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Abstract

Wetland resources of the Colorado State Park
system were delineated and described between

1993 and 19951 to provide a portion of the baseline
data called for in the Environmental Education Task
Force Five Year Plan (1993/94). A summary report
of the wetlands and riparian communities on each
park has been prepared to supplement this Best
Management Practices (BMP) document, which is
designed to guide managers as they make decisions
that may affect this important resource.

Wetlands are unique within the state park system,
generally occupying less than 5% of the available
surface area within a park2. They constitute an
important resource from at least three basic points
of view:

• biodiversity—a large number of plant and
wildlife species are adapted to or otherwise
use wetlands;

• functional values—wetlands improve quality of
life for all species, including those that do not
frequent wetland habitats specifically; and

• regulation—wetlands are regulated by federal,
state, and local agencies.

Management decisions that could affect wetland
resources should involve the process called sequencing.
In this process, direct and indirect impacts to wetlands
are avoided as much as is possible. If it is not possible
to avoid impacts to the wetland resource, then designs
are introduced that reduce or mitigate impacts to the
extent practical. Mitigation, using BMPs, should be
designed to:

• protect wetlands during development,

• enhance wetlands where appropriate, and

• “replace” wetlands that are destroyed3.

Replacement wetlands should be considered on an
in-kind and acre-by-acre basis, during development
planning, with the focus on restoring the functions
and values provided by the wetland to be lost.

This guide is intended to assist managers, landscape
architects, resource technicians, engineers, and
designers in approaching the wetland resource.
Because knowledge, regulations, and approaches
to wetlands are in a state of flux, this document
will remain subject to revision. This BMP document is
intended to provide guidance. It must not be construed
to constitute a standard, specification, or regulation.
Each person responsible for decisions affecting wetland
resources is encouraged to discuss the matter with staff
biologists and regulatory personnel, to protect and
enhance the resource, avoid misunderstandings,
and eliminate project delays.

1 Riparian plant communities were included in these studies
and should be treated as wetland resources for the purpose
of management/stewardship.

2 A notable exception is the San Luis Lakes State Park,
where approximately 90% of the park is considered wetland.

3 It is not currently believed that replacement/mitigation is ever
complete, as many wetland functions are complex, subtle,
and adapted over long periods of time to the site in question.
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The mission of Colorado State Parks’ interpretive and education program is “to foster environmental
stewardship among the State’s citizens and visitors by developing an awareness and understanding

of Colorado’s natural and cultural resources” (Environmental Education Plan, Division of Parks and Outdoor
Recreation, 1994).

The Environmental Education Plan includes goals and objectives pertaining to the State’s wetland resources
(Goal #5 Objective #2). Accordingly, the purpose of this BMP document is to provide park managers, rangers,
maintenance staff, landscape architects, and designers with guidelines to assist them in evaluating and perpetuating
the wetland resources.

Delineation of wetlands on Colorado’s 40 state parks and preparation of this management guide have been funded
by a grant to the Colorado Department of Natural Resources from the U.S. Environmental Protection Agency’s
Wetlands Protection Program (#CD998116-01). The grant has been administered through the office of the
Executive Director of the Department of Natural Resources and through the Colorado Natural Areas Program
within the Division of Parks and Outdoor Recreation (1993).

Introduction

“WETLANDS” BY DEFINITION

Wetlands are transition zones between terrestrial
and aquatic systems, where the water table is near, at,
or just above the surface of the land. They are referred
to by names such as marshes, swamps, bogs, wet
meadows, potholes, sloughs, fens, and river-overflow
lands. Shallow lakes and ponds, usually with emergent
vegetation as a conspicuous feature, are included in the
definition; however, the permanent waters of streams,
reservoirs, and portions of lakes too deep to support
emergent vegetation are not included. Neither are
water areas that are so temporary as to have little or no
effect on the development of moist-soil vegetation.

Wetland boundaries are delineated using three basic
parameters:

• the presence of plant species adapted to life
in moist or saturated soils,

• the presence of soils displaying characteristics
that develop due to lack of oxygen, and

• evidence of hydrologic input from surface water
and/or groundwater creating conditions
favorable to water-loving and water-tolerant
plants and to the development of wetland soils.
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• improve water quality (e.g., stabilize sediments,
retain pollutants, remove or transform nutrients,
oxygenate and filter water);

• enhance cooling;

• control erosion, including the anchoring of
shorelines and streambanks;

• fertilize floodplains;

• attenuate floodwater/detain stormwater;

• recharge and discharge groundwater;

• provide fish and wildlife habitat, thereby
enhancing biological diversity and abundance
(e.g., migratory waterfowl, shorebirds, songbirds,
mammals, amphibians, aquatic life);

• support the food chain;

• provide for recreation, including fishing;

• enhance aesthetics; and

• serve as a rich arena for education.

WETLAND FUNCTIONS

The functions of wetlands are the result of
the interactions among the geology, soil, water,
and vegetation of their watersheds. Wetland areas:

• dissipate stream energy associated with
high water flows, thereby reducing erosion
and improving water quality;

• filter sediment, capture bedload, and aid
floodplain development;

• improve floodwater retention and groundwater
recharge;

• develop root masses that stabilize streambanks
against cutting action;

• develop diverse ponding and channel
characteristics to provide the habitat and
the water depth, duration and temperature
necessary for fish production, waterfowl breeding,
and other uses

• support greater biodiversity;
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BEST MANAGEMENT PRACTICES

To protect wetland functions, a number of best management practices (BMPs) are available for use
on either a temporary or permanent basis. BMPs are generally considered to be economically feasible
measures that minimize adverse impacts to natural resources. BMPs are also employed to enhance
degraded wetlands. Typical examples include:

• avoid existing wetlands;

• install temporary fencing during construction;

• control runoff/erosion from construction sites;

• use the smallest equipment feasible;

• work around species activities (e.g., bald eagle nesting);

• control noxious weeds;

• establish management plans; and

• manage by burning, grazing, and/or mowing.
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TYPES OF PROJECTS FOR WHICH THIS INFORMATION MAY BE PERTINENT

Development of visitor centers,
wildlife-observation blinds and platforms

Interpretive facilities and signing, boat ramps,
fishing piers, campsites, picnic areas,
and playgrounds

Historic restoration

Energy-efficiency renovations

Trail design, construction, maintenance,
extensions, and management

Environmental education, including
collection of baseline data and monitoring

Development of interpretive programs

Acquisition of railroad corridors, land,
wetlands, water rights

Enhancements such as handicap access
and plumbing

Water management (improving water quality,
ensuring adequate flow, ensuring adequate
reservoir pools, installing monitoring devices,
clearing drainage ways)

Wetland design, construction, and dredging

Mitigation

Landscaping
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HOW TO PROCEED

COLLECT BASELINE DATA/MONITOR:

Identify the location of wetlands (Wetland
Resources Document, 1994-95; accurate maps).

Delineate the watershed boundaries
(tributary basin) for each wetland.

Identify wetland types (including habitats,
composition of underlying soils/bedrock,
and periodicity of flooding).

Determine wetland designations and
corresponding management prescriptions.

Identify the species present.

Document patterns of water flow above
and below ground.

Determine the natural history/ranges/
habitat needs of the common/dominant
species present.

Identify the processes driving the system
(e.g., the natural forms of disturbance,
annual cycles/fluxes, pre-existing human-caused
forms of disturbance from which the system
is currently rebounding, competition
from exotics).

Document existing and potential sources of
pollution (natural or man-made).

Identify areas requiring special consideration,
either because of their environmental fragility or
public-use patterns (e.g., nesting/denning sites,
stream crossings, observation points,
equipment storage areas).
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Recommended Widths
for Filter Strips

% slope Recommended Width
(slope distance in feet)

0-1 25

2-10 30-50

11-20 50-70

21-40 70-110

41-70 110-170

DELINEATE ZONES:

Identify the watershed.

Identify the location of surface water,
springs, seeps, and other wetlands.

Note that these are best located
in the Spring, as some wetlands
are difficult to identify
during dry periods.

In addition to the wetland itself, regulations
may establish a buffer area around wetlands.
In Boulder County, significant wetlands have
a default buffer area extending 50’ from the
wetland boundary; other wetlands have
a default buffer of 25’. The wetland and the
buffer together are considered the regulated area.

Identify high-water levels. (Note indicator
species for the given habitat.)

Identify streamside management zones:
strips of land bordering surface waters
managed to protect or enhance riparian
and aquatic values (e.g., shade, availability
of woody debris for aquatic invertebrates)
at least 1.5 times the height of the trees present
(to ensure adequate shading, sources of litter
and woody debris).

Establish filter strips: strips of land bordering
surface waters that are wide, vegetated, and
otherwise roughened enough to trap sediment
that might otherwise enter surface water.

• 150’ from seeps both up and downstream,
to minimize disturbance of hydrology.

• 130’ around playa lakes to prohibit
rutting and compaction that could
lead to premature draining and rutting
that could trap migrating small animals.

• 100’ from the dripline of tree(s),
to protect water and soil quality.

PREPARE A SITE ASSESSMENT

Prior to any management, maintenance or
construction activity, a comprehensive
site assessment  should be performed to:

• identify sensitive and/or regulated resources
(e.g., wetlands) which could be affected
by the activity;

• identify appropriate BMPs; and

• guide activity development.

The logical steps in site assessment include:

• describe and map the existing environment;

• overlay plans and alter them as necessary
to avoid sensitive resources;

• develop alternatives to avoid or minimize
impacts, identifying appropriate BMPs; and

• design mitigation.

Site assessment does not have to be a difficult process.
In fact, accurate hand-drawn sketches often serve
as the basis for highly understandable and valuable
assessments. Major construction projects call for
design and engineering specifications which are
more complex and precise.

RECOMMENDED READING
Rosgen, D. 1985. A stream classification system. In: Riparian

Ecosystems and Their Management—An Interagency North
American Riparian Conference. General Technical Report
ROM-120:91-95. Rocky Mountain Forest Range and
Experiment Station, U.S. Forest Service, Ft. Collins, CO.

Identify areas requiring special timing of
operations (e.g., nesting and spawning habitat,
playa lakes, seeps).

Identify control points: those places within
the area to be managed that should be assessed,
those that should be avoided or those that need
special consideration (e.g., environmentally
preferable stream-crossing points).

DESIGN FOR RESILIENCE:

• Provide for “extra” space and diverse conditions
to improve the odds for survival for a variety
of species.

• Plan for worst-case scenarios
(cumulative impacts).
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CAN WE LEAVE THE WETLAND ALONE?

CAN WE AVOID ALTERING THE HYDROLOGY OF
THE WETLAND?

? What actions might increase or decrease
the amount of time during which surface,
subsurface, or groundwater are present
in the area?

CAN WE AVOID CHANGING THE WATER
TEMPERATURE?

? Are we removing or increasing shade and
other forms of vegetative insulation from
heat and cold?

? Are we removing significant amounts of
windbreak or cold air break vegetation?

? Are we introducing water from a new
source at a different temperature?

CAN WE PROTECT THE WATER QUALITY?

? Can we avoid introducing toxins
and suspended solids to a wetland,
as these are immediately pervasive
and extremely difficult to remove?

CAN WE AVOID INTERFERING WITH SENSITIVE
WILDLIFE HABITATS?

? Are any of the species/communities rare,
threatened, or endangered?

? What are the values/functions of the species
within its wetland, watershed, ecosystem?

? What are the values of the species to humans?

WHERE RESTORATION IS THE GOAL, CAN WE IDENTIFY
AND RESTORE THE PROCESSES THAT WERE OPERATIVE
BEFORE HUMAN INTERVENTION?

ARE WE MAKING THE BEST USE OF EDUCATIONAL
OPPORTUNITIES?

? Are trails guiding visitors through
a variety of communities?

? Are volunteers (e.g., classes, water-quality
chemists, birdwatchers) assisting with
monitoring?

? Are signs placed to inform visitors about
the functions/values of wetlands, habitats,
BMPs in action, etc.?

KEY QUESTIONS
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SEQUENCING

DEFINITION:

Sequencing is a logical thought process whereby planning ensures that wetlands are avoided wherever
possible; impacts to wetlands are minimized to the extent possible, during both planning and construction
phases; and unavoidable wetland impacts are mitigated.

PLANNING

Important considerations for wetland projects
in Colorado include:

Depth to the water table

Soil salinity and texture

Amount and frequency of irrigation

Effects of rising and dropping water tables
on planted trees

Predation (e.g., rodents, rabbits, deer,
elk, livestock)

Competing herbaceous weeds and exotic trees
and shrubs (e.g., Russian olive, salt cedar)

Vandalism and off-road vehicles

Growth rates and survival

Project design flexible enough to allow for
major modifications

Allow for natural course of succession,
ecosystem development, dynamic equilibrium
(see “Wetlands Ecology” in Attachments).

Approach proposals to restore or create wetlands
with caution, especially when a project is
designed to mitigate for proposed destruction
of an existing wetland.

Duplication of a wetland is impossible.

Consider the risks and probability of success
in project planning. If the project is designed
to replace habitat or functions provided
by an existing site (mitigation), verify success
before proceeding with destruction of
the existing habitat.

Favor restoration over attempts at creation.

Draw upon multidisciplinary expertise
throughout all stages of project planning
and implementation.

Establish clear, site-specific project goals.

Plan by watershed.

Consider the relationships of the wetland
to the watershed’s water sources, other wetlands
in the system, adjacent upland and deep-water
habitats.

Design the wetland to be a self-sustaining
and persisting feature of the landscape.

(continued)
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SB40 33-5-101 CRS 1973 •

Identify development needs • • •

Identify priorities in long-range plan • • •

Funding becomes available • •

Delineate wetlands •

Delineate watersheds • •

Meet with land-owner/managers within watershed •

Conduct  project scoping, pre-planning • • • • •

Prepare design specifications • • • • • •

Obtain permits

Conduct bid process • •

Proceed with construction • • •

Maintain the facility/habitat • • •

Provide consultation to adjacent land-owners • • • • •

Educate general public, park users, and legislature • • • •
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Employ a Project Coordinator (PC) who:

• is on-site regularly;

• is available by telephone daily
during all critical construction phases;

• is able to aid contractors in making field
decisions and adapting to the inevitable
changes to project plans;

• is responsible for ensuring that project plans
are followed and grades are correct;

• has surveying skills to check elevations from
benchmarks;

• knows how to read plans and to identify
plants called for in the grading plans;

• can make observations and measurements
of the hydrologic regime; and

• has the authority to work with
the contractor.

Insist that no change take place without
approval of the PC. (PC must consider impact
of proposed changes on all aspects of project.)

Introduce contractor to PC.

Acquaint contractor with the locations of
benchmarks.

Establish fines for equipment operators who
violate protection measures/boundaries.

Insist that grades be accurate.

Require workers to wear safety clothing
(e.g., hard hats, life preservers, safety shoes,
gloves, goggles) as appropriate.

Before attempting to revegetate riparian areas,
assess whether stream is in equilibrium
(i.e., stream is no longer subject to erosion,

incision, or deposition, as a result of continuing
unnatural disturbance of watershed surfaces
onsite, upstream, or downstream).

Do not consider rerouting a stream channel
without consulting with U.S. Army Corps
of Engineers and Natural Resources
Conservation Service (see “Sources of Materials
and Additional Information” in Attachments),
because of the likelihood of increasing erosion
downstream and upstream of the proposed
alteration.

A planting plan includes:

• species to be introduced

• plant sources

• timing for planting for each species

• location in wetland for each species,
based on its water requirements

• weed-removal plan, if necessary.

Tools include but are certainly not limited to:

• aerial photographs (often reveal old ditches
that are not apparent on the ground but are
interfering with native hydrology of a site),

• U.S. Geological Service stream-flow data.

• (See also, “Sources of Materials and
Additional Information” in Attachments)

SUGGESTED READING
Carothers, S.W., G.S. Mills, and R.R. Johnson. 1989. The

creation and restoration of riparian habitat in southwestern
arid and semi-arid regions. In: Wetland Creation and
Restoration: The Status of the Science. Vol. 1. p. 359-373.

Kusler, J.A. and M.E. Kentula. 1989. Executive summary. In:
Wetland Creation and Restoration: The Status of the Science.
Vol. 1. p. xi-xix.

PLANNING (CONTINUED)

Collect site-specific baseline data regarding
existing wetlands and sites of prospective
wetlands enhancement/restoration projects.

For projects designed to restore already
damaged systems, current site-specific
“baseline” data may not be available
or accurate; consult historical records
and consider regional wetland functions
and needs.

Carefully address the site’s hydrology in
the project design.

Prepare a detailed plan concerning all phases of
a project to help contributors enhance the plan
and to allow regulatory agencies to evaluate
the site-specific probability of success.

Establish erosion-control measures before any
site disturbance begins (i.e., in the project
design/plan).

Make provisions for buffers, fencing, and
other protective measures.

Provide for monitoring and mid-course
corrections; field work during construction,
variations in short- and long-term climate
patterns, changes in land use, etc. may call for
adjustments.

Provide for long-term management, especially
for systems in which vegetation exhibits long
maturation periods (e.g., forested wetlands).

Work with a contractor who understands
the goals of the project.

Consider contractor’s experience.

Contractors often make valuable field
observations which contribute to project success.
Encourage this type of communication.

SEQUENCING (CONTINUED)
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Provide containers to collect fluids when
the inevitable breakdown occurs in the wetland
and repairs must be made on the site.

To minimize erosion, plan access on
shallow grades.

This may not be the most direct access.

Build only what is currently necessary.

Design routes to prevent problematic pooling
of water and accumulation of ice.

Develop an integrated pest-management plan
rather than rely solely on pesticides (herbicides
and insecticides).

Do NOT apply pesticides aerially in the
vicinity of wetlands.

On streambanks, monitor for signs of
impending streambank failure:

This may not be necessary where streams
are functioning and meandering naturally.

• exposed soil;

• loss of vegetation or fenceposts;

• sheet or rill erosion resulting from rainfall,
overbank drainage, or seepage;

• cracks in the bank or in the areas
immediately behind the topbank;

• overhanging banks;

• undermined trees with exposed roots;

AVOIDANCE

Examine all practical alternatives to activity
which may have an impact on wetland size
or function.

Avoid activity which would jeopardize the
continued existence or habitat for the species
listed by the U.S. Fish and Wildlife Service
and/or the State of Colorado as rare,
endangered, threatened, or of special concern.

Avoid mowing wetland vegetation.

Do NOT create conditions which restrict
or accelerate the flow of water:

Do NOT reduce the cross-sectional area
of a channel.

Gauge pipe size and number to accommodate
peak flows.

Design roads and trails so as not to impede
the natural hydrology, including the inflow
and outflow of flood waters.

Do NOT create conditions that restrict or
impede the movement of fish and wildlife.

Locate cleared, paved, and compacted surfaces
away from wetlands.

Locate facilities and projects (e.g., maintenance
areas, storage, composting) away from wetlands.

Designate a specific location for draining
lubricants and other fluids during routine
maintenance. Provide for collection, storage
and proper disposal of toxins and waste.

• scour along the bank toe;

• changes in channel bed elevation;

• wave action;

• rapid drawdown;

• increased load on top of the bank;

• higher flood stages than have occurred
in the past; and

• logs, debris, and sandbars in the channel
that could deflect eroding currents
into the bank.

Do NOT clearcut vegetation on streambanks or
adjoining greenbelts, as it serves as a filter strip
and as natural fencing (discouraging trampling).

Trees that are in danger of toppling may be cut
to prevent uprooting of streambank.
Leave roots in place.

Trees may need to be thinned to enhance
understory growth on banks.

Prevent trampling/compaction of streambanks.
If necessary, provide access that protects bank
soils and vegetation.

Beware of excessive irrigation (especially during
dry spells) that results in saturation of the bank
or seepage.

Workers must wear protective clothing
as appropriate (e.g., life preservers when near
deep water).

(continued)
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Experiment with use of no fertilizer and with
below-recommended amounts of fertilizer.
Use time-release fertilizers.

Fertilizers are rarely necessary when
establishing native plant species.

Do NOT apply fertilizers or pesticides
when there is a high probability of rain.

Do NOT apply pesticides when there is a high
probability of wind; employ drift retardants.

Limit pesticide use to periods in the life cycle of
the pest when the chemical is likely to be most
effective and least toxic to non-target species.

Allow only personnel certified by the
appropriate state and federal agencies
to apply pesticides.

Mix pesticides in appropriate facilities
(NOT in the field) and calibrate application
equipment accurately.

To minimize change in temperature regime,
remove no more than 50% cover from
riparian areas, seeps, and playa lakes.

Minimize use of abrasives (sand, gravels),
de-icing compounds (salt) and other traction-
enhancing materials. Consider closing routes
temporarily, when conditions are hazardous.

If using abrasives, select for a minimum of fines.

MINIMIZATION

Minimize area of disturbance (including access).
Fence off sensitive areas.

Minimize duration of disturbance.

Work when the ground is frozen.

Work during low flow and low wind periods.

Minimize use of heavy machinery in regulated
areas. Use smallest equipment possible.

Place heavy equipment on stabilization mats
when working in wetlands.

Do NOT use silt fences near playa lakes or
temporary ponds, as they effectively block
the movements of salamanders.

Do NOT dump materials into wetlands.

Do NOT clean equipment in a regulated area,
or where runoff will enter a regulated area.

Remove mown vegetation and debris
that might wash into wetland.

When clearing in-stream vegetation,
remove only enough vegetation to maintain
channel flow.

To minimize damage to stream bottoms,
use vehicles with rubber tires, unless site
conditions dictate that other equipment
(e.g., tracks, floating barge) is more appropriate.

Catch sand-blasting debris.

Special precautions are necessary
when removing lead-based paint.

Do NOT sand-blast in windy conditions.

To contain paint flakes and dust that may
reach water, use float straw or boom-type
collectors.

Minimize degree to which sand, salt, etc.
enter surface and ground water.

During construction and maintenance,
establish routine carry-out procedures
to minimize pollution risks.

Minimize runoff and sediment transport
through perimeter-control practices
and retention.

Minimize velocities of unavoidable runoff.

Develop a maintenance program for
erosion control.

Topsoil from a site which is bound to be
disturbed, or from a wetland that has been
drained, may be transported to a new site
where comparable vegetation is desired
(a mitigation site, for instance).

Divert overbank flow using berms, swales,
or ditches to channel water to pipes which
provide non-erosive passage of the flow.

(continued)

SEQUENCING (CONTINUED)
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RESTORATION

“Restoration” does not involve elimination
of natural processes.

For certain types of wetlands (e.g., forested
wetlands with their long maturation periods;
and high-elevation wetlands with their short
hydroperiods, long maturation periods, short
growing seasons, and scarcity of seed sources
[Kusler and Kentula 1989]), restoration projects
can experience total failure. Common problems
leading to total and partial failure include:

• lack of basic scientific knowledge;

• lack of staff expertise in design;

• lack of project supervision; failure to
carry out projects as planned;

• improper site conditions (e.g., water supply,
hydroperiod, water depth, water velocity,
salinity, wave action, substrate, nutrient
concentration, light availability,
sedimentation rate, grades/slopes);

• invasion by exotic species;

• grazing/foraging (e.g., by beaver, deer,
rodents, rabbits, geese, muskrats);

• destruction of vegetation or substrate
by catastrophic events (e.g., floods,
erosion, fires);

• failure to protect projects from on-site and
off-site impacts (e.g., sedimentation, toxins,
off-road vehicles, groundwater pumping);
and

• failure to adequately maintain water levels.

Examples of sites that have good potential
for wetland restoration (and creation) are:

• ditched or drained wetlands,

• degraded streambanks,

• incised or channelized streams,

• gravel and placer mines on floodplains,

• barren reservoir and lake margins, and

• areas with a water table within 4’ of
the soil surface (that are not already
valuable habitat).

Probability of success in restoration ranges from
greatest to least in the following habitats:

• estuarine marshes;

• coastal marshes;

• freshwater marshes along lakes, rivers
and streams;

• isolated marshes supplied predominantly
with surface water;

• forested wetlands along lakes, rivers,
and streams; and

• isolated freshwater wetlands
(from marshes to forested wetlands)
supplied predominantly with groundwater.

Restoration of Watershed Surfaces

To slow the flow of water off-site:

• crush or remove drain tiles;

• restore ditches and swales to original grade.
If material is not accessible, block ditch
at intermittent locations with fill or metal
sheets, and provide small diversions
to spread impounded water on-site.

Restoration of Wetland Soils

The use of fertilizers is not necessary,
as wetland species do not usually require
high nutrient levels.

Mineral soil is the natural seedbed for
streambank vegetation.

In peatlands, peat is the preferred seedbed
for resident species.

(continued)
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SEQUENCING (CONTINUED)

Restoration of Stream Channels

A stream is a function of its watershed
and immediate environment. Site-specific
restoration cannot repair problems caused
by upstream impacts. Many projects fail
because of undetected off-site problems.

Stream channel characteristics are controlled
by the relationships between and among:

• flow volume,
• flow fluctuation,
• seasonality of flow,
• total sediment load,
• sediment particle size,
• channel bank vegetation, and
• valley gradient.

Most streams are dynamic; channel
characteristics, including position within
the valley, change over time. Efforts
to confine or “stabilize” the stream
result in stream and floodplain changes.

Deepening of a channel may be a sign
of restored health. This differs from incision,
in that water level does not drop as
the streambed drops.

Consider whether the stream channel is incised
(streambed and water surface have dropped)
and has already contributed to lowering
the water table locally.

Rehabilitating incised stream channels can
raise local water tables and help restore
support for riparian vegetation.

Create a series of small impoundments
(not one large one) that trap sediments
and build up the channel.

RESTORATION (CONTINUED)

Restoration of Streams

Consider a stream in the context of the current
condition of its watershed.

? Is the stream overloaded with sediment
eroding from the watershed? Is it therefore
depositing sediment in the channel
and floodplain?

? Is the stream deprived of sediment
because of paving or mainstem damming?
Is it therefore “hungry” and erosive?

Restoration of Streambanks

Consider whether the streambanks are
poorly vegetated or unvegetated and therefore
eroding or supporting weed populations.

Remove livestock to allow existing vegetation
to recover. (Install fencing, or provide other
water sources to draw livestock away from
an overused site.)

To plant or encourage vegetation to grow closer
to the water level/water table, reduce the angle
of the streambanks. Slopes of less than 30%
encourage establishment of vegetation.

Point bars (the gentle slope on the inside bend
of  a meandering channel) may be as steep as
1:6 (15%); plant roots must penetrate water
level to serve as protection against erosion.

Outside banks of bends may be as steep as
1:3 (30%).

If a streambank is eroding, secure wire fencing
streamside and parallel to the streambank;
backfill with brush to trap sediment.

Terraces encourage widening of the floodplain.
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CREATION

Collect baseline data on groundwater level
throughout growing season for at least one year.

Compare with long-term records from
other sites to determine if year of study
was typical, wet, or dry.

Design for a self-sustaining wetland.

Grade site for average conditions.

If site experiences high interannual variability,
create topographic relief adequate to
accommodate all conditions (e.g., terraces,
adjacent ponds at various elevations between
hummocks).

To create a marsh, provide for inundation of up
to 18” for several months of growing season.

To create a wet meadow, provide for water table
to reach near the soil surface for much of
the growing season, but inundation not to
exceed 8”.

To create a riparian woodland, plan for the
water table to reach within 1’ of soil surface in
most years. Flooding occurs on high-water years.

Peatlands may be created only where annual
fluctuation is minimal.

Where soil percolation rates exceed 1/2” per day,
site is not suitable for impounding surface water.

When creating a wetland by impounding surface
water, consider that downslope groundwater
levels will rise over time. Beware altering existing
wetlands or impacting facilities, basements, etc.
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PROJECTS AND ASSOCIATED RISKS

IN GENERAL, BEWARE OF:

Restricting the inflow or outflow of surface,
subsurface or groundwater

Reducing the residence time of water

Introducing toxic substances

Changing the temperature regime

Reducing spring and summer flows

Diminishing flooding which deposits sediments
(as some plants depend on flood-borne
mineral soils)

Narrowing stream channels
(Removal of upstream vegetation results
in increased velocity and downcutting
which lowers water table and can
dehydrate streamside vegetation.)

Eliminating turbulence
(e.g., low-velocity resting areas for fish,
stream meander dynamics)

Removal of streamside vegetation
(source of debris for food and obstruction
of flows, shade, bank stabilization,
songbird habitat)

ROAD/TRAIL CONSTRUCTION & MAINTENANCE RISKS

• Poor choice of route (consider educational value,
habitat, visibility, grade, annual hydrologic
cycles, runoff, soils, maintenance,
safety concerns)

• Poor choice of equipment (too big/heavy);
selection of mechanical approaches rather than
manual labor

• Soil compaction (consider hydrology, tree roots)

• Habitat alteration (e.g., vegetation changes,
access, increase in dust)

• Uprooting and waste of native vegetation

• Alteration of hydrology (e.g., ponding,
icing, runoff)

• Failure to accommodate peak flows/fluxes
of surface- and groundwater

• Erosion

• Pollution and sedimentation (e.g., salt, sands,
oils, debris, herbicides, paint particles
from bridges)

• Excessive construction: development
exceeding demand

• Inadequate preparation for equipment
breakdown (e.g., leaking oil, antifreeze,
other fluids)

• Parking-lot pollutants carried directly to
wetlands via runoff

CONSTRUCTION RISKS

• Poor placement of access, facility, storage areas,
equipment landings, septic, constructed
wetlands, etc.

• Poor design of facility (high-maintenance, not
energy efficient, not water-efficient)

• Poor timing of work

• Soil compaction

• Erosion, sediment transport

• Pollution from spills, sand blasting

• Vegetation/habitat alteration (damage to trees)

• Runoff from pavement, compacted road surfaces,
roofs

• Inadequate preparation for equipment
breakdown (e.g., leaking oil, antifreeze,
other fluids)

DAM MAINTENANCE RISKS

• Removal of plants may be required

• Removal of animals is sometimes required

• Impediment of movement of fish

• Sedimentation

• Control of seepage through earthen dams

• Toe drain repair
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DRAINAGE MAINTENANCE RISKS

• Removal of habitat (sediment, substrate
and wetlands vegetation) in channels

• Reduction of structural diversity/habitat
in channels and/or banks

• Poor placement (temporarily or permanently)
of excavated materials

• Introduction of sediment and fill into wetlands

• Alteration of stream-flow velocities

• Restriction of channel capacity

• Erosion/sedimentation

• Alteration of channel temperatures
(shading, insulation)

• Poor timing

EXCAVATION RISKS

• Poor timing (heavy precipitation, nesting,
excessive evaporation)

• Poor placement (temporarily or permanently)
of excavated materials

• Erosion

• Alteration of hydrology
(e.g., drainage, lowering of water table)

• Alteration of surface grade

• Soil compaction

• Inadequate information regarding groundwater

• Inadequate contour/profile diagrams

• Inadequate information regarding soils

• Slumping of adjacent soils

• Damage to neighboring vegetation
(consider the extent of trees)

EROSION CONTROL RISKS

• Introduction of exotics (as seed, in mulch,
transplants)

• Selection of species inappropriate for
site conditions

• Pollution (fertilizers)

• Poor timing (heavy precipitation,
high flow, high wind)

• Inadequate information regarding soils
(permeability, depth, texture, structure)

• Inadequate information regarding
annual precipitation, flooding,
groundwater fluctuations

• Washing out of transplants

• Failure to consider upslope features

• Establishment of monoculture without
structural diversity (e.g., a dense cattail stand
without an interspersed understory or
canopy of taller shrubs and trees)

• Placement of bales or silt fencing
in channels or swales

(continued)
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PLANTING/TRANSPLANTING RISKS

• Introduction of exotics

• Inadequate access to (ground)water

• Failure to address the cause/source of
original and persisting disturbance

• Habitat alteration

• Washing of debris into wetlands

• Inadequate initial protection from
extremes of heat and cold

PEST CONTROL RISKS

• Poor timing

• Pollution resulting from drift, runoff, etc.

• Poisoning of non-target species

• Damage to food chains/ecosystem functions

FENCE MAINTENANCE RISKS

• Soil compaction; altered hydrology

• Entrapment of debris and sediments;
impediment of water flow

• Impediment of fish and wildlfe movements

LANDSCAPING RISKS

• Alteration of grade

• Erosion

• Alteration of habitat

• Introduction of exotics (e.g., as seed,
in mulch, transplants)

• Failure to consider adjacent plant communities
(e.g., patch dynamics, edge effect)

• Poor timing

• Pollution (fertilizers/pesticides)

• Inadequate site preparation

• Inadequate care of germinating, rooting plants

PIPELINE MAINTENANCE  RISKS

• Alteration of the local hydrologic regime

• Destruction of nearby vegetation

• Disturbance of wildlife habitats

• Sedimentation

• Porous bed material (e.g., gravel) can act
as a “french drain.”

RECREATION RISKS

• Danger of flash floods, landslides

• Conflict with insects

• Damage to soils, vegetation, water quality,
shoreline stability

PROJECTS AND ASSOCIATED RISKS (CONTINUED)


