credited to Dave Rosgen of Wildland Hydrology.
Review and advanced restoration designs Contact Information

Bank restorations utilizing vegetation, erosion-control blankets, biologs, wattles, :

S . . DNR Ecological Resources:
revetments, and mats or combinations thereof, can effectively protect and rebuild banks  g;ronm Habitat Program
if properly placed and established. These approaches utilize all natural materials that do gcosystem Restoration
not artificially confine the channel, they are relatively inexpensive, and can be applied 500 Lafayette Road, Box 25
to all stream varieties (forested, prairie, steep, gentle, rocky, sandy). As explained in St. Paul, MN 55155
Resource Sheet #1, the cause(s) of stream instability and future watershed conditions ~ (651) 259-5900
should be considered. Most projects will need permits and professional assistance. DNR Waters:

. Public Water Permit Requirements
In some cases in-channel structures can also be used to protect restored or unstable 500 Lafayette Road, Box 32

banks. These include rock structures such as rock vanes, J-hooks, and riffles that are St. Paul, MN 55155

effective at properly slowing and deflecting flows from the streambanks. Installation of  (g51) 259-5700 s

these structures requires professional assistance because proper placement is absolutely DNR website:

essential for successful streambank protection and restoration. This requires stream and  py0-//mndnr.dov

watershed monitoring and assessments. These in-channel structures are explained in doe

more detail in the following resource sheets. SN
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