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Definition

Constructing, improving, recreating, or restoring a channel either natural or artificial, in which water flows. 
Purpose

This practice may be applied as part of a conservation management system to support one or more of the following:

· Re-establish or improve a sinuous channel to accommodate low flows, provide for riparian vegetation establishment and growth on the floodplain, reduce bank erosion, and modify sediment transport.

· Improve natural channel maintenance, flood plain function and stability.

· Alter channel gradient and sinuosity.

· Provide improved water quality and habitat for fish and improved riparian habitat for wildlife.

· Provide needed discharge capacity required for design flow transport, dissipation or removal. 

· Maintain water surface elevation in floodplains, riparian areas, and wetlands.

· Provide drainage of excess surface water.

· Prevent the loss of land, damage to utilities, roads, buildings, or other facilities adjacent to the banks.

· To restore the visual quality of the stream corridor.

· Provide other authorized water management purposes. 

Conditions where practice applies

This practice applies to construction of open channels or modifications of existing streams or ditches, channel restoration, meander reconstruction, and any other type of channel construction that is intended to function as a self-maintaining, stable, natural stream system. 

It applies where stability requirements can be met, where the impact of the proposed construction on water quality, fish and wildlife habitat, riparian areas and wetlands, forest resources, and quality of the landscape is evaluated, and the techniques and measures necessary to overcome the undesirable effects are made part of any planned work. An adequate outlet for the modified channel reach must be available for discharge by gravity flow or pumping.  Excavation or other channel work shall not cause significant erosion, flooding, or sedimentation unless it is a specified purpose in the design.

Design criteria for channel stability and maintenance of floodwater diversions (400), floodways (404), or surface drainage, main or lateral (608), having a drainage area in excess of 1 mi2 shall be in accord with this standard. It does not apply to diversions (362), grassed waterways (412), irrigation field ditches (388), surface drainage, field ditches (607), or irrigation canals or laterals (320).

This standard does not apply to short reaches of streams that should be treated by Practice Standard 580--Streambank and Shoreline Protection or 584--Stream Channel Stabilization.

criteria

Because each reach of a stream or channel is unique, measures for restoration or protection must be installed according to a plan and adapted to the specific site.

General Criteria – Applicable to All Purposes

1. Measures must be installed according to a site-specific plan and in accordance with all applicable local, state, and federal laws and regulations, including an ODFW instream habitat assessment or evaluation using NRCS Oregon Biology Tech Note #12. 

2. Measures to be applied shall be compatible with improvements planned or being carried out by others.  

3. Measures shall be compatible with the bank or shoreline materials, water chemistry, channel hydraulics, and slope characteristics both above and below the water line.

4. Natural stream segments to be altered shall be classified according to the Rosgen Classification of Natural Rivers (1996). Measures shall be compatible with the stream type. Incised channels that contain the 5-year return period (20 percent probability) or greater flows shall be evaluated for excessive velocity and shear stress.

5. End sections shall be adequately bonded to existing measures, terminate in stable areas, or be otherwise stabilized.

6. Protective measures shall be installed on stable slopes.  Bank materials and the type of measure installed shall determine maximum slopes.

7. Designs will provide for protection from upslope runoff. 

8. Internal drainage for bank seepage shall be provided when needed.   Geotextile or properly designed filter bedding shall be used on structural measures where there is potential for migration of material from behind the structure.

9. Measures applied shall seek to avoid adverse affects to Threatened and Endangered species and their habitats, as well as species of concern, whenever possible.  However, if T & E species or their critical habitats are present at the site or downstream of the site, section 7 consultation is required to minimize the possibility of adverse affects and obtain an exception for any unavoidable take or harm incidental to the purpose of this practice.

10. Activities must improve habitat for threatened, endangered, and other species of concern.

11. Measures shall be designed for anticipated ice action, debris impact and fluctuating water levels.

12. Channel clearing to remove stumps, fallen trees, debris, and bars shall only be done when they are causing or could cause detrimental bank erosion or structural failure. However, large woody debris removed from the channel or the streambanks shall be incorporated, if practicable, into the overall practice design.  Habitat forming elements that provide cover, food, pools and water turbulence shall be retained or replaced to the extent possible. 

13. All disturbed areas around project site shall be protected from erosion.  Disturbed areas that are not to be cultivated shall be protected as soon as practicable after construction.  Site preparation, planting, species selection, fertilizing, and mulching of disturbed areas shall be done in accordance with Field Office Technical Guide Section IV, Standard 342, Critical Area Planting.

14. Conservation and stabilization of archaeological, historic, structural and traditional cultural properties when applicable. Where known archaeological, historic, structural or traditional cultural properties exist consider using measures that avoid compaction and other extensive disturbance during installation.  Adverse impacts to National Register listed or eligible cultural resources should be avoided if possible or mitigated if unavoidable.  Follow the NRCS Oregon State Office policy for considering cultural resources during planning, construction and maintenance.

Plan  - Channel construction or modification shall be according to an approved plan prepared for the site.  For natural channels, an appropriate geomorphic, hydrologic and hydrologic analysis shall be used in providing direction for surveys, planning, and site investigations for channel work.  For artificial channels, NRCS National Engineering Technical Release 25 (TR-25) shall be used in providing direction for surveys, planning, and site investigations for channel work.  Design criteria in TR-25 shall be followed using the procedure best adapted to site conditions.  For both natural and artificial channels, appropriate efforts will be made to classify and characterize the volume and timing of sediment movement in both the present and future conditions.

The design for stream corridor improvements requires extensive basic field data, and analysis in order to fit the various elements into a system that will allow the stream to function in a natural state.  Use NRCS Biology Technical Note 12 or the ODFW instream habitat assessment to gather stream corridor information.

In selecting the location and design of channels, careful consideration shall be given to minimizing water pollution, damage to fish and wildlife habitat, disturbance to riparian areas and wetlands and to protecting forest resources and the quality of the landscape.  In considering requirements for construction and operation and maintenance, selected woody plants must be preserved.  For natural streams, the channel shall occupy the lowest point in a valley to prevent a channel avulsion during flood flows and to ensure fish passage. Overall landscape character, prominent views, and fish and wildlife habitat requirements must be considered.

Planned measures necessary to mitigate unavoidable losses to fish or wildlife habitat shall be included in the project. Quality of the landscape shall be maintained by both the location of channel works and plantings, as appropriate.

Alignment of channels undergoing modifications shall not be changed to the extent that the stability of the channel or laterals thereto is endangered.

Capacity - Capacity for open channels shall be determined according to procedures applicable to the purposes to be served and according to related engineering standards and guidelines in handbooks.  For natural channels, the appropriate geomorphic, hydrologic and hydraulic analyses are required to determine the water surface profile and hydraulic grade line.  For self-maintaining, natural channels, the design flow shall be the channel-forming flow.  The water surface profile or hydraulic grade line for design flow for artificial channels shall be determined according to guidelines for hydraulic design in TR-25.   Manning’s “n” value for aged channels shall be based on the expected vegetation, along with other retardance factors, considering the level of maintenance prescribed in the operation and maintenance plan prepared with the owners or sponsors.  

Required capacity may be established by considering the geomorphic channel-forming flow (generally a 1 to 2 year flow event), volume-duration removal rates, peak flow, or a combination of the three, as determined by the topography, landscape setting, stream type, purpose of the channel, sediment load, desired level of protection, and economic feasibility.

Cross section - Required channel cross section and grade shall be determined by plan objectives, stream type, natural riparian vegetation community, aquatic species use, design capacity, materials in which the channel is to be constructed, vegetative establishment program, and requirements for operation and maintenance.  For natural stream channels, the cross-section will vary along the longitudinal profile and will be symmetric to asymmetric in the cross-section depending on morphologic features, sediment transport regimes, and larger landscape scale controls on the stream system.

Sufficient depth shall be required to provide adequate outlets for subsurface drains, tributary ditches, or streams.  Urban and other high-value developments through which the channel is to be constructed must be considered in the design of the channel section.  If a channel is deepened, grade control (584) will be required to prevent channel incision from extending upstream beyond the project site.  Dewatering of shallow aquifers shall be addressed to insure that riparian areas or wetlands are not negatively impacted and to avoid fish stranding.

Channel stability - Characteristics of a stable channel are:

1. The channel neither aggrades nor degrades beyond tolerable limits, or at an inappropriate time scale.

2. The channel is self-maintaining and does not require annual maintenance.

3. If appropriate to the channel type, the channel has access to its floodplain to dissipate stream energy.

4. The channel banks do not erode to the extent that the channel cross section is changed appreciably.

5. Excessive mid-channel gravel and sediment bars do not develop.

6. Gullies do not form or enlarge because of entry of uncontrolled surface flow to the channel.

All channel construction and modification (including clearing and snagging) shall be according to a design that can be expected to result in a stable channel that requires only infrequent maintenance at reasonable cost.  Vegetation, soil bioengineering, root wad revetments, toe rock, stream barbs, rock riprap, log revetments, linings, structures, or other measures shall be used where necessary to insure stability, improve fish and wildlife habitat and maintain and improve riparian vegetation.

For natural channels, a geomorphic analysis for stability shall include but not be limited to: channel gradient, sinuosity, width to depth ratio, meander belt width, radius of curvature, bank material and height, pool/riffle or step/pool ratios, natural riparian community, access to a floodplain, sediment transport, bed material, and channel and floodplain roughness.  For artificial channels, the method applicable to site channel in TR-25 shall be used in determining the stability of proposed channel improvements.

Channels must be stable under conditions existing immediately after construction (as-built condition) and able to pass the design flow under conditions existing during effective design life (aged condition).  Channel stability shall be determined for discharges under these conditions as follows:

1.
As-built condition  - Channel-forming flow, design discharge, or 10-year frequency flow, whichever is smallest, but not less than 50 percent of design discharge.


Allowable as-built velocity (regardless of 
type of stability analysis) in the newly 
constructed channel may be increased 
by a maximum of 20 percent if:

a. The  soil and site in which the channel is to be constructed are suitable for rapid establishment and support of erosion-controlling vegetation,

b. Species of erosion-controlling vegetation adapted to the area and proven methods of establishment are known, and 

c. Channel design includes detailed plans for establishing vegetation on the channel side slopes.

2.  Aged condition - Channel-forming flow or design discharge, whichever is larger, except that it is not necessary to check stability for discharge greater than the 100-year frequency.  Stability analysis, and scour and deposition patterns should be analyzed at several different flows higher than the channel-forming flow to analyze risk, check floodplain interaction and to project future channel adjustments.

Stability checks that are flow related are not required if velocity is 2 ft/s or less.

Appurtenant structures - Channel design shall include all structures required for proper functioning of the channel and its laterals, as well as travel-ways for operations and maintenance.  Inlets and structures needed for entry of surface and subsurface flow into channels without significant erosion or degradation shall be included in the channel design.  

The design also shall provide for necessary flood gates, water-level-control devices, bays used in connection with pumping plants, and any other appurtenances essential to the functioning of channels and contributing to attainment of the purposes for which they are built.  If needed, protective structures or treatment shall be used at junctions between channels to insure stability at these critical locations.

Effect of channel work on existing structures including, but not limited to, culverts, bridges, buried cables, pipelines, irrigation flumes, and inlet structures for surface and subsurface drainage on the channel and laterals, thereto shall be evaluated to determine the need for modification or replacement.

Structures that are modified or added as part of channel projects shall meet reasonable standards for the type of structure and shall have a minimum capacity equal to the design discharge, state agency design requirements, or NMFS fish passage requirements, whichever is greater.  If culverts or bridges are removed, vertical stability of the channel must be analyzed to determine if the structures were acting as grade control. Capacity of some culverts and bridges may need to be increased above the design discharge to allow for debris movement or ice.  Structures must not create barriers to the migration of all age classes of fish or wildlife in natural channels.

Disposition of spoil - Spoil material from clearing, grubbing, and channel excavation shall be disposed of in a manner that will:

1.
Not raise the level of the floodplain, thereby decreasing the accessibility during flood flows.

2.
Not impact wetland/riparian areas.

3.
Not confine or direct flows so as to cause instability when the discharge overtops the channel banks.

4.
Provide for the free flow of water between channel and flood plain unless the valley routing and water surface profiles are based on continuous dikes being installed.

5.
Not hinder the development of travel-ways for maintenance on artificial channels.

6.
Leave the riparian area or right-of-way in the best condition feasible, consistent with the project purposes and adjacent land uses.

7.
Direct water accumulating on or behind spoil areas to protected outlets.

8.
Maintain or improve the visual quality of the site to the extent feasible.

Vegetation of channel - Vegetation shall be established on all channel slopes, berms, spoil, and other disturbed areas according to the NRCS Conservation Practice Standard for channel vegetation (322) or critical area planting (342).

Additional Criteria for Stream Corridor Improvement

Vegetation  
1. Stream corridor vegetative components shall be established as necessary for ecosystem functioning and stability.  The appropriate composition of vegetative components is a key element in preventing excess long-term channel migration in re-established stream corridors.
Fish and Wildlife

1. Measures shall be designed to achieve the habitat and population objectives of the fish and wildlife species or communities of concern, as determined by a site-specific assessment, such as the ODFW instream habitat assessment or NRCS Biology Tech Note #12 or management plan. These objectives are based on the survival and reproductive needs of populations and communities, which include habitat diversity, habitat linkages, daily and seasonal habitat ranges, limiting factors and native plant communities.

2. The type, amount, and distribution of vegetation shall be based on the requirements of the fish and wildlife species or communities of concern to the extent possible without compromising the bank protection function.  Vegetative species shall be native species compatible with the local ecosystem.

3. Selected methods of treatment should conform to the requirements set forth in Practice Standard 395, Fish Stream Improvement and/or Practice Standard 645, Wildlife Upland Habitat, as appropriate.

Aesthetics

1. Measures shall be designed to achieve the aesthetic objectives as determined by site-specific assessment or management plans.  Extra permits are required for National Scenic Areas and Waterways.  Aesthetic objectives are based on human needs, which include visual quality, noise control, and microclimate control.

2.  Construction materials, grading practices, vegetation, and other site development elements shall be selected and designed to be compatible with adjacent land uses.

Recreation

1.  Measures shall be designed to achieve the recreation objectives as determined by site-specific assessment or management plans.  Recreation objectives are based on the type of human use and safety requirements.

considerations 

General

· Evaluate effects on components of the water budget, especially on volumes and rates of runoff and infiltration.

· Evaluate effects on shallow aquifers.

· Assess effects of erosion and the movement of sediment and soluble and sediment-attached substances in runoff during and immediately after construction.

· Evaluate effects of the use of chemicals during vegetation control.

· Evaluate effects of changes in channel vegetation on downstream water temperature.

· Assess potential for temporary and long-term effects on the visual quality of downstream waters.

· Stockpile topsoil and respread to improve planting success unless the seed bank contains an excessive amount of noxious weeds.

· Consider multi-discipline groups planning for proper design, function and management of protective measures where multiple stakeholders impact a design reach.

· An assessment needs should be considered in sufficient detail to identify the causes contributing to the instability (e.g. watershed alterations resulting in significant changes in discharge or sediment production).  Due to the complexity of such an assessment an interdisciplinary team should be utilized.

· The design for stream corridor improvements requires extensive basic field data, and analysis in order to fit the various elements into a system that will allow the stream to function in a natural state.  Use Technical Note 12 to gather stream corridor information.

· When designing protective measures, consider the changes that may occur in the watershed hydrology and sedimentation over the design life of the measure.

· Maintain or reconnect streams to their floodplains when applicable and feasible.  This will decrease in-channel shear stress during flood events.

· Consider the type of human use and the social and safety aspects when designing the protective measure. Use construction materials, grading practices, vegetation, and other site development elements that enhance aesthetics and maintain or compliment existing landscape uses such as pedestrian paths, climate controls, buffers, etc. Avoid excessive disturbance and compaction of the site during installation and stockpile topsoil to be used for vegetation re-establishment.

· Consider using vegetative species that are native to local ecosystems. Do not use invasive, noxious, or exotic species that could become nuisances. Consider species that have multiple values such as those suited for biomass, wildlife food, wildlife cover, and aesthetics.  Avoid species that may be alternate hosts to disease or undesirable pests.  Species diversity should be considered to avoid loss of function due to species-specific pests. 

· Vegetative measures should be considered on slopes above the elevation where structural measures are required.  Use natural fiber fabric when needed for short-term stabilization rather than grass seeding if possible.

· Livestock exclusion should be considered during establishment of vegetative measures and appropriate grazing practices applied after establishment to maintain plant community integrity.  Wildlife may also need to be controlled during establishment of vegetative measures.  Temporary and local population control methods should be used with caution and within state and local regulations. Contact local ODFW office for guidance and permits.

· Establish stream corridor vegetative components for ecosystem function and stability.  Stream corridors with the appropriate vegetative components on the banks and in the floodplain are key elements in preventing excessive long-term channel migration.

· Measures that promote beneficial sediment deposition and the filtering of sediment, sediment-attached, and dissolved substances should be considered.

· Consider maintaining or improving the habitat value for fish and wildlife, which includes lowering or moderating water temperature, and improving water quality and connectivity to adjacent habitats.

· Consideration should be given to protecting side channel inlets and outlets from erosion.

· Toe rock should be large enough to provide a stable base and graded to provide aquatic habitat.

· Consider maximizing adjacent wetland functions and values with the project design and minimize adverse effects to existing wetland functions and values.

· Measures should be designed to minimize safety hazards to boaters, swimmers, or people using the shoreline or streambank. 
· Protective measures should be self-sustaining or require minimum maintenance. 
SPECIAL considerations

If the stream is known to contain species that are listed on the Federal or State Threatened and Endangered Species list, then discussions with Oregon Department of Fish and Wildlife (ODFW) and consultation with U.S.  Fish and Wildlife Service (USFWS) and, if anadromous fish are involved with the National Marine Fisheries Service (NMFS) must occur prior to implementation.  Consultation must also occur with USFWS and/or NMFS if work occurs in streams designated as Critical Habitat (CH) or Essential Fish Habitat (EFH), respectively.  For areas where state listed plant species occur contact ODA.  Timing of instream work will conform to ODFW’s “Oregon Guidelines for Timing of In-Water Work to Protect Fish and Wildlife Resources.”

Permits

Section 404 of the Federal Water Pollution Control Act provides for the U.S. Army Corps of Engineers to regulate the discharge of dredged or fill materials in coastal and inland waters and wetlands.  Generally, a permit is required to discharge dredged or fill material in the Pacific Ocean, estuaries, lakes, rivers, streams, and their associated wetlands.  

The involved landowner or operator should make application for a 404 permit or direct questions as to applicability of the program to a particular job to the Permits Section of District Office of the Army Corps of Engineers.

  Permits 

  Portland District

  U.S. Army Corps of Engineers

  P. O. Box 2946

  Portland, OR  97208

  Phone:  (503) 808-4373

Oregon State Law provides for the Oregon Division of State Lands to regulate the fill and removal of material from any waters of the State of Oregon.  Generally, the law requires that no person or government body shall remove any material from the beds or banks or fill any water of the State without a permit.

The landowner or operator should make application for a permit or direct inquiry for information to:

Oregon Division of State Lands

775 Summer Street N.E.

Salem, OR  97301

Phone:  (503) 378-3805

Both Federal and State permits must be in hand before construction begins.
Safety - Open channels can create a safety hazard.  Appropriate safety features and devices should be installed to protect people and animals from accidents such as falling or drowning.

Other  - Consideration shall be provided to maintain or improve fish and wildlife habitat, riparian vegetation, landscape features, water quality, mitigation features, equipment travel-ways for operation and maintenance, channel meandering, and channel bottom and bank stability.

Maintenance Access - A travel-way shall be provided on either side of large channels where necessary for use of maintenance equipment to reach center of the channel.  Travel-ways must be adequate for movement and operation of maintenance equipment.  The travel-way may be located adjacent to the channel on a berm or on the spread spoil.  In some places the channel itself may be used as the travel-way.  The travel-way, including access points, must blend into the topography, the landscape, and adjacent land uses.

Plans and specifications

Plans and specifications for constructing open channels shall be in keeping with this standard.

Construction period - On streams where fish are a concern, construction of any work within the water portion of the stream shall be limited to periods of the year when fish migration is not occurring and there are no eggs in the substrate.  Oregon Department of Fish and Wildlife provides guidance as to when these periods occur. Instream work shall be performed in accordance with all permit requirements and special requirements listed on the “Construction Requirements Worksheets”.  

Work within channel or banks of streams shall be limited to the work actually needed. Unless otherwise specified, work in the water portion of the stream shall not be performed during critical periods for aquatic species.

OPERATION AND MAINTENANCE

An Operation and Maintenance plan must be prepared for use by the landowner or operator responsible for operation and maintenance of each channel system -- this is most applicable to artificial channels.  The plan should provide specific instructions for operating and maintaining the channels to insure they function properly and specific instructions pertaining to the intensity of management activities in the stream channel and riparian area.  Operation and Maintenance plans for both natural and artificial channel systems will describe the anticipated time frame for changes and adjustments in the planform and profile, and the appropriate operation and maintenance response to these adjustments.  Permits and/or consultation may be required for operation and maintenance.  Minimum requirements to be addressed in the Operation and Maintenance Plan are:

1. Prompt repair or replacement of damaged components if necessary.  

2. Remove foreign materials and vegetation that are interfering with proper operation only when necessary.

3. Maintain vigorous vegetative growth in riparian areas and for erosion control.

4. Maintain travel-ways for operation and maintenance access.

List items specific to the project on the “Operation and Maintenance Worksheet”.

 REFERENCES

Georgia Soil and Water Conservation Commission, Guidelines for Streambank Restoration, Sept. 1994.

King County Dept. of Public Works, Guidelines for Bank Stabilization Projects in the Riverine Environments of King County, June 1993.

Knighton, David, Fluvial Forms and Processes.  Edward Arnold, London.  1994.

Leopold, Luna B., A View of the River.  Harvard University Press, Cambridge, MA.  1994.

Oregon Department of Forestry and Oregon Department of Fish and Wildlife,  A Guide to Placing Large Wood in Streams, May 1995.

Rosgen, Dave L., "A Classification of Natural Rivers" Catena 22:  169-199, 1994.

Rosgen, Dave L., Applied River Morphology, Wildland Hydrology, Pagosa Springs, CO.  1996.

USDA NRCS, Aberdeen PMC, Use of Willow and Cottonwood Pole Cuttings for Vegetating Shorelines and Riparian Areas, August 1993.

USDA NRCS, Collecting Willow, Poplar and Red Osier Dogwood Hardwood Cuttings for Riparian Site Plantings, Technical Note  PM -29, Jan. 1995. 

USDA NRCS, Engineering Design Standards - Far West States.
USDA NRCS, National Engineering Field handbook for Conservation Practices, Chapter 2, 3, 6, 16.
USDA NRCS, National Engineering Technical Release TR - 25, Design of Open Channels.

USDA NRCS, Native Willow Varieties for the Pacific Northwest, June 1993.

USDA NRCS, Propagation of Willows and Poplars Technical Note PM-1, March 1989.

USDA NRCS, Standard Drawings Handbook - Oregon.
USDA NRCS, Streambank Vegetation, Technical Note PM-6, March 1989.

Conservation practice standards are reviewed periodically, and updated if needed.  To obtain the current version of this standard, contact the Natural Resources Conservation Service.

NRCS, OR


 March 2000 

NRCS, OR
January 1997

NRCS, OR
January 1997


