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Definition


A structure used to control the grade and head cutting in natural or artificial channels.


Purpose


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


To stabilize the grade and control erosion in natural or artificial channels 


To prevent gully head cut  formation or advance by lowering water in a controlled manner.


To enhance environmental quality and reduce pollution hazards.


Manage channel flow line for non-erosion  benefits (wildlife, aesthetics, etc.).


Conditions where practice applies


This practice is used at sites where the flow velocity or concentration of water in a channel or gully requires a structure to stabilize the grade or to control erosion. 


Grade stabilization structures can involve all types of grade stabilization methods and materials, including a combination of earth embankments and mechanical spillways and full-flow or detention-type structures.  Also included are channel side-inlet structures installed to lower the water from a field elevation, a surface drain, or a waterway to a deeper outlet channel.


criteria


General


Each structure must be designed for stability after installation.  The inlet crest elevation must stabilize upstream head cutting.  Downstream erosion is controlled by containing erosive velocities within the discharge portion of each structure.


Special attention shall be given to maintaining or improving habitat for fish and wildlife where applicable.


Full-flow open structures


Drop, chute, and box inlet drop spillways shall be designed according to principles set forth in the National Engineering Field Handbook for Conservation Practices, the National Engineering Handbook Series, and other applicable NRCS publications and reports.  Minimum capacity for concrete, metal, wood and fiber glass or plastic structures shall be that required to pass the peak flow expected from a design storm of the frequency and duration shown in Table 2, less any reduction because of detention storage,  If site conditions exceed those shown in Table 2, the minimum design 24-hour storm frequency is 25 years for the principal spillway and 100 years for the total capacity.  For loose rock riprap structures, Table 2A shall be used.  Structures must not create unstable conditions upstream or downstream.  Provisions must be made to insure reentry of bypassed storm flows.


Toe wall drop structures can be used if the vertical  drop is 4 ft or less, flows are intermittent, downstream grades are stable, and tail water depth at design flow is equal to or greater than one-third of the height of the overfall.


When drop boxes are installed at the entrance of a culvert, the ratio of drop box capacity to road culvert capacity shall be as required by the responsible road authority or as specified in  Table 2 or 3, less any reduction because of detention storage, whichever is greater.  Drop box capacity (attached to a new or existing culvert) must equal or exceed culvert capacity at design flow.


Island-type structures


If the mechanical spillway is designed as an island-type structure, minimum capacity shall equal the capacity of the downstream channel.  For channels with very small drainage areas, the mechanical spillway shall carry at least the          2 year, 24-hour storm or the minimum design runoff, which ever is greater.  Minimum emergency spillway capacity shall be that required to pass the peak flow expected from a design storm of the frequency and duration shown in Table 2 without over topping headwall extensions of the mechanical spillway.  Provision must be made for safe reentry of bypassed flow as necessary.


Detention structures


Detention type structures are designed to reduce runoff rates in addition to providing grade control.  Reduced runoff rates result when: the drop structure has sufficient reservoir storage or reservoir surface area to reduce runoff outflow rates (flood routing) or,  ungated orifices on a riser release water at  rates less than inflow. Ungated orifices are located at vertical intervals beginning at the riser foundation, release water at rates less than inflow with the balance of inflow going to storage.  As runoff waters enter the reservoir or detention basin, out flow begins immediately, but at a lower rate.  Outflow rate increases as the head (depth) in the basin increases and additional openings are used.  Full principle spillway capacity is reached when orifice flows plus weir flow over the top of the riser are operating at the design water surface.   Minimum emergency spillway capacity shall be that shown in Table 3.


Side-inlet drainage structures


Design criteria for establishing minimum capacities of open-weir or pipe structures used to lower surface water from field elevations or lateral channels into deeper open channels are shown in table 3.  Minimum principal spillway capacity shall equal the calculated design runoff for all conditions.  If site condition values exceed those shown in Table 3, the 24 hour duration, 50-year frequency storm runoff event shall be used for minimum design. 


Embankment dams


Class (a) dams that have product of storage times the effective height of the dam of 3,000 or more, those more than 35 ft in effective height , and all class (b) and class (c) dams shall meet or exceed the requirements specified in Technical Release No. 60 (TR-60).


Class (a) dams that have a product of storage times the effective height of the dam of less than 3,000 and an effective height of 35 ft or less shall meet or exceed criteria specified for Ponds (378).


The effective height of the dam is the difference in elevation, in feet, between the emergency spillway crest and the lowest point in the cross section along the centerline of the dam.  If there is no emergency spillway, the top of the dam is the upper limit.


Pond size dams


If mechanical spillways are required, minimum capacity of the principal spillway shall be that required to pass the peak flow expected from a 24-hour duration design storm of the frequency shown in Table 1, less any reduction due to detention storage.


If the effective height of the dam is less than 20 ft and the emergency spillway has a stable grade throughout its length with no overfalls and has good vegetation along its reentry into the downstream channel, principal spillway capacity may be reduced but can be no less than 80 percent of the 2-year frequency, 24-hour duration storm.


If criteria values exceed those shown in Table 1 or the storage capacity is more than 50 acre-ft, the 10-year frequency, 24-hour duration storm must be used as the minimum design storm.


Grade stabilization structures with a settled fill height of less than 15 ft and a 10-year  24-hour storm runoff less than 10 acre-ft, shall be designed to control the 10-year frequency storm without over topping.  Mechanical spillway capacity, regardless of size, may be considered in design.  An emergency spillway is not required if the combination of storage and mechanical spillway discharge will handle the design storm.  In this case, the embankment can be designed to meet requirements for Water and Sediment Control Basins (Code 638) rather than  requirements for Ponds (Code 378).


Rock riprap drop structures


Rock riprap drop structures can be used in water courses having grades less than five percent and width less than 50 feet, or with grades less than eight percent and width less than 25 feet.  Depth of flow over the weir  shall not exceed 2 feet for a 50 year frequency storm.


Maximum drop  (FT) for Grade Control structures is limited to 4 feet measured from weir to downstream toe. For structures in series, the maximum drop (FT) of 4 feet shall be measured from weir to weir.


Bedding, Filter, or Geotextile  Material


Where used, bedding material shall consist of well graded, clean, sand and gravel, which is not subject to decomposition in air or water and is free from roots and other foreign materials.  Bedding materials that also serve as a filter, shall be designed according to standard NRCS procedures. Bedding and filter thickness and gradation limits shall be as shown on the drawings or specified on the Construction Requirements Worksheet.


Geotextile material shall be installed between all rock and earth surfaces, except where bedding or filter sand and gravel is used.  However, geotextile may be specified between earth and bedding sand and gravel when filter properties are desirable. The type of geotextile fabric required shall be stated in the Construction Requirements Worksheet.


A keyway at least 2 feet deep and 4 feet wide shall be installed beneath rock riprap drop structures, except where located on bedrock material.  The keyway shall be located approximately perpendicular to the channel centerline, and extend the full width of the structure


D75 (percent passing) size rock placed in a row along the downstream sill provides greater hydraulic stability. Thickness of rock riprap in the completed structure shall be D100 (T).  All rock shall be well graded, hard, durable, angular or subangular rock.  Subrounded and rounded rock is not permitted.


The upstream slopes shall be no steeper than      2 horizontal to 1 vertical (2:1).  Minimum top width of any component shall be 2 feet. Downstream side slopes shall be  3:1.  Rock riprap shall extend a vertical distance up the sides of the channel or chute a  minimum of   2 feet .  Minimum vertical dimension for the apron (stilling basin) is 3 feet.


The spillway section shall be designed to provide an apron with at least a 1 foot water depth.  Rock fill shall be used to form the apron.  Minimum rock riprap thickness for the apron shall be the maximum rock dimension specified.  The downstream elevation of the rock end sill shall be at  the elevation of the drainage way.  


Minimum spillway crest width (weir length) shall be three feet.  The chute discharge slope shall be no steeper then 2:1 for drops to 3 feet.  For drops over 3 feet the chute discharge slope shall be no steeper than 3:1.  Apron length (A) of the drop shall be a minimum of 2FT.  Larger rocks (D75   plus) shall be placed in the chute section of the drop to help dissipate water velocities.  Water velocities leaving the apron shall be nonerosive.  The downstream discharge slope and apron shall be the same width as the spillway crest weir.


Hydraulics of loose rock riprap drops shall be designed according to the principles set forth in National Engineering Handbook, Part 634 Hydraulic Engineering  and the  National Engineering Field Handbook for Conservation Practices, Chapter 6, Structures, Amendment OR- 45.  Minimum freeboard shall be 0.5 feet above the water surface at the upstream end of the spillway section flowing at design capacity.


Grouted rock riprap 


Use of properly designed and installed grouted rock riprap, especially in the spillway crest, chute and apron sections, is a consideration.  Typically rock volume and size is lower.  At least 50% of the D50  rock dimension shall extend above the in place concrete grout.


Minimum rock size for grouted rock riprap shall be 6 to 9 inches. Larger voids improve concrete placement, however additional mortar is required.  Maximum aggregate size for concrete mortar is one half inch.  Using a probe type concrete vibrator is strongly recommended.  Touching rocks expedites concrete mortar placement.


All structures


Structures shall be designed on an individual basis to meet site conditions and functional requirements.  Applicable NRCS standard drawings will be used,  where appropriate. They shall be part of an approved and overall engineering plan for irrigation, drainage, wildlife, recreation, channel improvement, or similar purposes.





The plan shall specify the location, grades, dimensions, materials, and hydraulic and structural requirements for the individual structures.


Earth embankment and emergency spillways of structures for which criteria are not provided under Conservation Practice Standard Ponds (Code 378) and Water and Sediment Control Basins (Code 638) or in TR-60 must be stable for all anticipated conditions. Spillways must  be designed to handle at least the flow indicated in Tables 2 or 3 without over topping the dam.  Foundation preparation, compaction, top width, and side slopes must ensure a stable structure for anticipated flow conditions.  Structure discharge shall be sufficient that no unplanned crop damage results from flow detention.


Components to prevent water piping through the soil foundation, abutments and the drop structure shall be designed and installed, where necessary.


Sediment storage capacity must equal the expected life of the structure, unless a provision is made for periodic clean out.


Materials


Concrete





Minimum cement content shall be 6 sacks of cement per cubic yard of concrete.  Maximum aggregate size shall be 1-1/2 inch.  Proportioning outside these limits must be supported by strength tests to insure in place concrete shall produce a 28-day compressive strength of  3,000 Ib./sq. in. or greater.      Fly ash from NRCS approved sources can be substituted for up to 15% of the cement requirement in commercially supplied concrete mix.





The benefits of added fly ash are: reduced heat of hydration, greater resistance to sulfates and sulfides, increased workability and pumpability, greater density and durability, and slower but greater gain in strength.


Air-entrainment admixtures to improve concrete mortar workability and resistance to damage due to freeze-thaw cycles may be used when the mix does not contain pozzolans. In place air content shall not exceed 7 percent of the volume of concrete.


Metal


Metal structures and structure components shall consist of  ASTM-A-36 steel or 6061-T6 aluminum alloy.   Structural shapes shall conform  to:


                 Item                     ASTM Specification


Steel


   Carbon steel bars 	     A  575, Grade M 1015 			     to Grade M 1015


   Carbon steel sheets		A  569


   Carbon steel strip		A  569


   Zinc-coated carbon steel				sheets			A 526


Aluminum


   Standard structural shapes	B  308


   Extruded structural pipe 


	and tube		B  429


   Extruded bars, rods, 				shapes and tube	B  221


   Drawn seamless tubes	B  210


   Rolled or cold-finished 


	bars, rods and wire	B  211		


   Sheet and plate		B  209





Steel less than 1/8 inch thick (11 gauge) shall be hot dipped galvanized in accordance with ASTM Specification  A 123.





Wood


	


Wood structures or structure components shall consist of dense western fir, pine, cedar or redwood.  Fir and pine in contact with the ground or subject to frequent wetting and drying shall be pressure treated.  





Materials for pressure treated wood shall consist of water borne arsenical compounds such as ACA (ammoniacal copper arsenite), ACZA (ammonical copper zinc arsenate), and CCA (chromated copper arsenate).  These compounds are recommended because of their low leaching potential.





Other materials





Fiberglass and plastic structures shall be installed according to manufacturer’s recommendations.





Rock riprap shall consist of  hard, durable, well graded angular to subangular rock conforming to the gradation shown on the drawings or specified on the Construction Requirements Worksheet.  Rock riprap and source shall be approved prior to commencement of work. 





Visual Resources


  


Care must be used to insure that the area's visual resources are not damaged.  Where watercourse fisheries are important, special precautions or design features shall be used to insure fish passage.


Special attention shall be given to maintaining or improving habitat for fish and wildlife where applicable.


Safety


Excavations over 4 feet shall comply with local, state and federal (OSHA) requirements.


Grade stabilization structures are potentially hazardous and precautions must be taken to prevent serious injury or loss of life.  Protective guardrails, warning signs, fences, or lifesaving equipment shall be added as needed to control human and animal access.


If the area is used for livestock, structure components and other areas shall be fenced as necessary to protect the installation, including vegetation.  Near urban areas, fencing may be necessary to control human access to prevent serious injury or death to trespassers and exclude other traffic that may damage the structure.


Protection from erosion


Exposed surfaces of the embankment, earth spillway, borrow area, and other areas disturbed during construction shall be seeded or sodded as necessary to prevent erosion.  If climatic conditions preclude the use of vegetation, nonvegetative covering such as gravel or other mulches may be used.


considerations


General  


Design considerations shall be given to the following points:


Grade of channel


Stability of downstream channel 


Rock size and gradation (percent passing


Existing channel cross-section


Soil material of banks


Filter requirements to prevent piping


Height of drops 


Flow depth over drop 


Vegetation to be re-established


Loose vs. grouted rock riprap


Water Quantity


1.	Effects on volumes and rates of runoff, evaporation, deep percolation and ground water recharge.


2.	Effects of the structure on soil water and resulting changes in plant growth and transpiration.


Water Quality


1.	Ability of structure to trap sediment and sediment-attached substances carried by runoff.


2.	Effect of structure on the susceptibility of downstream stream banks and stream beds to erosion.


3.	Effects of the proposed structure  on the movement of dissolved substances to ground water.


4.	Effects on visual quality of water resources.


Landscape resources


In highly visible public areas and those associated with recreation, careful considerations should be given to landscape resources.  Land forms, structural materials, water elements, and plant materials should visually and functionally complement their surroundings.  Excavated material and cut slopes should be shaped to blend with the natural topography.  Shorelines can be shaped and islands created to add visual interest and valuable wildlife habitat.  Exposed concrete surfaces may be formed to add texture or finished to reduce reflection and to alter color contrast.  Site selection can be used to reduce adverse impacts or create desirable focal points.


Plans and Specifications


Plans and specifications for installing grade stabilization structures shall be in keeping with this standard and shall describe the requirements for applying the practice to achieve its intended purpose.


OPERATION AND MAINTENANCE


An Operation and Maintenance plan must be prepared for use by the land owner or operator responsible for grade stabilization structure operation and maintenance.  The plan should provide specific instructions for operating and maintaining the structure(s) to insure it functions properly.   Minimum requirements to be addressed in the Operation and Maintenance Plan are:


Avoid operating farm equipment too close to the structure.


Maintain good vegetative cover on all slopes and water courses.


Control livestock access to the structure


Remove debris accumulation at the structure, and immediately upstream or downstream..


Make sure all structure drains are functional and soil is not being transported through the drainage system. The screens and/or rodent guards shall also be kept in place. 


Periodically replace and relocate rock riprap as needed to maintain lines and grades. 


Eradicate or otherwise remove all rodents or burrowing animals.  Immediately repair any damage caused by rodents or burrowing animal activity 


List other items specific to a project on the   Operation and Maintenance Worksheet.
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Table 1. - Design criteria for establishing minimum capacity of principal spillways for dams with a storage capacity less than 50 acre-feet.										


Maximum drainage area for indicated rainfall*  	Effective height		Freq. of minimum design,�0-3 in		3-5 in		5+ in		of dam			24-hr duration storm		�		acres				      feet			          year�200		 100		  50		35 or less			2�400		 200		 100		20 or less			2�400		 200		 100		20-30				5�600		 400		 200		20 or less			5�    													�*In a 5-year frequency, 24-hour duration storm











Table 2 - Design criteria for establishing minimum capacity of full-flow open grade control structures.


						       Freq. of minimum design,�						        24-hour duration storm			�   Maximum drainage area�   for indicated rainfall*					        Principal�______________________________	Vertical		        Spillway		          Total�0-3 in	 3-5 in	  5+ in			   drop		        capacity		        capacity�____________________________________________________________________________________�	acres			    	  feet			year			year�1,200	  450	   250		 	  5 or less		  5			 10�2,200	  900	   500			10 or less		10			 25


�												





*In a 5-year frequency, 24-hour duration storm


�



Table 2A - Design criteria for establishing minimum capacity of full-flow, open, Loose Rock Riprap grade control structures.											


						       Freq. of minimum design,�						        24-hour duration storm				�   Maximum drainage area�   for indicated rainfall*					            Principal�______________________________	Vertical			Spillway		Total�0-3 in	 3-5 in	  5+ in			drop			capacity		capacity�____________________________________________________________________________________	acres			      	    feet			year			year�1,200	  450	   250		 	5 or less		   5			 10�2,200	  900	   500			10 or less		 10			 25


>2200					10 or less		 25			 50


�										 			





*In a 5-year frequency, 24-hour duration storm











Table 3 - Design criteria for establishing minimum capacity of side-inlet, open-weir, or pipe-drop-drainage structure.												��						Freq. of minimum design,�						24-hour duration storm			�   Maximum drainage area�   for indicated rainfall					Receiving�					Vertical		channel		Total�0-4 in	  3-5 in	  5+ in			drop		capacity	capacity�  													�	acres				 feet		 year		 year�1,200	  450	  250		  	 0-5		 0-10		  --�1,200	  450	  250		  	 5-10		10-20		  10�2,200	  900	  500		   	 0-10		 0-20		  25�  													


*In a 5-year frequency, 24-hour storm.
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