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BEST MANAGEMENT PRACTICE (BMP) LIST FOR THE LOWER BOISE RIVER POLLUTION TRADING PROGRAM

The Lower Boise River POLLUTION Trading Project

This Pollution Trading project has been established and supported by many agencies and local interests to assist the point and nonpoint phosphorus sources in reducing their phosphorus loads and implementation costs in meeting a Total Maximum Daily Load (TMDL) at the mouth of the Boise River near Parma, Idaho.  A “trading market” should enable point and nonpoint sources reductions to be achieved at lesser costs.

The trading that occurs between point and nonpoint sources will be due largely to high point source reduction costs.  The point sources that cannot immediately meet their permitted discharges would be permitted to discharge in excess of their permit as long as there is an equal reduction at another point or nonpoint source location.  In-stream water quality problems due to discharges in excess of what is permitted will not be allowed under this trading program.  Water quality improvements are still to be achieved, regardless of the activity within the trading program.

Document Purpose

Selected nonpoint source BMPs can be used to offset a point source’s discharge, in which are described here.  The procedure for generating credits, as well as other trading program requirements, are described as well.  This document will be updated periodically and new BMPs added to the list of those currently eligible for trading.

Calculated and Measured Phosphorus Credits

To offset a given amount of phosphorus at one location from a point source, there must be an equal and beneficial reduction from another point or nonpoint source location.  The term “credit” has been established to represent that equalized portion of phosphorus considered in the trading market.  The reduction is calculated or measured in pounds of phosphorus, determined by one of two methods.  These reductions are then converted to credits for trading purposes.

To estimate what a BMP’s capability is in reducing phosphorus losses, local sampling data is needed in order to make that estimate.  Where there is adequate data for a specific BMP’s reduction capability, a calculation can be made with fair certainty of it actually occurring.  Where data is limited, “measuring” for phosphorus removal is necessary.  For this trading program, participants will use either the calculated or measured approach to generate credits.  The calculated approach will utilize exiting data to estimate an average reduction for a particular BMP, with a slight discount in its effectiveness due to potential uncertainty in the data and other management factors.   For measured credits, grab samples will be taken during the BMP’s operation to quantify the actual reductions.  An inflow and outflow condition will be necessary to sample a BMP.  

General Best Management Practice (BMP) Requirements for the Pollution Trading Project

Agricultural landowners participating in the pollution trading program are highly encouraged to develop a conservation plan with one of two Soil Conservation Districts (SCD).  The Ada Soil Conservation District resides at 132 SW 5th Ave., Meridian, ID 83642 (208-888-1890 x3) along with the Natural Resource Conservation Service (NRCS), the Soil Conservation Commission (SCC), and the Farm Services Agency (FSA).  Ada county participants will utilize this office for technical and trading program assistance.  For Canyon county participants, the Canyon Soil Conservation District is located at 2208 E. Chicago St. Caldwell, ID 83605 (208-454-8684), which also includes NRCS, SCC, and FSA.

The conservation plans are cooperatively developed among the landowner, NRCS and the SCC.  These conservation plans are developed to address existing natural resource concerns as well as meeting the landowner’s objectives.  Through the conservation planning process, BMP installation and other planned activities are evaluated to ensure that they do not have significant negative impacts on natural resources and other landowners.

The BMPs typically used to address water quality concerns are listed in the Agricultural Pollution Abatement Plan (APAP), which is kept at the SCC.  BMPs originate in the USDA-NRCS National Handbook of Conservation Practices (NHCP, 2000), which can be found in either of the SCD offices.

Upon installation, after being incorporated into this document, it is to be certified as installed according to NRCS and this document’s criteria, as well as meet any applicable local, state, and federal laws and regulations.  Upon certification and at the start of BMP operation, credit generation can begin.  Most agricultural BMPs within the Lower Boise River watershed will provide reductions primarily within the irrigation season as designed and operated.  All BMPs are to function according to the appropriate criteria throughout their operating period.

All BMPs are to be inspected after installation or application, prior to their seasonal period operation.  Some BMPs will require a greater number of inspections as outlined in the monitoring section.

CURRENT ELIGIBLE BMPs FOR TRADING

The program eligible BMPs are listed in Table 1, which are also discussed in Carter 2002.  The NRCS practice code and typical lifespan are included here.

Table 1.  BMPs Currently Eligible for Trading.

	BMP
	NRCS Code(1)
	Lifespan

	Sediment basins
	350
	20 years

	Filter strips
	393
	1 season

	Underground outlet
	620
	20 years

	Straw in furrows
	484
	1 season

	Crop sequencing
	328, 329
	1 season

	Polyacrylamide
	450
	1 irrigation

	Sprinkler Irrigation
	442
	15 years

	Microirrigation
	441
	10 years

	Tailwater Recovery
	447
	15 years

	Surge Irrigation
	430HH
	15 years

	Nutrient Management
	590
	1 year

	Constructed Wetland
	656
	15 years


(1) Refer to http://id.nrcs.usda.gov/practices.htm
Additional components for the BMP may incorporate other practice codes.

BMP EFFICIENCY AND UNCERTAINTY DISCOUNTS

Listed in Table 2 are the effectiveness and uncertainty discounts for the currently eligible types, field, farm, and watershed scale.  The sediment basin is categorized into 3 types, which, are due to differences in the size of treatment area and duration of flow in the basins.

Nutrient management does not have a phosphorus reduction efficiency due to numerous complexities.  This practice is, however, a necessary long-term practice that will benefit water quality if applied properly.  Though this practice does not have an efficiency associated with it, it is a valuable BMP for this trading program and will be marketable in relation to other applied BMPs.  If nutrient management is applied in addition to other eligible BMPs, the uncertainty factor for those other BMPs will reduced by 50%, thereby, increasing their market value.

Table 2:  BMP Effectiveness and Uncertainty Discounts

	BMP
	Effectiveness
	Uncertainty(1)

	Polyacrylamide
	95%
	10%

	Filter Strip
	55%
	15%

	Sprinkler
	100%
	10%

	Microirrigation
	100%
	2%

	Tailwater Recovery
	100%
	5%

	Mulching
	90%
	20%

	Crop sequencing
	90%
	10%

	Sediment Basin

Field scale
	80%
	10%

	Sediment Basin

(farm scale)
	75%
	10%

	Sediment Basin

(watershed scale)
	65%(4)
	15%(4)

	Underground Outlet
	85% (65%)(2)
	15% (25%)(2)

	Surge Irrigation
	50%
	5%

	Nutrient

Management
	NA(3)
	NA(3)

	Constructed Wetland (farm scale)
	90%
	5%

	Constructed Wetland (watershed scale)
	NA(4)
	NA(4)


(1) This is to be subtracted from the efficiency.

(2) This BMP’s effectiveness drops after 2 years.

(3) Data unavailable for efficiency estimate. If applied with other eligible BMPs, their uncertainty discounts will be reduced by 50%.

(4) Not recommended for calculated credit.

BMP MONITORING: EVALUATION AND MEASUREMENT REQUIREMENTS

To ensure that a BMP is operating properly and actually reducing phosphorus losses, an evaluation is necessary.  An evaluation will consist of at least 1 annual field inspection to ensure proper application and operation.  Table 3 provides the minimum inspections needed for

each BMP, and provides a minimal level of measurement requirements, though not applicable to all BMPs.

Some BMPs do not allow for true “inflow-outflow” comparisons utilizing flow and nutrient measurements, therefore it is not recommended for measurement.  Also, a measurable BMP’s 

inflow conditions only represent the instantaneous condition, not reflective of the

1996 baseline condition.  In essence, these instantaneous measurements would provide a pretreatment load different than that of the baseline average load, misrepresenting the average 1996 loads.  Therefore, no measurements will be allowed for field-scale BMPs to generate credits.  

Watershed-scale BMPs, such as the sediment basin and constructed wetlands, where they are not easily calculated, will be measured to generate credits.  The schedule for measurements will be set within the buyer-seller contracts for specific watershed-scale BMPs.

Table 3.  BMP Evaluation Requirements

	BMP
	Evaluation

	Sediment basin - field scale
	before & middle of all irrigations

	Sediment basin - farm scale
	before & middle of all irrigations

	Sediment basin - watershed scale
	before & middle of season of use

	Filter strips
	before & middle of all irrigations

	Underground outlet
	before & middle of all irrigations

	Straw in furrows
	before & middle of all irrigations

	Crop sequencing
	before & middle of all irrigations

	Polyacrylamide
	evaluate 2 irrigations & review application records

	Sprinkler Irrigation,
	evaluate 1 irrigation

	Microirrigation
	evaluate 1 irrigation

	Tailwater Recovery
	before irrigations & evaluate 1 irrigation

	Surge Irrigation
	evaluate 1 irrigation

	Nutrient Management
	evaluate records annually

	Constructed wetland
	before & middle of season of use


Credit production method

Calculated Credits

To calculate a total phosphorus credit, a reduction estimate is determined prior to the sale of the credits, utilizing BMP effectiveness data and other applicable factors.

In the case of calculated credits, specifically to a cropland field, the phosphorus losses in 1996 (TMDL baseline) must be estimated.  The Surface Irrigation Soil Loss (SISL) tool is currently the most accurate and simple method available for the program area to estimate soil losses from surface irrigated croplands.  SISL losses are then converted to phosphorus losses by multiplying tons soil loss by 2, which provides pounds of phosphorus. Typically, there is on average, 2 pounds of phosphorus loss per ton of soil loss within the program area.  This tool is described in USDA-NRCS Agronomy Technical Note No. 32.

There is a great amount of variability in soil and phosphorus loss from one year to the next because of crop rotations, as the SISL shows when used according to its design.  This variability would cause a great deal of fluctuation from year-to-year in credits generated from one field.  This fluctuation may is not greatly desired in a trading program.  Also, because there does not exist data for all fields within the program area for 1996, the crop specific SISL estimate cannot be derived for a number of fields.

An average subwatershed Base Soil Loss (BSL), a necessary factor in SISL, has been determined for each the major Lower Boise River subwatersheds (Table 4).  Numerous field crop records from 1996 were evaluated to establish baseline 1996 soil losses with SISL.  By utilizing the average subwatershed BSL, crop rotations will have no effect on credit calculation because the pretreatment load of 1996 will not change.  A change in credits will only be due to switching from one BMP to another.

Where the SISL-BSL represents seasonal sediment losses, monthly losses may be estimated utilizing numerous irrigation records, which can be used to provide an average number of irrigations per month.  Another critical factor to be considered in determining an average sediment and phosphorus loss on a monthly basis, is the percent soil loss of total per irrigation.  The first three irrigations typically produce the majority of the annual sediment loss, whereas, with each additional irrigation, less erosion takes place due to increasing soil stability and some crop foliage protection where it lies within the furrow later in the growing season.

Table 4.  SISL BSL (tons/ac/yr soil loss(1)) per Subwatershed

	Slope of field
	<1%
	1-1.9%
	2-2.9%
	>3%

	Drain/Field length
	660
	1320
	660
	1320
	660
	1320
	660
	1320

	Eagle Drain
	2.0
	1.6
	7.3
	5.8
	15.5
	12.4
	25.2
	20.2

	Thurman Drain(2)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Fifteenmile
	1.6
	1.3
	5.8
	4.6
	12.5
	10.0
	21.0
	16.8

	Mill Slough
	2.0
	1.6
	7.3
	5.8
	15.5
	12.4
	25.2
	20.2

	Willow Creek
	1.9
	1.5
	6.8
	5.5
	14.7
	11.7
	24.0
	19.2

	Mason Slough
	2.0
	1.6
	7.3
	5.8
	15.5
	12.4
	25.2
	20.2

	Mason Creek
	1.7
	1.4
	6.4
	5.1
	14.1
	11.2
	23.7
	18.9

	East Hartley
	2.0
	1.6
	7.3
	5.8
	15.7
	12.5
	25.6
	20.5

	West Hartley
	2.0
	1.6
	7.3
	5.8
	15.7
	12.5
	25.6
	20.5

	Indian Creek
	1.9
	1.5
	6.9
	5.5
	14.9
	11.9
	24.7
	19.8

	Conway Gulch
	2.0
	1.6
	7.3
	5.8
	15.7
	12.5
	25.6
	20.5

	Dixie Drain
	1.7
	1.4
	6.4
	5.1
	13.9
	11.1
	23.0
	18.4

	Boise River
	2.0
	1.6
	7.3
	5.8
	15.5
	12.4
	25.2
	20.2


(1) Multiple BSL by 2 to obtain pounds of phosphorus

(2) Thurman drain currently does not have any cropland fields within it drainage area.

Based on numerous irrigation records and local input, average number of irrigations per crop type per month was established, then one average for all crops per month.  The average number of irrigations per month is shown in Table 5.

Table 5.  Average Number of Irrigations per month, based on a 181-day irrigation season.

	Month
	Irrigations
	Days/month

	April
	0.4
	15

	May
	1.2
	31

	June
	2.4
	30

	July
	3.0
	31

	August
	1.9
	30

	September
	0.5
	31

	October
	0.2
	15

	Total
	9.5
	181


The average number of irrigations per month was not rounded to the whole number because it would exclude any irrigation that does occur in April and October.  The irrigation season is assumed to start on start on April 15 and end October 15, providing a 181 irrigation day season.

Based on numerous runoff studies on surface irrigated cropland, percent soil loss per irrigation was determined.  These percent losses per irrigation were then lined up with the average 9-10 irrigations per season to estimate average percent loss per irrigation (Figure 1).

Figure 1.  Average Percent Soil Loss per Irrigation per Total Season Loss
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Table 6 shows the percent loss per month, which was derived from the average irrigations per month (Table 5) and percent loss per the 9-10 irrigations per season (Figure 1).

Table 6.  Percent Soil Loss per Month

	Month
	Percent Loss

	April
	8.5%

	May
	28.1%

	June
	39.9%

	July
	19.4%

	August
	3.6%

	September
	0.4%

	October
	0.1%


Recent water quality samples taken throughout the Lower Boise River tributaries reflect similar loss characteristics, where the months of May, June, and July show the largest in-stream sediment loads.  Once the seasonal SISL losses are determined, which represents the

pretreatment load, a monthly estimate can be estimated with the values from Table 6.

River Location Ratios

Upon establishing a monthly or irrigation season phosphorus reductions, with a BMP applied, pounds reduced are to be converted into “Parma Pounds” or credits.  The current adopted method utilizes a simple mathematical calculation to convert pounds into credits.  The amount of phosphorus retained by a BMP on a field within a subwatershed does equal the amount of phosphorus reduced at the mouth of the drainage.  There are River Location Ratios (DEQ, 2000) that attempt to account for the river’s phosphorus transmission losses and are set at the various locations within the river system, primarily at the mouths of the major tributaries, as shown in Table 7.  Those river adjacent lands that impact the river directly will receive the next downstream tributary river location ratio.

Table 7.  River Location Ratios

	Subwatershed
	River Location Ratio

	Eagle Drain
	0.63

	Thurman Drain
	0.51

	Fifteenmile Creek
	0.75

	Mill Slough
	0.75

	Willow Creek
	0.75

	Mason Slough
	0.75

	Mason Creek
	0.75

	East Hartley Gulch(1)
	0.80

	West Hartley Gulch(1)
	0.80

	Indian Creek
	0.89

	Conway Gulch
	0.95

	Dixie Drain
	0.96


(1) East & West Hartley Gulch merge before confluence at Boise River

Site Location Factors

Transmission losses may occur between the point where the reduction takes place and the subwatershed’s channel due to wastewater being water reuse and natural sediment-phosphorus relationships.  Canals may intercept wastewater runoff from fields, which may or mat not impact the drainage in which the field is located.  The greater the travel distance and the chance of reuse, the less likely the total phosphorus amount lost at the field will reach the channel.  Site Location Factors are developed to account for some of this transmission loss, shown in Table 8.

Table 8.  Site Location Factors

	Land runoff flows into a canal, likely to be reused by downstream canal users
	0.6

	Land runoff does not flow directly to a drain, but through or around other fields prior to entering a drain
	0.8

	Land runoff flows directly to a drain or stream through a culvert or ditch
	1.0


Drainage Delivery ratios

Drainage Delivery Ratios were also developed to account for the phosphorus transmission losses in the subwatershed’s main channels.  Recent water quality samples collected from within some of these subwatersheds do show however, upstream to downstream, an increase in phosphorus concentrations.  This increase in phosphorus concentration is likely due to increasing surface and ground water flows and phosphorus loads from increasing numbers of sources.  Due to no available research data or locally developed transmission models, a simple linear calculation is made that represents this potential loss, which is:

(100 - distance in miles to mouth of the drain from the project's point of discharge on the drain)/100.

A measurement, in miles, is made from the mouth of the channel on the river to the point where the wastewater enters the channel.  This measurement is to be made with the use of computer based Geographic Information Software (GIS).

Example Credit Calculation

The following is an example of the current method of calculating credits:

Given:
30 acre surface irrigated field to be converted to a sprinkler system, capable of eliminating all sedimentation loss (100% removal) but with a 10% uncertainty factor (subtracted from BMP efficiency).  Average annual SISL load is determined to be 7.3 tons/acre (219 total) soil loss per irrigation season.  Total annual phosphorus loss is calculated to be 438 pounds (219 x 2 lbs/t).  Assuming a 78% TMDL reduction requirement from all sources, 342 lbs is to be removed first, prior to trading and calculating credits. A total of 394 lbs is to be reduced by the sprinkler system  (0.9 x 438).  The Site Location Factor is 0.8, because there is potential but reuse, but not through a canal.  The distance from the river to the entry point at the channel is 2.5 miles, which gives a 0.975 Drainage Delivery Ratio.  The River Location Ratio is 0.75.

Credits (Parma Pounds) =

438 lbs P

x 0.90 (1.0 effective   - 0.10  uncertainty) 

-342 lbs P (438 lbs P x TMDL 0.78)

x 0.8 site location factor

x 0.975 drainage delivery ratio

x 0.75 river location ratio =

30 credits (Parma Pounds) for sale for

one irrigation season.

By month:
April

2.6

May

8.4

June

12.0

July

5.8

August

1.1

September
0.1

October
0.0

Inclusion of New or Existing Phosphorus Conservation Measures to the BMP List

There may be other conservation measures not specifically characterized within the NHCP or APAP that can reduce phosphorus losses from agricultural lands or treat wastewater.  These conservation measures can be added to this list at any time, once they have been reviewed and approved by the BMP technical Committee potentially undergo a public review process to fulfill the trading program requirements.

Proposed conservation measures to be considered for the purpose of establishing credits not contained within this list are to be forwarded to the Idaho Soil Conservation Commission, BMP Technical Committee, Pollution Trading, P. O. Box 790, Boise, Idaho 83701 at (208) 332-8650.

References

Carter, D. L.  2002.  Proposed Best Management Practice (BMP) list and application criteria for the Lower Boise River Pollution Trading Demonstration Project, Unpublished report.

Idaho Department of Environmental Quality (DEQ).  6/7/2000.  Lower Boise River pollution trading demonstration project, summary of participant recommendations for a trading framework.  Unpublished document.

USDA - Natural Resources Conservation Service.  2000.  Agronomy technical note 32, rev. 2.  Predicting irrigation induced soil loss on surface irrigation cropland.  Unpublished document. – USDA-NRCS, Boise Idaho.

Prepared by ISCC – 05/01/02 - BMP List - Lower Boise River Pollution Trading Program
Page 7 of 7 


_1074933535.xls
Chart3

		0.2127722772

		0.257253416

		0.1924972164

		0.1069337857

		0.1049512914

		0.0548519302

		0.0335772922

		0.0197098335

		0.0174486505



Adj. Ave.

Irrigation

Adjusted Average Percent Soil Loss of Total Seasonal Loss



wheat

		Small grains, High residue

		malheur report 1993

		crop		irrigation		month		tons soil		infiltration		runoff		% soil/irr

		wheat		1		may		477		4.2		22.8%		34.5%

		wheat		2		june		460		4.3		19.6%		33.3%

		wheat		3		july		74		3.4		22.8%		5.4%

		wheat		4		july		127		3.8		18.4%		9.2%

		wheat		5		july		245		3.4		30.0%		17.7%

								1383						100.0%

		malheur report 1993												% soil/irr

		wheat w/ surge		1		may		30		2		17.6%		7.4%

		wheat w/ surge		2		june		166		2.1		18.4%		40.9%

		wheat w/ surge		3		july		29		2.2		6.1%		7.1%

		wheat w/ surge		4		july		123		2.1		6.9%		30.3%

		wheat w/ surge		5		july		58		1.9		19.6%		14.3%

								406						100.0%

		malheur report 1993a

		crop		irrigation		month		tons soil		infiltration		runoff		% soil/irr

		wheat		1		may		15.1		3.3		74.8%		30.6%

		wheat		2		june		12.7		3.2		72.3%		25.7%

		wheat		3		july		10.0		2.8		56.4%		20.2%

		wheat		4		july		4.7		1.9		64.4%		9.5%

		wheat		5		july		6.9		1.8		69.8%		14.0%

								49.4						100.0%

		malheur report 1993a												% soil/irr

		wheat w/ straw		1		may		0.5		2.9		32.7%		22.6%

		wheat w/ straw		2		june		0.0		4.2		28.5%		1.8%

		wheat w/ straw		3		july		1.3		2.1		30.3%		58.8%

		wheat w/ straw		4		july		0.1		2.1		30.8%		3.2%

		wheat w/ straw		5		july		0.3		1.9		31.5%		13.6%

								2.2						100.0%

		ballard 1975

		crop		irrigation		month		lbs/a		infiltra mm		runoff %		% soil/irr

		wheat, sg		1				179						6.8%

		wheat, sg		2				713						27.0%

		wheat, sg		3				870						32.9%

		wheat, sg		4				517						19.6%

		wheat, sg		5				252						9.5%

		wheat, sg		6				111						4.2%

								2642						100.0%

		ballard 1975

		crop		irrigation		month		lbs/a		infiltra mm		runoff %		% soil/irr

		barley, wg		1				371						35.0%

		barley, wg		2				531						50.0%

		barley, wg		3				107						10.1%

		barley, wg		4				52						4.9%

								1061						100.0%





wheat sum

		

		crop		irrigation		% soil/irr

		wheat		1		34.5%				Average of % soil/irr

		wheat		2		33.3%				irrigation		Total		adjusted

		wheat		3		5.4%				1		27%		25%

		wheat		4		9.2%				2		34%		32%

		wheat		5		17.7%				3		17%		16%

		wheat		1		30.6%				4		11%		10%

		wheat		2		25.7%				5		14%		13%

		wheat		3		20.2%				6		4%		4%

		wheat		4		9.5%				Grand Total		20.0%		100%

		wheat		5		14.0%						107%

		wheat, sg		1		6.8%

		wheat, sg		2		27.0%

		wheat, sg		3		32.9%

		wheat, sg		4		19.6%

		wheat, sg		5		9.5%

		wheat, sg		6		4.2%

		barley, wg		1		35.0%

		barley, wg		2		50.0%

		barley, wg		3		10.1%

		barley, wg		4		4.9%

		wheat w/ surge		1		7.4%

		wheat w/ surge		2		40.9%

		wheat w/ surge		3		7.1%

		wheat w/ surge		4		30.3%

		wheat w/ surge		5		14.3%

		wheat w/ straw		1		22.6%

		wheat w/ straw		2		1.8%

		wheat w/ straw		3		58.8%

		wheat w/ straw		4		3.2%

		wheat w/ straw		5		13.6%





corn

		Corn/beans, medium residue

		brown, robbins, freeborn 1998								infiltration

		crop		irrigation		month		kg/h soil		kg/h				% soil/irr

		corn		1				7260		130				12.0%

		corn		2				25829		676				42.6%

		corn		3				10623		603				17.5%

		corn		4				6421		459				10.6%

		corn		5				4000		504				6.6%

		corn		6				3027		508				5.0%

		corn		7				1921		582				3.2%

		corn		8				1613		601				2.7%

								60694						100.0%

		brown, robbins, freeborn 1998												% soil/irr

		corn		1				12935		429				30.4%

		corn		2				9409		466				22.1%

		corn		3				7194		405				16.9%

		corn		4				4962		462				11.6%

		corn		5				4019		425				9.4%

		corn		6				2546		390				6.0%

		corn		7				1553		571				3.6%

								42618						100.0%

		brown, robbins, freeborn 1998												% soil/irr

		corn w/ straw		1				70		223				0.7%

		corn w/ straw		2				1000		757				10.6%

		corn w/ straw		3				1622		525				17.1%

		corn w/ straw		4				2468		499				26.1%

		corn w/ straw		5				2160		470				22.8%

		corn w/ straw		6				862		612				9.1%

		corn w/ straw		7				786		481				8.3%

		corn w/ straw		8				502		691				5.3%

								9470						100.0%

		brown, robbins, freeborn 1998												% soil/irr

		corn w/ straw		1				1833		840				18.3%

		corn w/ straw		2				3063		672				30.5%

		corn w/ straw		3				1591		631				15.9%

		corn w/ straw		4				2017		595				20.1%

		corn w/ straw		5				541		672				5.4%

		corn w/ straw		6				589		595				5.9%

		corn w/ straw		7				395		784				3.9%

								10029						100.0%

		berg 1984								infiltration

		crop		irrigation		month		mt/h soil		l/min				% soil/irr

		corn		1				32.5		1.2				27.4%

		corn		2				25.8		1.1				21.7%

		corn		3				60.5		2.6				50.9%

								118.8						100.0%

		lentz, sojka, robbins, 1998

		crop		irrigation		month		soil kg/h		infiltra mm		runoff %		% soil/irr

		beans		1		june		584		30		46.4%		19.1%

		beans		2		june		480		37		37.3%		15.7%

		beans		3		july		1479		68		51.8%		48.3%

		beans		4		july		518		61		46.6%		16.9%

								3061						100.0%

		lentz, sojka, robbins, 1998

		crop		irrigation		month		soil kg/h		infiltra mm		runoff %		% soil/irr

		beans, pam c		1		june		152		39		30%		45.5%

		beans, pam c		2		june		128		42		29%		38.3%

		beans, pam c		3		july		22		119		16%		6.6%

		beans, pam c		4		july		32		82		29%		9.6%

								334						100.0%

		lentz, sojka, robbins, 1998

		crop		irrigation		month		soil kg/h		infiltra mm		runoff %		% soil/irr

		beans, pam I		1		june		37		48		14%		15.4%

		beans, pam I		2		june		50		38		36%		20.7%

		beans, pam I		3		july		130		97		31%		53.9%

		beans, pam I		4		july		24		69		41%		10.0%

								241						100.0%

		lentz sojka, 1994

		crop		irrigation		month		soil kg/h		infiltra mm		runoff %		% soil/irr

		corn or beans		1		may		300						11.6%

		corn or beans		2		june		1200						46.2%

		corn or beans		3		july		798						30.7%

		corn or beans		4		july		299						11.5%

								2597						100.0%

		lentz sojka, 1994

		crop		irrigation		month		soil kg/h		infiltra mm		runoff %		% soil/irr

		corn or beans		1		may		10						1.2%

		corn or beans		2		june		547						65.3%

		corn or beans		3		july		231						27.6%

		corn or beans		4		july		50						6.0%

								838						100.0%

		ballard 1975

		crop		irrigation		month		lbs/a		infiltra mm		runoff %		% soil/irr

		beans, bb		1				137						4.1%

		beans, bb		2				210						6.3%

		beans, bb		3				767						22.8%

		beans, bb		4				670						20.0%

		beans, bb		5				778						23.2%

		beans, bb		6				795						23.7%

								3357						100.0%

		ballard 1975

		crop		irrigation		month		lbs/a		infiltra mm		runoff %		% soil/irr

		beans, wb		1				65						11.1%

		beans, wb		2				60						10.3%

		beans, wb		3				180						30.8%

		beans, wb		4				208						35.6%

		beans, wb		5				39						6.7%

		beans, wb		6				32						5.5%

								584						100.0%

		ballard 1975

		crop		irrigation		month		lbs/a		infiltra mm		runoff %		% soil/irr

		beans, ab		1				429						13.2%

		beans, ab		2				373						11.5%

		beans, ab		3				254						7.8%

		beans, ab		4				642						19.7%

		beans, ab		5				672						20.7%

		beans, ab		6				483						14.8%

				7				401						12.3%

								3254						100.0%





corn sum

		

				irrigation		% soil/irr																irrigation		% soil/irr				Average of % soil/irr

		corn		1		12.0%				Average of % soil/irr												1		12.0%				irrigation		Total		adjusted

		corn		2		42.6%				irrigation		Total										2		42.6%				1		18%		15%

		corn		3		17.5%				1		23%										3		17.5%				2		28%		24%

		corn		4		10.6%				2		29%										4		10.6%				3		26%		22%

		corn		5		6.6%				3		28%										5		6.6%				4		16%		13%

		corn		6		5.0%				4		11%										6		5.0%				5		13%		11%

		corn		7		3.2%				5		8%										7		3.2%				6		11%		9%

		corn		8		2.7%				6		5%										8		2.7%				7		3%		3%

		corn		1		30.4%				7		3%										1		30.4%				8		3%		2%

		corn		2		22.1%				8		3%										2		22.1%				Grand Total		0.189937828		100%

		corn		3		16.9%				Grand Total		17%										3		16.9%						118%

		corn		4		11.6%																4		11.6%

		corn		5		9.4%																5		9.4%

		corn		6		6.0%																6		6.0%

		corn		7		3.6%																7		3.6%

		corn		1		27.4%																1		27.4%

		corn		2		21.7%																2		21.7%

		corn		3		50.9%																3		50.9%

																						1		19.1%

				irrigation		% soil/irr				Average of % soil/irr												2		15.7%

		beans		1		19.1%				irrigation		Total		adjusted								3		48.3%

		beans		2		15.7%				1		10%		7%		1						4		16.9%

		beans		3		48.3%				2		26%		23%		2						1		11.6%

		beans		4		16.9%				3		28%		25%		3						2		46.2%

		corn or beans		1		11.6%				4		18%		15%		4						3		30.7%

		corn or beans		2		46.2%				5		17%		13%		5						4		11.5%

		corn or beans		3		30.7%				6		15%		11%		6						1		1.2%

		corn or beans		4		11.5%				Grand Total		20%		4%		7						2		65.3%

		corn or beans		1		1.2%								2%		8						3		27.6%

		corn or beans		2		65.3%								100%								4		6.0%

		corn or beans		3		27.6%																1		4.1%

		corn or beans		4		6.0%																2		6.3%

		beans, bb		1		4.1%																3		22.8%

		beans, bb		2		6.3%																4		20.0%

		beans, bb		3		22.8%																5		23.2%

		beans, bb		4		20.0%																6		23.7%

		beans, bb		5		23.2%																1		11.1%

		beans, bb		6		23.7%																2		10.3%

		beans, wb		1		11.1%																3		30.8%

		beans, wb		2		10.3%																4		35.6%

		beans, wb		3		30.8%																5		6.7%

		beans, wb		4		35.6%																6		5.5%

		beans, wb		5		6.7%																1		13.2%

		beans, wb		6		5.5%																2		11.5%

		beans, ab		1		13.2%																3		7.8%

		beans, ab		2		11.5%																4		19.7%

		beans, ab		3		7.8%																5		20.7%

		beans, ab		4		19.7%																6		14.8%

		beans, ab		5		20.7%																1		45.5%

		beans, ab		6		14.8%																2		38.3%

																						3		6.6%

																						4		9.6%

		corn w/ straw		1		0.7%

		corn w/ straw		2		10.6%

		corn w/ straw		3		17.1%

		corn w/ straw		4		26.1%

		corn w/ straw		5		22.8%

		corn w/ straw		6		9.1%

		corn w/ straw		7		8.3%

		corn w/ straw		8		5.3%

		corn w/ straw		1		18.3%

		corn w/ straw		2		30.5%

		corn w/ straw		3		15.9%

		corn w/ straw		4		20.1%

		corn w/ straw		5		5.4%

		corn w/ straw		6		5.9%

		corn w/ straw		7		3.9%

		beans, pam c		1		45.5%

		beans, pam c		2		38.3%

		beans, pam c		3		6.6%

		beans, pam c		4		9.6%

		beans, pam I		1		15.4%

		beans, pam I		2		20.7%

		beans, pam I		3		53.9%

		beans, pam I		4		10.0%





potatoes

		Row crops, low residue

		malheur 1994

		crop		irrigation		month		soil t/a						% soil/irr

		potatoes		1		june		0.3						1.9%

		potatoes		2		june		2.3						14.7%

		potatoes		3		june		5						32.1%

		potatoes		4		july		2.8						17.9%

		potatoes		5		july		2.5						16.0%

		potatoes		6		july		1.3						8.3%

		potatoes		7		july		0.7						4.5%

		potatoes		8		aug		0.7						4.5%

								15.6						100.0%

		malheur 1994

		crop		irrigation		month		soil t/a						% soil/irr

		potatoes, straw		1		june		0						0.0%

		potatoes, straw		2		june		0						0.0%

		potatoes, straw		3		june		0.1						14.3%

		potatoes, straw		4		july		0.3						42.9%

		potatoes, straw		5		july		0.1						14.3%

		potatoes, straw		6		july		0.1						14.3%

		potatoes, straw		7		july		0.1						14.3%

		potatoes, straw		8		aug		0						0.0%

								0.7						100.0%

		malheur 1994

		crop		irrigation		month		soil t/a						% soil/irr

		potatoes, pam		1		june		0						0.0%

		potatoes, pam		2		june		0.7						29.2%

		potatoes, pam		3		june		0.9						37.5%

		potatoes, pam		4		july		0.3						12.5%

		potatoes, pam		5		july		0.3						12.5%

		potatoes, pam		6		july		0.1						4.2%

		potatoes, pam		7		july		0.1						4.2%

		potatoes, pam		8		aug		0						0.0%

								2.4						100.0%

		malheur 1994

		crop		irrigation		month		soil t/a						% soil/irr

		potatoes, wheel row		1		june		3.8						11.9%

		potatoes, wheel row		2		june		8.6						27.0%

		potatoes, wheel row		3		june		7						22.0%

		potatoes, wheel row		4		july		3.7						11.6%

		potatoes, wheel row		5		july		2.5						7.9%

		potatoes, wheel row		6		july		1.9						6.0%

		potatoes, wheel row		7		july		2.2						6.9%

		potatoes, wheel row		8		aug		2.1						6.6%

								31.8						100.0%

		malheur 1994

		crop		irrigation		month		soil t/a						% soil/irr

		potatoes, straw, wheel		1		june		2.3						27.1%

		potatoes, straw, wheel		2		june		1.5						17.6%

		potatoes, straw, wheel		3		june		0.7						8.2%

		potatoes, straw, wheel		4		july		1.5						17.6%

		potatoes, straw, wheel		5		july		0.8						9.4%

		potatoes, straw, wheel		6		july		0.8						9.4%

		potatoes, straw, wheel		7		july		0.6						7.1%

		potatoes, straw, wheel		8		aug		0.3						3.5%

								8.5						100.0%

		malheur 1994

		crop		irrigation		month		soil t/a						% soil/irr

		potatoes, pam, wheel		1		june		0.3						1.7%

		potatoes, pam, wheel		2		june		6.6						37.7%

		potatoes, pam, wheel		3		june		3.2						18.3%

		potatoes, pam, wheel		4		july		3.3						18.9%

		potatoes, pam, wheel		5		july		3.1						17.7%

		potatoes, pam, wheel		6		july		0.5						2.9%

		potatoes, pam, wheel		7		july		0.3						1.7%

		potatoes, pam, wheel		8		aug		0.2						1.1%

								17.5						100.0%

		brown, 1985

		crop		irrigation		month		soil t/ha						% soil/irr

		potatoes		1				3.2						23.4%

		potatoes		2				4.9						35.8%

		potatoes		3				3.6						26.3%

		potatoes		4				1.1						8.0%

		potatoes		5				0.7						5.1%

		potatoes		6				0.2						1.5%

								13.7						100.0%

		ballard 1975

		crop		irrigation		month		lbs/a		infiltra mm		runoff %		% soil/irr

		potatoes, cs		1				6692						45.6%

		potatoes, cs		2				3352						22.8%

		potatoes, cs		3				2010						13.7%

		potatoes, cs		4				1509						10.3%

		potatoes, cs		5				632						4.3%

		potatoes, cs		6				496						3.4%

								14691						100.0%

		ballard 1975

		crop		irrigation		month		lbs/a		infiltra mm		runoff %		% soil/irr

		potatoes, cp		1				6874						10.4%

		potatoes, cp		2				7900						12.0%

		potatoes, cp		3				16326						24.8%

		potatoes, cp		4				6486						9.8%

		potatoes, cp		5				9405						14.3%

		potatoes, cp		6				3520						5.3%

		potatoes, cp		7				5322						8.1%

		potatoes, cp		8				2701						4.1%

		potatoes, cp		9				3901						5.9%

		potatoes, cp		10				2439						3.7%

		potatoes, cp		11				976						1.5%

								65850						100.0%





potato sum

		

		crop		irrigation		% soil/irr				Average of % soil/irr

		potatoes		1		23.4%				irrigation		Total		adjusted

		potatoes		2		35.8%				1		26%		23%

		potatoes		3		26.3%				2		24%		20%

		potatoes		4		8.0%				3		22%		19%

		potatoes		5		5.1%				4		9%		8%

		potatoes		6		1.5%				5		8%		7%

		potatoes, cs		1		45.6%				6		3%		3%

		potatoes, cs		2		22.8%				7		8%		7%

		potatoes, cs		3		13.7%				8		4%		4%

		potatoes, cs		4		10.3%				9		6%		5%

		potatoes, cs		5		4.3%				10		4%		3%

		potatoes, cs		6		3.4%				11		1%		1%

		potatoes, cp		1		10.4%				Grand Total		13.0%		100%

		potatoes, cp		2		12.0%						115.5%

		potatoes, cp		3		24.8%

		potatoes, cp		4		9.8%

		potatoes, cp		5		14.3%

		potatoes, cp		6		5.3%

		potatoes, cp		7		8.1%

		potatoes, cp		8		4.1%

		potatoes, cp		9		5.9%

		potatoes, cp		10		3.7%

		potatoes, cp		11		1.5%

						100.0%

		potatoes, straw		1		0.0%

		potatoes, straw		2		0.0%

		potatoes, straw		3		14.3%

		potatoes, straw		4		42.9%

		potatoes, straw		5		14.3%

		potatoes, straw		6		14.3%

		potatoes, straw		7		14.3%

		potatoes, straw		8		0.0%

		potatoes, straw, wheel		1		27.1%

		potatoes, straw, wheel		2		17.6%

		potatoes, straw, wheel		3		8.2%

		potatoes, straw, wheel		4		17.6%

		potatoes, straw, wheel		5		9.4%

		potatoes, straw, wheel		6		9.4%

		potatoes, straw, wheel		7		7.1%

		potatoes, straw, wheel		8		3.5%

		potatoes, pam		1		0.0%

		potatoes, pam		2		29.2%

		potatoes, pam		3		37.5%

		potatoes, pam		4		12.5%

		potatoes, pam		5		12.5%

		potatoes, pam		6		4.2%

		potatoes, pam		7		4.2%

		potatoes, pam		8		0.0%

		potatoes, pam, wheel		1		1.7%

		potatoes, pam, wheel		2		37.7%

		potatoes, pam, wheel		3		18.3%

		potatoes, pam, wheel		4		18.9%

		potatoes, pam, wheel		5		17.7%

		potatoes, pam, wheel		6		2.9%

		potatoes, pam, wheel		7		1.7%

		potatoes, pam, wheel		8		1.1%





all sum

		

		wheat						corn						row crops						all crops

		Average of % soil/irr						Average of % soil/irr						Average of % soil/irr

		irrigation		Total				irrigation		Total		adjusted		irrigation		Total				irrigation		Average

		1		27%				1		14%		13%		1		26.4%				1		23%

		2		34%				2		27%		25%		2		23.5%				2		28%

		3		17%				3		28%		26%		3		21.6%				3		22%

		4		11%				4		16%		14%		4		9.4%				4		12%

		5		14%				5		13%		11%		5		7.9%				5		12%

		6		4%				6		11%		8%		6		3.4%				6		6%

		Grand Total		20%				7		3%		2%		7		8.1%				7		6%

								8		3%		1%		8		4.1%				8		3%

								Grand Total		18%		100%		9		5.9%				9		6%

														10		3.7%				10		4%

														11		1.5%				11		1%

														Grand Total		13.0%				12		13%

																						136%

		Average number of surface irrigations per month																				Soil loss per irrigation from multiple research projects

		Crops		April		May		June		July		August		September		October		Totals				Irrigation #		Wheat		Corn		Potatoes		Average		Adj. Ave.		10 irr. Adj.

		Alfalfa hay		0		1		1		1		2		1		0		6				1		25.0%		14.9%		23.0%		20.9%		21.3%		21.1%

		Alfalfa seed		0		1		2		1		0		0		0		4				2		31.8%		23.7%		20.5%		25.3%		25.7%		25.5%

		Peppermint		1		1		3		4		2		0		1		12				3		16.0%		22.0%		18.8%		18.9%		19.2%		19.1%

		Spearmint		1		2		3		3		3		2		1		15				4		10.1%		13.3%		8.2%		10.5%		10.7%		10.6%

		Wheat		1		1		2		1		0		1		0		6				5		12.8%		11.3%		6.9%		10.3%		10.5%		10.4%

		Bean seed		0		1		2		4		3		0		0		10				6		3.9%		9.3%		3.0%		5.4%		5.5%		5.5%

		Dry beans		0		1		2		3		2		0		0		8				7		0.0%		2.9%		7.0%		3.3%		3.4%		3.5%

		Field corn		0		1		2		3		2		0		0		8				8		0.0%		2.3%		3.6%		1.9%		2.0%		2.0%

		Onions		1		2		3		5		2		0		0		13				9		0.0%		0.0%		5.2%		1.7%		1.7%		1.8%

		Potatoes		0		1		4		4		2		0		0		11				10		0.0%		0.0%		3.2%		1.1%		0.0%		0.5%

		Sugar beets		0		1		2		4		3		2		0		12				11		0.0%		0.0%		1.3%		0.4%		0.0%

		Average		0.4		1.2		2.4		3.0		1.9		0.5		0.2		9.5						100%		100%		100%		100%		100%		100.0%

																						# of fields		19		51		22		98.41%

		percent monthly load

		Crops		April		May		June		July		August		September		October		Totals

		Potatoes		0%		25%		56%		16%		3%		0%		0%		100%						apr		0.4		1		21.1		8.4

		Corn		0%		13%		51%		33%		3%		0%		0%		100%						may		0.6		1		21.1		12.7				apr		8.5%		15.2		179

		Beets		0%		20%		45%		26%		7%		2%		0%		100%						may		0.6		2		25.5		15.3				may		28.1%		50.3

		Beans		0%		0%		50%																jun		0.4		2		25.5		10.2				jun		39.9%		71.4

		Onions																						jun		2		3,4		29.7		29.7				jul		19.4%		34.7

																								jul		3		5,6,7		19.4		19.4				aug		3.6%		6.4

																								aug		1		8		2		2.0				sept		0.4%		0.7

		Average load per month																						aug		0.9		9		1.8		1.6				oct		0.1%		0.2

																								sept		0.1		9		1.8		0.2						100.0%		179.0

		Crops		April		May		June		July		August		September		October		Totals						sept		0.4		10		0.5		0.2

		Sugar beets		0		1		2		4		3		2		0		12						oct		0.2		10		0.5		0.1

		load		0		66		129		78		21		6		0		300														99.8

		percent		0%		22%		43%		26%		7%		2%		0%		100%

		alfalfa hay		alfalfa seed		peppermint		spearmint		wheat		bean seed		dry beans		corn		onions		potatoes		beets		SISL load		300

		1								26%				7%						25%		22%		1

		2								33%				23%						23%		23%		2

		3								16%				25%						21%		20%		3

		4								10%				15%						8%		10%		4

		5								13%				13%						7%		8%		5

		6								2%				11%						5%		4%		6

		7												4%						4%		4%		7

		8												2%						3%		3%		8

		9																		2%		3%		9

		10																		1%		1%		10

		11																		1%		1%		11

		12																				1%		12

		total								100%				100%						100%		100%
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