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conservation practice standard

IRRIGATION pit

(No.)

code 552-a

�Definition

A small storage reservoir constructed to regulate or store a supply of water for irrigation.

Purpose

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

To intercept and store water until it can be used beneficially to satisfy crop irrigation requirements.

To conserve water by holding it in storage until it can be beneficially used to meet crop irrigation requirements.

To provide incidental water for livestock, fish and wildlife, recreation, fire control, crop and orchard spraying, and other related uses.

To maintain or improve water quality.

Conditions where practice applies

This practice applies to open pits excavated below the ground surface to intercept and store unconfined groundwater or surface water for irrigation.  It applies to pits if part of the water is impounded above natural ground, provided that the depth of water above the ground surface, as measured at the spillway crest elevation, does not exceed 3 feet.

Irrigation pits function like a well with water available at a shallow depth, except some storage is involved. Storage capacity allows the irrigation pumping rate to exceed inflow rate without excessive pump cycling.  Surface water 





can be collected and stored.  Irrigation pits are usually constructed off-stream.

This standard establishes the minimum acceptable quality level for planning and functional design of irrigation pits.

This practice applies only to sites meeting all the following criteria and conditions:

1.	The existing water supply available to the irrigated area is insufficient to meet conservation irrigation requirements during part or all the irrigation season.

2.	Construction of an irrigation pit is the most practical means of obtaining a needed additional supply of water.  

3.	An adequate supply of good-quality water is available for storage from ground water and surface runoff.  

4.	Topographic, geologic, water table,  and soil conditions at the site are satisfactory for the feasible development of the irrigation pit.

5.	If  surface runoff enters the pit, the contributing drainage area is or can be protected against erosion so that normal sedimentation does not materially shorten the planned life of the pit.

Criteria

Oregon State Law and Local Requirements

All state and local requirements shall be addressed in the design.  The minimum acceptable quality for design and construction of irrigation pits shall be in accordance with the following criteria:

Design criteria for irrigation water collection and storage

Irrigation

The amount of water required to properly irrigate the crops in the area to be irrigated and the variations in water demand within the growing season must be known to adequately evaluate irrigation pit requirements. Irrigation demand hydrographs shall be computed from the consumptive use-time relationship, increased to reflect the anticipated level of farm irrigation efficiency plus any losses to be expected in conveying the water from the point of diversion to the farm and field. If water is required for such purposes as leaching or frost control, the amount needed shall be included in the demand hydrograph.

Storage

Irrigation pits shall be designed to have a usable storage capacity (plus inflow) sufficient to satisfy irrigation requirements in the design area. Storage capacity allows the irrigation pumping rate to exceed inflow rate without excessive pump cycling.  Adequate storage capacity shall be provided for sediment storage.

Capacity

In computing capacity requirements, due consideration shall be given to ground water inflow, surface runoff, precipitation, evaporation, and seepage.  Additional capacity shall be provided, as necessary, for sediment storage.  The usable capacity of a pit that depends wholly on ground water as a source of supply shall be that part of the pit that is below the static water level.

If inflow rate or storage capacity is limited by site char�acteristics to less than that required to meet full time irrigation demands of the proposed area, the quantity of water that can be made available by the irrigation pit and the acreage that can adequately be irrigated shall be computed as a means of evaluating benefits of the proposed installation. Benefits may be evaluated on the basis of having: water available early in the growing season, during critical crop growth stages, or more frequent availability to a smaller area.

Design criteria for excavated irrigation pits

Spillways for excavated irrigation pits

If there is a contributing watershed, principle and emergency spillways shall be capable of passing flows shown in Table 2. When a full-flow principle spillway meeting requirements of Table 2. is used, an emergency spillway is not required. Runoff flow patterns shall be considered when locating the pit and placing the spoil.  

If water is pumped into the pit and there is no external watershed, only a principle spillway capable of handling the maximum pump capacity is required. Spillways are not required for irrigation pits where there is no external watershed and water is not diverted or pumped into the pit.

Side slopes for excavated irrigation pits

Side slopes of excavated irrigation pits will be stable and shall not be steeper than 1:1 (one horizontal to one vertical). For human and animal safety, ramps at least 10 feet wide shall be excavated along the shoreline to the minimum water surface elevation of the pit. Ramp bottom slope shall be no steeper than 3:1. Sufficient ramps shall be used so the distance from any point in the reservoir to a ramp shall not be greater than 100 feet.

If livestock will water directly from the irrigation pit, the ramp surface shall be firm and protected with rock, gravel or other suitable material.

Inlet protection

If surface water enters the pit in a natural or excavated channel, the side slope of the pond shall be protected against erosion.

Excavated material

Material excavated from the pit shall be placed so that its weight will not endanger side slope stability and so that it will not be washed back into the pit by rainfall. Excavated material will be placed at a distance equal to the depth of the pit but not less than 12 feet from the top edge of excavation.  Excavated material shall be disposed of in one of the following ways:

1.	Uniformly spread to a height that does not exceed 3 feet, with the top graded to a continuous slope away from the pond.

2.	Placed and shaped into spoil piles with side slopes no steeper than 2:1.  Spoil piles shall be shaped to a designed form that blends visually with the landscape.

3.	Used for low embankment and leveling.

4.	Hauled away.

Design criteria for excavated/embankment irrigation pits

Excavated/embankment irrigation pits are those pits having an embankment, berm or dam on one or more sides of the excavated pit.  Maximum height of embankment shall be 3 feet at the spillway crest elevation.  Embankment heights greater than 3 feet at the spillway crest shall be designed and constructed in accordance with criteria for Irrigation Storage Reservoirs (Code 436). 

Spillways for excavated/embankment irrigation pits

Site conditions shall be such that runoff from the design storm can be safely passed through     (1) an open-flow principal spillway, (2) a combination of a principal spillway and an emergency spillway, or (3) a natural or constructed emergency spillway.  

If there is a contributing watershed, spillways shall be capable of passing flows shown in Table 2.  When a full-flow principle spillway meeting requirements of Table 2. is used, an emergency spillway is not required.  Runoff flow patterns shall be considered when locating the pit and placing the spoil.

Principle spillway

A pipe conduit or lined channel, with needed appurtenances, shall be placed under or through the dam, except on off-stream reservoirs where: rock, concrete, or other types of mechanical spillways are used; or where the rate and duration of flow can be safely handled by a vegetated or earth spillway.  The principle spillway crest elevation shall be no less than 0.5 feet below the crest of the emergency spillway for dams having a drainage area of 20 acres or less, and no less than 1 foot for those having a drainage area more than 20 acres.

At sites west of the Cascade Mountains, a principle spillway (conduit, trickle tube, hooded inlet, trickle trough, concrete drop structure and outlet channel, etc.) capable passing the 2 year - 24 hour runoff event shall be installed through all dams.

When design discharge of the principal spillway is considered in calculating peak outflow through the emergency spillway, the crest elevation of the inlet shall be such that full flow capacity will be generated in the conduit before there is discharge through the emergency spillway. Inlets and outlets shall be designed to function satisfactorily for the full range of flow and hydraulic head anticipated.

Capacity of the principle spillway shall be adequate to discharge long-duration, continuous, or frequent flows without flow through the emergency spillway.  The diameter of pipe shall not be less than 8 inches. If the pipe conduit diameter is 10 inches or greater, its design discharge may be considered when calculating the peak outflow rate through the emergency spillway.

Pipe conduits under or through the dam shall meet the following requirements.  The pipe shall be capable of withstanding external loading without yielding, buckling, or cracking.  Flexible pipe strength shall not be less than that necessary to support the design load with a maximum of  5 percent deflection.  The inlets and outlets shall be structurally sound and made of materials compatible with those of the pipe.  All pipe joints shall be made watertight by the use of couplings, gaskets, caulking, or by welding.

Risers or drop inlets used as a part of the principle spillway system shall be sized to insure weir control at the inlet to the point that pipe flow is limiting.  Orifice flow shall not control any quantity of discharge.  

Closed conduit spillways designed for pressure flow must have adequate antivortex devices.

						

Table 1. - Acceptable pipe for use in irrigation pits and small earth dams 			

PVC plastic1	           8” - 12”	     SDR 26			         15” - 24”	     SDR 35 

Corrugated Metal          8” - 24”				Steel			     16 gauge	Aluminum		     14 gauge 

 Welded Steel			     12 gauge� 						

1 Polyvinyl chloride pipe, PVC 1120 or PVC 1220, conforming to  ASTM D-1785, ASTM D-2241, ASTM D-3034, or ASTM   F- 679.

						

To prevent clogging of the conduit, an appropriate trash guard shall be installed at the inlet or riser.  Maximum opening width shall be 7 inches.

Supply pipes through the dam to watering troughs and other appurtenances shall have an inside diameter of not less than 1-1/4 inches.

Emergency spillways

An emergency spillway channel must be provided for each dam, unless an open-flow principal spillway is large enough to pass the peak discharge and the trash that comes to it without over topping the dam.

The minimum capacity of a natural or constructed emergency spillway 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 creditable to conduit discharge and detention storage.  For all dams the spillway should be large enough to pass the 50 year flood flow without over topping the dam.  

Emergency spillways shall provide for passing the design flow at a safe velocity to a point downstream where the dam will not be endangered.

Constructed emergency spillways are open channels that usually consist of an inlet channel, a control section, and an exit channel.  They shall be trapezoidal and shall be located in undisturbed or compacted earth.  The side slopes shall be stable for the material in which the spillway is to be constructed.

Upstream from the control section, the inlet channel shall be level for the distance needed to protect and maintain the crest elevation of the spillway.  The inlet channel may be curved to fit existing topography.  The grade of the exit channel of a constructed emergency spillway shall fall within the range established by discharge requirements and permissible velocities.

Excavated spillways shall in no case be located in any portion of the embankment.  The exit channel will be straight in any section having supercritical flow.  The inlet channel shall be level for a minimum of  10 feet unless a reinforced concrete crest wall is installed.

In no case shall the required flow section of the emergency spillway, including freeboard, be impaired by the installation of flashboards or any other obstruction which would raise the normal pool level above the design crest elevation.  

All flows through the spillway will be reoriented into the normal natural channel without impinging on adjacent property.

Structural emergency spillways

If chutes or drops are used for principle or emergency spillways, they shall be designed according to the principles set forth in the National Engineering Field Handbook for Conservation Practices and the National Engineering Handbook-Section 5, Hydraulics; Section 11, Drop Spillways; and Section 14, Chute Spillways.  The minimum capacity of a structural spillway 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 creditable to conduit discharge and detention storage.



�Table 2. - Minimum spillway capacity�													�				       					�Drainage		Effective height					Minimum design storm2�area			of embankment1	Storage		        Frequency       Minimum duration�													�acres	 		     feet			     ac-ft	   		years	   	 hours�20 or less		10 or less		Less than 9.2	  	 10	   	 24�20 or less		10 or less		More than 9.2	  	 25	   	 24

20 or less		More than 10		Less than 9.2	  	 50	   	 24�More than 20   		10 or less		Less than 9.2	  	 25	   	 24�More than 20   		10 or less		More than 9.2	  	 50	    	 24�More than 20   		More than 10		Less than 9.2		100	    	 24�All others				  				100	   	 24�													

1 Height at emergency spillway crest.

2 Select rain distribution based on climatological region.�Drainage area

The drainage area above the pit must be protected against erosion to the extent that expected sedimentation will not shorten the planned effective life of the structure.  The drainage area shall be large enough so that surface runoff and groundwater flow will maintain an adequate supply of water in the pit.  The quality of ground and surface water shall be suitable for the intended use.  The drainage area must also be large enough to produce flows sufficient to satisfy downstream prior water rights.

Reservoir area

Topographic, geologic, and soil conditions of the site shall permit storage of water at a depth and volume that ensure a dependable supply, considering beneficial use, sedimentation, season of use, and evaporation and seepage losses.  If surface runoff is the primary source of water for a pond, the soils shall be impervious enough to prevent excessive seepage losses or shall be of a type that sealing is practicable.  

The maximum reservoir water surface caused by the design storm shall not encroach on adjacent property unless an easement has been duly executed and recorded.



Embankment

Embankment material shall be spread parallel with the dam axis in layers not exceeding 8 inches in thickness and adequately compacted with a sheepsfoot roller or other similar equipment.

The design height of the dam shall be increased by the amount needed to insure that after settlement the height of the dam equals or exceeds the design height.  This increase shall not be less than 5 percent, except where detailed soil testing and laboratory analyses show that a lesser amount is adequate.

The excavation activities shall not be permitted closer than 12 feet from the upstream toe of the embankment except where the cutoff trench extends into firm impervious material for its entire length.

Side Slopes for excavated/embankment irrigation pits

The upstream slope of the dam shall be no steeper than 3:1.  The downstream slope shall be no steeper than 2:1 for native vegetation and 3:1 where vegetation will be mowed.  All slopes must be designed to be stable, even if flatter side 



slopes are required.  Side slopes shall be 5:1 or flatter where livestock could have access to the embankment.

Excavated irrigation pit side slopes will be stable and shall not be steeper than 1:1 (one horizontal to one vertical).  For human and animal safety, ramps at least 10 feet wide shall be excavated along the shoreline to the minimum water surface elevation of the pit. Ramp bottom slope shall be no steeper than 3:1.  Sufficient ramps shall be used so the distance from any point in the reservoir to a ramp shall not be greater than    100 feet.  If livestock will water directly from the irrigation pit, the ramp surface shall be firm and protected with rock, gravel or other suitable material.

Where spillway levees or training dikes are required to protect the downstream toe of the fill, they shall have side slopes not steeper than 2:1.  The minimum top width for spillway training dikes or levees shall be 8 feet.

Freeboard

The minimum difference in elevation between the crest of the emergency spillway and the settled top of the embankment shall be either  depth of design flow plus 1 foot or 3 feet whichever is greater.

When drainage areas are less than 20 acres, the minimum depth of an open emergency spillway will be the depth of flow plus 1.5 feet, but never less than 2 feet.  Minimum bottom width shall be 5 feet.

For concrete chute and drop spillways the minimum difference in elevation between the crest of the emergency spillway and the settled top of dam shall be either the depth of flow plus 0.5 feet or 2.0 feet whichever is greater.

All structures

Materials

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 structures and structure components shall consist of  ASTM A-36 or A-60 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 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.

Use of fiberglass and plastic structures will be approved on an individual basis.  Installation shall be 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. 

Erosion Protection

Earth or vegetated spillways shall be non erosive for the runoff from a 50 year, 24 hour frequency storm.  Pipe spillways may be used to carry part or all of this flow where erosion will occur.  If some erosion will occur during higher magnitude storms, the quantity of sediment and its effect downstream shall be addressed.

Visual resource design

The visual design of irrigation pits shall be carefully considered in areas of high public visibility and those associated with recreation.  The underlying criterion for all visual design is appropriateness.  The shape and form of pits, excavated material, and plantings are to relate visually to their surroundings and to their function.

The embankment may be shaped to blend with the natural topography.  The edge of the pond may be shaped so that it is generally curvilinear rather than rectangular.  Excavated material can be shaped so that the final form is smooth, flowing, and fitting to the adjacent landscape rather than angular geometric mounds.  If feasible, islands may be added for visual interest and to attract wildlife.

considerations

General

When total cost of installation is considered, costs to install a 12 inch diameter principal spillway (drain) conduit can be very little, if any, greater than installing a conduit of lesser diameter.  Larger conduits are easier to maintain and have increased flow capacity.

Consider low strength concrete bedding in lieu of hand labor to compact earth fill beneath conduits.  If placed at the same time as the drop inlet and other structures, there may be very little additional cost for ready mix concrete materials.

Use excavation equipment width as the minimum emergency spillway channel width. 

If the irrigation pit is to be used for recreation   or is highly visible to the public, the perimeter or edge should be curvilinear

Water Rights

It is imperative that any owner planning to construct a facility to store runoff water be advised that the storage of any quantity of water for beneficial use requires permits of water right and storage from the Oregon Water Resources Department.  These permits must be secured prior to the beginning of construction of the project facilities.  It is the responsibility of the owner to file for the water rights.  The owner should also be advised of the possible need for other local, state or federal permits.

Water Quantity

Irrigation pits impound water.  In doing so they create a new surface and ground water regime. Discharge downstream may be increased,  reduced, and in dry weather the flow may go to zero.  Depending on the site, there may be an increased flow to the ground water.  With some seepage the base flow may be extended over a longer period of time.  By impounding water at times of runoff, ponds make water available for use at some later date.  Planning considerations are:

1.	Effects upon components of the water budget, especially effects on volumes and rates of runoff, infiltration, evaporation, transpiration, deep percolation, and ground water recharge.

2.	Variability of effects caused by seasonal or climatic changes.

3.	Effects on the downstream flows or aquifers that could affect other water uses or users.

4.	Potential for irrigation water management.

5.	Effects of downstream flow volume on environmental, social or economic conditions.

Water Quality

Irrigation pits can trap nutrients and sediment which wash into the basin.  This removes these substances from downstream water.  Chemical concentrations in the pit may be higher during summer months.  If the amount of water that flows in the channel downstream is reduced, the frequency of flushing of the stream is reduced and there is an interim collection of substances held temporarily within the channel.  A pit may cause more leachable substances to be carried into the ground water.  Typically leachable substances moving to ground water are reduced due to potential for improved irrigation water management.  Planning considerations are:

Effects on erosion and the movement of sediment, pathogens, and soluble and sediment attached substances that are carried by runoff.

Effects on the visual quality of on-site and down stream water resources.

Short-term and construction-related effects of this practice on the quality of downstream water courses.

Effects of water level control on the temperature of downstream water to prevent undesired effects on aquatic and wildlife communities.  Potential for increased water temperature, especially if discharge is into a stream channel.

Effects on wetlands and water-related wildlife habitats.

Effects of water levels on soil nutrient processes such as plant nitrogen use or denitrification.

Effects of soil water level control on the salinity of soils, soil water, or downstream water.

Potential for earth moving to uncover or redistribute toxic materials such as saline soils.

Plans and specifications

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

Permits for water right and storage of irrigation water shall be obtained by the landowner.  Specifications must contain a provision to the effect that plans and specifications shall not be altered or changed without the written approval of the Oregon Water Resources Department.

OPERATION AND Maintenance

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

Periodically inspect inlet structures, spillways and gates for proper functioning and for their ability to maintain design water levels. At approximately 3 month intervals exercise gates and valves to help assure proper function.

Maintain vigorous growth of vegetative coverings. Periodic mowing or controlled grazing may also be needed to control height.

Maintain fences to prevent unauthorized human or livestock entry.  

Immediately repair any vandalism, vehicular, or livestock damage to any earth fills, spillways, outlets or other appurtenance.

Removal of debris that may accumulate in the pit and upstream or downstream from inlet and outlet facilities.

Eradicate or otherwise remove all rodents or burrowing animals and repair any damage caused by their activity.
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Conservation practice standards are reviewed periodically, and updated if needed.  To obtain the current version of this standard, contact the Natural Resources Conservation Service.
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