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Date: December 17, 2012

To: File

From: David Dorrance, WDS I

RE: Summary of Groundwater Pumpage Documentation & Estimation Methods

This memorandum summarizes the methods that were used to estimate groundwater
pumpage for WDS California i, LLC (WDS [I) parcels inthe Antelope Valley for the
periods 2000-2004 and 2011-2012.

Results

Separately provided tables prepared as responses to Requests 1 and 2 of the Discovery
Order for Phase 4 Trial (dated December 11, 2012} detail parcel-by-parcei results of the
analysis summarized here, The following is a summation of those estimated annual
groundwater pumpage volumes:

2000: 5,440 AF

2001 4,758 AF

2002: 4,452 AF

2003: 5,465 AT

"2004: 5,859 AF

2011 2,244 AF

2012: 2,550 AF

Table ‘.I.Iists the WDS ! palrcels and Figure 1 depicts the locations of these parcels.
Methods - |

1) Aninventory of all wells on WDS Il parcels was performed. With the aid of former
owners, tenants, the Depanment of Water Resources (DWR} and Southern
California Edison (SCE), this inventory included a compilation of all available
information, including:

Driller logs;
SCE pump tests;
DWR, SCE and owner/tenant measured water levels;
-Flow meter readings;
Operational/maintenance logs; and
SCE power bills. '
2) Where available, directly measured pumpage volumes were tabulated.
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3)

4)

5)

6)

7

8)
9)

Where data were not available for Step 2 and the well under consideration was
driven by an electric motor, monthly SCE power usage records were combined
with well efficiency, dynamic depth to water and wellhead pressure data from
well pump tests to estimate groundwater pumpage using the following
methodology that was developed by the Arizona Department of Water
Resources:

http://mww. azwater.ov/azdwr/statewideplanning/drought/documents/estimati
ng water use.pdf

Where data were not available for Step 2 or Step 3 (e.g. certain diesel wells and
where the former owner/tenant did not keep pumpage records), the applied
water requirements of crops grown on WDS || parcels were estimated and
Antelope Valley East Kern Water Agency (AVEK) surface water deliveries were
deducted to provide an estimate of groundwater pumpage as follows.

Where available, the crops that were grown on each parcel in each year were
obtained from the then landowner {or tenant).

Kern County annual crop survey databases (http://esps.kemndsa.com/gis/dis-
download-data) were downloaded, migrated into GIS (ArcMap 10.1) and
overlain with the assessor parcel maps to fill in data gaps on croppage and to
confirm data reported by landowners (or tenants).

The following imagery was inspected on a parcel by parcel basis to fill in data
gaps and to confirm information from Steps 5 and 6:

a. Global Explorer (5/1/2000);

b. National Land Cover Dataset for 2001 (a Landsat 7 derived data set by
the United States Geological Survey (http://www.epa.gov/mric/nicd-
2001.html);

c. Landsat 7 Imagery acquired on 7/26/2002 (band combinations 321 and
456);

d. Landsat 7 Imagery acquired on 7/5/2003 (band combinations 321 and
456) and Global Explorer Imagery acquired on 6/1/2003

e. Landsat 7 Imagery acquired on 7/7/2004 (band combinations 321 and

456).

f. Landsat 7 Imagery acquired on 7/3/20011 (band combinations 321 and
456).

g. lLandsat 7 Imagery acquired on 7/5/20012 (band combinations 321 and
456).

AVEK surface water delivery records were obtained.
Total Applied Water requirements were estimated on a parcel-by-parcel basis
using the following equation:

Total Applied Water Requirement = (AWc) x Net Farmable Acreage

Net Farmable Acreage (acres): The imagery cited in Step 7 was inspected
on a parcel-by-parcel basis to determine the amount of "unproductive
finge". Based on this inspection a comection factor of 90% to 98% was used
to reduce gross acreage to net farmable acreage.
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AW: (AF/acre): This is the unit applied water crop requirement for each crop
type as developed by UC Davis & Nebecker (April 17, 2007) and US Davis
(April 22, 2008). The only exceptions were: 1) a lower vaiue of 2.0 Af/acre
was assumed for grain crops (largely grown ori the former Grimmway
parcels). This lower assumed value was based on actual water application
infarmation reported by the farmer — which grew these crops on a runcaied

~ rotation that resulted in less water usage than on other farms in the area; and
2) a duty of 0.83 AF/parcel was assumed for parcels with residential or farm
headquarter operations (all of whichirely on WDS Il domestic wells). This value
was based on actual residential usage rates reported by Palmdale for the
year 2005 in the City’s 2010 Urban Water Management Plan.

10) In some cases, multiple parcels are served by single wells (And AVEK turnouts).
These integrated imgation systems were inspected and the former
owners/tenants were consulted to determine which WDS 1 wells and tumnouts
served which parcels. The Total Applied Water requirement was summed for
these parcel groups and the total AVEK deliveries to parcel groups where
deducted from the Total Applied Water Requirement ta obtain an estimated
groundwater pumpage for the well being evaluated.
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APN/AIN

Map ID
0 359-011-02
1 359-011-03
2 359-011-04
3 359-011-05
4 359-011-06
5 359-011-07
6 359-011-08
7 359-011-09
8 359-011-10
9 359-071-11
10 359-011-12
11 359-011-13
12 359-011-14
13 358-011-15
14 359-011-16
15 359-0711-17
16 359-011-18
17 - 359-011-19
18 359-011-20
19 359-011-21
20 359-011-22
21 359-011-23
22 359-011-24
23 359-071-27
24 359-020-50
25 359-041-05
26 359-041-07
27 359-041-08
28 359-174-01
29 359-174-02
30 359-174-03
31 359-174-04
32 359-174-05
33 359-174-06
34 359-174-07
35 359-174-08
36 359-174-09
37 © 359-174-10
38 350-174-11
39 359-174-12
40 359-174-14

TABLE 1: WDS CAL i, LLC Parcels and Map Key

106 261-184-30
107 261-194-36
108 261-194-37
109 261-194-38
110 261-194-32
™M 2681-194-45
112 281-194-46
113 261-194-47
114 261-196-08
115 261-193-05
116 261-193-19
117 261-194-35
118 3258-001-038
119 3258-001-040
120 3261-0017-004
121 3261-001-002
122 3261-001-003
123 3258-001-001
S 124 3258-001-024
128 3258-001-025

1 359-240-04
42 359-331-17
43 359-331-19
44 359-331-25
45 359-011-01
56 359-041-30
67 2671-196-10
71 359-175-01
72 359-175-02
73 359-175-03
74 359-175-04
75 359-321-01
76 359-321-02
77 350:324-18
78 359-324-20
79 359-324-21
80 359-331-24
81 359-331-26
82 359-331-27
83 359-041-15
84 350-041-24
85 359-041-25
86 359-041-26
87 359-041-27
88 261-193-02
89 261-193-03
90 261-193-06
91 261-193-07
92 261-193-08
93 261-193-09
94 267-193-10
95 261-193-15
96 261-193-17
97 261-193-18
98 261-193-20
99 261-193-22
100 261-193-23
101 - 261-193-24
102 267-193-25
103 261-193-26
104 261-194-28
105 261-194-29

Note: in some cases the Map 1D
numbers are not consecutive
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APN’s 359-011-02; 359-011-03; 359-011-004;
359-011-05; 359-011-06; 359-011-07; 359-
011-08; 359-011-09; 359-011-10; 359-011-
11; 359-011-12; 359-011-13; 359-011-14,
359-011-15; 359-011-16; 359-011-17, 359-
011-18; 359-011-19; 359-011-20; 359-011-
21; 359-011-22; 359-011-23; 359-011-24;
359-011-27; 359-020-50; 359-174-01; 359-
174-02; 359-174-03; 359-174-04; 359-174-
05; 359-174-06; 359-174-07; 359-174-08;
359-174-09; 359-174-10; 359-174-11,; 359-
174-12; 359-174-014; 359-240-04 359; 011-
01
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INTROBUCTION

At the Antelope Valley Groundwater Adjudication Settlement Meeting facilitated by
Randy Williams on October 7, 2009, the group selected Steve Dassler, Andrew Werner and Gene
Nebeker to recalculate the total groundwater pumping in the Antelope Valley based on 1) crop
water requirements prepared by experts in Antelope Valley crop water use primarily from the
University of California and 2) recommendations from mutual water companies regarding the
mutuals’ groundwater pumping.

The historical water use by agriculture was calculated by multiplying these crop water
requirements by the acres of the various crops reported in the “Problem Statement”™ prepared by a
Technical Committee. To be consistent with the procedure in the “Problem Statement,” an extra
5% was added to take into account water use that may have been unreported. In these crop water
use calculations, nothing was changed from the “Problem Statement” excepl the crop water
requirements. Any other data taken from the “Problem Statement™ has not been confirmed or
vetted. A relatively arbitrary twelve year time period was examined because the “Problem
Statement” separates data into five-year periods and the data ended with 2006. The overall result
indicating under-valuing of the groundwater pumping in the “Problem Statement” is insensitive to
the period that was chosen.

When the groundwater adjudication began, no reliable crop water requirements for the
Antelope Valley, prepared by rigorous peer-reviewed analysis, existed. As a result, in Aprii 19,
2007, the “Estimate of Crop Water Requirements in the Antelope Valley” was prepared by Grant
Poole, former Los Angeles County Farm Advisor in Antelope Valley, Steve Orloff, Los Angeles
County Farm Advisor in Antelope Valley just prior to Mr, Poole and current Farm Advisor in
Siskiyou County, Biake Sanden, Kern County Farm Advisor in Antelope Valley, Tim Hays,
Agnecultural Consultant and California Licensed Pest Contro! Advisor in Antelope Valley, Blaine
Hansen, Ph.D., krrigation and Drainage Specialist at University of California at Davis, and
Eugene B. Nebeker, Ph.D., grower in Antelope Valley and licensed Professional Engineer 1n
Chemical and Agricultural Engineering. The resulting crop water requirements compare closely
to the experiences of growers in Antelope Valley.

Crop water requircments for grapes do not appear in these University of California crop
water requirements because grapes represent a very small consumplion of water because the
acreages of grapes are small. In these caleulations, the crop water requirements for grapes used in
the “Problem Statement” were retaincd because any inaccuracies do not significantly affect the
results.

The information for mutual water company groundwater use was [urnished by Mr. John
Ukkestad of the Antelope Valley United Water Purveyors.

The results of these analyses show the “Preblem Statement™ under-valued groundwater
pumping in the Antelope Valley by 13,471 to 22,440 acre-feet per year or an average of 18,957
acre-feet per year. Total groundwater pumping varied between 132,091 to 196,738 acre-feet per
vear for an average of 165,213 per year.
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Crop Water Requirements and Applied Water

Problem
Statement U of C (AF)
Crop  (AF) (1) (2)
Alfalfa 6.5 7.65
Carrots 3.9 4.60
Grain 2.6 3.05
Melons and Squash 2.8 2311
Onions 4.5 5.22
QOrchard 4.9 5.36
Pasture 6.7 7.45
Potatoes 2.8 3.35
| Sugar Beets 4.6 4.96
Vinyard 3.7

(1) Problem Statement Appendix D-3, Table 4
(2) University of CA, Table 4 (2007)
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Appendix D-3
Applied Crop Water Duties, Irrigation Efficiencies, and Agricultaral Return Flows

In order to estimate water requirements for agricultural irrigation in some detail over recent time
(since 1970), and as a basis for assessing historical as well as current agricultural water
requirements, applied water duties for individual crops were developed and utilized as follows.
As part of the development and utilization of crop water duties, it was recognized that wrrigation
practices and other farming practices require the application of more water than is simply
required for plant growth, Of the additional applied water, some of it deep percolates and thus
contributes to groundwater recharge as so-called return flow, while some of it is lost to
evaporation and does not contribute to recharge. The fate of water applied in excess of plant
water requirements was tracked as part of the overall development of crop water duties,
primarily to estimate the amounts of applied water that contribute to groundwater recharge,

Applied Crop Water Duties

Included within the Los Angeles County annual crop reports and the Kern County annual
pesticide use reports are crop acreage subdivisions applicable to the Antelope Valley for
vegetable crops (notably onions and root vegetables), field crops (notably alfalfa), and fruit and
nut crops. Those annual land use and crop acreage data were converted to water requirements
using a CIMIS-based (California Trrigation Management Information System) approach where
reference evapotranspiration data were coupled with various crop coefficients to first estimate
the total annual evapotranspirative water requirements of the various crops grown in the Valley.
Those requirements were then factored to consider any effective precipitation that would have
reduced the need for applied water to meet the respective evapotranspirative water requirements.
The resultant crop evapotranspirative water requirements were then converted to applied crop
water requirements by considering irrigation system distribution uniformity values. Finally,
applied water for cultural practices that involve the application of water for field preparation,
pre-irrigation, and erosion control was added to the applied water for consumption of the crops to
develop applied crop water duties (AWr).

In sequential equation form, the preceding approach to estimating applied crop water
requirements can be expressed as follows. The results are summarized in Appendix D-3: Tables
1 through 5.

Crop Water Requirement
ETC = Kc * ET()
where
ET¢= crop evapotranspirative requirement
K¢ = crop coefficient
ETo = reference evapotranspiration

WDS000008



Crop Evapotranspiration of Applied Water
ETAW = ETC - Pc
where
ETsw = evapotranspiration of applied water

P. = effective precipitation
Total Applied Water
ETaw
where
AWr = total applied crop water duty
DU = distribution uniformity of irrigation system’

AW, = applied water for erosion control

AWp = applied water for field preparation and pre-irrigation

The crops grown in the Antelope Valley, as reported by the Los Angeles and Kern County
Agricultural Commissioners, were grouped into the following crop categories for purposes of
estimating annual applied water requirements: alfalfa and irrigated pasture, carrots, deciduous
orchard, grain (barley, wheat, hay, sorghum, sudan), melons and squash, onions, potatoes, sugar
beets, and grapes. The daily reference evapotranspiration (ET,) data reported for the nearest
CIMIS station, at Victorville, shows only small fluctuation from year to year, so they were
utilized to develop average ET, values for each bimonthly and monthly period of the growth
stages for each crop grown i the Antelope Valley. These values were calculated as the average
of the daily data within each of the growth stage periods from each year of available data at the
Victorville CIMIS station. The resultant bimonthly (and monthly) average ET, values are
tabulated in Appendix D-3: Table 1.

Crop coefficients (K.) specific to the high desert of California for each of the growth stage
periods of each crop category were derived from the University of California Cooperative
Extension as listed in Appendix D-3: Table 5. Those crop coefficients were then combined with

! DU is a term relating fo the evenness of waier application to plants throughout a field and is defined as:

Minimum depth of water applied to plants in a field x 100
Average amount of water applied to plants

where the minimum equals the average of the lowest quarter of the values.
(ITRC, California Folytechnic State University, 1994).
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the corresponding average ET, values to estimate crop water requirements in the Antelope
Valley, Specifically, the products of the K. value and average ET,, for each bimonthly growth
stage period were summed to estimate the total annual evapotranspirative water requirements
(ET,) of the various crops grown in the Valley (Appendix D-3: Table 2). Crop coefficients and
growth stage periods for vineyard (grape crops) grown in California’s high desert were not
available; available monthly coefficients and growth stage periods specific to Yolo and Solano
Counties were utilized with the Victorville ET, values to estimate the annual crop water
requirement ET, for grapes grown in the Valley.

Interpretation of the seasonal variation in the relative amounts of precipitation and evaporation in
the Valley indicated that, typically, evaporative losses exceed the amount of precipitation in all
months from March through November so rainfall during those months was considered to be lost
to evaporation and thus not available for uptake by the crops. Consequently, only the
precipitation occurring in December through February would be available for the crops and
approximately one-half of that was considered to be “effective precipitation” (P.) that
contributed to meeting ET, of the various crops, and thus reduce applied water requirements.
After allowing for effective precipitation (P} (up to the ET, value), the remainder is the average
amount of applied water required to directly meet crop evapotranspirative requirements (ETaw)
as summarized in Appendix D-3: Table 3.

The amount of total applied water needed to meet crop water requirements (ETaw), specifically
to accominodate irrigation distribution uniformities (DU) and cultural practices in the Valley,
was then calculated. For all crops, there are no known data on DU values; anecdotal information
suggests that there have been widespread efforts to utilize irrigation equipment and practices to
increase DU values into the range of 80 percent. For purposes of converting the applied water
needed to meet crop water requirements (ETaw) to applied crop water requirements (AW.),
irrigation system DU was assumed to be 80 percent for all crops. Ultimately, that value was
checked by computing overall irrigation efficiencies as described below, and then assessing the
resultant values in the context of generally reported values in the Valley. For those crops where
water is used for field preparation and pre-irrigation (all except pasture, orchard, and grapes)
and/or are subject to damage from soil erosion in the Valley (carrots and onions), respective
amounts of water were added to that applied at the estimated distribution uniformity for
irrigation systems in the Valley. Anecdotal information suggests that, for alfalfa, carrot, grain,
melon/squash, onion, potato, and sugar beet crops grown in the Antelope Valley, an additional 2
to 6.5 inches of water are applied for field preparation and pre-irrigation purposes {(AWy;); and
for carrot and onion crops, an additional 3 to 6 inches of water are applied for erosion control
(AW.). Accordingly, the applied water requirements for those crops were increased by these
amounts to arrive at estimates of total applied water (applied crop water duties, AWr) as
summarized in Appendix D-3: Table 4. Overall, the resultant values of total applied water in
Appendix D-3: Table 4 are within ranges typically reported for crops and irrigation practices in
the Antelope Valley.
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Irrigation Efficiency

Historically, the term “irrigation efficiency” has been used to describe the fraction of total
applied water that was consumptively used by a crop. With time, the definition of the term has
been broadened to recognize that other uses of water associated with the growing and harvesting
of crops are also beneficial. Thus, a modern definition of “irrigation efficiency” can be
considered to be the ratio of that portion of applied water that is beneficially nsed for farming
operations divided by total applied water, expressed as a percentage. In the Antelope Valley
setting, the application of water for cultural practices that include field preparation, pre-
irrigation, and erosion control can be considered a beneficial use of water. Thus, in this analysis,
irrigation efficiency is defined as the fraction of total applied water that is consumptively used by
a crop plus water used for field preparation, pre-irrigation, and erosion control.

In equation form, the preceding can be expressed as follows, where ET aw, ET.; and ET,; are as
defined above.

Overall Irrigation Efficiency

ETaw + AW+ AW,
AWy

Eirr =

where
Eqr = overall efficiency of irrigation

Utilizing the preceding definition, the total beneficial use of water results in irrigation efficiency
values in the range of 80 to 85 percent for the crops grown and the associated farming practices
in the Antelope Valley, as delineated in Appendix D-3: Table 4.

Return Flows

As introduced above, most of the applied water in crop irrigation is consumptively used in plant
growth. Additional water is applied for beneficial purposes such as field preparation, pre-
irrigation, and erosion control. Some of the applied water not consumptively used by crops deep
percolates and ultimately becomes groundwater recharge, while other of the additional applied
water evaporates. Since the main focus of tracking the fate of applied water in excess of plant
consumptive use was to estimate return flow contributions to groundwater recharge, the return
flow component was estimated by first recognizing that applied irrigation in excess of plant
water requirements contributes to return flow, and then separately considering the individual
components of additional water applied to irrigated areas. Respectively, in the Antelope Valley,
those components are for the purposes of erosion control, field preparation, and pre-irrigation.

Erosion Control — As delineated in Appendix D-3: Table 4, about 3 to 6 inches of water are
applied during certain stages of plant growth for carrots and onions to resist the sand-blasting

4
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effects of wind and the granular soils in the area. Over the course of overall plant growth cycles,
those amounts of water are quite small since they are for the purpose of wetting only the
uppermost soil profile to keep seedlings from being damaged by wind. Thus, that applied water
is not expected to infiltrate to a sufficient depth to contribute to soil moisture that ultimately deep
percolates. Consequently, water applied for erosion control is considered to be lost to
evaporation from the uppermost soil profile, and not past of return flow.

Field Preparation and Pre-Irrigation — As delineated in Appendix D-3: Table 4, for certain
crops, between 2 and 6.5 inches of additional water are applied for some combination of field
preparation and pre-irrigation. In the one case of alfalfa, where soil moisture is maintained near
field capacity throughout the year, the application of any water above crop water requirements is
considered to contribute to an increase in soil moistare that, in turn, precipitates deep percolation
past the crop root zone. Thus, all additional applied water is considered to be part of return flows
that ultimately become groundwater recharge. For all other crops where additional water is
applied for field preparation or pre-irrigation outside the period of active plant growth, all water
is considered to contribute to soil moisture which can be later captured by the plants, or can be
deep percolated as a result of subsequent application of water during the plant growing season.
However, recognizing that the application of water outside the plant growing season results in
shallow soil moisture being susceptible to evaporation, water in the uppermost 6 inches of soil is
considered to be lost to evaporation and thus not part of the return flows that vltimately become
groundwater recharge. For average Antelope Valley soil conditions, field capacity is about one
inch per foot of depth. Thus, the application of 4 to 6 inches of water for field preparation and
pre-irrigation of certain crops will tend to wet several feet of soil; of that, evaporation will
consume water stored in the uppermost half-foot of soil profile (about one-half inch of water)
and the balance is in the soil profile from which it can ultimately deep percolate as return flow to
groundwater recharge.

Derivations of individual quantities of return flows on a per-crop basis, following the
methodology described above, are delineated in Appendix D-3: Table 6. Total amounts of
agricuitural return flows, for selected years prior to 1970 (when the preceding level of detail was
not available, and for which return flows were estimated to be 30 percent of total applied water)
and for each vear since 1970, are summarized in Appendix D-3: Table 7 and illustrated in
Appendix D-3: Figure 1.
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N WNEBEKERRANCH, IINC.
LANGASTER, CALIFORNIA MAIL ADDRESS:
400 N. Rockingharm Avenus
Loz Angales, CA 80049
310-440-8B862

March 25, 2008

Dr, Blaine Hanson

Extension Irrigation and Drainage Specialist
Department of Land, Air and Water Resources
113 Veihimeyer Hall

University of California, Davis

Dear Dr. Hanson:
1 would appreciate it if you and your colleagues would comment on:
Crop Water Requirements for Antelope Valley

You and your colleagues helped me assemble the document “An Estimate of Crop
Water Requirements in the Antelope Valley” dated April 19, 2007. Are these values
accurate and reasonable estimates of crop water requirements for this area?

Relation Between Applied Water and Net Water Required for Irrigation
The relation between Applied Water and Net Water is:

Applied Water = Net Water/(Distribution Uniformity — Miscellaneous
Unavoidable Losses)

where Distribution Uniformity is the “catch-can” distribution uniformity and Miscellaneous
Unavoidable Losses include scheduling difficulties, maintenance, breaks, unexpected
pressure losses, and other problems often encountered in the field. The denominator m the
above equation is often referred to as the “Trrigation Efficiency.” This denominator 15 only
Distribution Uniformity for an ideal system in which Irrigation Management Practices are
zero and not for a real system in the field.

Net Water

Net Water in the above equation is the sum of all beneficial uses of water not simply
water for evapotranspiration. Other beneficial uses include water to control soil erosion when
the plants are small and all water used during the non-growing time periods that include
water preceding field preparation, fumigation and “water capping.”
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Dr. Blaine Hanson March 25, 2008
Page No. 2

Fate of the Difference Between Applied Water and Net Water

All of the difference between Applied Water and Net Water is not return flow. This
difference needs to be divided between at least four factors including losses between the
sprinkler nozzles and the soil, pooling in the fields, runoff, and return flows. Quantifying
these values is a challenge. After discussing this issue with University of California
specialists, I estimated the following ranges of these values as a percent of Applied Water
that may occur in the Antelope Valley:

Return Flow 4% to 25%
Losses Between the Sprinkler Nozzles and the Soil 3% to 15%°
Pooling in the Fields 0% to 3%
Runoff 0% 10 3%

—_

Minimum Leaching Requirements are Estimated at 4%
2 These losses may be 2 to 5% greater during the hot, dry winds in Antelope Valley

Thank you for your assistance in this matter.

Eugene B. Nebeker, Ph.D., P.E.

President

cc: Mr. Steve Orloff, University of Cahfornia Cooperative Extension Farm Advisor
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UNIVERSITY OF CALIFORNIA, DAVIS

BERKELEY + PAVIS « WRVINE + LOSANGELES - MERCED » EIVERSIDE » 84N DIEGO = SANFRANCISCO SANTA BARBARA + SANTACRUZ

LaND, AIR AND WATER RESOURCES ONE SHIELDS AVENUE

113 VEOIMEYER HATT DAVIS, CALIFORNLA 95616-8628
TELEPHONE: {530) 752-0453

TAX :{530) 752-5202

WER: hup:ilawr.uedavis.edu

April 22, 2008

Dr. Gene Nebeker
400 N. Rockingham
Los Angeles, CA 90049

Dear Gene:
In response to your letter of March 25, 2008, the following are offered:

1. Crop Water Requirements for Antelope Valley

Crop evapotranspiration (ET) is by far the largest beneficial use. The potential ET is calculated as the product of
crop coefficients and a reference crop ET, obtained from the CIMIS network. Crop coefficients are developed
from field studies, either on an agricultural experiment station or 1n commercial fields, by making direct
measurements of the crop ET using lysimeters or meteorological methods and then calculating the ratio of the
crop ET to the reference crop ET.

You assembled the document “An Estimate of Crop Water Requirements in the Antelope Valley” dated April
19, 2007 with assistance from University of California farm advisors or former advisors and UC specialists
working in crop ET. The document lists estimates of crop coefficients of crops grown in the area in guestion
and historical reference crop ET. After reviewing these data, in our opinion, they are the best available
information on this matter and are as accurate as possible for your area. For example, your estimate of the
seasonal alfalfa ET is reasonable when compared to estimates for the Imperial Valley or Arizona, both of which
have extremely hot summer climates.

2. Relation between Applied Water and Net Water Required for Irrigation

You have described a relation between Applied Water and Net Water as:
Applied Water = Net Water/(Distribution Uniformity — Miscellaneous Unavoidable
Losses)

You have defined Miscellaneous Unavoidable Losses to include scheduling difficulties, maintenance, breaks,
unexpected pressure losses, and other problems often encountered in the field. In theory, we feel that including
the Miscellaneous Unavoidable Losses in the efficiency equation is appropriate, but caution should be used in
promoting these losses as necessary adjustments to the water supply. For example, one could argue that losses
due to irrigation scheduling difficulties could be avoided if growers paid more attention to water management,
Note that in your equation, these losses are expressed as a fraction of the total amount of applied water.
Confusion can exist in the appropriate value to be used for distribution uniformity (DU) because of the different
definitions of DU. One definition is the catch can uniformity which accounts for the nonuniform water
applications due to the sprinkler spacings. However, the field-wide DU not only includes the catch can
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uniformity (which is usually the dominate factor in the field-wide DU in the valley), but also nonuniformity due
to pressure losses throughout the field, leaks, non-vertical risers, and mixed nozzle sizes (which should be
avoided).

The field wide DU should be used in your equation. The article, “Practical Potential Irrigation Efficiencies”, (B.
Hanson, Proceedings of the First International Conference, American Society of Civil Engineers, August 14-18,
1995) lists estimates of practical maximum irrigation efficiencies based on the practical maximum attainable
field-wide uniformities (sometimes cailed the global uniformity) for different irrigation methods. These
estimates are based on irrigation system evaluations conducted by mobile irrigation evaluation laboratories
throughout the state.

A reasonable estimate of the field-wide DU of portable solid set sprinkler systems is about 75% under low wind
conditions. This means that about 25% of the water reaching the ground surface would be deep percolation
assuming no other losses, which in your case, you feel that there are other losses that do not become deep
percolation. However, as the wind speed increases above about 5 miles per hour, the catch can DU decreases
rapidly, as does the field wide DU.

3. Net Water

We agree that the Net Water in the above equation is the sum of all beneficial uses of water not simply water
for evapotranspiration. Other beneficial uses include water to control soil erosion when the plants are small and
all water used during the non-growing time periods that include water preceding field preparation, fumigation
and “water capping.” These additional beneficial uses can reflect the site specific conditions of your area and
grower experience. In our opinion, these additional beneficial uses are reasonable.

4. Fate of the Difference between Applied Water and Net Water

It is frequently assumed that the difference between Applied Water and Net Water 1s deep percolation.
However, you feel that this difference needs to be divided between at least four sinks including losses between
the sprinkler nozzles and the soil, pooling in the fields, runoff, and return flows or deep percolation. As you
stated, quantifying these values is a challenge, and some cases can only be based on grower experience. Your
estimates of these values for the Antelope Valley are:

Return Flow 4% to 25% '
Losses between the Sprinkler

Nozzles and the Soil 3% to 15%°
Pooling in the Fields 0% to 3%
Runoff 0% to 3%

I Minimum Leaching Requirements are estimated at 4%
2 These losses may be 2 to 5% greater during the hot, dry winds in Antelope Valley

We feel that these sinks are reasonable descriptions of the partitioning. However, the return flow minimum
value (based on a leaching requirement of 4%} needs to be adjusted upward. No irrigation method can apply
water such that 4% of the applied water is return flow unless the field is severely under irrigated. Basing
irrigation water imanagement on minimum leaching requirements is not very practical, in our opinion. A rough
guess for the minimum return flow is 15 to 20%. The values for evaporation losses can be justified from
research results. A commonly used value is 10% (based on research results); however, it could be more under
the Antelope Valley conditions. No research data exists on the other sinks, and thus, grower experience is the
only source of these estimates,
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Sincerely,

Blaine Hanson

Extension Irrigation and Drainage Specialist
Dept. of Land, Air and Water Resources
University of California, Davis

Steve Orloff
Farm Advisor, Siskiyou County and former Farm Advisor, Los Angeles County
University of California Cooperative Extension
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