INSTRUCTIONS and SUPPORTING FORMULAS FOR FY 2004 COLORADO RIVER SALINITY RANKING CRITERIA

Instructions:

Client:

Enter name of person or project for reference

Date:

Enter the date the worksheet is completed

Service Area:
Enter Field Office Name and/or Conservation District Name for reference

Planner:
Enter your name
Salinity Project Area:
Select the appropriate project area from the drop down menu.  Options for Colorado are Grand Valley, McElmo, Lower Gunnison, and Mancos.  The project area selects the appropriate crop tables, effective precipitation, adjustment for restricted irrigation season, and salt loading value.

Fiscal Yr.:
Select the appropriate fiscal year for the evaluation from the drop down menu.  This will insert the correct amortization value for the year the project was planned.

Crop Data:
Select the appropriate crops for the rotation and enter the percentage in the rotation for each selected crop.  You may select from 1 to 4 crops.  If the rotation contains more than 4 crops, combine crops with similar consumptive use values (i.e. combine spring grain and fall grain, or combine silage corn and grain corn, etc.)  Note the percentages must add up to 100 percent.  Use separate sheets for distinctly different crop rotations.
Irrigation System Changes:
Select the before and after system that best fits your situation.  Enter the acres planned for each planned system change.  For example, if on an 80 acre farm you are converting 40 acres from unimproved flood irrigation to a side roll sprinkler and 40 acres from unimproved flood irrigation to an improved flood system with irrigation water management, then on line 1 select UF for the system before, SR for the system after and enter 40 acres.  On line 2 select UF for the system before, IFM for the system after and enter 40 acres.
 If you have more than 4 system changes, or are comparing alternatives it’s probably easier to use multiple sheets.
Delivery Ditch Losses – Upstream from the Field Boundary:

Note this is only for delivery ditches that are not part of the field ditch system.  The field ditch loss and seepage reduction is included in the on farm irrigation system improvements.  A ‘reach of ditch’ is a section of ditch with common characteristics such as soil type, flow volume, or days per year.  For example, a 3,000 foot ditch is on two different soil types, treat the footage for each section on each soil type as a separate reach.  For example a shared ditch carries 6 cfs for a distance and then it splits to two ditches at 3 cfs each, treat the 6 cfs section as a reach and treat the two 3 cfs sections as a reach.  Or a ditch splits that carries water to one field for 45 days and to another field for 45 days, but the shared section carries water for 90 days, treat the 90 day section as one reach and the 45 day sections as a separate reach.
If a ditch is both a delivery ditch and a field ditch, then it is appropriate to include it in this section.  For example a ditch crosses the head of a field and is used as part of the field distribution system, and it also delivers water to adjacent fields.  In other words the producer installs gates and turnouts or siphon tubes to irrigate one field, and then the ditch is used as a delivery ditch for another or other fields adjacent to the first field.  Use the length of the ditch across the first 2 fields as delivery and adjust the delivery days to not include the days the ditch is being used as a field distribution ditch.  Example, a ditch irrigates 3 fields with four 12 hour sets each and 6 irrigations per season.  The water is in the ditch 2 days for each field and 6 times per season.  The ditch is used 12 days on the first field as a distribution ditch which is included in the on farm seepage reduction.  It is used 24 days as a delivery ditch.  Use the delivery ditch calculation for the 24 day delivery cycle.  You can break down the reaches and days as fine as you wish, but don’t spend too much energy on the details, the values are estimates anyway.
Since irrigation delivery ditches in most locations tend to seal with time, it is recommended that you consider dropping 1 to 2 textural classes for established ditches that contain water somewhat continuously through the irrigation season.  Ditches that are relatively new, or are cleaned regularly, or only have water occasionally during the irrigation season, are more likely to have seepage rates consistent with their predominant soil texture.  Ditches that have had the opportunity to seal tend to seep at a rate somewhat less than the texture class would indicate.  For example, on an established irrigation delivery ditch that carries water for most of the 100 day irrigation season on predominantly loam or silty loam soils, you should consider using the sandy clay loam, clay loam texture (which is 1 texture class lower); or the silty clay loam, silty clay texture (which is 2 texture classes lower).

Cost:

Enter the estimated USDA cost share to install the practices represented on the sheet.  The amortization value is adjusted by the fiscal year selected.
FORMULAS

Crop Data:

Sum of Crops 1 through 4 , ( Estimated Seasonal Evapo Transpiration x (Percent in rotation/100)) = Weighted Average Evapo-Transpiration

Irrigation Requirement:

Weighted Average Evapo Transpiration – Effective Precipitation = Irrigation Requirement

Adjusted Irrigation Requirement:

This is a percentage adjustment to the irrigation requirement for water short or areas with a restricted water season.  Areas that are typically water short and have a reduced irrigation season, and those areas do not have the opportunity to continue to irrigate for a complete full season on all crops and all fields.  Typically they will have less water available at the middle and end of the irrigation season, and will use less net water.  They also will normally expect a lower crop yield than areas with good full season water, so the irrigation requirement is adjusted accordingly.  Mancos Valley is the only Colorado area included in this worksheet that currently fits this situation.
Deep Percolation Reduction Calculation:

Deep Percolation Reduction x Irrigation Requirement x Delivery Factor x Acres x Salt Loading Value = Tons Salt
Deep Percolation Reduction is the decimal percentage reduction in deep percolation anticipated from the planned system improvements based on the following predictive equation for before and after deep percolation.  Deep Percolation = ((Irrigation Requirement / (Percent Application Efficiency / 100)) – Irrigation Requirement) / 2.  If the crop irrigation requirement is 20 inches, and the before system efficiency is 25 percent, 20/.25 = 80 inches applied to get 20 inches to the crop at a 25 % efficiency.  The 80 inches net meets the 20 inch crop requirement (80” – 20” = 60”, with the excess 60 inches split evenly between runoff and deep percolation, or 30 inches runoff and 30 “ deep percolation.  These predicted values match with monitoring field measurements in Grand Valley and Lower Gunnison.
At a 21 inch irrigation requirement in Grand Valley:

Example: (21” / (25% / 100) = 84” – 21” = 63” x .5 = 31.5 “ Deep Percolation

Percent Efficiency
Predicted Deep Percolation
Measured Deep Percolation
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  4.0


75


  3.5



  2.0
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Delivery Factor
The delivery factor is a percentage adjustment to the total excess water applied to reflect typical salt carrying return flows to the river.  Phreatophyte vegetation, wetlands, some capture and reuse as irrigation water, and other factors consume part of the excess irrigation water so it does not return to the stream a salt carrying return flows.  Per salinity studies and field evaluations the return flows described by John Hedlund, NRCS – West National Technical Center, “Salt Primer Water and Salt Budgets”, typically range from 50 to 80% of the excess deep percolation and runoff water.  Since this number may be highly variable, the low value of 50% of the excess flows is used as salt carrying return flows for this worksheet.  The 50 percent delivery factor amount for the combined deep percolation and runoff is equivalent to 25 percent of the deep percolation only.
Delivery Ditch Losses – Upstream from the Field Boundary:
Seepage (Acre Inches) = L x WS x D x SR x 0.00028 (x 0.15 if concrete ditch)

Where:

L = Length of Ditch Reach in Feet

WS = Wetted Surface which is the wet area of the ditch water line to water line per linear foot

D = Days per Year the Ditch Carries Water

SR = Soil Type selects an appropriate seepage rate (SR) in Ft3/ Ft2/Day Seepage

Soil Type



Seepage Rate

Sandy loam, loamy sand

0.6

Loam, silty loam


0.5

Sandy clay loam, clay loam

0.4

Silty clay or silty clay loam

0.3

Sandy clay



0.2

Clay




0.1

Pipeline



0.0

Concrete Lining Seepage is calculated at 15 percent of the Earthen Ditch Seepage Rate

The following formula is based on a calculated pipe flow, opened up to a typical U shaped earthen ditch.  The validity of the calculation is supported by wetted surface measurements in the field.

Basis:  The wetted perimeter is estimated by multiplying the pipe diameter for a given flowrate, with a full pipe velocity of 2.5 feet per second, by 4.30.

Q=V*A

Q is flowrate, cubic feet per second

V is velocity, feet per second, and is set at 2.5

A is the area of a pipe, square feet

A = PI()* R^2

PI() = the constant pi (3.14…) as a function in EXCEL

R = the radius of the pipe, ft = Diameter/2

R = D/2

R2 = D2/4

A = PI()*(D2)/4

If V = 2.5

then Q = 2.5*A

A = Q/2.5

Substitute for A

PI()*(D2)/4 = Q/2.5

D2 = 4*(Q/2.5)/PI()

D = 2*[(Q/2.5)/PI()]0.5
WS = 4.3*D

Substitute for D:

WS = 4.3*2*[(Q/2.5)/PI()]0.5
Therefore:

WS = 3.07 * Q0.5

Salt Load Factor (SLF) = Tons of Salt per Acre Foot of Seepage

Salt Load (Tons/Year) = Seepage / 12” per Ac Ft * SLF

Salt Savings = Difference between the Before Value and the After Value

Total Salt Saved is the sum of the Irrigation System salt savings and the Delivery Ditch salt savings.

Cost:

USDA Cost Share Financial Assistance (FA) - Enter the estimated project cost

Technical Assistance Cost (TA) = (FA x .67)

Total Federal Cost = FA + TA

Amortized Cost = (Total Federal Cost / Tons of Salt Saved Per Year) x Current Amortization Rate 

