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WRITTEN TESTIMONY OF DR. WOLDEZION MESGHINNA

1. My name is Dr. Woldezion Mesghinna and I am the
president and principal engineer of Natural Resources Consulting
Engineers, Inc. ("NRCE"), an international civil, environmental,
and water resources consulting firm. Though we have offices in
Eritrea (Africa), California, and New Mexico, our main office 1is
located in Fort Ceollins, Colorado, at 131 Linceln Avenue, Suite
300.

2. I have my doctorate in Irrigation & Drainage
Engineering, and a master's degree in Civil Engineering. I have
over 31 years of experience in civil, irrigation, and water
resources engineering work in the U.S. and overseas. Copies of
my Curriculum Vitae and that of my associate Dr. Assad Safadi,
who was my chief assistant on the Imperial Irrigation District
("IID") project discussed below, are attached to this testimony
as Exhibit "A." They accurately reflect our expert
gqualifications and are incorporated herein. Our most recent work

product is an extensive report on IID water use entitled,

"Agsessment of Imperial Irrigation District's Water Use" ("Water
Use Report"). A true and accurate copy is attached to this
testimony as Exhibit "B," and is incocrporated herein. The

fellowing testimony is provided under ocath, as specified at the
end cf this document.

3. The purpose of my testimohy is to provide the State
Water Resources Control Board ("SWRCB") and its staff with a
summary ©of the research and opinions developed by myself and NRCE

under my supervision, as stated in more detail in the Water Use

554768.02/5D
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Report and in cur earlier report on IID water conservation
entitled, "History of Water Conservation Within the Imperial
Irrigation District," a true and correct copy of which is
attached as IID Exhibit "3" and is incorporated herein (”Water
Conservation Report"). Both the Water Use Report and the Water
Conservation Report represent NRCE's analysis and opinion of IID
water use and water conservation history. I will be present at
the hearing to answer any questions the SWRCE might have
concerning NRCE's work or opinions.

4. This testimony is organized by first presenting a short
review of our engagement with IID, along with a summary of our
conclusions, and then the general basis for our conclusions. Of
course, the full text of my testimony and opinions is in the
Water Use Report and the Water Conservation Report, with only the
highlightse touched on here.

A. GENERAL PROFESEIONAL BACKGROUND

5. Though the attached Exhibit "A" document details the
professional qualifications of both NRCE and myself, it may be
helpful to the SWRCEB for me to quickly summarize such here.

6. I received my doctorate in Irrigation and Drainage
engineering from Utah State University, and I have a master’s in
Civil Engineering (Hydrology and Hydraulics) from Cornell
University, as well as a bachelor of science in civil engineering
from Cornell. I am a registered professional engineer in four
states {({California, Colorado, Wyoming, and Arizona) .

7. I have extensive experience analyzing water resources
issues, and testifying zbout such issues for many clients.

Though the projects I have worked on are voluminous and are

554768.01/8D
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detailed more fully in my attached Curriculum Vitzse, some =zample
projects include: testimony on behalf of the Bureau of Indian
Affairs and the U. S. Department of Justice in the Bighorn River
syétem adjudication in Wyoming; testimony regarding the Yakima
River tributaries in Washington; testimony for the U.S.
Department of Justice regarding the lower Coleorado River and the
guantification of Indian water rights; testimony for the U.S.
Department of Justice for general stream adjudications on
numercus streams in Arizona, and I have been designated as an
expert witness on various river basins in New Mexico, California,
Washington, Nevada, Montana, Idaho, and Utah; water hydrology
studies for numerous water rights holders across the West;
development of water use plans for various irrigation projects;
and operational management analysis of various river basins in
the Western United States.

5. I formed NRCE in 19289, and since that time it has
become a large and accomplished engineering firm focusing on
water use issues. Our professional staff consists of 30 personsg,
five of whom have doctorates, and most of whom have various.
degrees and/or licenses in engineering fields. The attachead
Exhibit "B" Water Use Report lists our staff on page 6 cf
Appendix 1.

B. NRCE'S ENGAGEMENT WITH IID

9. NRCE was engaged by IID for two main purpcses during
two different time periods. First, in 1998 NRCE reviewed IID's
water congservation history and prepared the Water Conservaticn

Report. That report is summarized later in this testimony.

554768 01/5D
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10. Then, over the past three years, NRCE reviewed IID's
agricultural water use and irrigaticon efficiency. Our study
involved extensive review of: (a) wvoluminous IID data, both from
IID and other sources such as the Bureau of Reclamation; (b)
other scientific studies of IID made in differing periods; (c)
I'ID's delivery and on—farm systems; and (d) other irrigation
districts lccated in the Lower Colcorado River EBagin.
Additionally, NRCE did its cwn extensgive IID.fieldwork in 2000.
The final precduct of our work is the attached Exhibit "B" Water
Use Report, which includes cur profesggional opiniocng on IID water
use and is incorporated herein.

11. In tetal, between our work on the Water Use Report and
the Water Conservation Report, NRCE utilized about 13,000
professional man hours to develop a comprehensive overview of
IID's water use and congervation history, and to determine
whether IID's water use was reasonable and beneficial. We not
only reviewed all of IID's applicable records and did ocur own
fieldwork, but we also reviewed and analyzed over 100 applicable
professiocnal publications and reports in completing our research.

C. NRCE WATER USE REPORT

12. NRCE performed a detailed analysis of IID's water
supply, demand, delivery systems and irrigation, using records
from 1988 to 1597 as well as a comparative water use study of
several other irrigation districts located within the Southwest
and the Lower Cclorado River Basin. We alsc conducted cur own
field evaluation in 2000. The 1988 to 1997 study period was the

most recent 10-year period with complete and extensive data

554768.01/3D




10
11
12
13
‘l' 14
15
16
17
18
19
20
21
22
23
24
25
26

® -

28

Allen Matkins Leck

Gamble & Mallory us
aktomeys al iaw

available

Water Use

13.

when we commenced the scope of work encompassed in the
Report.

Qur cecnclusicns about IID's water use are predicated

upon a number of factors, the most important of them are

summarized here:

a)

554768.01/38D

During the study period (1988-1997), IID's on-farm
efficiency averaged 83%, while its overall efficiency
was about 74%. In other words 83% of the water
delivered to the headgates of farmers was used for crop
evapotranspiration (ET), leaching, and other crop
production uses. The California Department of Water
Resources (DWR) assumes that California's statewide on-

farm irrigation efficiency will be 73% by the year 2020

‘and could reach 80% through better irrigation

management and improved facilities (DWR 1%$98}. The
irrigation efficiency of IID has thus already surpassed
the State's future efficiency estimate; 20 vears ahead
of time. To attain such irrigaticon efficiency, IID
growers often apply lower amounts of water than they
really need, thus limiting tailwater, but alsc
accepting lower yields.

The irrigation efficiency of IID is so high ﬁhat even
other irrigaticn projects that are served by some of
the most technologically advanced irrigation systems,
including drip irrigation, exhibit only about the same
level of irrigation efficiency. To the extent that

water loss occurs in IID, it is generally justified as
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a corcllary to farming in a hot climate with heavy
cracking scils.

IID's average conveyance and distribution efficiency
from 1988 to 1997 was determined tc be approximately
89%. In other words, abcocut 11% of the water diverted
by IID from the Colorado River was lost to evaporation
and unrecovered seepage and spills rather than being
delivered tc farm headgates. The 89% conveyance
efficiency is high, especially given the size of IID's
irrigation project and the complexities of its water
distribution system.

Tallwater igs a vital and necessary component of
Imperial Valley irrigation. The cracking nature and low
permeability of the majority of I1D soils, and the fact
that growers have to attempt tc apply adequate
irrigation water on the entire field, result in
tailwater at the tail end of the field. In fact, due to
the low permeability of the heavy cracking soils in
IID, it is cften difficult to adequately leach salts
from the soil during regular irrigation applications.
The nature of mest of IID's soils requires more
leaching water than stated in traditional leaching
formulae, which equations are more applicable to non-
cracking soils. Though both horizontal and wvertical
leaching occur during regular irrigation, only a
portion of the salts in the so0ll are leached at such

time, while the remaining portion remains in the rooct
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e)

zone, thereby requiring additional leaching between
crops.

When irrigation water is applied at the head of the
field, it picks up salts from the scil as it moves to
the lower end_of the field. Based on field studies, it
was determined that the salinity of tfhe tailwater is
about 320% higher than the water delivered at the head
of the field, which indicates significant horizontal
leaching is taking place in IID because of the nature
of its soils.

During regular irrigation on IID's medium and heavy
soills, based on field tests, only 4.5% of the applied
water drains vertically, remcoving about 30% of the salt
introduced by the irrigation water, while about 17% of
the appiled water ends up as tailwater that removes
approximately 22% of the salt introduced by the -
irrigation water. Thisg leaching process is compounded
by the fact that the Coloradc River, by the time it
reaches IID, contains significantly increased mineral
salt concentrations. Excess salts in light soils are
more easily removed than salts in heavy cracking soils,
such as those found in IID, because the permeability of
the light soils is adequate for wvertical leaching.

On many IID farms with medium and heavy cracking soils,
it would be wise for growers to apply even more water
during irrigation for leaching and crop consumptive use
purpeses than they currently deo, because this would

increase crop yields. However, since higher water
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application could result in higher tailwater, growers
tend to apply barely enough water for crop use and for
partial leaching of salts. A&As a result of insufficient
leaching, some of the irrigated fields in IID,
especially the lower end of those fields, becoms too
saline for high crop production, thus decreasing the
productivity of valuable acreage.

h) Based on field gtudies, during which the three
processes of leaching for cracking soils {(vertical
leaching during crop irrigation, leaching irrigation
between croés, and horizontal tailwater leaching during
crop irrigation) were locked at, it was determined that
approximately 0.73 acre-feet per acre is used for
leaching on an annual basis. The leaching requirement
for light soils was estimated to be about 0.58 acre-
feet per acre per year. About 87% of IID irrigated
lands have limited permeability in the root zone, while
the remaining 13% are light soils.

14. Based on the above results and the other matters

addressed in cur report, it is our opinion at NRCE that the

overall irrigation water use in IID at the present time is

reascnable and beneficial. Despite its unique envircnmental

conditions, IID has one of the highest on-farm irrigation
efficiencies relative to the other irrigation districts served by
the Lower Cclorado River; and has a higher on-farm irrigation
efficiency than the assumed expected efficiency by the State of
California for the vyvear 2020. Though IID has been criticized by

some for its water use, in NRCE's opinion, such criticisms are

554768.01/5D
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uninformed and unwarranted. A well studied look at IID's water
usage evidenced that IID and its growers manage reasonably well
in difficult environmental circumstances, and in fact could
Justify using more water for leaching and crop consumptive use
than they currently utilize.

15. The following summary chart from the U.S. Bureau of
Reclamation statistics (1%8&0) showing comparative distribution
system efficiencies illustrates IID’s distribution efficiency

relative to the other irrigation districts in the area:

Irrigation Project Irrigated Area Distribution
(Acres) System Efficiency

Welton Mohawk IDD 60,324 90%

Imperial Irr. District 463,030 89%

Coachella Valley

Water District 61,052 B87%
Yuma Valley Divigion 45,761 73%
Salt River Valley 54,174 40%
16. It is cbvious from the above statistics that despite

having to irrigate about eight times more acreage than the other
districts listed, and having a much older canal infrastructure
than most, IID does better than almost all of them, and is within
1% of Wellton Mohawk. Further, even though the Coachella Valley
Water District ("CVWD") has extensive buried pipelines 1in its
conveyance system, IID still has a higher distribution

efficiency.

5547£8.01/5D
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17.

Our general methodology in reaching the above

conclugions as to the reasonableness cof IID's water use can be

briefly summarized as follows:

554768.01/8D

a)

In evaluating IID’s water use, we considered all
inflows and outflows for IID, including measured
inflows of the Colorado River diverted from the All-
American Canal. We alsc measured inflows entering IID
from Mexico, estimated minor inflows due to subsurface
and lccal runoff, reviewed all measured outflows, and
estimated minor subsurface and surface inflows into the
Salton Sea. In addition, all the non-agricultural
consumptive uses in IID were estimated. IID consumptive
use was determined based on this informaticn.

IID's water use was first analyzed by NRCE using the
water balance method. A volume balance analysis was
performed for the entire District as a system-wide
unit, as well as two subsystems that include the
conveyance and distribution level subsystem and the on-
farm level subsystem. The primary objective in the
water balance method approach is to estimate the total
water consumptive use. This method is appropriate for
the Imperial Valley because of the Valley's unique
physical setting and hydrogeclogic conditions as a
cloged basin.

Determination of the IID on-farm and overall irrigation
system efficiencies required examination of irrigation
water beneficially used. There are various uses of

irrigation water that are beneficial in addition to

-10-




i0
i1
12
13
‘l’ 14
15
16
17
18
19
20
21
22
23
24
25
26

o -

28

Alien Matkins Leck
Gambla aMallory 1
anomays ar lgw

554768.01/5D

directly satisfying crop water consumpticn demands. In
IID, other beneficial uges of irrigation water include
seedbed and land preparation, germination, cocling, and
leaching for salinity control.

Development of realistic leaching estimates for IID
required a detailed soil analysis, both from
documentary records and in person. It also
necegsitated aralyzing salt levels in the water, as
well as reviewing climatic conditions and general
farming practices. For the majority of soils in IID,
given the characteristics of the soil water movements
and the low permeability of the cracking soils, we
concluded that the conventional leaching formulas are
not applicable. The salinity of IID's water, coupled
with the nature of its soils, requires higher amounts
of leaching water than traditional formulae for non-
cracking soils would conclude.

Our conclusions about the difficulties of salt leaching
in IID are in accord with the majority of professional
literature about agriculture in IID. To the extent we
differ from some critics of IID, such as Dr. Marvin
Jensen, it is with good cause. As explained in detail
in Appendix 9 of our Water Use Report, Dr. Jensen made
certain assumptions that did nct account for leaching
in medium and heavy cracking scils and changes in
irrigation water salinity, which ultimately negated his

conclusions.

-11-
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18. In addition to our analysis of IID's water use, we zlso
reviewed whether or not a proposed transfer of up to 200,000
acre-feet to the San Diego County Water Authority ("SDCWA"), with
the corresponding change in place of diversion from Imperial Dam
to the upstream Lake Havasu, would adversely affect other legal
users of water.

19. We reviewed the historic water use of all Colorado
River appropriators downstream of the Colorado River Aqueduct and
above Imperial Dam, as well ag the effect of a 200,000 acre-foot
per year reduction on the All-American Canal. After reviewing
all the data, we determined that at all times during the 10-year
study periocd (1988-1597) there was gufficient hydraulic head at
all diversion structures to deliver their normal capacity. We
thus determined that IID's proposed transfer of 200,000 acre-feet
of conserved Cclorado River water to San Diego would have no
meaningful adverse impact on other water right holders downstream
of the proposed Lake Havasu diversion.

20. In recent months IID and various other water agencies
have worked cut an additional water transaction in which a
potential 100,000 acre-feet per year might go to CVWD and/or MWD.

Though our initial study did not include such a recent

'transaction, we were later asked by IID to determine if there

would be any impact to other legal users of water if some or all
of that 100,000 acre-feet per year were to goc to CVWD. Based
upon all of the work we performed, the answer is clearly that
there would be no impact on other legal users of water. Aall
Colorado River water that currently flows to CVWD does so via

IID's diversion at Imperial Dam, ancd it is not until the waterxr

554768.01/8D
-12-




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Allen Matkins Leck
Gamble &Mallory ur

atlorneys ar law

has traveled some miles down IID's All American Canal that CVWD
water is diverted into the Coachellas Canal. To the extent that
IID diverts more water into the Coachella Canal and lets less
flow on into IID, this does not affect any other Colorado River
users. We were not asked to express an cpinicon on whether or nct
a diversion to MWD of up to another 100,000 acre-feet per vear
into the Coloradoc River Aqueduct would adversely affect cther
Colorade River water right holders, and we understand that MWD
would not receive any water under the propcosed settlement unless
CVWD first declined it.

21. The following is a very short summary of our hydrcliogy
work, and our Water Use Report provides the detailed hydroclogy:

a) U.S. Bureau of Reclamation data was used as a basis for
determining the various users and their diversicn and
return amounts in the reaches of the Colorado River and
the All American Canal.

D) The study period from 1988 tc 1997 was selected so
there would be f£low variations representative of the
long-term conditions in the study area. It was
important for the study period to include extreme vyears
of low river flows since further reduction of river
flow in low flow conditions may deplete the water
supplies of some of the river users. The historical
flow records from 1935 tc 1997 show that the lowest
Parker Dam annual release (5,533,851 acre-feet] was in
1993 and is thereby covered in the study pericd.

¢) NRCE's flow adequacy analysis shows that during the 10-
year study pericd there was sufficient water in the

5547648.01/5D
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system to meet all the demands of the other water right
holders even though the Colorado River supply was
hypothetically reduced by 277 cfs for the IID water
transfer. The results of the hydraulic analysis
indicate that the reduction in flow would not
hydraulically affect the deliveries of the normal
historical diversions through the wvarious turnout
structures along the Colorado River and the All-
American Canal. Hence, NRCE has determined that the
transferring cof IID's conserved water to San Diegc has
no meaningful impact on the other water right holders
with respect to supply and hydraulics.

D. NRCE WATER CONSERVATION REPORT

22. TIn addition to the Water Use Report, NRCE earlier
perfcrmed a review of IID's conservation history, the Water
Conservation Report, which is IID Exhibit "3," and which contains
cur research and opinions regarding IID's past conservation. The
purpcse of this analysis was to review the conservation history
in IID, determine how much water conservation had been achieved
to date, and prepare for the mcre extensive Water Use Report. It
was a reconnaissance-level review, as opposed to the more
extensive water uge analysis that was to follow. Nonetheless, we
believe it will be helpful tec the SWRCB in its hearings related
to the proposed water transfer from IID to San Diego, and

acquisiticon by CVWD.

554768.01/8SD
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1 23. Here is a short summary cof what we found in our review
. 2 |of IID's conservation histeory, all of which is explained in more
3|detail in our report:
4 a) I1ID's current irrigation technolegy and conservation
5 programs include concrete canal and ditch lining, laser
6 precision land leveling (where applicable), regulating
7 regervoirs and interceptor canals, seepage recovery
8 programe, tile drains, and automated delivery systems.
9 ' b) By the mid-1980's, IID farmers had lined 80% of their
10 ditches with concrete; today over 90% of the ditches are
11 lined. Ditch lining conserves water by reducing seepage
12 and it gives farmers more control over the amount of water
13 delivered to the fields. However, the cost to IID farmers
. 14 is roughly $192 million' for the 2,600 miles of farm head
15 ditches.
16 c) In oxder to keep the water table below the root zone and
17 allow for critical leaching to take place, IID farmers
18 have installéd about 34,000 miles of tile drains. Tile
19 drain installations have ccllectively cost IID farmers at
20 least $224 millicon in present day dollars.
21 d) In certain areas where it can be effective, IID farmers
22 have gpent $150 million? on initial land leveling, and
23 spend $30 to $60 per acre on leveling touch-ups every
24 three to five vyears.
25 e) Typically, farmers spend as much on water management labor
26 as they do to purchase water.
. 27
28 |* Using 1998 costs.
Using 1998 costs.
Allen Matkins Lack
amfle alley
sea7es.01/80 -15-
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£)

n)

Some IID farmers have alsc been able to invest in

technigues such as ponding water on the tail of a field
during land preparation; controlling furrow inflow and
outflow to reduce tailwater runoff; reusing tailwater;
sprinkler and drip irrigation; and deep tillage. However,
these methods are generally costly and are not necessarily
suited to all soils, parcels, and/or crops.

IID has made significant improvements to its automated
delivery system, appointed a Water Conservation Adviscory
Board to make recommendations regarding water
conservation, and has installed several tailwater recovery
systems. IID also provides zanjero and hydrographer
training at Cal Poly San Luig Obisbo, requires
certification of all farmers handling IID irrigation
deliveries, and in the past 15 years has commissioned or
participated in numerous studies of potential water
conservation.

When IID found that two areas of its major canals had
gandy soil, it spent $495,000 to install reccvery drains
in those sections. The recovery drains pump seepage water
back into the canals and collectively conserve 24,000
acre-feet of water annually.

IID has lined over 1,169 miles® of its canals.

I built four regulating reservoirs at a cost of 53
million. The purpcse is to capture excess water that a
farmer has ordered, so it does not have to spill out of

the canal; instead, it is stored in a regulating

3 This

554768 01/5D

includes the 200 miles lined under the 1988 MWD Agreement.
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reservoir. The savings from these f{our reservolrs amounts
te roughly 18,000 acre-feet of water per vear.

In order tc prevent agquatic weeds from c¢logging drains and
canals, IID railses and introduces 20,000 sterile weed-
eating Triploid Grass Carp into the AlLl-American Canal
each vyear.

With MWD's funding, IID has succesgsfully implemented
numerous conservation measures. For example, IID lined an
additional 200 miles.of canals, consgerving 26,000 acre-
feet of water in 1997; replaced wooden headgates with non-
leak metal ones; and constructed six regulating reservoirs
to capture excese canal water, two of which collectively
conserved 9,700 acre-feet of water in 19%97. Additicnally,
as part of the MWD program: (1} IID built a Water Control
Center to house its Supervisory Contrcl and Data
Acquisition System ("SCADA"). The SCADA system menitcors
flowe and water levelsg in the major canals and reservoirs
and allows remote operation of 95 watexr control structures
(i.e. delivery gates and main canal gates) to decrease
canal spills and provide more efficient water deliveries;
(2) IID constructed three interceptor canals. An
interceptor canal catches excess lateral water that would
otherwise spill into a drain. The interceptor carries the
excess water to a regulating reservoir, where it can be
used to meet deliveries. 1In 1997, two of these
interceptor canals conserved 6,650 and 8,460 acre-feet of
water, respectively; (3) as a result of increased

technology and water system upgrades, 11D farmers can now

_17_
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order water in l1l2-hour time blocks. This system not only

provides farmers more flexibility, but it also helps
farmers conserve water by encouraging them to more
accurately match their water orders to existing soil and
crop needs; and (4) IID constructed twenty-five tailwater
recovery systems. These systems collect tailwater from
small field reservoirs and pump the water back to the head
of the field.

IID participates in federal and state conservation
programs. For exémple, IID supports the Caslifornia
Irrigation Management Information System ("CIMIS").
CIMIS' automated weather stations collect temperature,
solar radiation, humidity, and wind speed data, which are
used to estimate crop evapotranspiration. IID has also
provided irrigation scheduling workshops and has
participated in a number of irrigation research projects
at the Imperial Valley USDA Irrigated Desert Research
Station. IID has supported the USDA Natural Resocurces
Conservation Service and has funded conservation-related
research programs through the University of California

Cooperative Service.
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Allen Matkins Leck
Gamble &Maliory L

attorneys at law

24. The above sgummaries of NRCE's work really just give the
barest outlines of our analysis. I urge the SWRCB and its
technical staff to read the NRCE reports, particularly the Water
Use Report, to fully understand our opinion that IID is
irrigating efficiently in difficult circumstances, and is thus
reascnably and beneficially utilizing its water rights.

I declare under penalty of perjury under the law of the

state of California that the foregoing is true and correct.

Executed on ﬁ%ﬂfjﬂ 21 , 2002, at Fort Collins, Colorado.

554768.01/8D
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NATURAL RESOURCES CONSULTING ENGINEERS, INC.

=7 I Fort Collins, Colorado
Woldezion Mesghinna, Ph.D., P.E. President and Principal Engineer
Education

Ph.D., Irrigation & Drainage Engineering,
Utah State University; Logan, Utah; December 1978

M.E., Civil Engineering (Hydrology & Hydraulics),
Cornell University; Ithaca, New York; May 1973

B.S., Civil Engineering,
Cornell University; Ithaca, New York; May 1972

Professional Registrations

Professional Civil Engineer, California, #C-031962, 1980
Professional Civil Engineer, New Jersey, #GE 38267, 1994
Professional Civil Engineer, Colorado, #30081, 1994
Professional Civil Engineer, Wyoming, #PE6787, 1994
Professional Civil Engineer, Arizona, #28952, 1995

Experience

President and Principal Engineer; Natural Resources Consulting Engineers, Inc.;
Fort Colilins, Colorado; March 1989-Present: Dr. Mesghinna formed Natural
Resources Consulting Engineers, Inc. (NRCE) in 1989.

Water Supply Studies

Comprehensive water supply analysis of several major rivers including the
Deschutes, Melotious, Crooked, and Warm Springs, and Shitike Creeks in
Oregon. The various impacts of upstream water users on these streams were
determined, especially the Deschutes River. The resulits of this study helped the
Warm Springs Tribes craft their negotiated settiement water claims and conduct
actual negotiations with the State of Oregon and the U.S. government.
Quantified the water supply of the Sif Qidak District of the Tohono O’odham
Nation in Arizona. This involved the determination of irrigable acreage and water
requirements, the investigation of the extent of past floods on reservation areas,
and the evaluation of the impact of regional urbanization on flood frequency.
The effects of groundwater pumping on the area’s aquifers were also
determined.

Evaluated the impact of historic gold mining operations on water quantity and
quality on the Fort Belknap Indian Reservation in Montana.

Carried out operational management of the Wind River watershed in Wyoming
including an analysis of reservoir systems, irrigation uses, and fishery water
requirements.
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Quantified water requirements needed fo restore and maintain historic wetland
areas on the Duck Valley Indian Reservation in Idaho. The various water supply
sources were analyzed and comprehensive water use plans were studied.
Studied the irrigation return flow and depletion for the future lands of the Wind
River Indian Reservation in Wyoming to quantify an in-stream flow water claim.
Quantified present and future water uses for the Klamath Allottees Water Users
Association and provided advice and counsel in matters relating to the
adjudication/negotiation of water rights for the Association.

Analyzed both surface water and groundwater resources within the Tule River
Indian Reservation. This involved a study of the arability of Reservation lands,
the determination of the available water supply of the Tule River, and the
quantification of the water requirements for both agricultural and nonagricultural
water uses.

Provided technical direction and coordination of the Tribal Water Code
development, the development of a river accounting model, and the performance
of interim Tribal Water Engineer duties for the Fort Hali indian Reservation.
Completed an appraisal-level engineering design for a delivery and recharge
facility including costs for a number of alternatives for the San Xavier
Groundwater Recharge Project.

Assessed the natural resources including historic and undepleted surface flows
of the Jemez River, aliuvial and deep groundwater irrigability of lands,
consumptive use of the adaptable crops in the area, and based on engineering

.and economic feasibility of a comprehensive water development plan, the

amount of water the Jemez Tribe would claim under a negotiated settlement
scenario was determined.

Irrigation/Agriculture

Planned and designed the rehabilitation and reconfiguration of the conveyance
distribution and drainage systems for the Wind River Indian Irrigation Project and
determined the amount of water that could be saved as well as the associated
capitaf costs.

Designed the Tohono O’odham Nation, Arizona 9B and Avra Valley Irrigation
Systems. The suitability of these areas was determined for different types of
irrigation systems and the designs of the water conveyance and on-farm
systems proposed for the 9B farm were analyzed. Preliminary designs for the
water conveyance and distribution systems associated with the irrigable acreage
identified in the land classification of the Avra Valley site were developed.
Completed a comprehensive Aligidir Irrigation Project Development Plan devised
for the Gash River near the city of Tessenei, Eritrea. The plan determined a
sustained available water supply, the irrigability of lands, an environmental
impact assessment, and determined economic feasibility. Sediment traps, a
diversion structure; conveyance and distribution systems; and an off-stream dam
and reservoir were also planned. :

Completed a scheme for stream flow and climatic network locations within
Eritrea and installed and trained local and Water Resources Department of
Eritrea personnel to operate and maintain the equipment.
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Water Supply/irrigation Projects

Measured seepage losses on all selected reaches of major canals on the Wind
River Indian Reservation. Surface and subsurface conditions of private ditches
were assessed, and a recommendation as to minimizing and/or avoiding water
logging problems was made. A list of all irrigation structures in need of
replacement or maintenance was prepared and a plan of action was suggested.
Completed an extensive analysis regarding the available water supply
conditions, flood hazards, and the land capability for irrigation purposes within
the Fort Mojave and Colorado River Indian Reservations. the ultimate number of
practicably irrigable lands under conditions of the 1960’s were also determined.
Dr. Mesghinna testified extensively in court to defend his findings.

Performed a multipurpose study of the Tekezze-Setit River Basin. This included
the estimation of available water supply, the development of land classification
specifications, the location of various dam and reservoir sites along the river, the
assessment of proposed irrigable lands, the determination of the criteria for the
environmental study, the review of the final study, and the overall coordination of
gconomics, mapping, hydropower, and geotechnical, conveyance, and
distribution systems.

Prepared a comprehensive water development plan for the Navajo, Hopi, and
San Juan Southern Paiute indian Reservations in Arizona. The tasks included
determination of the undepleted flow of the Little Colorado River, availability of
groundwater within the Coconino and Navajo Aquifers, present and historical
irrigation water use determination, future irrigation engineering studies (both
appraisal and feasibility level), feasibility-level M&l and recreation water
development design and plans; and drainage engineering services. Dr.
Mesghinna is presently serving as the technical coordinator of the federal studies
pertaining to the adjudication of the Little Colorado River System.

Analyzed the available surface water supply from the Owyhee River in Nevada
and Idaho, specifically, the undepleted flow analysis was determined based on
Reservoir operation, determination of the depletion due o agricultural and non-
agricuitural water uses, return flows, etc. The study was conducted as part of an
irrigation and drainage development plan for the Duck Valley Indian Reservation
in Idaho and Nevada.

Acted as a lead engineer for the planning, design, and construction management
and supervision of a 230 foot high RCC dam. The project also includes a 15 km
long pipeline extending from the dam to the water treatment plant. The pipeline
empties into a water treatment plant with a treated water capacity of 2000 m®
located in the outskirts of Asmara, Eritrea. The entire project is nearing
completion and is expected to be commissioned by May 2002.

Conducted a reconnaissance comprehensive water development plan for the
Eastern plains of Eritrea, including land classification for development of
irrigation schemes, availability of surface and groundwater resources,
investigation of suitable dams and reservoirs, and estimation of capital,
operation, and maintenance costs.

Evaluated the water resources of Rio Acoma in New Mexico, including
groundwater and surface water supplies, present, historic, and future water uses
for both agricultural and non-agricultural uses, and determination of natural flow
of the River at a point near the Pueblo of Acoma.
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Supervising Engineer; Stetson Engineers, Inc.; San Rafael, California; 1978-1988:

Dr.

Mesghinna supervised hydrologic analysis and water supply investigations;

determined agricultural water requirements; and designed irrigation systems.
Water Supply Studies

Quantified the water resources and potential water requirements of the Fort
Belknap Indian Reservation. This involved the development of a feasibility-level
irrigation engineering study, the determination of water requirements, and the
guantification of natural surface flow for reserved water rights litigation.
Performed a water availability study of the Upper Missouri River and tributaries
using the HEC-4 hydrologic model. This included the simulation of monthly
stream flows for missing flow records and ungaged locations and river and
reservoir system operation studies.

Analyzed the reservoir system operation for several operating scenarios on both

the Eel and Russian Rivers of California using the HEC-3 hydrologic model.

Irrigation/Agricufture

Participated in the adjudication of the Big Horn River Systems of Wyoming and
the agricultural system development plan including the design of a conceptual
irrigation system and associated cost analysis, for approximately 60,000 acres.
Also determined future and historic irrigation water requirements for the -Wind
River Indian Reservation.

Performed several studies for the Fort Hall Indian Reservation in Idaho in
connection with the "President's Water Policy Implementation 10-Year Plan for
Review of Indian Water Claims®, involving water supply, irrigation water
requirements, and related studies. Provided technical assistance to the Tribes in
connection with negotiations with the State of Idaho.

Water Supply/irrigation Projects

Conducted a surface water depletion study and engineered an agricultural
development plan, including conceptual irrigation system design, for the Yakama
Indian Reservation in Washington.

Completed a comprehensive surface water hydrology study, incfudmg the
determination of natural flow, water quality, and sedimentation, in connection
with water rights litigation for the Jicarilla Indian Reservation, and the San
lidefonso, Santa Clara, San Juan, and Taos Pueblos of New Mexico.

Completed a comprehensive water resource analysis, including hydrological
analysis of the various streams and agricultural engineering study as part of the
comprehensive water development plan for the Nez Perce Indian Reservation in
Idaho.

Calculated the available water supply for the Jemez River Indian Reservation
including the determination of probable maximum flood for the design of a
reservoir and spillway. Hydropower feasibility was also assessed .

Engineer; Woodward-Clyde Consultants; Clifton, New Jersey; 1973-1978:

Dr.

Mesghinna worked on many projects requiring geotechnical and hydrological

engineering evaluation and analysis.

Analyzed the flooding potential of Sawmill River for the Yonkers City Urban
Development Project.

Investigated and evaluated groundwater resources for the development of
groundwater in New Mexico.

Designed a dewatering system for the mstallaﬂon of a subaqueous tunnel at the
LNG Terminal of Cove Point, Maryland.
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» Performed well testing and estimated groundwater characteristics for the cooling
lake at Braidwood Nuclear Power Station in lilinocis.

« Completed subsurface investigation, soil sampling, rock coring, and permeability
testing for the Amos Dam of West Virginia.

+ Reviewed and evaluated the timber pile foundation design and settlement for various
structures located in the meadowlands of the New Jersey Sports Complex.

e Performed temperature-controlled creep load tests on steel pipe piles and designed

piles for the Trans-Alaska Pipeline in Alaska.

International Experience

During the period from 1866 to 1970, Dr. Mesghinna was employed in Ethiopia as an
engineer in the design, planning, and censtruction of various school buildings, clinics,
and hospitals. These projects were sponscred by the Swedish International
Development Authority (SIDA) and the United National High Commission for Refugees
(UNHCR). He was first employed as a Site Supervisor for the construction of a school
building, then as a District Engineer and Acting Regional Engineer in charge of three
building sites. As such, he was responsible for the planning of all operations,
supervision of construction, design and product development, contract development and
construction agreements, the production of construction cost estimates, and the
performance of site investigations and surveys.

Expert Witness Experience

Dr. Mesghinna successfully completed professional witness testimony on behalf of the
Bureau of Indian Affairs and the U.S. Department of Justice (DOJ) in the adjudication of
the Big Hom River System in Wyoming. His testimony concerned future and historic
water requirements and future and historic irrigation system design for the Wind River
Indian Reservation. Furthermore, Dr. Mesghinna completed testimony on behalf of the
DOJ concerning the lower Colorado River, in which his task was to prove that the U.S.
government had properly quantified the Indian reserved water rights in the early 1960’s.
More specifically, he provided testimony on flood analysis, land classification, and
irrigation system selection/design. Dr. Mesghinna served as an expert witness on behalf
of the DOJ for general stream adjudications on the Silver Creek, Upper Salt River, and
San Pedro Drainage Basins in Arizona; the Walker River Basin in Nevada; the Little
Colorado River Basin; the Zuni River Basin in New Mexico; and the San Jacinto River
Basin in Southern California. Dr. Mesghinna has been instrumental in several water
rights settlement negotiations in the Western United States and has helped to settle
water rights claims amounting to more than three million acre-feet. Examples include
the Fort Hall, Fort Peck, Warm Springs, Las Vegas Paiute and Fort McDowell Indian

Reservations.
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. Relevant Computer Skills

» Hydrologic Models: Extensive computer programming experience in hydrologic
modeling, including:
» Development and testing of a crop yield prediction modei
« Development of various computer programs for:
« Crop consumptive use determination
Irrigation system design '
trrigation pipe network design
Subsurface drainage design
Canal seepage analysis
» Natural flow analyses for river basins
« FEarned certificates of completion from the Agricultural Extension program of the
University of California at Davis for water surface profile computation and flood
hydrograph analysis computer programs using HEC-2 and HEC-1.

Awards and Honors

« College of Engineering “Distinguished Alumnus”, Utah State University, 1992
« City of Richmond "Distinguished Service Award", Richmond, California, 1993

Languages
» Tigrignia (native)

. « ltalian

s Amharic
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. NATURAL RESOURCES CONSULTING ENGINEERS, INC.

=N Fort Collins, Colorado
Assad Safadi, Ph.D. Senior Vice President
Education

Ph.D., Agricultural and Irrigation Engineering,
Utah State University; Logan, Utah; April 1991

M.S., Soils and irrigation,
University of Jordan; Amman, Jordan; February 1987

B.S., Soils and Irrigation,
University of Jordan; Amman, Jordan; January 1985

Experience

Senior Vice President; Natural Resources Consulting Engineers, Inc.; Fort
Collins, Colorado; July 1991-Present:

Agriculture
« |dentifies suitable crops and cropping patterns.
» Develops models to estimate crop water requirements for over twenty
. projects in New Mexico, California, Arizona, Idaho, Oregon, Nevada,

Utah, and Washington.
Irrigation
» Designs irrigation systems and estimates irrigation efficiencies.
» Designs reconnaissance- and feasibility-level on-farm irrigation
systems for Indian water rights cases in Nevada, ldaho, Caiifornia,
New Mexico, and Arizona.
Expert Witness Testimony
« Testified on behalf of the United States on agricultural water use in
Arizona v. Gila River (Arizona, 1995); United States v. Abouslemnan et
al. (New Mexico, 1996 and 1999); and Washington State Department
of Ecology v. Aquavella et al. (Washington, 1994).
Water Resources
o Performs water quality analyses.
» Estimates natural flows and identifies diversion points.
Natural Resources
+ Analyzes climatic parameters.
» Soil and land classifications.
Economics
» Economic feasibility analyses.
+ Financial analyses/crop budgeting.
Water Rights Litigation '
+ Project manager on more than one dozen Indian water rights cases.
« Provides technical guidance to federal and Tribal attorneys during
. water rights litigation and/or negotiation cases.
« Coordinates the technical work among the various government
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experts in the Arizona v. Little Colorado River, United States v.
Walker River Irrigation District;, Mannatt v. United States, and the
Soboba v, Metropolitan Water District litigation cases.

» Lead technical expert in water rights negotiations for the Pueblos of
Jemez in New Mexico, the Owens Valley Tribes in California, the
Moapa Paiute Tribe in Nevada, and the Fort Yuma Indian Reservation
in Arizona and California.

« Quantifies water claims.

Senior Vice President

+ Lead technical negotiation expert for the United States in Soboba v.
Metropolitan Water District (California), United States v. Walker River
frrigation District (California and Nevada), and United States v.
Abousleman et al. (New Mexico).

« Responsible for delegating and cocrdinating the work load among the
staff members at NRCE’s Fort Collins and Berkeley offices. '

Post-Doctorate Researcher/Teacher/Research Assistant; Department of
Agricultural and Irrigation Engineering, Utah State University; Logan, Utah;
January 1988-June 1991:

Calibrated new crop coefficients for use with the Soil Conservation Service’s
modified Blaney-Criddle equation for various sites within the State of Utah.
Lectured on crop vield modeling, development of irrigation scheduling
models, and irrigation uniformity/yield interaction for a course on Field
Irrigation Management.

Helped develop computer programs for the calculation of crop
evapotranspiration and pattern search techniques for crop coefficients
derived from lysimeter research data collected from Utah, ldaho, and
Wyoming.

Worked on climatic data from Somalia.

Attended and participated in Utah Experiment Station project meetings.
Installed and programmed automated weather stations.

Teaching and Research Assistant; Department of Soils and Irrigation,
University of Jordan; Amman, Jordan; September 1984-February 1987:

Taught Principles of Soil Science, Fertilizers and Soil Fenrtility, and Soil
Physics Labs.

Taught on types and amounts of fertilizers to be applied and their application,
as well as the analysis of soil and plant nutrients (N, P, K, and
micronutrients).

Demonstrated how to determine the physical properties of soils, reviewed
field practices to be used in the calibration of neutron meters, and performed
and demonstrated irrigation scheduling using tensiometers as well as various
sampling technigues.

Conducted laboratory analyses of the physical properties of soils {e.g., bulk
density, hydraulic conductivity, and soil moisture characteristic curves).
Conducted field experiments to study the effects of sewage sludge and
chicken manure on sweet corn production and heavy metals content in soils
and plants.

Relevant Computer Skills
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. . Graphics Software: Grapher, Surfer
» Statistical Software: TSP, LINDO
» Programming Languages: FORTRAN, BASIC

Languages

s Arabic (native)
= French

Awards and Honors

» King of Jordan “Top of the Class Award”, B.S. Degree; University of Jordan,
1985

» King of Jordan “Top of the Class Award”, M.S. Degree; University of Jordan,
1987 '

» College of Engineering “Distinguished Alumnus Award”; Utah State
University, 1998

Publications

Safadi, A.S. “Determination of Water Supplied from the Jemez River System and
the Nacimiento Creek to meet the crop demand of the Nacimiento
Community Ditch Association (NCDA).” Prepared for the U.S. Department of
. Justice, Denver, Colorado, August 11, 1999,

Safadi, A.S. “Determination of Crop Water Requirements and lrrigation Water
Requirements of Presently Irrigated Lands: Toppenish, Simcoe, and Satus
Creeks Sub-basins, Yakama Indian Reservation, Yakima, Washington.”
Prepared for the U.S. Department of Justice, Washington, D.C., November
28, 1994,

—. “Yakima River and its Tributaries’ Depletions, Yakama Indian Reservation,
Yakima, Washington.” Prepared for the U.S. Department of Justice,
Washington, D.C., November 28, 1994,

—. “Crop Water Requirements for the Pomerene Water Users Association .
(PWUA), San Pedro River Watershed, Arizona.” Prepared for the U.S.
Department of Justice, Washington, D.C., September 28, 1994.

——. “Squash and Cucumber Yield and Water Use Models.” Ph.D. Dissertation,
Utah State University, Logan, Utah, 1991.

—. “Comparison of Water Use Efficiency Under Drip, Sprinkler, and Gravity
Irrigation Systems.” Paper Presented to the University of California
Cooperative Extension Service, Holtville, California. 1990.

Safadi, A.S., and Hill, RW. “Squash and Cucumber Irrigation-Yield Simulation
. Models.” Paper No. 890-2614 Presented at the American Society of
Agricultural Engineers’ Winter Meeting, Chicago, llinois. 1990.
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. Safadi, A.S. and Battikhi, A.M. “A Preliminary Study on the Effects of Soil Moisture
Depletions Under Black Plastic Mulch and Drip Irrigation on Root Growth and
Distribution of Squash in the Central Jordan Valley.” DIRASAT, University of
Jordan, Amman, Jordan. 1988.

Safadi, A.S. “Irrigation Scheduling of Squash Under Drip Irrigation and Black Plastic
Muich in the Central Jordan Valley.” M.S. Thesis, University of Jordan, .
Amman, Jordan. 1987. :

|
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1. - INTRODUCTION

Imperial Irrigation District (IID) is a large irrigation district located in the Imperial Valley of
Southern California, near the Colorado River and the Arizona border. IID is in charge of
ordering and distributing approximately 3.2 million acre-feet of water from the Colorado River
every year. IID’s irrigation system is large and complex and includes the 82-mile All American
Canal (AAC) as well as almost 1,700 miles of other canals, numerous reservoirs, over 1,400
miles of drain ditches, and almost 33,600 miles of tile drains.

The primary objective of this study by Natural Resources Consulting Engineers, Inc. (NRCE)
was to evaluate the overall agricultural water uses within IID and determine whether such water.
uses are reasonable and beneficial. In addition, NRCE evaluated whether the proposed transfer
by IID of up to 200,000 acre-feet per year of conserved water to the San Diego County Water
Authority (SDCWA) would have an adverse impact on junior water right holders on the Lower
Colorado River,

NRCE conducted a detailed analysis of IID’s water supply, demand, delivery systems and
irrigation, using records from 1988 to 1997 as well as a comparative water use study of several
irrigation districts located within the Southwest and the Lower Colorado River Basin. NRCE
also conducted its own field evaluation in the summer of 2000.

NRCE has concluded that IIDs agricultural water uses are reasonable and beneficial. Despite its
unique environmental conditions, IID has one of the highest on-farm irrigation efficiencies
relative to the other irrigation districts served by the Lower Colorado River, and has a higher on-
farm irrigation efficiency than the assumed expected efficiency by the State of California for the
year 2020. According to a United States Bureau of Reclamation (USBR) study conducted in the
late 70s, the on-farm irrigation efficiencies for the various irrigation districts in the Lower
Colorado Basin ranged from 32 to 78%, and IID had the highest average on-farm efficiency of
78%. NRCE also determined that IID’s proposed diversion of 200,000 acre-feet of conserved
Colorado River water would have no meaningful adverse impact on other water right holders
downstream of the proposed Lake Havasu diversion.

In evaluating HD’s water use, NRCE considered the available water supply, water quality, and
the major facilities that convey and distribute irrigation water to IID. In addition, NRCE
analyzed the water requirements for the various crops grown in the District, taking into account
the climate and the agricultural land resources of IID, and 1ID’s delivery system.

IID’s water use was first analyzed by NRCE using the water balance method. A volume balance
analysis was performed for the entire District as a system-wide unit, as well as two subsystems
that include the conveyance and distribution level subsystem and the on-farm level subsystem.
The primary objective in the water balance method approach is to estimate the total water
consumptive use. This method is appropriate for the Imperial Valley because of the Valley’s

~ unique physical setting and hydrogeologic conditions as a closed basin.

Determination of the on-farm and overall irrigation system efficiencies required examination of
irrigation water beneficially used. There are various uses of irrigation water that are beneficial in
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addition to directly satisfying crop water demands. In IID, other beneficial uses of irrigation
water include seedbed and land preparation, germination, cooling, and leaching for salinity
control.

After completing its study, NRCE determined the following:

During the study period (1988-1997), IID’s on-farm efficiency averaged 83%, while
its overall efficiency was about 74%. In other words 83% of the delivered water to
the headgates was used for crop evapotranspiration (ET), leaching, and other crop
production uses. The California Department of Water Resources (CDWR) assumes
that statewide on-farm irrigation efficiency will be 73% by the year 2020 and could
reach 80% through better irrigation management and improved facilities (CDWR
1998). The irrigation efficiency of IID has thus already surpassed the State’s future
efficiency estimate, 20 years ahead of time. To attain such irrigation efficiency, IID
growers often apply lower amounts of water than they really need, thus limiting
tailwater, but also accepting lower yields.

The irrigation efficiency of IID is so high that even those irrigation projects that are
served with some of the most technologically advanced irrigation systems, including
drip irrigation, exhibit about the same level of irrigation efficiency. To the extent that
water loss occurs, it is generally justified as a corollary to farming in a hot climate
with heavy cracking soils.

Based on the data assembled for NRCE’s water budget study, IID’s conveyance and
distribution efficiency was determined by dividing the irrigation water delivered to
the farms by the net supply of irrigation water to all the canals off the AAC. The
average conveyance and distribution efficiency from 1988 to 1997 was determined to
be approximately 89%. In other words, about 11% of the water diverted from the
AAC was lost to evaporation and unrecovered secpage and spills before the irrigation
water reached the farm headgates. The 89% conveyance efficiency is high, especiaily
given the size of I1D’s irrigation project and the complexities of its water distribution
system management,

Tailwater is a vital and necessary component of the Imperial Valley’s irrigation
practice. Due to the low permeability of the heavy cracking soils in IID, it is difficult
to adequately leach salts from the soil during regular irrigation applications. The
nature of most of IID’s soils requires more leaching water than stated in traditional
formulae, of which the equations are more applicable to non-cracking heavy soils.
Though both horizontal and vertical leaching occur during regular irrigation, only
about 52% of the salts in the soil are leached at such time, while the other 48%
remain in the root zone, requiring additional leaching between crops.

During regular irrigation on IID’s medium and heavy soils, only 4.5% of the applied
water drains vertically, removing about 30% of the salt introduced by the irrigation
water, while about 17% of the applied water ends up as tailwater that removes
approximately 22% of the salt introduced by the imrigation water. This leaching
process is compounded by the fact that the Colorado River, by the time it reaches IID,
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contains significantly increased mineral salt concentrations. Excess salts in light sotls
are more eastly removed than salts in heavy cracking soils, such as those found in
HD, because the permeability of the light soils is adequate for vertical leaching.

On many IID farms with medium and heavy cracking soils, it would be best for
growers 1o apply even more water during irrigation for leaching and crop
consumptive use purposes than they currently do, because this would increase crop
yields. However, since higher water application could result in higher tailwater,
growers tend to apply barely enough water for crop use and for partial leaching of
salts.  As a resuit of insufficient leaching, the lower end of the field becomes too
saline for crop production, thus decreasing the productivity of valuable acreage.

When irrigation water is applied at the head of the field, it picks up salts from the soil
as It moves to the lower end of the field. It was determined that the salinity of the
tailwater is about 30% higher than the water delivered at the head of the field, which
indicates significant horizontal leaching is taking place in IID because of the nature of
its soils.

Considering the three processes of leaching for cracking soils (vertical leaching
during crop irrigation, leaching irrigation, and horizontal tailwater leaching), it was
determined that approximately 0.73 acre-feet per acre is used for leaching on an
annual basis. The leaching requirement for light soils was estimated to be about 0.58
acre-feet per acre per year. About 87% of IID irrigated lands have limited

permeability in the root zone, while the remaining 13% are light soils.

Based on the above results and the other matters addressed in this report, it is NRCE’s opinion
that the overall irrigation water use in IID is reasonable and beneficial. Though IID has been
criticized by some for its water use, in NRCE’s opinion such criticisms are uninformed and
unjustified. A reasonable look at 1ID’s water usage shows that IID and its growers manage
reasonably well in difficult environmental circumstances, and in fact could Justify using more
water for leaching and crop consumptive use than they currently utilize.
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II. OVERVIEW OF IID AND ITS IRRIGATION

In this section, a general overview of IID and its irrigation is presented. The following chapters
contain a detailed analysis of IID’s agricultural water usage.

A, The Colorado Riifer
The main water source for irigation and municipal uses within IID is the Colorado River.

Water 1s diverted from the Colorado River at Imperial Dam for use in [ID and is conveyed by the
AAC. The AAC runs west for about 82 miles just north and approximately parallel to the border
of Mexico. Although a large portion of the sediment carried by the Colorado River is intercepted
by a system of reservoirs upstream of Imperial Dam, a substantial amount of silt is nevertheless
carried by the river flow downstream of the major Colorado River reservoirs. To reduce the
amount of sedimentation diverted via Imperial Dam, a series of desilting basins are employed.
These basins remove about 70,000 tons of silt per day from the Colorado River water prior to
diversion into the AAC. The desilted water flows past the Pilot Knob check structure, where a
portion of the water returns to the river to satisfy water needs for Mexico. A gauging station has
been installed just downstream of the Pilot Knob check structure to measure the flow in the
canal.

The AAC serves IID and the Coachella Valley Water District (CYWD) and has a capacity of
about 15,515 cubic feet per second (cfs). Towards the end of the canal, near the Westside Canal,
its size shrinks to about 2,665 cfs. Almost all of IID’s water has been supplied through the AAC
since 1942, The AAC is an earthen canal with no artificial lining for reducing seepage losses of
water. The maximum canal width at the water surface is 232 feet, having a depth of about 20.6
feet and a bottom width of 160 feet. Upstream of the first major diversion from the AAC to IID
(at the EHL Canal), water 1s diverted to the Coachella Canal to serve CVWD. The amount of
water diverted to the Coachella Canal is approximately 10% of the total I[ID diversion amount.

Although the Colorado River water is a blessing to the dry Southwestern United States, it also
carries a large amount of unwanted dissolved salts. The amount of salt carried by the Colorado
River increases as it flows downstream. At its headwaters, the Colorado River has a salinity
concentration of about 80 microsiemen per centimeter (pus/cm). At Imperial Dam, the salt
concentration 18 about 1,200 ps/cm in recent measures. Return of irrigation drainage water to the
river is one cause of the increase in salinity. When water is diverted from the Colorado River for
mrrigation, a large portion of the return flow from the irrigated lands retumns to the river while
some becomes groundwater recharge and some is lost to crop evapotranspiration (ET). Natural
factors, such as various geologic formations, contribute to the increase in salinity as well. Salt
addition to.the river from natural sources, plus the effects of evaporation and the use of water
from the river system, results in an increased concentration of salts as the river flows
downstream. Therefore, because the water available to IID at Imperial Dam has already been
used and reused many times, it contains a higher salinity conceniration than points upstream.
Colorado River water at Imperial Dam has an average salinity of more than one ton of salt per
acre-foot. Drainage water from the Imperial Valley, with a salinity of about 4 tons per acre-foot
(Total Dissolved Solids (TDS) of about 3,000 ppm), enters the Salton Sea.
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The river salinity level just above Imperial Dam was compared to the salinity at Lee’s Ferry,
which is approximately 640 miles upstream, to illustrate the salinity concept mentioned above.
The United States Geological Survey (USGS) has been monitoring the flow as well as the
salinity level at Lee’s Ferry {(USGS gage #938000) and above Imperial Dam (USGS gage
#9429490) for many years. The salinity level of the Colorado River water at Imperial Dam was
not measured until 1971. The historic salinity of the Colorado River at Lee’s Ferry and at
Imperial Dam, since 1971, are shown on Table II-1.

As one can see from Table II-1, the Imperial Dam diversion point on the Colorado River has
considerably more salinity than that at Lee’s Ferry. The average salinity at Lee’s Ferry and
Imperial Dam for the period from 1971-1997 are (0.828 and 1.224 ds/m, respectively. The
average flows at Lee’s Ferry and above Imperial Dam are 14,802 cfs and 10,719 cfs,
respectively. The average river flow decreased by 28% between Lee’s Ferry and Imperial Dam,
while the salinity level increased by 48%.

Due to the high salinity levels of the Colorado River water, IID’s growers need to apply water in
excess of the amount required for ET in order to maintain acceptable soil salinity. The effects of
the highly saline irrigation water from the Colorado River are compounded by the nature of the
heavy cracking soils of IID, which require a higher water application, compared to lighter soils,
to leach the salts below the root zone. This will be discussed in detail in later sections of this
report.
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. Table TI-1 Annual Average Colorado River Flows and Salinity Levels at Lee’s Ferry and at Imperial Dam
From 1971-1997. '
Lee’s Ferry (#09380000) Above Imperial Dam (#09429490)
Year Salinity Flow Salinity : Flow
{ds/m) {cfs) {ds/m) (cfs)
1971 0.858 12,788 1.431 8,071
l 1972 0.863 12,873 1.356 8155
1973 0.889 12,492 1.334 7,844
l 1974 0.865 12,276 1.330 8,713
1975 0.832 12,377 1.310 8,329
1976 : {.846 12,948 1.312 8,338
' 1977 0.891 10,157 1.310 7,978
. 1978 0.940 12,440 1.322 7,870
1979 0.912 11,201 | 1.304 8,092
l 1980 0.842 15,605 1.234 11,538
1981 0.843 10,840 1.295 10,544
1982 0.913 12,454 1.280 7,504
l 1983 0.821 26,497 1.191 17,359
1584 0.752 28,065 1.087 27,403
1985 0.663 23326 0.982 22,542
I 1986 0.679 25,819 0.926 20,321
1987 © 0710 15,905 0.999 14,315
l. 1983 0.817 10,811 1.072 9,533
1989 0.757 11,074 1.140 8311
1990 0.861 10,914 1.168 8,287
l 1991 0.921 11,581 1.243 7,924
1992 0.921 11,025 1.223 7,129
1993 0.897 11,391 1.230 6,554
l 1994 0.797 11,095 1.280 8,169
1995 0.807 14,096 1.260 7,692
1996 0.732 15,235 1.270 8,354
. 1997 0.719 21,099 1.147 10,318
Average 0.828 14,802 1.224 10,719
' Data sources for the above data are:
National Climatic Data Center (NCDC) EarthInfo CD (1995)
USGS Water Resources Data Books (1961-1970)
I USGS Office in Tempe, AZ (1999).
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B. IID’s Water Delivery System

1ID has utilized its state and federal water rights for almost a century to irrigate the Impenal
Valley, turning a near-desert region into a highly productive farmland. HD operates and .
maintains most of the water diversion, conveyance, and distribution systems that deliver
Colorado River water to 461,706 acres of irrigated and idle lands as well as to municipal
customers within the Tmperial Valley. The control of this water begins at Hoover Dam, where
ordered water is released by the USBR. [ID’s water supply 1s therefore an upstream-controlied
system in which the Colorado River scrves to convey water from Hoover Dam to Impernal Dam,
a distance of 300 miles. The diversion at Tmperial Dam includes a number of related
components which consist of the dam itself, the AAC headworks and desilting basins, the
California sluiceway, Gila Gravity Main Canal Headworks, Senator Wash Dam and Reservoir,
and Laguna Dam. The USBR constructed and owns all these facilities.

From the diversion at Imperial Dam, water flows down the AAC a distance of 53 miles until the
flow is split between the EHL Canal and the continuing branch of the AAC. From these canals,
water is distributed throughout the districts of Holtville, North, and Southwest Divisions by
means of six main canals: EHL, Central Main, Westside Main, Briar/New Briar, Rositas and
Vail, as shown on Plate [I-1. This distribution system is owned and operated by I1D and includes
seven regulating reservoirs and three interceptor reservoirs. The system also includes 430
control structures, about 1,400 miles of open drain, and 33,600 miles of buried drainpipe (or tile
drains).

A few things that distinguish IID from the other districts on the Lower Colorado River are its
distance from the upstream point of control and diversion, the fact that the overwhelming
majority of its irrigated lands have very low permeability and crack when dry, and its reliance on
a single source of water. CVWD is also distant from the point of diversion on the Colorado
River, but only Improvement District #1 within CVWD receives Colorado River water for
irigation. CVWD, as a whole, derives a portion of its irrigation water from groundwater
sources, whereas IID derives no significant amount of irrigation water from groundwater or
sources other than the Colorado River. Because of this reliance, IID operates under a very
difficult set of water supply conditions that are not shared by other districts.

All of IIDV’s daily water orders must be anticipated a minimum of four days in advance and are
released 400 miles upstream from the place of use. Normally, upstream-controlled systems are
not capable of perfectly matching supply with demand. Operation of this type of irrigation
system requires more water to be released at the point of control (Hoover Dam) than is needed to
satisfy the order. The only way to overcome this problem is to create significant storage
facilities within the local portion of the conveyance and distribution system, and thus change the
control of the system from upstream to downstream, or at least minimize the travel time of water
orders. IID has accomplished some of this by the construction of regulating reservoirs that help
compensate for inevitable problems in delivery quantity and timing. However, these facilities do
not have the capability to store several days supply; thus, 1D is still under upstream conirol.

Within TID, the process of a water order is based on staff estimates of demand. These esiimates
are based on historical demand, weather conditions, and cropping patterns. These factors and

" judgment form the basis for coordination of water releases made by the USBR. Normally,
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growers order water from IID one to two days in advance of delivery, and water orders are
available to the irrigators, in 12-hour time blocks at a set flow rate determined by 1ID.

1ID’s complete water balance includes input from the AAC, the Alamo and New Rivers,

precipitation, and a very small portion of groundwater. However, the source of water for
imigated lands is the AAC and effective precipitation. The AAC irrigation water represents the
sole source of salts introduced to the irrigated lands, as the flows from the Alamo and New
Rivers are not diverted for field application.

Figure IT-1 shows the process of how water becomes available to meet a particular water order
(Imperial Trrigation District Water Transportation, Hoover Dam to User). This figure illustrates
the path and time it takes the water to flow from Hoover Dam to a given field in IID.

Once irrigation water is applied to the fields, it is evaporated directly from the soil surface and 1s
transpired by plants (evapotranspired), leaving the salts behind. The residual water remaining
and draining from the fields therefore has a higher salt concentration than the original supply. It
is essential that enough water remain after the ET process that significant drainage from the field
is generated. Drainage water must carry away salts introduced by the irrigation water so that a
balance of salt within the root zone of the soil is maintained that does not exceed the maximum
tolerable concentration for the crops being grown. Drainage water from IID fields 1s collected by
subsurface and surface drains that either enter the Salton Sea by direct pumpage, or empty mto
the New and Alamo Rivers, which eventually discharge into the Salton Sea.

1. Imperial Dam

Imperial Dam serves primarily as a water control structure for diversion and does not create
significant storage itself. The original 85,000 acre-feet of storage capacity that resulted from the
construction of the dam quickly filled with sediment; the dam can only be considered a water
control structure, not a storage facility. Diversion from Tmperial Dam takes place on both sides
of the Colorado River. On the California side, 15,155 cfs capacity is available to the AAC, and
on the Arizona side, 2,200 cfs capacity is available to the Gila Gravity Main. The dam can pass
a flood flow of 180,000 cfs, which is described as the “assumed maximum flood.” The water
surface elevation of the pool is 23 feet above the river’s normal water surface.
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2. Al American Canal

The AAC flows West-Southwest for about 82 miles and along the way provides water to the
Yuma Project, CVWD, and IID. The following are the main turnouts and drops located on the
AAC between Imperial Dam and the eastern boundary of IID (see Plate II-1):

Reservation Main Turnout
Titsink Turnout

Yaqui Turnout

Pontiac Turmnout

Yuma Main Canal (Siphon Drop)
Pilot Knob Wasteway
Coachella Canal

Drop One

. Drop Two

10. Drop Three

11. Drop Four

12, EHL Canal

1000 O L W

Just below the AAC headworks, the channel is about 360 feet wide and has a capacity of 15,155
cfs. The Yuma Main Canal turnout has a capacity of 2,000 cfs and serves the Yuma Project.
The AAC’s capacity is reduced to 13,155 cfs at this point and remains at this capacity for six
miles downstream to Pilot Knob, at which point all water may be returned to the Colorado River
and made available to serve the water rights of Mexico, if necessary, by means of the Pilot Knob
Wasteway. The capacity of the AAC from Pilot Knob downstream 15.5 miles to the Coachella
Canal turnout, 1s 10,155 cfs. Along the additional 44 miles, the canal capacity is reduced from
7,755 to 2,655 cfs as water is turned out into the main canals of TID.

The water received by IID from the AAC passes four drop structures that are located
downstream of the Coachella Canal turnout. Within 1D, water is divided and distributed among
the six main distribution canals, including East Highline (EHL), Ceniral, Briar/New Briar,
Westside Main, Rositas, and Vail Canals. '

3. East Highline Canal

EHL is the first canal within IID, it is also the largest in capacity at 2,700 cfs, and the longest at

~45 miles. The canal is unlined and originates at the eastern boundary of the irrigated lands of

1D, flowing from the AAC (about Township 16 South) north to the Galleano regulating
reservoir (about Township 10 South). As the name suggests, the EHL runs along the east
boundary of the irrigated lands served by IID, and except for a few small parcels of land, almost
all the land served by EHL lies to the west of the canal but east of the Alamo River.

4, Central Main Canal

The turnout for the Central Main Canal is located on the AAC near Calexico, California. The _
canal 15 unlined and flows northward, serving IID lands located around Heber, El Centro,
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Imperial, and Brawley, between the New and Alamo Rivers. The ca:nal 1s about 27 miles long
and has a capacity of 1,300 cfs.

5. Westside Main Canal

The Westside Main Canal begins at the western most extreme side of the AAC, is unlined, and
flows northward serving the lands around Seeley and Westmorland, west of the New River. The
Westside Main Canal is unlined, 44.6 miles long, and has a capacity of 1,300 cfs.

6. Briar/New Briar Canal

Water for the Briar/New Briar Canal is turned out of the AAC east of Calexico. It serves the area
from the border of Mexico to Brawley, and from El Centro to Holtville. The canal is 5.2 miles
long, lined with concrete, and has a flow capacity of 320 cfs.

7. Rositas Canal

The Rositas Canal is about 11 miles long and is partially lined. Water is turned out of the EHL
at a capacity of about 300 cfs and serves lands within the central pOfthIl of IID, between lands
served by the Central Main and EHL.

8. Vail Canal

This lined canal is 4.6 miles long and receives water from the EHL east of Calpatria. The Vail
Canal traverses a portion of the area served by the EHL as it flows west and supplies the arca
north of Westmorland, west of Calpatria and southwest of the Salton Sea. The canal is lined and
has a capacity of about 300 cfs.

9. Canal Laterals

The canal laterals are part of the irrigation distribution system that delivers irrigation water to the
individual farms from the main canals. These canal laterals are either lined or earthen, varying in
length and capacity depending on the location. A typical canal lateral has a flow capacity
ranging from 60 to 90 cfs. IID operates and maintains approximately 1,500 miles of laterals and
delivers water through approximately 5,600 delivery gates (turnouts) for rigation purposes.

10. Drainage

The extensive drainage system of IID plays an important role in the overall operation of the
irrigation system. There are both surface and subsurface drains constructed throughout ITD. The
surface drains are divided into three main areas consisting of the Alamo River System, the New
River System, and additional drains that flow directly into the Salton Sea. The surface laterat
drain system is laid out to provide a drainage outlet for each governmental subdivision, which
are each approximately 160 acres in size. The drainages are normally located parallel to the
canal laterals with depths generally ranging between 6 to 10 feet to accommodate tile drain
discharge. If a drain cannot be maintained at a sufficient depth, a sump and pump are provided
to collect the excess water.
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11. Regulating and Iniercepior Reservoirs

IID has constructed ten reservoirs for the purpose of improving water supply management and to
conserve water. Six of these reservoirs were constructed as part of the [ID/Metropolitan Water
District (MWD) Agreement, where MWD helped fund IID’s water conservation-related
developments i return for the conserved water being transferred for use by MWD. These ten
reservolrs are summarized in Table II-2.

| Table 11-2 11D Constructed Reservoirs.

| Reservoir Onigination Location/Connection E;S,ic;%
1. Carter 1988 IID/MWD End of Westside Main 350
2. (Galleano 1991 TID/MWD End of EHL 4325
3. Bevins 1992 TID/MWD  Plumb/Oasis Interceptor 253
4. Young 1996 IID/MWD Mulberry/D-Lateral Interceptor _ 275
5. Russel 1996 IID/MWD Middle Vail Supply Canal 200
6. Willey 1997 ID/MWD Trifolium Interceptor 300
7. Singh 1976 11D Lower 1/3 of EHL 323
8. Fudge 1982 11D Lower Central Main 300
9. Sheldon - 19771D Middle Westside Main 476
10. Sherber © 1983 11D End of Rositas Supply Canal 470

The Bevins, Young, and Trifolium Reservoirs are associated with the Plumb-QOasis, Mulberry/D-
Lateral, and Trifolium interceptor systems', which intersect the drainage paths of 8, 11, and 15
laterals, respectively. The function of these reservoirs is to store water that has been captured by
the mterceptors; hence they are called interceptor reservoirs. The water stored here would have
otherwise spilled out at the end of the supply system. The captured water is pumped back to-
other points within JID or reintroduced into the water supply for reuse. This reduces orders for
water, and the saved water can be used elsewhere by other entities, including MWD, by means of
a diversion upstream of Parker Dam.

The reservoirs not connected to interceptor laterals are considered regulating reservoirs. These
reservoirs help maintain the desired flow within the canal system by regulating the irrigation
supply at a point above the end of the system. This is accomplished by providing storage
capacity within the system. Such capacity dampens transient flow conditions by compensating
for some excess (or deficiency) in supply flow, thereby reducing spill (or shortage).

C. Water Ordering and Canal Delivery Operations

The Water Control Center (WCC) of IID, which operates the main canals, is responsible for
requesting water and coordinating Colorado River water releases made by the USBR. The order
of Colorado River water from the USBR is based on IID staff estimates of demand, which are

' Aninterceptor system is a canal that is constructed between the ends of supply laterals and their associated

drains. It coliects water which would have spilled and become part of the drain-water produced by the project.
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based on historical demand, weather conditions, cropping patterns, and [1D’s Watermaster’s
Judgment. The WCC submits an annual water order to the USBR in October for the following
calendar year. For the weekly water requirement, the WCC staff submits a “Master Schedule” to
the USBR each Wednesday for the upcoming week (Monday through Sunday); however, this
schedule may be modified with 72 hours advance notice to the USBR. This few days lead in
water orders 1s necessary because there is considerable lag time between when the water is
released from Hoover Dam and when it arrives at the EHL diversion. The travel time between
various locations on the Colorado River varies depending on the physical characteristics of that
particular reach such as cross-section, slope, flow rate, etc. The travel time of water between
Hoover and Davis Dam is about six hours. The travel times between Davis and Parker Dam and
Parker and Imperial Dam are about 24 and 72 hours, respectively. The travel time in the AAC
between Imperial Dam and the EHL diversion is about four and a half hours. Therefore, it takes
a total of about four and a half days for the ordered water to travel from Hoover Dam to the
EHL. Furthermore, extra time will have to be allowed to distribute the water within ITD, which
may take over three-quarters of a day for the more distant turnouts in the system.

1. _ Water Scheduling Within IID

Three decentralized divisions (Divisions) operate the lateral canals and distribution system
within IID. Each Division submits a daily order to the WCC by noon for development of the
following day’s operating plan. The Divisions also assist the WCC in preparing the Master
Schedule that is submitted weekly to the USBR by estimating orders from the growers two days
ahead of time based on the weekly trend of orders received daily from the growers. The water
clerks at each Division log in the growers’ daily orders according to lateral and individual
zanjero run, which is a stretch of ditches leading to individual farms. For each water order, the
user account number, the amount of flow, and the order duration are all recorded in the Division
Water Order Register. If requested flows will exceed the lateral canal capacity, certain orders
can be delayed within a three-day limit. Orders that have been running receive first priority
while orders that have been delayed or “carried over” from the previous day’s schedule have the
next priority with the longest carry over receiving the highest priority. For all other orders,
priority is determined by when the order is received or by the discretion of the water clerks.

On a daily basis, the WCC allocates the following day’s water supply, less 300 cfs reserved for
carryover orders, among the Divisions based on use patterns and estimated orders submitted by
the Divisions on previous days. The WCC evaluates water requests with respect to system
capabilities and supply; it also determines how the 300 cfs carryover water should be allocated
among the Divisions. The dispatcher from the WCC notifies each Division of its revised
allotment for the following day after the analysis of the water orders has been concluded. Each
Division then adjusts the schedule for the next day’s deliveries according to the revised
allotments received from the WCC,

Orders from the growers for change of quantity, or cut-off orders may be placed before the 4:30
p.m. deadline of the preceding day. Once the daily water orders are received, the WCC staff
schedules the required changes throughout the main canal system for the next day’s deliveries.
The changes on the main canals are then made by remote control from the WCC. The main
canals and lateral headings are considered flow control locations that maintain scheduled
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deliveries, whereas check gates are used to maintain target water levels between flow control
locations.

The flow required in each canal is recorded on the Division’s Daily Water Distribution Work
Sheet and compared with the estimated order for that canal. Each canal’s estimated order is
based on the total water requirement predicted by the WCC and distributed among the Division’s
lateral canals based on the current use pattern. The Division water clerk then totals up all the
orders and calls the WCC to verify the estimated order or request a change. After the WCC has
received all the orders from the Divisions, it modifies the original estimated allocations for the
various divisions according to supply and demand, if it needs to, and notifies the Divisions of
their revised allotments. The water clerk in each division will make any final adjustments to the
individual deliveries of each zanjero run. Once the final delivery adjustments are completed for
the following day, the water clerks continue to estimate orders for the next two subsequent days
based on running order and carryovers.

All data are logged at the WCC on Daily Water Allotment Sheets, which play an important role
in estimating the weekly Master Schedule as well as daily water orders. The Watermaster’s daily
water order adjustments are based on three main factors: water allotment sheets, which give the
current trend of water orders; the day of the week (less water is required on weekends); and the
current and projected weather conditions. The Watermaster considers the longer period weather
forecast (i.e., 10 to 12 days) and the seasonal irrigation demands according to the cropping
patterns and crop status (i.e., crop growing stages). Comparisons of weekly water demands in
previous years to current weekly orders are also performed to gain a historical perspective in
trends other than the current conditions before the final determinations are made for the Master
Schedule. The Master Schedule also accounts for estimated conveyance losses along the canals.

2. 12- and 24-hour Delivery Period

Due to the IID/MWD Conservation Program, growers are now allowed to order water in
increments of 12-hours, rather than increments of 24-hours as previously required by [ID. The
12-hour delivery period policy provides irrigators with more flexibility in turning off the water
when needed. A more flexible irrigation delivery system will result in higher on-farm irrigation
efficiencies if properly managed. The 12-hour delivery period policy stipulates that orders may
be placed for multiple day 12-hour sequences or in 12-hour increments with 24-hour runs. The
orders for 12-hour sequences must be limited to 7 cfs; however, for the 24-hour runs, delivery
flow rate is limited only by the capacity of the user’s ditch. Orders for the 24-hour runs must be
placed before 12:00 noon the preceding day for the next moming run. However, orders for the

‘12-hour runs may be placed before 12:00 noon of the same day for the afternoon run. If

additional water is needed after the 12-hour period, a four hours advance notice must be given.
The grower may also arrange his order to be reduced or removed prior to the full 12-hour period
with at least two hours advance notification. However, charges are still based on the full 12-hour
run amount. If the grower shuts off the water at the farm turnout prior to the full 12-hour run
without authorization, a penalty charge is incurred in addition to the regular full amount charge.
With the 24-hour runs, the flow rates of the orders may be adjusted during the Jast 12 hours of
the run with some restrictions applied.
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3. Dailv Canal Operations

Every morning, at about 6:00 a.m., the hydrographer, who operates and regulates the flows at the
lateral canal headings, diverts a certain amount of water from the main canal to the lateral canals.
Flow rates required at each lateral heading are determined by the summation of orders from the
growers on that lateral plus an extra 1 cfs of water, called carriage water, to cover operation
losses. The ditch riders, or zanjeros, receive schedules of water orders regarding where, when,
and how much water for each delivery, and make the necessary check and turnout gate
adjustments starting from the upstream end of a lateral. Since most farm turnouts are adjacent
and upstream of check gates, the sluice check gates are lowered to raise the water levels
immediately upstream of check gates so that enough head will be available at the turnout where
the deliveries are to be made. However, the flow conditions through the check gates are either
overflowmg (1e., weir flow), or underflowing (i.e., orifice flow), or a combination of both
depending on the situation. With overflow conditions at the check gate, water is flowing over
the top of the gate functions as a weir so that depth fluctuations upstream of the check may be
minimized. If a pump is used downstream of a check gate, it must also have additional orifice
underflow like a sluice gate. This ensures that the downstream reach of the canal will not run
dry and fall below the pump inlet, thus damaging the pump, when the upstream water level drops
below the top of the check gate.

Later on, about mid-day, the zanjeros return to the lateral and re-adjust the delivery gates to fine
tune the system into equilibrium or/and to make changes for the 12-hour delivery runs. The
zanjeros are replaced by patrolmen after their shifts to monitor system operations and respond to
special requests and situations. The zanjeros and patrolmen also monitor the fields to check if
any of the irrigation regulations have been violated by the irrigators such as excess tailwater and
ponding in the lower ends of the fields and direct discharge into drains. The zanjeros’ major
objective in operating the delivery system is to deliver the right flow of water ordered by the
various growers on the laterals to the farm turnouts with minimum head fluctuations in the
laterals. In reality, the zanjeros may need to make several trips back to the laterals for gate
adjustment before the laterals become stabilized if more flow changes are required.

In summary, a typical daily lateral run of a zanjero is as follows:

1. The zanjeros working the morning shift meet each moming at about 5:00 a.m. at the Division
office where they pick up the water orders they are responsible for. Each zanjero’s delivery
area consists of an area served by several laterals. On each lateral he/she may have a couple
of new deliveries to make, a couple of deliveries to stop, and a couple of deliveries that
continue.

2. The zanjero totals the flowrate of all deliveries on a lateral then meets with a hydrographer
on the main supply canal at about 6:00 am. The hydrographer adjusts the flow into the
lateral to meet the deliveries being made that day plus an estimated amount based on
seepage, evaporation, and operational spills. This process is repeated for each lateral in each
service area.

The zanjero, beginning at the head of each lateral, travels to the first headgate that needs to
be changed (either to shutdown; open, or adjust the flow). Once the flow from the main canal

LS ]
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reaches the headgate, the zanjero measures the headgate delivery and the flow proceeding
down the lateral, making sure that the delivery is equal to the amount ordered and that the
flow remaining in the lateral is sufficient to make the downstream lateral deliveries. The
zanjero follows the water down the laterals making the needed adjustments to the delivery
headgates and the lateral gates and checks. During this time he/she also measures tailwater
runoff at the tailwater boxes that are running water.

4. At the end of their shift, the zanjeros are replaced by patrolmen who monitor the system
operation and respond to special needs such as the 12-hour runs. If there are 12-hour runs,
the patrolmen in the afternoon-evening shift need to make flow adjustments at the headgates
to account for differences in the flow.

Since supply is fixed according to the weekly Master Schedule and demand may vary depending
on daily orders, the daily demand and available supply normally do not match. Therefore, when
demand exceeds supply, orders are carried over to the next day, but not beyond two days. When
supply is greater than demand, the extra water will be used to satisfy the carryover water orders
from the preceding days. In addition to shifiing the water orders back and forth to match the
supply and demand, the water storage in the main canal regulating reservoirs are utilized io
balance the discrepancies.

For an upstream controlled system, it is inevitable to expect operational spillage if highly flexible
and reliable water deliveries are to be maintained. However, in order to minimize operational
spillage and increase flexibility, IID’s main canal system is segmented into six operating reaches
with a regulating reservoir at the downstream end of each of the reaches. The reservoirs act as
buffers for the flow mismatches between actual demand and available supply. Extra flow from
the upstream main canal reach is stored in the reservoir and later released to the canal reach
downstream according to scheduled deliveries. Such flow mismatches are a result of many
factors, which could include flow reduction or early shutting off by farmers, measurement errors,
and/or changes in canal losses. The six main canal operating reaches and their corresponding
IESErvolrs are:

L. AAC, Drop 1 to Central Main Canal Check (pool upstream of the check serves as a small
regulating reservoir).

2. EHL Canal Reach 1, canal heading at the AAC to Nectarine Check, Singh Reservoir.

3. EHL Canal Reach 2, Nectarine Check to Niland Extension Heading, Galleano Reservoir.

4. Central Main Canal, canal heading at the AAC to No.4 Check, Fudge Reservoir.

5. Westside Main Canal Reach 1, AAC Central Main Check to No.8 Check, Sheldon Reservoir.

0. Westside Main Canal Reach 2, No.8 Check to Trifolium Extension Heading, Carter
Reservorr.

The six reservoirs are designed to enhance the efficiency, flexibility, and reliability of the main
canal system. For the laterals in 11D, there are four reservoirs assoclated with the three lateral
interceptor systems. The interceptor is a lined canal located at the ends of a serles of laterals to
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collect the operational discharge and leftover water deliveries derived from early turnout
shutoffs. The mterceptor conveys the collected unused water to a reservoir for storage to be used
in another part of the distribution system. These interceptor facilities reduce the amount of
wasted operational spillage from the laterals and improve the flexibility of the disiribution
system. There are ten reservoirs in ITD with a total storage capacity of more than 3,300 acre-feet.
These reservoirs were built to provide efficient and timely water deliveries for the distribution
systeni.

4. Summary of 1D Delivery Operations

D operates and maintains a very complex upsiream controlled distribution system that delivers
an average of about 7,800 acre-feet (1988-1997) of ordered water on a daily basis in a highly
flexible manner. The complexity of the system is accentuated by the large amount of daily water
orders that have to be delivered and the long travel times required for the water to move from
one point to another in the canal network in a relatively flat terrain setting.

The supply source of 1ID is Hoover Dam, more than four days away. [ID’s weekly Master
Schedule 1s expected to be ordered on Wednesdays from the USBR for the following week’s

supply. The Master Schedule is based on the WCC’s estimated demand for the coming week.

The actual day to day water orders from growers do not occur until the day preceding the day
they need water at the latest. Therefore, the actual demand of the coming week may be different

from that predicted by the WCC. However, once the water is released from Hoover Dam, flow

adjustments may be made, utilizing the various storage reservoirs along the Lower Colorado

River. Once the ordered water has arrived at IID, the mismatch between actual demand and

available supply will have to be either absorbed by the ten reservoirs within IID or spilled over

as waste if supply exceeds demand. '

When considering efficiency, there is a wrade-off between operational spillage and the flexibility
of the delivery system. One may reduce operational spillage, but delivery flexibility and
reliability may be affected resulting in lower on-farm performance or efficiency. Nevertheless,
the IID distribution system efficiency is high and is estimated at about 89% as detailed in
Chapter V of this report. The staff and canal operators in IID have overcome formidable
obstacles in achicving such a highly efficient canal network system mostly by accurately
predicting the weekly water demand, maneuvering the carryover water orders back and forth,
and redistributing the water between reservoirs and canals. This high efficiency is accomplished
with the help of the many conservation efforts implemented in IID such as the lining of canals,
installation of non-leak gates, gate automation, lateral interceptor projects, and reservoirs.

D. 1ID’s On-farm Irrigation Systems

The soils, topography, and crops in the Imperial Valley are particularly well suited for surface
irrigation methods, including border, fuirow, corrugation, or basin techniques. Other irrigation
methods in the valley include sprinkler and drip irrigation systems. The overwhelming majority
of the crops grown in the Imperial Valley are irrigated by surface irrigation methods, as nearly
all the presently irrigated soils and crops are well suited for surface irrigation. Additionally,
surface or gravity irrigation is economical, energy efficient, and water efficient when properly
managed. Sprinkler irrigation is being used in IID for seed germination, crop establishment, land
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preparation purposes, and occasionally for leaching, Drip irrigation is used when it is
determined to have an economic advantage, depending on such factors as crop iype, water
quality management, yield, and economic return.

[rrigators and engineers are often challenged when choosing irrigation systems for certain soils.
Selection of the appropriate irrigation method is based on analyses of topography, soil depth,
salinity, intake rate, water holding capacity, irrigation water quality and availability, climate,
crops, natural resources, labor availability, energy sources and .costs, available technology, and
system costs. An ideal irrigation system would apply water uniformly throughout a field in the
amount needed for crop ET and leaching. However, all irrigation systems are less than ideal and
have demands in addition to the water required for crop ET and leaching. Surface irrigation
water requirements for most conditions in IID include deep percolation and tailwater (i.e. surface

runoff).

Most of the irrigated lands in IID have very flat topography, requiring some or no major land
leveling. The flainess of the area makes it conducive to gravity or surface irrigation systems,
such as border, furrow, or basin irrigation methods. Since the dominant soil type is characterized
by a very low intake rate, it is preferable to apply irrigation water using surface irrigation rather
than other irrigation methods. Since the soils are quite tight, the length of run of the majority of
the fields can be very long.

The desert region of the Southwest is often associated with sandy, coarse soils. However, the
central irrigated area of IID is an old lake bed mainly below sea level, which is quite level and
containg very deep, fine textured soils. Unlike the central portion of IID, both the East and West
Mesas have predominantly coarser desert soils. The dominant soil type in IID is Imperial -- silty
clay and nearly level ~- followed by Imperial-Holtville-Glenbar, which is also nearly level with
textures of silty clay, silty clay loam, and clay loam. The majority of the soils in IID, have very
low vertical permeability, and are characterized by cracks as deep as three feet.

At the time of the development and construction of 1ID)’s conveyance, distribution, and on-farm
systems, sprinkler and micro/drip irrigation were not developed vet, leaving gravity or surface
irigation as the preferred option. However, even with the various irrigation technologies
currently available, surface irrigation remains the most practical technique, though certain
conditions and locations in the Imperial Valley are suitable for sprinkler and micro/drip
imigation. In contrast, the crops and soil conditions in CVWD are more adaptable to micro/drip
irrigation techniques, resulting in approximately 50 percent of the CVWIY's irrigated acreage
being under drip and sprinkler irrigation. Cropping conditions in IID and CYWD vary greatly
throughout the year and may necessitate the use of more than one irrigation method on the same
field during the year or production cycle.

Sprinkler irrigation in IID is limited primarily to land preparation, leaching, seed germination,
and crop establishment. The following conditions contribute to limited sprinkler use in IID:
high evaporation rates in the summer, low intake rates of heavy soils, the high salinity level of
Colorado River water (which can cause foliar damage from salt buildup on some crops as well as
negative quality impacts on some crops), and the high cost of labor, equipment, and energy.
Sprinklers are the preferred method of irrigation for farming areas with undulating topography
and soils with low water holding capacity.
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Micro/drip wrrigation 1s used on crops (permanent and otherwise) that have an economic return
that can support the use of drip irrigation systems, such as citrus, grapes, asparagus, tomatoes,
melons, and sweet corn. Drip irrigation increases the ability to control the soil moisture because
shallow and frequent irrigation can be applied. This is particularly advantageous to help reduce
deep percolation on coarse soils. This advantage is less pronounced on heavy soils with high
water holding capacities. Drip irrigation is sometimes used with plastic mulches to increase soil
temperature and accelerate plant growth, stimulating harvest during profitable market windows.
Many growers have found that after producing a crop using drip irrigation, a deep irrigation that
uses surface or sprinkler irrigation techniques are required to leach accumulated salts.

The tight soils (soils with low infiltration or intake rates) in IID require that the water remain on
top of the soils for a relatively long time to allow adequate infiliration of water into the root
zone. If the furrow inflows were terminated as soon as the leading edge of the applied water
reached the end of the furrow, the lower portion of the field would be short of water. This would
result in yield reduction or crop loss and soil salinity buildup. Tailwater is a natural result when
water flows into the furrow for a sufficient time to allow adequate infiltration at the lower
portion of the field. Thus, tailwater is a necessary part of irrigation in IID.

In addition, the mtake opportunity time is different along the length of a field, due to the advance
time and recession time of the water moving from the head to the tail end of the field. This
varying intake opportunity time results in different amounts of water entering the soil. In order
to adequately irrigate the lower portions of the field and avoid crop loss from standing water, it is
necessary, under most conditions, in IID for water to run off the field.

Many additional factors influence irrigation requirements and the resulting efficiencies. In 11D,
several types of crops require 6 to 12 inches of applied water for tillage and leaching purposes
prior to planting. Much of this water is used for leaching or is stored in the soil and is available
for crop use after planting. For example, after planting sugar beets or other row crops, irrigation
water 15 applied to allow the water to wet to the ridge of the furrow to provide moisture for seed
germination. The germination and establishment of sugar beets requires that the soil’s wetting
front moves past the seed line, which is located below the furrow ridge, to move salts away from
the seeds. This irrigation requires more water than is necessary for crop ET. Yet without

- germination, there is no crop production. After germination, when plants still have a shallow

root system, they may require a shallow irrigation for establishment.

In addition, most of [ID’s soils are characterized by a very low intake rate and swell when wet
and crack when dry. When tractors and other heavy equipment compress the tight soil, it further
reduces the furrow intake rate. Thus, on adjacent furrows, the intake rate becomes highly
variable, requiring adjustments in furrow inflow rates. Salinity and density also influence the
infiltration rate of the high clay-content soils. The salinity concentration in the soil at the tail end
of the field is often higher than that at the head of the field. This affects the infiltration rate and
adds to the irrigation uniformity problem primarily caused by the difference in intake
opportunity time along the length of the field.
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E. 1ID Soil Preparation

Most fine-textured irrigated soils have water requirements associated with tillage and seedbed
preparation operations. Tillage operations and their objectives vary, depending on producer
preferences, crop rotations, soil characteristics, and other factors. After harvest of certain crops,
a deep lillage operation is performed followed by a deep irrigation. The deep irrigation serves to
promote leaching, fill the soil water profile, and improve soil tillage characteristics.

The wetted soil surface evaporation procedure used to determine the evaporation component of
ET is also applicable during the soil preparation stage. Deeply tilled soils have a higher drying

potential because of the increasing bulk surface area of the soil exposed to the atmosphere and

the increased depth of the soil profile exposed for drying. The constant rate drying period is

extended due to increased exposure to capillary drawn water in the soil profile. Deep tillage

operations increase soil porosity in the upper layers, providing additional opportunity for vapor

diffusion and heat transfer, resulting in increased moisture loss from the soil. Deeply tilled soils

and large furrows expose lower soil layers to evaporate drying and increase the total evaporative |
depth in the soil profile. Depending on the tillage operation, the evaporative depth may be

substantially deeper during seil preparation than during crop irrigation.

Each tillage operation consumes irrigation water through increased opportunity for evaporation
by exposing moist soil to additional evaporation. The quantity of evaporation will depend on the
type and depth of soil preparation, time of year, and length of time before seedbed preparation
and cropping.

F. Seed Germination and Crop Establishment in IID

Seed germination water use includes special irrigation techniques that use water above the
amount required for plant ET and the amount required as part of the crop production system.
Many vegetable crops, and a limited amount of ficld crops such as alfalfa and sugar beets, are
sprinkler irrigated for seed germination, crop establishment, and cooling in the late summer and
fall. Sprinkler urigation provides the required frequent shallow irrigation that cannot be
effectively applied using surface irrigation techmiques. Vegetable crops, such as lettuce and
onions, are sprinkled for three to six days following planting to facilitate effective germination.
Carrots may require ten days to two weeks of sprinkle irrigation to germinate and to establish the
crop. The sprinkling process creates large wetted soil surface areas that are subject to increased
evaporation.

Field crops that are furrow irrigated during establishment, such as sugar beets, must remain
flooded for long periods of time for the wetting front to reach the seed in the raised seedbed.
During that period, the soil profile is generally full of water from pre-plant and germination
irrigations. The result is higher than normal amounts of tailwater and/or deep percolation and a
large wetted soil surface area that increases evaporation.

lirigation during crop-establishment requires more water, relative to crop ET, than irrigation of
tully established crops. For example, it may be necessary to heavily irrigate a new stand of
alfalfa when the plants are very small with shallow roots. While the moisture deficit in the soil
may be only an inch, the smallest practical irrigation. may be about four inches. It is also
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necessary to irrigate sugar beets a few days after the germination irrigation to soften the soil
surface crust to allow the seedlings to emerge. Both of these irrigation events expose large
surface areas to evaporation, increasing the overall crop ET requirement.

G. Leaching Requirement

The accumulation of salt in the root zone and on the foliage from soluble salts in the rrigation
water can affect plant growth and yields at varying degrees depending on crop tolerance.
Salinity is one of the most important parameters in assessing the quality of irrigation water.

Salimty, pertaining to ixrigation water, is defined as the total amount of dissolved inorganic ions
and molecules. As salts accumulate in the soil as a result of using saline water, it deters crop
growth by reducing the ability of plant roots to absorb water. Research results indicate that soil
salinity does not reduce crop yield measurably until a threshold level of soil salinity is exceeded.
Bevond this threshold, which varies for different crops, yields decrease linearly as salinity
increases.

Tolerance to salinity can vary with growth stage. Many crops are most sensitive during early
seedling growth and then become more tolerant at later growth stages. In general, most crops are
more sensitive to salinity under hot, dry conditions than under cool, humid conditions. High
atmospheric humidity alone tends to increase the salt tolerance of some crops, while high
humidity generally benefits salt-sensitive more than salt-tolerant crops (Hoffman and Rawlins,
1971; Hoffman and Jobes, 1978).

The crop tolerance level guidelines toward salinity were obtained from studies done by various
researchers referenced in the 1990 American Society of Civil Engineers {ASCE) Manual No. 71
entitled Agriculiural Salinity Assessment and Management (ASCE, 1990). Table TI-3 shows the
threshold levels of soil salinity for the various crops grown in IID. It is important to recognize
that the threshold data presented in Table I1-3 does not give an accurate indication of the actual
soil salinity threshold for every field condition. The actual response of a crop to soil salinity
varles with other conditions of growth, such as climatic and soil conditions, agronomic and
ITigation management, crop variety, and stage of growth, etc.
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I . Table II-3 Soil Salinity Thresholds for ITD Crops {ASCE, 1990),
' Crops Salinity Threshold {dS/m)
l Alfalfa 2.0
. Bermuda Grass 6.9
l Cotton 7.7
i Oats & Barley 7.0
Rye Grass 5.6
l Sudan Grass 2.8
Sugar Beets 7.0
. Wheat, Durum 59
Misc. Field Crops 20
Broccoli . 2.8
' Cabbage 1.8
Carrots 1.0
l Cauliflower . 2.2%
Corn 1.7
I | Lettuce " 1.3
Cantaloupes 2.2%
Honeydew ' 2.2
' . Witer Melons 2.2%*
Onions 1.2
l | Onion Seed 1.5
Tomatoes 2.5
Potatoes 1.7
l Misc. Garden Crops 1.5
Asparagus 4.1
. Jojoba 2.0
| Citrus 1.7
Permanent Pasture 1.5
l Peach Tree 1.7
* NRCE estimates based on the median salinity threshold (1.3-3.0ds/m) for moderately sensitive crops.
l In order to dilute the salt concentration in the soils being irrigated with saline water, it is required
that the applied irrigation water should exceed the crop water requirement amount, so that the
l soil salinity may be lowered below the threshold level. This process is called leaching. The
leaching requirement is the minimum fraction of the total amount of applied water that must pass
through the root zone to prevent a reduction in crop yield. The general expression for the
. . leaching requirement is as follows:
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r=52_ce @-1)
Aa  Cd
where:
LR = Leaching requirement
Ag = Required equivalent depth of water passing below the root zone
Ay = Equivalént depth of applied water (irrigation plus rainfall)
G = Weighted-mean salt concentration of the applied water
Cy = Required salt concentration of the drainage water

Electrical conductivity (EC) is easily measured and is also linearly related to salt concentrations
of a relatively diluted soil solution. Therefore, EC measurements are substituted for
concentrations, C, in these relationships. The expression above is generally known as the
leaching fraction if the Ag and A, are the actual values rather than the required one.

Numerous steady-state leaching requirement models were developed to estimate what fraction of
infiltrated irrigation water is required to maintain the desired average root zone salinity.
However, the traditional leaching requirement equation is defined as (Rhoades, 1974):

R ECs (11-2)
(SEC. —EC_)

where,
EC;w = Irmgation water salinity

EC. = Average EC of the saturation extract for a given crop that
produces a ten percent yield decrement

Hence, the net urrigation requirement (not including non-uniformity or tailwater) is:

ET,
Net Requirement=—"— (I1-3)
1-LR

where, ET., = ET from imrigation water

The above leaching requirement concept is used as maintenance leaching to maintain the root
zone EC, at some desired level. The threshold salinity of a particular crop is usually used as the
value of EC, for calculating the leaching requirement for that crop. There is another type of
leaching practiced in IID called reclamation leaching in which a salinized soil is reclaimed by
lowering the EC. to a desired level. IID soil salinity levels are impacted by a combination of
maintenance leaching and reclamation leaching. Hoffman (1980) developed the following
equation for reclamation leaching:
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(EC required — E C.) _ k (1-4)
(E C.initial - EC,, ) [DRrec
Ds
where,
EC. required = Soil salinity desired after reclamation
EC, initial = Soil salinity existing prior to reclamation
DRrec = Required depth of deep percolation to

achieve the reclamation leaching

Ds

fl

Depth of soil to be reclaimed
K = Coefficient (varies with soil type and texture)

The parameter, k, 1s affected by so1l type and texture. Thus, for a non-cracking sandy loam soil,
k=0.1, and for a cracking, clay, or silty clay soil, k=0.3.

As will be discussed in detail in the following chapters, due to the conditions that prevail in [ID,
applying the traditional estimate of the leaching requirement is inappropriatc because the
traditional leaching requirement equation described above is based on standard common field
conditions. The traditional leaching requirement equation is only a function of iirigation water
salinity and the value of the desired root zone soil salinity. It does not account for how different
soil properties may impact the leaching process.
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III. CLIMATIC EFFECTS ON IID IRRIGATION

The Imperial Valley is in a hot desert region with temperatures exceeding 100° Fahrenheit for
more than 100 days every year. It is characterized by a temperate fall, winter, and spring, and a
hot, harsh summer. When the valley’s high temperatures are- combined with the humidity
derived from the irrigated agriculture, a tropical atmosphere is produced that often seems hotter
than the actual temperature. The availability of water from the Colorado River, along with rich
agricultural lands, and a favorable agro-climate have made the Imperial Valley one of the most
productive agricultural regions in the world.

A. General Weather Conditions

The annual mean air temperature is about 73° Fahrenheit. The highest monthly mean air
temperature was 95.9° Fahrenheit in August 1969 and the lowest mean air temperature was 42.3°
Fahrenheit in February 1939. The hottest air temperature ever recorded was 121° Fahrenheit on
July 28, 1995, and the coolest air temperature was 16° Fahrenheit on January 22, 1937. Cool
winler nights occasionally cause overnight and morning frosts. In 9 out of the 10 years that were
studied, the frost-free period for the valley lasted more than 300 days, and in 3 out of the 10
years it lasted more than 350 days. The Imperial Valley averages only 8 days of frost per year.
Daily sunshine is more abundant in the Imperial Valley than anywhere else in the United States,
with an average of more than 8 hours a day throughout the year.

The average annual precipitation recorded for the valley from 1914 to 1998 was 2.93 inches.
The highest annual precipitation recorded was 8.52 inches in 1939 and the lowest was 0.16
inches in 1956. The period with the most rainfall starts in November and ends in March. June is
the driest month. The only snowfall recorded in the Imperial Valley occurred on December 12,
1932, with 2.5 inches in Imperial and 4 inches in the southeastern part of the valley.

Prevailing winds are westerly during the winter and spring. Wind speeds of 15 to 20 miles per
hour (mph) are common on windy days with gusts exceeding 30 mph. During hot summer
months, southeast breezes with wind speeds below 15 mph bring humid air from the Gulf of
California.

The Imperial Valley has an average annual relative humidity of 29 percent. The highest
humidity occurs from late summer through the winter months. In August, the average relative
humidity reaches a maximum of 40 percent, while in March and April the average relative
humidity is about 24 percent.

In addition to three California Irrigation Management Information System (CIMIS) weather
stations, there are six weather stations reported by the National Weather Service (NWS) in the
Imperial Valley. These stations are located in Brawley, Calexico, El Centro, Imperial, Niland,
and Ocotillo. The NWS climatic station in Brawley, located near the center of the valley, is used
in this analysis for long-term representation of the typical climatic conditions of the valley.
Figure III-1 shows the long-term (1928-1997) average maximum, minimum, and mean air
monthly temperatures for Brawley, while Figure III-2 depicts long-term (1928-1997) average
monthly precipitation. The monthly mean air temperatures in Brawley varies from 54°
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Fahrenheit in January to 91° Fahrenheit in June and July. Average annual rainfall is 2.68 inches
peaking at 0.43 and 0.41 inches in December and January, respectively.
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Figure I1I-1 Long-term Average Monthly Maximum, Minimum, and Mean Air Temperatures {1928-1997) in
Brawley, California.
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B. Reference Crop Evapotranspiration (ET,)

ET is the sum of water evaporated from the soil and plant surface as well as water transpired by
growing plants. Evaporation is the natural process by which water is transformed from a liquid
to a vapor from a free water surface. Transpiration is the physiological process by which water,
in the form of vapor, is released to the atmosphere through plant leaves. Therefore, crop
evapotranspiration is the amount of water a crop needs for growth. '

ET, is defined as the potential ET rate from a reference crop under optimal conditions. Grass
and alfalfa are the two crops that have been used around the world as reference crops. For this
study, the ET, was determined using grass as the reference crop. The reference crop is defined
as clipped grass with a fixed height, which is actively growing, completely shading the soil, and
well watered. The ET, 1s developed to provide a reference to which ET from other crops can be
related so that the ET of a specific crop can be estimated without defining a separate ET level for
cach crop and stage of growth. Since the ET, is independent of crop type, stage of growth, and
management practices, the only factors that affect ET, are climatic parameters. Therefore, ET,
represents only the evaporating power of the atmosphere at a specific location and time of the
year, urespective of crop and soil characteristics.

1. California Irrigation Management Information System (CIMIS) Data

Three CIMIS weather stations in the Imperial Valley are used as sources for the weather
parameters required to estimate crop water requirement. CIMIS is a network of automated
weather stations that were used for the estimation and dissemination of ET, data. Relevant
CIMIS data is attached in Appendix 4.

2. ET, Estimation Methods

Based on the results of a large number of ET field studies worldwide (Jensen et al., 1990; Allen
et al, 1994b) and the incorporation of more physiologically and aerodynamically based
parameters, the Penman-Monteith method has been recommended by an Expert Consultation
held in May 1990 (Smith et al., 1991) as the standard for determining ET,. The new method has
been proved to have a global validity as a standardized reference for grass ET and has found
recognition both by the International Commission for Irrigation and Drainage and by the World
Meteorological Organization (Smith et al., 1991). Jensen et al., (1990), in their evaluation of the
various ET estimating methods in arid locations such as Davis and Brawley, California, have
ranked the Penman-Monteith method as the most accurate monthly ET, estimates among the
twenty ET estimating methods evaluated. The ranking method for evaluation was based on the
standard error of estimate calculated between monthly ET, estimates and lysimeter
measurements. Some of the top ranking methods are 1982 Kimberly-Penman, FAQ-24
Radiation, 1963 Penman (original Penman wind function), and FAO-24 Penman methods. The
Penman-Monteith, 1982 Kimberly-Penman, and 1963 Penman had the lowest standard errors of
estimate over all months (0.41, 0.45, and 0.54 mm/day, respectively) compared to the lysimeter-
measured ET,.

NRCE has selected the FAO Penman-Monteith (FAQ P-M) method as presented in the FAQO
Irrigation and Drainage Paper #56 (FAO#56) (Allen et al., 1998) (i.e., an update and revision to
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the former FAO#24) for calculating the reference ET, instead of using the CIMIS Penman
equation. A detailed explanation of this method is provided in Appendix 5.

C. Crop Evapotranspiration

The FAO-PM method was implemented to compute the grass ET, under ideal conditions where
the crop completely shades the soil, has a fixed height, and never lacks water. To determine
potential ET; or the crop water requirement of a specific crop, an additional factor, commonly
known as a crop coefficient, is introduced to convert the evaporation rates of grass to that of the
actual crop. The crop coefficient values are a function of crop type, crop growth stages, weather
conditions, and soil ET. The methodology of this single crop coefficient approach was followed
as outlined in the FAO#56 (Allen et al., 1998). Cropping patterns and their respective growing
seasons were also determined for the study area for each of the years from 1988 to 1997.
Effective precipitation was estimated to derive the net irrigation requirement (NIR).

1. Single Crop Coefficient Approach

Factors that affect ET; are weather parameters, crop characteristics, environmental conditions,
and management practices. In the crop coefficient approach, ET, of a particular crop may be
determined simply by multiplying the grass reference ET, by the crop coefficient, K, as shown
in the following equation:

ET, =K, (ET,) (I11-1)
where:
ET. = Crop evapotranspiration (mm/day)
K. = Crop coefficient (dimensionless)

ET, = Reference crop evapotranspiration (mm/day)

Thus, the ET; equation is composed essentially of two components. The K. term basically
represents an integration of the effects of the differences in crop characteristics and the
environmental conditions between a specific crop and the grass reference. It is essentially the
ratio of ET, and the grass ET, (ET./ET,). The ET, term of the ET. equation (Equation III-1)
incorporates most of the effects of the local weather conditions on the grass reference crop.

There are two approaches that may be used to determine ET. based on the crop coefficient
methodology. In the single crop coefficient approach, single-valued crop coefficients are used to
represent the combined effects of soil evaporation and crop transpiration rate. Therefore, the
value of the single crop coefficient, K., is developed by averaging it over time. This time-
averaged crop coefficient may only be used to evaluate ET, on weekly or longer time period
basis since it cannot reflect the daily effects of soil evaporation due to irrigation or precipitation.
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In the dual crop coefficient approach, the K coefficient is divided into two separate individual
coefficients (i.e., Koy and Ke) as indicated in Equation III-2 to account for the effects of crop
transpiration and soil evaporation, respectively.

K, =K, +K, (111-2)
Where:

K. = Crop coefficient (dimensionless)
Kb = basal crop coefficient

K. = soil water evaporation coefficient

The K. coefficient represents the baseline potential K, without effects from soil wetting events.
The K. coefficient is the soil surface evaporation component of the overall crop
evapotranspiration. The value of X, is dependent on the amount of soil wetting. The value is
higher just after irrigation or rainfall, and it decreases as the soil surface dries. A daily water
balance analysis is required to estimate the value of K. For this study, the single coefficient
approach was implemented for the ET. analysis. It is sufficiently accurate for our purposes since
we are only concerned about the estimates of average ET. on a monthly basis.

a Crop Characteristics

The types and varieties of crops affect ET., even though the crops may have identical
environmental conditions. These crop-dependent variations in ET. are caused by differences in
resistance to transpiration, crop height, crop roughness, reflection, ground cover, and crop
rooting characteristics. The characteristics of a ¢rop such as its albedo, crop height, aerodynamic
properties, and physiological properties, are all contributing factors that determine the value of
the crop coefficient. Plants that have closer spacings and taller canopy height and roughness
have crop coefficient (K.) values greater than 1. For example, for mature corn and sorghum,
which are tall, their K. values may be 15 to 20% higher than the reference crop (i.e. a K value of
1.15-1.20). However, for plants with large leaf resistances that have leaves with stomata on only
the lower side of the leaves such as citrus and deciduous fruit trees, the K, values are smaller.

b. Crop Growth Stages

Unlike the grass reference crop, which has a hypothetical fixed height, the ground cover, leaf
area, and height of an agricultural crop changes as the crop grows. The ET, also varies as it
develops into maturity because of these physiological changes. Consequently, the crop
coefficient, K., varies accordingly over the growing period.

A crop’s growing period may be divided into four growth stages. A crop coefficient curve
consisting of four straight lines is developed to model the four major growth stages in a specific
crop (see Figure IlI-3). The initial growth stage covers the period from the planting date to
approximately 10% ground cover. K, i represents the initial K. value just after planting of
annuals or shortly after the initiation of new leaves for perennials.
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Typical Single Crop Coefficient Curve
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Figure ITI-3 Typical Single Crop Coefficient Curve With its Four Stages of Growth.

The crop development stage is 10% ground cover to effective full cover. During the crop
development stage K. increases from K. i at the beginning of rapid plant development to a
maximum threshold, K¢ mig at or near the peak of plant development. It is then followed by the
mid-season stage which begins at effective full cover and continues to the start of maturity as the
crop continues to grow at a relatively constant K¢ mg level until it reaches the beginning of the
late season when leaves begin to age and dry up.

The late season stage covers the period from the beginning of crop maturity to harvest and K.
decreases 1o a point represented by K eng, which is the end of the growing period. The value of
K¢ enq 18 very much influenced by the crop and water management practices during the crop’s late
season stage. If the crop is frequently irrigated until the crop is harvest fresh, the K, .,q value
will be high but if the crop is allowed to dry out before harvesting, the K, ¢ value will be low.
Table III-1 contains the standard single crop coefficients pertinent for the study for the various
growth stages as referenced in FAO#56 (Allen, et al., 1998). Table III-1 also includes a set of
crop coefficients which have been adjusted for the conditions in IID. The various procedures
performed for the K. adjustments are discussed in the following sections.
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I Table 11I-1 Published FAC#56 Single Crop Coefficients for Standard Conditions and Adjusted Crop |
. Coefficients for the Conditions of the Imperial Valley. |
l FAQ #56 (Std Cond.) For Imperial Valley (Adj})
K. in K. mud K.end | K;ini K, mid K, end
Field Crops
l [Alfalfa * 0.40 0.95 0.90 0.40 1.01 0.96
IAlfalfa Winter - -— - 0.40 1.09 1.02
\Alfalfa Seed 0.40 0.50 0.50 0.40 0.58 0.56
Bermuda Grass Hay * .55 1.00 0.85 0.55 1.05 0.90
l Bermuda Grass Seed 0.35 0.90 0.65 0.35 0.96 0.72
Cotton .35 1.15 0.50 0.35 1.17 0.57
Oats & Barley 0.30 1.15 0.25 0.30 1.18 0.25
I iRye Grass * 0.95 1.05 1.00 0.95 1.08 1.06
Sudan Grass * 0.50 0.90 0.85 0.70 0.97 0.92
Sugar Beets 0.35 1.20 0.70 0.75 122 0.77
l Wheat 0.70 1.15 0.25 0.70 1.21 0.34
lMisc. {use field corn) 0.30 1.20 0.60 (.30 1.26 0.69
Garden Crops
roccoli 0.70 1.05 0.95 0.70 1.06 0.97
l abbage 0.70 1.05 0.95 0.70 1.06 (.98
Carrots 0.70 1.05 .95 0.80 1.07 1.00
Cauliflower 0.70 1.05 0.95 0.70 1.06 0.96
l Corn, Ear 0.30 1.15 1.05 0.70 1.24 1.15
Lettuce — Early 0.70 1.00 0.95 1.05 1.03 0.96
Lettuce — Late 0.70 1.00 0.95 1.05 1.01 0.97
l . Cantaloupes-Fall 0.50 0.85 060 | 050 089 0.61
Cantaloupes-Spring 0.50 0.85 0.60 0.55 (.91 0.66
Honeydew 0.40 1.00 0.75 0.70 1.06 0.82
'Water Melons 0.40 1.00 0.75 0.70 1.06 0.82
I Onions 0.70 1.05 0.75 0.85 1.08 0.82
Onion Seed 0.70 1.05 0.80 0.85 1.08 0.87
Tomatoes 0.60 1.20 0.80 0.60 1.28 0.89
l portos 0.50 1.15 075 | 100 118 0.81
isc. (use peppers) 0.70 1.15 0.90 0.70 1.17 0.94
Permanent Crops
l |Asparagus 0.50 0.95 0.30 0.50 1.02 0.30
Citrus : 0.70 0.65 0.70 0.70 0.74 0.75
uck Ponds 0.40 0.70 0.40
ojoba 0.50 0.65 0.50
l ish Farms 070 070 0.70
ermanent Pasture + Misc. 0.40 0.95 0.85 (.40 1.00 0.89
each Trees (bare soil) 0.55 0.90 0.65 (.55 1.00 0.68
I *  Seasonal average K g
Primary Sources: K i Doorenbos and Kassam (1979)
K¢ mig and K, g0 Doorenbos and Pruit (1977), Pruitt (1986)
l Wright (1981, 1982), Snyder et al. (1989a, 1989h)
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C. Climatic Conditions

The acrodynamic properties of a crop vary not only from crop to crop, but also with wind speed
and relative humidity. Therefore, the crop coefficients, K, are not only crop dependent, but also
climate dependent. The effects of wind and relative humidity on K, become more dramatic
when the crop is substantially taller than the fixed height grass reference. The lower the relative
humidity and the higher the wind speed, the higher the K. value for a specific crop. The
FAO#56 standard K. values indicated in Table I1I-1 are based on standard conditions of a sub-
humid climate with a minimum relative humidity of 45% and an average wind speed of 2.0 m/s
(4.47 mph). When local weather conditions deviate from the standard conditions, the K, values
need to be modified accordingly. Guidelines are described in the FAO#56 (Allen, et al., 1998)
for adjusting the standard K. values as a function of weather factors due to wind speed and
relative hunudity and crop height. The published standard K, values were modified for non-
climatic conditions in the Imperial Valley. The adjustments to K; g and K eng of the mid and
end season growth stages for the various crops in IID were determined using the following
gquations:

0.3
KCmia = K mz (51d. conditions )+ [ 0.04 (y,-2)-0.004 (RH . -45)] (?J (IT1-3)

h

. a3
KCont = Kcona (5td. conditions )+ [ 0.04 (1, - 2) - 0.004 (RH., - 45)] [5] (111-4)

where;

Ke mid, end (std. conditions) K¢ mid, end values published in FAQ#56 for standard

conditions

u =  mean value for daily wind speed at 2 m height over
grass during the mid-season or end-season growth
stage (m/s), for 1 m/s < uy < 6 m/s

Rhmin =  mean value for daily minimum relative humidity
during the mid-season or end-season growth stage
(%), for 20% < RHmin < 80%

h = mean plant height during the mid-season or end-
season stage (m) for0.1m <h < 10m

Equation III-3 is only applicable when the published K, en¢ (standard conditions) is greater than
0.45. Otherwise, when K. enq (standard conditions) is less than 0.45, K. ¢ng is equal to K caq
(standard conditions). The adjusted K mig and K¢ eng for the Imperial Valley are listed next to the
standard K.'s in Table HI-1 and were used to determine crop ET..
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During the imitial stage of crop growth, ET is primarily dominated by soil surface evaporation
because of the small leaf area and little ground shading. Since the single crop coefficient
approach integrates both the effects of soil water evaporation and crop transpiration into a single
crop coefficient, the K. i value will be small when the soil is dry and large when the soil is wet,
such as following an irrigation or rainfall event. The K; i for the various agricultural crops
shown in Table III-1 represents values that are evaluated under standard growing conditions with
typical cultivation and irrigation management practices. Since the irrigated settings in the
Imperial Valley are unique, the K¢ j,; values would also need to be adjusted for the local
conditions in IID. When the plant is just starting out, there is not much vegetative cover to shade
the ground. Thus, after an irrigation or rain event, the evaporative loss on the wet soil surface
will be high such that the K i may exceed 1. When the soil surface is dry, evaporation is
minimal and K, in; may drop as low as 0.1. To appropriately estimate the value of K, j,;, the time
interval between wetting events, the evaporative power of the atmosphere (ET,), and the
magnitude of the weiting events will need to be considered. It is common in the Imperial Valley
to flood irrigate the field a few days between crops for leaching as well as to apply water prior to
planting (pre-plant) to fill up the root zone for land preparation. The prevailing special irrigation
practices for the crops in IID before planting and during the initial stage of growth are presented
m Appendix 6A (Mayberry, (2000) and UCCE, (1997 and 1999)).

Many of the vegetable crops require frequent sprinkle irrigation in the first few weeks of
germination to keep the soil moist and the crops cool. The common practice for small-seeded
vegetables, which include lettuce, broceoli, cauliflower, and cabbage, is to sprinkle irrigate with
a program of 24-hours on and 24-hours off, and then 12-hours on and 12-hours off, followed by
6-8 hours of irrigation per day for a total of about 5-7 days. Carrots and onions take longer to
germinate so sprinkle procedures are extended to around 10-14 days. The K, i,; values for Crops
which have frequent irrigations in the initial growth stage were determined by using the curves
presented in Appendix 6B. The time intervals between wetting events were estimated by
dividing the amount of days in the crop initial growth period by the approximated frequency of
irrigation events. Since the normal application rate for sprinkler irrigation is about 0.1 inch per
hour, the average infiltration depths for the irrigation events were assumed to be greater than 40
mm (1.6 inches). Soils of medium and fine soil textures were assumed for the crops. The
modified K. i; are listed in Table III-1 along with the other adjusted crop coefficients for the
various growth stages.

The amount of bare soil evaporation may also be significant following special pre-plant
irrigations such as leaching and other pre-plant flooding practices. Due to the scarcity of
precipitation amount and frequency in the Imperial Valley, the amount of surface soil water
evaporation due to precipitation was assumed to be negligible. Therefore, onlty the amount of
soil surface evaporation resulting from special irrigations was estimated according to the
calculation procedures described in the FAO#56 (Allen et al., 1998) for determining bare soil
ET.

D. Cropping Patterns, Acreage, and Growing Seasons

IID produces a diverse array of agricultural crops. The personnel at the various water divisions
of 1ID log the crop acreage information for each of the fields into a cropping database on a daily
basis. According to the Monthly Crop Acreage Report of IID, the crop acreage recorded on the
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13™ day of the month in the daily database is used to represent the average crop acreage grown
for that month. The Monthly Crop Acreage Reports for the various crop categories from January
1989 to January 2000 were received from IID. NRCE also acquired and examined an IID
database that contains the planting and harvest dates of all the crop categories listed by field
reported for the years 1989 to 1998.

1. Cropping Patterns and Acreage

IID has categorized a total of 170 specific crops and 15 more land uses for its crop acreage
database. The crop categories are classified into three main crop groups, which are field crops,
garden crops, and permanent crops. For the purpose of simplifying the calculations involved in
determiming ET., the 170 crop categories were lumped into 31 major crop categories.
Accordingly, there are 10 categories in the field crop group, 14 crop categories in the garden
crop group, and 7 categories in the permanent crop group. There is also a miscellaneous crop
category for each crop group that consists of the remaining crops that are not one of the 31 major
crop categories.

Appendix 6C contains the seasonal crop acreages for all of the 31 crop categories summarized
from the 11D Monthly Crop Acreage Report for the calendar years 1989 to 1998. When a crop’s
growing season overlaps two consecutive years, the crop’s seasonal acreage is assigned to the
year in which the crop is harvested. For example, carrots are normally planted in the fall and
harvested in the following spring. So, for the 1989 to 1990 growing seasons, the maximum
monthly acreage reported in the 1989-1990 season will be used to indicate the annual crop
acreage for 1990. Since the IID Monthly Crop Report is based on the calendar year starting in
January of 1989, the crop acreages which have the 1988-1989 growing season (i.c., crops planted
in 1988 and harvested in 1989) would not be fully accounted for due to the lack of 1988 acreage
data. Therefore, the crop water requirement analysis was performed only for the calendar vear
period from 1990 to 1997.

In regard to the annual field crops, the seasonal crop acreages shown in Appendix 6C are based
on the maximum monthly acreage values for the growing season. However, for perennial forage
crops such as alfalfa, alfalfa seed, bermuda grass, bermuda grass seed, sudan grass, and sudan
grass seed, the acreages presented in Appendix 6C were obtained by averaging the monthly crop
acreage values over the 12-month season except for sudan grass which is represented by the
maximum monthly acreage. The monthly acreage summary for alfalfa, bermuda grass, sudan
grass, and their respective seed crops is shown in Appendix 6D. The forage perennial crops vary
quite substantially from month to month. Thus, ET computations for the perennial crops were
computed based on monthly acreage values. The annual garden crops seasonal crop acreages
shown in Appendix 6C, were estimated by the maximum monthly acreages because the
maximum acreage is the total actual acreage of the annual crops grown. Since permanent crops
do not vary significantly from month to month, the averages of the monthly acreages were
representative.
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2. Growing Seasons

The growing season, which is closely tied to temperature, has a major influence on the seasonal
plant water use. The growing season is frequently considered to be the period between killing
frosts. However, in the Imperial Valley, different crops are grown throughout the year in the
warm desert climate. The yearly growing seasons from 1988 to 1997 for the major crops in this
study were determined based on the actual planting and harvest dates for the various fields
recorded in the cropping database supplied by IID.

For each growing season, the planting date was estimated by the date at which 50% of the total
planted acreage of an annual crop category had been planted. Similarly, the harvest dates of a
crop category were determined by choosing the date at which 50% of the total crop acreage had
been harvested. Most of the growing seasons computed were within the range of the typical
planting and harvesting dates published in Circular 104-F (1996-1997), and Circular 104-V
(1998-1999) of the University of California Cooperative Extension (UCCE, 1997, and UCCE,
1999). The University of California web site for Vegetable Research and Information Center
(http://vric.ucdavis.edw/) also provides general information on cropping dates and irrigation
practices. There are some years in which the growing seasons of a crop were inadequately
recorded or computed out of the normal range. For consistency, these out of range dates were
replaced by the average dates of the other plant-harvest dates that were within the normal range.

The lengths of the four distinct growth stages for the IID crops are based on the general growth
stage lengths provided in the FAO#56 (Allen, et al., 1998) for the various regions in the world
with minor adjustments. The desert region of California is one of the regions included in the
crop growth stage data for many of the crops. The estimated planting and harvest dates and the
periods of crop growth stages for each of the years in the study are listed in Appendix 6E. Due
to the cultural practices of allowing some crops to dry out before harvesting (i.e., early irrigation
cutoff), the lengths of the late season stages for crops like wheat, sugar beets, onions, and rye
grass have been shortened to account for the low ET, rate at the end of the season. The number
of days cut short in the late season growth stages were estimated to be about 20, 15, 10, and 35
days for wheat, sugar beets, onions, and rye grass, respectively.

E. Effective Precipitation

Growing season effective precipitation (EP,) is that portion of the total precipitation (P1) that
satisfies or reduces ET. requirements. The remainder of the rainfall is lost either by deep
percolation below the root zone, surface runoff, or direct evaporation of water intercepted by the
plant foliage. Therefore, the rainfall that can be effectively used by crops is dependent upon the
amount, timing, and intensities of rainfall, soil permeability, the soil’s water-holding capacity,
runoff characteristics, and the rate of ET.. Hence, in order to determine the amount of irrigation
water that the crop actually needs, it is important to estimate the portion of monthly precipitation
that the plants can directly use. In general, rainfall effectiveness increases with higher ET rates,
greater allowed soil moisture depletions, and larger soil water storage capacities. Table III-2
shows the weighted average monthly precipitation for the three CIMIS stations in ITD.
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Table I11-2 Weighted Average Monthly Precipitation (inches) in IID (1988-1997).
T

Jan | Feb | Mar | Apr | May | Jun Jul { Aug | Sep | Oct | Nov | Dec Total
1988 022 | 077 | 000 | 0.18 | Q.00 | 0.00 | 0.00 | 0.56 | 0.00 | 0.10 | 0.00 | 0.00 1.82
1989 1.00 [ 0.00 ; 0.02 | 0.60 [ 000 | 0.00 | 0.00 | 031 | 0.00 | 0.12 | 0.00 | 0.04 1.50
1990 0.12 | 6.12 | 009 [ 0.02 | 0.16 | 0.11 | 0.00 | 0.54 | 032 | 0.33 | 0.00 | 0.00 1.81
1991 0.59 : 0.50 | 0.67 | 0.00 { 0.00 | 0.00 | 0.06 | 0.00 | 0.24 | 0.04 | 0.10 | 1.30 3.50
1992 059 1 1.00 | 2235 |1 022 |1 024 | 0.00 [ 0.00 | 006 | 0.00 | 0.45 | 0.00 | 1.30 6.13
1993 345 | 1.09 | 0.18 | 0.00 | 0.01 | 0.00 [ 0.00 | 001 | 000 | 0.00 | 0.63 | 0.00 5.37
1694 012 1 045 | 052 | 000 1031|000 [000] 008|014 | 005 | 019 | 0.70 2.56
1995 136 | 0.05 [ 016 | 0.09 : 0.05 1 0.00 | 0.12 | 0.07 | 0.00 | 0.17 | 0.00 | 0.03 2.11
1996 0.04 1 0.16 | 0.21 | 0.00 ; 0.01 | 0.00 | .04 | 0.07 | 0.00 | 0.15 | 0.03 | 0.10 0.80
1997 047 1 004 | 005 } 0.21 § 005 ] 0.12 | 907 | 005 | 148 | 0.06 | 0.09 | 0.57 3.26
1988-1997( 0.80 | 042 | 042 | 0.07 | 0.08 | 0.02 | 003 | 0.17 | 022 | 0.15 { 0.10 | 0.4} 2.89

Effective rainfall for a given growing season may be estimated using the USDA-SCS
(1970) technique as:

EPg —_ f (D) ( 125 Pﬂ;'.824 _ 2 93) (] 00.080955 ET) (III—S)
subject to EP, < Pr

where,
EP, = average monthly effective precipitation (inches)
Pt = average monthly total precipitation (inches)
ET = average monthly crop ET (inches)

D =normmal depth of depletion prior to irrigation (set at 3.0 inches in
this study)

f(D) = 0.53 + 0.0116D-8.94x10°D? +2.32x107D°.
F. Net Irrigation Requirement (NIR)
The NIR equals ET, less the amount of water contributed by effective precipitation during the
growing season. In essence, the net irrigation requirement is the water that needs to be replaced

after the soil moisture in the root zone has been depleted due to consumptive use by the crop.
The NIR is estimated on a monthly basis as:

NIR=ET -EP, (I11-6)
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where,
. NIR = average monthly net irrigation requirement (inches)
ET. = average monthly crop evapotranspiration (inches)
EP; =average monthly effective precipitation (inches)

The ET. for each of the crop categories was determined on a daily basis based on Equation III-1
using the daily ET, calculated from the FAO P-M equation and the crop coefficient curve
developed in the previous section. The daily ET, estimates were then summed up to represent
monthly ET. values. Appendix 6F shows the monthly ET, for the 31 crop categories for calendar
years 1990 to 1997. The monthly NIR tabulated in Appendix 6G were computed by subtracting
the monthly effective precipitation from the estimated monthly ET.. Table III-3 is a summary of
the annual crop water requirement volumes for the cropping patterns in IID from 1990 to 1997
including other irrigation practices water requirements. The values were computed using the
caleulated ET, and the estimated crop acreages as shown in Appendices 6F and 6C, respectively.
The average contribution of EP; to the crop water requirement is relatively small accounting for
about 2.5% of the crop consumptive use.

Table HI-3 Annual Volumes (acre-feet) of Crop Evapotranspiration (ET.), Effective Precipitation (EP,), and
Net Irrigation Requirement (NIR) {1990-1997),

1990 1991 1992 1993 1994 1995 1696 1997 1990-1997
ET. (2,189,022 1,915,35911,815,303 1,928,090 (2,110,738 | 2,112,166 | 2,173,592 | 2,114,972 2,046,155
EPg 34,148 45,707 | 114,939 | 94,953 35,264 34,320 6,762 47,217 51,664

NIR |2,154,875] 1,869,651 | 1,700,364 | 1,833,137 | 2,075,474 | 2,087,846 { 2,166,830 | 2,067,754 | 1,994,491

Less than ideal management and environmental conditions such as high salinity, low soil
fertility, low soil water content, impermeable soil horizons, pests, and diseases may all contribute
to reducing the optimal ET, or yield. Standard ideal conditions were assumed when predicting
the potential ET. using the crop coefficient approach. The resulting ET, represents the upper
envelope of ET, where no limitations are placed on crop growth due to water deficit, crop
density, disease, weed, insect, or salinity effects.

In the case of the Imperial Valley, due to the characteristics of heavy cracking soils in most of
the valley soils (discussed in detail in the next section), it is difficult, if not impossible, to
completely satisfy the root zone water deficiency in an irrigation event under the on-farm
irrigation management practices. Such shortage of available water in the root zone and the
effects of high soil salinity will result in less than optimal crop production or potential ET..

Research data on crop water use and related yields for alfalfa and corn indicate that potential
ylelds and corresponding ET. under ideal conditions may be 20 and 10% greater than actual field
yields and corresponding ET. for alfalfa and corn, respectively (Hill et al., 1983). In other
words, ET. of forage crops grown under field conditions may be 20% lower than the
theoretically estimated ET.. For the other crops, the field ET, would need to drop 10% from the
theoretical estimates to reflect actual field ET..
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Table 11I-4 is a summary of the annual water requirement volumes for the cropping pattems in
D from 1990 to 1997 after incorporating other irrigation practices water requirements and ET.
reductions to reflect actual field conditions.

Table I1I-4 Annual Volumes (acre-feet) of the Reduced Crop Evapotranspiration (ET,), Effective Precipitation
(EP,), and Net lrrigation Requirement (NIR) {1990-1997).

1960 1991 1952 1993 1994 1995 1996 1997 Average

ET, |1.865625(1,621,563 1,535,804 | 1,630,525 1,775,654 | 1,787,638 | 1,847,281 | 1,794,577 [ 1,732,333

EPg 32,390 44,527 | 111,414 | 88,462 33,912 33,728 6,549 44,936 49,490

NIR |(1,833,235(1,577,035|1,424,390 | 1,542,063 | 1,741,742 11,753,909 | 1,840,732 | 1,749,641 | 1,682,843

1. Diversion Requirement

The water that must be supplied to a given crop is equal to the ET.. Some of this water
requirement is satisfied by EPy; thus, the NIR was developed by subtracting EP, from ET.. In
addition to the NIR, which is to satisfy the crop’s water uptake, there are other water
requirements that the crops need for proper plant growth in the Imperial Valley. Special
irrigations are scheduled throughout the growing season to meet the extra water demands for
reclamation and maintenance leaching, and pre-plant and germination irrigations as discussed in
other sections of this report. The amount of water typically applied in the Imperial Valley for
pre-plant and -germination irrigations were estimated and are listed in Appendix 6A (Mayberry,
2000 and UCCE, 1997 and 1999). The annual volumes required for all irrigations, including
special irrigations, are included in Table III-3 and ITI-4.

Since efficiency is never 100 percent, allowances must be made to compensate for matters such
as surface runoff, deep percolation, canal seepage, evaporation, and canal operations. Further, as
examined in detail in Chapter IV, the nature of IID’s soils requires additional leaching.
Subsequently, more irrigation water is required than that of NIR plus the special irrigations. In
order to determine I1D’s diversion requirement (the total water supply at the point of diversion
for IiD) the on-farm and canal distribution efficiencies must be estimated. The on-farm
efficiency 1s the ratio of water stored in the root zone to the applied water at the field turnout,
while the canal distribution efficiency is the ratio of water delivered at the field turnout to the
irrigation water delivered from the AAC to IID canals.
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IV. THE NATURE OF IID’S SOILS CREATES AN INCREASED
WATER NEED

Earlier studies have indicated that the heavy, cracking nature of most of IID’s soils creates an
additional need for water to leach mineral salts. To confirm the findings of previous research
and to obtain additional data concerning on-farm irrigation management and efficiency, NRCE
conducted field irrigation evaluations during July and August of 2000. The evaluations were
also used to document differences in irrigation practices and efficiencies between heavy
cracking, medium, and light soils. Of particular concern was the assessment of the salinity
balance of the field required to maintain agricultural productivity. Appendix 7 is a review of
IID’s fieldwork. NRCE’s fieldwork showed that:

. The majority of IID’s soils require more leaching water than the standard leaching
equation indicates.

. Prior critics of IID’s tailwater generally ignored the critical effect of the nature of the soil.

A, Previous Studies Related to the Behavior of IID Cracking Soils Support the
Need for Tailwater for Horizontal Leaching

The tendency of the heavy soils of Imperial Valley to crack when dry is a very important feature
that distinguishes them from other soils, in that the formation of cracks greatly changes the
manner in which irrigation and leaching water behave within the soil. Once cracked, the root
zone of the field is no longer homogenous but is instead a set of soil peds within a matrix of air
or water, if saturated. The rate at which water moves through the cracks is extremely rapid
compared to the movement of water through the soil ped. This has ramifications relating to
infiltration, water availability to crops, and the leaching process. Many papers have been written
on this subject, and most are relatively recent in publication. Normally accepted irrigation
practices and technology do not adequately reflect IID-types of field conditions, as this newer
research indicates.

The following are summaries of some of the investigations of soil/water behavior under
conditions of heavy cracking soils. The results and conclusions of these investigations strongly
suggest that these soil conditions require special consideration with regard to water uses and
leaching requirements.

Kaddah and Roades, 1976. Salt and Water Balance in Imperial Valley, California.

Kaddah and Rhoades (1976) reported that:

“In the well drained soils in the valley, salts leach during the crop
season as well as the preplanting irrigation{s). In many of the fine
textured soils of the valley, however, infiltration is so slow that it is
difficult to apply enough water to even meet ET needs. Salt
leaching in such soils as well as other saline soils usually is
achieved only between cropping seasons through preplanting
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irrigation(s) or with continuous ponding for a few weeks or a few
months.”

Crop production could potentially be limited by soils with low permeability. This is evident
during times of high crop water demand when low permeability prevents adequate irrigation
water infiltration to meet crop ET and leaching requirements. Therefore, crop yields could be
reduced unless the cffects are compensated by special management techniques.

M.E. Grismer, 1986. Irrigation, Drainage, and Soil Salinity in Cracking Soils.

Field evaluations of cracking soils found within the Imperial Valley done by Grismer in (1986),
show that sotl cracks control water movement and salt leaching within a field and should
therefore be considered in irrigation and drainage design and management. Grismer stated:

“Spatial and temporal variability of water movement and soil
salinity in cracking field soils results in unique and complex
problems not well understood. Problems of particular concern to
designers of irrigation and drainage systems for such fields are
related to managing water application uniformity, adequate
leaching of the root zone for salinity control, and satisfactory
aeration of the root zone. Although soil cracking is a common
phenomenon,  available  information is  predominantly
observational. It has been recognized that cracking is beneficial to
drainage and soil aeration, and as such, it is important to crop
productivity (Penman and Schofield, 1941). Similarly, in Egypt,
large cracks appearing during the summer fallow periods provide
channels for movement of excess salt from the root zone.”

Grismer made additional conclusions based on field experiments on heavy clay soils:

1) “Results of the evaluations identified that water movement
within soil cracks controlled the water application uniformity,
soil profile wetting, salt leaching, and drain system response to
irrigation.

2) Drain response to applied water occurred during the irrigation
event despite extremely low permeability of the soil.”

It is clear from these field evaluations that cracking soils in the Imperial Valley have tremendous
impact on the design and management of irrigation and drainage systems. The aerial distribution
of cracks and the depth of such cracks on the heavy soils of IID are also extensive. For example,
Grismer noted:

“From observations of a linear advance trajectory of the border
irrigation field, crack volume was estimated as 1600 meter cube
per hectare. Maximum water contents at depths of approximately
0.7 meters (2.3 feet) immediately following irrigation appeared to
correspond with the effective crack depth. From these
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observations, cracks comprised nearly 23% of the field surface
area. Drain response to applied water occurred during the
irrigation event despite extremely low permeability of the soil.
Soil salinity exceeded drain water salinity implying occurrence of
minimal leaching.”

Conventional wisdom assumes that water movement through the soils of a field takes place via
pore transmission and not as a result of macro discontinuities within the root zone. However, the
extreme cracking nature of most of the Imperial Valley soils results in a multi-modal process of
irrigation and drainage water transmission, which is not solely dependent on the pore
permeability of the continuous soil phase. Due to the fact that the clay soils of IID are
predominantly cracking soils, the surface permeability of these soils is dramatically increased
when cracks are present. Yet, the degree to which water can infiltrate to and below the root zone
18 slowed at the depth of the cracks. Therefore, improvement in vertical penetration and leaching
and root growth is limited by the low permeability of the uncracked soil below the cracked
portion of the root zone. In other words, existence of cracks in the clay soils increases
infiltration and water availability to plant roots within the cracked portion of the soil profile, and
therefore enhance the solubility of soil salts.

Grismer and Bali, 1996. Continuous Ponding and Shallow Aquifer Pumping Feaches Salts
in Clay Soils.

Grismer and Bali (1996) also conducted experiments involving continuous ponding of water on
heavy clay soils within the Imperial Valley. The authors noted:

“In the continuous ponding experiment, we measured steady
infiltration rates of approximately 0.1 in/hr from both the staff
gauges in the ponded area and the ring infiltrometers. This value is
very close to the independently measured hydraulic conductivity of
the clay. Inside the ponded area, soil water contents increased at
all but the 6-foot depth over the first 10 days of continuous
ponding and then stabilized. We noted, however, that 2 weeks
were required for the soil water content to approach saturated
values at the 2- and 3-foot depths. Soil water contents at the 5- and
6-foot depths decreased slowly as a result of lowering the water
levels of the shallow aquifer. The average soil water content
outside the ponded area remained practically constant at the 3-, 4-
and 5-foot depths, increased and then decreased after 1 week of
flooding at the 1- and 2-foot depths, and decreased at the 6-foot
depth.”

They also determined that the salinity of the root zone of the soil profile was lower after ponding.
The authors stated:

“At all locations, soil salinity tended to increase with depth both
before and after flooding. In the top 2 feet, however, soil salinity
remained roughly the same inside the ponded areca or increased
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(outside the ponded area). The average salinity for the 4-foot soil
profile as a whole decreased by 19.1% within the ponded area and
by 12.5% outside the ponded area. This overall improvement in
the soil salinity suggests that the 1-month period of ponding was
sufficient to translocate some of the soil salt mass to a greater
depth and perhaps into the shallow sand aquifer. Indeed, we found
a slight though significant increase in drain-water salinity after
about 14 days of continuous ponding, when water contents at all
soil depths approached a constant value (fig 6). No such changes
in soil salinity were observed during the 3-year irrigated
experiment (though there was an overall slight decrease in drain-
water salinity) nor during the previous decades of measurements
prior to installation of the skimming well system.”

The researchers found that the salinity of the soil tended to increase with depth, with the
exception of the upper two feet which remained “roughly the same inside the ponded area or
increased outside the ponded area.” It was determined that it took from several days to nearly
two weeks of continuous ponding to saturate the upper 3 feet of soil, as well as several days or
weeks to leach salts from the soil. In order to sufficiently leach salts from heavy clay soils,
contimuous ponding of water was required for about a month. Therefore, it can be concluded that
heavy clay soils with very low infiltration rates require several days for the root zone to recharge,
while many days or weeks are required to leach salts from the root zone.

The heavy clay soils of the Imperial Valley are so tight that vertical penetration of water is quite
slow and requires long-term ponding of irrigation water for effective vertical leaching of salts
below the root zone. Due to the low infiltration rate of the heavy cracking soils, it becomes
difficuit to recharge the root zone of the soil in a timely fashion. This has direct impacts on crop
yields, since at times the rate of recharge is less than the rate of crop consumptive use.

Oster, Meyer, Hermsmeier and Kadah, 1984. Imperial Valley: Irrigation, Drainage, and
Runoff.

Oster et al. (1984) stated:

“How much surface runoff water reaches the Salton Sea? About
0.4 million acre-feet, based on an Agricultural Research Service
(ARS) and Imperial Irrigation District (IID) irrigation efficiency
study conducted on nine fields for five years (1977-1981). This
volume represents about 16 percent of the on-farm water deliveries
in the Imperial Valley and about 29 percent of the total inflows to
the Salton Sea. The data also suggest on-farm infiltration of
applied water was from 0.2 to 0.4 million acre-feet less than the
amount required to meet full crop evapotranspiration.”

Oster et al. (1984) have concluded that a portien of the applied irrigation water is not infiltrating
into the root zone but instead contributes to runoff. According to Oster et al. (1984), these tight
soils deprive crops from receiving 200,000 to 400,000 acre-feet of water per year throughout
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IID. Due to the heavy cracking nature of the majority of the soils in IID, about 16% of the
applied irrigation water runs off rather than contributing moisture to the root zone or assisting
with the leaching of salts vertically. Given this study, it is apparent that without considering
leaching between cropping, honizontal leaching, and imgation leaching, the irrigation efficiency
is already 84%.

Lonkerd, Ehlig, and Donovan, 1979. Salinity Profiles and Leaching Fractions for Slowly
Permeable Irrigated Field Soils.

Lonkerd et al. (1979) conducted a study that also sheds light on the matter of irrigation, soils, and
leaching. These authors endeavored to “determine the amount and variability status of salinity
leaching fractions in four representative Impenial Valley soils planted to alfalfa, cotton, lettuce,
sugar beet, and wheat.”

The four soil series considered in their study include: 1) Holtville, which is a primarily fine
textured soil overlying loam soils; 2) Imperial, which is a fine textured soil; 3) Indio, which has a
control section of coarse silty soils; and 4) Meloland, which has a coarse loamy texture overlying
fine textured soils. In their study, Lonkerd et al. took scil samples in 30-cm increments to a
depth of 150 cm. The soil samples were used to determine soil saturation percent (SP), EC, of
the soil water extract, chloride ion concentration (Cl.) of the soil, and water content (Pm) of the
soil. Finally, they determined the leaching fraction (%) based on the equation:

LF=C};w/CL, x FC/SP av-1)
where,
LF = Leaching Fraction
Cly = Chloride ion concentration of the irrigation water
Cl. = Chloride ion concentration of the soil
FC = Sotl water content at field capacity
SC = Soil saturation percent

A table showing the constituents and estimated leaching fraction, for the combination of all four
types of soils and crops, as presented by Lonkerd et. al. (1979), is shown in Table IV-1. The
table clearly shows that Imperial and Meloland (the tight soils) have a low calculated leaching
fraction while Indio and Holtville soils (relatively light soils) have relatively high calculated
leaching fractions. Based on this study, it can be found that the tight soils are not adequately
leached. Lonkerd et al. (1979) also found that:

“These data indicated average rooting depth of 60 to 90 c¢cm for
alfalfa and lettuce. Similar data indicated average rooting depths of
60 to 90 cm for cotton, 60 to 120 cm for sugar bects, and 30 to 60
cm for wheat. Plants had shallower roots in the finer textured than
in the coarse textured soils.”
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The research also found that:

“Indio and Holtville soils, with the highest water infiltration rates,
had the highest leaching fractions. Imperial and Meloland soils,
with the lowest water infiltration rates, had the lowest lcaching
fractions.”

Lonkerd et al. (1979) showed that heavy soils with inadequate leaching are soils with low water
infiltration capacity. They also found that the rooting depth of crops is shallower in heavy soils
when compared to light soils. These findings are in agreement with other researchers who
studied the soils of IID. Because soil salinity nearly always increases with depth in heavy soils,
plant roots develop more fully in the shallow portion of the root zone.

Table I'V-1 Leaching Fraction for Soil Series in IID {Lonkerd et al., 1979).
EC, Cl, LF
Soil Series Crop Cores | Range | Median | Range | Median | Range | Median
------ mmhos/cn----—--- | --------meq/liter - %

Holtville Alfalfa 33 4.2-13.9 7.3 12-106 36 3-23 9
Cotton 41 3.3-21.5 12.4 6-232 43 1-42 6
Lettuce 56 1.4-23.1 4.4 3-180 13 2-76 27
Sugarbeet 18 1.7-26.6 4.7 4-235 9 1-49 28
Wheat 37 1.5-15.8 5.8 4-79 18 3-50 12

Imperial Alfalfa 21 8.5-18.9 12.5 26-185 67 2-11 5
Cotton 11 8.8-17.2 13.2 30-108 73 2-5 3
Lettuce 26 2.1-16.3 9.0 4-120 19 i-44 7
Sugarbeet 115 3.3-30.8 11.9 7-290 44 1-24 4
Wheat 100 | 3.5-30.8 10.0 5-371 38 1-42 3

Indio Alfalfa 71 5.1-20.6 10.4 13-133 48 2-22 6
Cotton 33 3.5-26.2 11.6 10-282 52 1-26 4
Lettuce 74 1.2-30.8 5.1 3-352 12 1-100 28
Sugarbeet 7 2.6-8.8 6.5 9-31 19 9-38 15
Wheat 35 | 1.6-137 4.0 5-76 10 3-48 23

Meloland |Alfalfa 14 8.5-18.9 14.1 65-174 95 2-5 3
Cotton 17 1.3-14.4 10.7 2-88 34 2-86 3
Lettuce 10 55-184 12.3 14-151 72 2-18 4
Sugarbeet 11 2.8-25.1 9.3 8-271 36 1-17 5
Wheat 7 5.35-153 11.5 13-95 56 3-16 4

Mitchell and Van Genuchten, 1993. Fiood Irrigation of a Cracked Seoil.

Mitchell and Van Genuchten (1993) studied water infiltration patterns of cracked soils for both
fallow and cropped lands irrigated by flood irrigation within IID. The researchers concluded
that:




“Water intake processes were similar for two fallow irrigations and
alfalfa irrigation with 63, 58, and 74% respectively, of the total
infiltrated water entering the soil during the crack filling stage.
High efficiencies for flood irrigation can be attributed to the
dominant crack filling stage followed by a low final infiltration
rate. Small increases in infiltration during the absorption stage is a
phenomenon that may result from soil surface swelling. The final
infiltration rates of this study (0.6 and 0.4 mm per hour) are less
than 1.0 mm per hour threshold suggested by the U. S. Salinity
Laboratory Staff (1954) as the minimum necessary for crop
production on 1mrigated soils. This threshold may not be
appropriate for cracking soils, which initially have large water
intake rates.”

Based on the above findings, approximately two thirds of the applied water infiltrated and filled
soil cracks. In the same study, they also found that for flood irrigation, during the crack filling
phase, the infiltration rate is equal to the water application rate less surface storage. However as
more irrigation water is applied and the cracks become filled, a portion of the additional water
flows laterally down the field and becomes tailwater.

Mitchell and Van Genuchten (1993) further stated that:

“Flood irrigation of most noncracking soils usually results in the
head field receiving excess water, and the tail end jnsufficient
water. For cracking soils, the tail end of the field receives a large
amount of water in a short time period due to CF [crack filling],
while the low final IR {infiltration rate] limits leaching at the head
end, even if ponded for long periods. Another advantage of
cracking soils is the lateral, subsurface flow of water in cracks,
which ensures that the water reaches all areas of the field.”

The infiltration process of cracking soils differs from the commonly regarded surface irrigation
because in the non-cracking soils the deepest water infiltration occurs at the head of the ficld,
while lower moisture is stored at the tail end of the field. This results from the need to apply
enough water to ensure adequate supply at the tail end of the field. In order to ensure an
adequate supply, more than the required amount must pass over the head end, resulting in greater
opportunity time and more infiltration. On a permeable well-drained soil, this water infiltrates
below the root zone of the field. The cracking nature of IID soils, however, results in rapid
transmission and dispersion of applied irrigation water on flood irrigated ficlds.

Shouse et al., 1997. Salt Transport in Cracking Soils: Bromide Tracer Study.

Shouse et al. (1997) conducted a study of two IID fields; one was Imperial silty clay (a heavy
cracking silty clay soil), while the other field consisted of Glenbar fine sandy loam (a non-
swelling sandy loam soil). The primary objective of their study was to determine the effect of
crack flow on the quality of tailwater and therefore examine the contribution of field cracks to
the leaching of salts. Similar to other researchers in the field, they concluded that light textured
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soils infiltrate applied irrigation water into the root zone easily with very little of it becoming
tailwater. The Darcy-Richards standard equations are applicable to these conditions. However,
the flow regime associated with heavy cracking soils was determined to be significantly different
from that of light textured soils. Cracks occurring in some of the heavy cracking soils allow
applied irrigation water to enter with the flow being governed by the cracks’ depths and
distribution. Unlike the flow regime in non-cracking soils (which is primarily downward),
cracks allow the infiltration and lateral transmission of water. In cases where cracked soils have
limited permeability below the cracked layer, most water transmission will be lateral in nature as
opposed to vertical. Therefore, leaching of these soils must take place laterally as well. If the
vertical percolation of water is limited, it can be expected that lateral movement of water will
provide the only means of leaching. In these cases, as cracks are filled with water, salts move
horizontally and upward towards the surface of the tail end of the field. When this occurs, there
is little vertical percolation of water downward. The researchers concluded that the Darcy-
Richards flow theory does not apply to the cracking soils of IID soils. Shouse et al. (1997) stated
that:

“The flow of water in noncracking soils can be predicted by
simulatton models based on the Darcy-Richards flow theory. This
theory does not apply to water flow in cracking soils” (Bouma and
Loveday, 1987; Kosmas et al., 1991)

The authors concluded that;

“Our basic premise is that a significant part of the salt balance is
related to horizontal leaching in the cracks. We think that the
irrigation water infiltrates rapidly into the cracks and dissolves
salts at the crack-air interface and transports this salt down the
furrow.”

Shouse et al. (1997) further concluded that:

“Clearly traditional salt movement concepts for porous media are
not applicable to cracking soils. The traditional concept of vertical
leaching of salt depending on the leaching fraction simply is not
valid. From a practical point of view, one must recognize there is
horizontal leaching as well as vertical leaching of salts in these
soils. This must be a consideration in the management of these
s0ils.”

Based on the conclusions reached by Shouse et al. (1997) as well as other researchers and
NRCE’s own field studies, it is clear that a large portion of irrigation water, applied to such
cracking soils, enters the cracks and flows horizontally, picking up salts from the root zone. The

‘runoff that flows to the end of the field must therefore be considered as part of the leaching

fraction, similar to the deep percolating portions of the infiltrated water associated with non-
cracking soils. The main difference between leaching cracking and non-cracking soils is that the
cracking soils’ leaching takes place both horizontally and vertically, while with non-cracking
soils, salt leaching occurs only vertically.
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Rhoades et al., 1997. Salt Distributions in Cracking Soils and Salt Pickup by Runoff
Waters.

Rhoades et al. (1997) conducted an extensive study on IID fields with two primary objectives:

“One was to measure salinity in the soil and runoff water to obtain
evidence of the extent of and potential for salt pickup in tailwater
and of the influence of soil properties in this regard. The other was
to obtain information on the dynamics of salt transport in cracking
and non-cracking soils so that the feasibility of tailwater recycling
could be assessed more reliably.”

This study is particularly interesting because it directly addresses the potential impacts of water
use reduction by “improvements in efficiency.” The authors stated:

“One means of reducing runoff to the sea [Salton Sea] is to install
tailwater recovery systems, whereby the water is recirculated on
the same field or farm. Generally, the value of the ‘conserved
water’ will not justify the costs of the recovery system unless fees
are imposed against excessive discharges. Because the economic
value of water is higher for urban use, and water supplies in
California are limited, there 1s opportunity for a mutually
beneficial cooperative agreement between agricultural and urban
sectors in this regard. The urban sector can pay for the tailwater
recovery system in return for receiving water in an amount
equivalent to that conserved. '

Such an arrangement has been considered for implementation in
the Imperial Valley. However, salinity is an old nemesis there and
the farmers are concerned that salinity levels will increase unduly
in their soils through the recycling of tailwater for irrigation. The
source of water for irrigation is the Colorado River, which has an
electrical conductivity (EC) of about 1.3 dS/m. Prevalent ‘textbook
logic® would lead to the conclusion that salt pickup via tailwater
flow should be negligible because the ‘leading edge’ of water that
flows over the soil is thought to infiltrate into the soil and to
‘carry’ the readily soluble salt with it. The salt in the seil is not

expected to diffuse upward significantly when the water is
percolating downward. With this prevalent view of the transport
processes, one would not expect to find a significant increase in the
salinity of the tailwater compared to the irrigation water other than
that which might be derived from the dissolution of suspended
sediment gained through furrow erosion.”

In these studies, nine fields with different types of soils were subdivided according to heavy,
medium, and light soils. These categories reflect degrees of permeability and shrink-swell
. potential. The study determined that in both the medium and heavy textured soils there may be a

4
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significant loss of yield due to salinity. They also determined that the average concentration of
salts in the heavy cracking soil profiles increased laterally and not vertically or from the head to
the tail end of the field. This finding is supported by the fact that in fields of heavy soil, the
salinity of the shallower portion (the root zone) of the tail end of the field was higher than that of
the head end of the field.

Rhoades ct al. (1997) concluded that:

“Salinity increases observed across the fields with heavy textured
soils show that imgation/leaching is markedly non-uniform across
such fields, possibly reflecting the major attempt in the Imperial
Valley in the recent past decade to reduce irmigation runoff, as well
as the phenomenon of lateral solute transport. The magnitude of
the salinity levels observed in the medium and heavy textured
soils, especially in the lower sections of the selected fields, would
be expected to result in substantial losses in alfalfa yield and in
significant losses in the yields of sugar beets and other such
relatively salt-tolerant crops. The excessive levels of salinity in the
lower sections of the fields with heavy textured soils indicate
insufficient water application/leaching is being achieved in these
areas/field with prevalent management praclices to achieve
optimum crop production.”

The findings of Rhoades et al. (1997) are consistent with other studies that have shown that
heavy cracking soils are difficult to manage because of the very low infiltration capacity of the
soil after initial crack filling. They are also difficult to manage because such low permeability
induces a shortage of stored moisture in the root zone as well as inadequate leaching of salts.
Rhoades et al. {1997) further concluded:

“The concentration of salt in the irrigation water increased as it
flowed across the field. The increase however was much greater
for the heavy textured soil, which exhibit large cracks and
fractures. We conclude that substantial amounts of salts can be
picked up by such lateral flowing water from highly cracking soils
and discharged in the tailwater, though the actual amounts could
not be quantified in this study since the runoff volumes were not
determined. This inference is supported by the very large increase
observed in the tailwater electrical conductivity as compared to the
electrical conductivity of the applied water. Increases in EC of 0.5
dS/m or more were almost always observed in the tailwaters
emanating from heavy textured soils. Such increases in EC cannot
be explained by evaporation of water as it flows across the field.”

It was determined that the mean salinity of soil profiles across border flooded light textured
fields, ranged from 1.0 to 2.5 dS/m, while the mean salinity of medium textured fields ranged
from 2.5 to 5.0 dS/m, and the heavy textured fields ranged from 5.0 to 13.0 dS/m. Based on these
results, the concentration of salts in the root zone of heavy cracking soils is 5 times more than
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light textured soils and 2 times more than medium textured soils. If one assumes that the
conventional equation for determining the leaching requirement represents the permeability of
the light textured soils, the heavy soils would have 5 times more salts to leach than the light
textured soils.

The following is a brief summary of what has been found regarding the heavy cracking soils in
previous studies:

L.

10.

11.

12.

The majority of the soils within IID are characterized as having a heavy-texture that
shrinks when dry and swells when wet.

Soil cracks in the Imperial Valley greatly control water movement and salinity. Soil
cracks and their attributes must be considered in irrigation design and management.

Heavy textured soils are characterized with cracks, constituting a relatively large surface
arca and having a maximum depth of about 2.3 feet.

Heavy cracking soils require several weeks of continuous ponding in order to fully
saturate the root zone and leach the excess salts found in the effective root depth of the
soil profile. During the continuous ponding, the infiltration rate was measured to be about
0.1 inches per hour.

The source of the irrigation water for IID is Colorado River water, with a salinity
concentration of about 1.2 dS/m.

When irrigation water is applied at the head of a field with heavy cracking soils, the
water fills the cracks as it moves towards the lower end of the field.

In addition to vertical leaching, horizontal leaching of cracking soils takes place as water
moves from the head to the tail end of a field.

The quality of the applied water deteriorates as it moves from the head of the field to the
tail end of the field because the salinity concentration of the irrigation water increases due
to horizontal leaching.

The salinity concentration of both the entire soil root zone and the shallower root zone
increases as water flows from the head of the field to the lower portions of the field.

The heavier soils, such as Imperial and Meloland, have much higher concentrations of
salmity 1n their respective root zone compared to lighter soils such as Holtville and Indio.

The lighter soils such as Holtville and Indio have shown to have much higher leaching
fractions {growing the same types of crops) compared to heavier soils such as Tmperial
and Meloland.

In some of the heavy cracking soils, studies have shown that the salinity concentration of
the drain water is lower than the salinity concentration of the root zone. As a result, the
heavy cracking soils are not being leached satisfactorily; more water is required to do so.

IvV-11



13.  In light, well-drained soils, leaching of salts occurs during the growing season as well as
during the preplanting irrigation. For the heavy, fine textured soils however, infiltration
is so low that it is difficult to apply enough water to meet the crop consumptive use, and
it is more difficult to leach the excess salts from the root zone of the soil.

14. The fact that the heavy cracking soils have a very low infiltration rate indicates that the
crops are deprived from receiving 200,000 to 400,000 acre-feet of water per year
throughout IID. In essence, due to the low permeability of the soil, the consumptive use
of the crops is short by about 200,000 to 400,000 acre-feet annually.

15.  During the crack-filling stage of the heavy cracking soils of IID, about two thirds of the
applied water fills up the cracks. However, once the cracks are filled, the infiltration rate
goes down to between 0.01575 in/hr and 0.0236 in/hr. Therefore, during the initial crack
filling stage, the rate of application could equal the infiltration rate of the soil less water
stored on the surface.

16. A substantial amount of salt is removed by tailwater when irrigation water flows from the
head of the ficld to the lower end of the field in heavy cracking soils.

Because of the above results, it is important to understand how tailwater should be characterized.
In the minds of most people, tailwater at the end of the field is simply regarded as wasted runoff.
In locations not having the heavy cracking soils of IID, the magnitude of tailwater should not be
as great. However, given the cracking nature of the heavy silty clay soils, when irrigation water
is applied at the head of the field, water penetrates into the cracks and once the cracks are filled,
the water flows along the gradient towards the end of the field. Field studies have shown that the
salimity content of the irrigation water increases as the irrigation water moves from the head of
the field towards the tail end. In essence, portions of the salt within the soil are leached by the
tailwater. Hence, although tailwater is a necessary irrigation practice such that the lower portions
of the field are adequately nrigated, more importantly, tailwater is improving the productive
capacity of the irmgated field by leaching some of the salts in the soil through horizontal
leaching.

For light non-cracking soils, the leading edge of the irrigation water penectrates downward into
the root zone. Once the root zone reaches more than field capacity, the infiltrated water becomes
deep percolation. With proper irrigation management, tailwater on light non-cracking soils is
less than that of heavy cracking soils due to differences in the intake rate. Typical water
infiltration patterns for both heavy cracking and light textured soils are shown in Figure IV-1.
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B. IID Tailwater Studies

IID conducted a field study to evaluate the feasibility of reducing tailwater using a pump back
system. The study was undertaken from 1985 to 1990 on a number of fields. The study
collected data relating to the amount of irrigation water delivered, the salinity concentration of
the irrigation water, the amount of tailwater, and the salt concentration of the tailwater.

The primary soils of the fields that were included in the study were silty clay, silty loam, and
sandy loam. The major crops grown were field and vegetable crops. Table IV-2 shows the
quahty of the delivered water verses tailwater. Table IV-3 indicates that all three types of soils
show an appreciable amount of tailwater. Even the sandy loam soil in which surface runoff or
tailwater is usually low and where deep percolation is high shows that about 21% of the
delivered water ended up as tailwater. This can be attributed to the primary crops grown on this
sandy soil being vegetable crops, which require frequent irrigation to meet optimum moisture
conditions and seed germination as well as to assist in cooling of the plants and the immediate
environment.

‘Table FV-2 Inflow and Outflow of Irrigation Water and Water Qualities,
Water Tailwater D:i;::;:d Tailwater
Seoil Type Delivered - Salimity Crops Grown
(Acre-Teet) {Acre-Feet) Salinity (mg/l)
(me/1)
Silty Clay 3,182 677 618 819 Field crops
Silty Clay 5,322 746 618 852 Field crops
Silty Clay 3,042 1234 618 884 Field crops and
vegetables
Silty Clay/Silty Loam | 2,615 350 618 689 Primarily field crops and
some vegetables
Sandy Loam 2,681 567 618 657 Primarily vegetables and
some field cops
Table IV-3 Total Salts Introduced and Removed by Tailwater.
Total Salts
Water . Total Salts | Total Salts Remairing in % of Salt
. . Tailwater ! % of Removed
Soil Type Delivered Introduced § Removed | Soil + Removed :
(Acre-Feet) . Tailwater by
(Acre-Feet) (Tons) (Tons) by Vertical Tailwat
Leaching (Tons) alwater
Silty Clay 3,182 677 2,674 754 1,920 21 28
Silty Clay 5,322 746 4,473 864 3,609 14 19
Silty Clay 3,042 1,234 2,557 1,484 1,073 41 58
Silty Clay/
Silty Loam 2,615 350 2,198 328 1,870 13 i5
Sandy 2,681 567 2,253 506 1,747 21 2
Loam
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The three fields with heavy soils (siity clay) show that a weighted average of about 32% of the
total salt introduced to the fields was removed or leached by the lateral flow of the tailwater.
Table IV-3 shows that the tailwater, which is regarded by some people as wastewater, removed a
substantial amount of the salts introduced to the irrigated fields. The weighted average of the
tailwater that leaches the salts is about 23% of the weighted average of the delivered water.
Hence, 23% of the delivered water is laterally removing 32% of the introduced salts by the
irrigation water to the irrigated fields.

In general, nrigated fields, especially gravity irrigated fields, with the éxception of level
border/furrow and basin irrigation systems, show runoff at the end of the fields. Some
inefficiencies are expected to happen with any irrigation practice, including the most advanced
irrigation technology. Given the fact that most of the soils at IID are difficult to leach vertically,
some leaching for the upper root zone is undertaken horizontally. Therefore some portion of the
tailwater should be regarded as leaching water for excess salts.

The stlty clay/silty loam soil could probably be regarded as heavy to medium soil and as shown
in Table IV-3, the amount of salt removed is about 15% of the total salt introduced to the field
and 13% of the total water delivered was used to leach that amount of salt. As discussed earlier,
the field with sandy loam soil was primarily planted with vegetable crops and a large portion of
the tailwater was the result of frequent irrigation and crop cooling requirements.

The results of IID’s tailwater pump back studies show that more than 30% of the total salts
introduced by irrigation water are removed by tailwater due to the lateral component of the
leaching process. If, on average, approximately 30% of the introduced salts in any irrigation
event are leached laterally, then the remaining 70% have to be leached vertically.

C. Irrigation Efficiency and Salinity Management

To evaluate the previously discussed research results, NRCE conducted ten irrigation
evaluations. Seven of the irrigation fields evaluated are considered to be typical for heavy
cracking and medium soils, while one irrigation on heavy soils was not considered typical
because of the length of time that water was applied (24 hour set time and about 35 hours of
intake opportunity time). One irrigated field with sandy soils was evaluated, and finally, one
leaching irrigation on heavy soils was evaluated. Heavy and medium soils have a soil layer(s) in
the top four feet with a permeability rate of less than 0.2 inches per hour. The following
information summarizes the distribution of water and salt for the irrigations; detailed information
concerning the irrigation evaluations is contained in Appendix 7.

1. Heavv and Medium Soils

Table IV-4 lists the average values from the seven irrigation evaluations on heavy to medium
soils. The average irrigation depth of water applied was 4.37 inches with 3.43 inches being
stored in the root zone, 0.74 inches as tailwater, and 0.20 inches going to deep percolation.
Vertical leaching removed 29.8 percent of the salt applied during the irrigation while horizontal
leaching (tailwater) removed approximately 22.3 percent.
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TableIV-4  Summary of Iirigation Data for Seven Irrigation Evaluations on Fields with Heavy and Medium Seils
(Fields 1,2,3,6,7, 8,9).

Water Balance Data Salt Balance Data
Average Depth Average (%) Avg, EC of Average (%)
(inches) Water (ds/m})
Total Irrigation Depth 4.37 - 0.99 140
Stored in Root Zone 343 78.5 --- 479
Tailwater Runoff 0.74 17.0 1.30 223
Deep Percolation (tile water) 0.20 4.5 6.56 29.8
Trrigation Efficiency - 83.0 - ---

The irrigation efficiency assumes that all the deep percolation is used for leaching excess salts below the root zone.

Vertical and horizontal leaching remove slightly over half of the salts applied during irrigation. It
1s apparent that deep percolation was insufficient for adequate vertical leaching. Therefore, the
4.5% deep percolation is considered to be a part of the leaching requirement.

It was also observed that tailwater picks up salt from the soil as it moves down the field. The
salinity of the tailwater is approximately 30 percent higher than the water delivered to the field.
This occurs because cracks in the soil allow water to move in and out of the soil, picking up salts
as it moves down the field. Considering the salt balance for a single irrigation, the tailwater
accounts for 43 percent of the salts leaving the field. Based on this high percentage of salt
removal, tailwater has an obvious leaching benefit. Considering the total salt outflow, the
tailwater salt removal is slightly less than vertical leaching (43 v. 57 percent of the salt removed).

NRCE estimated that for medium and heavy cracking soils, approximately 3.4 percent of the
headgate delivery was used for horizontal leaching. This is calculated as the ratio of salt
removal: tailwater over tile water, multiplied by the tile water out{low percentage (22.3/29.8 x
4.5). Tailwater improves the already high irrigation efficiency from 83 to 86 percent for the
irigations evaluated on medium and heavy cracking soils. The irrigation efficiency is the water
stored in the root zone available for crop water use (78.5%), plus vertical leaching (4.5%), plus
the estimated horizontal leaching (about 3.4%). The salinity of the deep percolation is much
higher than the salinity of the tailwater. Although the 4.5% deep percolation removed more salt
than the 17% tailwater, tailwater also provides adequate irrigation and significantly benefits crop
production by removing a critical portion of the salt from the upper root zone.

2. Sandy Soils

An irrigation on a sandy soil field was evaluated to provide a comparison for the irrigation of
heavy and medium soils. The heavy and medium soils comprise the majority of land in IID.
Summary results of the irrigation are shown in Table IV-5. It is much easier to leach salts in the
sandy soils than in heavy soils because vertical leaching is not hindered by low permeability.
Although only 58 percent of the salts added to the field were removed during this irrigation, the
salinity levels in the field are still low and the long-term leaching is adequate. A review of the
mrigation history on this field shows that adequate water has been applied for leaching (see
Appendix 7 Field 4).
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Table IV-5 Summary of Irrigation Data for the Irrigation Evaluation on a Field With Sandy Soil (Field 4).

Water Balance Data Salt Balance Data
Avg. EC of
Depth Average Water Average

(inches) (%) (ds/m) (%)
Total Irrigation Depth 4.60 100.0 1.00 100
Stored in Root Zone 3.70 80.0 -—- 42
Tailwater Runoff 0.00 0.0 --- 0
Deep Percolation .90 20.0 3.0 58
Irrigation Efficiency --- 85.5 == ---

Irrigation Efficiency is based on 5.5 percent of deep percolation being for leaching. The bottom portion of the field
was not adequately irrigated or leached.

The irngation efficiency was high; however, the leaching was in excess of the amount required
in the upper portion of the field and there was no leaching in the bottom of the field. Similarly,
the bottom portion of the field was under irrigated. The irrigation was inadequate to meet crop
needs and was not considered a typical irrigation. Although the deep percolation was 20 percent
of the water applied, only about 5.5 percent was estimated to provide leaching due to the
uniformity of water application. Based on soil moisture sampling, probing, and irrigation
advance rate, 1t was estimated that 50% of the field received the 11% leaching requirement and
therefore 5.5% of the irrigation. The leaching requirement of 11% is based on an equation
developed by Rhoades (1974) with the EC of the irrigation water (EC;y,)=1.0 and the threshold of
the soil water EC for the crop (EC;)=2.0. The Rhoades leaching requirement equation is
discussed later in this chapter.

3. Leaching/Land Preparation Irrigation on Heavy Soils

Irrigations during crop production were inadequate to maintain a salt balance in the heavy soils.
It is a common practice to provide a leaching irrigation between crops, especially on heavy and
medium textured soils. A leaching irrigation was evaluated to determine the water and salt
balance for the irrigation. The results of the irrigation evaluation are shown in Table IV-6. The
irrigation followed the harvest of a sugar beet crop in soils with high salinity. The field had also
been leached one year before the evaluated leaching irrigation.

Table IV-6 Summary of Irrigation Data for the Leaching Irrigation Evaluation on a Field With Heavy Soils

(Field 10).
Water Balance Data Salt Balance Data
Depth Average Ave. EC of Average
(inches) (%) Water (%)
{(ds/m)

Total Irigation Depth 9.80 100 1.02 100
Stored in Root Zone 4.70 48 - -
Tailwater Runoff 0.00 0 --- ---
Deep Percolation 3.60 37 11.45 412
Evaporation 1.50 15 --- ---
The irrigation occurred over 9 days.
The tile drain flow removed approximaiely four times the salt that was added with the irrigation water.

A total of 9.8 inches were applied during a 9-day irrigation. Prior to leaching, the field had been
deep nipped, disked, leveled, diked, and corrugated, making the soil quite dry. Based on the
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inflow and outflow, 4.7 inches were stored in the root zone. It was also estimated that
approximately 1.5 inches of the applied water were utilized for evaporation. The tile drainage
measurements indicated that about 3.6 inches were deep percolated during and after the
irrigation.

The first 3 to 4 days were required to wet the entire field while approximately the last 5 days
were used to continue the leaching process. The entire field was irrigated in one set with the
advance flow taking 3 to 4 days, during which time the inflow averaged 5.2 cfs. The flow rate for
the remaining 5 days averaged 2.4 cfs. A portable pumpback system was installed to convey

. water from the tail end of the field to the field head ditch, as tailwater is not permitted during a

leaching irrigation. Although no salinity was removed by the tailwater, salinity measurements of
the tailwater were periodically measured and recorded. The EC of tailwater ranged from 1.3 to
2.2 ds/m.

The leaching irrigation effectively removed a large quantity of salt from the root zone. Based on
the inflow and tile drain measurements of flow and salinity, approximately 59 tons of salt were
applied, while 249 tons of salt were removed from the 81-acre field. Based on the average of the
irrigations evaluated, about 0.2 tons per acre of salt accumulates in the soil after each irrigation.
Thus, the leaching irrigation removed salts that would accumulate during 11 or 12 irrigations.
For example, there were 13 irrigations for the sugar beets grown between the leaching irrigations
that occurred between July of 1999 and June of 2000. Figure IV-2 shows the accumulation and
leaching of salts between leaching irrigations, based on the irrigation history of the field
evaluated.

A review of the irrigation history on the evaluated fields indicates that water applications during
leaching irrigations ranged from 6.5 to 15.6 inches, with an average of 12.4 inches.
Occasionally, a leaching irrigation occurred in two phases separated by a few days (however, it
is still considered to be one leaching irrigation). Based on the average leaching of approximately
12 inches, about 5.8 inches of deep percolation would result (total irrigation of 12 inches less 1.5
for evaporation and 4.7 inches for soil storage).
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4, IID Soil Analysis

The physical characteristics of a given soil are very important in any irrigation planning, design,
and management. Tables IV-7 and IV-8 list the permeability ranges of soil layers of the soil
mapping units within IID. Table IV-7 lists the permeability of the top soil layer and Table [V-8
lists the range of permeability and the limiting soil permeability in the top four feet of the soil.
Tables IV-7 and 1V-8 are shown on Plates IV-1 and TV-2, respectively. It was assumed that the
soils with a soil layer having limiting permeability ranging from 0.06 to 0.2 inches in the top four
feet are considered medium and heavy cracking soils. Many soils with low permeability have
high shrink-swell potential that result in cracking and swelling depending on dry/wet conditions.
Initial filling of the cracks slows down the advance rate and provides infiltration in the upper root
zone. Crack-filling takes place rapidly, but once filled, irrigation water infiltrates vertically very
slowly. Water flowing to the end of such fields is regarded as wastewater by some critics, and
because of this IID has taken various measures to reduce tailwater. However, water runofT from
fields with heavily cracked soils is not a waste, as has been claimed.

The intake rate of the soil needs to allow for both the penetration of the consumptive use
requirement and the leaching requirement. Table IV-7 shows the permeability characteristics of
the soils as they closely relate to the intake rates. The lower the permeability, the longer the
application time required for irrigation water to fill the root zone to field capacity.

As shown in Table IV-7, the permeability range of the major IID soil type, Imperial, is only 0.06
to 0.2 inches per hour. Large portions of the Holtville, Imperial-Glenbar, Meloland, and
Meloland-Holtville soil types also have permeability rates of 0.06 to 0.2 inches per hour, In such
cases, if water was applied for 24 hours continuously, the total infiltrated water would be 1.44
inches to 4.8 inches per day, or an average of 3.12 inches per day. At this infiltration rate, it
would be impossible to replenish the soil moisture deficit in a reasonable time period. However,
since these soils tend to crack when dry, a large portion of the applied water initially fills the
cracks in the soil. Once the cracks are filled with irrigation water, the rate of infiltration
becomes very low and the irrigator continues to apply water to fill the root zone and provide

partial vertical leaching. This leads to more moisture stored in the root zone of the soil, but also
causes runoff or tailwater at the end of the field.

The conventional theory and equation for determining leaching requirements is certainly
applicable for light soils with adequate infiltration rates because the leading edge of the applied
water moves (infiltrates) downward, replenishing the depleted root zone, while the excess
moisture, beyond field capacity, moves below the effective root zone leaching the excess salts in
the soil. Hence, light soils follow this one-dimensional (downward flow) conventional theory.
However, when irrigation water is applied on IID’s heavy cracking soils with low permeability,
the water flow is unconventional because the applied irrigation water tends to have a two-
dimensional flow. The irrigation water first fills the cracks of the soil then it moves laterally
through the cracks and along the surface, eventually becoming tailwater with the remaining
water flowing downward to fill the root zone. If the root zone attains field capacity, the excess
water flows past the root zone carrying salts with it.
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Table IV-7 1ID Soils Within Irrigated Boundary Sorted by Permeability of Top Soil Layer.

IvV-21

l . Permeability Range
"N ] Domi . . Top Layer Grou Grou
I | TI\J/II?E 01811(-)133{3 Minor Description Acreage (Lowr;nd {-Iigh) Acrealg)e Percentzge
inches/hour
109 Holtville |Silty Clay 2,589] 0.06 0.20
l 110 Holtville |Siilty Clay, wet 72,966 0.06 0.20 Low Permeability
111 Holtville |Imperial Silty Clay Loams 31 0.06 0.20
112 Imperial |Silty Clay 317 0.06 0.20
l 113 Imperial |Silty Clay, Saline 2,500] 0.06 0.20
114 Imperial |Silty Clay, Wet 119,682f 0.06 0.20
115 Imperial Glenbar Silty Clay Loams, wet, 0 to 2 150,924 0.06 0.20
l percent slope
116 | Imperial |G1e0bar Silty Clay Loams, 2 to 5 1375 006 | 020 | 3s50356] 62.1%
percent slope
106 Glenbar  [Clay Loam, wet 3,798 0.20 0.60
l 107 Glenbar [Complex 969 0.60 2.00 | Medium Permeability
117 Indio Loam 1,208| 0.60 2.00
; 118 Indio Loam, wet 13,837| 0.60 2.00
' 119 Indio Vint complex 6,435 0.60 2.00
123 Meloland |and Holtville Loams, wet 13,047| 0.60 2,00 39,294 7.0%
101 Antho  {Supperstition Complex 3t 2.00 6.00
l 103 Carstias  |Gravely Sand, 0 to 5 percent slope 2371 6.00 20.00 High Permeability
121 Meloland |Fine Sand 1,253 2.00 6.00
122 Meloland |Very fine Sandy Loam, Wet 98,810 2.00 6.00
l . 124 Niland |Gravelly Sand 1,364] 6.00 20.00
125 Niland [Gravelly Sand, wet 6,543| 6.00 20,00
126 Niland  |Fine Sand 4591 6.00 20.00
l 128 Niland {Imperial Complex, Wet 3,118 6.00 20.00
130 Rositas  |Sand, 0 to 2 Percent Slope 775 6.00 20.00
132 Rositas  |Fine Sand, 0 to 2 Percent Slope 2,927 6.00 20.00
l 133 Rasitas  |Fine Sand, 2 to 9 Percent Slope 19]  6.00 20.00
135 Rositas  |Fine Sand, Wet, 0 to 2 Percent Slope 11,797 6.00 20.00
136 Rositas  |Loamy Fine Sand € to 2 Percent Slope 291 6.00 20.00
l 137 Rositas  |Silt Loam, 0 to 2 Percent Slope 8| 6.00 20.00
142 Vint Loamy Very Fine Sand, Wet 31,790 2.00 6.00
143 Vint Fine Sandy Loam 3| 200 6.00
l 144 Vint Indio Very Fine Sandy Loams, Wet 15,369 2.00 6.00 174,532 30.9%
Total] 564,182 564,182 100%




Table IV-8 11D Soils Within Irrigated Boundary Sorted by Permeability of Limiting Layer in the Top Four Feet.
Limiting Layer
Map { Dominate . . Permeability Range | Grou Grou
Unirt) Soil Minor Description Acreage {(Low andiiigh)g Acreagpe Percentﬁge
inches/hour
109 | Hottville |Silty Clay 2,589 0.06 0.20
Low Permeability
110 | Holtville (Sillty Clay, wet 72,966 0.06 0.20 {Medium and Heavy
Soils)
111 | Holtville |Imperial Silty Clay Loams 3| 006 0.20
112 | Tmperial |Silty Clay 317 0.06 0.20
113 | Imperal {Silty Clay, Saline 2,500 0.06 0.20
114 | Imperial {Silty Clay, Wet 119,682 0.06 0.20
115 | Imperial Glenbar Silty Clay Loams, wet, 0 to 2 150,924|  0.06 0.20
ercent slope
116 | Imperial Glenbar Silty Clay Loams, 2to 5 1375 0.06 0.20
percent slope
121 | Meloland {Fine Sand 1,253 0.06 0.20
122 | Meloland |Very fine Sandy Loam, Wet 98,810 0.06 0.20
123 | Meloland |and Holtville Loams, wet 13,047 0.06 0.20
124 | Niland |Gravelly Sand 1,364 0.06 0.20
125 | Niland |Gravelly Sand, wet 6,543] 0.06 0.20
126 | Niland |Fine Sand 459; 0.06 0.20
128 | Niland {Imperial Complex, Wet 3,118 0.006 0.20
144 Vint  |Indio Very Fine Sandy Loams, Wet 15,369} (.06 0.20 490,320 86.9%
106 | Glenbar |Clay Loam, wet 3,798 0.20 0.60
107 | Glenbar |Complex 96| 020 | 0.60 Mm;‘i?’g:fg‘:ﬁg’““y
117 Indic [Loam 1,208 0.60 2.00
118 Indio |Loam, wet 13,837 0.60 2.00
119 Indio  |Vint complex 6,435 0.60 2.00 26,247 4.7%
101 Antho  {Supperstition Complex 31 2.00 6.00
103 | Carstias |Gravely Sand, 0 to 5 percent slope 2371 6.00 20.00 Hl%&gﬁ?gi?ﬂl)my
130 | Rositas |Sand, 0 to 2 Percent Slope 775 6.00 20.00
132 Rositas |Fine Sand, 0 to 2 Percent Slope 29271 6.00 20.00
133 | Rositas |Fine Sand, 2 to 9 Percent Slope 19  6.00 20.00
135 Rositas  |Fine Sand, Wet, 0 to 2 Percent Slope 11,797] 6.00 20.00
136 | Rositas |Loamy Fine Sand 0 to 2 Percent Slope 291  6.00 20.00
137 | Rositas |Silt Loam, 0 to 2 Percent Slope & 6.00 20.00
142 Vint |Loamy Very Fine Sand, Wet 31,790 2.00 6.00
143 Vint  |Fine Sandy Loam 31 2.00 6.00 47,6106 8.4%
Total] 564,182 564,182 100%

Two maps are included to illustrate the extent of heavy soils within IID. Plate IV-1 shows IID
soils with low (0.06-0.2 inches per hour), medium (0.2-2.0 inches per hour), and high (greater
than 2.0 inches per hour) permeability rates based on permeability of the surface soil layer. The
percentages of each permeability group are 62, 7, and 31% respectively, for low, medium, and
high permeability rates. Plate IV-2 shows the area within ITD containing a soil layer in the top 4
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feet that limits drainage and leaching of salts. The permeability groups are divided into low,
medium, and high as discussed for Plate IV-1. The percent areas based on limiting permeability
are 87, 5, and 8% respectively, for low, medium, and high permeability rates. Tables IV-7 and
IV-& list the soil mapping units and areas of surface with limiting permeability, respectively.
These tables mclude all areas classified on Plates IV-1 and IV-2, some of which are not irrigated.

As noted earlier, the amount of water needed to satisfy the requirements of a given crop
increases with the increase of salinity in the irrigation water. Hence the production of a
sustained crop yield requires the application of more water as salinity of irrigation water
increases. As the majority of the soils in IID have very low permeability, portions of the applied
water will become runoff or tailwater. While the soils of IID are some of the most productive
soils in the nation, they require a high level of management, skill, and effort to successfully
irrigate.

In the heavy cracking soils of 1D, unlike conventional irrigation, the leading edge of the applied
urrigation water initially fills up the cracks while a portion of the water infiltrates into the root
zone and beyond. The irrigation water leaches primarily the upper root zone of the soil profile
along the cracks as well as the surface of the soil, especially after the cracks are filled with water.
This unique phenomenon, in which the lateral flow of the irrigation water is in part leaching the
upper root zone of the soil profile, is different from conventional leaching (via vertical water
flow). The runoff water is a necessity because more water has to be applied at the lower portion
of the field to adequately irrigate the field and to leach the higher salt concentrations. In essence,
the tallwater is not only a necessity for sufficient irrigation in the lower field, but also for
horizontal leaching of the upper root zone of the field. Therefore, the tailwater should be
regarded as a beneficial use for leaching purposes.

D. Parameters That Should be Considered When Estimating Leaching
Requirements for Crops Grown in the Heavy Cracking Soils of IID

Based upon the foregoing discussions related to heavy cracking soils, salinity management, and
the primary factors affecting leaching of salts below the root zone, it is possible to develop a
methodology for estimating salt leaching in [ID. This analysis is as follows:

I. Tailwater as a Leaching Component

Leaching of salts from the root zone of non-cracking, light soils occurs vertically. Current
methods for estimating leaching requirements are largely based on this assumption. However,
this common practice is incorrectly applied to all soil conditions. It should not be applied to the
heavy cracking soils found in IID because leaching of salts from the root zone for a large portion
of the soils in the District occurs both vertically and horizontally. To correct for this
mischaracterization, a portion of the tailwater must be included as part of the leaching fraction,
in addition to being required for adequate irrigation of the lower portion of the field.

Based on the extensive tailwater studies conducted by NRCE and IID, about 17% of the applied
nrmigation water results in tailwater (IID, 1990). It can be said, based on the analysis conducted
in the following sections of the report, that approximately 3.4% of the total headgate delivery
water for heavy cracking soils was used for horizontal leaching. The occurrence of tailwater,
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associated with the leaching of fields comprised of heavy to medium cracking soils, must be
regarded as a beneficial use of water in a similar manner to the use of water associated with
subsurface drainage for purposes of leaching excess salts exiting from buried tile drains. The
difference between subsurface drainage water and the leaching portion of the tailwater is that the
subsurface drainage used for leaching salts flows beneath the ground and is not visible, while the
tailwater is visible.

2. Leaching Fraction as a Function of Field Leneth

Because the salinity of irrigation water increases as it moves from the head to the tail end of the
field, the leaching requirement will not be constant, as it will vary (increase) with the distance
the water has traveled along the field’s length. This is true since the salinity of the irrigation
water mncreases with the distance water travels. The estimated leaching requirement, at any given
point along the field’s length, therefore increases as a function of field length. Therefore, when
one estimates the amount of water necessary to meet the leaching requirements of a field of
heavy cracking soils, the high salinity of the irrigation water must be taken into consideration.
Hence, when one estimates the amount of water necessary for leaching requirements, the salinity
content of the irrigation water should be the weighted average of the salinity content of the water
applied at the head and at the tail end of the field as opposed to the salinity content of the original
irrigation water that is conventionally used.

3. Vertical Leaching Comparison

The conventional equation that is traditionally used to estimate leaching requirements is a
function of the salinity content of the irrigation water and the sensitivity of crops to salinity
concentration of the soil. This equation assumes that leaching occurs only vertically and soil
characteristics have no influence in the determination of the amount of leaching required. In
other words, whether the soil is light or heavy, the equation does not take into consideration the
differences in soil texture. The behavior of the majority of soils in IID (the soils being very tight
and cracking) do not correspond to the realities under which the equation for determining
leaching requirement was developed.

Studies have shown that the infiltration rate of the light non-cracking soils in IID is about 1 foot
per day while the infiltration rate for heavy cracking soils is approximately 0.03 to 0.05 feet per
day and up to 0.1 feet per day. Based on the ratios of the infiltration rates, it has been
determined that the light soil allows water to penetrate into the soil 10 to 20, and up to 33, times
faster than that of the heavy cracking soil after initial filling of cracks. Therefore it would require
10 to more than 30 times longer for sufficient water to infiltrate for vertical leaching on heavy
cracking soils. However, it is impractical to apply water for this long of a period during the
cropping peried because it would drown or scald (damage resulting from plants being in hot
water for extended periods) most crops.

E. Estimation of Leaching Requirements
For soils other than the heavy cracking soils in IID, the conventional equation by Rhoades (1974)

may be used to determine the leaching requirement. Based on this equation, the leaching
requirement estimate is dependent on two parameters: the salinity content of the incoming
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irrigation water and the sensitivity of the crop to salinity. However, when the cracking soils of
IID are considered, there are distinct considerations one must analyze prior to applying this
equation as a tool to estimate the leaching fraction. Rhoades conventional equation is as follows:

(Iv-2)
R - EC,,
SEC,-EC,,
where,
LR =Fraction of trrigation water that must be leached through the root

zone to control soil salinity at any specified level
ECiw = Electrical conductivity of the irrigation water

EC. = Threshold electrical conductivity of the most sensitive
crop to be grown in a rotation on that field.

1. Horizontal Leaching Effect of Cracked Soils

For conventional, non-cracking soils, the salinity content of the incoming irrigation water does
not significantly change as the irrigation water moves from the head of the field to the tail of the
field. Therefore, Equation IV-2 can use the salinity content of the Colorado River at the
headgate delivery points. However for the cracking soils, field measurements consistently
showed that the salinity content of the irrigation water invariably increases as it flows from the
head to the tail end of a field. This being the case, the EC,, in the equation has to increase
longitudinally. In its most simplified form, the median or average value of the salinity content of
the water should be used in the equation; therefore, the EC;,, value should be increased.

The following is an illustration of the resulting leaching requirement estimate based on actual
data measured by IID from 1985 to 1990. The salt concentration of the delivered irrigation water
at the head of the field was 0.97 ds/m, while at the tail end it was 1.33 ds/m. Assuming that the
increase of the salt content across the field is linear, the average value for the field would be 1.15
ds/m. Substituting in the 1.15 ds/m and using an alfalfa crop with an EC, of 2.0, the comparative
results would be as follows:

Light Non-cracking Soils:

0.97
LF = 100 = 10.7% ]
[5x2.0—0.97] ’ (IV-3)
IID Cracking Soils:
Fel 115 Yoo=13.0% (Iv-4)
5x2.0-1.15
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Based on the above results, IID cracking soils require about 20% more leaching water compared
to light non-cracking soils for alfalfa crops. As the salt tolerance of the crop becomes higher, the
difference between the estimated leaching requirement for the cracking and non-cracking soils
decreases. This illustration is used for comparative purposes only; again, due to horizontal
leaching, NRCE has determined the Rhodes equation cannot be directly applied to the medium
and heavy cracking soils in IID.

2. Vertical Leaching on Heavy-cracking Soils

As discussed earlier, field studies have shown that about 22% of the salts introduced by irrigation
water to a typical field with cracking soils is removed by the tailwater. If one assumes that the
remaining 78% of the salts have to be removed by the process of vertical leaching, one has to
estimate the amount of water required to leach those salts using the conventional leaching
equation adjusted for IID soils, as discussed above.

Based on NRCE’s irrigation evaluation during the summer of 2000, it was determined that the
average vertical leaching for the medium and heavy soils during crop irrigation was about 4.5%
of the headgate delivery. If, for example, the headgate delivery during crop irrigation is about
5.0 acre-feet per acre, the vertical leaching would be 0.23 acre-feet per acre. It was also
determined that the 4.5% vertical leaching removed 29.8% of the total salts introduced by the
irrigation water.

3. Vertical Leaching Between Crops

The third component of leaching is the amount of water used to leach the accumulated salts
between the final harvesting and planting of new crops. NRCE has estimated this to be 0.48
acre-feet per acre. Many crops are perennial (alfalfa, bermuda, asparagus, etc.) and are not
planted each year. Therefore the leaching irrigation does not apply to all the acreages each year.

4, Leaching During Crop Irrigation

The irrigation evaluation on the fields studied showed that the tailwater was on average about
17% of the headgate delivery. The total salts removed by the 17% tailwater was estimated to be
22.3% of the total salts introduced. When one considers medium and heavy soils, the equivalent
amount of a portion of the tailwater used to remove salts relative to that of the vertical leaching is
3.4% (22.3 x 4.5/29.8) of the headgate delivery, amounting to 0.17 acre-feet per acre per year
(3.4% x 5.0).

Hence, the total amount of water used for leaching purposes during crop irrigation is 0.23 + 0.17
= 0.4 acre-feet per acre. The 0.4 acre-feet per acre represents both horizontal and vertical
leaching during irrigation.

F. Application of Field Irrigation Evaluations to IID Drainage

The following analysis of on-farm leaching and deep percolation is based on information
obtained from NRCE’s field irrigation evaluations and IID’s average annual water budget for the
1988 to 1997 period. It is recognized that only a few irrigations have been evaluated and that the
information is not necessarily representative of all conditions throughout IID. However, the data
1s reasonable and does not contradict other available data and analysis.
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The results of the analysis are included in Tables IV-9 and IV-10. The estimated on-farm
irrigation efficiency is 83%. It is estimated that overall only 2.7% of the headgate deliveries
(with 1.3% of headgate deliveries on heavy soils and 1.4% on light soils) are in excess of the
leaching requirement. Excess deep percolation results from non-uniformity of soil (varying
intake rates) and non-uniformity of irrigation (for example, excess irrigation at head of field)
which cannot be avoided. The excess deep percolation leaches salt, but may not be needed to
maintain acceptable crop production. Though there may be this small unavoidable excess on the
lighter soils, most of the predominant heavy cracking soils do not receive enough leaching water.

Table IV-9 Disposition of On-farm Leaching and Deep Percolation in IID (Typical Year).

DP DP
Fraction| Area |Fractionof| Area During Dungg pr Total Water
Description of Area | (acres) | Sub-area | (acres) Crop |Leaching| Total (Kaf)
Irrigation|Irrigation| (in/yr)
{infyr) | (in/yr)

Non-limiting permeability 0.13 60,060
Leaching 1.00 60,060 7 35
Other deep percolation 1.00 60,060 7 35
Limited permeability 0.87 1401,940
Alfalfa leached every 4 years 128,621 4.65 50
Bermuda leached every 5 years 24,116 3.96 8
Annual crops leached every vear 249,203 8.20 170
Other deep percolation from nou-uniformity 100 l401940| 098 | 000 | 098 13
of irrigation and soils.
SUBTOTAL for Limited Permeability 401,940 261
TOTAL 462,000 Total Tile Water 331
Total Leaching 263 |Kaf Total Tile Water ;| 0.69 |Feet
Total Other 68 [Kaf Total Tile Water | 8.26 [Inches

Other deep percolation is the closure term to balance the deep percolation with that estimated by the water balance.
Shaded values are input values.
DP = deep percolation; Kaf = 1,000 acre-feet
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Table IV-10 On-farm Water Balance (Average of 1988 through 1997).

o Water Percent of
Description (Kaf) Hegdggte Notes
Deliveries
Total Headgate Deliveries 0 100.0 Average of 1988-1997
On-Farm Irrigation CU 69.8 Average of 1988-1997
T?tal Tailwater and 757 302 Total headgate deliveries minus on-farm CU
Tilewater
Tailwater (17 percent) 426 17.0
Leaching Heavy Soil 75 30 f'/ percent of land times 3.4 percent equivalent horizontal
eaching.
Other Tailwater 351 14.0 Tailwater not used for leaching
Tile Water 331 13.2 Total tile water
Leaching Heavy Soil 228 9.1 From Table IV-9 {50+8+170)
Leaching Light Soils 35 14 From Table IV-9
Remaining Tile Water 68 27 Tile water not used for leaching
Irrigation Efficiency 83.3
Total Leaching Water 338 13.5 Horizontal and Vertical Leaching
Vertical Leaching 263 10.5 Vertical Leaching Only

Total headgate deliveries and on-farm irrigation consumptive use based on IID water balance.
Shaded values are input values.
Kaf = 1,000 acre-feet, CU = consumptive use

The analysis presented in Tables IV-9 and IV-10 used the following assumptions and
information:

Table IV-9 assumptions and analysis:

The average annual net cropped area is 462,000 acres.

13% of the net cropped area has light soils with permeability greater than 0.2 inches per hour
throughout the top four feet based on the Soil Conservation Service (SCS) Seil Survey.

The other deep percolation for light soils is an assumption based on typical irrigation
uniformity.

The average leaching requirement of the light soil is estimated to be 7 inches per year. This
estimate is 10.7% of headgate deliveries based on the leaching fraction.

87% of the net cropped area has medium and heavy soils in the top four feet, which limit
permeability to less than 0.2 inches per hour based on the SCS Soil Survey.

The leaching of the heavy soil is based on NRCE’s field irrigation evaluations during which
about 0.2 inches of leaching occurred per irrigation during the cropping period, as well as an
estimated nrrigation leaching of 5.8 inches during a typical leaching irrigation.

Thirty-two percent of the heavy soil area is in alfalfa, six percent in Bermuda grass, and 62
percent is other crops. The crops are irrigated 16, 14, and 12 times per year, for alfalfa,
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Bermuda grass, and other crops, respectively. The number of irrigations were obtained from
IID 1irrigation delivery records and are very similar to those used in crop production budgets
developed by the University of California (UC, 1996). For example, the average annual deep
percolation during the crop irrigation is 3.2 inches (0.2 in/irrigation x 16 irrigations).

The leaching irrigation on heavy soils occurs once each year for annually or multiple cropped
acreage, once every four years for alfalfa, and once every five years for Bermuda grass. For
example, the average annual deep percolation for alfalfa is 1.45 inches (5.8 inches per
leaching/4 years between leaching).

The annual average (1988-1997) headgate deliveries are 2,503,000 acre-feet and the average
annual on-farm irrigation consumptive use is 1,746,000 acre-feet.

Table IV-10 assumptions and analysis:

Tailwater is estimated to be 17 percent of headgate deliveries based on NRCE’s field
irrigation evaluations and IID data.

Tailwater used for horizontal leaching of heavy soils {87% of the net cropped area) is
estimated at 3.4 percent of headgate deliveries, as previously described.

Other deep percolation on medium and heavy soils is equal to total deliveries minus on-farm
consumptive use minus tailwater minus leaching deep percolation on medium and heavy
soils, minus leaching deep percolation on light soils minus other deep percolation on light

soils. This value is (2,503-1,746-426-228-35-35=33 kaf). The 33 kaf/year is equivalent to
(.98 in/year on the heavy soils.

The results of the analysis are illustrated in Figure IV-3. The figure shows the disposition of
water from the headgate to irrigation consumptive use, tailwater, and tile water; and then divides
the tailwater and tile water between leaching and other deep percolation and tailwater.
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Figure IV-3 Distribution of On-Farm Water Deliveries (Average of 1988-1998).
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Irrigation Efficiency = 69.8 + 10.5+3 =83.3%
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V. 1ID’S WATER BUDGET

This section of the report takes the principles detailed in previous chapters and applies them in
the context of [ID, with a water budget.

A. IID’s System Wide Water Budget

The gross water consumptive use in the Imperial Valley may be estimated using the volume
balance method. This approach is appropriate for the Imperial Valley because of the valley’s
unique hydrogeologic condition and physical location as a ¢losed basin. A general mathematical
expression of the volume balance method for a particular control volume is described as follows:

Voutﬂow = Vinﬂaw - Vconsumpzz'nn + VA storage (V-I)

The inflows into the system, Vinnow, may include precipitation, surface inflows such as natural
streams and irrigation water deliveries, and subsurface inflow, which is primarily groundwater
flow. The outflows, Viunow, of the system are represented by surface outflows, which include
natural streams as well as drainage water, and subsurface outflows, which are primarily
groundwater flows. The water consumption, Vcopsumption, 18 €vaporation from open water such as
ponds, reservoirs, and lakes; ET of agricultural crops and other plants, and non-agricultural water
uses for domestic, industrial, and municipal purposes. The change of water storage, Va storages 18
the change of subsurface water stored in the soil.

The volume balance analysis was performed by NRCE for the whole IID as a system wide unit,
as well as two subsystems which include the conveyance and distribution level subsystem and
the on-farm level subsystem. The water consumption on agricultural land was separated out
from the total water consumption in IID. The irrigation water consumption on agricultural land
was determined by removing the rainfall contribution to ET from the water consumption on
agricultural land so that only irrigation water may be considered. Figure V-1 is a schematic
diagram illustrating the system-wide water budget with its pertinent inflow and outflow
components,
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Figure V-1 Schematic Diagram of 1ID’s System Wide Water Volume Balance With Total Water Consumption
as the Closure Term.

1. Boundaries of IID Controlled Volume Study Area

The IID system-wide conirolled volume is the study area that is defined as the irrigated area
within the Impernal Valley. The southemm boundary is the Mexico Border, and the eastern
boundary 1s the EHL Canal. The Salton Sea creates the north and northwest borders of the
controlled volume area. The western boundary is the outermost irrigated farms. The upper
vertical boundary is the land surface that includes agricultural crops, trees, and phreatophytes.
The lower boundary is defined as the impervious layer well below the local groundwater table.

2. Inflow

There are three major inflow sources entering the IID system. The New and Alamo Rivers
flowing from across the Mexican border, the AAC, and precipitation. Other minor surface and
subsurface inflows such as surface runoff of storm events in the surrounding area and
groundwater inflow into the valley are also considered. Table V-1 shows total inflow in kilo-
acre-feet units.
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Table V-1 Annual inflow values for the period of 1988 to 1997 (in kilo-acre-feet).
D
AAC Outflow Deliveries §1D) Surface Other Sub- .
Inflow to y Inflow Rainfall
Year ) from Deliveries Surface surface :
at Pilot | Coachella from {(inches)
Coachella | from AAC . Inflows | Inflows
Knob Canal Mexico
Canal

1988 3,279 -325 -4 -3 229 24 20 1.82
1989 3,377 -351 -4 -3 153 2.0 20 1.5
1950 3,420 -359 -3 -3 135 2.4 20 1.81
1991 3,211 -308 4 -6 133 4.6 20 3.5
1962 2,876 -297 -4 -4 145 3.1 20 6.13
1993 3,085 -307 -4 -3 192 7.1 20 5.37
1994 3,369 -319 -4 -2 147 34 20 2.56
1995 3,391 =321 -4 -2 150 2.8 20 2.11
1996 3,486 -327 -4 -2 120 1.1 20 0.8
1997 3,492 -324 -4 0.5 162 4.3 20 3.26
Average 3,299 =323 -4 2.9 157 3.8 20 2.89

3. Outflow

The natural drainage outlet for IID is the Salton Sea. The majority of the subsurface drainage,
uncollected tailwater, canal spills, etc. are all collected by the Alamo and New Rivers which
eventually drain into the Salton Sea. A small portion of these flows go directly to the sea. Flows
that do not travel to the Salton Sea are either evaporated into the atmosphere, consumed by
plants through ET, used by municipal and industrial (M&I) uses, or other uses.

IID maintains gaging stations on the Alamo and New Rivers that record water levels every 15
minutes on a data logger. Direct outflow to the Salton Sea consists of pumped subsurface
drainage water from farms at the edge of the Salton Sea that are below sea level as well as some
IID canal spills. The pumping flows were estimated by IID based on power records and assumed
pump efficiencies. The canal spill volumes were estimated by either head readings over weirs or
head differentials across submerged gates.

The USGS conducted a number of studies regarding groundwater flow from the Imperial Valley
to the Salton Sea in the 1960s. According to USGS Professional Paper 486-C (1996), the
estimated groundwater flow was less than 2,000 AF per year. However, due to the rising Salton
Sea level and the increase in drainage pumping to the Sea, the groundwater gradient has been
decreasing in recent years. Therefore, the groundwater flow to the Salton Sea has been estimated
to have an average value of 1,000 acre-feet per year. Table V-2 shows the annual values for the
outflow parameters of IID’s system.
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Table ¥-2 Measured and Estimated Outflows From IID (kilo-acre-feet).
Year Alamo River to New River to Direct Outflow to Subsurface Outflow to
Salton Sea Salton Sea Salton Sea Salton Sea

1988 559 489 100 1
1989 594 431 96 1
1990 618 431 91 1
1991 594 411 88 1
1992 546 397 81 1
1993 617 460 89 1
1994 641 443 109 1
1995 646 473 115 1
1996 641 437 114 1
1997 637 487 107 1

Average 609 446 99 1

4. Storage Changes

The changes in subsurface water storage in the Imperial Valley are considered to be minimal on
a long-term basis. This assumption is supported by the valley’s high groundwater tables, limited
groundwater pumping, and consistent cropped acreage from year to year. However, due to the
changes in crop mix and rainfall amounts in different years, a certain degree of error is expected
with the volume balance analysis (if no change in subsurface storage for a given vyear is
assumed). Changes in soil water storage from month to month over the growing season may be
significant due to crop water demand and irrigation and rainfall events, which are not evenly
distributed throughout the growing season.

5. IID Water Consumption

The total water consumption component of IID’s system-wide water volume balance may be
expressed as follows:

V toat water consumption anﬂawmf + Vinﬂowjmm + ¥ rain = Vau{ﬂows V""W”qubsmj x VA starage (V—z)

werf -
The Viotal water consumption 18 an unknown remainder, which needs to be calculated from other known
measured and estimated parameters. The change of storage, Va siomge, 1S €ssentially zero, on an
annual basis. A schematic drawing of the above water balance equation containing the inflow
and cutflow components is shown in Figure V-1.

The total water consumption in IID, Vil water consumption, 1icludes other uses in IID besides crop
water ET on agricultural lands. These other uses were taken out of the total water consumption
so that the actual amount of water used for irrigation could be determined. The components that
comprise the total water consumption are categorized as follows: agricultural water consumption,
M&I and other uses, canal and reservoir evaporation, rainfall ET on non-agricultural land, and
evaporation and ET from drains, rivers, and phreatophytes.
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The agricultural water consumption is now the unknown component (i.e., remainder term) of this
total water consumption water balance. Moreover, water consumption on agricultural land is
supplied by both irrigation water and rainfall. If the actual irnigation water consumption is to be
determined, the consumptive use supplied by rainfall (rainfall ET) on agricultural land has to be
subtracted out from the water consumption on agricultural land. Figure V-2 is a schematic
diagram of the various components of the total water consumption of IID. The following
sections describe how NRCE determined these other uses and water consumption for IID.

Canal and Reservoir
M&T and O.thcr Evaporation
Consumption
Rainfall Consumption
(ET) on Agricultural Land
. Water Consumption on
Rainfall ET on Non- Total Water Agricultural Land
agricultural Land (<t Consumption »  (Closure for Total Water
Consumption)
] + ) Irrigation Water
Evapc_)ratlon & ET from Drains, Consumption on
Rivers, & Phreatophytes Agricultural Land
Figure V-2 Schematic Diagram of IID System Wide Inflow and Outflow with Water Consumption on

Agricultural Land as a Closure Term,

a. Other Water Uses In [ID

IID delivers surface water to cities for domestic purposes and several industries within its service
area. [ID recorded delivery amounts from 1988 to 1992 were reported in Styles (1993).

IID also delivers water to other users in the valley such as homes, farmsteads, and small
businesses in rural areas. Some of the water amounts used in this category were estimated using
average water use vaiues provided by IID and Styles (1993). Water delivered to feedlots and
community green areas was also included in this category. The values of other uses have been
derived from the Styles (1993) report. Table V-3 lists the annual amounts of the various other
water uses 1n IID including M&I uses.




Table V-3 Other Water uses within IID (kilo-acre-feet),

Year Municipal Industrial Rural Feedlots Green Areas Total
1983 28 7 il 7 10 63
1989 28 9 11 7 10 65
1990 27 14 11 7 10 69
1991 28 15 12 7 10 72
1992 29 15 12 6 10 72
1993 30 15 12 7 10 74
1994 31 15 12 7 10 75
1995 34 15 12 7 10 78
1996 34 15 12 7 10 78
1997 32 17 12 7 10 78

Average 30 14 12 7 10 72

b. Non-Agricultural Consumption

Not all of the water delivered to cities and industries is consumed, some is retumned to the
drainage system. Styles (1993) reported that return flow from delivered M&I water is about 30%
according to records of measured return flows in wastewater treatment plants and deliveries.
The flow records show that the range of wastewater treatment capacity relative to supply
capacity was between 19% to 37%. Therefore, the M&I water consumptive use was assumed to
be 70% of the deliveries, It is also reasonable to assume that consumptive uses other than M&I
were equal to deliveries because minimal returns were assumed.

c. Canal and Reservoir Evaporation

Evaporation from canals and reservoirs in IID was also considered in the water volume balance.
The area of canals and reservoirs used to calculate evaporation was estimated by Styles (1993)
based on canal length and assumed average water surface widths. The rate of evaporation was
estimated based on the ET, with adjustment factors for type of water surface and lateral canals
that are only full part of the year. The factor used to adjust the ET, for canals, farm ponds, and
reservoir evaporation was 1.1. The estimate of ET, is specified in another section of this report.

d. Evaporation From Drains, Rivers, and Phreatophyte ET

[ID has a large system of drains and natural rivers that consume water by evaporation and ET of
phreatophytes (vegetation} along these waterways. The areas for these sources of water use were
estimated by Styles (1993). The area of the open water surfaces for drains were based on the
length of drains from a CH2MHill draft EIR (1993) and assuming 10 foot average width as
estimated by Freeman (1993). The area of vegetation along drains was estimated as 1.56
acre/mile of drain as reported by Dodd (1993) and Freeman (1993). The areas of open water
surfaces and vegetation of the rivers (i.e., Alamo and New Rivers) were estimated from SPOT
images provided by IID (Styles, 1993). The evaporative demand of the open water surfaces and
the ET of the phreatophytes along the rivers were determined based on ET, with multiplication
factors of 1.0 and 1.1 for drains/rivers and phreatophytes, respectively.
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e. ET from Rainfall on Non-agricultural and Agricultural Land

Rainfall is part of the system’s inflow. However, part of it is lost to evaporation and ET from
vegetation on non-agricultural land. These land areas include cities, roads, canal banks,
farmsteads, etc. It is estimated that 60 to 90% of the rainfall received on both agricultural and
non-agricultural lands will be consumed. An estimated average of about 75% of rainfall will be
either evaporated or transpired on non-agricultural land. ET from rainfall on agricultural land
was estimated to range from 85 to 100% of the actual annual rainfall in the study area.

f. Reference Crop Evapotranspiration (ET,)

The climatic data from the three CIMIS stations (Calipatria, Seeley, and Meloland) in the
Imperial Valley were used to compute the ET, based on the FAO P-M ecquation. Detailed
procedures of the calculations are in Chapter II of this repert. The fotal annual ET, values of IID
for the study period are listed in Table V-4.

Fable V-4 Annual Reference ET, (feet) of IID Based on the FAO P-M Equation.
Year 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | Average
Blo 1710 | 744 | 685 | 587 | 589 | 652 | 667 | 68 | 7.23 | 675 | 671
(feet/year)

g Land Areas

The total assessed land area of the water budget study was 656,306 acres. This was derived from
[ID’s summaries of acreage report. The net acreage includes all units except for areas 230 feet
below sea level, undeveloped areas of Imperial, West Mesa, East Mesa and Pilot Knob Units,
and 2,636 acres of 1rrigated land east of the EHL and its service area. Basically, all land outside
the valley floor was not considered, except for a small area of agricultural land east of the EHL..

The total acreage may be categorized into various land use groups. Net irrigated, fallow, and
idle lands are considered agricultural land. Fallow land is defined as farmable area, but not
farmed, whereas idle land is alse farmable land, but between crops. These acreages are reported
in [ID’s monthly crop summaries. The annual acreage differences for agricultural land is within
2% during the study period from 1988 to 1997. However, if land is idle for only part of the year,
it is likely that it was not included in the reported annual acreage. Area covered by
phreatophytes, water surface arcas of IID canals and reservoirs, and surface drains are all the
other acreage categories estimated by Styles {1993). The land area that is not part of agricultural
land or part of other water surface areas mentioned above is defined as a non-agricultural land.
This area includes towns, highways, railroads, farmsteads, ditchbanks, and drainbanks (non-
vegetated, county roads, field roads, canal roads, feedlots, etc.) Table V-5 shows the annual
acreage evaluated for each of the categories above for each of the years in the study period
(1988-1997). Constant acreage for each category was assumed throughout the study except for
agricultural lands and the corresponding non-agricultural lands that varied slightly from year to
year.
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Table V-5 Acreages of Land Categories in IID Study Area.

Acreageof Land | o0 | 1og0 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997
Category

Apgricultural land
(irrigated, idle, | 486,476 | 486,565 | 485,863 | 482,833 | 480,567 | 480,270 | 477,705 | 478,515 | 477,615 | 478,158
and fallow)

Imga‘?:ﬂ’:i“d idle | 458 320 | 463,764 | 466,524 | 465,824 | 464,344 | 463,884 | 458,584 | 456,904 | 458,754 | 460,146
Phreatophytes | 11,424 | 11,424 | 11,424 | 11424 | 11,424 | 11,424 | 11,424 | 11,424 | 11,424 | 11,424
Canals and 3,401 | 3401 | 3401 | 3401 | 3401 | 3,401 | 3,401 | 3401 | 3401 | 3401
TCSCIvyoIrs

Rivers and drains | 2,357 | 2,357 | 2,357 | 2,357 | 2,357 | 2,357 | 2357 | 2357 | 2357 | 2357
Non-ag. land | 152,648 | 152,559 | 153,261 | 156,291 | 158,557 | 158,854 | 161,419 | 160,609 | 161,509 | 160,966

Total 656,306 | 656,306 | 656,306 | 656,306 | 656,306 | 656,306 | 656,306 | 656,306 | 656,306 | 656,306
0. Results of Water Volume Balance

The water volume balance approach for computing total water consumption on agricultural land
arc shown in Tables V-6 through V-10 for the study period from 1988 to 1997. Table V-6 shows
the calculation of the water entering the study area through the AAC. The lowest inflow volume
was In 1992 and the highest inflow volume was in 1997 with annual inflows of 2,475,000 and
3,068,000 acre-feet, respectively.

Table V-6 Determination of AAC Inflow to IID {kilo-acre-feet).
Delivery to AAC “;f%cgzﬂ:ﬁ;ed D?;ig:;e:btgvzm Seepage (PK* to| Evaporation AAC Inflow

Year at Pilot Knob Canal EHL EHL) (PK* to EHL) @EHL
1988 3,279 -325 -3 -94 -6 2,851
1989 3,377 -351 -3 -94 -6 2,922
1990 3,420 -359 -3 -94 -6 2,957
1991 3,211 -308 -6 -94 -5 2,798
1992 2,876 -297 -4 -04 -5 2,475
1993 3,085 -307 -3 -94 -5 2,675
1994 3,369 -319 -2 94 -6 2,948
1995 3,391 -321 -2 -94 -6 2,969
1996 3,486 -327 -2 -94 -6 3,057
1997 3,492 -324 -1 -94 -6 3,068

Average 3,299 -324 -3 -94 -6 2,872

* PK = pilot knob

Tables V-7 and -8 are the total inflow and outflow, respectively, of IID. The range of total inflow
to IID over the study period is from 2,984,000 to 3,433,000 acre-feet, while the range of outflow
is from 1,024,000 to 1,235,000 acre-feet. The volume of the total water consumption is the
remainder in the [ID system wide water budget as indicated in Table V-9. The change in storage
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is assumed to be zero on an annual basis. The lowest total water consumption is in 1692 and the
highest is in 1997 with volumes of 1,960,000 and 2,201,000 acre-feet, respectively. Table V-10
and V-11 show the calculation for estimating water consumption on agricultural land and
irrigation water consumption. The total water consumption on agricultural land is the total
amount of water that the crops consumed through ET. The volumes range from 1,738,000 to
1,988,000 acre-feet with an average of 1,852,000 acre-feet over the study period. Finally, the
irrigation water consumption is the Net Irrigation Requirement (NIR) that the crops need for ET
less the effects of rainfall. The lowest and highest irrigation water consumption volumes are
1,528,000 and 1,868,000 acre-feet, respectively with an average of 1,747,000 acre-feet. The
annual inflow, outflow, total water consumption, and irrigation water consumption volume of
IID’s system-wide water balance from 1988 to 1997 are shown in Figure V-3. Over the study
period from 1988 to 1997, the total system inflow has a significant drop in 1992, most likely due
to the white fly infestation in IID. Consequently, similar trends are reflected in the other system
flow components.

Tabhle V-7 Sum of Inflows to IID (kilo-acre-feet).

Year AAC Surface Inﬂow Rainfall Other Surface | Subsurface Total Inflow
Inflow from Mexico Volume Inflows Inflows
1638 2,851 229 100 2 20 3,202
1989 2,922 155 32 2 20 3,181
1990 2,957 135 99 2 20 3,214
1991 2,798 133 192 5 20 3,147
1992 2,475 145 335 8 20 2,984
1993 2,673 162 294 7 20 3,189
- 1994 2,948 147 140 3 20 3,258

1995 2,969 150 116 3 20 3,257
1996 3,057 120 44 1 20 3241
1997 3,068 162 179 4 20 3433

lAverage 2,872 157 158 4 20 3,211

Table V-8 Sum of Outflows From IID (kilo-acre-feet).
Year Alamo River New River Direct Outflow Subsurface Total Outflow

Outflow to Sea OQutflow to Sea to Sea Qutflow to Sea
1988 559 489 100 1 1,149
1989 594 431 96 1 1,122
1990 618 431 g1 1 1,140
1991 594 411 88 1 1,094
1992 546 397 81 1 1,024
1993 617 460 89 1 1,167
1994 641 443 109 1 1,194
1995 646 473 115 1 1,235
1996 641 437 114 1 1,193
1997 637 487 107 1 1,232
Average 609 446 99 1 1,155
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l . Table V-9 Total Inflow, Outflow, and Water Consurnption for 1ID System Wide Water Volume Balance
(kilo-acre-feet).
l Year Total Inflow Total Outflow Change of Total Wat_er
Storage Consumption
1988 3,202 -1,149 0 2,053
1989 3,181 -1,122 0 2,059
l 1990 3,214 -1,140 0 2,074
1991 3,147 -1,094 0 2,053
1992 2,984 -1,024 0 1,960
I 1993 3,189 -1,167 0 2,022
1994 3,258 -1,194 0 2,064
1995 3,257 -1,235 0 2,022
l 1996 3,241 1,103 0 2,048
- 1997 3,433 -1,232 0 2,201
Average 3,211 -1,155 0 2,056
l Table V-10 Estimate of Total Water Consumption on Agricultural Land in ITD (kilo-acre-feet).
Total Water Canal an.d M&I I?TT fro.m ET from Total Wfater
l Year Consurmption Reservoir Consumption Drains, Rivers, rainfall on Consumption on
Evap. Phreatophytes | Non-Ag Land Ag Land
1988 2,053 -27 -49 -100 -17 1,861
1989 2,059 -28 -51 -104 -14 1,861
I 1990 2,073 -26 -54 -96 -17 1,880
1991 2,053 -22 -56 -82 -34 1,859
1992 1,959 -22 -56 -83 -61 1,738
1993 2,022 -24 -58 -91 -53 1,795
l . 1994 2,064 -25 -59 -93 -26 1,862
1995 2,022 -25 -60 -95 -21 1,820
1996 2,049 =27 -60 -101 -8 1,852
l 1597 2,201 -25 -60 -95 -33 1,988
Average 2,056 -25 -56 -04 -28 1,852
' Table V-11 Determination of Irrigation Water Consumption on Agricultural Land in IID (kilo-acre-feet).
Year Total Water Consumption Rainfall Water Consumption | Total Irrigation Water Consumption
on Ag Land on Ag. Land on Ag Land
l 1988 1,861 -68 1,793
1989 1,861 -59 1,802
1990 1,880 -73 1,807
1991 1,859 -135 1,723
l 1992 1,738 -210 1,528
1993 1,795 -190 1,604
1994 1,862 -91 1,771
l 1995 1,820 79 1,741
1996 1,853 -29 1,823
1997 1,988 -120 1,868
. Average 1,852 -105 1,747
I V-10
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Figure V-3 Water Volumes for the Components of [ID’s System-wide Water Balance.

The volumes of the various flow components of the system-wide water balance were divided by
the total system inflow volume to determine their relative percentage to the total inflow. IID’s
system outflow ranges from 34 to 38% relative to the total inflow. The total water consumption
varies from 62 to 65% relative to the total inflow. The percentage range of the total irrigation
water relative to the total inflow is between 50 and 57%. A comparison of the above parameters
n percentages relative to the inflow is presented in Figure V-4. The percentage of total annual
water consumption relative to the total system-wide inflow decreases slightly by about 2 to 5%
after 1992. Detailed calculations of the water volume balance are shown in Appendix 8.
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Figure V-4 Relative Percentages of Water Volume for IID’s System-Wide Balance Components.

a. Canal Subsystem Water Budget

The canal subsystem consists of the AAC and a network of delivery canals within the IID study
area. The inflow of the canal subsystem is delivered through the AAC at the EHL. The outflow
components are water deliveries to users, spills, seepage, and evaporation. Figure V-5 is a
schematic diagram showing the canal subsystem water balance. Each of the components was

estimated independently except for the closure term, which is the water delivered to agricultural
users.
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Evaporation less Rainfal
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IID Canal Water Delivered to Farms
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Canal Subsystem)

I I

Lateral Main Canal Canal M&I
Spills Spills Seepage Deliveries
Figure V-5 Schematic Diagram of IID’s Canal Subsystem Water Volume Balance and its Components.
b. Inflow

The supply of the irrigation water is computed by subtracting the M&I deliveries from the AAC
inflow to the canal subsystem.

c. Outflow
(1} Canal Seepage

Seepage of main canals and laterals were estimated by IID staff based on a relatively thorough
analysis of the losses for various canals. Lateral canal seepage was determined as part of the
water conservation verification agreement between IID and MWD. Some of the IID main canals
have pumps that bring seepage water back into the canal. The seepage values used in this study
only include unrecovered canal seepage. The annual canal seepage for the study period varies
from 76,000 to 104,000 acre-feet, with an average value of about 90,000 acre-feet

(2) Spills

Spills by the main canals were measured by IID staff and they vary in volume from 1,000 to
7,000 acre-feet annually, averaging approximately 5,000 acre-feet. Estimates for lateral spills
were measured by IID as a percentage of delivered water, based on measured spills from a
sample of 29 lateral canals in IID. These 29 sample laterals were randomly selected by IID, and
represent approximately 10% of the total volume of water delivered.
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Lateral spill data was reported as a fraction of the volume delivered to the lateral. A weighted
average fraction of “volume-spilled” was determined using the spill data. This weighted average
fraction was then multiplied by the “water delivered to all laterals” to obtain the total-volume-
spilled by laterals. The volume delivered to lateral canals (that were part of IID’s lateral
mnterceptor systems) was removed from the total-delivered-volume to calculate the spili-volume.
The volume spilled by the interceptor laterals was then added back into the total-calculated-spill-
volume. These steps were taken so that the spill fraction determined from the random 29 sample
laterals would not be applied to the interceptor laterals because of differences in spilling
procedures. The lateral spills range from 80,000 to 103,000 acre-feet, averaging about 89,000
acre-feet per year.

7. Results of Canal Subsvstem Water Balance

The goal of the water volume balance was to estimate the remainder term of the water balance,
which is the irrigation water delivered to users within IID. The estimated values of the canal
subsystem components in the water balance are shown in Table V-12. A graphical
representation of IID’s canal subsystem water volumes are shown in Figure V-6. The total
irrigation water delivered, which is the remainder of the water volume balance, also known as
the closure term, ranges from 2,203,000 to 2,768,000 acre-feet annually. The trend of the annual
irrigation water delivery closely follows the water deliveries made into the AAC system
throughout the study period. Detailed calculations of the water volume balance are found in
Appendix 8.

Table V-12 Estimates of Trrigation Canal Subsystem Components (kilo-acre-feet).

o | ACIOW! Ma1 Resomvoir | Camat | Main Camal | Lateral gy

System Deliveries Evap. less Seepage Spills Canal Spills Delivs?red-

Rainfall Remainder
1988 2,851 -03 -26 -104 -7 -84 2,568
1989 2,922 -65 -27 -104 -6 -80 2,639
1990 2,957 -69 -25 -100 -7 -87 2,668
1991 2,798 =72 =21 -94 -7 -82 2,522
1992 2,475 -72 -20 -89 -4 -86 2,203
1993 2,676 =74 -23 -81 -3 -91 2,402
1994 2,949 -75 -24 -77 -3 -99 2,668
1995 2,969 -78 25 -76 -4 -103 2,682
1996 3,057 -78 -27 76 -4 -103 2,768
1997 3,067 -78 -24 -76 -1 -85 2,803
Average 2,872 =72 -24 -88 -5 -90 2,592
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Figure V-6 Water Volumes for the Components of IID’s Canal Subsystem Water Balance.

The amount of water delivered to farms is reported by IID in the Recapitulation Report, 1988-
1997. A comparison between the independent estimates of irrigation water delivery to farms and
the values of the irrigation water delivered through the water balance procedures are shown in
Table V-13. There appears to be a systematic bias with an average difference of approximately
3.6%. However, the water delivery results from both the water balance method and the
independent estimates as reported by IID were used in the water budget analysis for

COITparisons.
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Table V-13 Comparisons of Irrigation Water Delivered to Farms as Reported and as the Remainder of the
Canal Subsystem Water Balance (kilo-acre-feet).
Irrigation Deliveries Deliveri Irrigation Irrigation
Water from eflvenes Water Water Percent
Year Delivered to Coachella AA CroEm tof Delivered Delivered- Difference
All Users- Canal, East of E’HES N within Study | Water Balance (%)
Reported EHL Area-Reported | Remainder
1988 2,482 4 3 2,475 2,568 3.8
1989 2,565 4 3 2,558 2,635 3.2
1990 2,611 3 3 2,604 2,668 25
1991 2,443 4 6 2,438 2,522 3.4
1992 2,106 4 4 2,098 2,203 5.0
1993 2,329 4 3 2,322 2,402 3.4
1994 2,577 4 2 2,570 2,668 3.8
1995 2,581 4 2 2,575 2,682 4.2
1996 2,715 4 2 2,709 2,768 22
1997 2,690 5 1 2,684 2,803 4.4
Average 2,510 4 3 2,503 2,592 16

B. On-farm Subsystem Water Budget

The analysis of the on-farm water volume balance was intended to derive the amount of
irrigation tailwater and deep percolation on the aggregated farms from the known inflow and
outflow parameters of the on-farm subsystem. A portion of the water entering the on-farm
system is absorbed by crops while the remaining water returns to the drainage system as
tatlwater, and/or deep percolation. A diagram of the on-farm subsystem schematic is shown in
Figure V-7. The inflow to the subsystem includes water delivered to farms and the amount of
rainfall on agricultural land. The outflow components are rainfall consumption, rainfatl runoff
and deep percolation, Irrigation water consumption, tailwater, and deep percolation. The closure
term, or the remainder of the on-farm subsystem water volume balance, is the irrigation drainage
water from the farms.
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Figure V-7 Schematic Diagram of the On-farm Subsystem Water Volume Balance and its Components.

1. Inflow for Agricultural Lands

The amount of irrigation water delivered was estimated using the results of the canal subsystem
water balance remainder, as described in the last section. The amount of rainfall is the weighted
average rainfall recorded by the three CIMIS stations in the valley.

2. Outflow for Agricultural Lands

Tailwater and deep percolation are calculated together as the amount of irrigation water that
enters into the drainage and river system. The split between tailwater and deep percolation is not
determined based on the on-farm water balance, and IID currently does not record overall
tailwater volumes in detail. Therefore, the split between tailwater and deep percolation is too
difficult to estimate. The runoff and deep percolation induced due to rainfall on the agricultural
land equals total rainfall minus rainfall consumption on agricultural land.

3. Results of Water Volume Balance

The computed volumes of on-farm tailwater flow and deep percolation are listed in Table V-14.
The on-farm tailwater flow and deep percolation were computed based on two data sets. One set
uses the closure term of the canal subsystem water balance, which is the estimated total irrigation
water deliveries, while the other set uses IID’s reported irrigation water deliveries. The results
are presented graphically in Figures V-8 and V-9. Using the canal subsystem water balance
analysis, the sum of irrigation tailwater and deep percolation varies from 675,000 to 945,000
acre-feet, while using IID’s reported irrigation water deliveries, the volume ranges from 570,000
to 886,000 acre-feet. The percentage of irrigation water consumption and irrigation tailwater and
deep percolation to on-farm water delivery was computed for both cases. The tailwater and deep
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percolation percentage ranges from 30 to 35% relative to the estimated farm water delivery;
while, the percentage ranges from 27 to 32% relative to IID’s reported farm deliveries. The
annual percentage results are presented in Figure V-10,

1000 -

Table V-14  Estimates of krigation Tailwater and Deep Percolation (kilo-acre-feet).
Total Irrigation Total Irrigation Total Irrig. Water |  Tailwater and Tailwater and
Water Delivered- otaL rgatio Consumption-11ID | Deep Perc.-Based | Deep Perc.-Based
Year Water Delivered- . .
Water Balance Reported by IID System-wide on Estimated on Reported
Remainder eporied by Remainder Deliveries Deliveries
1988 2,568 2,475 1,793 715 682
1989 2,639 2,558 1,802 837 756
1990 2,668 2,604 1,807 861 797
1991 2,522 2,438 1,723 799 715
1992 2,203 2,098 1,528 675 570
1993 2,402 2,322 1,604 798 718
1994 2,668 2,570 1,771 897 799
1995 2,682 2,575 1,741 941 834
1996 2,768 2,709 1,823 945 886
1997 2,803 2,684 1,868 935 816
Average 2,592 2,503 1,746 846 757
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Figure V-8 Water Volumes for the Components of IID On-farm Subsystem Water Balance Using Total
B p 2

Irrigation Water Delivery Based on the Canal Subsysterm Water Balance to Estimate Tailwater and
Deep Percolation.
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C. Irrigation System Performance

The results of the water budget analysis, NRCE’s field water use evaluation, and previous studics
undertaken by other researchers may be used to determine the irrigation water use performance
of IID. Three irrigation performance parameters were used to evaluate IID’s irrigation systems:
the overall imgation system efficiency, the distribution system efficiency, and the on-farm
irrigation system efficiency.

L. Overall Irrigation System Efficiency

The overall irrigation system efficiency is defined as follows:

gation Water B all d
Overall Irrigation Efficiency = Irrigation Water Beneficially Used

100 (V-3)
Net Irrigation Water Supply

The overall wrrigation efficiency can also be defined as the distribution system efficiency
multiplied by the on-farm system efficiency. There are various uses of irrigation water that are
considered beneficial in addition to satisfying crop water demands. In IID, other uses of
irrigation water include seedbed and land preparation, germination, cooling, and leaching for
salinity control.

The leaching requirement of the various crops is a complex issue due to the unique soil
characteristics in the Imperial Valley, these requirements are discussed in detail and determined
in Chapter IV of this report. The leaching of excess salts from the soil occurs both during
normal irrigations and during off-season irrigations. The concept of leaching is to maintain an
acceptable salinity in the soil root zone for the crops being produced. This requires that salt
added with the irrigation water be removed by the leaching water. Therefore, annual leaching
requirements depend on the irrigation water salinity as well as the level of salinity tolerance of
the crop.

The annual leaching for the 1988 to 1997 period was estimated in part based on the field
irrigation evaluations described in Chapter IV. It was assumed that the leaching requirements for
sandy soils estimated based on the Rhodes (1974) equation IV-2 were satisfied. However,
NRCE’s data (Appendix 7) and other published data indicate that the soil salinity is higher than
desired for most of the medium and heavy cracking soils (USGS, 1990). In other words, for the
medium and heavy soils the estimate of annual leaching for the 1988 to 1997 period is not
necessarily the full leaching requirement.

The leaching requirement is a function of the irrigation consumptive use and the salinity of the
irrigation water. Therefore, the estimated annual leaching is based on a percentage of the
irrigation consumptive use calculated by the water balance and then adjusted for irrigation water
salinity, rather than a percentage of the measured headgate deliveries. The 1988 to 1997 average
of estimated leaching components in Table IV-10 are expressed as a percentage of headgate
deliveries, which is appropriate for determination of imrigation efficiencies. Table V-15
expresses on-farm water balance components as a percentage of irrigation consumptive use. The
petcentages of irrigation consumptive use and salinity factors (the ratio of annual irrigation water
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salinity to the 10-year average salinity) are used to determine annual leaching. Table V-16 lists
the annual irrigation water salinity and the ratio value.

Table V-15 On-farm Water Balance (Average of 1988 through 1997).

Percent of
Description ?I?:)r Ciﬂﬁﬁ;&e Notes
Use
Total Headgate Deliveries Average of 1988-1997
On-Farm Irigation CU 100 Average of 1988-1997
T?tal Tailwater and 757 Total headgate deliveries minus on-farm CU
Tilewater
Tailwater (17 percent) 426 244
Leaching Heavy Soil 75 4.3 Equivalent horizontal leaching.
Other Tatlwater 351 20.1 Tailwater not used for leaching
Tile Water kX)) 19.0 Total tile water
Leaching Heavy Soil 228 13.1 From Table IV-9 (50+8+170)
Leaching Light Soils 35 2.0 From Table IV-9
Remaining Tile Water 68 3.9 Tile water not used for leaching
Irrigation Efficiency
Total Leaching Water 338 19.4 Horizontal and Vertical Leaching
Vertical Leaching 263 15.1 Vertical Leaching Only

Total headgate deliveries and on-farm irrigation consumptive use based on 11D water balance.
Shaded values are input values.
Kaf = 1,000 acre-feet, CU = consumptive use

Table V-16 Ratioc of Annual EC of Imigation Divided by Average EC of
Irrigation Water for the 1988-1997 Period.

Year EC Irrigation Water (ds/m) Ratio Value
1988 1.07 0.89
1989 1.14 0.95
1990 1.17 0.97
1991 1.25 1.04
1992 1.22 1.02
1993 1.23 1.02
1994 1.28 1.06
1995 1.26 1.05
1996 1.27 1.06
1997 1.15 0.95
Average 1.20

The leaching requirement of light soils, estimated to be about 13% of the total irrigated land, or
60,060 acres, was determined according to the conventional leaching requirement equation by
Rhoades (1974) as indicated in Equation IV-2. The average (1988-1997) annual leaching
requirement for the light soils was estimated to be approximately 35,000 acre-feet. Based on the
percent of crops on light soils, the leaching requirement for the light soils was 2.0% of [ID’s total
urigation consumptive use. To factor in the changes in salinity, the leaching requirement
estimated by irrigation consumptive use was adjusted by the annual salinity divided by average
salinity for the 1988 through 1997 period.
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The other 87% of the irrigated land consists of medium and heavy-cracking soils. The salt
leaching process for the medium and heavy soils during the irrigation season is accomplished
both horizontally through tailwater runoff and vertically through deep percolation. However,
during the off-season, leaching irrigations are applied to leach excess salt in the rootzone through
deep percolation. For the medium and heavy soils in 1ID, the average annual volume used for
salt leaching was determined to be about 303,000 acre-feet/year, which includes both horizontal
and vertical leaching. The average horizontal leaching component was determined to be
approximately 75,000 acre-feet/year (4.3% of IID’s irrigation consumptive use), whereas, the
average verlical leaching component during crop irrigation and between crops was determined to
be about 228,000 acre-feet/year (13.1% of IID’s irrigation consumptive use). As described in the
previous paragraph, annual leaching on the medium and heavy cracking soils varies in proportion
to the annual crop consumptive irrigation use and the salinity level of the irrigation water. Based
on the percent of medium and heavy cracking soils, the estimated annual vertical and horizontal
leaching requirements for the soils were 13.1% and 4.3% of [ID’s annual irrigation consumptive
use, respectively. As discussed earlier, the leaching requirement for the light soils was estimated
to be about 2.0% of the total irrigation consumptive use. These percentages are 10-year
averages. To factor in the changes in salinity, the leaching requircment based on irrigation
consumptive use was adjusted by the annual salinity divided by average salinity for the 1988
through 1997 period.

The annual volumes of the leaching components are found in Table V-17. The details of how
each of these leaching components were estimated were described in Chapter IV of this report.
The total average annual volume used for leaching of light, medium, and heavy soils is about
338,000 acre-feet per year (an average of 13.5% of IID’s headgate deliveries, or 19.4% of
irrigation consumptive use).

Table V-17 Volumes Used for the Determination of the Overall Irrigation System Efficiency (kilo-acre-feet
unless otherwise noted).
Total Total Total Overall
AAC M&I Net IID Irieation Estimated | Estimated Total Irrigation
Year { Inflow Deliveries Irrigation Wga ter Leaching for | Leaching | Beneficial System
at EHL Supply c . Medium and | for Light Use Efficiency (%)
onsukmption . .
Heavy Soils Seils
1988 2,851 -62 2,789 1,793 277 . 32 2,102 75
1989 2,922 -66 2,856 1,802 296 34 2,133 75
1990 2,957 =70 2,887 1,807 304 35 2,147 74
1991 2,798 =72 2,726 1,723 310 36 2,068 76
1992 2,475 -73 2,402 1,528 270 31 1,826 76
1993 2,675 -75 2,600 1,604 285 33 1,921 74
1994 2,948 -76 2,872 1,771 327 38 2,136 74
1995 2,969 -79 2,890 1,741 316 37 2,094 72
1996 3,057 -79 2,978 1,823 334 39 2,195 74
1997 3,067 -78 2,990 1,868 309 36 2,213 74
Average | 2,872 -73 2,799 1,746 303 35 2,084 74
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The numerator of the overall irrigation efficiency shown in Equation V-3 is computed by finding
the sum of all beneficial uses required for crop production, which include the irrigation
consumptive use calculated by the water balance and the leaching estimated as previously
described. The total irmgation water consumption derived from the system-wide water budget
analysis was used to represent irrigation water consumptive use.

The net irrigation water supply is obtained by subtracting the M&I deliveries from the AAC
inflow at the EHL. Table V-16 shows the components used to determine the overall irrigation
system efficiencies and the efficiency results from 1988 to 1997. The overall irrigation system
efficiency ranges from about 72 to 76%, with an average of about 74%.

2. Distribution System Efficiency

The distribution system for the study area includes all the main canals and laterals in IID starting
just above the EHL diversion on the AAC. The net irrigation water supply is the AAC flow into
the study area at EHL minus the M&I deliveries. The conveyance efficiency of the AAC
between Imperial Dam and the EHL diversion is not included in the distribution system
efficiency evaluation. The distribution system efficiency is defined as the following;

Irrigation Water Delivered to Farms

Distribution System Efficiency = x 100 (V-4)

Net Irrigation Water Supply

There are two sets of data values for the irrigation water delivered to farms as discussed earlier in
this chapter. One set of irrigation water farm deliveries was the closure/rematnder term in the
canal subsystem water balance. This estimate was undertaken to compare it with the recorded
farm deliveries, which are fairly close, having an average difference of about 3.6%, as shown in
Table V-13. 1ID’s reported farm deliveries were used to evaluate the system efficiencies, rather
than the closure term of the canal subsystem water balance. The distribution efficiencies are
listed in Table V-18 and vary from 87 to 91%, with an average of 89%.

Table V-18 Volumes of Water used for the Determination of the Distribution Irrigation System Efficiency
(kilo-acre-feet unless otherwise noted).
. Distribution System
Year Aﬂ;?lalgfiow M&I Deliveries Net Ilszgglifanon Deliﬁ?ﬁﬁtﬁgned ig;(::;?ﬁi;iegizz
v IID (%)
1988 2,851 -62 2,789 2,475 89
1989 2,922 -66 2,856 2,558 30
1990 2,957 =70 2,887 2,604 90
1991 2,798 =72 2,726 2,438 8o
1992 2,475 -73 2,402 2,098 87
1993 2,675 -75 2,600 2,322 g9
1994 2,948 -76 2,872 2,570 g9
1995 2,969 -79 2,890 2,575 g9
1996 3,057 -79 2,978 2,709 91
1997 3,067 =18 2,990 2,684 90
Average 2,872 =73 2,799 2,503 89
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The various components of the distribution system losses are canal seepage, surface water
evaporation, and operational spills. IID began lining canals in 1955 to reduce canal seepage
losses and under the IID/MWD Agreement of 1988, more canals were lined to further reduce
canal seepage losses. Figure V-11 shows the cumulative miles of lined canals from 1988 to 1997
along with the decreasing canal seepage losses in that same period. Currently, IID has lined
1,169 miles of a total of 1,681 miles of main and lateral canals.

The distribution system losses for the study period average 3.1% for canal seepage, 0.9% for
canal and reservoir evaporation, and 3.4% for canal spills. These loss parameters were
independently estimated based on the closure term of the canal subsystem water balance and
their derivations were discussed earlier in the canal subsystem water budget section of this
chapter. As indicated in Table V-12, the majority of the operational spills originate from the
lateral canals. Operational spills are caused by many factors such as early reduction or shutting
off of tumout deliveries by the farmers, measurement errors, and/or changes in canal losses.

Cumulative Canal Lining and Percentage of Canal Seepage
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Figure V-11 Comparing Cumulative Canal Lining with Percentage of Canal Seepage Losses With Respect to
Total Canal Inflow.

The sum of distribution losses relative to the total irrigation water is 7.4% based on the
independent estimates and 11% based on IID’s reported farm deliveries. Therefore, the
distribution losses based on the reported farm deliveries are about 3.6% higher than the
independently estimated losses. This is attributed to the 3.6% difference in irrigation water
deliveries when determining the figures with the two different data sets, as previously discussed.
Since NRCE’s analysis is based on actual IID reported farm delivery values, the estimated
percentage losses for each of the distribution system components were adjusted to account for
the 3.6% discrepancy. The result was an increase of the total distribution system losses from
7.4% to 11% resulting in an 89% distribution system efficiency, as indicated in Table V-18.
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Based on IID’s reported irrigation water delivery amounts, the final adjusted seepage,
evaporation, and spill losses become 5, 1, and 5%, respectively.

3. On-Farm Irrigation System Efficiency

The on-farm irrigation system efficiency is basically the relative percentage of on-farm irrigation
water beneficially used versus the amount of water delivered to the farms. It may be expressed
as the following:

Irrigati Water B ally Used
On — farm Irrigation System Efficiency = rrigation Water Beneficially Use %

100 (V-5)
Irrigation Water Delivered to Farm

To evaluate the aggregate on-farm system efficiency for the district, the total amount of
irigation water that was constdered beneficial for crop production, is the numerator of the above
equation. The water volumes for these on-farm beneficial uses are listed in Table V-17. They
consist of the total irrigation water consumption and the leaching requirement. The other special
irrigation water is already included in the total irrigation water consumption as derived from the
water budget analysis. The computed on-farm efficiencies range from 81.0 to 87.2% with an
average of 83.3%. The results and components of the efficiency computations are shown in
Table V-19. The relatively high on-farm irrigation efficiencies in 1991 and 1992 likely occurred
due to the abnormal cropping conditions resulting from insect infestations and other factors. In
these years, many crops were stressed due to insect damage and irrigation patterns were altered,
this likely led to deficit irrigation and inadequate leaching, both of which increase irrigation
efficiency at the expense of crop production.

Table V-19 Volumes of Water used for the Determination of the On-farm Irrigation System Efficiency (kilo-
acre-feet unless otherwise noted).
Irie. Wat Total Iiricati Total LR* for Medium and | . On-farm Irrigation
THig. waler ota. rhgation Heavy Soils Total LR* for | System Efficiency-
Year Delivered- Water Light Soil B d
Reported by IID | Consumption Vertical Horizontal 1ght Sotls ased on .Rf:pgﬂe
Leaching Leaching Deliveries (%)
1988 2,475 1,793 209 69 32 849
1989 2,558 1,802 223 73 34 83.4
1990 2,604 1,807 229 75 35 824
1991 2,438 1,723 233 77 36 84.8
1992 2,098 1,528 203 67 31 87.2
1993 2,322 1,604 214 70 33 82.7
1994 2,570 1,771 246 81 38 83.1
1995 2,575 1,741 238 78 37 81.3
1996 2,709 1,823 251 83 39 810
1997 2,684 1,868 233 76 36 82.4
Avg 2,503 1,746 228 73 35 833
*LR = leaching requirement
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4. Irvigation Water Use Efficiency Comparisons

The reasonableness of IID’s irrigation performance may be shown by comparing the various
estimated irrigation water efficiencies determined above with a range of efficiencies that are
considered acceptable in the irrigation industry as well as with published efficiencies of similar
irrigation districts or projects. The distribution system efficiency determined - for IID was
compared with accepted values in literature and distribution system efficiencies of various
irrigation districts in the Southwest. The estimated on-farm irrigation efficiency for IID was also
compared with expected industry standards and measured efficiencies from other districts in the
Lower Colorado River.

a. Distribution System Efficiency

The distribution system efficiency of 11D averaged 89% from 1988-1997, as shown in Table V-
17. About 11% of the trrigation water diverted to IID was lost in conveyance between the main
canal diversion and the headgate delivery. The majority of the losses are attributed to canal
scepage and operational spills. Operational spills, which have the highest percentage loss, were
estimated at about 5%. According to the ASCE Manuals and Reports No. 57, “Management,
Operation and Maintenance of Irrigation and Drainage” (Johnston and Robertson, 1991), canal
operational spills should not exceed 5% of total water diverted for each season in a well-
managed irrigation system. Thus, III)’s operational spills are within the limit expected for an
efficient canal delivery system. Considering the standard criteria in the industry, the complexity
of the system, the long travel times (i.e., 4 - 5 days) that are required to convey the water from
the source, and the volume of water that the system delivers on a daily basis {i.e., 7,800 acre-feet
per day (1988-1997)), IID’s average operational spills of 5% is reasonable.

In regard to seepage loss, almost 70% of the distribution canals have already been lined in the
sections with the highest seepage losses. It would not be economically viable or cost effective
without outside funding to improve seepage losses by lining the canals further. The losses due to
canal surface water evaporation are rather minimal at about 1% and are unavoidable unless
pipelines are used.

Some of the larger irrigation projects in the Southwest region (more than 40,000 irrigated acres)
were selected to compare distribution system efficiencies against IID’s. These irrigation projects
all receive water through USBR facilitics and have similar distribution systems, cropping
patterns, and climate as that of IID. The project data for irrigated acreage, net supply, farm
deliveries, and distribution system efficiencies are presented in Table V-20. These records are
published in the USBR 1990 Summary Statistics (USBR, 1990). The distribution system
efficiencies range from 40 to 90% among the five projects listed with a median of 87%. IID has
the second highest distribution system efficiency at 89% only 1% lower than Wellton-Mohawk
Irrigation and Drainage District (Wellton-Mohawk IDD). 1ID has approximately 8 times more
umigated acreage than Wellton-Mohawk IDD and thus is more difficult to operate and manage,
yet its distribution system efficiency is very comparable. Since the CVWD has a network of
primarily buried pipelines as its distribution system, as well as open-channel canals for
conveyance, its distribution efficiency is expected to be higher. However, IID’s canal
distribution network is shown to have a higher efficiency by 2%, as indicated in Table V-20.
Hence, 1t can be concluded that 1ID’s distribution efficiency of 89% is very reasonable as
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compared to other districts in the region. The 1988 to 1997 average distribution syétem
efficiency is also 89% (see Table V-17).

Table V-20 Irrigation Distribution System Efficiency of Various Projects According to the USBR (1990).

Trrigation Project Irrigated Area Net Supply Irrigation Water Distribution System
(acres) (ac-ft) Delivery (ac-ft) Efficiency (%)

Wellton-Mohawk IDD 60,324 - 442140 397,836 90

Imperial Irigation District 463,030 2,974,647 2,654,689 89

Coachella Valley WD * 61,052 299,237 260,060 87

Yuma Valley Division 45,761 360,020 263,048 73

Salt River Valley 54,174 840,921 333,859 40

* The distribution system in the Coachella Valley is primarily buried pipeline.
b. On-farm Irrigation System Efficiency

In regard to on-farm irrigation efficiency, it is difficult to make a fair comparison between what
1s accepted mn the irrigation industry and the values determined in this analysis. This is mainly
due to the many ways in which irrigation efficiency may be quantified. For example, a large
portion of the measure of irrigation efficiency convention used in literature or in the irrigation
industry is typically based only on crop water demands and the amount of water applied over the
field (i.e., water stored in the root zone divided by applied water). Whereas, in areas where
salimity concentration of water is relatively high like in IID, irrigation efficiency is based on
water beneficially used and applied as described in Equation V-5, The water beneficially used
includes water that would fully satisfy the crop water demands as well as meeting cultural water
requirements such as leaching requirements to maintain a favorable salt balance in the root zone.
Therefore, the conventional irrigation efficiency values commonly cited in literature cannot be
directly compared to values determined in this study because they are based on different
assumptions and irrigation effectiveness.

In a report by the USBR and the Bureau of Indian Affairs (1978), it is stated that the overall on-
farm efficiency for a well designed surface irrigation system with land leveling, delivery
pipeline, and drainage system is typically about 70%. Fangmeier and Biggs (1986) state that a
well designed surface irrigation system is expected to have a range of efficiencies averaging
between 60-70%. A guide of estimated application efficiencies for various irrigation systems is
included in Martin et al. (1990). It gives an efficiency range of 50 to 85% for graded borders.
The most recent development in quantifying on-farm water use efficiencies is to incorporate the
concept of on-farm distribution uniformity as a factor in determining potential application
efficiency. Burt et al. (2000) defines potential application efficiency of the low quarter (PAE))
as the ratio of the water infiltrated such that the crop water requirement is met at the low quarter
of the field to the water applied. They proposed that under ideal conditions a well designed and
operated sloping border strip with runoff most likely would have a PAE), value of about 85%.
However, under non-ideal conditions, the practical PAE ‘s will be about 75%. The actual low
quarter apphication efficiency (AE)y) measured in the field is inevitably even lower than the
PAE), due to management errors.

One must also note that the total irrigation water consumption for crop production accounts for
all water needs, such as crop water demands as well as cultural irrigation practices, which are not
constdered in the conventional efficiency determination. Another factor to consider is the fact
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that many of the fields in heavy cracking soils may be under-irrigated in the lower portions of the
fields. The inadequate application of water needed to meet crop water demands in the lower
ends of the fields may give a higher irrigation efficiency value than if the crop’s water needs are
fully satisfied throughout, which is an assumption for most of the irrigation efficiencies defined
in literature.

From 1975 to 1978, the USBR performed a series of studies regarding on-farm irrigation
efficiencies in the various districts in the Lower Colorado River Basin based on crop water
demands and leaching requirements (USBR, 1979). Table V-20 lists the results of the irrigation
efficiency evaluations for 11 districts in the region. Among the districts from 1975 to 1978, the
on-farm irrigation efficiencies ranged from 32% to 78%. IID had the highest efficiency
averaging 78% over the 4-year period. The Yuma County Users Association (YCWUA) had the
second highest irrigation efficiency averaging 72%. The USBR data presented in Table V-20 are
more than 20 years old and could have changed since then due to technological advances, water
conservation programs, and better water management. The average 1ID on-farm irrigation
efficiency from 1988 to 1997 was determined to be about 83% (see Table V-19), which shows a
definite improvement in on-farm irrigation performance from the late seventies.

Table V-21 On-farm Iirigation System Efficiencies of Various Irrigation Districts (%) According to the USBR

(1979).
Irrigation Districts 1975 1976 1977 1977 Average
Imperial Irrigation District 73 80 81 77 78
Yuma County Water User Assoc. 64 80 71 72 72
Colorado River Indian Reservation 57 65 76 64 66
Yuma Irrigation District 62 63 61 61 62
Wellton-Mohawk I&D District 55 52 63 64 59
Reservation Div. Irrigation District 45 47 58 60 53
Coachella Valley Water District 51 50 55 53 52
Palo Verde Irrigation District 46 33 45 42 42
North Gila Irrigation District 29 40 46 42 39
Unit “B” Irrigation District 33 32 35 38 35
Yuma Mesa Irrig. & Drain. District 33 33 29 32 32

The CDWR expects an average on-farm irrigation efficiency of 73% by the year 2020 assuming
an on-farm distribution uniformity of 80% (CDWR, 1998). The on-farm irrigation efficiency
index defined by the CDWR uses similar concepts as developed in this study where both crop
water demands and cultural requirements as in leaching requirements are accounted for in the
beneficial water use parameter. IID’s ten-year average on-farm irrigation efficiency from 1988
t01997 of 83% is already above the 73% estimated efficiency for 2020.

The 73% expected on-farm irrigation efficiency is assumed for all regions in California and is
averaged across crop types, farmland characteristics, and management practices. Therefore,
there could be a range of efficiencies depending on the various factors mentioned including the
types of irmgation systems used. In 1991, a survey was conducted by the University of
California, Davis to determine the percentages of crop acreage that were irrigated by the various
irrigation methods in California (CDWR, 1994). Surface and sprinkler irrigated acreage
accounted for about 67 and 24%, respectively, whereas, acreage with drip and subsurface
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urigation accounted for about 9% of the total irrigated acreage. Efficiencies achieved with
surface irrigation will most likely be in the lower end of the range as opposed to drip irrigation,
where the efficiency will be expected to be in the higher end. Since IID is predominately surface
irigated and 1s expected to be in the lower end of the efficiency range, hypothetically lower than
73%, its efficiency of 83% has surpassed the average expected efficiency of 73% by a large
margin.

As mentioned earlier, many of the lower parts of the fields in IID may be under-irrigated. Such
phenomenon would inflate the results of the irrigation efficiency since tailwater runoff is
minimized. Therefore, IID’s higher on-farm efficiency may have been achieved at the expense
of under-irngation in the lower ends of the ficlds since for the most part, farmers are conscious
of the assessment of triple charges in the event of excessive tailwater runoff. However, IID’s
determination of “excessive” was made without the benefit of a study such as this.

c. Overall Irrigation System Efficiency

The overall irrigation system efficiency on a district wide basis can also be estimated as the
product of the on-farm and the distribution system efficiencies. The overall irrigation system
efficiency is therefore a function of the two efficiency components. As indicated in Table V-17,
the overall irrigation system efficiency of [ID varied from 72 to 76% with an average of 74% for
the study period. Since we have just shown that both the distribution and on-farm efficiencies in
IID are considered very reasonable and its water use is beneficial, it can be concluded that the
overall irrigation system efficiency of 74% for the whole district is also reasonable.

D. Review of Other 1ID Water Use Assessment Reports

The USBR commuissioned two studies to review and evaluate water use within IID. The reports
resulting from these studies are:

. Jensen, M.E. (1995). Water Use Assessment of the Imperial Irrigation District. Final
Report (1995 Jensen Report).

. Jensen, M.E. and Walter, LA. (1997). Assessment of 1987-1996 Water Use by the
Imperial Irrigation District Using Water Balance and Cropping Data. Draft. (1997
Draft Jensen-Walter Report).

The two reports were initiated in response to USBR concerns regarding the increased diversions
to 11> concurrent with implementation of conservation measures within 1IID. The 1995 Jensen
Report and 1997 Draft Jensen-Walter Report attempt to explain the reasons behind the increased
diversions, but their analyses fail to conclusively support their stated findings. The 1995 Jensen
Report, in particular, presents conclusions and statements that poor irrigation practices and
management are responsible for the increased diversions and that immediate implementation of
on-farm improvements is required. Upon investigation by NRCE, however, these 1995 Jensen
Report conclusions were found to be unsubstantiated.

Comments contained in the review were formulated by comparing the results contained in the
1995 Jensen Report and 1997 Draft Jensen-Walter Report to other analysis, findings, and water
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balances. The primary sources of water use information are the Boyle report by Styles (1993),
the Water Study Team report (1998), and IID data. NRCE’s water balance to estimate crop
consumptive use of irrigation water and leaching requirements was based on the methods
described in this report. NRCE’s estimation of the leaching requirement is in part based on the
information obtained during irrigation evaluations. A primary difference in leaching
requirements is the inclusion of horizontal leaching on heavy cracking soils during crop
irrigation and accounting for changes in irrigation water salinity. Total leaching requirements for
heavy cracking soils include vertical leaching during crop irrigation, horizontal leaching during
crop imigation, and vertical leaching between crops during leaching irrigations. Appendix 9
contains a report concerning NRCE’s review of the 1995 Jensen and 1997 Jensen-Walter
Reports.

1. 1995 Jensen Report

The 1995 Jensen Report investigates water use in IID for the period 1989 through 1994 and
evaluates trrigation performance based on estimated crop water use. The water use analysis in
the 1995 Jensen Report does not compare favorably with the other water use analyses by NRCE,
Boyle, and the Water Study Team. The other water use analyses use a water balance to estimate
irrigation consumptive use. Jensen’s criticisms of on-farm irrigation practices are not supported
by the water use assessment. The conclusions stated in the 1995 Jensen Report regarding on-
tarm water use and the effectiveness of water conservation measures that IID and MWD recently
implemented are also of great concern. The 1995 Jensen water use analysis calculates crop ET
based on climatic data and crop acreage. The leaching is estimated as a fixed percentage of crop
ET without regard to changes in irrigation water salinity. The methodology and results of the
1995 Jensen Report inaccurately reflect characteristics of actual IID water use. Additionally,
Jensen identifies water use trends based on a water use analysis inconsistent with the water
balance results.

The 1995 Jensen Report background information misstates the relationship of water conservation
within IID to IID’s diversions from the Colorado River. The 1995 Jensen Report states:

. Actual water savings must be measurable as reduced diversions and/or reduced loss of
water fo nonrecoverable locations such as the Salton Sea (page 2).

. Recent trends in diversions indicate that Reclamation must take a more proactive role to
ensure that diversions will not exceed those required for beneficial use and that the
estimated water savings from conservation programs translate into actual reductions in
diversions or nonrecoverable return flows (page 2).

. In a recent agreement between the Imperial Irrigation District (IID) and the
Metropolitan Water District (MWD) of Southern California (IID and MWD, 1989), MWD
agreed to finance a conservation program in IID, particularly improving water storage
and delivery systems. In return, IID agreed to reduce its requests for Colorado Water in
an amount equal to the quantity of water conserved by the Program. IID has also
implemented other water conservation measures. However, diversions in 1994 were
essentially the same as in 1990 (page 38).
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The statement that “water savings must be measurable as reduced diversions” misinterprets the
flexible nature of IID’s water right. It is true that “water savings must be measurable.” Indeed,
the IID/MWD Agreement provides an extensive process for verification of the amount of water
conserved by the various conservation measures implemented pursuant to that Agreement. For
example, the average annual amount, as verified by the Conservation Verification Consultants,
conserved during the six-year period (1990-1996) was 63,108 acre-feet. The projected amount
for 1998 1s 107,160 acre-feet. This is the verified amount of conserved water that IID agreed to
make “available for MWD’s use” (Agreement, Section 6.2, 32).

Actually, according to Section 6.2 (h), p.35:

. The extent of 1ID’s obligation to make the water available to MWD is to reduce its
diversion from the Colorado River below that which it would otherwise have been absent
the projects of the Program (in an amount equal to the quantity of water conserved by the
program) to permit the water so made available to be delivered by the Secretary to
MWD.

IID’s water demands vary from year to year based on cropping conditions, climate and the
salinity of the irrigation water. Compared to 1990, the net IID irrigation supply diverted from
the Colorado River is lower than that of 1994 even though the salinity of the irrigation water
increased in 1994, which in turn should have increased 1ID’s diversions from the Colorado
River. Therefore, even though water was actually being conserved under the IID/MWD
agreement, there are other factors that influence IID diversicns from the Colorado River. In fact,
the on-farm irrigation efficiency in 1994 (83.1%) was slightly higher than in 1990 (82.4%) based
on NRCE’s analysis of water use, which accounts for salinity changes in the irrigation water,

2. 1997 Draft Jensen-Walter Report

The 1997 Draft Jensen-Walter Report is the result of a follow-up effort to update and correct the
1995 Jensen Report. A water balance approach was used as the basis for the 1997 Draft Jensen-
Walter Report, and represented a substantial improvement over the methodology used in the
1995 Jensen Repert. However, despite the improved methodology, the 1997 Draft Jensen-
Walter Report, like the 1995 Jensen Report, states conclusions concering on-farm water
management and the effectiveness of water conservation measures that IID recently
implemented, which are not conclusively supported by the analysis.

The 1997 Draft Jensen-Walter Report states:

. IID has initiated a number of water conservation efforts which have reduced losses in the
distribution system. However, diversions to IID were not decreased as a result of the
conservation effort (page 4).

Determination of the amount of water conserved is not directly related to the amount diverted.
The amount conserved is equal, under the agreement, to the amount transferred from IID to
MWD for its use, as verified by the Conservation Verification Consultants. The total amount
diverted by IID on an annual basis depends upon factors such as crop water use, M&I demands,
and leaching requirements.
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Leaching water requirements are estimated as a fixed fraction of water consumption in the 1997
Draft Jensen-Walter Report. Using a fixed fraction for leaching does not adequately account for
crop salinity tolerance differences, variable irmgation water quality over time, and variable soil
textures, and is therefore not a sustainable approach. Adequate salinity management is a key
component to sustainable crop production. The average annual salinity of the water delivered to
[ID increased by about 27 percent from 1987 to 1996 (see Table II-1). This increase in the water
supply salinity has increased the leaching requirement and corresponding water use. Hence, the
increase in irrigation water supply diversion from the Colorado River due to the salinity content
of the water supply should be taken into consideration in the Jensen-Walter water use analysis. In
addition, due to the leaching inefficiencies of the majority of the soils in IID, leaching practices
tend to increase the amount of the leaching requirement compared to the conventional
requirements of leaching.

The primary reason for the 1997 Draft Jensen-Walter Report’s conclusion of a decrease in on-
farm irrigation efficiency is that Jensen and Walter estimated tailwater as a water balance closure
term. The leaching requirement and tailwater, as estimated by Jensen-Walter, is much lower
than the estimates made by other studies. Using common years of study (1988-1996) the average
leaching requirement for the nine years as estimated by Jensen-Walter is about 260,000 acre-feet,
while estimates of average leaching requirements by Boyle, updated by Jensen-Walter; the Water
Study Team; and NRCE are 320,000 acre-feet, 302,000 acre-feet, and 337,000 acre-feet,
respectively (see Table V-21). Hence the Jensen-Walter leaching requirement, which is a
beneficial use, 15 much lower than all the other studies. It is also very clear, as shown on Table
V-21 and Figure V-12, that Jensen-Walter’s leaching requirement estimate does not reflect the
salinity content of the Colorado River irrigation water supply while the other studies show
definite trends of the amount of the leaching water estimates reflective of the quality of water

supply.

Table V-22 Estimated Annual Leaching.

Year 1997 Jensen-Walter | Boyle Updated 1997 | Water Study Team NRCE

(Kaf) (Kaf) {Kaf) (Kaf)
1988 265 27t 280 309
1989 277 323 292 331
1990 288 344 306 340
1991 246 302 303 345
1992 223 246 265 301
1993 248 251 287 317
1994 264 343 327 365
1995 262 377 322 353
1996 265 425 338 372
Average 260 320 302 337
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Figure V-12 On-farm Leaching Estimates Based on 1997 Jensen-Walter, Boyle, Water Study Team, and NRCE
Water Balance. '

Table V-22 shows the estimated irrigation consumptive use based on the water balance approach
for the above mentioned four studies. Again, using the common available irrigation consumptive
use data (1988-1996), the average irrigation consumptive use is similar, with less than a 1
percent difference. If one subtracts the sum of irrigation consumptive use and the leaching
requirement from total headgate deliveries, the result would be tailwater and excessive deep
percolation. Headgate deliveries are shown on Table V-23. In the IID case, due to the majority
of the soils, being of very low permeability, excessive deep percolation is a very small fraction to
that of tailwater. As shown on Table V-23 and Figure V-13, it is clear that the Jensen-Walter
method has much higher tailwater not used for leaching and excess deep percolation compared to
the other three methods. Since the Jensen-Walter methodology for estimating the leaching
requirement does not take the salinity content changes of the irrigation water into consideration,
the resulting leaching requirement is very low compared to all the other studies, even though the
irrigation consumptive use and headgate deliveries are basically the same for all methods.
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Table V-23 Estimated Irrigation Consumptive Use Irom Water Balance

Year | 1997 Jensen-Walter | Boyle Updated 1997 | Water Study Team NRCE
(Kaf) (Kaf) (Kaf) (Kaf)

1988 1,799 1,799 1,809 1,793
1989 1,809 1,809 1,815 1,802
1990 1,817 1,817 1,815 1,807
1991 1,727 1,727 1,728 1,723
1992 1,502 1,502 1,538 1,528
1993 1,683 1,683 1,610 1,604
1994 1,787 1,787 1,780 1,771
1995 1,754 1,754 1,755 1,741
1996 1,810 1,810 1,839 1,823
Average 1,743 1,743 1,743 1,732

Table V-24  Estimated Tailwater not Used for Eeaching and Excess Deep Percolation.

Year 1997 Jensen-Walter | Boyle Updated 1997 | Water Study Team NRCE

(Kaf) (Kaf) (Kaf) (Kaf)
1988 429 423 386 373
1989 491 445 451 425
1990 506 450 483 457
1991 476 420 407 370
1992 381 358 295 269
1993 400 397 425 401
1994 524 445 463 434
1995 565 450 498 481
1996 637 477 532 514
Average 490¢ 429 438 414
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Figure V-13 Tailwater not Used for Leaching and Excess Deep Percolation Estimates Based on 1997 Jensen-
Walter, Boyle, Water Study Team, and NRCE Water Balance.

A reduction in the leaching requirement increases tailwater and excessive vertical leaching. For
example, the primary reason for the Jensen-Walter estimate of increased tailwater in 1996, is due
to the underestimate of the leaching requirement, which is due to an increased salinity content of
the irrigation water. The leaching requirement, as estimated by Jensen-Walter is 265,000 acre-
feet, while the average leaching requirement for the other three methods is 378,000 acre-feet.
Hence, a difference of 113,000 acre-feet per year of water is subtracted from the total beneficial
use (irrigation consumptive use plus the leaching requirement) and added to the amount of water
that is unused escaped tailwater. This would translate into reducing the numerator (total
beneficial use). Dividing the reduced beneficial use by the headgate delivery results in a low
imgation efficiency.

As a water balance closure term, tailwater allegedly increased from 387,000 acre-feet in 1987 to
645,000 acre-feet in 1996, as listed in Appendix B of the 1997 Draft Jensen-Walter Report.
Based on the above discussion, and since there was no major shifis in irrigation methods, this
large increase in tailwater, as estimated by Jensen and Walter, is an unreasonable conclusion.

The 1997 Draft Jensen-Walter Report also states:
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. Agricultural tailwater, computed as a closure term instead of the leaching requirement,
increased about 16,200 acre-feet per year, or 3.3% per vear. This is the main trend in
IID water balance components (page 2),

The identified main trends of increasing tailwater and the reported decreasing on-farm
efficiencies are invalid due to inadequate accounting for changes in leaching requirements. As
shown on Figures V-12 and V-13, the leaching (beneficial use) estimate by Jensen-Walter is

- much lower than the other three studies, while the tailwater and excess deep percolation (non-

beneficial use) estimated by Jensen-Walter are much higher than the rest of the studies. Since
the Jensen-Walter leaching requirement is estimated by multiplying the crop consumptive use by
a constant factor and adding 5% of tailwater, the resulting leaching requirement is not reflective
of the varying irrigation water quality. This would result in a low leaching requirement and high
tailwater, and therefore, low irrigation efficiency. That is the primary reason for the Jensen-
Walter excessive estimate of tailwater.

The 1997 Draft Jensen-Walter Report also states:

. (The data) clearly show that improvements in water delivery policies and on-farm
irrigation systems and practices have not been made concurrent with improvements in
the distribution system (page 16).

In fact, according to the water balance, the changes in diversions to IID are in response to
changes irrigation consumptive use and increased leaching requlrements Additionally, annual
changes in on-farm irrigation efficiencies do not indicate that major changes are needed in farm
irigation systems and practices. Profitable crop production is a critical factor in determining the
appropriate on-farm irrigation efficiency.

3. Summary

The 1995 Jensen Report and 1997 Draft Jensen-Walter Report investigate water use in IID. Both
reports draw conclusions regarding irrigation operations in IID that the analysis or other

available data fail to support. The following comments concern the most notable conclusions
made in the reports:

. Jensen describes the increased diversion from the Colorado River during the period of
investigation as indicative of a lack of water conservation. However, changes in
diversions in IID during this period were due to changes in crop water demands, changes
in cropping patterns, and increased salinity, rather than a degradation of irrigation
operations in IID. Therefore, HID’s diversion amount from the Colorado River does not
necessarily reflect the amount of water savings obtained due to water conservation
measures accumulated as a result of the ID/MWD agreement of 1989.

. The analyses used for the 1995 Jensen Report and 1997 Draft Jensen-Walter Report rely
on a constant fraction for leaching that inadequately accounts for changes in cropping
patterns, salinity of the Colorado River, and soil textures.

. During the period of investigation, on-farm efficiencies have remained relatively stable,
based on the water balance method, and have not sharply decreased as concluded in both
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the 1995 Jensen Report and the 1997 Draft Jensen-Walter Report.

For a more complete review of these reports, please see Appendix 9.
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VI. EVALUATION OF IID GROWER MARKET POWER

The Impernial Irrigation District (IID) has negotiated a Water Conservation and Transfer
Agreement (Agreement) with the San Diego County Water Authority (SDCWA). Among other
terms, the Agreement stipulates that IID would conserve 200,000 acre-feet of water per year
(afy) and subsequently transfer that conserved water to SDCWA. In exchange, SDCWA would
compensate [ID growers for the transferred water to defray any grower conservation-related
costs. Dornbusch Associates was subcontracted to evaluate the financial impact on the 1ID
growers in the absence of a compensation agreement. The following is a brief summary of the
Dornbusch Associates’ report (2002). The full report of the economic analysis may be found in
Appendix 10.

As the legal and institutional process to implement the transfer agreement has unfolded, a
number of issues regarding ITD’s water resource management have been the focus of debate,
One of these issues relates to how IID growers would be financially impacted if they were
mandated to conserve water without receiving any offsetting third-party compensation such as
that from SDCWA stipulated in the transfer agreement proposal.

The Dornbusch report evaluates the extent to which 1ID growers could realistically pass on
conservation-related increases in their cost of water by unilaterally increasing their crop prices.
To answer this question, Dornbusch qualitatively and quantitatively analyzed the markets in
which IID growers sell their crops, and for IID’s most prevalent crop, alfalfa hay, also used a
modified version of the Central Valley Production Model (CVPM) that the California
Department of Water Resources developed to evaluate the impacts of water shortages and water
price increases on California agriculture.

The Dornbusch analysis indicates that IID growers do not have power in their respective crop
markets due to a range of competitive marketplace dynamics, including packer/shipper
concentration, geographic scope, and falling trade barriers, among other factors. Consequently,
IID growers cannot be expected to pay for the cost of water conservation by unilaterally
increasing the prices they receive for their crops. Crop costs of production have continued to
increase, while in most cases crop prices have remained stagnant or declined. Accordingly, any
continued escalation in crop production costs, including any costs to implement water
conservation measures, is likely to further erode IID grower profitability leading to a decline in
farm property values, and adversely impacting the overall regional economy.
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VIL THE PROPOSED TRANSFER WILL NOT INJURE JUNIOR
WATER RIGHTHOLDERS

IID and San Diego County Water Authority (SDCWA) have a proposed agreement to transfer a
maximum of 200,000 acre-feet per year of conserved Colorado River water from the Imperial
Valley to the San Diego area. It is anticipated that San Diego will divert the agreed transfer
water from Lake Havasu through the Colorado River Aqueduct, which is part of the delivery
system of the MWD of Southern California.

In accordance with the IID/SDCWA water transfer agreement, the transfer water will be
delivered to San Diego via the Colorado River Aqueduct. Under IID’s prior water transfer
agreement with MWD, TID has already been transferring various amounts of water to MWD
through the Colorado River Aqueduct since 1990.

The extra diversion at the Colorado River Aqueduct will reduce the flow that would normally be
1n the river and in the AAC. Therefore, NRCE was asked to determine the impact, if any, of up
to 200,000 acre-feet per year being diverted for SDCWA at Parker Dam, as opposed to
remaining in the Colorado River for diversion into the AAC and Imperial Dam, and whether
other diverters will be affected. Since the Colorado River Aqueduct diversion is just above
Parker Dam on Lake Havasu, the study is primarily concerned with diverters on the Colorado
River between Parker and Imper1a1 Dams and on the AAC between Imperial Dam and the EHL
Canal turnout.

The impact study analysis essentially addresses two issues. One is whether the water needs of all
other water users off the Colorado River and the AAC will be met if the flows were
hypotheticailly reduced by 200,000 acre-fect per year. Historical diversions for the study period
from 1988 to 1997 were examined to determine this. Another concemn is whether the diversion
structures are hydraulically capable of diverting the required historical amounts with lower
hydraulic heads due to the hypothetically reduced flows in the reaches. As detailed below,
NRCE has determined that the proposed IID/SDCWA water transfer will have no meaningful
impact on other appropriators. '

A. IID/SDCWA Water Transfer Agreement

The transfer agreement requires that IID undertake water conservation measures in order to
generate the amount of water needed for the transfer. IID would then transfer its conserved
water to SDCWA in exchange for payments equal to the cost of water conservation efforts for at
least 45 years. The contract may be extended for another 30 years by either agency. An
incentive amount to encourage 11D farmers to participate in the water conservation programs on
a voluntary basis would also be added to the overall water cost.

The amount of transfer for Agreement Year 1 would be 20,000 acre-feet and would increase in
increments of 20,000 acre-feet per year until the “Stabilized Primary Quantity” is reached. The
“Stabilized Primary Quantity” is the annual delivery amount between 130,000 and 200,000 acre-
feet per year that IID determines to make available. This amount may not be changed once it has
been established. However, if the total conserved water produced is lower than 130,000 acre-feet
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due to farmers’ low voluntary participation in the water conservation programs, the IID/SDCWA
water transfer agreement would not be implemented.

B. Colorado River Flow Information

1. Diversions and Return Flows

The data recorded in the “Decree” (USBR, 1988-1997) were used as a basis for determining the
various users and their diversion and return amounts in the reaches of the Colorado River and the
AAC. This process is also known as the “Decree method” for balancing the Lower Colorado
River flow system. This annual publication contains the methodology that the Bureau adopted
and has used since 1964 to account for all the diversion and return flows of the water users in the
Lower Colorado River Basin. The amount of diversions and return flows is tabulated on a
monthly basis, measured by acre-feet in this document. However, there are also unmeasured
subsurface retumn flows to the river that are not credited to a specific user when employing the
“Decree” accounting methodology. The unmeasured subsurface return flow to the river is
estimated to be an annual average of approximately 250,000 acre-feet in the Lower Colorado
Basin (USBR, 1998, Carson, 1999).

Most of the diversion flow records from the “Decree” are measured values except for some of
the river and well pumpages, which are estimated using monthly power records or asswmed
water duties. All surface return flows to the river from surface drains and spills are also
measured in the field. These surface return flows may be diverted later by other users
downstream. A schematic diagram of the stretch of the Lower Colorado River from Hoover
Dam to IID showing the various user diversions and returns is shown in Figure VII-1.

a. Parker Dam to Imperial Dam

The locations for all pertinent diverters in the river reach between Parker and Imperial Dam can
be seen in Plate VII-1.

The Colorado River Indian Reservation (CRIR) Main Canal is the first major diversion in this
reach. It diverts irrigation water from the Headgate Rock Dam to supply the CRIR on the
Arizona side. Annual diversions range from 586,359 to 713,839 acre-feet. There is also river
pumpage from the California side of the CRIR that ranges from 4,205 to 9,793 acre-feet.
Drainage and spills from CRIR, on the Arizona side, are returned to the river through Gardner
Lateral spill, CRIR Poston wasteway, as well as Palo Verde and CRIR Lower Main drains,
which are located downstream of Palo Verde Dam. Annual return flows vary from 229,024 to
263,146 acre-feet. There is no measured return water to the river from pumpage on the
California side of CRIR.

Brooke Water (Consolidated Water Utilities) pumps water out of the river on the Arizona side at
locations between Parker and Headgate Rock Dams. Its pumpage ranged from 327 to 403 acre-
feet on an annual basis between 1988 to 1997. The town of Parker pumps water directly from
the river and from wells. Annual pumpage varies from 916 to 1,635 acre-feet. No retum flow
by the Brooke Water or the town of Parker users is accounted for in the Decree methodology.
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The other large diverter downstream of the CRIR is the Palo Verde Trrigation District (PVID)
which diverts water from Palo Verde Dam via the Palo Verde Canal. Annual diversions range
from 737,100 to 953,010 acre-feef. Dramage and spill water from PVID are returned to the river
through a series of ten outlets: PVID Olive Lake drain, PVID F Canal spill, PVID D-10-11-2
spill, PVID D-10-11-5 spill, PVID D-23 spill, PVID D-23-1 spill, PVID C Canal spill, PVID C-
28 upper spill, and PVID Outfall drain). Total annual returns range from 402,633 to 495,669
acre-feet,

Other users downstream of Palo Verde Dam pump directly from the river or from wells in the
flood plain. The pumps downstream of the Palo Verde diversion also have no measured retumn
flow. Ehrenberg Improvement Association 1s located east of Blythe across the river on the
Arizona side, and its annual pumpage ranges from 229 to 499 acre-feet. The Cibola Valley.
Irrigation District and the Cibola National Wildlife Refuge’s annual pumpage ranges from
18,987 to 30,883 acre-feet and 8,772 to 17,752 acre-feet, respectively. The Imperial National
Wildlife Refuge is one of the end users on the reach between Parker and Imperial Dam. Annual
well pumpage from this Refuge varies from 24 to 10,329 acre-feet.

Table VII-1 contains the diversions and returns on the Colorado River between Parker Dam and
Imperial Dam as recorded in the “Decree”. The flow values in the use category were calculated
by subtracting the retum flows from the diversions. Some of the users do not have retum flows
back to the river, thus, diversions essentially become consumptive uses. In Table VII-1, the
negative monthly consumptive use values of some of the water districts indicate that there are
more retumns by the users than withdrawals. This is caused by lag time in the return flow of
unused water, The water withdrawn in a particular month may not be returned until the
following months. These effects are considered and incorporated into the overall scheduling of
river releases from Hoover Dam. In Table VIi-1, most of the negative monthly consumptive
uses occur in the month of January. This is because January had the lowest withdrawals while
part of its returns are from December when withdrawals were larger.

There are some small pumpers in this reach that are located on either side of the river. These
diversion amounts are lumped together in Table VII-1 as “Other California Users below Parker
Dam™ and “Other Arizona Users below Parker Dam.” The Arizona users are Hillcrest Water
Company, Rayner, Jack Jr., Arakelian, George, and BLM Permitees, and their pumpage ranges
from 5,023 to 19,257 acre-feet. The California users are Lye, C.L., BLM Permitees, and Picacho
Development Corp and their annual pumpage range from 31 to 1,057 acre-feet. The “Decree”
records contain a miscellaneous diversion and use category, for 1988 to 1993, which
incorporates all the other unspecified small users and the unaccounted flow balance.

b. Imperial Dam to the East Highline Canal Turnout

The Bard Trmigation District of the Yuma Project Reservation Division (Bard and Indian units)
diverts water from the AAC to the Reservation Main, Titsink, Yaqui, Pontiac, and Ypsilatnti
Canals for imgation purposes. There are also other smaller turnouts on the Yuma Main Canal
which provide irrigation water to the Yuma Project Reservation Division. The Reservation main
annual diversions range from 53,924 to 60,420 acre-feet during the study period from 1988 to
1997. Titsink, Yaqui, and Pontiac Canals have annual diversions ranging from 353 to 574 acre-
feet, 8,678 to 10,380 acre-feet, and 6,981 to 8,609 acre-feet, respectively. The Ypsilanti Canal 1s
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Table VII-1  Diversions and Returns (Acre-feet) on the Colorado River Between Parker and Imperial Dams.
WATER USER CATEGORY STATION NAME AND YEAR Jan Feb  Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec  Total
GAGE ID
iBrock Water Diversion - Pumping from the river 1988 20 20 24 24 3l 33 3% 34 31 28 23 20 327
Consolidated Water Util.) 1989 21 149 25 29 34 37 42 39 36 29 23 21 355
1950 21 19 24 28 34 37 39 36 32 29 26 24 349
1991 23 22 23 25 33 34 41 40 32 30 24 20 347
1992 22 20 21 27 35 37 39 36 33 28 24 20 342
1993 20 19 23 28 1] 38 41 38 35 30 25 23 356
1994 24 21 24 29 33 41 45 40 36 11 26 23 373
1995 22 20 24 28 33 37 43 43 39 33 30 25 377
1996 26 24 27 32 40 4i 43 44 37 33 26 25 398
1997 25 24 31 31 43 39 45 44 36 32 28 25 403
[Colorado River Indian Diversion - CRIR Main Canal (#9428500} 1988 10,471 35,666 61,856 51,771 73.554 82,731 88,174 72,686 56,371 38,520 28,245 26,247 626,202
Reservation — A7 and pumping from the river 198% 14,831 35387 82,188 69,776 77,020 88,070 91,821 76,140 61,667 32,355 26,784 28,960 690,999
1990 6,120 38,786 05,267 60,082 75997 92,149 100,053 79,594 52,107 40,683 30,384 31,688 672,920
1991 11,593 43,416 39,029 60,656 73,716 84,622 07,958 85269 47,233 37,554 27,606 16,870 639,522
1992 11,170 28,566 39,347 59,342 69,107 86,119 07,043 69,044 41,847 36,651 27,363 20,758 586,359
1993 982 9,790 57,750 68,070 73,790 81,120 87,720 70,840 45920 38,480 29,620 39,290 603,372
1994 21,705 38,212 49,428 64,600 72,734 88,498 8R40 86,813 58,481 43,274 30,820 30,560 673474
15995 2241 15385 62,97 66,721 76,544 85792 95852 91,318 61,047 42,525 28,921 34,781 664,044
1996 23,703 42,766 69,805 68242 82,174 91,052 93,884 85,138 56,573 40,d0] 25,541 34,530 713,839
1997 8,797 43,255 56,449 60329 77,388 78,498 83,875 75800 52,312 39,402 28,839 26,712 631,656
Return - Gardner 1 atcral spill 1988 13,730 16,003 21,150 22,124 23,640 21,383 24,764 20313 23497 23,636 18,889 17,003 256,212
(#09428505)
- CRIR Poston wasteway 1989 16,020 15450 23280 22,810 23,600 20,350 24920 26,900 26,030 23,974 20,368 19,444 263,146
(#09428510}
- Palo Verde drain (#09429030) 1990 13,619 15841 20,586 21,344 22,042 23,426 27,963 26,812 23,725 21,982 20,470 16,885 254,695
- CRIR Lower Main drain 1991 14,382 17,675 21,182 20,447 22,043 21,922 24,824 28,007 22,769 19,655 18,520 17,392 248818
(H0S429060)
1992 11,966 15711 18314 17,919 20,923 19,900 24,096 25913 20,839 18,932 17,842 16,669 229,024
1993 12,459 10,232 17,507 21,640 22,312 23,996 22,677 23,875 20,902 19,771 17,740 18368 231,479
1994 14,086 17,758 22,395 21,851 23,028 22,903 24470 24,934 24,380 21,548 13,445 17,950 253,748
1995 12,111 10,180 17,836 22,012 22,627 21611 24,848 25,909 23,534 20,354 8,872 19,039 238,942
1996 13,172 15575 19,554 19,361 21,361 20,772 22476 25247 23,149 20,649 18,081 18,074 237,501
1997 12,526 13,878 18613 20,167 21,886 23,095 23,926 24,894 22,626 19,955 18,429 18,940 238935
Use 1988 (3,259) 19,573 40,706 29,647 49914 61,348 63,410 43,373 32,874 14,884 9,356 8,254 370,080,
1989 (1,189) 19,937 58,908 46,966 53420 67,720 66,901 49,240 35637 14,381 6416 9,516 427,853
1990 (7,499) 22,945 44,681 38,738 53,055 68,723 72,000 52,782 28,382 18,711 90914 14,803 418,225
1991 (2,789) 25741 17,847 40,209 51,673 62,700 73,134 57,262 24464 17,89 9086 13,478 390,704
1992 (796) 12,855 21,033 41,423 48,184 66,219 72,947 43,131 201,008 17,721 9,521 4,080 357,335
1993 {1i,477) (442) 40,243 46430 S1478 57,124 65043 46,965 25018 18,709 11,880 20,922 371,803
1994 7,619 20454 27,033 42,749 49706 65595 63,870 61,879 34,101 21,726 12,384 12,610 41972
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WATER USER CATEGORY STATION NAME AND  YEAR  Jan Feb  Mar  Apr May Jun Jul Aug Sep Oct Nov  Dec  Total
GAGE 1D
(Colorado River Indian Use 1995 (9,870) 5,196 45,081 44,709 53,917 64,181 71,004 65409 37,513 22,171 10,049 15,742 425,102
{cont.)

Reservation —~ AZ 1996 10,531 27,221 50,251 48,851 60,813 70,280 71,408 59,891 33,424 19,752 7460 16,456 476,338
1997  {3,729) 29,377 37,836 40,162 55502 55403 59,949 50,906 20,686 19,447 10,410 7,772 392,721

[Colorado River Indian - Diversion - Pumping from the river 1988 131 119 220 313 325 469 629 670 418 450 235 220 4,205

Reservation — CA 1689 132 457 396 375 472 430 719 591 522 457 588 340 5,479
1990 19 352 277 479 508 560 699 513 680 437 451 232 5,379
1691 298 392 521 813 896 1,249 1,178 1,025 788 628 350 312 8,450,
1992 305 259 388 1,162 1,215 738 1,292 1,433 1,437 1,267 107 180 9,703
1993 50 676 1,108 985 860 958 1,544 877 116 219 198 196 7,787
1994 160 175 225 654 758 912 845 1,028 1,053 359 269 63 6,701
1995 52 210 570 800 1,028 1,232 1,607 1,277 1,419 349 241 55 4,840
1996 522 134 1,108 913 515 856 881 752 574 384 339 343 7321
1997 84 228 397 385 6359 651 555 556 263 243 388 88 4497

[Town of Parker Diversion - Pumping from the river 1988 55 58 78 72 108 703 141 116 96 97 62 49 1,635
1989 45 53 77 a0 114 129 140 131 111 93 59 55 L107
1990 55 44 75 81 99 120 131 126 99 23 59 58 1,030
16%1 52 57 53 10 101 117 127 106 a6 87 60 50 916
1992 46 45 47 74 99 123 136 108 93 80 56 45 952
1983 43 39 62 84 107 123 135 127 113 93 35 56 1,037
1994 58 52 68 86 103 138 135 136 118 88 63 86 1,133
1995 68 48 69 84 1nr 129 137 141 127 94 72 64 1,144
1956 62 62 81 97 121 133 137 138 110 100 60 51 1,152
1947 49 52 77 84 84 108 113 106 84 172 54 47 1,030

Pala Verde Irigation Diversion - Palo Verde Canal near Blythe 1988 29,245 53,630 87,512 71424 08,064 110,302 128451 99,502 69,795 51,062 47,200 51,464 R08,650

District (#09429000) 1989 27,210 57,920 82,375 95129 96200 107486 121,192 107,248 82,732 58,743 487322 50,869 035,426

1990 30,920 54,930 74,300 82,800 100,900 111,700 116400 103,400 76,330 62,450 47,640 55,670 917,48
1991 29,920 53,070 43,250 82,250 92,010 104,900 109,900 98,760 78,150 63,490 45300 45,920 851,920
1992 28,590 44,910 52,710 82,900 100,600 108,600 102200 62,180 61,330 50,870 42,000 31,270 768,160
1993 6,340 21,130 59,510 77,360 85,030 89,130 08220 84,860 69,170 57,410 38,690 50,250 737,100f
1994 31,460 40,000 54,980 71,580 77,730 90,940 91,850 103,200 79,920 65,730 50,580 42,400 800,370
1995 13,490 32,330 69,720 83,520 95,310 102,800 110,700 106,900 81,620 61,540 46,540 57,330 £61,800]
1996 39,170 57,400 78400 97,800 104,500 107,200 113,600 103,100 76,930 68440 48370 57,600 953,010
1997 32,700 58,990 75,330 84,360 105,000 107,300 168,500 110,100 74,250 67,120 49460 44,410 917,520

Return - PVID Olive Lake drain 1988 28,250 29462 34,515 36396 37,620 41,407 44,725 48,500 42,487 40,352 35239 35717 454,829
(#09429130)
- PVID F Canal spill - 1989 26,932 30,200 34,931 37,515 44,774 56,440 46,122 44397 43,635 41,808 38,805 37,728 483377
(#05420155) ‘
- PVID 3-190-11-2 spill 1990 28274 29,770 36,000 36,095 41,029 41,590 44,372 46,247 41,932 41,890 35,742 34,924 457,865
{#09429160)
- PVID D-10-11-5 spill 1991 28,830 25,640 32979 34,428 36,509 37,084 41,952 43,380 41,231 40,539 37,249 35,132 438,955
(#09429170) ' :
Palo Verde lrigation Return - PVID D-23 spill (#09429180) 1992 28,001 30,691 35045 33,470 41,484 41,584 42,065 40,613 36,083 135206 33,226 34,994 433,471
Disirict
- PVID D-23-1 spill 1993 17,559 24,519 29,159 33,046 37,451 38,182 39,044 40,171 37,806 38,335 33,134 34,137 402,633
(#0942010(0)
- PVID C Canal spitl 1994 25745 27,203 31,815 31,903 36,019 35824 36,774 39,095 40,503 40,834 35880 36,200 417,804
- £09429200)
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(WATER USER CATEGORY STATION NAME AND YEAR Jan Feb  Mar Apr May Jun Jul Ang Sep Oct Nov Dec  Total
GAGE ID
- PVID C-28 upper spill 1995 27,325 25519 31,112 34,204 38,455 138340 42,262 43,367 41,858 41,137 35247 35875 435,201
(#09429210)
- PVID Gutfall drain 1996 27,818 30,493 33442 37,803 43430 43,220 44,0290 46,511 43,654 39,947 34,824 34,258 459,438
(#09429220)
- PVID C-28 lower spill 1997 26,388 30,597 37,025 37,557 41,696 43,305 47,150 49,859 52,519 47,270 44,005 38208 495,669
(#09429230)
Use 1988 995 24,168 52,997 35,028 60435 68835 83,726 50912 27,308 11,610 12,060 15,747 443,821
1984 278 20,720 47444 57,614 51426 51,046 75,070 62,851 39,097 (6,845 9,517 13,141 452,049

1990 2,640 25,160 38,300 46,705 59871 70,410 72,028 57,153 34,398 20,600 11,898 20,746 459,615
1991 1,096 23,430 10,271 47,822 55501 67,816 67,948 55380 36,917 27,951 8,051 10,758 412,965
1992 389 14219 17,665 49,421 39,116 67,016 60,135 21,567 25247 14,664 8774 (3,724) 334,689
1993 (11,219} (3,389) 30,351 44,314 47,579 50,948 59,176 44,689 31,274 19075 5,556 16,113 334,467
1994 5715 12,797 23,165 39,677 41,711 55116 55076 64,105 39417 24,896 14,700 6,101 382,474
1995 (13.835) 6,811 38,608 49316 56,855 04,460 68,438 63,033 39,762 20,403 11,293 21,455 426,599
1996 11,352 26,907 44,958 50,097 61,061 63,980 69,571 56,589 33276 28,493 14,046 23,342 491,572
- 1997 6,312 28,393 38305 46,803 63,304 63,995 61,350 60,241 21,731 19,850 5455 6,112 421,851

Ehrenberg Improvement  Diversion - Pumping from the river 1988 11 11 15 16 23 27 28 21 22 20 18 17 229
lAssociation 1989 12 14 17 24 26 39 43 48 30 29 24 18 324
1990 14 L1 19 21 23 3 33 32 25 21 15 15 262
1997 18 18 21 20 27 34 34 35 31 27 19 21 305
1992 19 17 18 29 32 37 41 36 34 28 22 17 330
1993 19 15 20 30 34 36 46 40 34 28 20 22 344
1994 21 20 22 29 35 44 45 45 39 32 25 22 379
1995 20 20 27 k) 39 45 48 55 43 30 29 26 423
1996 23 18 31 34 41 50 54 52 41 34 24 24 426
1997 29 28 37 38 41 51 58 57 47 36 46 31 499
ICibola Valley Iirigation  Diversion - Pumping from the river 1988 383 249 3,052 1,570 2,374 4,185 4837 2,834 2349 1,223 625 660 24,336
District 1989 387 1,482 3,323 2,320 2,198 3,967 4,493 3,637 2516 828 487 554 26,192

1690 J527 1,355 3,074 1,807 2,365 4,292 4669 3279 2047 1,335 991 1,256 26,997
1951 1,085 1,189 1,106 209 2,167 2,379 2,587 2212 2,003 1,815 1,252 1,043 18,987
1692 111 636 2,501 1481 2,467 3,273 3,401 2,831 1,209 1,333 976 54 20,273

1993 40 40 1,644 2742 2,369 3,715 4,658 2,722 1,749 1,340 653 473 22,145
1994 1,575 1,262 2,152 2,323 2,841 3444 3,760 3,615 2841 2380 1,690 1,663 29,544
1995 104 1,045 2,686 2,347 3,351 4,428 5,383 4,523 2,633 1,484 G39 587 29,210
1996 1,024 1,445 2,337 3,355 4467 4,554 4,409 3,210 1,600 1,674 683 206 29,224
1997 411 3,001 1,671 2,823 4,005 4,470 5,059 4,535 2,137 1,275 714 782 30,883
[Cibala Nationat Wildlife  Diversion - Pumping from the river 1988 175 198 408 776 634 1,091 847 724 678 1,747 1,963 869 10,1104

Refuge
1989 701 211 62 1,175 950 1,227 859 1,055 998 I31F 1973 1,474 12,094
1990 607 223 354 490 854 1,128 739 7500 1,123 1,174 1,515 1,372 10,329
1991 1,641 1,162 519 682 2923 1,350 1,369 986 2,012 1,767 1.859 1482 17,752
1692 1489 1,157 1,694 839 1,042 1,530 975 1,189 1,630 2,074 1489 1,623 16,131
1993 635 509 868 937 1,146 1,389 1,515 1458 1,146 960 682 671 11,916
1994 1,007 1,143 405 729 640 e 756 686 1,193 691 398 345 8,772

1995 252 229 368 1,050 763 1,214 1,009 1,131 929 1,081 1,596 738 10,366
1996 597 532 851 184 1,005 1,479 2,003 1,328 1,930 1,428 1,806 724 14,467
1997 625 327 563 1,384 1,085 1,827 1,798 1,778 1,735 1,555 1,583 814 15,074
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'WATER USER CATEGORY  STATION NAME AND  YEAR - Jan Feh Mar  Apr May Jun’ Jal Aug Sep Oct Nov Dec Total
GAGE ID
Imperial National Wildlife Diversion - Pumping from wells 1988 2 2 2 2 2 2 2 2 2 2 2 2 24
Refuge 1989 11 9 is 17 20 24 27 26 20 17 12 12 210
1990 &7 223 354 450 854 1,128 739 750 1,123 1,174 1,515 1,372 10,329
1991 380 417 388 73 739 834 907 7750 702 636 439 366 6,656
1692 437 342 583 629 769 932 1,017 979 769 644 458 451 ®,000
1993 483 384 655 707 865 1,049 1,144 1,101 865 725 515 507 9,000
1994 480 384 655 707 8635 1,049 1,145 1,102 866 725 515 507 9,000
1995 534 427 729 786 962 1,165 1,272 1,223 961 806 572 363 10,000
1996 533 427 728 787 962 1,166 1,272 1,224 961 805 572 563 10,000
1997 426 342 582 629 769 032 1,017 978 769 644 458 450 7,996
iOther Arizona Users Diversion - Pumping from the river 1988 345 786 2,554 1,603 1,802 1,832 2369 3,008 2,001 1,425 860 672 19,257
Below
‘Parker Dam and wells 1989 901 75 1,218 1,316 1,609 1,851 2,128 2,048 1,609 1,348 958 043 16,745
Hillerest Water Co. 1990 430 1,141 945 638 970 1,720 1,793 1,781 1,550 719 578 576 12,849
Rayner, Jack Ir. 1991 273 1,251 487 327 478 415 1,692 1,061 1,119 472 358 814 8,805
Arakelian, George 1992 123 110 806 290 345 1,052 1,605 925 413 329 279 124 6,499
BLM Permitess 1993 388 3l 529 572 699 847 924 890 699 586 416 410 7,269
1994 136 29 812 225 403 668 1,105 689 518 152 221 65 5,023
1995 164 145 882 645 636 470 671 682 529 275 294 557 5,970
1996 544 364 977 545 631 1,043 1,153 1,043 732 543 253 226 8,054
1997 306 165 426 902 650 916 1,166 286 554 338 383 194 7,086
Other California Users Diversion 1988 13 10 17 19 23 27 30 29 23 19 13 13 234
fbelow Parker Dam 1989 13 11 18 19 24 29 31 30 24 20 14 14 247
Lye, C.1.. 1990 15 12 20 22 27 33 36 34 27 23 16 16 281
BLM Permitees 1961 2 2 2 o] 3 4 4 4 3 3 2 2 31
Picacho Developnent 1992 13 10 18 19 23 28 31 29 23 19 14 14 241
Comp. 1993 47 37 64 69 84 102 111 107 84 70 50 48 874
1994 35 51 74 91 104 138 150 121 101 1069 48 35 1,057
1995 8 10 12 8 g 18 18 18 17 7 10 12 147
1996 27 28 47 45 55 63 76 66 54 50 35 37 579
1997 44 46 49 32 65 85 72 67 76 45 45 44 690)
Miscellaneous Diversion 1988  (1,445) 658 925 140 679 572 983 (340) (197} (951) (356) {553} 115
1989 (1,506) 1,225 2,283 2966 2,859 (710) 1,380 (2.478) (3,640) (317) (526) (1,126} 204
1990 3 6 12 15 18 18 25 25 15 14 3 6 165
1991 1 0 1 1 1 n j 0 1 | 1y D 4
1952 [49)] 3] 0 0 0 [4)] 1 N 1 0 (4) (1) (8)
1993 0 (1) ] 0 0 0 ¢ { 0 0 0 G {1
Miscellaneous Use 1988 (1,443) 660 927 52 681 574 a8S (338)  (1%4) (%49 (354 (551) 50
1989 (1,506) 1,225 2283 2966 2859 (710) 1,380 (2.478) (3,640) {517y (526) (1,126) 204
1990 3 6 12 15 16 10 23 22 13 12 8 & 152
1941 1 [ 1 1 1 {4) (23 0 1 l (1) [§8] (2)
1992 [43)] (1 0 0 0 (2) (1 (3) 0 0 (4) {13y (13)
1993 0 (L 0 0 0 {1) (1) (2) (1) 0 0 0 (6)ﬂ
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a new diversion on the AAC, located about 1.5 miles downstream of the Yuma Main Canal
diversion. It replaced the Walaipai Canal in 1995. The old Walaipai Canal was located off the
Yuma Main Canal above the USGS flow gage (#09524000), which measures the flow in the
Yuma Main Canal (see Figure VII-2). Walaipai and Ypsilanti Canals diverted annual flows of
4,995 to0 15,564 acre-feet and 3,600 to 9,945 acre-feet, respectively. The retum flows from the
Yurna Project Reservation Division drain into the Colorado River. Therefore, its return flows do
not contribute to the AAC.

The Yuma Main Canal turnout is about 13.7 miles downstream of the Impenial Dam. The Yuma
Main Canal delivers water to the Yuma Valley in Arizona through the Colorado River siphon.
The Yuma Main Canal supplies water to both the Yuma Project Reservation Division,
administered by the Bard Trrigation District, and to the Yuma Project Valley Division,
administered by the Yuma County Water Users Association (YCWUA). It alse supplies
municipal water to the City of Yuma as well as the Yuma Union High School and Alex Camille,
Ir., two small users in the city. The Cocopah Indian Reservation receives part of its water supply
from the Yuma Main Canal as well. The rest of the Cocopah Indian Reservation water supply 1s
pumped from groundwater wells. Annual diversions for the Yuma Main Canal vary from
431,604 to 742,143 acre-fect, with the excess water flowing back to the Colorado River through
the Yuma Main wasteway.

The Pilot Knob Power Plant and wasteway near Pilot Knob diverts water from the AAC and
retumns it back to the river for Mexico. Its annual flows range from 98,844 to 1,844,486 acre-
feet. The Coachella Canal turnout diverts water to the CVWD, and is located above Drop No. 1,
about 36 miles downstream of [mperial Dam. Its diversions range from 308,740 to 368,900 acre-
feet. 11D receives approximately 2,390,033 to 3,090,295 acre-feet of water below Drop No. 1,
annually.

2. Aralvsis of 200, 000 Acre-foot Reduction due to Transfer

NRCE assessed the potential impacts to the downstream water users that would occur if the
Colorado River flow was hypothetically reduced by an annual amount of 200,000 acre-feet
below Parker Dam. It was thought that the flow reduction could potentially affect the
downstream water users in two ways. First, water right holders may be unable to divert needed
water due to inadequate flow i the Colorado River. Second, there may be insufficient hydraulic
head at the diversion structures. NRCE’s analysis showed that neither of these factors would
affect the downstream water users.

The study period from 1988 to 1997 was selected to allow for flow vanations representative of
the long-term conditions in the study area. It was important for the study period to include
extreme years of low river flows since further reduction of river flow in low flow conditions may
deplete the water supplies of some of the river users.” The historical flow records from 1935 to
1997 show that the lowest Parker Dam annual release (5,533,851 acre-feet) was in 1993 and is
thereby covered in the study period.
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a. Flow Adequacy

In this section, flow analyses were performed on a daily basis to evaluate whether reducing the
river flow, starting at Parker Dam, would cause shortages for the downstream users historical
diversions. Since the water transferred to the SDCWA is generally for municipal water use, it is
assumed that the 200,000 acre-feet per year of water will be distributed evenly throughout the
year. This 1s equivalent to about 277 cfs of water on a daily basis.

(1) Flow Accounting System on the Colorado River

The reach on the Colorado River between Parker Dam and Imperial Dam was the first reach
evaluated. USGS gage (#09427520) below Parker Dam was used in the flow accounting analysis
as the source of inflow for the reach system. The USGS gage above Imperial Dam (#09429490)
was used as the end outflow measurement of the system. Diversions and return flows by the
users are considered other outflows and inflows to the system, respectively. Closure is the
change of river storage and other losses such as evaporation and phreatophyte consumption.
These are components that are not directly measured. An expression of the system’s flow

- balance for this reach may be described as follows:

QUTFL pperiat = INFL parier - diversions - losses - A storage + returns _ (VII-1)

where,
OUTFLimperiat = Measured Colorado River flow above Imperial Dam

INFLpareer = Measured Parker Dam releases

diversions = Measured and estimated diversions of users
losses = Evaporative losses and phreatophyte use along the

Colorado River
A storage = Change in river storage
returns = Measured retwrn flows from the users

Figure VII-2 is a schematic showing the corresponding USGS gages used to measure the various
diversions and returns. The CRIR Main Canal gage (#09428500) was used for the daily
diversions of the CRIR. Its return flows are measured by gages #09428505, #09428510),
#09429030, and #09429060. The PVID diversions are measured by the Palo Verde Canal gage
#09429000.  There are ten gages that measure the spills and drainage water of PVID:
#09429130, #09429155, #09429160, #09429170, #09429180, #09429190, #09429200,
#09429210, #09429220, and #09429230. The rest of the users in this reach are pumpers and
subsequently their pumpage data are available only on a monthly basis from the “Decree”
records. These monthly flow amounts are estimated either by monthly power records or fixed
water duty values.
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The estimated daily water use values used in this study were estimated by evenly distributing the
monthly amounts into a daily average. No return flows were assumed for the pumpers. The
annual relcases from Parker Dam varied from 5,533,931 acre-feet in 1993 to 7,507,587 acre-feet
in 1988. The total consumptive use in the reach between Parker and Imperial Dams varied from |
754,572 acre-feet in 1992 to 1,041,511 acre-feet in 1996.

The estimated river losses and change of river storage were calculated by subtracting all the net
historical uses (diversion-retuin) from the difference in flow between INFLParker, flow below
Parker Dam (gage #0942752() and OUTFLImperial, flow above Imperial Dam (gage
#09429490). Smce the distance between Parker Dam and Imperial Dam is about 143 miles, there
is an estimated travel time of approximately 3 days (Grimes, 1999) between the two locations.
Therefore, the change in river storage can be a large factor in the daily flow balance between the
gages (l.e, #09427520 and #09429490) below Parker Dam and above Imperial Dam. The
required historical diversions of the Gila Gravity Main Canal and the downstream river flows
were calculated by subtracting the AAC flow (#09523000) from the flow above Imperial Dam
(#09429490), :

(2) Daily Flow Analysis on the Colorado River

A daily flow amount of 277 cfs was subtracted from the Parker Dam gage (#09427520) to
represent the hypothetically reduced Parker Dam daily releases. The users’ historical diversions,
river losses, and change of river storage were then subtracted from the reduced Parker Dam
releases to compute the remaining flow in the river just above the Imperial Dam plus the retumn
flows. The river losses and the change in river storage in a reduced flow system may
hypothetically be different than the amounts developed from the historical discharges. However,
they are assumed to be the same in this analysis since the difference would be minimal.

The water entering Imperial Dam discharges into the AAC, the Gila Gravity Main Canal, and the

Colorado River below the Imperial Dam. The flow analysis with the reduced flow shows that the

lowest daily rtver flow available at Tmperial Dam for the AAC was 1,063 cfs. This was

hypothetically the lowest amount of daily flow remaining in the river at Imperial Dam after

satisfying all the demands of the users above Imperial Dam as well as the combined flow

demands of the Gila Gravity Main Canal and the discharge downstream of Imperial Dam. In the

analysis, the hypothetical flow amount of 1,063 cfs would have occurred on January 1, 1993,

when the Parker Dam release was 2,060 cfs, and the CRIR Main Canal was in the process of
shutting down for cleaning and repairs. At this time of the year, most diversions on the river are

small due to the less agriculturally active winter season. It is apparent from the historical data

that the river had sufficient flows to provide all the required historical diversions on a daily basis
between Parker Dam and the Imperial Dam even when the flows were reduced by 277 cfs. The

1,063 cfs remaining in the system was what was left for the AAC users. However, if there had

been no flow left n the system at Imperial Dam after the 277 cfs flow reduction, then it could

have been concluded that there was insufficient flow to satisfy all the historical diversions of the

upsiream river users, the river downstream, and the Gila Gravity Main Canal. Such a scenario

assumes that all the upstream reservoirs are basically empty. '
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{(3) Flow Accounting System on the All American Canal

The AAC reach pertinent to the study extends from below Imperial Dam to just above IID’s EHL
turnout. The inflow to this system is the AAC diversion at Imperial Dam (#09523000). The
AAC flow above the EHIL. Canal turnout is the end outflow of the system. Since there is no
measurement of the AAC flow just upstream of the EHL turnout, the downstream end of the
daily flow balance analysis would be at the USGS gage #09527500, which measures the AAC
flows below Pilot Knob Power Plant and wasteway. The Pilot Knob gage is about 15 miles
upsiream of the Coachella Canal turnout and 32 miles upstream of the EHL turnout. There is
basically no diversion off the AAC between Pilot Knob, Coachella, and EHL Canals except for
minor diversions of 1,000-6,000 acre-feet/year by IID located between the EHL and the
Coachella Canal. Return flows from the users in this reach do not contribute to the flow in the
AAC since they return back to the Colorado River. Therefore, the flow accounting balance does
not consider the return flows from the users. The balance of flow may be expressed in the
following:

OQUTFLpitor itnos = INFL imperiar - diversions - losses - A srémge (VII-2)

where,

OUTFLpigtknoe = Measures the AAC flow below Pilot Knob Power Plant and

wasteway
INFLimperial = Measures the AAC inflow at Imperial Dam
diversions = Measures diversions along the AAC
losses = BEvaporative and canai seepage losses and phreatophyte use
A storage = Change n canal storage

The flow accounting procedure for the AAC 1s similar to the Colorado River reach previously
described. The canal losses and change in canal storage can be lumped together as the closure
term. They can be determined by subtracting the various diversions and the Pilot Knob gage
(#09527500), OUTFLpiot know, downstream of Pilot Knob wasteway from the AAC inflow
{#09523000), INFLjmperiai as indicated in the above equation. The diversions for the Yuma
Project Reservation Division on the AAC were determined by summing the measured flows of
Reservation Main (#09523200), Titsink (#09523400), Yaqui (#09523600), Pontiac (#09523800),
and Ypsilanti (#09526200) Canals. The Yuma Main Canal diversion for the YCWUA and others
is measured by gage #09524000 on the Yuma Main Canal and the Walaipai Canal gage
#09523900 which was discontinued in 1995 (see Figure VII-2).

(4) Daily Flow Analysis on the All American Canal

The reduced AAC daily flows at Imperial Dam calculated from the previous analysis on the
Colorado River reach are carried over to represent the hypothetical reduced inflow of the AAC
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due to the upstream water transfer scheme. The measured diversions and previously calculated
losses were subtracted from the reduced AAC inflow values to simulate flows just downstream
of the Pilot Knob Power Plant and wasteway. After satisfying all the upstream users, the
computed daily flows downstream of Pilot Knob are the remaining flows in the AAC to supply
the demands of IID and CVWD. These flow values were evaluated to determine whether there
would be enough flow left in the canal to satisfy the CVWD diversion.

The portions of the flow below Pilot Knob delivered to IID and CVWD are reported by I1ID’s
Water Control Section. After the historical diversion of CVWD was subtracted from the reduced
canal flow below Pilot Knob, the lowest remaining daily flow for IID was 42 cfs in the study
pericd. This occurred on January 18, 1993 when the AAC was diverting about 2,350 cfs and the
flow below Pilot Knob was 382 cfs. TID received 319 cfs while CVWD received 63 cfs.
Therefore, hvpothetically, if the historical canal flow of 382 was reduced by 277 cfs, a flow of
105 cfs remains. This flow amount may be used to satisfy the 63 cfs of historical CVWD
diversion. The left over flow of 42 cfs would then be the reduced diversion amount for 1ID since
the historically flow of 319 cfs was scheduled. This exercise confirms that, after a flow
reduction of 277 cfs for the lowest tlow at Pilot Knob, there is still a flow of 42 ¢fs remaining
below Pilot Knob for IID after all the upstream users have been satisfied, including CVWD.
According to the 10-year historical flow records, the low flows normally occurr in late December
and early January when the irrigation water demands were low.

Since the water delivery system for the Lower Colorado River is demand-based, more water may
be diverted if supply 1s not limiting. For example, in this case, if the remaining flow of 105 cfs is
not able to satisfy the historical diversion of CVWD, more water may be ordered from the
reservoirs to meet the demand. Due to a 3-day lag time in water travel time, the active storage at
Lake Havasu on January 15, 1993 was examined to determine whether there was sufficient
storage mn the lake to supply additional water to CVWD or others. The average daily active
storage of Lake Havasu on January 15, 1993 was 552,100 acre-feet which was more than
sufficient to cover the additional 277 cfs (i.e., 550 acre-feet/day) of water that would have been
in the system before the diversion at the Colorado River aqueduct. The water surface elevation
was at 447.06 feet, which was higher than the 1993 minimum water surface elevation of 445.97
feet with storage capacity of 532,400 acre-feet. '

b. Hydrauhc Limitation

In this part of the analysis, the diversion facilities were investigated to determine whether the
reduction in flow would have lowered the hydraulic head beyond the normal operating range of
the various turnouts. If the hydraulic heads were too low, the gravity-fed diversion facilities
would not be able to divert the same amount of water as recorded in the historical data.
However, the impact on the pumping facilities due to lowering of the hydraulic head would only
increase the amount of energy needed for pumping.

(1) Reach on the Colorado River

The diversion structures and operations procedures in this reach were examined. Other than
various pumping facilities, there are two major diversion dams on the river. The Headgate Rock
Dam was built just downstream of the CRIR Main Canal intake structure to raise the water

VIiI-14



surface elevation in the river so that the CRIR Main Canal would have enough hydraulic head for
the required diversions. The Palo Verde Dam functions in the same way as the Headgate Rock
Dam for the Palo Verde Canal. The control gates of the dams are operated automatically to
maintain constant water surface elevations on the upstream side of the dams except for very high
flows. Normally once a year, at the end of December or the beginning of January, major
drawdowns at the dams are expected while the canals are shut down. The water at the dams is
lowered for inspection and repairs if necessary.

The control gates of the dams are designed to maintain constant water surface elevations
upstream of the dams irrespective of their flows through the gates. The gate settings adjust
automatically to allow various flows through the gate structures while keeping the upstream head
constant. For example, when a lower incoming flow is entering the dam, the water level
upstream of the dam would decrease. However, with the constant water level control gates, the -
gates would automatically reduce the gate opening to raise the upstream head (water level) to
compensate for the drop in flow so that it can be kept at the same level as before the flow is
reduced. The free-flow gate discharge equation may be used to illustrate the gate discharge, gate
opening, and upstream head relationships. It is expressed as follows:

Q=Ca*A*\J2g*H (VIL-3)

where,

Q = Gate discharge (ft'/s)

Cg= Discharge coefficient (dimensionless)
A = Area of the gate opening (ft*)

g = Acceleration of gravity (ft/s%)

H = Upstream head (distance from the center of the gate opening to the
water surface upstream of the gate)

According to the gate discharge equation, the gate discharge is a function of both the upstream
head and the gate opening. If the discharge, Q, is to be reduced, the gate opening, A, has to be
reduced as well while the upstream, H, may be kept constant. Therefore, a flow reduction of 277
cfs m the river should not affect the canal diversions just above the dam control gates because
the water surface elevations would be kept the same except for minor fluctuations.

For the Headgate Rock Dam, the target water surface elevation at the forebay is 364.40 feet. The
automated gates are capable of limiting the upstream head variation to within +0.2 feet except on
days when the dam is going through major drawdowns for repairs and inspection (Glen, 1999).
The daily water surface elevation data behind Headgate Rock Dam was obtained to demonstrate
the effectiveness of the control gates in keeping a constant water surface elevation at varying
flows. The Parker Dam release, which is not very far upstream of the Headgate Rock Dam, may
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be used as the inflow reference mto the dam. During 1992, which was one of the lower flow
years in the study period, the minimum daily Parker Dam release was 1,550 cfs on December 30
(excluding major lake drawdown in January} while the daily average water surface clevation at
Headgate Rock Dam was measured at 364,460 feet. In the same year, the maximum Parker Dam
discharge was 14,600 cfs on June 29. The corresponding water surface elevation was 364.300
feet. The discharge difference is 13,050 cfs while the maximum deviation of the water surface
elevations from the target water surface elevation of 364.40 was only 0.1 feet. Hence, it can be
concluded that lowering the river flow by 277 cfs would not affect the diversions from the dam,
because 277 cfs of flow 1s within the range of operational flows in which the upstream water
surface elevation would be kept constant.

For the Palo Verde Dam, its target water surface elevation is set at 283.50 feet. According to Mr.
Burt Bell, the dam operation supervisor, the upstream dam water surface elevation is designed to
fluctuate between 283.40 to 283.60 feet (1.e., £0.1 feet of tolerance) except during special
drawdowns (Bell, 1999). The same principle in regard to the automated control gate for constant
water leveling may be applied to the Palo Verde Dam and Canal. Therefore, due to the similarity
in the operations of the two dams, the same conclusion may be reached on the capability of the
gates in keeping a constant upstream water surface elevation. As a result of a constant water
surface elevation at the diversion dam, there would be no effect on the Palo Verde Canal
diversion due to low flows.

(2) Reach on the All American Canal

On the AAC between Imperial Dam and EHL turnout, turnouts located along the canal do not
have any check structures except for the Pilot Knob Power Plant and Coachella Canal turnout.
Both the Pilot Knob Power Plant and the Coachella Canal turnout have check structures just
below the turnouts so they can maintain certain water surface elevations upstream of the turnout
structures. However, water surface elevations on the upstream side of other turnout gates
without check structures would vary depending on the flow of the canal. In order to guarantee
that the amount of diversion from a particular turnout would not be affected by reduced flow in
the canal, the water surface elevation for the reduced flow must be higher than the minimum
head required for that particular flow amount. If the lowest flow in the canal has water surface

‘elevations above the minimum operating water surface level of the turmout gates, then we can

conclude that there will be no effect on the turnout flows. The minimum operating water surface
level of a turnout gate is defined as the minimum hydraulic head required for the turnout to
operate at its design flow capacity.

The daily flows in the AAC at the various tumouts were estimated based on the reduced canal
inflow and the amount of water that had been diverted upstream. The estimated canal flows at
the tumouts were calculated sequentially by subtracting the upstream turnout diversions and
losses from the reduced AAC inflow at Imperial Dam beginning from the Reservation Main
Canal (as shown in figure VII-2), which is the most upstream diversion. The minimum daily
AAC flows at the various turnouts for the study period were determined only when the turnouts
were in operation. The sill elevations, minimum operating water surface elevations, and sizes of
the turnout gate structures were also determined based on the as-built engineering design
drawings obtained from the USBR (USBR, 1936). The exception was the new Yuma Main
Canal intake, which was built by a private contractor. The new Yuma Main Canal intake
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structure was built in 1987 by the YWCA. Table VII-2 shows the physical design configuration
of the six diversion structures on the AAC between Imperial Dam and Pilot Knob, which do not
have checks below them. The table also includes the estimated lowest daily flow in the AAC at
each of the tumouts for the period from 1988 to 1997. The Titsink, Yaqui, and Pontiac turnouts
were not delivering any substantial amount of water since the measured diversions were very low
at a daily average of about 0.3 cfs. A typical turnout gate structure located along the AAC is
shown in Figure VII-3.

Tabie VII-2 Design Configuration and Operating Criteria for the AAC Tumnout Structures and Historical Canal
Flows and Diversions {1988-1997).

. . . Minimum AAC Flows at Turnouts
Turnout Design Configuration . -
During Deliveries
Distance Min Desion FlNO I‘:Jna ¢ Min Flow
Turnout from T.O. Sill . g -277 at T.0.
. Gate . Operating; WS T.O. .
Imperial . Capacity| Eley Date T.0. |(Discharge
Size ! WS Elev | Elev 1988-
Dam (cfs) | (feet) (feet) | (feet) 1997 1988- (cfs)
{miles) . ! (cf5) 1997 (cfs)
ﬁe;g"m‘m 5.8 32 X4 . 175 15598 165.00 172.64] 2/9/93 | 1375 | 1,098 24
Titsink 72 X 64 |164s8] 16721 17221153003 1498 | 1221 ¢ 029
Canal 2.5 :
Yaqui 11.1 23X 30 l163.24] 16612 |171.12] 171003 | 1189 | 912 033
(Canal 2.5
Pontiac 31| 281 30 |16227) 16516 |170.16 11093 | 1361 | 884 0.35
(Canal 2.5
Yuma 14.7 D=14> | 2000 - - 167.00] 11793 | 1,139 862 369.52
Main
gsigf‘n“ 16.0 £X4 80 15915 16500 |167.70[12/25/95 1,141 864 17

T.0. = Tumout, WS = Water Surface

In order to evaluate how the hypothetically reduced AAC flows would affect historical turnout
diversions hydraulically along the canal, the corresponding water surface elevations just
upstream of the turnouts must be determined and compared to the minimal operation water -
surface elevations of the turnouts. However, according to IID’s River Master, Mr. Bobby
Moore, a constant pool elevation of 167.30 feet above mean sea level (amsl) is maintained at the
Pilot Knob check at all times, even at very low flows, to serve the upstream turnouts on the AAC
(Eckhardt, 2000). The minimum required operational flow for the AAC at Imperial Dam is 500
cfs. Station 50, which is approximately 5,000 feet downstream of Imperial Dam has a water
surface elevation of 167.75 feet asml at 500 cfs. Therefore, at the minimum flow of 500 cfs, the
water surface elevations of the AAC range from 167.30 feet to 167.75 feet between the Pilot
Knob check and the Imperial Dam. This means that as long as the flow in the AAC is kept at 500
¢fs from Imperial Dam, the water surface elevation anywhere in the canal will be between
167.30 feet to 167.75 feet. The range of minimum operating water surface elevations for the
unchecked turnouts between Imperial Dam and Pilot Knob vary from 165.00 to 167.21 feet asml
as shown in Table VII-2 above. Comparing the two sets of water surface elevations, the
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minimum operating water surface elevations for the turnouts are all below 167.3 feet asml, which
is the lowest water surface elevation possible in the canal between Imperial Dam and Pilot Knob
at minimum operating flow. Hence, the turnout discharges will not be limited by the hydraulic
heads. This is because the water surface elevations in the AAC will always be above the design
minimum operating water surface elevation of the turnout structure. A sketch of the minimum
operating water surface elevations for the turnouts and the water surface elevations of the AAC
at the minimum flow of 500 cfs is shown in Figure VII-4. The next step is to evaluate whether
the AAC historical flows at Imperial Dam and the vadous tumeut locations were higher or lower
than the required minimum 500 cfs.

During the study period from 1988 to 1997, the lowest average daily flow recorded at Imperial
Dam was 1,340 cfs on January 1, 1993, Subtracting the 277 cfs of flow reduction from 1,340 cfs
ends up with 1,063 cfs, which is still higher than the minimum operational flow of 500 cfs.
Additionally, taking a step further by examining the estimated historical AAC flows at the
various turnouts, the lowest flows after the 277 cfs flow reduction range from 862 to 1,221 cfs,
which were all above 500 cfs as indicated above in Table VII-2. These daily flow data analyses
show that historically from 1988 to 1997, not only were the hypothetically reduced AAC flows
always above the required 500 cfs minimum at Imperial Dam, the flows in the canal between
Imperial Dam and Pilot Knob were also above 500 cfs. It can be concluded from these results
that, even with a flow drop of 277 cfs in the AAC, there is still sufficient hydraulic head
upstream of the diversion structures to deliver the normal design capacity of the turnouts and that
the minimum flow conditions were not violated. Therefore, the hypothetical flow reduction in
the AAC during the 10-year study period had no impact on the historical diversion amounts with
respect to the hydraulic head limitation.

In summary, the flow adequacy analysis shows that during the 10-year study period there was
sufficient water in the system to meet all the demands of the other water right holders even
though the Colorado River supply was hypothetically reduced by 277 cfs for iID. The results of
the hydraulic analysis indicate that the reduction in flow would not hydraulically affect the
deliveries of the normal historical diversions through the various turnout structures along the
Colorado River and the AAC. Hence, NRCE has determined that the transferring of IID’s
conserved water to San Diego has no meaningful impact on the other water right holders with
respect to supply and hydraulics.
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vill. CONCLUSION

Based on the study conducted by NRCE, the water use in IID is reasonable and beneficial. The
irrigation water use efficiency test was one of the primary tests we considered when analyzing
whether [ID’s water use is reasonable and beneficial. Prior to discussing the irrigation
efficiencies in 11D, it would be appropriate to discuss some of the most important factors that
affect irngation efficiencies in [1D, some of which are umque to the Imperial Valley.

The overwhelming majority of the irrigated lands in IID have medium to heavy cracking soils.
These soils are unique to the Imperial Valley {(compared to the othet major irrigation districts in
the Lower Colorado River area) and are characterized with cracks that are as deep as 2.3 feet.
When irrigation water is applied to these lands, a large portion of the applied water enters the
cracks and then slowly enters the micro pores of the soil. As water is applied, it advances down
the field filling the cracks several feet to several vards ahead of the surface flow.

For the majority of the soils in the world, including those soils in the Lower Colorado River
Basin (with the exception of the majority of the soils in 1ID), applied water mfiltrates downward
into the root zone at the head of the field and the depth of the downward infiltration gradually
decreases as one moves towards the lower end of the field. However, in the heavy cracking soils
of IID, only a small portion of the applied water moves slowly downward beneath the bottom of
the cracks, while most of the applied water moves laterally towards the tail end of the field.
Because of this phenomenon, runoff accumulates after the soil cracks are filled, creating a high
potential for tailwater occurrence; the higher the tailwater, the lower the irrigation efficiency.

Tailwater problems are further exacerbated by the amount of salt accumulation in the irrigation
water due to the return flows from irrigated lands upstream of Imperial Dam. Because of the low
permeability of IID’s soil, it becomes very difficult for the irrigator to apply sufficient water to
satisfy the crop water requirements and leach excess salts below the root zone. Quite often, the
growers are torn between applying adequate water to satisfy the crop water needs and leaching
requirements, and acting cautiously to avoid being assessed triple charges if the tailwater is more
than 15% of the applied water. This is an every day dilemma faced by the overwhelming
majority of 11D growers.

These day-to-day problems that the farmers of [ID encounter should be considered when
assessing the reasonable and beneficial uses of water at [ID. In other words, if [ID trrigation nses
are to be compared with other irrigation districts, one must consider some of the indisputable
problems faced by IID and its growers. Most of the problems briefly discussed are physical
problems that IID and its farmers, and in fact any one else for that matter, cannot change, as they
are the objective realities under which irrigation is practiced at IID.

Irrigation efficiency provides a measure of the amount of water beneficially used relative to the
amount of water applied. In the case of IID, irrigation ‘water use efficiency can be estimated in
three stages: (1) conveyance and distribution system efficiency, (2} on-farm irrigation efficiency,
and (3) overall irrigation water use efficiency.

The conveyance and distribution systems efficiency was determined by dividing the amount of
water delivered at the headgates of the farms by the amount of irrigation water delivered to IID’s
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main canals. The losses of water occur primarily on the main canals, laterals, regulating
reservoirs, and related canal and lateral structures. These losses are primarily due to seepage,
spills, and evaporation from those facilities. The average convevance and distribution efficiency
based on recorded data spanning from 1988 to 1997 for the entire District system has been
estimated to be 89%. In other words, of the total amount of irrigation water diverted to the IID
system, 89% of the water was delivered at the farm headgates while 11% was unaccounted for
due to losses between the point(s) of diversion from the AAC to the farm headgates. The
estimated losses for the components are 5, 5, and 1% for canal operational spills, canal seepage,
and water surface evaporation, respectively. "

The reasonableness of the distribution losses for [ID was shown by comparing the percentage
losses with other standards in the irrigation industry and other estimates of distribution system
efficiencies from similar irrigation districts in the Southwest. Based on published standards,
canal operational spills of over 5 to 10% for most systems are considered excessive. However,
[ID’s operational spill was estimated at 5%, which is just under the cited criteria. A certain
amount of operational spillage is unavoidable if the delivery system is to remain flexible and
reliable.

The loss of water due to seepage for the entire [ID distribution system is estimated to be about
5%. During the last several years, [ID has lined about 1,400 miles out of a total of about 1,700
miles of canals. The remaining unlined lateral canals are located mainly on impervious or semi
impervious soils with little seepage. However, most of the main canals are still unlined and a
large portion of the estimated seepage occurs through those main canals. Since the unlined main
canals are the main arteries of the water conveyance that supply water to the laterals year round,
it 1s for the most part physically impossible to line those canals while they are under operation.
Even if all the canals were to be lined, there will still be seepage loss, although it is expected to
be lower than a system with unlined canals. Tt should be remembered that after IID and MWD
agreed to improve the distribution system, from 1988 to 1997, about an average of 28,000 acre-
feet (amounting to 1%) of water savings per year has been achieved by canal lining. Hence,
based on recorded data, seepage loss in the distribution system is on the decline. However, even
if an average (1988 to 1997) seepage loss of about 5% occurs, it is acceptable and reasonable for
a complex distribution system.

Distribution system efficiencies from four other districts were estimated using published data.
They range from 40 to 90% with a median of 73% including 1ID’s 89%. Even though the
Wellton-Mohawk. Irrigation and Drainage District has a slightly higher distribution efficiency,
estimated at 90% (compared to 89% for IID), its irrigated acreage along with the other districts’
is about eight times smaller than that of I[ID. In light of these comparisons and since IID is a
much larger irrigated area resulting in a much higher water use demand and complex operation,
IID’s distribution system efficiency is considered to be reasonable. '

The on-farm irrigation efficiency was determined by dividing the amount of beneficially used
irrigation water for crop production by the amount of water delivered to the farms. The water
that is beneficially used consists of water required for crop ET, other water uses for cultural
practices (special irrigations), and the leaching requirement. Special irrigations and the leaching
requirement are necessary since they are part of the elements for proper crop production and for
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maintaining a favorable salt balance in the root zone, which is required for long-term agricultural
sustainability.

The on-farm irrigation water consumption, which includes the crop ET demand and water use for
cultural practices from the special irrigations, was determined using the water budget approach.
The leaching requirement, which is one of the beneficial uses, was estimated based on
conventional leaching requirement methodology and methods developed in this study as a result
of NRCE’s field investigations. The on-farm irrigation system efficiency was determined to
range from 81 to 87% with an average of 83% for the period from 1988 to 1997. In other words,
83% of the irrigation water delivered to the farm headgates was beneficially used and 17% was
considered to be unused water. As irrigation water is applied to the farm, some is stored in the
root zone to be used up by the crops; some is consumed by soil evaporation during normal
irrigation periods, pre-plant, and seed germination irrigations; and the rest ends up as tailwater
runoff and/or deep percolation.

However, the losses in soil evaporation are justified as beneficial use because they are the result
of needed irrigations, which are essential to plant growth. Some of the tailwater and deep
percolation water losses are also considered beneficial due to the fact that they function as a
leaching requirement. During the study period, the estimated average leaching requirement was
about 13% of the irrigation water delivered, while the crop consumptive use was about 70%.

Comparisons between [1D’s on-farm irrigation system performance, as determined in this study,
and what is reported in some of the literature as being reasonable, requires some rearrangement
of the estimated irrigation efficiency numbers. The reason is that there are many ways in which
on-farm irrigation system efficiency may be defined. Some estimate irrigation efficiency simply
by dividing the crop water requirement by the water applied to the field. Other definitions
consider the crop water requirement, leaching requirement, and other uses as beneficial uses and
are incorporated in the calculation of on-farm efficiencies, as done in this study.

There are still some who determine on-farm efficiency based on the average amount of water
infiltrating the quarter of the field that receives the least amount of the total applied water.
According to the various sources in literature, a well maintained and managed field is expected
to achieve an on-farm irrigation efficiency between 50 and 85% for surface irrigated systems,
assuming salinity is not a problem or water for leaching is negligible. 11D’s 10-year average on-
farm efficiency was calculated to be 83%, which compares favorably within the expected range
of on-farm system efficiencies as cited in the literature.

A survey of on-farm irrigation efficiencies of irrigation districts in the Lower Colorado River
area, including 1ID, in the late 1970s revealed efficiencies ranging from 32 to 78%. Of the
eleven irrigation districts that were compared, the on-farm irrigation efficiency of 1ID was the
highest at 78%, topping all the irrigation districts in the list. Likewise, the overall imigation
district efficiency ranged from a low of 29% to a high of 70%. Again, of the eleven imigation
districts, the district wide irrigation efficiency of [ID was the highest at 70%.

The CDWR has a similar way of quantifying on-farm irrigation efficiency as used in this study.
One of its goals is to help improve the performance of on-farm irrigation systems throughout
California. The CDWR has an assumed on-farm application efficiency of 73% expected by the
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vear 2020, averaged across crop types, irrigation systems, and management practices (CDWR,
1998). The CDWR assumed efficiency could reach 80% with improved irrigation management
and 1rrigation equipment. With regard to the 83% on-farm application efficiency determined in
this study, [1D, as of 1997, had already surpassed the CDWR’s assumed efficiency expected by
the year 2020. In other words, if IID’s present on-farm efficiency were to remain stagnant with
no improvement for the next twenty years or more, it will still more than satisty the expected
efficiency of COWR. Hence, the present on-farm water use by LD is reasonable and beneficial.

{I¥’s overall irrigation system efficiency was estimated to be about 74%. The overall irrigation
efficiency is equivalent to the product of distribution and on-farm irrigation system efficiencies.
Since both the distribution and on-farm irrigation efficiencies are reasonable and the water use is
beneficial, the district-wide overall system efficiency, and thus the overall water use in IID, is
reasonable and beneficial.

When one considers the problems that both IID and its water users continue to face in
distributing the irrigation water and using water at the farm level, it is indeed admirabie that both
the distribution and on-farm efficiencies are high and that the water use is reasonable and
beneficial. Based on the recorded water uses between 1988 and 1997, and given the potential
problems of mismatch between water demand by the growers and available water supply,
attaining an 89% distribution efficiency displays that operators of the IID system have indeed
nearly perfected the operation of the system due to their experience providing irrigation water
service to their customers over the last 100 years. The difficulty of this is truly realized when
one considers that the single water source is 400 miles away from the average farm and the water
is ordered up to 11 days before it is used. Presently, the farmers have flexibility over the amount
of water they can order and give IID only less than a day to three days advance notice of their
order. These factors are compounded by the fact that there is only one water supply source such
that in the event 1ID’s water order is lower than that of the farmers, there is no back-up or
supplemental water to make up for the water shortage.

Likewise, even though the overwhelming majority of the soils in IID are heavy and cracking,
which make 1t difficult to apply enough water to satisfy crop water requirements and leach
excess salts from the root zone, the IID growers attained an irrigation efficiency much higher
than the irrigation efficiency goal set by the CDWR for the year 2020. Achieving a high
irrigation efficiency in 11D is, however, associated with some reductions in crop yields. Studies
have shown that a large portion of I1I)°s irrigated lands suffer from a very high salinity content in
the soil root zone. In essence, both the tight nature of most of the irrigated soils and the high
salinity content of the water limit the available soil moisture available to the crops. Under such
conditions, the grower’s logical response would be to apply more water to make up for the
deficiency of soil moisture in the root zone in order to attain vigorous plant growth, therefore
resulting in higher vields, and consequently higher profits. However, the option of applying
additional water to increase the growers’ crop yields is generally not a welcome solution.
Applying additional water on the medium to heavy cracking soils could potentially bring the
amount of tailwater above the 15% threshold. Hence, although IID growers could use more
water and still maintain a higher irrigation efficiency than the assumed CDWR goal for 2020, the
IID growers have chosen to optimize the resources available to them by agreeing to use less
water, which results in lower yields but allows the farmers to adhere to the tailwater threshold
limit and stay competitive in the market place with profitable farm enterprises. In conclusion, the
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water use in IID is indeed reasonable and beneficial, even if the farmers were to use more water
than the amount that they are presently using.

In addition to the reasonable and beneficial use test of [ID water use, the impact on the other
water right holders that would occur if 200,000 acre-feet per vear of IID’s Colorado River
conserved water was transferred via the Colorado River Aqueduct to SDCWA was assessed.
Such a transfer of water would result in an average daily flow reduction of 277 cfs in the
Colorado River below Parker Dam. NRCE performed a thorough flow accounting analysis
based on the historical flow and diversion records (1988-1997) and evaluated the effects of flow
reduction on the adequacy of flows and hydraulics of the diversion structures. The results of the
flow adequacy and hydraulic analysis revealed no impact on the other water right holders along
the Colorado River.
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1. NATURAL RESOURCE CONSULTING ENGINEERS
A. Introduction
Natural Resources Corisulting Engineers, Inc. (NRCE) is a civil, environmental, and water

resources consulting firm that provides a wide variety of professional services. Dr. Woldezion
Mesghinna formed NRCE in 1989 after seventeen years of domestic and international

~experience. NRCE is comprised of technical professionals highly experienced in diverse areas of

science and engineering. While our expertise has historically focused on water resources, we also
support a wide variety of related disciplines with specialized skills in addressing environmentally
related business concerns.

NRCE is engaged in all levels of project development, management, and design, from
preliminary data collection to construction management, and all services are customized to meet
client demands ranging from appraisal-level feasibility studies to detailed engineering design
reports, investigations, and expert witness testimony. NRCE has a successful history working on
high profile, diverse, and complex projects. Areas of expertise include evaluation and water
rights quantification of groundwater and surface water resources, assessing water use irrigation
and drainage design, and the analysis of environmental impacts.

NRCE utilizes Computer-Aided Drafting (CAD) and a Geographic Information System (GIS) to
produce professional plans, maps, and decision support information. The company has both
acquired and developed a variety of sophisticated computer models used for hydrologic and
hydraulic modeling, groundwater analysis, and system design.

B. Technical Services

1. Irrigation and Drainage Design Management

NRCE staff members possess a high level of expertise in irrigation and drainage design and
management. We perform engineering services related to:

Soil Survey and Land Classification Evaluations
Climate-Soil-Crop-Water Interaction Studies
Quantifying Irrigation Diversion Requirements
Irrigation Scheduling and Crop-Yield Modeling
Salinity Effects on Crop Water Use and Crop Yield
Gravity, Sprinkler, and Drip Irrigation Systems
Surface and Subsurface Drainage Systems

Design of Conveyance and Distribution Systems
Canal System Operation and Management Studies
Irrigation Project Feasibility and Improvement Studies
Water Use Estimation




2. Water Resources Evaluation

NRCE provides surface and subsurface hydrologic evaluation for design, construction, operation,
and litigation purposes.

Many water resource issues involve water quality and environmental components.

Data Collection Network Design and Installation

Climatic and Streamflow Depletion and Natural Flow Analysis
Watershed Runoff and Streamflow Modeling

Prediction of Stream Flows for Ungaged Sites

Flood and Drought Frequency Analysis

Groundwater Yield Evaluation and Well Design

Groundwater Quality and Seepage Analysis

Water Supply System Analysis

3. Water Quality and Environmental Studies

NRCE's

environmental engineers and scientists perform water quality and environmental assessments

including:

Water Quality Data Collection and Analysis

Surface Water Flow and Contaminant Transport Modeling
Groundwater Flow and Contaminant Transport Modeling
Stormwater Management and Drainage Studies

Engineering and Design Services Related to Waste Permitting
Project Management for Treatment and Monitoring Programs
Water and Wastewater Treatment and Design

Remediation Plans

Stream and Lake Quality Studies

4, Hydraulic Design and Study

NRCE provides complete analytical and design services for conveyance structures, dams,
reservoirs, and water supply and drainage systems.

~ Conveyance System Evaluation and Design

Steady and Unsteady Flow Analysis

PMF Estimate and Dambreak Analysis
Reservoir Routing and Operation Analysis
Floodplain Delineation and Management
Hydropower Hydraulic Design and Evaluation
Dam, Reservoir, and Ancillary Structure Design
Flood Coentrol Structure Design

Groundwater Well Location and Network Design



5. Numerical and Computer Model Studies

NRCE scientists and engineers have extensive numerical and computer modeling experience in
civil, water resources, and environmental engineering. These include surface water models such
as HEC-1 through HEC-6, groundwater flow and contaminant transport models Sutra, ModFlow,
HST3D, as well as custom designed models for specific detailed analysis.

Hydrological and Hydraulic Routing
Streamflow and Reservoir Routing

Sediment Transport, Scour, and Deposition
Surface Water Flow and Contaminant Transport
Groundwater Flow and Contaminant Transport
Reservoir System Operation and Optimization
Optimal Water Resources Allocation Models

6. Construction Management

NRCE assists clients in contractor selection, construction monitoring, preparation of as-built
reports and operation manuals, and compliance with regulatory requirements.

Construction Management and Inspections
Project Management and Supervision

Bid Advertisements, Evaluation, and Award
Construction Observation and Monitoring
Progress Reporting and As-built Reporting

e  Operation and Management Manual Preparation

. 8 & &

NRCE realizes that determining the site-specific aspects of a particular reclamation/remediation
project are critical to developing the most technically feasible and cost-effective design. Site-
specific aspects include geology, topography, climate, drainage, surface and groundwater
hydrology, regional water resources, water quality, public opinion, regulatory climate, and cost.

C. NRCE Facilities

Administration and engineering analyses can be coordinated and conducted at all of the
following NRCE locations:

Colorado Office California Office

131 Lincoln Ave., Ste. 300 1250 Addison St., Ste. 204
Fort Collins, CO 80524 Berkeley, CA 94702
(970) 224-1851 (510) 841-7814
Albuquerque Office East Africa Office

317 Commercial Street NE, Suite 102 P.0O. Box 5260
Albuquerque, NM 87102 Ras Dashen St., #5

{505) 244-1588 ' Asmara, Eritrea

011-291-1-120574



NRCE’s Geographic. Information System (GIS) and Computer-Aided Drafting (CAD}
department produces professional plans, maps, and decision support information, as well as data
transfer, relational database management, map overlay, display query, interactive graphics
editing, and customized maps for engineering design and support. The CAD system utilizes
AutoCAD Release 14. ArcView 3.0 GIS, including the ArcView Spatial Analyst, is used for
vector, raster, and grid based data analysis. ArcCAD GIS, running within the AutoCAD
environment, is used to create and analyze a wide variety of vector-based data and to create
presentation maps for these coverages. ArcView and ArcCAD both use the ARCINFO data
format and can directly transfer between versions of PC, NT, and Unix ARCINFO. GIS
integrates the graphical data in a relational database environment and provides professionals with
automated floodplain maps, water resource maps, base maps, land use maps, litigation maps,
design drawings, planning and decision support maps, as well as customized infermation. The
GIS department provides a full range of graphical and non-graphical information for precision
engineering, design, planning, and evaluation.

The NRCE software library contains a broad range of application packages. The staff has
extensive programming skills and capabilities to custom design or adapt commercially available
or public domain computer programs. Well-tested software packages that meet industry
standards and testing requirements have been purchased. In addition to various spreadsheets,
communications, database, graphics, and word processing software, software and computer aided
design packages developed or employed by NRCE by category include:

1. Hydrologic and Hydraulic

Army Corps HEC-1 (Flood hydrograph package)

Army Corps HEC-2 (Water surface profile)

Army Corps HEC-3 (Reservoir system analysis for conservation)
Army Corps HEC-4 (Monthly streamflow simulation)

Army Corps HEC-5 (Simulation of flood control and conservation system)
Army Corps HEC-6 (Sediment transport model)

Army Corps COED (Corps of Engineers Editor)

Army Corps HECDDS (Data storage system)

Multiple Linear Regression Program

Soil Conservation Service TR-20 Project Formulation, Hydrology
Drainage basin depletion and virgin flow analysis

Reservoir operations analysis and design

Pipe network design (Hardy-Cross)

Dam Operation and Hydropower Generation Optimization

B ATOSR M a0 o

2. Groundwater Analysis

Well field design and simulation

Pump test analysis

Conjunctive use modeling

MODFLOW regional groundwater flow model
SUTRA groundwater contaminant transport model

o e o



3. Agricultural System Design

Drainage spacing and design

Irrigation system design

Crop yield prediction

Crop consumptive use

Canal seepage analysis

Pipeline network design (optimization approach)

O me T

NRCE possesses both streamflow and climatic data for seventeen western states. The data are
from Earthinfo Inc., and utilize CD-ROM technology. With “Hydrodata”, NRCE has access to
U.S. Geological Survey (USGS) daily flow and water quality data, as well as annual peak flow
data for all USGS gages in the seventeen western states. “Climatedata” allows access to
maximum and minimum temperature, evaporation, and snowfall on a daily basis, and
precipitation on both a daily and hourly basis for all stations and years computerized by the
National Climatic Data Center.

NRCE is a member of the National Association for Water Data Exchange (NAWDEX) and
subscribes to the Water Data Storage and Retrieval System (WATSTORE) maintained by the
USGS. The firm also has access to and use of the services provided by the Environmental
Protection Agency (EPA) through their STORET database.

Complete drafting facilities and libraries are maintained in Fort Collins and in Berkeley. The
Berkeley office is close to the Water Resources Center Archives and other library facilities
available at the University of California, Berkeley. It is also close to the USGS, Earth Resource
Library in Menlo Park, further expanding the research capabilitics of NRCE staff members. The
Fort Collins office is in close proximity to Colorado State University, which maintains a federal
repository, as well as special water resources collections.



NRCE TECHNICAL PERSONNEL
v il T penst
Ph.D. l;\/ld%/ I';;le . I;g/ Experience

Mesghinna, Woldezion v Irrigation & Drainage Engincering

v v | Civil Enginesring % 31
Safadi, Assad v Agricultural & Irrigation Engineering

4 v Soils and Irrigation 18
Hamai, Paul v v Civil Engineering v 13
Alten, L. Niel v Civil Engineering

v v Agricultural & Trrigation Engineering v 24
Babic, Marijan v v v Civil Engineering v . 19
Hanlin, Todd" v v Civil Engineering v 18
Laing, David v Civil Engineering 15
Leutheuser, Rob v Resource Management 31
Crouch, Thomas v Geology 39
Al-Hassan, Ayman v v Chemical Engineering 23
Wessman, Eric v Agricultural Engineering v

v Range Land Management 18

Tzou, Chung-Te v Agricultural & Biosystems Engineering

v v Irrigation Engineering T 19

v Physics v

Myer, David Kyle v v Civil Engineering . 8




Carney, Matthew v Civil Engineering 10
Shannon, Ted v Civil Engincering 7
Woodard, Laura Geology

v Geology, minor in Environmental Science and Policy 7
Debretsion, Yohannes v Agricuitural Engineering 19
Eshun, John Irrigation Engineering

v Agricultural Engineering 16
Hillard, Ulysses v Civil Engineering 9
Murdock, Daniel v Biological and Iirigation Engineering 6
Scott, Kelly v Biological and Irrigation Engineering 6
Galyon, Jamie v © | Civil Engineering 2
Macan, Randy AAS | Drafting and Design Technology 16
Detjens, Tay v Resource Conservation (Forestry) 7
Copfer, Torrey v Hydrogeology Engineering §
Morway, Eric v Civil Engineering 2
Root, Sarah Civil Engineering, Expected Graduation May 2002
Nemariam, Hiwot Senior Status, School of Chemistry 11
Besanceney, Kristen v Environmental Studies (Natural Resource Management) 6
Fischer, Amber v Psychology 5
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APPENDIX 2

| The Lower Colorado River



2. THE LOWER COLORADO RIVER

The Colorado River originates in northern Colorado, with its headwaters located in the western
part of Rocky Mountain National Park. The river is joined by several major tributaries,
including the Green River, which originates in the Wind River Mountains of Wyoming. The
Colorado River Basin encompasses portions of seven Western states: Colorado, Wyoming,
Utah, New Mexico, Nevada, Arizona, and California. Spring runoff generally beglns in Apnl
and continuies until the month of July.

Just below Lake Mead, the Colorado River forms the boundary between Nevada and Arizona,
and further downstream it serves as the boundary between California and Arizona. The
Colorado River then enters Mexico just downstream of Yuma, Arizona. After crossing portions
of Mexico, it finally empties into the Gulf of Mexico.

There are three major facilities that store and regulate flows on the Lower Colorado River:
Hoover, Davis, and Parker Dams. They are located entirely within Nevada, Arizona, and
California. Prior to the construction of the first dam, the Colorado River flowed wildly and
changed course frequently, and the flood plains of the lower Colorado River were subject to
fierce floods. These floods reached flow levels above 200,000 cubic feet per second (cfs) in the
vears of 1862, 1884, and 1921, while flood flows over 100,000 cfs were common, occurring
approximately every other year (USGS, 1955). In fact, due to abnormally high flows received
from the Gila River, the Colorado River's course was so drastically changed that it emptied into

the Imperial Valley during the period 1905 to 1907. It was from this enormous flood that the
Salton Sea was created.

The long-term average natural flow, or undepleted flow, represents the state of the river flow
prior to man’s water use. The estimated natural flow of the Colorado River at Lee's Ferry, is

- about 15.2 million acre-feet per year, according to the United States Bureau of Reclamation

(USBR, 2000). The annual natural flow ranges from 5 million acre-feet in 1977 to 24 million
acre-feet in 1983. As most of the river watershed is located in the arid and semi-arid regions, the
flow of the Colorado River varies significantly from year to year. The entire Colorado River
Basin area is about 242,000 square miles, with the unit runoff for the entire area being 1.1 inch
per unit area. Most of the river flow is generated at the headwaters of the basin, where an
average of more than 40 inches of precipitation occurs annually. Lower arcas of the basin
receive less than an average of S inches per year of precipitation.

Historical flow data demonstrates that prior to the construction of major dams and reservoirs,
destructive floods of high magnitude occurred frequently. In the early 1930s, the U.S.
government began constructing major dam and storage facilities, the first being Hoover Dam
which thereby created Lake Mead. After completing this project in 1935, the regulation of the
Colorado River was greatly enhanced. Once Hoover Dam was put into operation, the most
devastating floods were controlled and the peak release annual discharge did not exceed 40,000
cfs. The effects of Hoover Dam on the annual average flows of the Colorado River near Topock,
Arizona (USGS gage # 0942400) are illustrated in Figure 1. The average flow became 9.2

million acre-feet per year, from 1935 through 1981. The storage capacity of Lake Mead at the
time of Hoover Dam’s completlon was about 30 million acre-feet.
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Figure 1 The Effects of Hoover Dam on the Annual Average Flows of the Colorado
River Near Topock, AZ.

Prior to the construction of Hoover Dam, the Colorado River’s average flow varied substantially
both from month to month and from year to year. After Hoover Dam was built, the variation in
monthly river flows became relatively constant from year to year. By storing high spring flows,
it became possible to supply irrigation water to the large irrigation districts as well as municipal
water to millions of people in southern California and central Arizona.

Parker Dam was built in 1938 and further increased control of the river. Once constructed, these
two dams provided a relatively assured water supply and greatly limited damage from flooding.
However, there are very few tributaries that contribute significant, unregulated flow. The Bill
Williams River, with its very erratic flow regime, enters the Colorado River at Lake Havasu, and

the (Gila River, which drains large portions of Arizona joins the Colorado River close to Yuma,
Arizona.

In between Hoover Dam and Parker Dam is the third major structure built on the lower Colorado
River: the Davis Dam, which formed Lake Mohave. This dam controls the flow of the Colorado
River’s main stem and is used to re-regulate the flows released from Lake Mead and provide
sufficient head for hydropower production at the Davis Power Plant. Moving further downstream
from the Davis Dam 1s Lake Havasu, created by Parker Dam. In addition to flood control, Lake
Havasu acts as the forebay for the Central Arizona Aqueduct and the Colorado River Aqueduct,
which is owned and operated by the Metropolitan Water District of Southern California.

Together the three reservoirs have a usable storage capacity of about 28.6 million acre-feet. The
total usable storage in the Lower Basin states of California, Arizona, and Nevada provides an
equivalent of a two-year undepleted flow of the Colorado River. The water supply for IID, the
other irrigation districts in Arizona and California, and the required water releases for Mexico
and power generation are primarily dependent on the availability of storage in those Lower Basin

2




reservoirs. Given the very high variability of the Colorado River flow from year to year, the
nearly 29 million usable storage capacity available for the Lower Basin water users is relatively
self-assuring.

In addition to the three major storage reservoirs on the main stem of the lower Colorado River,
there are a number of diversion dams that exist mainly to divert water to irrigation districts in
Arizona, California, and Mexico. Among the primary diversion facilities downstream of Parker
Dam are: Head Gate Rock Dam, which controls and diverts water for the Colorado River Indian
Reservation Irrigation Project (Arizona); Palo Verde Diversion Dam, which controls and diverts
water for the Palo Verde Irrigation District (California); and Imperial Dam, which serves water
users in Yuma, Arizona; Mexico; [ID; and Coachella Valley Water District of California. It
should be noted that 11D was diverting water to irrigate hundreds of thousands of acres of land
prior to the construction of the major dams on the Lower Colorado River.
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APPENDIX 3

IID’s Water Rights on the Colorado River




3. IID’S WATER RIGHTS ON THE COLORADO RIVER

IID was organized under the Califormia Irmgation District Act i July 1511, The District was
organized by acquiring the rights and properties of the California Development Company and its
subsidiary Mexican company. During the early 1900s no major dams or reservoirs existed;
therefore, water users were primarily dependent on the unregulated seasonal flows of the
Colorado River and its tributartes.

In the early 1900s, the current federal laws governing water rights of the Colorado River were
not yet in place. In fact, there was no regional or interstate water rights compact apportioning
the Colorado River. The basic water rights laws of that time were doctrines of prior
appropriations applicable within a given state. Because of this, it became prudent for both the
Upper and Lower Basin states to apportion the Colorado River water through an interstate
compact. The four Upper Basin states, Colorado, Wyoming, New Mexico, and Utah, and the
three Lower Basin states, Nevada, Arizona, and California, signed what is known as the
Colorado River Compact of 1922. The fundamental principle of the Compact is that the upper
and Lower Colorado River states equally apportion water rights such that each side receives an
exclusive beneficial use of 7.5 million acre-feet of consumptive use per year in perpetuity. The
dividing line for the Colorado River between the Upper and Lower Basin states is Lee's Ferry.
The U.S. government, through the Boulder Canyon Project Act, also required that California
pass an act limiting itself to 4.4 million acre-feet per year consumptive use. In addition to the 4.4
million acre-feet, California had the right to use up to one half of the unappropriated surplus
flow. Within seven years after the Upper and Lower states signed the Colorado River
apportionment Compact, the state of California passed the required act, limiting its apportioned
use to 4.4 million acre-feet. In 1944, the United States and the Republic of Mexico signed a
treaty for Mexico to receive 1.5 million acre-feet of Colorado River water per annum.

The construction of major facilities, including Hoover Dam, its associated hydro-power plant,
and the All. American Canal, were authorized as part of the Boulder Canyon Project Act passed
by Congress m December of 1928. The Boulder Canyon Project Act also required the T.ower
Basin states to enter into water delivery contracts with the U.S. Secretary of the Interior. As part
of the Act, California would receive 4.4 million acre-feet of water per year of the total amount of
water apportioned to the Lower Basin states, plus one half of the excess water agreed by the
Lower Basin states. Arizona would receive 2.8 million acre-feet of water, plus one half of the
surplus water as determined by the Lower states, and Nevada would receive 300,000 acre-feet
annually. Even though the states never reached a final agreement on the proposed
apportionment, in 1964 the U.S. Supreme Court decided in the case of Arizona v. California that
the Boulder Canyon Project Act authorized the Secretary of the Interior to deliver water in
accordance to the apportionment. In essence, there was no need for the Lower Basin states to
agree on the proposed apportionment of their 7.5 million acre-feet of the Colorado River water,
since Congress had done it for them.

The Secretary of the Interior requested California to further apportion its 4.4 million acre-feet
ameng its water users. In 1931, in response to the Secretary's request, a Seven-Party Agreement
to apportion and prioritize their water rights was created. The signatories to the California
Seven-party Agreement are: k



Palo Verde Irrigation District

Yuma Project

Imperial Irrigation District

Coachella Valley County Water District
Metropolitan Water District

City of San Diego

County of San Diego

NO R W N

Table 1 depicts the water apportionment and priorities of the 1931 California Seven-party
Agreement. As shown in Table 1, the irrigation districts receive the first 3.85 million acre-feet,
as well as use of water for an additional 16,000 acres. (Coachella later subordinated its Priority 3
right to IID in a compromise agreement.) [f one adds the next apportionment by priority, the
550,000 acre-feet belonging to the Metropolitan Water District, the total Califorma
apportionment of 4.4 million acre-feet per year will be utilized. In other words, if California
were to abide by the 4.4 million acre-feet apportioned to it as part of the Boulder Canyon Project
Act of 1928, the only recipients of water would be the four agnicultural users and the
Metropolitan Water District of Southern California (and the latter Would only be able to fill half
the capacity in its Colorado River Aqueduct).

Table 1 Priority Established by the California Seven-Party Agreement for Water Apportiomment.

Priority Description Acre-feet per year
1 Palo Verde Irrigation District gross area of 104,300 acres
2 Yuma Project not exceeding a gross area of 25,000 acres
3(a) IID and lands in Iimperial and Coachella Valleys to be 3,850,00

served by the All-American Canal
3(h) Palo Verde Irrigation District 16,000 acres of mesa lands

4 MWD and/or the City of Los Angeles and/or others on the 550,000
coastal plain
3(a) MWD and/or the City of Los Angeles and/or others on the 550,000
coastal plain
3(b) City and/or County of San Diego 112,000
6(a) 1ID and lands in Imperial and Cachella Valleys 300,000
6(b) Palo Verde Irrigation District 16,000 acres of mesa lands
7 Agricultural Use All remaining water

In 1979, TID had a “perfected” right confirmed amounting to 2.6 million acre-feet annually by a
supplemental decree in the Arizona v. California case. This perfected right is a state water right,
estimated based on the lands that were actively urigated in the year 1929. The 2.6 million acre-
feet 1s commensurate with the lands that were actually receiving irrigation water in IID as of
June 25, 1929, which amounts to 424,145 acres. The essence of the present perfected right is
that during water shortages the water rights that should be satisfied first are the perfected rights.
Thereby, the perfected water rights of IID are not subject to U. S. Department of Interior
fimitations. The perfected right is not a limitation on IID's usage, but is simply a priority right
granted over other non-perfected users.

In addition to the Indian Reservations in the Lower Basin that have present perfected rights, the
Palo Verde Irrigation District has a perfected right of 219,780 acre-feet annually to satisfy the



. consumptive use for 33,004 acres. Likewise, the Yuma Project has a perfected right to 38,270
acre-feet per year to supply the consumptive use of 6,294 acres of iimigated land.
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4. CIMIS DATA

The three California Irrigation Management Information System (CIMIS) weather stations in [ID
are Calipatria/Mulberry (#41), Seeley (#68), and Meloland (#87). They are shown in Figure 1
along with the shaded areas indicating the region each of the stations represents. The stations are
located in or near an irrigated environment with a well-maintained grass pasture. Their
installation dates, latitudes, longitudes, and clevations are as follows:

Station Begin Date Latitude (%) Longitude () Flevation (ft)
Calipatria/Mulberry ~ 7/17/1983 33.04N 1155W -110
Seeley 5/29/1987 3276 N 115.7W 40
Meloland 12/12/1989 3281 N 1154 W -40

The weather data from the CIMIS stations may be downloaded on-demand electronically by
users over telephone lines. The stations’ data loggers store in memory hourly weather
parameters of solar radiation, air temperature, relative humidity, wind speed and direction, and
precipitation after they have averaged the minute-to-nmunute measurements. The collected
parameters are then used to compute grass reference evapotranspiration (ET,} on an houtly basis
using the CIMIS’® version of the Penman equation (Penman, 1948) as modified by Pruitt and
Doorenbos (proceeding of the International Round Table Conference on “Evapotranspiration”,
Budapest, Hungary, 1977). The hourly ET, values were summed to produce the daily ET, values
reported by CIMIS.

For this study, the daily raw meteorological data from the three CIMIS stations were downloaded
directly from the web site of the University of California Statewide Integrated Pest Management
(IPM) Project Weather Database at: www.ipm.ucdavis.edw/WEATHER/ wxretrieve.html for the
study period of 1988 to 1997. The meteoroiogical data were screened for data quality and were
pre-processed by IPM. All of the questionable, flagged, or missing data parameters from CIMIS
were replaced with good available data from other nearby CIMIS stations or other weather
stations. The filled in data for each of the three CIMIS stations comprised only about 2-3% of
the total data.

The average weather parameters collected by the three CIMIS stations for the period 1990 to
1998 are plotted in Figures 2 through 6. The period was selected as 1990 to 1998 because the
Meloland Station was installed in December 1989. The plotted weather parameters are average
monthly maximum and minimum air temperatures, relative humidity, average solar radiation,
average wind speed, and precipitation.
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Figure 6  Average Monthly Precipitation at the Three CIMIS Stations (1990-1998),

A, Air Temperature

The average air temperatures for the three CIMIS stations are very close. The
Calipatria/Mulberry #41 has a slightly lower minimum air temperature than the other stations by
approximately two degrees Fahrenheit between February and June. Meloland #87 experienced
the highest average monthly maximum temperatures in the summer months, which reached
106.3°F in August compared to 105.6°F and 104.9°F for Calipatria/Mulberry #41 and Secley
#68, respectively. The mean air temperature within IID is therefore quite uniform.

B. Relative Humidity

CIMIS measures relative humidity on an hourly basis. Daily summaries of maximum and
minimum relative humidity (RH) measurements, average 24-hour vapor pressure, and equivalent
dew point temperature are reported as well. In an irrigated agricultural setting, maximum RH
should approach 100% during early morning hours due to the cooling effect of the night ET from
the surrounding irrigated crops and from the effects of radiative cooling of the air during the
nighttime. However, in a very arid region such as Imperial Valley, maximum RH should
generally reach above 70% almost every night, and frequently approach 100%, especially during
winter months and after rain storms.

The RH data from the three CIMIS stations show similar overall seasonal trends. The maximum
RH ranges from about 60-85%, which is in agreement with the expected theoretical values
described above. Calipatria’/Mulbetry #41 has a slightly higher average maximum RH of about
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10% more than the other two stations from February to June. This also corresponds to higher
average minimum air temperatures in the same period at the Calipatria/Mulberry #41 station.

C. Solar Radiation

The solar radiation (Rs) is measured by an instrument called the pyranometer. Errors in the
measurements may be introduced occasionally due to the accumulation of dust on the instrument.
This would result in a lower solar radiation reading than the true measurement. The solar
radiation values for the three stations are close, ranging from an average low of 250 langleys per
day in December to a high of about 700 langleys per day in June.

D. Wind Speed

The wind speeds recorded by the three stations show similar trends. The Seeley #68 station has
the hghest mean monthly wind speed and it has an annual average wind speed of 5.1 mph; its
highest average monthly wind speed of 7.6 mph is in May. Calipatria/Mulberry #41 has an
annual average wind speed of 5.0 mph and a peak of 5.7 mph. Meloland #87 wind speed also
averages 5 mph with a peak average of 6.4 mph.

E. Precipitation

The range of annual precipitation among the three CIMIS sites varies from 2.71 inches to
3.48inches. Meloland #87 has the lowest rainfall at an annual average of 2.71 inches compared
to 3.48 inches at Calipatria/Mulberry #41 and 3.17 inches at Seeley #68. Due to the neamess of
the stations and the flat topography, the long-term precipitation over the three stations should be
similar. However, the timing and magnitude of each of the precipitation events may vary from

station to station,
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5. FAO PENMAN-MONTEITH METHOD

In 1948, Penman combined the energy balance with the mass transfer principles to derive an
equation to compute the evaporation from an open water surface from standard climatological
data such as solar radiation, temperature, humidity, and wind speed. In later years, this
combination method was further developed by researchers to include cropped surfaces by
introducing resistance factors. The Food and Agricultural Organization of the United Nations’
Penman-Monteith (FAO-PM) method equation was developed to reflect the nature of the
aerodynamic resistance and surface resistance in the ET process. FAO-PM methodology also
defines a hypothetical reference crop of actively growing and well watered clipped grass
assuming a fixed height of 0.12 m (4.7 inches), a surface resistance of 70 s/m, and albedo of
0.23. The FAO-PM equation for determining ET, may be described as follows:

0.408A (Rn —'G) +¥ 200 uz(es-eq)
ET, = T+ 273 (N
A=y (1+0.34 4,)

where,

ET, = reference crop evapotranspiration (mm/day)

Rn = net radiation at the crop surface (mega joules (MJ)/m*/day)
G = soil heat flux density (MJ/m%day)

T = mean daily air temperature at 2 m height (°C)

uz = wind speed at 2 m height (m/s)

€s = saturation vapour pressure (kilo pascal (kPa})
Cq = actual vapour pressure (kPa)

g€, —  saturation vapour pressure deficit (kPa)

A = slope vapour pressure curve (kPa/°C)

¥ = psychrometric constant (kPa/°C)

The four weather parameters required by the FAO-PM equation are solar radiation (Rs), air
temperature, air humidity, and wind speed. They are all measured and reported by the CIMIS
stations on a daily basis. A computer program called “REF-ET” version 2.15a {(Allen, 1994) that
computes reference crop evapotranspiration using different ET methods was used to calculate
daily ET, with the FAO-PM equation. The REF-ET program uses the Wright (1982) procedure
for calculating net solar radiation (Rn) internally while the FAO-PM method implements a
different procedure. Therefore, the net solar radiation (Rn) was externally calculated based on
the procedures described in the FAO#56 (Allen et. al., 1998) and then supplied to the REF-ET
program as input data.

The daily ET, values for the three CIMIS station sites (Calipatria/Mulberry (#41), Seeley (#68),
and Meloland (#87)) from 1988 to 1997 were calculated using the FAO-PM methodology. Prior
to 1990, only Calipatria/Mulberry (#41) and Seeley (#68) were operational. The average
monthly FAO-PM ET, from 1990 to 1997 are shown in Table 1. The total annual ET, among
the three CIMIS stations are very similar with annual ET, values of 79.19, 79.40, and 78.17
inches for Calipatria/Mulberry (#41), Seeley (#68), and Meloland (#87), respectively.




Table 1 Average Monthly FAO-FM ET, (inches) at the Three CIMIS Stations (1990-1997),

Month Calipatria/Mulberry #41 Seeley #63 Meloland #87
January 2.56 2.09 2.63
February 3.21 3.53 3.33
March 5.17 5.64 5.43
April 7.09 7.62 7.49
May 5.43 10.04 9.62
June 10.55 11.10 10.13
July 10.74 10.47 10,44
August 10.27 932 9.83
September 8.19 7.34 7.68
October 6.06 5.82 5.78
November 3.56 3.60 3.43
December 2.35 2.22 2.34
Annual 79.19 79.40 78.17

In order to determine an area based-weighted average ET, for the whole Imperial Valley, the
Theissen polygon method was applied. It is based on the assumption that for any portion of the
study area, weather conditions are equal to the weather conditions measured at the closest CIMIS
weather station.  Therefore, the valley is divided into three regions in their respective
proportions.  The resulting area fraction for each of the CIMIS stations is: 47% for
Calipatria/Mulberry(#41), 18% for Seeley(#68), and 35% for Meloland(#87). The weighted
average monthly FAO-PM ET, values for the Imperial Valley are listed in Table 2. In 1988 and
1989, only the ET, values of Calipatria/Mulberrv(#41) and Seeley(#68) were averaged with
proportions of 72% and 28%, respectively.

Table 2 Weighted Average Monthly FAG PM ET, (inches) for the Imperial Valley (1988-1997).

Year Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec | Total
1988 293 | 408 | 651 | 7.03 [ 10.89 [ 1095 10.79 | 9.86 | 8.11 | 6.20 | 442 | 344 | 85.2]
1989 3.00 | 377 | 6.52 | 822 [ 11.02 {1227 | 1226 | 1038 | 898 | 631 | 3.85 | 2.68 | 89.24
1999 295 | 349 1 587 | 7.67 {1092 11081 | 1130 | 927 | 766 | 5.53 | 3.89 | 2.67 | 82.14
1891 231 | 291 | 451 | 652 | 844 | 882 | 949 | 923 | 7.02 | 583 | 341 1.91 | 70.40
1992 245 1 319 1 422 ] 66 | 815 | 9.69 | 9.88 | 929 | 7.12 | 4.97 { 3.23 } 191 | 70.70
1993 1.98 ¢+ 3.07 | 552 | 6.65 | 903 | 1041 | 1045|1027} 838 | 638 | 349 | 2.68 | 7830
1994 284 | 3.08 | 516 | 741 | 936 [ 1053 [ 11.30 | 10.1 85 | 598 | 3.87 | 1.88 | 80.00
1995 235 | 341 | 557 | 82 | 9.66 | 11.04 ;1068 | 10.08 | B.88 | 6.10 | 340 | 2.27 | 81.63
1996 3.04 | 348 | 595 | 814 | 11481121 | 10,68 | 1123 | 833 | 6.57 | 3.76 | 2.74 | 86.79
1997 299 | 386 | 599 { 742 | 982 1143 110.73 | 10.15| 7.00 | 597 ¢ 3.13 | 2.53 | 8L.00
1988-1997 | 2.68 | 343 [ 558 | 7.39 | 988 | 10.73 [ 10.76 | 999 | 8§00 | 599 | 3.65 | 247 | 80.54

A.

Comparison of FAOQ P-M and CIMIS Modified Penman Methodologies

The CIMIS stations estimate the grass ET, by using a modified FAO version (Pruitt and
Doorenbos, 1977) of the Penman equation (Penman. 1948) that implements a wind function
developed at the University of California, Davis. The input parameters for the equation are the
same as for the FAQ-PM equation which are mean solar radiation (Rs) (from which net solar
radiation (Rn) is calculated}, air temperature, wind speed, and vapor pressure. Air temperature,
wind speed, and vapor pressure (derived from air temperature and relative humidity
measurements) are measured directly at each CIMIS station. Since 1989, CIMIS has begun
calculating net solar radiation rather than measuring it. CIMIS had abandoned the use of net
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radiometers in their weather station network due to high maintenance costs and reliability. The
hourly net radiation (Rn) is estimated from solar radiation (Rs), air temperature, and vapor
pressure. Table 3 shows the mean monthly CIMIS ET, values (1990-1998) from the three
CIMIS stations based on the CIMIS Penman method. Table 4 lists the weighted average
monthly ET, (1988-1997) as reported by the three CIMIS stations for the Imperial Valley.

Table 3 Reported Mean Monthly CIMIS Penman ET, (inches) at the Three CIMIS Stations (1990-1997).

Month Calipatria/Mulberry #4] Secley #63 Meloland #87
January 2.26 2.46 2.39
February 3.00 3.38 3.24
March 5.00 5.67 ‘ 5.46
April 6.93 7.8 7.48
May 3.49 9.47 8.93
June 9.13 10.04 9.17
July 8.21 9.21 9.00
August 8.67 8.13 8.41
September 6.78 6.7 6.74
October 5.16 3.38 525
November 3.02 3.29 3.01
December 2.06 1.93 2,13
Annual 69.72 73.47 71.19

Table 4 Weighted Average Monthly CIMIS ET, (inches) for the Imperial Valley {1988-1997),

Year Jan Feb Mar | Apr May | Jun Jul Aug | Sep Oct Nov | Dec Total
1988 3.09 [419 (643 1669 [ 981 [977 | 943 |8.98 | 761 5.81 | 438 [3.53 | 79.73
1989 290 [3.8% |65 | 81! 1029 ) 10.60 | 985 [ 870 [766 | 527 [318 |242 | 7943
1950 2.65 1337 | 567 | 730 1969 1929 1935 |838 |6357 (499 (340 231 | 7297
1991 222 131 479 1692 | 851 (828 |835 [B20 |6.07 |[502 {35328 |[1.65 | 6640
1992 224 1314 1449 [ 680 (782 |916 |903 [794 |662 [455 299 |1.71 | 66350
1993 1.78 1298 [532 [651 |845 |9.51 940 | 891 | 728 3544 |3.00 |234 | 7131
1994 265 305 (323 |740 [864 1907 [931 839 |719 1530 1329 | 166 | 7118
1995 207 | 328 (542 | 789 |9.04 | 958 |93l 8§45 737 | 540 |[296 197 | 7275
1996 266 [321 581 | 785 10.17 | 966 | 9.12 [9.06 [6.99 [525 |312 |242 | 7540
1997 261 1367 |58l {736 |[875 |988 (926 [858 (598 |505 (275 211 |71.81
1988-1997 | 249 |33 535 | 732 |9.12 (948 | 924 | 857 693 521 1324 221 | 7275

B. Theory

The following equation is an expression of the CIMIS modified Penman ET, equation on an
hourly basis:

ET, =W (Rn)+(1-W)*VPD*(F/,) 2)

where,

ET, = Grass reference crop evapotranspiration (mm}
Weighting function (dimensionless)

|
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Rn = Net radiation (mm)
VPD = Vapor pressure deficit (kPa)
Fu, = Wind function (mm/kPa)
or
ETO _ A (Rﬂ) + Y (FUZ/] (e_\' B ea) (3)
A+y
where,
ET, = reference crop evapotranspiration (mm/day)
Rn = net radiation at the crop surface (MJ/m?/day)
FU, = Wind function (mm/kPa)
€5 = saturation vapour pressure (kPa)
€a = actual vapour pressure (kPa)
g5-Cqy = saturation vapour pressure deficit (kPa)
A = slope vapour pressure curve (kPa/°C)
v = psychrometric constant (lkPa/°C)

Basically, bothi the FAO-PM (Equation 1) and CIMIS Penman equations (Equations 2 and 3) are
derived by applying energy balance with heat and mass transfer principles. These so-called
combination equations (i.e., FAO-PM and CIMIS Penman) are all based on the first combination
equation procedures developed by Penman (1948). Penman developed an equation to compute
evaporation from an open water surface from standard climatic parameters such as solar
radiation, temperature, humidity, and wind speed by combining the energy balance with the mass
transfer method. Thus, Equations 1 and 3 have very similar mathematical structures; however,
the CIMIS Penman is derived using an empirical wind function (FU) developed in Davis,
Californjia. The FAO-PM equation is developed by integrating concepts of aetodynamics and
surface resistance. This derivation is more theoretically based and it replaces the need for an
empirically based wind function term. The FAO-PM equation, as shown in Equation 1, is the
resuit of simplifying the Penman-Monteith equation by defining the grass reference crop of fixed
height 0.12 m and having a surface resistance of 70 s/m and albedo of 0.23. The FAOQO-PM
methodology also differs from the CIMIS Penman methodology by its procedure for computing
net solar radiation (Rn). The FAO-PM methodology adopts a procedure proposed by FAQ
{Smith et al., 1990; Allen et al., 1994) for calculating Rn on a world wide basis, while the CIMIS
Penman’s procedure for calculating Rn is based on a modification of the Monteith equation
(Monteith, 1980).

C. ET, Estimates

Comparisons of the FAO-PM calculated ET, and the reported CIMIS Penman ET, may be seen
in Figures 1 and 2. The monthly ET, values are the results of averaging the monthly ET, over
the period from 1988 to 1997 for the Imperial Valley. In Figure 1, the monthly ET, from the two
methods are essentially the same for the first four months of the year, then the FAQ PM ET,
begins to rise higher than the CIMIS Penman ET, as the year progresses from summer into fall.
The largest deviation between the two methods is about 1.5 inches in the month of July. The




trends of the annual ET, between the two methods from 1988 to 1997 is illustrated in Figure 2.
The FAO-PM ET, is consistently higher than the CIMIS Penman ET, throughout the years. On
the average, the annual FAQ-PM ET, is about 7.8 inches more than {or 11% higher than) the
CIMIS Penman ET,. The graph in Figure 3 shows the ratios of the calculated average monthly
FAO-PM ET, values to the reported CIMIS ET, values. The FAO-PM ET, values are about 1%
to 17% higher than the CIMIS Penman ET, throughout the year. A maximum difference of 17%
oceurs in July and August.
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Figure 3 The Average Monthly Ratio of FAO-PM ET, to CIMIS Penman ET, (FAO-PM ET, /CIMIS ET,)
(1988-1997).
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- APPENDIX 6A

: Typlcal Special Irrigation Practices and Schedules

for the Imperial Valley




Typical Special Irrigation Practices and Schedules for the Imperial Valley

Pre-Plant Germination
. o Nos. of Days before Water Water
Crop Special Irrigations P]ant}i'ng Requirement | Requirement
(inches) (inches)
Alfalfa (based on 4-yr life) Pre-plant and stand-establish --- 4.5
Sudan Germination - 6
Bermuda (based on S-yr life) |Stand-establish - 6
‘Wheat Pre-plant 30 days 6
Sugar Beets Flood, Pre-plant, Germination 40 days, 20 days 6 6.9
Lettuce - Early Flood, Germination 45 days 12 5.2
Lettuce - Late Germination - 5.2
Carrots Flood, Germination 50 days 24 6.9
Cantaloupes - Spring Pre-plant, Germination 10 days 12 24
Cantaloupes - Fall Flood, Pre-plant 45 days, 15 days 12
Cotton (upland and PIMA) Pre-plant 30 days 6
Honcydew Pre-plant, Germination 10 days 12 5.2
Watermelon Pre-plant, Germination 10 days 12 5.2
Onions Flood, Furrow, Germination 60 days, 30 days 12 6.9
Onion Seed Flood, Furrow, Germination 60 days, 30 days 12 6.9
Rye - Pastured Pre-plant 6 days 6
Oats and Barley Pre-plant 21 days 6
Misc. Field Crops Pre-plant 5 days 6
Tomatoes Transplant - 6
Potatoes Flood, Pre-plant, planting 45 days, 15 days 12 3.6
Broccoli Flood, Pre-plant, Germination 45 days, 15 days 12 5.2
Cabbage Flood, Pre-plant, Germination 45 days, 15 days 12 5.2
Cauliflower Flood, Pre-plant, Germination 45 days, 15 days 12 5.2
Corn, Ear Flood, Pre-plant 45 days, 5 days 12
Misc. Garden Crops Flood, Pre-plant, Germination 45 days, 15 days 12 5.2
Asparagus (based on 8-yr life) | Pre-plant == 1.5

Source: Mayberry (2002) and University of California Cooperative Extetsion (1997 and 1999)

H:\maimDATAW0222New\ETccomp\ET\WR_Report\Special-irrg.wb3, 03/13/02
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118 ET, ~—single crop coefficient (K )

Source: Allen et al. (1998)

I Average Kg ini 2s related to the level of ETg and the interval between irrigations greater than or
equal to 40 mm per wetting event, during the initial growth stage for a) coarse textured soils; b)
l medium and fine textured soils
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APPENDIX 6C

Annual Summary of Crop Acreage in
Imperial Irrigation District (1989-1998)




Crop Acreage in Imperial Irrigation District, 1989 - 1998.

Field Crops 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
Alfaifa** 166,388 183,660 190,179 172993 162,349 172,286 167,168 145801 154,576 160,769
Alfalfa Seed** 952 1,502 3,490 1,661 2,088 1,654 2,883 3,040 4,613 7,188
Bermuda Grass Hay** 4,010 4,304 5,489 9,869 15568 18,077 20,380 19,056 21,194 27723
Bermuda Grass Seed** 15,527 14534 14599 17,254 18,089 17434 18,761 20,012 19483 20,870
Cotton 9,863 11,290 9,401 4,208 7,664 7.037 6,881 4,766 4,269 4,762
*Qats & Barley 7430 2,805 3,805 2,073 1,444 1,835 2,669 1,325 1,926 2,748
*Rye Grass 10,090 9,076 8,203 9,5M 6,389 6,029 4,685 3,015 4,671 4,968
Sudan Grass 53,826 42,537 64680 53424 58,123 79,144 77534 82,242 83872 66,630
*Sugar Beets 27997 37111 41508 41,791 41,777 28835 34,802 37,078 39,940 37,316
*Wheat 96,122 56,835 32,084 69,198 59,301 58,250 62,199 108,770 90,005 80,184
Misc. 1,022 1,244 1,283 1,225 2,870 2,265 3613 5,932 4712 8,331
Total Field Crops 393,228 364,808 374,821 383,367 375662 392,805 401,584 431,037 429262 421,488
Total Field Crops {(max) 408,451 384,816 388,410 401,041 395111 407,592 419,644 444,296 462,920

Garden Crops 1989 1990 1991 1992 1993 1984 1995 1996 1997 1998
*Broccoli 11,526 10818 9,464 9,576 5,005 6,379 5,420 5,654 6,373 10,083
*Cabbage 866 1,115 1,398 933 725 1,513 784 928 976 1,048
*Carrots (and mixed vegetables) 12,182 13,70t 13,186 16,081 15937 16685 16,085 16412 17,105 18,923
*Cauliflower 6,919 6,934 6,163 5,918 3,223 4,002 3,026 2,764 2,564 2,630
Corn, Ear 1,529 2,141 2,939 3,830 3,054 4,126 4,051 4,604 6,688 6,709
*Lettuce 32,700 34070 31415 24260 18549 20044 19,499 21,513 21,081 21,139
Cantaloupes - Fall 9,145 9,145 10,603 7,995 654 769 13 459 846 2,138
Cantaloupes - Spring 18,084 22,837 21078 12793 13,645 14095 14,355 13540 11,397 11,658
Honeydew and other melons 2,762 2,520 2,365 793 351 706 1,041 851 1,693 1,202
Water Melons 3,708 3,339 2,402 2,376 2,945 3,400 2,719 2,596 2420 1,816
*Onions 9427 11702 11862 11,066 12214 13,078 12620 13,097 10,507 9,886
*Onion Seed 1,501 2,968 2,540 2,339 2,765 1,679 1,682 1,882 3,573 2,540
Tomatoes 12,264 11,432 6,366 3,923 3,768 2,400 1,808 1,888 869 837
*Potatoes 152 300 376 804 1,163 1,257 1,923 2,538 2,452 2,622
Misc. 1,991 2,756 3.090 3,388 5,120 2,331 3,340 4,785 3,530 2,558
Totat Garden Crops 125,167 135778 125247 106,075 89118 92465 88456 93,511 092,140 95586
Permanent Crops 1989 1990 1991 1992 1993 1994 1995 1996 1997 1958
Asparagas 5,179 5,751 6,307 6,310 5,972 5,448 4,703 4,464 5,182 5,539
Citrus 1,766 1,852 2,201 2,606 2,964 3,180 3.315 3.640 4,445 5,272
Duck Ponds 7,755 7.826 7,882 8,156 8,132 8,061 7,894 8,205 8,796 8,837
Jojoba 2,117 2117 2,117 2,042 2,017 1,986 1.843 1,680 457 135
Fish Farms 763 801 907 903 1,039 1,173 1,173 1,173 1,256 1,281
Permanent Pasture 493 557 571 589 659 759 699 652 698 672
Peach Trees 408 390 282 223 184 125 9 2 2 4
Misc. 126 156 330 326 319 322 353 633 467 372
Total Permanent Crops 18,607 194561 20,598 21,154 21286 21,054 20,089 20448 21302 22,113
Total Crops: 537,002 520,127 520,666 510,587 486,067 506,414 510,129 544,996 542704 539,187
Total Crops (max): 552,225 540,045 534,256 528270 5055156 521,111 528,189 558,255 576,362

## All field and garden crop acreages are maximum monthiy acreage for the growing season, and aff permanent crop acreages are 12-month

averages excepied noted atherwise.

* Annual crops which are planted in one ysar and harvested in the next . The year assigned fa these crops is the yaor of harvest,
** Aifaifa, alfaifs seed, bermuda grass hay, and bermuda grass seed acreages shown bere are average monthly values aver the 12 month periad.

Manthly dela are used for alfalfa, bermuda grass and sudan grass in €T computations. The acreage for alfelfa seed is generally
from a conversion of aifaifa hay acreage. {ie., in late summer, as alfelfa seed acreage goes up, aifalfa hay acreage is reduced.)

H:AmaimDATAW0222NewAETccompAETWNIR_CropUseC.wh3, 03/13/02
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 Monthly Summary of Forage Crop Acreage in
Imperial Irrigation District (1989-1998)
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Monthly Acreage Summaries for Forage Crops in Imperial Irrigation District, 1989 - 1998.

Maximum

1988 Jan Feb Mar Apr May June  July - Aug Sept  Oect Now. Dec. Month  Ave.
Affalfa, Row 17296 17296 26535 26491 28,535 21,905
Alfalfa 138,883 145,848 153050 153,050 151,993 150,813 150,836 133,613 127,203 127230 148,201 151,858 153,050 144,479
Alfalfa, New 28,786 15,064 10406 10,406 8812 7217 7.217 6779 4,365 4,365 3,550 3,269 28,786 9,437
Alfalfa, Seed 768 746 853 863 1.084 1,515 1,515 1,559 782 782 673 673 1,559 950
Alfaifa, Total,wio seed 167,689 163,882 163456 183456 160,805 158,130 158,353 140,392 448,864 148891 179,205 1B1.618 181,618 161,218
Alfaifa, Total 168,437 164,528 164,108 164,108 181,889 159,645 164,54 141951 445646 <40673 179,968 182,201 182,291 162,168
Bermuda Grass Hay 4,083 4,083 4,086 4,086 3626 3565 3,865 4,402 4142 4142 4,195 4,249 4,243 4,010
Bermuda Grass Seed 15302 15152 15270 15270 15558 15845 15B45 15596 15668 15868 15615 15540 15,845 15527
Bermuda, Total 19,385 19235 19356 19,356 19,384 19,410 19,410 19,898 19810 19810 19810 19769 18,810 19,538
Sudan Grass 4,354 4280 16886 16885 34,763 52,640 52540 44463 35941 35841 10617 5,134 52,640 728,255
Sugan Grass Seed 956 1,085 1,055 1,055 1,124 1,186 1,188 1,188 1,186 1,186 1.055 1,085 1,185 1,110
Sudan, Total 5,350 5335 17,841 17,941 35884 53626 53,B26 45848 IT127  A7427 11572 7,189 53,826 27,406

1990
Alfalfa, Row 26,675 27,356 2B062 28340 28508 28,39 28,283 27,260 27,412 2B470 33730 38,990 38,990 29,291
Aifalfa 154,108 154,411 155098 156645 158637 158,979 156411 152488 142916 142169 154244 165,319 165,319 154,369
Aifalfa, New a7 73 115 37 37 37 a7 37 37 37 112 56 115 54
Aifalfa, Seed 603 574 574 254 619 818 2519 4523 2,905 2,337 1,578 B19 4,523 1.502
Alfaifa, Total,w/o seed 180,820 181,840 183295 185022 187,182 187407 184,731 179,785 170,365 171,676 188086 204,365 204,385 183,715
Alfaifa, Total 181,423 182414 183869 185376 187,801 188,025 187,250 184,308 173,270 174,013 188664 205184 205,184 185,216
Bermuda Grass Hay 4,249 4,072 4,050 4,362 4,362 4,326 4299 4298 4498 4423 4,379 4,334 4,456 4,304
Bermuca Grass Seed 15540 14994 14,815 14,810 14,235 14,430 14,588 14476 14,254 14024 14,037 14,050 15,540 14,534
Bermuda, Total 19,789 19,066 18965 19172 18647 18756 18,8387 1B775 18752 18447 18416 1B.384 19,789 18,838
Sudan Grass 4851 6,851 12545 16462 29003 34234 40,863 41482 33307 30,974 18064 5,165 41,482 22,994
Sudan Grass Seed 1,085 1,055 1,055 1,085 59 113 1,055 73z
Sudan, Total 5,946 7,906 13,600 19517 29,003 34,234 40,963 41482 33307 30974 18123 5,268 41,482 23,360

1991
Alfalfa, Row 38,980 39,033 40,375 41,068 41581 41528 37420 36,351 37458 38770 43152 43446 43,446 39,832
Alfalia 185,319 163,803 161,759 160,637 160,564 160,151 144,662 131,694 130,999 135723 145274 142,387 165,319 150,248
Alfalfa, New 191 191 2,184 155 2.164 675
Alfalfa, Seed 819 447 447 462 849 856 17,397 12,721 6,925 572 294 294 17,397 3,490
Alfalfa, Total,w/o seed 204,309 202,342 202,134 201,705 202145 201679 182082 16B.236 168,648 176,657 188,581 185833 204,309 190,404
Alfalfa, Total 205,128 203,289 202,561 202,167 202794 202535 199.47¢ 180,957 175573 177,229 1BBAYS 185127 205,128 193,895
Bermuda Grass Hay 4,334 4,179 4,399 4,39% 4,253 4.428 5181 7,374 7.778 6,636 6,261 ©,644 . 1,778 5,489
Bermuga Grass Seed 14,050 14,015 14,062 14,065 14,308 14,308 14,301 14,633 14518 15535 15890 15508 15,850 14,599
Bermuda, Total 18,384 18,194 18451 18454 1B561 1B736 19482 22007 22297 221471 221451 22,152 22,267 20,088
Sudan Grass 5,155 7,674 19565 38376 51337 55917 64513 51273 45680 32447 17,882 4,047 64,513 32,820
Sudan Grass Seed 113 187 72 162 162 165 83 18 18 18 18 0 167 a3
Sudan, Total 5268  7.841 19,637 38538 51499 56082 64601 51,201 45679 32460 17,800 4,047 64,601 32,804

1992
Alfalia, Row 43446 43440 43605 43317 43080 41433 38401 35502 33,854 37,050 40,038 38,210 43605 40,115
Alfalfa 142,387 140,784 138713 135974 135701 135802 134,105 119,568 115688 125550 135308 135,937 142,387 132878
Alfalfz, New 213 213 213
Alfalfa, Seed 294 294 261 261 384 1,212 5012 7,089 1,923 1,503 764 926 7,098 1,661
AlfaWa, Totalw/o seed 185833 184,204 182,318 180,231 179,781 177,335 169720 155070 149,542 162600 175346 174,147 185,833 173011
Alfalfa, Total 186,127 184,458 182,579 180,492 180,165 17B547 174,732 162,189 151,485 184,103 176,114 175073 186,127 174,872
Bermuda Grass Hay 6,644 6,268 6,105 6,102 6,172 5,965 8,750 12,056 13,1%4 15359 14,7858 14,897 15,359 9,859
Bermuda Grass Seed 15,508 156,724 16,180 16485 16,475 16,767 17,883 18859 19,008 18,027 17953 17,959 19,098 17,254
Bermuda, Total 22152 21,892 22295 22567 22,647 23752 27633 31,015 32,202 33,386 32,751 32,85 33,385 27,113
Sudan Grass 4,047 3245 11,452 41,514 47,469 53352 53078 39,102 29204 23,119 15785 8,246 53,352 27.466
Sudan Grass Seed 72 ¥z 36 3B 72 54
Sudan, Total 4,047 3,245 11452 41514 47469 53352 53,150 39,174 29240 23155 15,766 8,248 53,352 27484

1993
Alfala, Row 36,185 38,179 36,987 35886 35621 34441 30,303 29,665 28,900 35292 42791 43,630 43830 35823
Alfalfa 133,406 132,199 130,632 128673 128853 127432 116595 110,633 107,141 125098 139164 138484 139,164 126.526
Alfaifa, New 16 118 116 118 116
Alfalfa, Seed 592 592 544 509 588 1,483 7948 &7 3,232 1,590 748 459 7948 2.088
Alfaifa, Totalwlo seed 171,591 170,378 167,735 164,675 164,500 161,873 146,808 140,208 136,041 180,390 181,955 182,144 182,114 162,378
Alfatfa, Total 172,183 170,870 168,279 165184 165178 163356 154,847 147,069 139,273 161,980 182,703 182,573 182,703 164,466
Bermuda Grass Hay 14815 14,815 15141 14,877 12,446 12,544 16480 17.036 17,015 17367 17,286 16,980 17,367 15,568
Bermuda Grass Seed 17,885 17,885 17,740 17.880 20394 20484 17,853 17868 17,553 17,375 17,028 17,018 20,494 18089
Bermuda, Total 32,700 32,700 32,881 32,757 32840 33038 34,443 34,904 34566 34,742 34314 33,998 34,804 33,657
Sudan Grass 5,763 6905 18995 41,293 49,235 57,850 57,295 52,584 41,855 31488 15117 8,729 57,850 32177
Sudan Grass Seed 133 273 273 209 209 209 209 262 262 273 227
Sudan, Total 5763 5,908 19,128 41,566 49508 58,059 57,504 52,803 42064 31488 15379 8,9%1 58059 32,347
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Maximum
1994 Jan Feh Mar Apr May June July Aug Sept Gct Nov. Dec. Month Ave.
Alfalfa, Row 43433 43608 43291 43,131 43,359 42,504 40491 36,827 34,912 40402 46964 26458 46,964 42115
Alfalfa 137,888 137,035 134,787 133,504 132,822 131,541 126.71B 118691 112612 121,640 436803 138211 138,211 130,111
Alfalfa, New 91 75 75 75 75 75 75 75 36 1.207 1,229 1,229 281
Alfaifa, Seed 459 114 114 114 114 1,868 6875 5,920 3.237 502 502 428 8,675 1,654
Affalfa, Total,w/o seed 181,321 180,734 178,153 176,710 178,256 174120 167,284 1455593 147599 162.078 184,774 185898 185,898 172,543
Alfalfa, Total 181,780 180,848 178,287 176,824 178370 175788 173,959 161.513 150836 162,580 185278 186,326 185,326 174,197
Bermuda Grass Hay 17,007 16,987 16,988 17,047 18,454 16655 17056 19294 18749 20149 19828 19,631 20119 18,077
Bermuda Grass Seed 16,245 16,666 16,665 16,825 17,426 17,257 17,536 18045 17,862 17,908 18,052 18,015 18,053 17434
Bermuda, Total 33,952 33653 33683 33872 33,880 33,912 3450 37340 37,611 38027 37892 37646 38027 3551
Sudan Grass 6,742 3,577 25725 50,362 62,188 73012 78B78 71876 56942 39543 17,448 7,823 78878 411BS
Sudan Grass Seed 192 45 179 &1 61 20 206 265 266 129
Sudan, Total 6,834 3577 25726 50,362 62233 73191 7BO30 71937 56962 39849 17714 7.623 78939 41,271
19895
Alfalfa, Row 46,522 46,269 45808 45245 44953 44284 410768 3B617 35930 39,002 39,582 39,757 46522 42,254
Alfaifa 137,782 135184 134965 132811 132354 131.841 124061 113979 111,656 111,618 117,185 115428 137,782 124,915
Alfaifa, New 1,208 951 846 707 127 184 1,208 671
Alfalfa, Seed 357 357 323 323 467 1,978 10472 12704 4,069 2,183 1,105 235 12,704 2,883
Alfalfa, Total,wio seed 185512 182,404 181,619 178763 177434 1762256 165137 952,596 147,586 150,84 156,777 155,185 185,512 187,504
Alfaifa, Totat 185,669 182,761 161,942 179,088 177901 178203 4766158 165300 151,655 152,809 157,832 155420 185,863 170,386
Bermmuda Grass Hay 19,860 19,617 19,645 20,152 18,531 19,784 19678 21260 21704 21643 2113C 20881 21,704 20,390
Berrnuda Grass Seed 17,822 17,598 17,724 17,556 18,390 18,531 20481 15,608 19688 18,504 18,168 19,058 20,481 18,781
Bermuda, Totai ar4gz 3215 37369 37708 37921 3B315 40,159 40,858 41,392 41,147 40298 39939 41,352 329,150
Sudan Grass 6,467 4,002 16228 37,630 48269 71378 77383 72861 58425 39257 19491 8,324 77,383 38,143
Sudan Grass Seed 78 78 151 151 20 20 151 82
Sudan, Total 6,467 4,002 16,228 37,706 4B345 74527 77534 728B1 56,445 38,257 19,491 8,324 77534 38,184
1996
Alfaifa, Row 39,075 39405 39,181 39,323 39212 37745 34849 31780 30,567 37480 42,832 43427 43427 37871
Alfaifa 113,429 112472 111,119 110,765 110,771 108877 102680 93621 91,672 102814 118114 118115 118,145 107,929
Alfaffa, New
Alfalfa, Seed 769 485 339 339 339 2,927 11,283 13238 5,020 1,185 493 100 13,238 3,050
Alfalfa, Totalw/o seed 152,504 151,877 150,900 150,088 145983 146,722 137,329 125401 122,239 140274 160747 161542 161,542 145801
Alfalfa, Total 153,273 152,342 151,239 150,427 150,322 149.84% 4465812 138639 127,259 141439 161240 161,842 161,642 148,840
Bermuda Grass Hay 20812 20,572 20,852 20,037 16,567 16,756 17743 17,550 18,638 18,976 19,708 19,572 20,952 19,056
Bermuda Grass Seed 19,260 19,037 18,419 19,191 22,8636 22815 21891 21.761 20,280 18,592 18,283 18,083 22636 20,012
Bermuda, Total 3gB72 39,609 38,371 39,228 39193 393N 35,734 3831 38918 385688 37,991 37,655 39,872 39,084
Sudan Grass 2,989 1,727 10,672 26,585 40,729 76084 81.B98 74,890 S64B5 41,755 20902 7,638 81,896  36,BE3
Sudan Grass Seed 57 57 273 27 348 346 201
Sudan, Total 2,989 1,127 10,672 26,585 40,729 76,084 81,896 74,947 56,542 42028 21,173 75085 B1,826 36,946
1997
Alfaffa, Row 43594 43568 43,716 43,452 43832 42567 37512 35837 36067 41,029 51,047 53688 53688 43,026
Alfaifa 117,388 116,492 116,035 1157680 115178 413447 04,832 93938 98513 101,146 120,675 119201 120,675 111,551
Alfaifa, New
Alfalfa, Seed 75 2833 14248 13513 4,937 1,027 254 20 14,248 4,613
Alfalfz, Total,w/o seed 180,982 180,060 159,751 155,212 159010 456014 142745 135775 134,580 142,175 171,722 1472889 174,383 154,576
Alfalfa, Total 161,057 180,080 159,751 159,212 158,010 158,847 156,893 149,288 139,517 143,202 171,876 172.50% 188,611 158,180
Bermuda Grass Hay 19,528 19,670 19,030 18,345  1B658 19,199 20,192 23083 24152 24301 24,011 24,161 24,301 21,194
Bermuda Grass Seed 18,083 17,802 18,586 18,964 18,222 18222 20,338 19,951 20,237 20227 20,554 20813 20,613 19483
Bermuda, Total 761z 37472 37616 37309 37,8680 3B,429 40,528 43034 4403B3 44,528 44,565 44774 44914 40,677
Sudan Grass 4,842 3,912 11,238 31,524 45289 72622 83562 77,048 59949 45546 21,548 B.401 B3,562 38,788
Sudan Grass Seed 130 130 130 130 130 130 310 190 190 142 75 75 310 147
Sudan, Total 4972 4,042 11.385 31,654 45429 72752 83872 77208 60,138 45888 21523 B.47§ B3,872 34,5835
1998
Alfalfa, Row 53,139 53,147 53,143 53,232 53401 52,643 47,487 44087 46269 53,756 61,536 64,310 64,310 B3,005
Alfakfa 7878 117,360 116751 115944 115780 114,807 104120 94146 90,304 97,185 104,850 103,944 117,879 107,764
Alfalfa, New
Alfalfa, Seed 1.565 15525 18,781 89,191 2,633 43 676 19,781 7,188
Alfalfa, Totalw/o seed 171,018 170,507 169,884 169,183 162181 167,450 151,607 138233 136573 150,941 166,386 168,254 182,189 180,769
Alfalfa, Total 171,018 170,507 169,884 169,183 16%.181 169015 167.132 158,044 145764 153,574 167,320 168,930 201,970 167,957
Bermuda Grass Hay 25287 25307 24,374 24,374 24263 24674 2B842 30,084 31,774 31654 30,996 31,068 31,774 27723
Berrmuda Grass Seed 19,387 18,324 20,387 20,461 20,531 20,666 20,583 21,602 21,8658 21,825 22,056 21739 22,056 20,870
Bermuda, Total 44,674 44,621 44,771 44835 44794 45340 49425 51666 53639 53479 53,052 52807 53,830 438,583
Sudan Grass 3,433 2,325 2916 18,034 38554 57,113 6B568 60,158 42185 27435 19,135 12,147 66,568 29,167
Sudan Grass Seed 7 B2 7 7 82 21
Sudan, Total 3,433 2,325 2,916 18,024 38,554 57,113 66575 60,220 42,192 27442 15,135 12,147 66,630 29,188
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APPENDIX 6E

Summéry of Estimated Planting and Harvest Dates of Annual
" Crops in Imperial Irrigation District (1989-1998)




Harvest and Planting Dates of JID Crops (Based on TID Provided Cropping Dates, 1989-1998)

- estumated dates

Plant Harvest  Inmitial  Develp. Mid. Late Total Initial Period Develap. Period Mid eriod End Peried
Crop Period Period Peried Period Period Begin End Begin Lnd Begin End Begin End
Sudan 04/04/90  10/06/90 20 20 141 5 186 04/04/90  04/23/90  04/23/90  03/13/90  05/13/90  10/0L/90  LO/01/90  1(HOGO0
03731791 0%27/91 20 20 136 5 181 03/31/91  G4/19/91  04/19/91  05/0991  05/09/91  09/22/91  09/22/91  Q9/27/91

03/24/92  9ORIOTE 20 20 143 5 188 03/24/92 (41292 0412092 05/02/92  OS/0/92  09/22/92 Q92292 09292
03726/93  09/27/93 20 20 141 5 186 03/26/93  04/14/93  04/14/93  05/04/93 Q50493 092293 092293 0927193
03/26/94  10/05/94 20 20 149 5 194 03/26/94  OH/14/94  04/14/94  05/04/94  05/04/94  09/30/94  09/30/94  10/05/94
04/20/95  09/30/95 20 20 1y 3 164 04/20095  05/09/95  05/09/95 ~03/20/95 03/29/95  Q%25/95 0%25/95 09/30/95
05/13/96  09/30/96 20 20 96 5 141 05/13/96  06/01/96  OR/OLAAG  06/21/96  06/21/96  OW25/96  09/25/96  09/30/96
054297 1005797 20 20 12 5 157 05/0297 052197  05/21/97  O6/10/97  0G/10/97  O%30/7 093097 10/05/97
Wheat 01/18/90  06/05/90 14 42 56 28 140 0111890 01/31/90 OL/31/490 031490 031490  05/09%/90  05/09/90  06/05/00
011591 06/06/91 14 43 57 29 143 011591 0172891  01/28/01 03/12/91 031291  OSA891 050801  06/06/91
01/14/92  0G/05/92 14 43 58 29 144 Q11492 0122792 01/27/92  03/10/92  OM10M2  0S/07/92 050792 06/05/92
1221192 03/2893 16 48 64 12 160 12/21/92 01/05/93  01/05/93  02/22/93  02/22/93  04727/93  04/27/93  05/28/93
12/14/93 060204 17 51 68 34 170 121493 12/30/93  12/30/93  0Z/19/94  02/19/94  04/28/94  04/28/94  06/02/04
12/07/94 0527495 17 52 69 34 172 12/07/94 122394 1223/94  02/13/95 01395 04/23/95 Q4/23/95  05/27/95
121195 053196 17 52 69 15 173 120195 1272795 122795 QU196 0196 Q4/26/9  (4/26/96  05/31/96
LM16/96  06/01/97 17 50 67 34 168 1216/96 QU017 OL/0L/97  Q2/20/97 02720097 0472897 042897  06/01/97
12/03/97  06/01/98 18 54 72 36 180 12/03/97 1220097 1220097 01298 QU108 O425/08  04/25/98  06/01/98
Sugar Beets 09/23/89  06/11/90 26 66 105 66 263 09/23/89 1VIR/EY  1O/18/89 1242380 122389 040790 040790  06/11/90
0927190 06/19/9] 27 67 106 67 267 092790 10/23/90 102390 12/29/90  12/29/90  04/14/91 041401 06/19191
00/20/9]  06/21/92 27 7 107 67 268 0929/91  10/25/91 102591 123191 123191 O416/92  0M1GYZ  06/21/92
09/21/92  06/17/93 27 68 108 68 271 09/21/92  1O/17/92  10A17/92 122492 12/24/92  0A/11/93 041193 06/17/93
09/20/93  06/15/94 27 67 108 67 269 0920/93  1O/16/3 11693 1222093 1222193 04409195 04/09/94  06/15/94
09/19/94  06/14/95 27 57 108 67 269 09/19/94 11594 10/15/94 122194 1221/94  04/08/95 040895  06/14/95
09/22/95  06/20/96 27 &8 109 68 272 0225 1071895 10/18/95 122595 1202595 04412096 D196 0612096
00721796 06/22/97 28 69 Lo 69 276 0921496 1071896 10/18/96  1226/96  12/26/96  04/15/97  D&1597  06/22/97
00/22/97  06/25/98 28 69 111 69 277 09297 10/19/97  EV/199T 1212797 12297 O1TN8 041798 062595
Lattuce 10/09/89  0301/90 29 50 36 29 144 10/09/89  11/0G/R9  11/06/89  12/26/80 12/26/85 OU31/90 OO0 03/01/90
W90 02/28/91 28 50 36 28 142 10710/90  THO6/90  LLAOG/0  12/26/90  12/26/90 QL3NG 01/31/01 022891
10/06/91  02/16/92 27 47 14 27 135 0GP 1091 110191 121891 [X1891 0L/2192 021492 016/
10/08/92  02/22/93 28 48 s 28 139 10/08/92  11/04/92  11/04/92 122292 12/22/92  OL/26/93 OQL/26/93 022203
10/00/93  02/15/94 26 46 33 26 131 10/09/93  11/0393  11/03/93  12/19/93  12/19/93 01721794 QL2194 0215/94
10/12/94  02/23/95 27 47 34 27 135 101294 11/07/94  11/07/94  12/24/94  12/724/94  0L/27/95 0172795 02395
10716/95 0220096 26 45 32 26 129 W0/16/5  11/10/95  19/10/95 122505 122595  01/26/96  GL2G/6 0220096
] 26 46 33 26 131 /14196 TIA08/96  1U0B/96  12/24/96 1272496 01726/97  0L/26/97 022297

OsE 27 47 34 27 135 104197 11/06/97  11/06/97 1272347 12723197 01/26/98  OL/26/98 022298

Lettuce - Early 10/0%B9  12/19/89 14 25 I8 14 71 10/09/89  10/22/89  10/22/89  11/16/89  11/16/89  12/04/89  12/04/89  12/19/80
10/£0/90  12/19/00) 14 25 18 14 71 10/10/90  10/23/90 102390  11A7/90  11/17/90  12/05/90  1205/90  12/19/90
16/06/91 121191 13 23 17 13 66 10/06/01  10/18/91  10/18/91 111001 111091 1127/9)  L12791 121191
10708192 12/15/92 14 24 17 14 69 10/08M92  10/2192  10/21/92  LI/14/92  11/14/92 120192 12101092 12115192
10/09/93  12/12/93 13 23 16 13 65 100993 1021793 10721493 1171383 L1A13/93 112993 112003 12520973
10712/94  12/18/94 14 24 17 14 69 10712/94  §0/25/94  10/25/94  11/18/94  11/18/94  12/05/04  12/05/94 1218/94
1071645 12/18/95 13 22 16 13 64 10/16/95  LO/28/95  10/28/95  11/39/95  1V/19/95  12/05/95  12/05/95  12/18/95
13 23 17 12 66 10/14/96  10/26/96  10/26/96  L1/18/96  TI/18/96  12/05/96  12/05/96  12/1%/96

14 24 17 14 69 W97 1072497 10/24/47  1V1197  LIAITOT 1264097 12/04/97  12/17/97




Harvest and Planting Dales of IID Crops (Based on ITD Provided Cropping Dates, 1989-1998)

+ - estimated dates

Plant Harvest Enitial Develp. Mid. Late Total Initial Period Develop. Pertod Mid Period End Period
Cron Period Period Period Period Period Begin End Begin End Begin End Begin End
Lettuce - Late 12720/8%  03/01/90 14 25 13 14 71 12/20/89 QG290  QL/A02/00  01/27/90 Q2790 0271490 02/14/90  03/01/90
12/20/90 02728191 14 25 1% 14 71 12720/90  01/02%/91 Q10291 OL27/91  OL/27/91  OXi4/91 01491  02/28/91
12/12/91  02/16/92 13 23 17 13 66 12820510 12724081 12724/91  01/16/92  OU/16792  02A02/92  G202/92  02/16/92
12/16/92  02/22/93 i4 24 17 14 69 12/86/92  12/29/92  12/29/92 0122493 01/22/93  02/08/93  02/08/93  02/22/93
12/13/93  02/15/94 13 23 1a 13 63 12/13/93  12/25/93 122593 QU794 011794 02/02/94  02/02/94  02/15/94
12/19/94  02/23/95 I3 23 17 13 66 12/19/94  12/31/94 1273194 01/23/95  QU/23/95  Q2/09/95  G209/95  02/23/95
12/19/95 02720196 13 22 16 13 G4 12/19/95 1231795 12/3195  0122/96 QU226 02/07/96 020796 02720496

12/19/96

Q22217 13 23 17 13 66 1271996 12/31/96 123196 01/23/97  01/23/97  02/09/97  0M0W97  (2/22/97

E 13 23 17 13 66 12/18/97  1230/97 1230097  0L/22/98 0172298 OXNO/9% 00898  G2/22/98

Carrots 10718789 05/15/90 32 53 95 32 212 10/18/89  11/18/89  11/18/89  OW10/90  017/10/90  04/15/90  04/15/90  05/15/90
16/L9/90  05/04/91 30 50 89 30 199 LO/19/90  11/717/90  11/17/90  01/06/91  01/06/91  04/05/91  04/05/91  05/04/91

16/07/91  04/28/92 31 51 92 31 205 100791 11/06/91  11/06/91  12/27/91  1227/91  03/28/92  03/28/92  (4/28/02

H/E3/92 04/27/93 30 49 89 30 198 W/13/92  1/11/92  11/14/92  12/30/92  12/30/92  03/29/93  03/20/93  04/27/93

10/09/93  04/29/94 30 51 91 30 202 10/0993 1007493 11A07/93  12/28/93  12728/93 3/20/94  03/29/94  (4/29/94

101794 04/13/95 27 45 gl 27 180 10717/94 11712194 11/12/94  12/27/94 12727194 3/18/95  03/18/95  04/13/95

1615795 04/10/96 27 45 8] 27 180 10/15/95  11/10M5  11/10/95  12/25/95  12/25/95  (3/15/9  03/15/96  04/10/96

107196 04209/97 20 44 79 26 175 101796 1171196 LI/IL96 1272596 12/25/96  O3/14/97  03/14/97  04/09/97

L0414/97 04714198 27 46 82 27 182 10/14/97  11/09/97  LUO/9T  12425/97 12725097 0317498 OW17/98 04714798

Cantaloupes - Spring  02/18/90  06/22/90 25 31 44 25 125 O2/18/90  03/14/90  014/90  04/14/90 04714490  05/28/90  0S5/28/90  U6/22/90
02/17/91  06/25/91 26 32 45 26 129 021791 03/14/91  03/14/91  04/15/91  O4/15/91 (5730091 05/30/91  06/25/91

02/01/92  06/09/92 26 33 46 26 131 G202 02/26/92  0226/92  03/30092  03/30/92  05/15/92  03/15/92  06/09/92

02/18/93  06/20/93 23 3t 43 25 124 02/18/93  03/14/93  03/14/93  O04/14/93 04714193 05/27/93  05/27/93  06/20/93

01/24/94  G6/19/94 29 37 51 29 146 01724794 02/21/94  0221/94  03/30/94  03/30/94  05/20/94  05/20/94  06/19/94

02/07/95  06/19/95 27 33 47 27 134 0207795 03/05/95  03/05/95  O4/07/95 0407795  05/24/95  05/24/95  06/19/95

01/19/96  06/11/96 29 36 51 29 145 O01/19/96  02/16/96  02/16/96  03/23/96  03/23/9%  05/1%96  0/13/96  06/11/96

012797 06r09/97 27 34 47 27 135 01/27/97  02/2297 022287  03/28/97  03/28M97  05/14/97  05/14/97  06/09/97

Cantaloupes - Fall 08/03/90  11/08/90 16 29 49 i0 98 08/03/90  08/12/90  08/12/90  09/10/90  09/10/90  10/29/90  L(/29/90 1 1/08/90

08 7 22 36 7 72 08/01/91  O8/07/91  0RA7/9T  08/29/91  08/29/91  10/04/91  10/04/91  10/11/9]
5 9 26 44 9 88 08/08/92  08/16/92  0816/92  09/11/92  09/11/92  10:25/92  10/25/92  11/03:92

8 24 41 8 81 02/06/93  08/13/93  08/13/93  09/06/97  09/06/93 1071793  10/17/93  10/25/93

O ST T304 9 26 44 9 88 OR/08A4  0B/16/94  08/16/%4  09/11/94  00/11/94  10:25/04  10V25/94  11/03/94

08/28/95 | 1728/95 9 28 47 9 93 08/28/95  09/05/95  09/05/95  10/03/95 100395 1119/95  11/19/95  11/28/95

0R/01/96  10/30/96 9 27 46 9 91 080196 OR/O9M6  0B/09/6  00/05/96  DY/05/96 10721096 1O/21/96  10/30/96

GRAOBDT 1105197 9 27 45 9 90 08/08/97  O8/16/97  0816/97 091297 001297 W97 LOZI9T  11/05/97

Cotton 03/16/90  1/15/90 43 86 43 43 215 0316490 0427490 04/27/90 072290 02290 00/03/90  09/03/90  LO/15/90
032091 10/08/91 40 81 40 40 201 32191 04/29/91  04/29/91  0719/91  07/19/91  08/28/91  0%/28/91  10/08/91

03/19/92  1V/01/92 39 79 39 39 196 0319/92  0426/92  04/26/92  07/1492 (1492 0872292 082292 10A/S2

0313/93  10/12/93 43 86 43 43 215 0313/93 04724793 04/24/93  G/19/93 0771993 0%/31/93 083193 1012493

03/08/04  10/12/94 44 88 44 44 220 03/0B/94 0420194  04/20/94 OT/17/94  OWL94  0850/94 087309  10/12/94

03/09/95  10£15/95 44 88 44 44 220 03/09/95  04/21/95 04721495 OT185  D7/8A5 083105 08315 10/15M5

0301496 10/17/96 46 92 46 46 230 03019  O4/15/96  04/15/96  OT16/96  OWIGNO6  08/31/96  0%/31/96  10/17/96

03/07/97  09/30/97 42 83 42 42 209 030797 OHTT/97 0417497 07/09/97  Q7/09/97  08/20/97  O8/20097  09/30/97



Harvest and Manting Dates of D Crops (Based on IiD Provided Cropping Dates, 1989-1998)

- estimated dates

Plant Harvest  Iuitial Develp. Mid. Late Total Initial Period Develop. I"eriod Mid Period Eod Period
Crop Period Perfod Period Period Period Begin End Begin End Begin End Begin Fnd
Hoeneydew o T30 0621 - 27 40 58 18 143 017300 02725/90  Q2/25/90  O4/06/90 04/06/90  O6AR/90 06/03/90 00720090
- QL3O 06/2000 4 oy 40 58 18 143 013091 0225/91  02/25/91  04/06/91  04/06/91  06/03/91  06/03/91  06/20/%1
01/19/92  (6/14/92 28 41 61 19 149 01/19/92  02/15/52  Q15/92  03/27/92  03/27/92  03/27/92 05727192 06/14/97
02/15/93  06/25/93 25 37 54 17 133 01593 03/11/93  03/11/93  04A17/93  O417/93  O6/10/93  O6/10/93  06/25/93
01722194 06/25/94 29 43 64 20 156 01/22/94 0271994 02/19/94  04/03/94  04/03/94  06/06/94  DG/06/94  06/25/94
0201195 06/19/95 26 39 57 18 140 020195 0226:95  02/26/95  04/06/95  0406/95  06/02/95  06/0X/GS  06/19/95
017277196 06725/96 29 42 62 20 153 O127/96  02/24/96  02/24/96  04/06/96  04/06/96 060796 06/07/896  06/25/96
0173197 06/09/97 25 36 53 17 131 QU7 0224/97 0272497 (/0197 04/Q01/%7  05/24/97 05724197 Q6/09/97
Watermelon 02/04/90  06/15/90 25 37 54 i7 133 02/04/90  02/28/90  02/28/90  (04/06/90  04/06/90  05/30/90 95730090 00/15/90
02/14/91  06/26/21 25 37 55 17 134 Q21491 031091 03/10/91  04/16/91  04/16/91  O6/10/A1  06/10/9t  06/26/91
01730/92  06/10/92 25 37 35 £7 134 M09z 02123492 02/23/92 03731792 03/31/92 05725092 0572592 D6/10092
02/15M93  06/17/93 23 M4 50 6 123 0%/15/93  03/09/93  03/09/93  04/12/93  04/12/93  06/01/93  06/01/93  06/17/93
0171994 06/25/94 30 44 65 21 160 0119M4 021794 0217194 04/02/94  04/02/94  06/06/94  06/06/94  06/25/94
0122705 06/15/95 27 39 57 3] 141 0127095 02/22/95  02/22/95  04/02/95  04/02/95  05/29/95  05/29/95  O6/15/95
QI/18/96  06/19/90 29 43 63 20 155 0171896 02/15/96  02/15/96  03/29/96  03/29/96  05/31/96  05/31/9  06/19/96
01728/97 0672397 28 41 60 19 148 QU287 022497 0224797 04/06/97  04/06/97  06/05/97  06/05/97  06/23/97
Onions 10/31/89  00/04/90 22 43 109 43 217 1031789 /21789 LE221/89 01032490 01/03/90  04/22/90  04/22/90  06/04/90
1072496 06/03/91 22 45 112 43 224 10/24/90  11414/90  11/14/90  12/29/90  12729/90  04/20/91  04/20/9%F  06/03/91
10620091 06/05/92 23 46 115 46 230 2091 11191 1111/91 12/27/91  12727/91 04/20092 04720092 0G/D5/92
10/18/92  05/29/93 22 45 112 45 224 10/18/92  11/08/92 11/08/92 12/23/92  12/23/92  04/14/93  04/14/93  05/29/93
1016/93  06/01/94 23 46 115 46 230 10716793 11/07/93  11407/93  12/23/93  12/23/93  04/17/94  D4/17/94  06/01/94
10M18/94  05729/95 22 45 112 45 224 10/18/94  11/08/94  11/08/94  12/23/94  12/23/94 041495  04/14/95  (5/29/95
LOF18/95  06/02/96 23 46 115 46 230 10/48/95  11/09/95  Y1/O9/93  12/25/95  [2/25/95  04/18/9G6  04/18/96  06/02/96
10/18/96  06/03/97 23 46 115 46 230 10718496 1140996 L1996 12/25/96  12/25/96  04/19/97  O4/19/97  (6:03/97
/18197 06/01/98 23 45 114 45 227 1071897 110947  1109/97 1272497 1224/97  04/17/98  04/17/98  06/01/98
Onion Seed ) OWES/8T  06/26/90 23 45 169 45 282 09/18/89  10/10/89  1O/LO/80  11/24/89  11/24/89  OS/290  OS/12/90  06/26/90
[001/90  06/23/91 21 43 160 43 267 10401790 10/21/90  10¢721/90  12/03/90  12/03/90  0S/12/91  05/12/91 062391
00/24/91  06/16/92 21 43 160 43 267 09724/91 1014491 1G/14/91  11/26/9T 11726491 0504092 05/04/92  0G/6/92
09/15/92  06/11/93 22 43 162 43 270 0971592 10/06/92  10/0G/92  11/18/92  11/18/92  04/29/93  04/29/93  06/11/93
09/18/93 06720494 22 44 166 44 276 09/18/93  10/09/93  10/09/93  11/22/93  11/2293  0SA7/94  0S/07/94  06/20/94
1002194  06/20/95 21 42 157 42 202 10/02/94  1/22/94  10/22/94  12/03/94  12/03/94  Q5/09/95  05/09/95  0G/20/95
0972095 06/10/96 2t 42 159 42 264 0920095 10195 101095 1172195 11721795 04/28/96  04/2R/96  06/10/96
09/20/96 06720197 22 44 164 44 274 0%20/96  10/11/96 10711796 L124/96 11724096 05/07/97  05/07/97  06/20/97
0918197 06/29/98 23 46 71 46 286 0%18/97 101097 10/10/97 1172597 11/25/97  05/15/98  05/15/98  06/29/08
Rye - Pastured HO/10/89  06/01/90 12 35 14l 47 235 10/10/89 10721789 10/23/89  11/25/89  11/25/29  G4/15/90  O4/15/90  06/01/90
10/01/9)  06/02/91 12 37 147 49 245 HO90  10712/90  10/12/90  11/18/90  11/18/90  G4/14/91  04/14/91  06/02/91
10721/91  05/30/92 11 33 134 45 223 10/21/91  10/31/91 1073491 12/03/91  12/03/9Y  04/15/92  04/15/92  05/30/92
10/22/02  05/30/93 il 33 133 44 221 10/22/92  11/81/92  11/01/92  12/04/92  12/04/92  04/16/93  G416/93  05/30/93
10/11/93  06/10/94 2 36 146 49 243 101193 1022493 10/22/93  11/22/93 11227/93 04/22/94  04/22/94  06/10/94
1/05/94 Q5421195 12 35 141 47 235 10/05/94  10/16/94  10/16/94  11/20094 1120094 04/10M95  04/10/95  05/27/95
10/02/95 051796 11 34 137 46 228 10/02/95  10712/95  \O/12/95  11/15/95  11/15M95  03/31/96  03/31/96  05/17/96
09/29/96 05722197 12 35 142 47 236 09/29/96  10/t0/96  10/10/56 1171496 11/14/96  04/05/97  04/05/97  05/22/97

10/24/97  06/01/98 11 33 133 44 221 10/24/97  11/03/97 V10397 1206/97  12/06/97  04/18/98  04/18/98  06/01/98



Harvest and Planting Dates of I} Crops (Based on IID Provided Cropping Dates, 1989-1998)

"~ estimated dates

Plant Harvest  Initial Develp. Mid. Late Tatal Initial Period Bevelop, Period Mid Period End Period

Crop Period Period Ieriod TPeriod Period Begin End Bepin End Begin End Begin End
QOats and Barley 11/14/89 i ; 27 45 72 36 180 FU/14/89 (/10789 12710789 01/24/90  01724/90  O04/06/90  04/060/90  05/12/90
12/14/90 505 & 25 42 68 34 16D 12/1490  0L07/91  01/07/91 021891 02/18/91  04/27/91  04/27/91  05/31/91
11/07/91 04728192 26 44 70 a5 175 LV07/91  12/02/91 12702491 0W/15/92  01/15/92  03/25/92  03/25/92  (4/28/92
: 26 41 69 34 172 11542 121092 L210/92 012293 012293 04/01/93 0401793 05/05/93
24 41 " 65 32 162 1140393 112893 117228/93  Q1/08/94  01/08/94  03/14/94  03/14/94  (4/15/94
20 C43 i 34 72 11/15/94  (2/10/94 1271094 01/22/95  01/22/95  04/01/95  04/01/95  05/05/95
Srhia s 26 43 69 35 173 LE/15/95  §210/95 1271095 01/22/96  01/22/96  03/31/96  03/31796  05/05/96
11/03/96  05/15/97 29 49 78 39 195 1143490 1201060 12/01096 Q97 011997 040097 04/0797  05/15/97
L1/16/97  04/21/98 24 3 63 3t 157 1W16/97  12/09/97 1270997  01/17/98  01/17/98 0372198 0321408  04/21/98
Tomatoes /2590 06/25/90 23 3 6! 30 152 012590 02/16/90  O02/16/90  03/26/90  03/26/90  05726/90  05/26/90  (6/25/90
01/29/91  06/26/91 22 37 60 30 149 012991 027/19/91  02/19/91  03/28/91  03/28/91  05/21/91  05/27/91  06/26/9]
012992 06/20092 22 30 58 29 145 01/72%92  02/19/92  02/19/92  03/26/92  03/26/92  05/23/92  05/23/92  06/20/92
OL2993  06/19/93 21 16 37 23 142 012993 02/18/93  02/18/93  03/26/93  03/26/93  05/22/93  05/22/93  06/19/93
01/15/94  06/25M4 24 41 65 a2 162 011594  0207/94  02/07/94  03/20/94  03/20094  05/24/94  05/24/94  06/25/94
01/23/95  (7/01/95 24 40 64 32 160 01/23/95 0271595  Q2/15/95  Q3/27/95  03/27/95  05/3/95  05/30/M95  O7/061/95
0172196 06/16/96 22 a7 59 30 148 0172196 02/11/96 0211796 03/19/96  03/19/96  05/17/96  05/17/9¢  06/16/96
01724197 06/22/97 23 38 60 a0 151 01/24/97  02715/97 021597  Q3/25/97  Q3/25/97 05724797 052497 06/22/97
Polatoes 2L 2T 23 15 49 28 140 12/02/8%  12729/89  12/29/89  02/02/90  0/02/90  03/23/90  03/23/90  04/19/90
2/25/00  (4/24/0] 24 10 42 24 120 12/25/90  01/17/91  OU/1H91  02716/91  O2/16/91  03/30/9%  03/30r91  (4/24/91
111891 04/18/92 31 38 54 31 154 TI/E8/91 101891 121891 01/25/92  0V25/492  03/89/92  03/19/92  04/18/92
11723092 04720093 30 37 52 30 149 1172392 12/22/92  1222/92  01/28/93  0O1/28/93  03/21/93  03/21/93  04/20/93
11730793 (4/22/94 29 36 50 29 144 P03 12/28/93 12428093 Q0094 Q2/02/94 03724794 03/24/94  04/22/04
12/23/94  04/1H95 24 30 4] 24 £10 12/23/94  01/15/95  O1/15/95  02/14/95 Q214095  03/27/95 0372795 04/19/95
12/05/95  04/10/96 26 32 45 26 129 12/05/95  1230/95 12730195 0173096 0173196 03/16/96  03/16/96  04/10/96G
12/03/96  04/204/97 28 35 49 28 140 1270396 12730096 12/30/96  02/03/97  02/03/97  03/24/97  03/24/97 04720097
HAY7T  04/17/98 32 40 55 32 159 11197 1212/97 121297 02198 0172198 03 17/98  Q3/17/98  04/17/98
Broceoli 0022089 02/12190 36 50 43 14 143 09/22/89  10/27/89  10/27/89  12/16/89  12/16/89  01/28/90 01/28/90 02/12/90
LOrG3/90 0272291 36 50 43 14 143 10/03/90  11/07/9%  11/0790 (22790  12727/90 02/08/91  02/08/9%F  02/22/9t
09726/91  02720/92 37 52 44 15 148 09/26/2t 110391 11/00/91  12/23/91  12/23/91  QZ/05/92  02/05/92 Q2720092
10/10/92  Q2727/93 35 49 42 14 140 10/10/92  11013/92  11/13/92  01/01/93  GL/OWD3  02/12/93 Q212193 OX27193
110193 02122/94 36 51 44 15 146 10/01/93  11/05/93  11/05/93  12/26/93  12/26/93  02/08/94  02/08/M4  (02/22/94
10/01/94  Q2124/95 37 51 44 15 147 10/61/94  L1/06/94  11/06/94  12/27/94 1272194 02/09/95  02/09/95  02/24/95
10/06/95  02/17/96 34 47 41 14 136 10/06/95  11/08/95 10895 12/25/95  12/25/95  02/04/96  02/04/96  02/17/96
10/05/9¢  02/21/97 35 49 a2 14 140 10/05/96  11/08/96  1L08/96 12727/ 1227096 Q20797 020797 02/21/97
10/06/97  02/27/98 36 51 44 15 146 10/06/97  11780/97 1110797 12/31/97  12/3W97  OZ/13/98  02/13/98 02727198
Cabbage 10/04/89  03/15/90 41 57 49 16 163 10/04/89 11713789 111389 OL/0990  OL/09/90 - 0272790  0227/90  O315/90
16/01/90  03/15/91 42 58 50 17 167 10/0§/90 11190 111190 OU0BA1  QUOB/OY - 0227/91 02191 0371591
OH12/91 030292 43 Gl 52 17 173 09/12/91  10/24/91  10/24/91  12/24/91 12724791 02114092 0214792 03702792
09/18/92  03/01/93 41 58 50 17 166 09/18/92  10/28/92  10/28/92  12/25/92  12/25/92 O2/13/93  G/13/93  03/01/93
09/15/93  (03/17/94 40 G4 55 18 183 09/15/93  10/30/93  10/30/93  01/02/94  OB/02/94  02/26/94  02726/94  03/17/94
10/01/94  Q3/09/93 40 50 48 16 160 100194 11/09/94  11/0%94  01/04/95  OV/04/95  02/21/95  02/21/95  03/09/95
10/01/95  03/06/96 40 55 47 1 158 10/08/95  11/09/95  11/0%95  01/03/96  01/03/96  02/19/96  02/19/96  03/06/96
09726096 02/25/97 38 54 46 15 133 09/26/96  11/02/96 10296  12/26/96  12/26/9G  02/1/97  02/10/97  (2/25/97

09/23/97  03/02/98 40 56 48 i6 160 09/23/97  11/04/97  VWAQL/9T  12/27/97 142797 02/13/98  02/13/98  03/02/98



Harvest and Planting Dates of ITD Crops (Based on 11D Provided Cropping Dates, 1989-1998)

- cstimated dates

Plant Harvest  Tnitia! Develp. Mid. Late Total Initial Period Develop. Period Mid Period End Period

Crop Period Perind Period Period Peried Bepin End Begin End Repgin Engd Begin End
Cauliflower 09/22/89  02/20/90 38 53 46 15 152 09/22/89  10/29/89  10/29/80  12721/89  12/21/89  02/05/90 02/05/90 0272090
09/20/90  02/19/91 38 54 46 15 153 09/20/90 1790 1072790 1220/90  12/20090 020401 02/0491 0271991
09/17/91  02/18/92 39 54 47 {3 156 097119 10/25/91  F25/91  L218/91  1218/91  02/03/92  02/03/92 OM18/97
10/02/92  03/01/93 38 53 45 15 151 1G/02/92  11/08/92  11/08/92 1273192 123192 GU14/93  OX14/93  OX01/93
09/13/93 0272794 42 59 30 17 168 09/13/93  10/24/93  tO/24/93  12/22/93 1202293 GX10/94 021094 02/27/94
10/12/94 02108795 30 42 36 12 120 10/12094  11/10/%4 1 1/10694 1222794 122294 O1/27/95  OL27/95  O2/08/95
0927195 0206/96 i3 47 40 13 133 09/27/95 102935 10:29/05 121595 12115/95  01/24/96  0L/24/06  62/06/96
1071196 G62/21/97 34 47 40 13 134 W96 111396 1171396 12/30/96 1230096 020897 02/0897  GX21/97
10/08/97 02425098 35 49 42 14 140" 0897 110197 11197 12730097 L3097 0210/M8 02/10/98  G/25/98
Corn, Ear 02/04/90  05/28/90 17 34 57 6 114 02/04/90  02/20/90  02/20/90  03%/26/90 03/26M90  05/22/90 052290 05/28/90
02/10/91  06/0%91 18 36 G0 6 120 G081 02/27/91  0X27/91  G4/04/91  04/04/91  06/03/91  06/03/91  06/09/9]
01/20/92 05121192 18 37 62 6 123 01/20/92  02/06/92  02/06/92 0314492  0M14/92  05/15/92  05/15/92  05/21/92
02/23/93  06/15/93 17 34 57 [} 114 02/23/93  03/11/93  (3/11/93  04/14/93 041493  06/10/93  06/10/93 0615193
01/08/94  06/10/94 23 46 7 8 154 01/08/94  01/30/94  O1/30/94  03/17/94  03/17/94  06/02/94  06/02/04  (06/10/94
01/19/95  06/16/95 22 43 75 7 149 0/19/95 0209495  02/09/95  03/26/95  03/26/95  06/09/95 06/09/95  06/16/95
02/02/96  06/28/96 22 44 74 7 147 02/02/96  0223/9G  02/23/96 0407496 040796 06/20/96  0G/20/96  06/28/06
02/11/97  G104/97 22 43 72 7 144 Q11797 03/04/97  03/04/97  D16/97  D&1G/YT  06/27/97  OG/ZH9T  07/04/97
12/19/97  06/10/98 26 52 87 9 174 12/19/97  0113/98  01/E3/98  03/06/98  05/06/98  06/0L/98  06/01/98  06/10/98
Altalfa Seed : 090190 4 9 28 42 83 06/10/90  06/13/90  06/13/90  0G/22/90  06/22/90 07720090  07/20/90  09/01/90
’ 08/22/91 4. 8 24 37 3 06/10/91  06/13/91  06/13/91  06/21/9F  06/21/91  07/15/91 071591  08/22/9]
08/21/92 4 8 24 37 73 06/10/92  06/13/92  06/13/92  06/21/92  06/21/92 01592  OQW15/M2  0R21/92
. 08/22/93 4 2 24 37 73 06/10/93  06/13/93  06/13/93  06/21/93  06/21/93  O7/15/93  07/15/93  0R/22/93
09401794 4 9 28 42 83 06/10/94  06/13/94  O6/13/94  06/22/94  06/22/94  07/20/94 (772094 09/01/94
08/30/93 4 g 27 41 4 06/10/95  06/13/95  06/13/95 062295  06/22/95 011995  07/19/95  08/30/95
: 08/27/96 4 9 26 40 79 06/10/96  06/13/96  06/13/96  06/22/96  06/22/96  OWI8M6  07/18/96 08727196
V%= 08/26/97 4 9 26 39 78 06/10/97  06/13/97  06/13/97  06/22/97  06/22197  OT/18/97 011897  08/26/97
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APPENDIX 6F

Monthly Potential ETc¢ (inches) for the Crops Grown in Impenal
Irrigation District (1990 1997)




Monthly ETc (in) for 1990

Crop Jan Feh Mar Apr May Jun Jul Aug Sep Oct Nav Dec Season
Alflalfa - winter 2.46 0.00 - - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.51 387 286 10,7
Alfalfa 0.00 2.09 5.99 7.94 11.09 11.19 11.33 9.36 1.63 174 0.00 0.00 69.4
Alfalfa Seed 0.00 0.00 0.00 0.00 0.00 4.28 6.47 5.05 0.00 0.00 0.00 0.00 15.8
Sudan 0.00 0.00 0.00 5.41 10.37 10.77 10.90 9.00 7.34 0.87 0.00 0.00 54,7
Wheat 1.33 312 6.98 .48 6.11 0.00 0.00 0.00 0.00 2.00 0.00 1.12 282
Bermuda, spring (seed) 0.00 0.00 1.47 6.95 10.4] 7.96 0.00 0.00 0.00 0.00 0.00 0.00 26.8
Bermuda, summer hay 0.00 0.00 .00 0.00 0.0¢ 3.56 11.21 9.66 7.85 4.62 0.00 0.00 369
Sugar Beets 3.66 4.26 7.24 8.96 9,14 0.00 0.00 1.36 2.28 4.26 3.40 3.06 47.0
Lettuce - all 3.06 335 Q.00 (.00 0.00 0.00 0.00 1.29 0.07 4.09 3.85 275 18.5
Carrots 318 in 6.33 8.29 5.46 0.00 0.00 0.87 0.48 1.92 3.04 259 359
Cantaloupces - Spring (.00 1.75 3.66 6.92 .89 1.0t 29.2
Cantaloupces - Fall . 1.41 5.28 6.58 4.95 .84 0.00 9.1
Cotton (upland and TIMA) 0.00 1.23 132 2.78 5.97 9.23 12.32 10.80 7.42 1.94 0.00 0.00 53.0
Honeydew 1.12 2.45 524 8.30 11.62 6.73 0.00 0.00 0.00 0.00 0.00 0.00 35.5
Watcimeloa 0.74 2.38 5.15 8.30 11.60 4.93 0.00 0.00 0.00 0.00 0.00 0.00 331
Onions 3.23 3.76 6.40 8.37 7.87 0.00 0.00 1.31 1.33 1.32 3.25 274 396
Onion Sced 3.23 3.76 6.39 8.40 11.46 B.34 0.00 1.74 1.14 4.83 3,66 2.90 55.9
Ryc - Pastured 321 374 6.36 6.70 0.00 0.00 0.00 0.00 © 124 5.45 393 2.89 335
Oats and Barley 3.08 4.10 6.93 6.71 1.38 0.00 0.00 0.00 6.00 0.00 1.22 0.66 24.1
Misc. Field Crops 1.10 1.87 6.94 9.78 6.17 0.00 0.00 0.00 0.00 0.00 (.00 0.00 259
Tomatoes 0.56 2.30 6.60 10.04 13.92 8.94 0.00 0.00 0.00 0.00 0.00 0.00 42,4
Potatoes 3.30 4.11 6.88 3.96 0.00 - 0.00 0.00 0.00 0.00 0.00 1.35 1.91 215
Broceoli 3.16 1.00 0.00 0.00 0.00 0.00 0.00 1.36 1.35 3.81 2.84 2.65 16.2
(Cabbage 3.6 3.70 2.51 0.00 0.00 0.00 0.00 4.00 0.14 3.92 275 2.50 18.7
Caulitlower 3.7 2.30 0.00 0.00 0.00 .00 0.00 1.36 321 3.94 3.08 2.76 19.8
Corn, Ear 0.81 2.58 6.48 9.73 11.71 0.00 0.00 0.00 0.00 0.00 0.00 0.52 31.8
Misc. Garden Crops {use peppers) 3.49 3.93 2.45 0.00 0.00 0.00 .00 0.29 1.30 3.12 3.02 3.05 - 206
Asparagas 1.49 1.74 2.96 6.03 18.09 11.23 11.37 9.39 6.85 3.72 1.54 134 68.7
Citrus 2.09 -2.43 4.14 5.50 .81 8.04 8.28 6.87 5.60 4.17 278 1.95 59.7
Duck Ponds 2.09 2.40 339 3.37 4.38 4.42 4.47 1.55 333 3.71 2.60 1.88 37.6
fojoba 1.49 176 373 5.09 701 7.18 7.26 6.00 4.89 3.64 232 1.40 519
Fish Farms 2.09 243 4,14 548 7.66 7.73 7.82 6.46 527 392 2.60 1.82 574
Peach Trees . 1.64 1.92 4.05 6.91 10.96 11.10 11.23 9.28 7.57 5.63 372 2.11 76.1
Perm. Pasture + Misc. 0.00 0.05 3.08 741 10.93 11.03 11.16 9.22 7.48 4.23 0.00 0.00 64.6
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Monthly ETc (inn) for 1991

Crop Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec Season
Alfalfa - winter - 1.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 3.63 196 9.0
Alfatfa 0.00 175 4.68 6.70 8.49 9.04 9.60 9.37 7.11 2.68 6.00 (.00 59.4
Alfalfa Seed 0.00 0.00 0.00 0.00 0.00 3.55 546 34t 0.00 .00 .00 G.00 124
Sudan 000 | 0.00 0.25 4.88 8.06 8.69 922 9.00 5.92 0.00 0.00 0.00 46.0
Wheat 1.28 2.7 5.49 8.00 4.56 000 - 000 0.00 0.00 0.00 0.00 i.15 232
Bermuda, spring (seed) 6.00 0.00 1.09 577 7.95 6.43 0.00 0.00 - 0.00 (.00 0.00 0.00 212
“ Bermuda, summer hay 0.00 Q.00 0.00 .00 0.00 3.04 9.52 9.66 7.30 481 0.00 0.00 343
Sugar Beezs 281 3.59 5.65 7.85 833 0.93 0.00 1.36 1.88 4.28 315 2.07 419
Lettuce - all 235 2.82 0.00 0.00 0.00 0.00 0.00 1.35 0.0 4.95 3.55 1.89 16.9
Carrots 2.46 3.4 4.94 6.89 0.92 0.00 0.00 1.35 0.0l 364 2.96 187 282
Camaloupes - Spring 0.00 1.69 2.82 5.78 .57 6.54 244
Cantaloupes - Fall 1.71 6.26 6.24 1.59 0.00 0.00 158
Cotion (upland and PIMA) 0.00 1.09 0.88 232 4.51 7.55 10.58 1476 6.21 0.79 0.00 0.00 44.7
Honeydew 1.03 2.06 4.07 7.00 8.8 5.39 0.00 0.00 0.00 0.00 0.00 0.00 284
[Watermelon 0.00 2.12 3.60 6.80 8.88 7.48 0.00 0.00 0.00 0.00 0.00 0.00 289
Onions 249 3.17 4.99 7.05 5.86 0.00 0.00 1.35 1.35 1.98 © 305 1.89 332
Onion Seed 248 317 4.98 7.14 8.74 6.2 1.30 1.38 1.54 4.97 354 1.98 474
Rye - Pastured 247 315 4.96 6.31 0.00 0.00 0.00 0.00 0.00 3.07 3.49 1.98 254
Oats and Barley 1.26 309 5.44 7.73 5.09 0.00 0.00 0.00 0.00 134 0.90 1.10 26.0
Misc. Field Crops 1.07 1.61 5.46 8.24 437 0.00 0.00 .00 0.00 0.00 0.00 0.00 20.8
Tomatoes 0.23 L.86 495 847 10.66 7.65 0.00 .00 0.00 .00 .00 0.00 33.8
Potatoes 2.36 341 545 4.61 0.00 0.00 0.00 .00 0.00 136 2.93 1.87 22.0
Broccolt 2.43 2.24 0.00 0.00 0.00 0.00 0.00 136 232 3.97 2.79 1.85 17.0
Cabbape 2.44 3.12 225 0.00 0.00 0.00 0.00 .00 2.97 4.00 2.91 1.87 19.6
Cauliflower 2.44 1.91 0.00 0.00 0.00 0.00 .00 1.36 1.17 2.62 2.59 1.86 13.9
Corn, Eur 0.79 211 4.49 8.20 10.38 2.57 0.00 0.00 0.00 0.00 0.00 1.24 29.8
Misc. Garden Crops (use peppers) 2.69 3.32 2.06 0.00 000 - 0.00 0.00 0.29 130 3.20 2.80 2.08 17.8
Asparagas [.15 1.47 231 4.87 8.46 9.07 9.62 9.39 6.44 3.81 142 ¢.92 58.9
Citrus 1.6!1 205 3.23 4.63 5.96 6.49 7.01 6.87 522 4.22 2.57 1.34 512
Duck Ponds 1.61 2.03 2.66 2.87 3.35 3.57 378 1.56 311 374 2.41 1.29 32.0
Jojoba 1.15 1.48 290 4.29 5.44 579 6.15 6.00 4.56 3.68 2.13 0.96 445
_ JFish Farms 1.601 205 323 4.63 5.85 6.24 6.62 6.46 4.91 3.97 241 1.25 492
Peach Trees 1.26 1.62 312 573 8.36 8.96 9.50 9.28 7.04 5.6% 3.44 1.47 65.5
Perm. Pastare + Misc. 0.00 0.00 2.32 6.13 8.35 8.90 9.45 9.22° 6,97 4.53 0.00 0.00 55.9
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Monthly ETe {in) for 1992

Crop Jan Teb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Alfulfz - winter 2.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 123 1.38 2.04 8.7
Alfalfa 0.04 2.00 428 6.70 827 9.83 10.03 9.42 7.23 2.70 0.00 0.00 60.5
Alfatfa Seed (.00 0.00 0.60 0.00 0.00 3.59 5.7% 3.59 0.00 0.00 0.00 .00 12.9
Sudan ' 0.00 0.00 0.74 521 7.95 944 - 943 9.05 6.34 0.00 0.00 0.00 48.4
Wheat 1.23 294 5.04 7.99 4.66 0.00 0.00 0.00 0.00 0.00 0.77 0.91 335
Bermuda, spring (seed}) 0.00 0.00 1.06 5.87 1.76 6.79 0.00 0.00 0.60 (.00 0.00 0.00 21.5
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 316 9.96 9.72 7.42 4.15 0.00 (.00 344
Sugar Beets 3.05 379 5.16 7.90 8.3t 1.95 0.00 1.67 2.68 3.83 3.06 223 436
Lectiuce - ali 2.53 1.29 0.00 0.00 0.00 0.00 0.00 1.31 0.05 3.63 3.34 .90 14.1
Carrots 267 132 4.51 6.17 0.00 0.00 0.00 1.29 0.07 2.12 2.68 1.90 24.7
Cantaloupes - Spring 0.91 1.71 3.2 5.99 7.06 348 22.4
(Cantaloupes - Fall 1.3% 4.18 6.12 4.32 0.29 0.00 163
Cotton (upland and PIMA) 0.00 1.16 0.83 2.34 4.57 8.52 11.26 10.65 5.72 0.00 6.00 0.00 451
Honeydew 1.67 2.30 408 7.01 8.62 4,34 0.00 0.00 0.00 6.00 0.00 0.00 28.0
Watermelon 1.05 2.20 3.89 7.01 8.57 3.00 0.00 0.00 0.00 0.00. .00 0.00. 257
Onions 2.49 335 4.56 7.06 6.43 0.00 0.00 1.35 1.35 1.58 2.87 1.99 332
Omnion Seed 2.89 3.35 4.56 7.13 8.32 4.60 1.36 1.36 3.06 4.47 3.38 2.07 46.3
Rye - Pastured 2.68 3.33 4.54 5.68 0.00 0.00 0.00 0.00 0.00 2.29 3.23 2.06 23.8
Qats and Barley 2.81 3.65 490 - 370 0.00 0.00 0.00 0.00 0.00 .12 0.69 0.86 17.7
Misc. Field Crops 1.09 1.77 5.00 8.28 5.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 213
Tomatoes 0.22 2.01 4.62 8.46 10.32 6.62 0.00 0.00 0.00 0.00 0.00 0.00 322
Potatoes 2.84 3.66 4.86 3.50 0.00 0.00 0.00 0.00 0.00 1.35 1.94 1.92 20.1
Broccoli 2.64 1.83 0.00 0.00 0.00 0.00 0.00 1.25 131 232 2.37 1.81 {35
Cabhage 2.65 3.22 0.23 0.00 0.00 0.00 0.00 0.60 2.02 3.4% 2.61 1.93 16.1
Cauliflower 2.65 1.74 0.00 0.00 0.00 0.00 6.00 1.35 1.36 3.33 2.43 1.84 147
Corn, Ear 1.42 2.68 5.08 8.20 6.89 0.00 0.00 0.00 0.00 0.00 0.060 0.00 243
Misc. Garden Crops (use pej  2.91 3148 1.66 0.00 0.00 0.00 0.00 0.29 1.30 2.69 2.62 2.18 17.1
Asparagas 1.25 1.55 2.11 496 8.24 9.85 10.05 9.44 6.60 342 1.41 096 59.8
Citrus 1.74 217 2.95 4.63 5.81 7.05 7.32 6.91 5.30 370 3241 1.44 51.4
Duck Ponds 1.74 213 242 2.85 3.26 3.87 3.95 1.65 3.15 3.26 2.26 1.34 319
Jajoba 1.25 1.57 2.607 4.28 5.30 6.30 6.42 6.04 4.63 3.23 2.02 1.03 44.7
Fish Farms ' 1.74 2.17 295 4.62 571 6.78 6.92 6.50 498 348 2.26 134 49.5
Peach Trees 1.37 1.71 2.86 51 8.15 9.73 9.93 9.33 7.16 5.00 3.23 1.57 65.8
Perm. Pasture + Misc. 0.00 0.00 2.14 6.20 8.15 9.68 9.87 9.28 7.08 3.94 0.00 0.00 56.3
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Monthly ETc (in) for 1993

Crop Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Allalfa - winter [.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.59 3.67 278 9.7
Alfalfa 0.00 1.89 559 6.75 9.16 10.56 10.60 1042 8.50 322 0.0 0.00 66.7
Alfalla Sced 0.00 0.00 0.00 0.00 0.00 3.86 6.04 4.15 0.00 0.00 0.00 0.00 14.0
Sudan 0.00 0.00 0.76 5.11 8.78 10.14 10.19 10.02 7.46 0.00 0.00 0.00 524
Wheat ' [.65 348 6.68 8.m 2.43 0.00 0.00 0.00 0.00 .00 1.10 1.25 246
Bermuda, spring (seed) 0.00 0.00 1.38 5.81 B.58 7.44 0.00 0.00 0.00 0.00 0.00 (.00 232
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.45 10.50 10.75 8.73 553 0.00 0.00 39.0
Sugar Bects 2.42 375 6.75 7.84 8.88 0.99 0.00 2.22 2.56 4.90 3.38 3.7 46.8
Lettuce - all 2.02 223 0.00 0.00 0.00 0.00 0.00 1.31 0.05 4.79 3.63 2.68 16.7
Carrots 2.12 3.28 5.91 6.32 0.00 0.00 0.00 §.35 0.01 3.65 2.97 2.64 282
Cantaloupes - Spring 0.00 1.65 3.37 5.81 B.15 6.79 25.8
Cantaloupes - Fall 1.40 5.08 7.38 4.39 0.00 0.00 18.2
Cotton (upland and PIMA]  0.00 1.27 135 2.38 5.13 8.88 11.64 12.02 8.12 1.91 0.00 0.80 527
Honeydew 0.00 21 425 6.79 9.58 9.04 0.00 0.00 0.00 0.00 (.00 0.00 31.8
Watermelon 0.00 2.10 4.37 6.92 9.58 5.41 0.00 0.00 0.00 0.00 0.00 0.00 284

Onions 2.14 3.31 5.96 7.00 4.67 0.00 0.00 1.36 1.36 2.54 114 272 4.2
Onion Seed 2.14 331 5.96 7.18 8.97 3.26 1.36 1.36 272 5.62 3.64 2.82 483
Ryc - Pastured 2.13 3.30 5.93 5.84 0.00 0.00 0.00 0.00 0.00 5.11 3.63 281 287
Oats and Barley 2.07 l.62 6.51 5.09 0.43 0.00 0.00 0.00 0.00 1.35 0.92 1.84 218
Misc. Field Crops 1.06 1.69 6.53 8.32 4.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 225
Tomatoes 0.15 1.98 6.05 8.52 11.35 6.51 0.00 0.00 0.00 .00 0.00 0.00 34.6
otatoes 224 362 6.40 R 0.00 0.00 0.00 0.00 0.00 1.33 1.47 2.61 21.6
Broceoli 2.1¢ 2.88 .00 0.00 0.00 0.00 0.00 1.36 1.49 4.42 2.72 258 175
Cabbage 211 3.19 0.24 0.00 0.0¢ 0.00 0.00 0.00 2.87 4.42 2.78 2.54 18.2
Cauliftlower 2n 317 0.12 0.00 0.00 0.00 0.87 1.51 3.62 4.45 2.94 2.67 21.4
Corn, Ear 1.18 1.30 4.50 7.96 11.21 6.59 0.60 0.00 0.00 0.00 0.66 066 34.1
Misc. Garden Crops (usey 2.32 3.45 2122 0.00 6.00 0.00 0.00 0.58 1.24 317 2.88 2.97 18.8
Asparagas 0.99 1.53 2.76 4.92 9.12 10.58 10.63 10.45 1.73 4.31 1.50 1.30 65.8
Citrus 1.39 2.15 3.86 4,66 6.44 7.57 7.74 7.64 6.23 475 2.60 201 57.0
Duck Ponds 1.39 2.11 3.16 2.89 3.61 4,16 4.18 2.04 3.04 4.16 Z.46 1.83 358
Jojoba 0.99 1.54 3.47 4.32 5.87 6.76 6.79 6.68 545 4.15 218 145 497
Fish Farms 1.39 2.15 3.86 4.66 6.32 7.28 7.32 7.19 5.86 4.47 2.44 1.88 54.8
Peach Trees 1.09 1.69 3.75 578 9.02 10.46 10.50 10.32 842 . 6.42 3.49 2.21 731
Perm. Pasture + Misc. 0.00 0.00 2.80 6.18 9.02 10.39 10.44 10.26 8.33 5.14 0.00 0.00 62.5
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Monthly ETc¢ (in) for 1994

Crop Jan eb =~ Mar Apr May Jun Jul Ang Sep Oct Nov Dec Season
Alfalfa - winter 2.39 0.00 0.00 .00 0.00 0.0¢ 0.00 0.00 0.00 1.45 3.88 1.99 9.7
Alfalfa 0.00 1.95 529 7.59 .45 10.82 11.43 10.21 853 3.35 0.00 0.00 68.6
Alfalfa Seed 0.00 0.00 0.00 0.00 0.00 4.00 6.52 5.54 0.00 0.00 0.00 0.00 16.1
Sudan ' 0.00 .00 0.94 5.78 9.07 10.40 10.98 9.81 8.19 0.97 0.00 0.00 56.1
Wheat 2.55 3.65 6.32 9.01 3.09 0.00 0.00 0.00 0.00 0.00 1.24 1.22 27.1
Bermuda, spring (sced) 0.00 0.00 1.28 6.52 8.87 7.71 0.00 0.00 0.00 0.00 0.00 0.00 24.4
Bermuda, summer hay 0.00 0.00 0.00 0.00 © 000 332 11.25 10.53 8,76 5.08 0.00 0.00 389
Sugar Beets 3.52 382 6.39 8.71 879 0.00 0.00 238 2.05 4.68 3.61 220 46.8
Lettuce - all 2.92 1.2% 0.00 0.00 0.00 0.00 0.00 1.19 G.17 3.90 3.85 1.91 152
Carrots 3.08 3.34 559 6.91 0.00 0.00 (.00 .13 0.22 1.98 3.10 1.87 27.2
Cantaloupes - Spring 1.40 1.77 4.1t 6.78 8.25 5.79 ) 28.1
Cantaloupes - Fall 1.37 . 4.52 127 5.19 025 0.00 18.6
Cotton {upland and PIMA) 0.00 1.32 1.56 - 277 561 9.44 12.70 11.76 1.96 1.83 0.00 0.00 54.9
Honeydew 167 2.25 4.83 7.94 9.89 8.50 4.00 0.00 0.00 .00 0.00 0.00 35.1
Watermelon 1.84 227 4.89 7.94 9.89 8.84 0.00 0.00 0.00 .00 0.00 0.00 337
Onilons . : 341 338 3.64 7.93 6.28 0.00 0.00 1.36 1.35 2.00 33 1.94 36.3
Onion Seed 310 3.37 5.64 808 9.60 6.17 0.00 1.36 1.36 5.16 3.66 2.02 49.5
Rye - Pasturcd 3.09 3.36 5.62 8.04 1.62 0.00 0.00 0.00 0.67 543 391 2.0l 33.7
Oats and Barley 3.35 -3.68 5.26 1.47 0.00 0.00 Q.00 0.00 .00 1.18 0.79 0.84 16.6
Misc. Field Crops 1.10 1.82 6.23 933 5.23 0.00 0.00 0.00 .00 0.00 0.00 0.00 237
Tomatoes 1.04 2.43 6.26 9.58 11.80 8.78 0.00 0.00 0.00 0.00 0.00 0.00 39.9
Potatoes 3.18 3.69 6.08 4.84 0.00 0.00 0.00 0.00 4.00 0.00 1.35 1.69 20.8
" |Broceoli 3.04 132 Q.00 0.00 0.00 0.00 0.00 1.36 1.49 4.20 2.86 1.83 17.1
Cabbage 3.06 3.32 2.43 0.00 0.00 0.00 0.00 0.00 0.14 4.20 219 1.76 17.7
Cauliflower 3.06 2.87 0.00 0.00 0.00 0.00 0.00 1.13 1.35 2.83 283 1.87 159
Corn, Ear 223 2.86 6.27 9.29 11.57 3.86 Q.60 0.00 0.00 0.00 0.00 1.25 373
Misc. Garden Crops {usc peppers) 3.36 3.50 1.85 0.00 0.00 0.00 0.00 0.29 1.30 2.96 3.03 2.1t 18.4
Asparagas 1.44 1.56 2.62 5.60 9.44 10.85 11.46 10.23 7.70 4.02 1.53 0.93 67.4
Citrus 2.01 2.19 3.65 5.24 6.64 7.76 8.35 7.49 6.25 4.47 2.77 1.35 58.2
Duck Ponds 2.01 2.15 299 3.26 373 4.27 4.51 1.77 3.73 3.98 2.60 1.31 36.3
Fajoha 1.44 1.58 3.30 486 . 606 6.93 7.32 6.54 5.46 3.90 231 0.98 50.7
Fish Farms 2.01 2.19 3.65 5.24 6.52 740 7.89 7.04 _5.88 4.20 2.60 1.26 56.0
Peach Trees 1.58 1.73 3.55 6.48 9.31 10.72 11.32 10.11 8.44 6.04 mn 1.51 74.5
Perm. Pasture + Misc. 0.00 0.00 2.66 6.93 9.31 10.65 11.26 10.05 8.36 4.79 0.00 0.00 64.0
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Monthly ETe {in) for 1995

Crop Jan Feb Mar Apr May Jun Jul Aup Sep Oct Noy Dec Season
Alfalfa - winter 1.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.49 3.50 2.49 G.5
Alfaifa 0.00 2.06 5.76 8.43 9.82 11.18 i0.78 10.20 5.88 314 .00 - Q.00 70.3
Alfalfa Seed 0.00 0.00 0.00 0.00 0.00 4,15 6.15 5.16 0.00 0.00 .00 0.00 15.5
Sudan 0.00 0.00 0.00 2.59 7.97 10.74 10.36 9.80 8.29 0.00 0.00 0.00 49.7
Wheat 2.26 4.10 6.87 9.74 1.73 0.00 0.00 0.60 0.00 0.00 .18 .30 272
Bermuda, spring {seed; 0.00 0.00 1.50 7.23 9.20 7.83 0.0G 0.00 0.00 .00 0.0G .00 238
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 340 10.66 10.52 9.12 5.25 0.00 0.00 39.0
Sugar Beets 2.90 4.23 6.95 9.62 B.64 0.00 0.00 1.67 3.27 4.04 316 272 47.8
Lettuce - all 242 2.69 0.00 0.00 0.00 0.00 0.00 0.35 1.00 3.05 3.45 2.39 154
Carrots 253 3.7 6.03 3.54 0.00 0.00 0.00 1.25 0.10 2,52 2.80 2.38 249
Cantaloupes - Spring 0.50 1.95 3.94 7.49 8.66 5.15 27.7
Cantaloupes - Fall 1.36 2.4 5.78 537 2.58 0.00 17.2
Cotton {upland and PIMA) 0.00 1.32 1.63 3.08 5.5 9.68 11.98 11.76 8.29 1.9G 0.00 0.00 55.4
Honeydew 0.92 243 5.04 8.80 10.27 6.50 0.00 0.00 0.00 0.00 0.00 0.00 340
Watermelon 1.23 2.45 5.25 8.82 10.24 5.13 0.00 0.00 0.00 0.00 0.00 0.0 331
(Ontons 2,56 3.74 6.14 8.71 5.00 0.00 0.00 1.36 .35 2.08 2.95 2.42 36.3
Onion Seed 2.56 373 6.14 8.97 10.01 6.34 1.35 1.36 2.99 530 346 2.53 54.8
Rye - Pastured 2.55 3.72 6.11 5.9 0.00 0.00 0.00 0.00 1.05 5.86 3.53 2.52 311
Oats and Barley 2.49 4.08 6.70 6.13 0.40 0.00 0.00 0.00 0.00 1.18 071 1.08 22.8
Misc. Field Crops 1.07 1.90 6.78 1034 5.18 0.00 0.00 0.00 0.60 0.00 0.00 0.00 253
Tomatoes 0.49 2.31 6.37 10.64 12.38 11.75 0.00 .00 0.60 0.00 0.00 0.00 43.9
Potatoes 244 4.03 6.67 4.66 0.00 0.00 0.00 0.00 0.00 .28 1.2% 2.25 225
Broccoli 2.51 2.90 0.00 0.00 0.00 0.00 0.00 .35 1.35 3.45 2.54 2.32 10.4
Cabbage 2.52 3.66 1.24 0.00 0.00 0.00 0.00 0.00 0.14 4.23 2.50 2.23 16.3
Cauliflower 2.50 0.84 0.00 0.00 0.00 0.00 0.00 1.36 2.29 4.23 2.78 2.44 16.5
Corn, Ear .44 2.74 6.47 10.32 12.01 6.84  0.00 0.00 0.00 0.00 0.00 0.96 40.8
Misc. Garden Crops {use pep 2.1 3.91 2.16 0.00 6.00 0.00 0.00 0.29 1.30 313 2.71 2.66 18.9
Asparagas 1.18 1.73 2.85 6.26 9.7% 11.21 10.81 [0.23 7.95 4.06 1.36 1.17 68.6
Citrus 1.66 2.42 3.98 5.82 6.90 3.02 7.87 7.48 6.51 4.49 248 1.65 363
Cuck Ponds L.66 2.38 321 359 3.87 4.41 4.25 1.87 395 4.00 2.33 1.64 37.1
Jojoba 1.18 1.74 3.59 5.40 6.29 7.16 6.91 6.54 5.69 3.93 2.07 I.19 517
Fish Farms 1.66 242 3.98 5.82 6.77 7.71 7.44 7.04 6.13 423 233 1.54 57.0
Peach Trecs 1.30 1.91 3.88 7.22 9.67 11.07 10.68 10.1¢ 8.79 6.07 3.33 1.83 75.8
Perm. Pasture + Misc. 0.00 0.00 2.93 7.70 9.67 11.01 10.61 10.04 8.70 4.99 0.00 0.00 65.0
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Monthly ETe (in) for 1996

Crop Jan I'eh Mar Apr May Jun Jul Aug sep Oct Nov Dec Seuson
Alfalfa - winter 2.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.69 3.95 2.92 11.2
Alfalfa ’ 0.00 2.08 6.04 8.26 11.65 11.37 11.02 11.4¢ 845 3.18 0.00 0.00 734
Alfalfa Seed 0.00 0.00 0.00 0.00 0.00 4.07 6.29 5.57 0.00 0.00 0.00 0.00 15.9
Sudan .00 0.00 0.00 0.00 5.13 9.88 10.59 i0.95 8.08 0.00 0.00 .00 44.6
Wheat 271 4.00 7.20 9.77 3.65 0.00 0.00 €¢.00 0.00 0.00 0.48 £.02 28.8
Bermuda, spring (seed) 0.00 (.00 1.49 7.10 10.94 8.22 (.00 0.00 ¢.00 0.00 0.00 0.00 277
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.53 10.94 11.76 5.08 5.599 0.00 0.60 40.5
Sugar Beets 3.65 4.17 7.29 9.63 11.44 i.11 0.00 1.67 2.80 4.98 3.54 3.3 53.5
Lettuce - all 3.04 2.12 0.00 0.00 .00 0.00 0.00 0.71 (.65 37N 3.90 2.79 16.9
Carrots 3.19 3.04 6.30 2.93 0.00 0.00 0.00 1.03 0.33 2.30 315 2.15 25.6
Cantaloupes - Spring 1.58 1.99 4.96 7.38 9.89 421 30.0
Cantaloupes - Fall 1.36 0.93 7.36 5.41 0.00 0.00 211
Cotton {upland and PIMA|  0.28 1.06 2.08 3.16 7.19 10.08 1233 13.14 8.7 2.42 0.00 0.00 59.9
Honeydew 1.22 2.40 5.29 8.61 12.19 9.85 0.00 0.00 0.00 0.00 0.00 0.00 © 39.6
Walermclon 1.86 2.50 37 8.64 12.19 6.92 0.00 0.00 0.00 0.00 0.00 0.40 37.8
Onions 3.22 3.68 6.44 8.67 8.05 (.00 0.00 1.35 1.35 2.29 3.34 2.81 41.8
Onion Seed 3.22 3.68 6.43 8.78 11.38 2.87 1.35 1.36 227 5.73 3.87 2.96 539
Rye - Pastured 3.20 3.66 6.40 3.10 0.0 0.00 0.00 0.00 1.49 6.33 4.00 2.94 311
Oats and Barley 313 4.01 7.02 6.16 0.50 0.00 0.00 0.00 0.00 1.35 1.04 1.49 24.7
Misc. Field Crops 1.05 1.89 7.03 10.21 7.31 0.00 .00 0.00 0.00 0.00 0.00 0.00 275
Tomatoes 0.66 2.47 7.08 10.43 14.23 5.83 0.00 0.00 0.00 0.00 0.00 0.00 40.7
Potatoes 329 4.02 6.68 2.55 .00 0.00 0.00 0.00 0.00 1.29 1.22 2.60 21.7
{IBroccoli 316 1.83 0.00 0.00 0.00 0.00 0.00 1.35 1.35 393 2.86 2.68 17.1
Cabbage 3.17 359 1.03 0.00 0.00 0.00 0.00 0.00 0.84 4.55 2.96 2.70 18.8
Cauliflower 3.14 0.45 0.00 0.00 .00 0.00 0.00 1.13 1.35 317 2.78 2.58 14.6
Corn, Ear 0.95 2.41 5.84 10.04 14.25 12.54 .00 0.00 0.00 0.00 .00 0.35 46.4
Misc. Garden Crops (use 3.49 3.84 2.45 0.00 0.00 0.00 0.00 0.29 1.30 3.43 3.08 310 21.0
Asparagas 1.49 170 298 5.99 11.61 11.40 11.05 11.42 7.74 4.43 1.62 1.37 72.8
Citrus 2.09 2.38 4.17 5.70 g.18 8.15 8.05 8.36 6.20 4.84 2.81 2.05 03.0
Duck Ponds 2.09 2.35 341 3.54 4.59 4.48 4.35 2.05 3.67 4.30 2.63 1.92 394
Jajoba 1.49 1.72 376 5.29 7.46 7.29 7.06 7.30 5.41 4.22 2.35 1.49 54.8
Fish Farms 2.09 2.38 4.17 5.70 8.04 7.85 7.60 7.86 5.83 4.55 2.63 1.91 60.6
Poach Trees 1.64 1.88 4.05 7.06 11.48 11.26 10.92 11.29 §.37 6.53 3.76 2.28 80.5
Perm. Pasture + Misc, 0.00 0.00 3.04 7.54 11.47 11.20 10.85 11.22 8.28 5.31 0.00 0.00 68.9
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Monthly ETe (in) for 1997

Crop Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Alfalfa - winter 2.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.58 3.23 2.59 9.8
Alfalfa 0.00 2.35 6.08 7.52 9.96 11.59 10.89 10.30 7.10 3.11 0.00 0.00 68.9
Allatfa Sced 0.00 0.00 0.00 0.06 0.00 4.23 6.21 483 0.00 .00 0.00 0.00 5.3
Sudun 0.00 0.00 0.00 0.60 6.94 10.90 10.46 9.89 6.82 0.97 0.00 0.00 46.0
Wheat 2.56 4.44 7.25 8.95 3.58 G.00 0.00 0.00 0.00 0.00 1.28 }.69 29.8
Bermuda, spring (seed) 0.00 0.00 1.51 6.55 934 8.09 0.00 0.00 0.00 0.00 0.00 0.00 25.5
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.83 10.77 10.62 7.30 526 0.00 0.00 37.8
Sugar Beets 3.60 472 7.34 8.84 9.99 2.64 0.00 i.67 2.30 4.56 2.85 2,79 514
Lettuce - all 3.006 293 0.00 0.00 0.00 0.00 0.00 1.25 G.11 4.17 3.16 2.49 17.2
Carrots 3.20 4.13 6.33 1.85 0.00 0.00 0.00 1.29 0.07 2.60 2.57 247 24.5
Cantuloupes - Spring 1.21 2.15 4.73 6.72 845 31.87 27.1
Cantaloupes - Fall 1.38 4.49 6.00 5.27 0.48 0.00 17.6
Cotton (upland and PIMA) 0.00 1.32 1.80 2.86 6.29 10.78 12.41 11.57 5.62 0.10 0.00 0.00 52.8
Honeydew 0.93 2,71 3.46 7.87 10.29 321 0.00 0.00 0.00 0.00 0.00 0.00 30.5
Watermelon 1.24 271 5.30 7.85 10.42 8.49 0.00 0.00 0.00 0.00 0.00 0.00 36.0
Onions 323 4.17 6.48 7.91 7.42 0.00 0.00 1.36 1.35 218 2.70 2.52 393
Onion Seed 3.23 4:16 6.47 8.01 10.14 6.60 1.36 1.36 2.28 5.27 313 2.63 54.6
Rye - Pastured 3.21 4.15 6.45 3.88 0.00 0.00 0.00 0.00 0.00 2.33 3.04 2.63 257
Oats and Barley 3.23 4.55 7.07 691 2.09 0.00 0.00 0.00 0.00 11z 0.63 1.16 26.8
Misc. Field Crops 1.12 2.10 7.10 9.28 5.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 252
Tomatocs 0.53 2.56 6.74 9.50 12.46 8.81 0.00 0.00 0.00 0.00 0.00 0.00 40.6
Potaloes 3.26 4.56 7.01 4.36 0.60 0.00 0.00 aoo - 091 1.22 2.35 2.50 26.2
Broccoli 3.17 2.88 0.00 0.00 0.00 0.00 0.00 1.35 1.35 3.60 2.27 2.32 169
Cabbage 3.18 3.59 0.00 0.00 0.00 0.60 0.00 0.00 1.02 4.17 2.41 2.41 16.8
Cauliflower - 3.18 2.89 0.00 0.00 0.00 0.00 0.00 1.31 1.36 3.24 227 233 16.6
Corn, Ear 0.95 2.57 5.19 8.90 12.19 14.15 [.72 0.00 0.00 0.00 0.00 1.21 469
Misc. Garden Crops (use pel  3.50 4.35 2.41 0.00 0.00 0.00 0.00 0.58 1.24 3.00 2.49 2.77 203
Asparagas 1.49 193 3.00 5.56 9.93 11.62 10.91 10.32 645 4.04 1.36 1.22 67.8
Citrus 2.09 2.70 4.20 5.20 7.00 8.31 7.95 7.55 5.21 4.44 2.34 1.80 58.9
Duck Ponds 2.09 2.66 3.43 320 393 4.57 4,29 1.85 3.07 393 2.14 1.70 36.9
Jojoba (1) 1.49 . 1.%4 3.77 4.82 6.38 743 6.97 6.60 4,55 3.88 1.96 1.37 S1.2
Fish Farms 2.09 2.70 4.20 5.19 6.87 £.00 7.51 7.10 4.90 418 2.i9 1.77 56.7
’Peach Trees 1.64 2.13 4.08 6.47 9.82 11.48 10.78 10.20 7.03 6.00 313 2.09 74.9
Perm, Pasture + Mise. 0.00 0.00 3.06 6.94 9.81 11.41 10.72 10.14 6.96 5.02 0.00 0.00 64.1
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APPENDIX 6G

| Mdnthly Potential NIR (inches) for the Crops Grown in

Imperial Irrigation District (1990-1997)




Monthly NIR (in) for 1990

Crop Jan el Mar Apr May Jun Jul Aug Sep Oct Noy Dec Seasen
Alfalfa - winter 243 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.33 3.87 2.86 10.5
Alfalfa 0.00 2.08 5.99 7.94 {1.01 11.19 11.33 §.83 7.38 2.54 0.00 0.00 68.3
Alfalfa Seed 0.00 0.00 0.00 0.00 0.00 4.28 6.47 4.64 0.00 0.00 0.00 6.00 154
Sudan 0.00 0.00 0.00 541 10.29 10.77 110,90 8.48 7.09 0.69 0.00 .00 330
Wheat 1.32 311 6.98 9.48 6.05 (.00 0.00 0.00 0.00 0.00 0.00 1.12 28.1
Bermuda, spring (seed) 0.60 0.00 1.47 6.95 10.33 7.96 0.00 0.00 0.0 (100 0.00 .00 26.7
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.50 11.21 9.13 7.59 4.40 (.00 0.00 359
Sugar Beels 3.64 4.24 7.24 8.96 9.07 0.00 0.00 .02 2.09 4.05 340 3.06 46.8
Lettuce - all 3.05 3.34 0.00 0.00 0.00 0.00 0.00 0.93 0.00 388 3.85 2.75 17.8
Carrols 3.17 371 6.33 8.29 5.40 0.00 0.00 0.55 .32 1.74 3.04 2.59 35.1
Cantaloupes - $pring 0.0 1.74 3.66 6.92 9.81 7.01 29.1
Cantatoupes - Fall ’ 1.41 4 86 6.35 4.73 0.84 0.00 18.2
Cotton (upland and PIMA) 0.00 122 1.32 278 5.90 9.23 12.32 10.26 7.17 1.75 0.00 0.00 52.0
Honeydew 111 243 5.24 8.30 11.53 6.73 0.00 0.00 0.00 0.00 0.00 0.00 353
Watermeion 0.73 237 5.15 8.30 11.52 4.93 0.00 0.00 Q.00 0.00 0.00 0.00 330
Onions 322 375 6.40 8.37 7.80 0.00 0.00 0.98 1.15 1.14 3.25 274 KERY
Onion Seed 321 374 6.39 8.46 11.38 8.34 0.00 140 0.97 4.6} 3.66 290 55.1
Rye - Pastured 320 373 6.36 670 0.00 0.00 0.00 0.00 1.06 5.22 3.93 2.89 331
Oats and Barley 3.67 4.09 .98 6.71 1.33 0.00 0.00 0.00 0.00 0.00 1.22 0.66 241
Misc. Field Crops 1.09 1.86 6.94 9.78 6.10 0.00 0.00 0.00 0.00 0.00 0.00 040 258
Tomatoes 0.55 2.29 6.60 10.04 13.82 8.94 0.00 0.00 0.0 0.00 0.00 0.00 422
Potatoes 3.28 4.10 6.88 3.96 0.00 0.00 0.00 0.00 0.00 0.00 1.35 1.91 215
Broceoli 3.14 0.99 0.00 0.00 0.00 0.00 0.00 1.02 1.18 3.61 2.84 2.65 154
Cabbage 3.15 3.69 2.51 0.00 0.00 0.00 0.00 0.00 0.00 372 2758 2.50 183
Cauliflower 316 228 - 0.00 0.00 0.00 0.00 0.00 1.02 3.01 374 3.08 276 19.1
Corn, Ear 0.80 2.57 6.48 9.73 11.63 0.00 0.00 (.00 .00 0.00 0.00 052 317
Misc. Garden Crops (use peppers) 3.48 392 245 0.00 0.00 0.00 0.00 0.00 1.12 292 302 3.05 20.0
Asparagas 1.48 1.73 2.96 6.03 11.01 11.23 11.37 8.86 6.61 3.51 1.54 1.34 67.7
Citrus 2.08 242 4.14 3.50 7.74 8.04 3.28 6.41 5.38 3.96 2.78 1.95 587
Duck Ponels 2.08 2.39 3.39 3.37 4.32 4.42 4.47 1.21 3.14 K 2.60 1.68 36.8
Jojoba 1.48 1.74 3.93 5.09 7.05 7.18 7.26 5.56 4.68 3.44 2.32 1.40 509
Fish Farms 2.08 2.42 4.14 5.48 7.59 7.73 7.82 6.0t 5.05 3.72 2.60 1.82 56.5
Peach Trees 1.63 1.91 4.05 6.91 10.87 11.10 11.23 8.75 7.32 5.41 372 2.11 75.0
Perm. Pasture + Misc. 0.00 0.04 3.08 7.41 10.85 11.03 11.16 £.70 7.23 4.02 0.00 0.00 63.5
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Monthly NIR (in) for 1991

Crop Jan Feh Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Alfalfa - winter 1.50 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 1.54 3.65 1.96 8.6
Alfalfa 0.00 1.43 4.16 6.70 8.49 9.04 9.60 9.37 6.97 2.68 0.00 0.0¢ 58.4
Alfalfa Seed 0.00 .00 0.00 C.00 0.00 3.55 5.46 341 0.00 .06 0.0¢ 0.00 124
Sudan 0.00 .00 0.00 4.88 8.06 B.69 9.22 9.00 5.78 0.00 0.00 0.00 45.6
Wheat 0.91 2.38 495 8.00 4.56 0.00 0.00 0.00 0.00 0.00 0.00 115 219
Bermuda, spring (seed) 0.00 0.00 .67 577 7.95 6.43 0.00 0.00 .00 0.00 0.060 0.00 20.8
Bermuda, swnmer hay 0.00 0.00 .00 0.00 0.00 3.04 9.52 9.66 7.15 4.81 0.00 000 | 342
Sugar Beets 241 3.24 5.11 7.85 8.33 0.93 0.00 1.36 1.77 4.28 315 247 40.5
[eltuce - all 196 249 0.00 0.00 0.00 0.00 0.00 .35 0.00 493 3.55 1.89 16.2
Carrots 2.00 2.80 4.42 6.89 0.92 0.00 0.00 1.35 0.00 364 2.96 1.87 20.9
Cantalaupes - Spring 0.00 1.38 2.36 578 1.57 6.54 236
Cantaloupes - Fall 171 6.20 6.10 1.59 0.00 0.00 157
Cotton (upland and PIMA) 0.00 0.79 0.46 232 4.51 7.55 10.58 10.76 6.07 0.79 0.00 0.00 3.8
Honeydew 0.67 1.74 3.57 7.00 8.88 3.39 0.00 0.00 0.00 0.00 0.60 0.00 273
Watermelon 0.00 1.80 312 6.80 8.88 7.48 0.00 0.00 0.00 0.00 0.00 0.00 28.1
Chions 2.09 2.83 4.47 7.05 5.86 0.00 0.00 1.35 1.24 1.98 3.05 1.89 318
Onion Seed 2.09 2.83 4.46 7.14 8.74 6.21 1.30 . 1.38 1.43 4.97 3.54 1.98 46.1
Rye - Pastured i 2.08 2.82 4.44 6.31 0.00 0.00 0.00 0.00 0.00 3.07 349 1.98 24.2
Cats and Bartey : 0.90 2.85 4.91 7.73 5.09 0.00 0.00 0.00 0.00 1.34 (.90 1.10 24.8
Misc. Field Crops 0.71 1.30 4.92 824 4.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.5
Tomatoes 0.00 1.55 4.43 8.47 10.66 7.65 0.00 0.00 0.00 0.00 0.00 0.00 32.8
Potatoes 1.97 3.407 4.91 4.61 0.60 ©0.00 0.00 0.00 0.060 1.36 293 1.87 207
Broceoli 2.04 1.92 0.00 0.00 0.00 .00 0.00 1.36 221 3.97 279 1.85% 16.1
Cabbage . 2.05 2.79 1.81 0.00 0.00 0.00 0.00 0.00 2.85 4.00 2.9] 1.87 18.3
Cauliflower 2.03 1.59 0.00 0.00 .00 0.00 0.00 1.36 1.06 2.62 2.59 1.86 13.]
Corn, Ear 0.43 1.80 3.98 8.20 10.38 2.57 (.00 0.00 0.00 0.00 0.00 1.24 28.6
Misc. Garden Crops {use peppers) 229 2.98 1.61 0.00 0.00 0.00 0.00 0.29 1.19 3.20 2.86 2.08 16.5
Asparagas 0.78 1.16 1.86 4.87 8.46 9.07 2.62 9.39 6.30 3.81 1.42 0.92 57.6
Citrus 1.23 1.74 2.76 4.63 596 6.49 7.01 6.87 5.08 4.22 2.57 1.34 499
Duck Ponds 1.23 1.71 220 2.87 335 357 378 1.56 2.99 374 2.41 1.29 307
Tojoha 0.78 1.17 244 4.29 5.44 579 6.15 6.00 4.43 3.68 2.13 0.96 433
[ish Farms 1.23 1.74 2.76 463 . 585 6.24 6.62 6.46 4.78 397 2.41 1.25 47.9
Peach Trees 0.90 1.31 265 5.73 8.36 8.96 9.50 9.28 6.90 5.69 3.44 1.47 642
Perm. Pasture + Misc. 0.00 0.00 1.87 6.13 8.35 8.90 945 9.22 6.82 4.53 0.00 0.00 553
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Monthly NIR {in) for 1992

Crop Jan Fch Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Alfaifa - winter 1.72 0.00 0.00 0.06 0.00 0.00 .00 0.00 0.00 0.90 3138 2.04 8.1
“lAlfakia 0.00 1.34 2.7 6.58 8.11 9.83 10,03 9.42 7.23 241 0.00 0.00 57.6
Allalfa Sced 6.00 0.00 0.00 0.00 0.00 3.59 571 3.59 0.00 0.00 0.00 0.00 12.9
Sudan (.00 0.00 - 0.00 5.10 7.78 9.44 0.63 9.05 6.34 .00 0.00 0.00 474
Wheat 0.87 2.24 336 7.86 4.53 0.00 0.00 0.00 0.00 000 .77 0.91 20.5
Bermuda, spring (sced) 0.00 0.00 0.00 5.75 7.60 6.79 0.00 0.00 0.00 0.0¢ 0.00 0.00 20.1
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.i6 9.96 9.72 7.42 3.83 0.00 0.00 4.1
Sugar Beets 2.64 3.06 347 1.77 8.14 1.95 0.00 1.67 2.68 3.52 3.06 2.23 40.2
Lettuce - all 213 0.65 0.00 0.00 0.00 0.00 0.00 1.31 0.05 332 3.34 1.86 12.8
Cazrots 2.27 2.60 2.88 6.05 0.00 0.00 0.00 1.29 0.07 1.84 2.68 1.60 21.6
Cantaloupes - Spring . 055 1.06 1.69 5.87 .90 348 19.6
Cantaloupes - Fall 1.38 4.18 6.12 4.01 0.29 0.00 16.0
Cotton (upland and PIMA) 0.00 0.52 0.00 2.24 4.43 8.52 11.26 10.65 5.72 0.00 0.00 0.00 434
Honeydew 1.29 1.62 2.49 . 6.89 845 4.34 0.00 0.00 0.00 0.00 0.00 0.00 - 25.1
Watermelon 0.69 1.52 2.3t 6.89 8.41 3.00 0.00 0.00 0.00 0.00 0.00 0.00 22.8
Onions 2.29 2.63 292 6.93 6.28 0.00 0.00 1.35 1.35 1.31 2.87 1.99 29.9
Onion Secd 229 2.63 2.92 7.01 8.15 4.60 1.36 1.36 3.06 4.15 3.38 207 43.0
Rye - Pastured 2.28 2.62 2.90 5.56 0.00 0.00 0.00 0.00 3.00 2.00 3.23 2.06 20.7
Oats and Barley 241 2.93 3.23 3.59 0.00 0.00 0.00 0.00 0.00 0.86 0.69 0.86 14.6
Misc. Field Crops 0.73 1.11 332 8.14 5.01 0.00 0.00 0.00 0.00 0.00 0.00 0.06 18.3
Tomatoes 0.00 1.34 2.97 832 10.13 6.62 0.00 0.00 0.00 0.00 G.00 0.00 204
Potatoes 2.44 293 319 339 0.00 0.00 0.00 0.00 0.00 1.08 1.94 1.92 16.9
Broccoli 2.24 1.17 0.00 0.00 0.00 0.00 0.00 1.25 1.31 2.04 237 1.81 12.2
Cabbage 2.26 2.51 0.00 0.00 0.00 (.00 0.00 6.00 2.02 3.18 2.61 1.93 14.5
Cauliflower 225 1.08 0.00 0.00 0.00 0.00 0.00 1.35 1.36 3.03 2.43 1.84 13.3
Corn, Ear 1.05 1.99 3.40 8.07 6.74 0.00 0.00 0.00 0.00 0.00 0.00 0.00 212
Misc. Garden Crops (use pe 2.51 2.76 0.27 0.00 0.00 0.00 0.00 0.29 1.30 2.40 2.62 2.18 14.3
Asparagas 0.88 0.90 0.68 4.84 8.08 9.85 10.05 9.44 6.60 K 141 096 | 5638
Citrus 1.37 1.50 .46 4.52 5.67 7.05 7.32 6.91 5.36 339 241 1.44 483
Duck Ponds 1.37 .46 0.96 2.75 314 3.87 3.95 1.65 3.15 2.96 2.26 .34 289
Jojoba . 0.88 0.92 1.19 4.18 5.16 6.30 6.42 6.04 4.63 2.93 2.02 1.03 41.7
Fish Farms 1.37 . 150 1.46 451 5.56 6.78 6.92 6.50 498 3.18 2.26 1.34 46.4
Peach Trees 1.00 1.06 1.37 5.65 7.99 9.73 9.93 9.33 7.16 4.67 3.23 i.57 62.7
Perm. Pasture + Misc. 0.60 0.00 0.71 6.08 7.98 9.68 9.87 9.28 7.08 3.63 0.00 0.00 543 -
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Menthly NIR (in) for 1993

Crop Jan Feh Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Alfalfa - winter 0.00 .60 0.00 0.00 0.00 .00 0.00 0.00 0.00 1.59 3.21 278 7.6
Alfalfa 0.00 1.17 5.52 6.75 9.16 13.56 10.60 10.42 8.50 3.22 0.00 0.00 65.9
Alfaifa Seed 0.00 0.00 .00 0.00 0.00 3.86 6.04 4.15 0.00 0.00 0.00 0.00 14.0
Sudan 0.00 0.00 0.70 5.0 8.78 10,14 [0.19 10.02 T1.46 0.00 0.00 0.00 52.4
Wheat 0.00 2.69 6.59 8.01 2.43 0.00 0.00 0.00 0.00 0.00 0.70 1.25 21.7
Bermuda, spring (seed) 0.00 0.00 1.32 5.81 8.58 7.44 0.00 0.00 0.00 0.00 0.00 0.00 23.1
Bermuda, swminer hay 0.00 0.00 0.00 0.00 0.00 345 10.50 10.75 8.73 5.53 0.0¢ 0.00 39.0
Sugar Beets 0.20 2.96 6.67 7.84 8.88 099 0.00 2.22 2.56 4.90 2.94 3.07 433
Lettuce - all 0.00 1.50 0.00 0.00 0.00 0.00 .00 1.31 0.05 479 3.8 2.68 13.5
Carrols 0.04 2.51 5.82 6.32 0.00 0.00 0.00 1.35 0.01 3.65 2.54 1.64 249
Cantaloupes - Spring 0.00 0.94 3.30 5.81 8.15 6.79 250
Cantaloupes - Fall .40 5.08 7.38 4.39 0.00 0.00 18.2
Cotton (upland and PIMA]  0.00 0.57 1.29 2.38 5.13 8.88 11.64 12.02 8.12 1.91 0.00 0.00 51.9
Honeydew 0.00 1.38 4.18 6.79 9.58 9.04 0.00 0.00 0.00 0.00 0.00 0.00 310
Watermelon 6.00 1.38 4.30 6.92 9.58 541 0.00 0.00 6.00 0.00 0.00 0.00 27.6
Onions 0.05 2.54 5.88 7.00 4.67 0.00 .00 1.36 1.36 2.54 270 272 30.8
Onion Seed 0.65 2.53 5.88 7.18 8.97 3.26 1.36 1.36 2,72 5.62 319 2.82 44.9
Rye - Pastured 0.04 2.52 5.85 5.84 0.00 0.00 000  0.00 0.00 5.1 317 2.41 253
Oats and Bacley 0.00 . 283 6.42 5.09 0.43 0.00 0.00 0.00 0.00 1.35 0.53 1.84 18.5
Misc. Field Crops 0.00 0.93 6.44 8.32 4.89 0.00 0.60 0.00 0.00 0.00 0.00 0.00 20.6
[Tomatoes 0.00 1.26 5.97 8.52 11.35 6.51 0.00 0.00 0.00 0.00 0.00 0.00 33.6
Potatoes 0.14 2.83 6.32 3.91 .00 6.00 0.00 0.00 0.00 1.33 1.07 2.61 18.2
Broceoli 0.02 2.12 0.00 0.00 0.00 0.00 0.00 1.36 1.49 4.42 2.29 2.58 14.3
Cabbage 0.03 2.41 a.19 0.00 0.00 0.00 0.00 0.00 2.87 4.42 2.35 2.54 14.8
Cauliflower 0.02 2.40 0.06 0.00 0.00 0.00 0.87 1.51 1.62 4.45 2.50 2.67 18.1
Corn, Ear 0.00 0.60 4.42 7.96 11.21 6.59 0.00 0.00 0.00 0.00 0.28 0.66 31.7
Misc. Garden Crops (usep  0.21 267 215 0.00 0.00 0.00 0.00 0.58 1.24 317 2.45 2.97 154
Asparagas 0.00 0.83 2.69 4.92 9.12 10.58 10.63 13.45 .73 4.31 1,09 1.30 63.7
Citrus 0.00 1.42 379 4.66 6.44 7.57 7.74 7.64 6.23 4.75 218 .2.01 54.4
Duck Pouds 0.00 1.38 3.09 2.89 3.61 4.16 4.18 2.04 3.64 4.16 2.03 1.83 33.0
Tojoba .00 0.84 3.40 432 5.87 6.76 6.79 6.68 545 4.15 1.76 1.45 47.5
Fish Farms 0.00 1.42 3.79 4.66 6.32 7.28 7.32 7.19 5.86 4.47 2.02 1.88 522
Peach Trees 0.00 0.98 3.68 578 9.02 10.46 10.50 10.32 8.42 .42 3.04 2.21 T0.8
Perm. Pasture + Misc. 0.00 0.00 2.74 6.18 9.02 10.39 10.44 10.26 8.33 3.11 0.00 0.00 62.5
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Monthly NIR (in) for 1994

Crop Jan I'eh Mar Apr May Jun Jul Aug Sep Oct Nav Dec Season
Alfalfa - winter 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.45 3.80 1.94 9.6
Alfaifa .00 1.67 4.90 7.59 9.19 10.82 11.43 10.21 2.49 3.35 0.0¢ 0.00 67.6
Altalfa Seed 0.00 0.00 0.00 0.00 0.64 4.00 6.52 5.54 0.00 0.00 0.00 0.00 16.1
Sudan 0.00 0.00 0.62 5.78 8.82 10.40 10.98 9.81 8.15 0.97 0.00 0.00 555
Wheat 2.54 3.34 5.90 9.01 2.90 0.00 0.60 0.60 0.00 0.00 1.17 22 26.1
Bermuda, spring (secd) 0.00 0.00 0.97 6.52 8.62 7.71 0.00 0.00 0.60 0.00 0.04 0.60 238
Bermuda, summer hay 0.00 0.00 €4.00 0.00 0.00 332 11.25 10.53 872 5.08 0.00 0.00 384
Sugar Beets ' 351 3.51 5.97 8.71 8.54 0.00 0.00 238 2.62 4.68 3.53 2.20 457
Lettuce - all ) 291 1.62 0.00 0.00 0.00 0.00 ~0.00 1.19 0.15 3.90¢ 376 1.91 14.8
Carrots 3.07 3.04 5.18 6.91 0.00 0.00 0.00 1.13 0.20 1.98 3.02 1.87 26.4
Cantaloupes - Spring 1.39 [.49 374 678 8.01 5.7% 27.2
Cantaloupes - Fali 1.37 4.52 7.23 5.19 .18 0.00 18.5
Catlon (upland and PIMA) 0.00 105 1.24 237 5.40 9.44 12.70 11.76 7.92 1.83 0.00 0.00 54.1
Honeydew 1.66 1.96 4.44 7.94 9.63 - 8.50 0.00 0.00 0.00 0.00 0.00 0.00 34.1
Watcrmelon 1.83 1.99 4.50 7.94 5.63 8.84 0.00 0.00 0.00 0.90 - 0.00 0.00 34.7
Onions 3.10 3.07 524 7.93 6.07 0.00 0.00 1.36 .33 2.00 324 1.94 353
Onion Seed 3.09 3.07 5.23 8.08 9.34 6.17 0.00 1.36 1.33 5.16 3.57 2.02 48.4
Rye - Pastured 3.08 3.05 5.21 8.04 1.45 0.00 0.00 0.00 0.65 543 3.82 2.0 327
Oats and Barley 3.34 337 4.86 1.47 0.00 0.00 - .00 0.00 0.00 1.18 0.7} 0.84 15.8
Misc. Field Crops 1.09 1.54 3.81 9.33 5.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.8
Tomatoes 1.03 2.14 5.84 9.58 11.51 878 0.00 0.00 0.00 0.00 0.00 0.00 38.9
Potatoes 3.17 338 5.67 4.84 0.00 0.00 0.00 0.00 0.00 0.00 1.28 1.69 20.0
Broceoli 3.03 203 0.00 0.00 .00 .00 0.00 1.36 1.47 4.20 2.78 1.83 16.7
Cabbage 3.08 3.02 2.09 0.00 0.00 0.00 0.00 0.00 0.12 4.20 2.71 1.76 16.9
Cauliflower 3.04 2.57 0.00 0.00 0.00 0.00 0.00 1.13 133 2.83 2.75 1.87 15.5
Corn, Ear 2.22 2.56 5.85 9.29 11.28 386 G.00 0.00 0.00 0.00 0.0 1.25 36.3
Misc. Garden Crops (use peppers) 335 3.19 1.52 0.00 0.00 0.00 0.00 0.29 1.27 2.96 2.94 2.11 17.6
Aspuaragas 1.43 1.29 2.28 5.60 9.18 10.85 11.46 10.23 7.66 4.02 1.45 0.93 660.4
Cilrus 2.00 1.90 329 5.24 6.42 776 8.35 7.49 6.22 4.47 2.69 - 1.35 57.2
Duck Ponds 2.00 1.86 2.64 326 3.54 4.27 4.51 1.77 3.70 3.98 2.52 1.31 353
Jojoba 1.43 1.30 2.95 4.86 5.84 6.93 7.32 6.54 5.43 3.90 2.23 0.98 49.7
Fish Farms 2.00 1.90 329 5.24 6.30 746 7.89 7.04 5.85 420 2.52 1.26 35.0
Peach Trees 1.57 1.45 319 6.48 9.05 - 10.72 11.32 10.11 8.41 6.04 3.63 1.5% 735
[Perm. Pasture + Misc. 0.00 0.00 2.32 6.93 9.05 10.65 11.26 £0.05 §.32 4.79 0.00 0.00 63.4
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Monthly NIR {in) for 1995

Crop Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Alfalfa - winter 1.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.44 3.50 2.49 8.5
Alfukfa 0.00 2.06 5.70 8.43 9.82 11.18 10.76 10.20 8.88 3.09 0.00 .00 701
Alfalfa Seed 0.00 0.00 0.00 0.00 0.00 4.15 6.13 5.16 0.00 0.00 0.00 0.00 154
Sudan 0.00 0.00 0.00 2.59 7.97 10.74 1034 G.80 8.29 0.00 0.00 0.00 49.7
'Wheat 1.35 4.10 6.81 9.74 1.73 0.00 0.00 0.00 0.00 0.00 1.18 1.30 26.2
Bermuda, spring (secd; 0.00 0.00 1.45 7.23 9.20 7.83 0.00 0.00 0.00 0.00 0.00 0.00 257
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.40 10.64 10.52 9.12 3.18 0.00 0.00 389
Sugar Bects 1.96 423 6.89 9.62 8.04 0.00 0.00 1.67 3.27 4.57 a6 2.72 46.7
Lettuce - all 1.50 2.69 0.00 0.00 0.00 0.00 0.00 0.35 1.00 2.99 3145 2.39 i4.4
Carrots 1.61 370 5.97 3.54 0.00 0.00 0.00 1.25 0.10 2.47 2.80 238 23.8
(Cantaloupcs - Spring 0.00 1.95 3.89 7.49 §.66 5.15 27.1
Cantaloopes - Fall 1.35 2.14 5.78 5.30 2.58 0.00 17.1
Cotton (upland and PIMA) 0.00 1.32 1.59 3.08 575 9.68 11.96 11.76 8.29 1.84 0.00 0.00 553
Honeydew 0.08 2.43 4.99 8.80 10.27 6.50 0.00 0.00 0.00 0.00 0.00 0.00 3.1
Watermelon 0.37 2.45 5.20 8.82 10.24 -5.13 0.00 0.00 0.00 0.00 0.00 0.00 322 .
Onions 1.63 3.74 6.08_ 8.71 5.00 0.00 0.00 1.36 1.35% 2.03 295 2.42 353
Onion Seed 1.63 373 6.07 3.97 10.01 6.34 1.34 1.36 2.99 5.29 3.46 2.33 53.7
Rye - Pastured 1.62 3792 6.05 5.79 0.00 0.00 0.00 0.00 1.05 5.79 3.53 2.52 30.1
Oats and Barlcy 1.57 4.08 6.64 6.13 0.40 0.00 0.00 0.00 6.00 1.13 0.71 1.08 21.7
Misc. Field Crops 0.22 1.90 6.72 10.34 5.18 0.00 0.00 0.00 G.00 0.00 0.00 0.00 24.4
ITomatocs 0.00 231 6.3] 10.64 12.38 11.75 0.00 0.00 0.00 0.00 0.00 0.00 434
Potatoes 1.53 4.03 6.60 4.66 0.00 0.00 0.00 0.00 0.00 1.22 1.21 2.25 21.5
Broceoli 1.59 2.90 0.00 0.00 0.00 0.00 0.00 1.35 1.35 3.39 2.54 2.32 15.4
Cabbagc 1.60 1.66 1.19 0.00 0.00 0.00 0.00 0.00 0.14 4.16 2.30 2.23 15.5
Cauliflower 1.58 0.84 0.00 0.00 0.00 0.00 0.00 1.36 2.29 4,17 2.78 2.44 15.5
Corn, Ear 0.57 274 6.40 10.32 12.01 6.84 0.00 0.00 0.00 0.00 0.00 0.96 39.8
Misc. Garden Crops {use pep 1.83 191 2.12 0.00 0.00 0.00 0.00 0.29 1.30 3.07 2N 2.66 17.9
Asparagas 0.33 1.73 2.80 6.26 9.79 11.21 10.79 10.23 7.95 4.00 1.36 1.17 67.6
Citrus 0.78 242 3.92 5.82 6.90 8.02 7.86 7.48 6.51 4.43 2.48 1.65 S8.3
Duck Ponds 0.78 2.38 3.6 3.59 3.87 4.41 4,24 1.87 395 3.94 2.33 §.64 36.1
Tojoba 0.33 1.74 3.54 5.40 6.29 7.16 6.89 6.54 5.69 3.860 2.07 1.19 50.7
Fish Farms 0.78 242 3.92 5.82 6.77 7.7 7.42 7.04 6.13 4.16 2.33 1.54 56.0
Peach Trees 0.44 1.9t 382 7.22 9.67 11.07 10.66 10.10 8.79 6.00 3.33 1.83 74.8
Perm. Pasture + Misc. 0.00 0.00 2.88 7.70 9.67 11.01 10.59 10.04 8.70 4.92 (.00 0.00 G5.5
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Monthly NIR {in) for 1996

Crop Jan Feb Mar Apr Muay Jun Jul Aug Sep Oct Nov Dec Seuson
Alfatfa - winter 2.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 1.66 3.95 2.92 11.2
Alfalla 0.00 2.03 592 8.26 11.65 11.37 11.02 11.40 8.45 3.15 0.00 0.00 733
Allalfa Seed 0.00 0.00 0.00 0.00 0.00 4.07 6.29 5.57 0.00 0.00 0.00 0.00 15.9
Sudan 0.00 - 0.00 0.00 (.00 5.13 9.88 10.59 10.95 8.08 0.00 0.00 0.00 44.6
Wheat 271 3.95 7.08 9.77 365 G.00 0.00 0.00 0.00 0.00 (.48 1.02 28.7
Bermuda, spring (seed) 0.060 6.00 1.41 7.10 10.94 8.22 0.00 0.00 0.00 0.00 0.00 0.00 27.7
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.53 10.94 11.76 8.68 5.55 0.00 (.00 40.5
Sugar Beets 3.65 4.12 717 9.63 11.44 1.11 0.00 1.67 2.86 4.94 3154 313 533
Lettuce - ail 3.04 207 0.00 0.00 0.00 0.00 0.00 0.71 0.65 3.68 3.90 279 16.8
Carrots 3.19 3.60 6.19 2.93 0.00 0.00 0.00 1.03 0.33 2.27 3.5 275 254
Cantaloupes - Spring 1.58 1.95 4.85 7.38 9.89 4.2% _ 29.9
(Cantaloupes - Fall 1.36 6.93 7.36 5.37 0.00 0.00 210 -
Cotlon (upland and PIMA|  0.28 1.02 1.99 3.16 7.19 10.08 12.33 13.14 817 2.38 0.00 .00 597
Honeydew 1.22 2.35 5.18 8.61 12.19 9.85 0.00 0.00 0.00 0.00 0.00 0.00 394
Watermelon 1.86 2.46 3.60 8.64 12.19 6.92 0.00 0.00 0.00 0.00 0.00 0.00 377
Onions 322 3.63 6.32 8.67 8.65 0.00 0.00 1.35 1.35 2.25 334 2.81 41.6
Onion Seed 3.22 3.63 6.3] 8.78 11.38 2.87 £.35 1.36 2.27 5.69 3.87 2.96 5379
Rye - Pastured 3.20 3.02 6.29 3.10 0.00 0.00 0.00 0.00 1.49 6.29 4.00 2.94 309
Oats und Barley 3.13 3.97 6.90 6.10 0.50 0.00 0.00 0.00 0.00 1.32 1.04 1.49 24.5
Misc. Field Crops 1.05 1.85 6.91 10.21 7.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 273
Tomatoes 0.66 2.43 6.96 10.43 14.23 5.83 0.00 0.00 0.00 0.00 6.00 0.00 40.5
Potatoes 3.29 3.98 6.56 2.55 0.00 0.00 0.00 0.00 0.00 1.26 1.22 2.60 215
Broccoli 3.16 1.79 0.00 0.00 0.00 0.00 0.00 135 1.35 3.90 2.86 2.65 17.0
Cabbage 3.17 354 0.95 0.00 0.00 0.00 0.00 0.00 0.84 4.51 2.96 270 | 187
Cauliflower 3.14 0.42 0.00 0.00 0.00 0.00 0.00 1.13 1.35 3.14 2.78 2.58 14.5
Corn, Ear 0.95 2.37 573 10.04 14.25 12.54 0.00 0.00 0.00 0.00 0.00 0.35 46.2
IMisc. Garden Crops (use 3.49 3.79 2.36 0.00 (.00 0.40 0.00 0.29 1.30 3.39 3.08 3.10 20.8
A sparagas 1.49 1.66 2.88 5.99 11.61 11.40 11.05 11.42 7.74 439 1.62 1.37 72.6
Citrus 2.09 234 4.07 5.70 8.18 8.15 8.05 8.36 6.20 4.80 2.84 2.05 62.8
Duck Ponds 2.09 2.31 3.31 3.54 4.59 4.48 4.35 2.05 3.67 4.26 2,63 192 392
Tojoba 1.49 1.67 3.66 529 7.40 7.29 7.06 7.30 5.41 4.19 235 1.49 54.7
Fish Farms 2.09 2.34 4.07 5.70 8.04 7.85 7.60 7.86 5.83 4.51 2.63 1.9 604
Peach Trees 1.64 1.84 395 7.06 11.48 11.26 10.92 11.29 8.37 6.49 3.76 2.28 80.3
Perm. Pasture + Misc. 0.00 0.00 295 7.54 11.47 11.20 10.85 11.22 8.28 527 0.00 0.00 68.8
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Monthly NIR (in) for 1997

Crop Jan keb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Season
Alfalfa - winter 2.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.58 3.23 2.59 95
Alfalfa 0.00 235 6.08 - 7.40 9.96 11.59 10.89 10.30 5.82 3.4 0.00 0.00 67.5
Alfalfa Seed _ 0.00 0.00 0.00 0.00 0.00 4.23 6.21 4.83 0.00 0.00 0.00 0.00 153
Sudan 0.00 0.00 0.00 0.00 6.94 10.89 10.46 0.89 5.56 0.97 0.00 0.00 447
‘Wheat 2.25 4.44 7.25 8.82 3.58 0.00 0.00 0.00 0.00 0.00 1.28 .69 29.3
Bermuda. spring (secd) 0.00 0.00 1.51 6.43 9.34 8.08 0.00 0.00 0.00 (.00 0.00 .00 254
Bermuda, summer hay 0.00 0.00 0.00 0.00 0.00 3.82 10.77 10.62 6.00 526 0.00 0.00 16.5
Sugar Beets 3.33 4.72 7.34 871 9.99 2.63 0.00 1.67 1.32 4.56 2.85 2.7% 49.9
Lettuce - all 2.74 2.93 0.00 0.00 0.00 0.00 0.00 1.25 0.00 4.17 3.16 2.49 16.7
Carrots 2.88 4.13 6.33 1.76 0.00 0.00 0.00 1.29 0.00 2.60 2.57 2.47 240
Cantaloupes - Spring 0.92 2.15 473 6.60 8.45 3.86 26.7
Cantaloupes - Fait 1.38 4.49 479 5.27 (.48 0.00 16.4
Cotton (upland and PIMA) 0.00 1.32 1.80 2.76 6.29 1077 12.41 11.57 444 0.10 0.00 0.00 51.5
Honeydew 0.63 271 5.46 7.75 10.29 321 0.00 0.00 0.00 0.00 0.00 0.00 30.1
Watermeton 0.93 271 5.30 7.72 10.42 8.49 0.00 0.00 0.00 0.00 0.00 0.00 356
Onions 291 4.17 6.48 7.78 7.42 0.00 0.00 1.36 0.42 2.18 270 2.52 379
Onion Seed 2.91 4.16 647 7.88 10.14 6.59 1.36 1.36 1.29 5.27 3.13 2.63 532
Rye - Pastured 2.90 4.15 6.45 3.78 0.00 000 | 0.00 0.00 0.00 2.33 3.04 2.61 252
Oats and Barley 2.91 4.55 7.07 6.79 2.09 0.00 0.00 0.00 0.00 1.12 0.63 1.16 26.3
"Misc. Field Crops 0.84 2.10 7.10 9.14 5.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 24.8
[Tomatoes 0.26 2.56 6.74 9.36 12.46 8.80 0.00 0.00 0.00 0.00 0.00 0.00 40.2
Polatoes 2.94 436 7.01 4.26 0.00 0.00 0.00 0.00 0.00 1.22 2.35 2.50 24.8
Broccoli 2.85 2.88 0.00 0.00 0.00 0.00 0.00 1.35 0.42 3.60 2.27 232 15.7
Cabbage 2.86 3.59 0.00 0.00 0.00 0.00 0.00 0.00 0.11 4.17 241 241 15.6
Cauliflower 2.86 2.89 0.00 0.00 0.00 0.00 0.00 131 0.43 324 2.27 233 153
Corn, Ear 0.67 2.57 3.19 8.76 12.19 14.14 1.72 0.00 0.00 0.00 0.00 1.2 46.5
Misc. Garden Crops (use pe|  3.17 4.35 241 0.00 0.00 0.60 0.00 0.58 0.32 3.00 2.49 2.77 19.1
Asparagas 1.20 1.93 3.00 5.44 993 1i.6! 1091 10.32 5.21 4.04 1.36 1.22 66.2
Citrus 1.79 2.70 4.20 5.09 7.00 8.31 795 7.55 4.05 4.44 2.34 1.90 57.3
Duck Ponds 1.79 2.66 343 310 393 4.56 429 1.85 2.04 3.93 2.14 1.70 354
Jojoba .20 1.94 an 471 6.38 7.42 6.97 6.60 3.43 3.88 1.96 1.37 49.6
Fish Farms ‘ 1.79 2.70 4.20 5.08 6.87 7.99 7.51 7.10 3.76 4.18 2.19 1.77 55.1
Peach Trees 1.35 2.13 4.08 6.36 9.82 11.47 10.78 10.20 5.75 6.00 3.13 2.09 732
[Perm. Pasture + Misc. 0.00 0.00 3.06 6.82 9.81 11.41 10.72 10.14 5.69 5.02 0.00 0.00 62.7
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APPENDIX 7

IID Field Evaluations

0
: 'l).




7.  IID FIELD EVALUATION DATA AND PHOTOS

The main objective of the NRCE field evaluation in IID was to collect and analyze data first-
hand related to any differences in the salinity leaching processes between different soil types,
primarily heavy cracking and non-cracking soils. Ten field irrigations were evaluated.
Photographs taken during the field evaluations along with summaries of field data are contained
at the end of this appendix.

A. Site Description

The fieldwork for these evaluations was carried out at I[ID between June 20 and June 30, 2000,
and between July 10 and July 20, 2000. Weather conditions during those periods were hot, with
daily maximum temperatures exceeding 105°F, 80% of the time.

Four cropped fields were evaluated during the first period, and five cropped fields were
evaluated during the second period. Eight of the ficlds evaluated range in size from about 50 to
81 acres, and one was about 160 acres. All fields were surface irrigated, eight of which were by
the border method and one by furrow irrigation. Five fields had one-quarter mile runs and four
had one-half mile runs, with a run being defined as the length along which water was applied.
Alfalfa, Bermuda grass, and Sudan grass were the crops grown on the fields that were evaluated.

Typical irrigations began from early to late moming depending on the proximity of the field to
the water source. The amount of water requested by the grower was delivered to the headgate of
the field at an equivalent flow-rate for a period of time, normally 24 or 48 hours. The irrigators
then had the task of applying the water to the fields in equivalent sets for this duration.

A tenth irrigation area was evaluated on a field that was being irrigated between crops. The field
was about 80 acres with one-quarter mile runs and was evaltuated during the first period.

B. Field Selection

The evaluated fields were selected to represent the major soil types of IID. NRCE was primarily
interested in medium to heavy cracking and non-cracking soils, with a light soil used for
comparison. Representative areas were selected by NRCE, and with the help of the district’s
Irrigation Management Unit (IMU), cooperating farmers were identified. These participants
were part of an IMU Meter Program, in which delivery and tailwater flows were monitored and

measured during irrigations. The fields evaluated were spread across the entire valley (see Plate
7-1).

C. Equipment Utilized

Materials and equipment used for the evaluations included surveying equipment, tape measures,
lath stakes, flags, soil augers, salinity meters, watches, flashlights, cameras, zip lock bags,
markers, notebooks, and data sheets. IMU installed flow-measuring devices, along with data
loggers, at the headgates and tail-boxes of most of the fields that were evaluated. IMU also
recommended a commercial soil analysis laboratory to have soil samples analyzed.




D. Field Work and Data Collection

1. Survey and General Observations

NRCE staff performed a pre-irrigation survey, staking the field along its length, and surveying
for both the down-slope and the cross-slope. The length of the fields was measured along with
the spacing of the borders and the ridges between them. The number of borders for each parcel
was also recorded.

Soil samples were taken from three locations of each field, representing the top, middle, and
bottom sections of the field. At each of the three locations, four soil samples were taken to
represent the first four feet of the soil profile, at one-foot intervals. These samples were
subsequently taken to the commercial soil laboratory for a moisture and salinity analysis. The
soil sampling was repeated a couple of days after irrigation when the moisture content was
assumed to be at field capacity and a similar analysis was performed.

There is soil variability within fields due to previous land leveling, which involves substantial
soil movement. The redistribution of soil in the field affects uniformity both across the field and
down the soil profile. Additionally, the soil is stratified because most soils in the valley were
deposited by water. Observations of this effect were made regarding when and where they
occurred during the auguring stage of the sampling.

Other information recorded included crop type, growth stage, and condition; irrigation method
and history; field location and soil type; cultural practices; and other observations such as poor
crop stand and average soil crack size and distribution.

2. Irrigation Evaluation

The procedures described in Irrigation System Evaluation, A Guide for Management (Utah State
University, 1987) provided the basis for the irrigation evaluations. Various types of
measurements and observations were made during each of these evaluations. Recorded data
included start and end times of the irrigations, flow rate at the headgate, number of borders
irrigated during a set, set times, and the number of sets it took to complete the irrigation. The
advance and recession phases of water flow down the borders were monitored for the number of
sets. Also, the salinity of the irrigation water was monitored at various stages and locations
during the evaluation.

3. Water Budget

The water budget i1s a convenient tool for analyzing water management problems and
opportunities. The sum of system inflows should equal the sum of system outflows plus the
change in storage. In this case, the inflows consist of the water supplied or delivered to the field
at the headgate. The outflow parameters include surface evaporation, tailwater, deep percolation
(drainage), and losses due to seepage from the head ditches. By analyzing the water budget
relationship, the difference between the inflow and outflow determines the amount of water
stored in the root zone.




The inflow and outflow in eight of the fields were measured using portable metering devices
attached to the headgate and tailwater boxes. The inflow and outflow of the other two field were
measured manually. The major components of this measuring devices are ultrasonic level
sensors for reading both upstream and downstream water levels, and in the case of the headgate,
a linear transducer attached to the gate stem measures gate position. These three sensors as well
as ambient air temperature and battery voltage are input into a data-logger that logs readings on
ten-minute intervals. This data is later retrieved for graphing and analysis. Periodic flow-depth
measurements were made at the headgate and tail-boxes to verify similar measurements recorded
by the data-loggers.

Qutflow from the tile drains were also recorded. Outflow from these drains was measured
periodically using a five-gallon container and a stop-clock. Monitoring staried before the
irrigation began, recording any base flows, and continued for a period (sometimes days)
following the irrigation until the outflow was thought to have returned to its original state.

4. Salinity Balance and Distribution

The underlying principle of salinity control in soils is the transportation of soluble salts in the
soil by irrigation water. Thus, salinity can be managed if the quality of applied water is
satisfactory and the flux of water through the soil can be controlled.

A salt mass balance follows two processes. Typically, the amount of salts added to the soil by
irrigation should be equal to the amount of salts carried away in the drainage water.
Consequently, no accumulation of salt should occur in the root zone. By knowing both the
amount of salts applied to the field during the irrigation, and the amount leaving the field through
tailwater or deep percolation, a determination can be made of whether or not there was adequate
water for leaching,

Measurements of irrigation water salinity were made during the advance phase of the irngation.
Measurements were also made at different times at the same locations along the field, the head
ditch, and at the tailwater box. This was to assess the salinity changes along the length of the
field in order to shed some light on the horizontal leaching process.

After the crop was harvested and access could be made to each field, IID’s Irrigation
Management Unit performed a salinmity assessment of each field. The assessment was made
using a field salinity assessment vehicle.

5. Infiltration Characteristics

The border (or furrow) inflow rate, the advance rate, the recession rate, and the depth of flow
allow for estimates of infiltration characteristics of the IID sotils. The intake rate is highly
dependent upon the soil’s moisture at the time of irrigation and the degree of cracking in the soil.
The medium to heavy cracking soils had a very high initial intake rate as the cracks were filled
with water, then a low intake rate during the remainder of the irrigation. The light soils had a
more typical intake rate with a high initial intake rate decreasing over time, but remaining higher
than the heavy soil intake rate.




When irrigating soils with high infiltration rates, the rate of advance along the bottom half of the
field is usnally much slower than along the top half. This is due to a reduction in the unit stream
size caused by the water infiltrating at the top half of the field. For soils with very low
infiliration rates, the rate of advance remains relatively constant down the whole field. The
amount of runoff depends on when the water is shut-off.

After the water is shut off, the flow of water recedes in the field as the water moves down the
field and infilirates into the soil. The water has receded when there is little or no water on the
soll surface. The recession of water flow is difficult to measure in a densely vegetated field. The
difference between the advance and recession times of water flow at a point on the field is
known as the intake opportunity time. This, along with the infiltration characteristics of the soil,
determines how much water infiltrated into the soil. For the most part, soils with high infiltration
rates typically have less opportunity times than soils with low infiltration rates, when subjected
to the same 1rmgation conditions.

The advance and recession rates were monitored for each parcel in order to determine and
compare the intake opportunity times for the different soil types. The depths of the surface flow
in the borders or furrows were also monitored and recorded throughout the irrigation. This was
done to help determine the volume of water on the soil surface throughout the irrigation. By
knowing the volume of water on the soil surface and the size of the stream entering the border or
furrow at various times, depth of infiltrated water can be monitored and the soil’s intake
characteristics can be determined. In the case of furrow irrigation, the depth and basic geometry
of the furrows were determined.

E. Results of Field Evaluations

NRCE developed summary results of the field irrigation evaluations. The field irrigation
evaluations were done to obtain data and make observations to determine differences in the
irrigation of heavy cracking, medium, and light soils.

As mentioned earlier, ten irrigation evaluations were conducted on different fields. There are
over 5,000 fields in IID and tens of thousands of separate irrigations during a year. Though the
evaluations discussed here are not necessarily meant to be a statistical representation of all
irrigations, the data collected represents and illustrates many of the critical differences in the
irrigation of medium to heavy cracking and light soils.

The discussions in this section are by topics, with specific examples used to illustrate findings.
The topics discussed are:

Field Descriptions

Infiltration

Distribution of Irrigation Water
Salt Balance and Soil Salinity
Reasonable Beneficial Use




1. Field Descriptions

The cropping and irrigation histories for the past four years were obtained from IID for the
evaluated fields. Crops grown on the heavy cracking soils included Sudan grass, Bermuda grass,
alfalfa, wheat, rye grass, and sugar beets. The medium textured soils had sugar beets, wheat,
alfalfa, onions, Sudan grass, and carrots; and the light textured soils had carrots, alfalfa, and
Sudan grass. Table 1 contains summary information relating to the evaluated fields. The
primary and secondary soil groupings are based on the Soil Conservation Service’s Soil Survey
of Imperial County California — Imperial Valley Area dated October 1981.

Table1 Field Descriptions.

Primary Secondary _— Border/ | - Border/ Field Field
. . . Irrigation | Furrow | Furrow
Field Crop Soil Soil . Slope Acreage
. ! Method Length | Spacing
Grouping Grouping (fi/ft) (ac)
(ft) (ft)
1 Alfalfa 115 114 Border 1200 150 0.002645 72
2 |Seed Alfalfa| 115,110 118 Border 1380 120 0.001931 78
3 |Bermuda 114 115 Border 2670 60 0.003316 156
4 |Alfalfa 135 142 Border 1330 150 0.002641 75
5 |Bermuda 114 -- Border 2460 130 0.001665 52
6  |Sudan Grass 110 114 Border 2450 130 0.002533 76
7 |Seed Alfalfa 115 110 Border 2580 120 0.002683 .73
8 lAlfalfa 114 115 Furrow 1320 3.33 0.002567 72
9 |Bermuda 115 -- Border 1200 75 0.001558 78
10 |Leaching 115 122 Border 1250 -~ -- 81

There was some cracking in all the fields of the heavy and medium soils. Most of the large soil
cracks were observed in the fields where the crop had been harvested and the soil was allowed to
dry before and/or after the harvest. These large cracks are common on wheat stubble fields,
harvested sced alfalfa ficlds, and harvested Sudan grass fields. During the crop growing periods,
the soil cracking was not as excessive because the soil was not allowed to get very dry.
However, it was observed that soils were allowed to dry after the crop was harvested and before
deep ripping.

The fields evaluated rely on a tile drainage system to control the water table, with some low
areas being underlain by artesian aquifers that result in an upward movement of water. It was
also observed that some fields have some natural drainage, such as those near the highline canal
that are high in elevation and are underlain by sandy soils.

2. Infiltration

Infiltration of water into the soil is required to replenish soil moisture and leach salts from the
soil. The rate of infiltration impacts the uniformity of irrigation, advance rate of the water down
the field, and adequacy of irrigation. Variables that influence infiltration include soil texture and
structure, initial soil moisture, soil cracking, soil tillage and compaction, drainage, and soil
stratification. The infiltration rate can be different for each application of irrigation water to the




same field due to factors listed above, such as the initial soil moisture, which impacts cracking.
. Table 2 contains information relating to the infiltration of water into the soil.

Table 2 Irrigation and Infiliration Data.

Average | Average | Average | Average | Average Ianirlltl:ﬁon Intake Rate
Border Advance Intake Infiltrated Intake to fill After Initial
Flow Time Time Depth Rate Infiltration

(1) (cfs/ft) |  (hrs) (brs) (in) (in/hr) sz;)ks (in/hr)

1200 0.0280 430 3.25 2.72 0.34 1.5 0.38
1380 0.0530 4.00 3.75 3.30 0.88 2.0 0.35
2670 0.0583 12.00 5.00 3.72 0.74 2.0 0.34
1330 0.0400 4.60 2.50 4.60 1.84 N/A
2460 0.011% 35.00 35.00 4.80 0.14 1.0 . .11
2450 0.0550 7.25 4.75 4.60 0.97 N/A
2580 0.0530 7.00 8.00 5.15 0.64 25 0.33
1320 0.0405 3.33 3.25 3.06 0.94 2.0 0.33
1200 0.0160 9.50 5.00 2.68 0.37 1.0 0.26
1250 0.0012 72.00 156.00 8.30 0.05 4.0 0.03

Border
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N/A = Field 4 has no cracks to fill; Field 6 has several different soil textures and the amount of water infilcrated to
fill the cracks was variable.

3. Distribution of Irrigation Water

zone through vertical drainage (tile water) or tailwater (runoff). Table 3 shows a summary of the
distribution of the irrigation water. The irrigation efficiency shown in Table 3 is the efficiency
of water use during crop irrigation considering the amount of water stored in the root zone and
tile water leaching. Horizontal leaching is not included in the determination of irrigation
efficiency in this table, though in the main text of this report it is explained how such horizontal
leaching plays a critical role in IID irrigation of heavier soils.

l . A portion of the applied irrigation water is stored in the root zone, while some leaves the root




Table 3 Summary of Average Water Disposition for Field Irrigation Evaluations.
Total Stored in | Tailwater |Tile Water| Stored in | Tailwater | Tile Water | Trrigation
Field Irrigation | Root zone Runcff Outflow | Rootzone | Runoff Outflow Efficiency
(in) (in) (in) {in) (%) (%) (%) (%)
1 3.80 2.60 1.08 0.12 68 28 3 72
2 3.82 3.20 0.52 0.10 34 14 3 &7
3 427 3.52 0.55 0.20 82 13 5 87
4 4.60 3.70 0.00 0.9 80 0 20 85"
5 5.08 3.95 0.28 0.85 78 6 17 87
6 520 4.15 0.60 0.45 80 12 9 38
7 6.35 4.85 1.20 0.30 76 19 5 80
8 3.84 2.90 0.78 0.16 76 20 4 30
9 3.28 2.57 0.60 0.11 78 18 3 80
10 9.80 4.70 0.00 3.60 48 0 37 N/A

1) It was estimated that only 5% of the deep percolation in Field 4 was effectively used for leaching. About one-half
of that field was not sufficiently irrigated and about half of the field was over-irrigated, i.e. irrigation exceeded the
soil moisture deficit and leaching requirement.

2) It was estimated that only 8% of the tile water was required for effective leaching.

4, Heavy and Medium Soils

The following statements summarize the effects of soil composition on distribution of irrigation
water in [ID, as determined by NRCE's field evaluations:

- Heavy and medium soils are found in all fields except Field 4.

The size and depth of cracks in cracking soils are influenced by the soil moisture;
the drier the soil, the larger and deeper are the cracks. Under normal irrigation
management in IID, cracking soils are not allowed to become dry enough to
create excessive cracking similar to the soils after the crops are harvested.
However, cracks occur between irrigations that greatly influence the infiltration of
water into the soils. The driest fields, both of which were seed alfalfa, had the
widest and deepest cracks.

A significant amount of water (1.0 to 2.5 inches) enters the soil almost
instantaneously during the advance phase of the irrigation to fill the cracks. After
the initial water advance, the amount and rate of infiltration is low. This is
demonstrated by the almost linear advance rates down the borders (i.e. the rate of
advance in feet per hour is nearly the same along the first quarter of the field as
the last quarter). If the infiltration rate stays high, the advance rate decreases
significantly towards the end of the field.

The infiltration rate is low after the initial crack-filling stage, on the order of .03
to 0.4 inches per hour. The infiltration rates that range from 0.2 to 0.4 inches per
hour result from both vertical infiltration and horizontal infiltration into the soil
columns that are surrounded by cracks. However, the vertical infiltration of these
soils would likely be about 0.1 inches per hour or less after horizontal infiltration




has ceased. An example of the low infiltration rate in cracking soils, after initial
crack-filling, is illustrated by comparing the average depth infiltrated and intake
opportunity times in Fields 3 and 5, which are both heavy soils. The average
infiltration in Field 3 was measured at 3.8 inches with an intake opportunity time
of 5 hours, compared to the average infiltration of Field 5 which was measured at
4.8 inches with an average intake opportunity time of 35 hours. Some of the
differences can be attributed to the initial soil moisture and cracking of the soils;
however, it is clear that the intake rate after the inmitial infiltration 1s very low.
This is also confirmed by other studies that indicate very low infiltration rates on

- the order of 0.1 inches per hour in IID’s heavy clay soils (Grismer and Bali,

1996). It should also be noted that for most crops, it is impractical to have an
intake opportunity time of 35 hours, or even 10 hours, due to scalding and water
logging of plants.

During the first irrigation after a field has been deep ripped or tilled, the initial
infiltration can be much higher as the large voids are filled with water.

Generally, the low infiltration rate limits the ability to maintain a salt balance in
the soil during the cropping period.

The imrigation efficiencies of the imrigation evaluated ranged from 72 to 88
percent. The 1rrigation efficiency would be higher if horizontal leaching were
included in the determination. These irrigation efficiencies include the water
stored in the root zone and the vertical leaching during crop irrigation divided by
the total headgate deliveries.

Because tailwater 1s utilized for horizontal leaching (see main report text for
details), the nrigation efficiencies are high for the cracking soils due to the
following reasons:

Deep percolation is low and less than the amount required for leaching,
therefore nearly ali infiltrated water is used to meet crop ET and the leaching
requirement.

The irrigation uniformity values are high because the intake characteristics of
heavy soils limit excessive deep percolation at the head of the field.

The percent of total water that contributed to vertical drainage or tile water ranged
from 2 to 17 percent. The 17 percent value was from the irrigation with an intake
opportunity time of 35 hours, which is not typical or practical for most heavy soil
cropping conditions. Excluding the 17 percent tile water value, an average of
about 4.5 percent of the applied water drains past the root zone.

The tailwater on heavy soils ranged from 11 to 28 percent of the applied water,
with the area weighted average being 17 percent.

On the heavy soils, the irrigation efficiencies of half-mile runs were as high as the
quarter-mile runs, because deep percolation is limited by the extremely low



infiltration rate. The average percent of tailwater for the half-mile runs was less
than that of the quarter-mile runs.

5. Light Soils

. The only field with light soils was Field 4.

. The infiltration rate is sufficient to maintain a salt balance during normal
irrigations.  Under these conditions, a leaching irrigation between crops is not
required to maintain an acceptable salt balance.

. The infiltration rate limits runoff, in fact, the evaluated light soil field had no
runoff.
. In the light soils, the border flow rate is more critical than in the medium to heavy

soils. If the flow rate is not high enough, then the irrigation uniformity will be
low, with the top of field being over-irrigated and the bottom being under-
irrigated.

. As would be expected, the light soils have the highest percentage of tile water and
the lowest percentage of tailwater.

6. Salt Balance and Soil Salinity

As previously discussed, it is necessary for growers to maintain proper salinity in the soil for
adequate crop production. The salt balance is achieved by leaching with irrigation water. Table
4 provides the salt balance for each of the fields evaluated.

Tabled4  Salt Balance for rrigations Evaluated.

bl | erage ECl Average EC of Mot | toorsaltstored| o oo e in the Tile
1eld of Inflow Tailwater Wat in the Root Zone Tailwater (%) Water (%)
ater o a
{dS/m) (dS/m) (dS/m) (%)

1 0.99 1.15 5.10 50.7 33.0 16.3

2 0.99 1.45 5.00 66.9 19.9 13.2

3 1.00 1.57 9.56 350 202 44,8

4 1.00 3.00 413 0.0 58.7

5 1.00 1.40 4.12 233 7.7 68.9

6 0.96 1.13 476 43.5 13.6 429

7 0.97 1.10 4.49 56.8 214 219

8 1.01 1.38 9.37 335 27.8 387

9 1.02 1.36 7.23 51.8 244 238
10! 1.02 1.73 11.45 -3124 0.0 412.4

"In Field 10, the leaching irrigation removed four times the amount of salts applied by the irrigation.




7. Salt Balance for Heavy Soils

Generally, the leaching requirement of the crop cannot be met during the cropping
period. For the irrigations evaluated on heavy soils, up to 67 percent of the salt
applied was not removed by either vertical leaching or tailwater.

Analysis of the salinity balance shows that the salinity of the soil increases from
1.5 to 4 percent for each irrigation application during the cropping period. For
cxample, in Field 4, if the EC of the soil extract averaged 3.0 and 50% porosity,
there would be approximately 6.26 tons of salt per acre in the top 4 feet of soil,
The irrigation that was evaluated added 0.14 tons of salt per acre, increasing the
salinity by 2.8 percent.

The salinity of the water increases as it flows down the ficld. For the irrigations
evaluated, the average salinity of the tailwater was 12 to 47 percent higher than
the inflow. The lower value of 12 percent is from a field with a high percentage
of tailwater (28 percent). From random sampling of tailwater salinity in areas
with heavy cracking soils, the tailwater salinity was up to three times the salinity
of the inflow. Thus, for heavy soils a significant amount of salt is removed by
tailwater. Random tailwater data can be found at the end of this appendix.

The salinity of water at the bottom of a field during a leaching irrigation can be
increased to double or triple the salinity of the inflow. It is believed that this
occurs due to the increased surface area of soil (from clods) that is in contact with
the irrigation water and the very limited amount of tailwater.

The salinity content of the tailwater is a function of both the amount of runoff and
salinity of the soil. 1In general, the salinity of the tailwater decreases as the
amount and time of the tailwater flow increases (i.c. the higher the tailwater flow,
the lower the salinity of the tailwater for a specific field condition and the longer
the set time, the lower the salinity concentration in the tailwater.) The salinity of
the tailwater is also higher for soil with higher salinity in the soil water.

During the irrigation evaluations of medium to heavy soils, only about 3 to 5
percent of the total irrigation water was used for vertical leaching into the tile
drains or past the root zone. Even though significant amounts of salts were
removed through the tile water, the vertical leaching was insufficient due to the
limited amount of water that could infiltrate the soil. The exception was Field S,
with 35 hours of intake opportunity time, which is not typical or practical for most
fields and crops.

The average salinity of the tile water on the fields evaluated with medium to
heavy soils ranged from 5 to 11.5 dS/m. However, random sampling of tile water

of other fields in areas with heavy soils found tile water with a salinity of over 30
dS/m.

The salinity of the tile water is similar in magnitude to the salinity of the soil
extract at about 4 feet.

10




Without extensive leaching/soil preparation and irrigation between crops, the
salinity of the soil would increase to a point that very few or no crops can be
economically grown.

In general, the salimity of the soil increases with depth due to greater leaching in
the upper layers of the soil. The applied water moves the salt downward.

When the soils are uniform in a field, the salinity of the soil increases from the
head to the tail of the field. In general, the salinity of the soil is higher at the tail
of the field due to reduced leaching and increased salinity of infiltrated water.

The deep ripping and leaching/land preparation irrigation is necessary to maintain
an adequate salt balance in the soil. This irrigation comes at a high but necessary
cost to the grower. The leaching irrigation could cost from $75 to over $100 per
acre. Deep ripping costs approximately $35 per acre and then there are subsequent
operations including disking, leveling, and diking that occur before the irrigation.
A typical irrigation requires about one acre-foot of water per acre. Because
tailwater discharge is very limited with leaching irrigation or land preparation
irrigation, many irrigators install a temporary pump-back system to convey the
tailwater back to the head of the field for re-application. IID Regulation Number
45 states that no measurable waste is allowed except 5% on the last day of
irrigation. Approximately 1.5 inches of the applied water are consumed by
evaporation from the soil surface and four to six inches can be stored in the root
zone. The soil is usually quite dry before a leaching irrigation due to the tillage.
The soil is also allowed to dry before ripping to aid in fracturing the soil, which
improves the water infiltration characteristics of the soil.

8. Sali Balance for Light Soils

The light soils have lower soil salinity content than the heavy cracking soils.

Due to the high infiltration rate of the light soils, it is possible to maintain an
adequate salinity balance during crop production if adequate drainage is available.

11



fa

No. 1 Example of cracks in a furrow-irrigated alfalfa field.
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No. 2 Advancing stream down a furrow-irrigated alfalfa field with cracks in it.




Water filling up cracks during an irrigation.

No. 3 Advancing stream down a border with some cracks present.

No.4




No. 6




No.7  Furrow cracks and salt deposits in cotton field.

No. 8 Bottom end of field with Sudan grass field where irrigation water did not reach bottom
of field.




No.9 Leaching irrigation in prbgfess. Top end of the field.
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No. 13 Tile water discharging into main drainage ditch.




Field Irrigation Evaluation Summaries




The following data for each field (if available) are contained in this appendix:

1 Field irrigation summary sheets describing field, crop, soil, and irrigation data.

2 Field irrigation and'cropping histbry. :

3 Field layout with soil mapping units.

4 IID Irrigation Management Unit (IMU) hydrographs of irrigation evaluations.

5 IHustrations showing the salt balance, irrigation water EC comparisons, and the

advance and recession curves of the irrigations.
6 Results of the soil salinity assessments carried out by IMU following the
evaluations.

Other data present in separate sections in this appendix include:

] Results of soil salinity assessments carried out on fields not included in the

irrigation evaluations.

2 Random tail water salinity and flow measurements.






__Field No. 1

Field Irrigation Evaluation

Data Summary
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FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 1

FIELD DATA

Irrigated Acreage: 72 acres (ac)

Border Length: 1200 feet (ft)

Border Width: 150 fit, edge borders are about 75 fi.
Border Slope: Average, 0.002645 ft/ft

CROP DATA

Crop: First year Alfalfa, planted September of 1999 following leaching
irrigation. Previously cropped as Sudan Grass

Crop Growth Stage: 18 inches (in) in height

Crop Condi_tig_n: Good

SOILS DATA -

Soil Texture: Imperial silty clay {(60%); Imperial-Glenbar silty clay loam (30%);

Holtville silty clay (10%)

Soil Depth: > 4ft '

Soil Uniformity: There were some satidy layers down the profile and the texture
changed spatially in the field.

Effective Crop Rooting Depth: 4 ft

Available Water Capacity: 0.17 —0.35 in/in.

Estimated Allowable Depletion: 5 in

SOIL CONDITION

Estimated Soil Water Deficit at Beginning of Irrigation:
Average: 3.01n

Estimated Irrigation Water Stored in Root Zone:
Average: 2.6 1n




IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.

Field and Soil Condition: Slightly cracking, about % - ¥ inches wide, 6 inches
deep, and 8-inch spacing.: Corrugations at 40-inch
centers. Previous irrigation on June 13, 2000.

Beginning Irrigation Time: June 22, 2000, 7:05 am.
Ending Irrigation Time: June 23, 2000, 7:45 a.m.
Beginning OQutflow Time: June 22, about 11:15 a.m.
Ending Outflow Time: June 23, about 1 p.m.
Average Inflow: 11.2 cubic feet per second (c¢fs)
Average Outflow: 3.07 cfs

Number of Sets: 7

Set Time: 3.0 to 4.2 hours

Advance Time: 4.3 to 4.6 hours

Uniformity of Advance: Near constant rate of advance. Quite uniform.
Number of Borders per Set: 2 or 3

Irrigation Observations: Tailwater high at peak flow than usual. Could have
. Used longer set time and lower flow rates.

Uniformity: Good

Ponding: Slight ponding at the bottom end near the tailwater box.

Erosion: Some at bottom of the field

Estimated Irrigation Efficiency: 72 %.

Irrigation Summary
Average Percent of
Depth', Water Applied
in %o
Total Water Applied 3.80
Total Water Stored in Root Zone 2.60 68
Total Runoff 1.08 28
Total Deep Percolation 0.12 3

'Depth based on field irrigated acreage.




I Field No.1 - Irrigation and Cropping History
. Cropped Area: 72 ac
l Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied
I Crop Date {days) (cfs) (cfs) (cfs) ~ (in) (in)
Sugar Beets 1/8/97 ) : 10 10.2 10.2 3.37 31.37
Sugar Beets 211497 34 10 10 10 3.31 3131
l Sugar Beets - 3/5197 ' 22 10 10.3 10.3 341 341
Sugar Beets 3/19/97 14 8 43 4.3 142
Sugar Beets 3720097 1 11 10.9 i1 3.64 5.06
l ~ Sugar Beets 4/2/97 13 10 10.1 10.1 334
Sugar Beets 4/3/97 1 10 101 10.1 334 668
Sugar Beets - 4/14/97 11 10 10.3 10.3 341 341
l Sugar Beets 4/26/97 12 10 9.2 9.2 304
Sugar Beets 4127197 1 10 10.1 10 3.31 6.35
Sugar Beets 5/7/97 10 10 10.3 10.3 3.41 341
Sugar Beets 5/15/97 8 10 10.3 10.3 341 341
' Sugar Beets 5/25/97 10 10 10.2 10.2 337 3.37
Sugar Beets 6/3/97 9 10 10.2 10.2 3.37 3.37
Sugar Beets 6/12/97 9 9 9.1 9.1 3.0t 3.0t
l Sugar Beets 6/20/97 T~ 8 8 8 8 2.64 . 2.64
 Idle 6/28/97 8 6 6 6 1.98 198
Flooding, flat 8/1/97 34 15 15 15 4.96
l . Flooding, flat 8/2/97 1 15 14.9 14.9 4.93 9.88
Flooding, flat 11/19/97 109 10 9.9 9.9 3.27
Flooding, flat 11/20/97 1 10 99 99 3.27 6.55
l Flooding, flat 1/21/98 62 12 11.9 11.9 393 3.93
Wheat 3/1/98 39 R 11.2 11.2 3.70 370
) Wheat 3/14/98 13 11 1.4 114 377 377
' "Wheat 3/31/98 17 10 10.3 103 3.41 3.41
‘Wheat 4/10/98 ' 10 10 10.2 10.2 3.37 337
‘Wheat 4/22/98 12 10 11.4 114 3.77
Wheat 4/23/98 1 12 12.2 12.2 4.03 7.80
l Wheat 5/1/98 8 14 13.9 13.9 4.60
Flooding, flat 7/13/98 73 i2 1.9 11.9 3.93
: Flooding, flat 7/14/98 1 12 -6 6 1.98 5.92
. Flooding, row 9/14/98 62 8 8.1 .1 2.68
Flooding, row 9/15/98 3 10 10 10 3.31 5.98
Onions 10/13/98 28 8 8.1 8.1 2.68 2.68
. Onions 10/16/98 3 8 57 57 1.88 1.88
Onions 10/19/98 3 & 4.5 4.5 1.49 1.45
Onions 10/23/98 4 8 4.6 4.6 1.52 1.52
I Onions 10/30/98 7 8 8.1 g.1 2.68
Onions 10/31/98 1 8 8.1 8.1 2.68 5.36
Onions 12/10/98 40 8 8.1 8.1 2.68
Ounions 12/11/98 1 8 g3 83 2.74 542
l Onions 1/25/99 45 g B3 83 2.74 2,74
. Onions 2/20/99 26 8 8.3 8.3 2.74



Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date {days) (cfs) (cfs) (cfs) {in) {in)
Onions 2/21/99 1 8 8.1 8.1 2.68 5.42
Onions 3/3/99 10 8 8.1 8.1 2.68
Onions 3/4/99 1 8 8.1 8.1 2.68 3.36
Onions 3/12/99 8 4 4 4 1.32
Onions 3/13/99 1 7 7 7 2.31 3.64
Onions 3/22/99 9 7 7.1 7.1 235 2.35
Onions 3/30/99 8 8 4 4 1.32
Cnions 3/31/99 1 8 8.1 8.1 2.68 4.00
Onions 4/8/99 8 4 4 4 1.32
Onicns 4/9/99 1 8 8.1 8.1 2.68 4.00
Onions 4/17/99 8 8 2.4 8.4 2.78 2.78
Onions 4/23/99 6 8 8.1 8.1 2.68 2.68
Onions 4/27/99 4 8 6.4 6.4 2.12 2.12
Onions 5/30/99 33 8 8.2 82 2.71
Sudan Grass 5/31/99 1 7 3.2 32 1.06 .77
Sudan Grass 6/8/99 8 9 9 9 298 2.98
Sudan Grass 6/19/99 11 10 10.3 10.3 3.41 341
Sudan Grass 6/28/99 9 10 10.3 10.3 341 341
Sudan Grass 7/6/99 8 11 10.9 10.9 3.60 3.60
Sudan Grass 7/15/99 -9 il " 10.9 10.9 3.60 3.60
Sudan Grass 7/23/99 8 11 11.2 112 3.70 3.70
Flooding, flat 5/19/99 58 10 10 10 3.31
Flooding, fiat 9/20/99 1 10 7.7 7.7 2.55 5.85
Flooding, flat 11/2/99 43 8 g 8 2.64
Flooding, flat 11/3/99 1 g8 8 8 2.64
Flooding, flat 11/4/99 1 8 8 8 2.64 793
Alfalfa, flat 11/25/99 21 6 5.9 39 1.95 1.95
Alfalfa, flat 12/21/99 26 12 10.9 12 3.97 397
Alfalfa, flat 1/26/00 36 11 10.9 10.9 3.60 “3.60
Alfalfa, flat 3/17/00 51 13 13.2 13.2 4.36
Alfalfa, flat 3/18/00 1 13 12.9 - 129 4.26 8.63
Alfalfa, flat 4/4/00 i7 10 102 10.2 3.37 3.37
Alfalfa, flat 4124100 20 13 12,9 12.9 4.26 4.26
Alfalfa, flat 5/5/00 11 10 10.2 10.2 3.37
Alfailfa, flat 5/6/00 1 10 10.2 10.2 3.37 6.74
Alfalfa, flat 5/21/00 15 12 12.5 12.5 413 4,13
Alfalfa, flat 5/29/00 8 I 11.2 11.2 3.70 3.70
Alfalfa, flat 6/13/00 15 12 12.1 12.1° 4.00 4.00
Alfalfa, flat 6/22/00 9 11 11.2 1i.1 3.67 3.67
Alfalfa, flat 7/9/00 17 12 11.9 11.9 3.93 393
“Alfalfa, flat 7/19/00 10 11 10.9 10,9 3.60 3.60
Alfalfa, flat 7/31/00 12 12 12 12 3.97 3.97
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Delivery and Tailwater Flow for Parcel No.1
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ECe(0.h)
d3/m

<219

219- 2847
@& 2.847- 3504
# > 3504

]

Data Bounds

¥X: min & max
F45221.74
E45580.22

Y min & max
3657326.01
365807014

ECe(1.5)
dS/m

< 3355
@ 3.355- 4684
@ 4684- 6.2
& > 6012

Data Bounds

> min & max
645221.74
545530.22

¥: min & max
365732601
3658070.14

Field No. 1 - 0 to 1 ft. {auto scale)

Bottom Top
1 to 2 ft. {auto scale)
Bottom Top




ECe{2.5)
dS/m

< 3151

3151 - 4.804
i 4304- 5457
& > 6457

Data Bounds

»: min & max
645221.74
G45580.22

Y min & max
3657326.01
ARBAENT0.14

ECe(3.5)
d5/m

< 3169
# 3169- 4.954
@ 4954- 674
& > 5674

Data Bounds

»: min & max
645221.74
G45580.22

Y: min & max
3657326.01
AB58070.14

Field No. 1 ~ 2 to 3 ft. {auto scale]

Bottom Top
3 1o 4 ft. {auto scale)
Bottom Top
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& > h628

Data Bounds

2 min & max
645221.74
645580.22

Y: min & max
3657326.01
3BRAE070.14

Field No. 1 - 4 ft. profile avg. (auto scale)

Bottom

Top
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Field No. 2 |

Field Irrigation Evaluation

Data Summary




FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DPISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 2

FIELD DATA

Trrigated Acreage: 78 acres (ac)

Border Length: 1380 feet (fi)

Border Width: 120 ft (edge borders are less than full width).
Border Slope: Average, 0.001931 fi/ft

CROP DATA

Crop: Third or forth year Alfalfa in sced. Planted prior to January 1997.
Crop Growth Stage: 24 inches (i) in height with heavy bloom seed alfalfa crop.
Crop Condition: Good

SOILS DATA:

Soil Texture: Imperial-Glenbar silty clay loam (30%); Holtville silty clay (30%)
Indio loam (15%); Imperial silty clay (10%).

Soil Depth: > 4ft

Soil Uniformity: Average to good

Effective Crop Rooting Depth: 4 ft

Available Water Capacity: 0.17 —0.25 in/in.

Estimated Allowable Depletion: 4.0 in.

SOIL CONDITION

Estimated Soil Water Deficit at Beginning of Trrigation:
Average: 3.51n -

Estimated Irrigation Water Stored in Root Zone:
Average: 3.2 i




IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Soil was quite dry before the irrigation. Some cracking
in the soil. Previous irrigation on June 11, 2000.

Beginning Irrigation Time: June 23, 2000, 7:30 a.m.
Ending Irrigation Time: June 24, 2000, 7:30 a.m
Beginning Outflow Time: June 23, about 12 noon
Ending Outflow Time: June 24, about 1 p.m
Average Inflow: 12.5 cubic feet per second (cfs)
Average Outflow: 1.64 cfs

Number of Sets: 11

Set Time: 2.0 to 2.8 hours.

Advance Time: 3.4 to 4.0 hours

Uniformity of Advance: Near constant rate of advance. Quite uniform.
Number of Borders per Set: 2

Irrigation Observations:

Uniformity: Gooed.

Ponding: None

Erosion: None

Estimated Irrigation Efficiency: 87%.

Irrigation Summary
Average Percent of
Depth', Applied Water,
in %
Total Water Applied 3.82 _
Total Water Stored in Root Zone 3.20 83
Total Runoff 0.52 14
Total Deep Percolation (.10 3

'Depth based on field irrigated acreage.




Field No.2 - Irrigation and Cropping History

Cropped Area:
. Total
Water  Irrigation
Drelivery Interval Order Delivered  Charged Applied  Applied

Crop Date’ {days) (cfs) {cfs) (cfs) (in) {in})
Alfalfa, flat 2/15/97 12 123 12.3 3.75 3.75
Alfalfa, flat 3/5/97 18 11 12.9 12.9 3.94 3.94
Alfalfa, flat - 3/31/97 26 12 12.1 12.1 3.69
Alfalfa, flat 4/1/97 1 5 1.9 2.5 0.76 4.46
Alfalfa, flat 4/3/97 2 4 0.8 2 0.61 0.61
Alfalfa, flat 4/12/97 9 13 13.2 13.2 4.03 4.03
Alfalfa, flat 5/1/97 19 7 1.5 1.5 0.46 0.46
Alfalfa, flat 5/5/97 4 12 11.9 11.9 3.63 3.63
Alfalfa, flat 5/14/97 9 12 11.5 12.1 3.69 3.69
Alfalfa, flat 6/3/97 20 12 12 12 3.66
Alfalfa, flat 6/4/97 1 7 7.7 7.7 2.35 6.01
Alfalfa, flat 6/13/97 9 12 12 12 3.66 3.66
Alfalfa, flat 71497 21 12 11.8 11.8 3.60

- Alfalfa, flat 7/5/97 1 5 2.7 2.7 0.82 4,42
Alfalfa, fiat 7115797 10 12 12.4 124 3.78
Alfalfa, flat 7/16/97 1 5 1.8 1.8 0.55 4.33
Alfalfa, flat 8/3/97" 18 12 12.6 12,6 3.84
Alfalfa, flat 8/4/97 1 6 1 3 0.92 476
Alfalfa, flat 8/17/97 13 12 11.9 11.9 3.63
Alfalfa, flat 8/18/97 1 10 36 10 3.05
Alfatfa, flat 8/19/97 1 5 2.7 2.7 0.82 7.51
Alfalfa, flat 9/29/97 41 12 . 12.2 12.2 372
Alfalfa, flat 9/30/97 1 8§ 8.8 8.8 2.69 6.41
Alfalfa, flat 10/29/97 29 12 124 124 3.78
Alfalfa, flat 10/30/97 1 5 2.4 24 0.73 4,52
Alfalfa, flat 12/5/97 36 12 11.% 11.9 3.63
Alfalfa, flat 12/6/97 1 7 32 7 2.14 377
Alfalfa, flat 1/22/98 47 11 10.8 10.8 3.30 3.30
Alfalfa, flat 3/15/98 52 12 124 12.4 3.78 3.78
Alfalfa, flat 3/29/98 14 10 10.3 103 3.14 3.14
Alfalfa, fiat 4/21/98 23 12 122 12.2 3.72
Alfalfa, flat 4{22/98 1 5 0.9 52 1.59 531
Alfalfa, flat 5/1/98 9 12 12 12 3.66 3.66
Alfalfa, flat 5/22/98 21 12 12.2 12.2 3.72
Alfalfa, flat 5/23/98 i 5 22 22 0.67 4.39
Alfalfa, flat 6/1/98 g 12 12.9 12.9 3.94
Alfalfa, flat 6/2/98 1 5 0 2.5 0.76 4,70
Alfalfa, flat 6/19/98 17 12 12.4 i24 3.78
Alfalfa, flat 6/20/98 1 4 1.3 2 0.61 4.39
Alfaifa, flat 6/30/98 10 10 10.4 104 3.17
Alfala, flat £1/98 1 5 4 4 1.22 4.39
Alfalfa, flat 7/24/98 23 12 12.4 12.4 3.78 378
Alfalfa, flat 21 12 12.9 12.9 3.94

8/14/98




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cfs} (cfs) {cfs) (in} (in)
Alfalfa, flat 8/15/98 1 6 3.3 6.7 2.04 5.98
Alfalfa, flat 9/16/98 32 12 12.8 12.8 3.91
Alfaifa, flat 9/17/98 1 12 12.6 12.6 3.84 7.75
Alfalfa, flat 16/1/98 14 12 11.8 11.8 3.60 3.60
Alfalfa, flat 10/30/98 29 12 11.8 119 - 3.63
Alfalfa, flat 10/31/98 1 5 1 5 1.53 5.16
Alfaifa, flat 12/7/98 37 12 12.1 12.1 369 3.69
Alfalfa, flat 12/26/98 19 12 10.9 12 3.66 3.66
Alfalfa, flat 1/20/99 23 12 12.2 12.2 3.72 372
Alfalfa, flat 2/23/99 34 12 10.3 1 - 3.36 3.36
Alfalfa, flat 3/10/99 15 12 9.3 12.4 3.78 3.78
Alfalfa, flat 4/6/99 27 12 10.8 12.3 375 175
Alfaifa, flat 4/15/99 9 12 12.9 12.9 3.94 394
Alfalfa, flat 4/25/99 10 12 123 123 375 375
Alfalfa, flat 5/13/99 18 12 12.2 12.2 372 3.72
Alfalfa, {lat 5/23/99 10 12 12.9 12.9 3.94 394
Alfalfa flat 6/13/99 21 12 11.9 11.9 3.63
Alfalfa, flat 6/14/99 1 12 2.1 21 0.64 427
Alfalfa, flat 6/24/99 10 12 124 124 3.78 3.78
Alfalfa, flat 7/9/99 15 12 11.9 11.9 363 3.63
Alfalfa, flat 7/22/99 13 12 12.2 122 372 3.72
Alfalfa, flat 8/12/99 21 12 122 12.2 3.72 372
Alfalfa, flat 8/23/99 11 12 11.5 12 3.66 3.66
Alfalfa, flat 9/3/99 11 12 122 12.2 3.72 372
Alfalfa, flat 9/22/99 19 10 12.2 12.2 3.72 3.72
Alfalfa, flat 10/5/99 13 12 10.7 16.7 3.27 3.27
Alfalfa, flat 11/2/99 28 12 10.4 12 3.66 3.66
Alfalfa, flat 11/23/99 21 12 192 12 3.66 3.66
Alfalfa, flat 1/4/00 42 12 10.6 12 3.66 3.66
Alfalfa, flat 1/31/00 27 12 9.8 12 3.66 3.66
Alfalfa, flat 3/4/00 33 12 12.6 12.6 3.84 3.84
Alfalfa, flat 3/16/00 12 i2 12.1 12.1 3.69 3.69
Alfalfa, flat 4/6/00 21 12 11.9 11.9 3.63 3.63
Alfalfa, flat 4/17/00 11 12 10.1 12 3.66 3.66
Alfalfa, flat 5/4/00 17 12 119 1.9 3.63 3.63
Alfalfa, fiat 5/11/00 7 12 12 12 3.66 3.66
Alfalfa, flat 5/17/00 6 12 119 119 3.63 3.63
Alfalfa, fiat 6/2/00 16 12 12,9 12,9 3.94 394
Alfalfa, flat 6/11/00 9 12 9.7 12 3.66 3.66
Alfalfa, flat 6/23/00 12 12 11.% 11.8 3.60 3.60
Alfalfa, flat 716/00 13 12 12.1 12.1 3.69
Alfalfa, flat 717700 1 4 35 35 1.07 4.76
Alfalfa, flat 7/19/00 12 12 12.1 12.1 3.69
Alfalfa, flat 7/20/00 1 6 2.9 2.9 0.88 4.58
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Delivery and Tailwater Flow for Parcel No.2
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Field No. 3

Field Irrigation Evaluation

Data Summary




FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 3

FIELD DATA

Irrigated Acreage: 156 acres (ac)
Border Length: 2670 feet (ft)

Border Width: 60 fi

Border Slope: Average, 0.003316 fi/ft

CROP DATA

Crop: Second year Bermuda Grass, planted in May of 1998.
Crop Growth Stage: 10 inches (in) in height
Crop Condition: Good

SOILS DATA

Soil Texture: Imperial silty clay (60%); Imperial-Glenbar silty clay loam (40%).
Soil Depth: Water table at about 3 ft.

Soil Uniformity: Average to good. Some sandy layers at about 3 ft.

Effective Crop Rooting Depth: 3 ft

Available Water Capacity: 0.17 - 0.35 in/in.

Estimated Allowable Depletion: Not determined.

SOIL CONDITION

Estimated Soil Water Deficit at Beginning of Irrigation:
Average: 4.0 in.

Estimated Irrigation Water Stored in Root Zone:
Average: 3.52 in.



IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Dry with some cracking. Previous irrigation on
June 16, 2000.

Beginning krigation Time: June 25, 2000, 8:30 a.m.
Ending Irrigation Time: June 27, 2000, 8:30 a.m
Beginning Outflow Time: June 25, about 8:30 p.m.
Ending Outflow Time: Not determined.

Average Inflow: 14.0 cubic feet per second (cfs)
Average Qutflow: Not determined. '

Number of Sets: 10

Set Time: 4.5 to 5.0 hours.

Advance Time: Average, 12 hours.

Uniformity of Advance: Near constant rate of advance. Quite uniform.
Number of Borders per Set: 4

Irrigation Observations: Very low intake after initial filling of cracks.
Uniformity: Good.

Ponding: None.

Erosion: None.

Estimated Irrigation Efficiency: 87%.

Irrigation Summary
Average Percent of
Depth', Applied Water
in Y%
Total Water Applied 427
Total Water Stored in Root Zone 3.52 82
Total Runoff 0.55 13
Total Deep Percolation 0.20 5

'Depth based on field irigated acreage.




Field No.3 - Ii'rigatiun and Cropping History

Cropped Area: 156 ac

Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied
Crop Date (days) (cfs) (cfs) {cfs) {in) (in)
Rye Grass 1/1/97 5 5.5 5.5 0.84
‘Rye Grass 1/2/97 1 5 52 52 0.79 1.63
Rye Grass - 1416797 14 0.2 0.2 02 0.03
Rye Grass 1/17/97 1 5 5.1 5.1 0.78 0.78
Rye Grass 1/18/97 i 4 42 4.2 0.04 0.64
Rye Grass 1/19/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 1/20/97 1 02 0.2 0.2 0.03 0.03
Rye Grass 1/21/97 1 02 02 0.2 0.03 0.03
Rye Grass 1/22/97 1 0.2 02 0.2 0.03 0.03
Rye Grass 1/23/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 1/24/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 1/25/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 1/26/97 1 02 0.2 02 0.03 0.03
Rye Grass 127197 1 02 0.2 02 0.03 0.03
Rye Grass 1/28/97 1 0.2 0.2 02 0.03 0.03
Rye Grass 1/29/97 1 5 5.2 52 0.79 0.79
Rye Grass 2/7/97 9 6 6.1 6.1 0.93 0.93
Rye Grass 2/14/97 7 0.2 0.2 0.2 0.03
Rye Grass 2/15/97 1 5 54 5.4 0.82
Rye Grass 2/16/97 I 5 52 52 0.79 1.65
Rye Grass 2/18/97 S 2 0.2 0.2 0.2 0.03 0.03
Rye Grass - 2/19/97 1 0.2 0.2 02 0.03 0.03
Rye Grass 2/20/97 1 0.2 02 0.2 0.03 0.03
Rye Grass . 22197 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 2/22/97 1 0.2 02 0.2 0.03 0.03
Rye Grass 2/23/97 1 02 0.2 0.2 0.03 0.03
Rye Grass 2/24/97 1 5 5.3 53 0.81 0.81
" Rye Grass 2/25/97 i 6 6 6 0.92 0.92
Rye Grass 2/26/97 [ 0.2 0.2 0.2 0.03 0.03
Rye Grass 2/26/97 ] 4 22 22 0.34 0.34
Rye Grass 2/27/97 1 0.2 0.2 02 0.03 0.03
Rye Grass 2/28/97 1 02 0.2 0.2 0.03 - 0.03
Rye Grass 3/1/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/2/97 1 0.2 02 02 0.03 0.03
Rye Grass 3/3/97 1 0.2 02 0.2 0.03 0.03
Rye Grass 3/4/97 i 4 4.4 4.4 0.67 0.67
Rye Grass 3/5/97 1 02 0.2 0.2 0.03 0.03
Rye Grass 3/6/97 1 0.2 0.2 0.2 0.03 | 0.03
- Rye Grass 3/7/97 1 6.2 0.2 02 0.03 0.03
Rye Grass 317197 0 6 7.7 77 1.17 1.17
Rye Grass 3/8/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/9/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/10/97 1 0.2 0.2 0.2 0.03 0.03




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied
Crop Date (days) {cfs) {cfs) (cfs) (in) (im)
Rye Grass 31197 1 0.2 02 02 0.03 0.03
Rye Grass 3/13/97 2 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/14/97 1 4 4.1 4.1 0.63 0.63
Rye Grass 3/15/97 1 7 7.7 7.7 1.17 1.17
Rye Grass 3/16/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/18/97 1 0.2 02 0.2 0.03 0.03
Rye Grass 3/19/97 1 0.2 02 0.2 0.03 0.03
Rye Grass 3/20/97 1 0.2 0.2 02 0.03 0.03
Rye Grass 3/21/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/22/97 1 5 52 52 0.79 0.79
Rye Grass 3/23/97 1 5 52 52 0.79 0.79
Rye Grass 3/24/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/25/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/26/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3127197 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 3/28/97 1 0.2 0.2 02 0.03 0.03
Rye Grass 3/29/97 1 4 4.2 4.2 0.64 0.64
Rye Grass 3/30/97 1 6 6 6 0.92 0.92
Rye Grass 3nBueT 1 3 1.5 1.5 0.23 0.23
Rye Grass 4/3/97 3 0.2 0.2 0.2 0.03 0.03
 Rye Grass 4/4/97 1 0.2 0.2 0.2 0.03 0.03
Rye Grass 4/5/97 -1 0.2 0.2 0.2 0.03 0.03
Rye Grass 4/6/97 1 0.2 02 0.2 0.03 0.03
Rye Grass Af197 1 0.2 02 0.2 0.03 0.03
Rye Grass 4/9/97 2 13 123 12.3 1.88 1.88
Rye Grass 4/10/97 1 6 6.1 6.1 0.93 0.93
Rye Grass 4/16/97 6 13 13.2 132 2.01 2.01
Rye Grass 4/21/97 5 12 134 13.4 2.04 2.04
Rye Grass 4/26/97 5 12 12.3 12.3 1.88 1.88
Rye Grass 5/1/97 5 9 9 9 1.37 T 1.37
Idle 11/14/97 197 10 4.4 4.4 0.67
Wheat 11/15/97 1 12 10.2 10.2 1.56
Wheat 11/16/97 1 12 10.3 10.3 - 1.57
Wheat 11/17/97 1 12 12.5 12.5 1.91
Wheat 11/18/97 1 S 0.5 k! 0.46 6.16
‘Wheat 12/29/97 41 12 12.6 12.6 1.92
Wheat 12/30/97 1 12 12.3 123 1.88
Wheat 12/31/97 1 4 1.4 2.5 0.38 4.18
Wheat 2/26/98 57 11 11.6 1.6 1.77
Wheat 2127198 1 11 115 11.5 1.75 3.52
Wheat 3/15/98 16 11 1L.5 11.5 1.75
Wheat 3/16/98 1 10 11.5 11.5 1.75 3.51
Wheat 3/30/98 14 10 124 124 1.89
Wheat 3/31/98 1 10 10.4 10.4 1.59 348
Wheat 4/9/98 g 11 11.1 111 1.69
Wheat 4/10/98 1 11 11.1 11.1 1.69 3.39




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cfs) (cfs) (cfs) (in) {in}
Idle 5/25/98 49 9 9.1 9.1 1.39 1.39
Bermuda Grass 5/30/98 1 9 9.1 9.1 1.39 1.39
Bermuda Grass 5/31/98 1 9 9.4 9.4 1.43 1.43
Bermuda Grass 6/1/98 1 9 9.7 9.7 1.48 1.48
Bermuda Grass 6/2/98 1 9 9.1 9.1 1.39 1.39
Bermuda Grass 6/3/98 1 12 12.2 12.2 1.86 1.86
Bermuda Grass 6/4/98 I 12 12.2 12.2 1.86 1.86
Bermuda Grass 6/5/98 1 12 11.9 11.9 1.82 1.82
Bermuda Grass 6/6/98 1 12 12 12 1.83 1.83
Bermuda Grass 6/9/98 3 11 10.9 10.9 1.66
Bermuda Grass 6/10/98 1 11 11.4 114 1.74
Bermuda Grass 6/11/98 1 7 3.5 3.5 0.53 3.94
Bermuda Grass 6/17/98 6 11 113 i1.3 1.72
Bermuda Grass 6/18/98 1 11 11.2 11.2 1.71
Bermuda Grass 6/19/98 1 7 3.5 33 0.53 3.97
Bermuda Grass 6/27/98 g i2 12.2 122 1.86
Bermuda Grass 6/28/98 1 12 12.2 12.2 1.86 3.72
Bermuda Grass 7/6/98 8 12 12.5 12.5 1.91
Bermuda Grass T17/98° 1 12 11.9 11.9 1.82 372
Bemuda Grass 7/17/98 10 12 1L.8 11.8 1.80
Bermuda Grass 7/18/98 1 12 12.2 12.2 1.86
Bermuda Grass 7/19/98 1 12 1.5 1.5 0.23 3.89
Bermuda Grass 7/29/98 10 13 13 13 1.98
Bermuda Grass 7/30/98 1 13 13 13 1.98
Bermuda Grass 7/31/98 1 13 13 13 1.98 595
Bermuda Grass 8/11/98 11 12 11.8 11.8 1.80
Bermuda Grass 8/12/98 1 12 11.8 11.8 1.80
Bermuda Grass . &/13/98 1 6 6.1 6.1 0.93 4.53
Bermuda Grass 9/2/98 20 14 14.8 14 2.14
Bermuda Grass 9/3/98 1 14 14.8 i4 2.14 427
Bermuda Grass 9/17/98 14 14 14 14 2.14
Bermuda Grass 9/18/98 1 14 14 14 2.14 4,27
Bermuda Grass 2/23/99 158 13 12.9 12.9 1.97
Bermuda Grass 2/24/99 1 13 12.9 12.9 1.97
Bermuda Grass 2/25/99 1 13 13.2 13.2 2.01
Bermuda Grass 2/26/99 1 13 13.2 13.2 2.01 7.56
Bermuda Grass 3/21/99 23 12 i2.2 12.2 1.86
Bermuda Grass 3/22/99 1 16 15.5 13.5 2.36 4.23
Bermuda Grass 4/11/99 20 14 14.4 14.4 2.20
Bermuda Grass 4/12/99 1 14 14.4 144 2.20 435
Bermuda Grass 4/23/99 11 10 10.1 10.1 1.54
Bermuda Grass 4/24/99 1 10 10.1 10.1 1.54 3.08
Bermuda Grass 5/16/99 22 14 144 14.4 2.20
Bermuda Grass 5117199 1 14 17 17 2.59
Bermuda Grass 5/19/99 2 3 1.5 1.5 0.23 5.02
Bermuda Grass 5/28/99 9 11 11.8 11.6 1.77
Bermuda Grass 5/29/99 1 11 11.4 11.4 1.74




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crap Date (days) (efs) (cfs) (cfs) {in) (in)
Bermuda Grass 5/30/99 1 16 16 16 2.44 595
Bermuda Grass 6/7/99 8 16 159 15.9 2.43
Bermuda Grass 6/8/99 1 16 7.9 79 1.21 3.63
Bermuda Grass 6/26/99 18 14 14.4 14.4 2.20
Bermuda Grass 6/27/99 1 14 16.2 16.2 2.47 4.67
Bermuda Grass 7/8/99 11 12 139 13.9 2.12
Bermuda Grass 7/9/9% i 14 13.9 13.9 2.12
Bermuda Grass 7/10/99 1 5 2.5 25 0.38 4.62
Bermuda Grass 7/20/99 10 14 14.2 14.2 2.17
Bermuda Grass 7/21/99 1 14 142 14.2 2.17 4,33
Bermuda Grass 8/7/99 17 14 142 14.2 2.17
Bermuda Grass 8/8/99 1 14 142 142 2.17
Bermuda Grass 8/9/99 1 7 7.5 7.5 1.14 5.48
Bermuda Grass 8/19/99 10 16 16.4 16.4 2.50 2.50
Bermuda Grass 8/27/99 8 14 15.5 15.5 2.36
Bermuda Crass 8/28/99 1 14 11 14 2.14 4.50
Bermuda Grass 9/15/99 18 16 16.3 16.3 2.49
Bermuda Grass 9/16/99 1 16 16.1 16.1 2.46 4,94
Bermuda Grass 9/27/99 11 13 131 13.1 2.00
Bermuda Grass 9/28/99 -1 8 7.9 7.9 1.21 3.20
Bermuda Grass 2/9/00 134 14 144 14,4 2.20
Bermuda Grass 2/10/00 1 14 13.9 13.9 2.12
Bermuda Grass 2/11/00 1 14 14 14 2.14 6.45
Bermuda Grass 3/13/00 31 i2 12 12 1.83
Bermuda Grass 3/14/00 1 12 12.3 12.3 1.88 37N
Bermuda Grass 3/28/00 14 12 12.1 12.1 1.85
Bermuda Grass 3/29/00 1 12 12.3 123 1.88 3.72
Bermuda Grass 418700 20 12 11.9 11.9 1.82
Bermuda Grass 4/19/00 1 12 119 1.9 1.82 3.63
Bermuda Grass 5/2/00 13 12 14.1 14,1 2.15
Bermuda Grass 3/3/00 1 12 11.9 11.9 1.82 397
Bermuda Grass 5/13/00 10 12 124 124 1.89
Bermuda Grass 5/14/00 1 12 12 12 1.83 3.72
Bermuda Grass 5/28/00 14 13 13 13 1.98
Bermuda Grass 5/29/00 1 13 13.1 13.1 2.00 3.98
Bermuda Grass 5/31/00 2 3 1.6 3 0.46 0.46
Bermuda Grass 6/6/00 6 12 12.3 12.3 1.88
Bermuda Grass 6/7/00 1 12 12.6 12.6 1.92 3.80
Bermuda Grass 6/16/00 g 13 13.1 13.1 2.00
Bermuda Grass 6/17/00 1 8 83 g3 1.27 3.27
Bermuda Grass 6/25/00 8 12 14.6 14.6 2.23
Bermuda Grass 6/26/00 1 12 13.4 13.4 2.04 427
Bermuda Grass 7/9/00 13 13 12.9 129 1.97
Bermuda Grass 7/10/00 1 13 i5.2 15.2 2.32 4.29
Bermuda Grass 7/23/00 13 12 11.9 11.9. 1.82
Bermuda Grass 7/24/00 1 12 127 12.7 1.94
Bermuda Grass 7/25/00 i 16 16 16 244 6.19




" Total
Water  Irrigation

Delivery Interval Order Delivered  Charged Applied  Applied
Crop Date (days) (cfs) (cfs) (cfs) ~ (in) (in)
Bermuda Grass 7/30/00 5 12 11.2 119 1.82
Bermuda Grass 7/31/00 1 11 10.9 10.9 1.66 3.48
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Field No. 4

Field Irrigation Evaluation

Data Summary




FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 4

FIELD DATA

Irrigated Acreage: 75 acres (ac) (second field served by the same turnout also
about 75 acres).

Border Length: 1330 feet (ft)

Border Width: 150 ft

Border Slope: Average, 0.002641 ft/ft

CROP DATA

Crop: Second year Alfalfa, planted November of 1998.
Crop Growth Stage: 15 inches (in) in height
Crop Condition: Good

SOILS DATA

Soil Texture: Rositas fine sand (80%); Vint loamy very fine sand (18%); Indio
loam (2%).

Soil Depth: > 44t

Soil Uniformity: All sandy:.

Effective Crop Rooting Depth: 4 fi

Available Water Capacity: 0.05-0.11 in/in.

Estimated Allowable Depletion: Not determined.

SOIL CONDITION

Estimated Soil Water Deficit at Beginning of Irrigation:
Average: 3.9in.

Estimated Irrigation Water Stored in Root Zone:
Average: 3.7 in.




IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Very little salinity in the field. Previous irrigation on
June 20, 2000.

Beginning Irrigation Time: June 29, 2000, 9:30 a.m.
Ending Irnigation Time: June 30, 2000, 8:15 a.m.
Beginning Outflow Time: No outflow.

Ending Outflow Time: No outflow.

Average Inflow: 15.3 cubic feet per second (cfs).
Average QOutflow: None

Number of Sets: 8

Set Time: 2.5 to 3.5 hours.

Advance Time: 4.6 to 5.3 hours.

Uniformity of Advance: There was no tailwater. The irrigation was not long
‘enough or the flow rate was too low.

Number of Borders per Set: 2

Irrigation Observations:

Uniformity: Under irrigation at bottom of field and excess irrigation at top end.
Ponding: None.

Erosion: None

Estimated Irrigation Efficiency: 85 %.

Irrigation Summary

Average Percent of
Depth', Applied Wﬁter,
in %
Total Water Applied 4.60
Total Water Stored in Root Zone 3.70 80
Total Runoff 0.00 0
Total Deep Percolation 0.90 20

'Depth based on field urigated acreage,




. Cropped Area: : 150 ac

| Field No.4 - Ii‘rigation and Cropping History

Total
Water Irrigation
Delivery ~ Inferval Order Delivered Charged Applied  Applied
l Crop Date (days) (cfs) {cfs) (cfs) {in) (in)
Flooding, row 1/27/97 12 11,9 11.9 1.89
Flooding, row 1/28/97 1 13 13.7 13.7 2.17
Flooding, row 1/29/97 4 1 13 134 13.4 2.13 6.19
l Flooding, row - 2/11/97 13 13 14.5 14.5 2.30
Flooding, row 2/12/97 1 i3 14.5 14.5 2.30
Flooding, row 2/13/97 1 i3 13.3 13.3 2.11 6.71
l Flooding, row 2/24197 il 13 139 139 2.21
Flooding, row 2/25/97 1 13 12.8 12.8 2.03
Flooding, row 2/26/97 1 I3 12.8 12.8 2.03 6.27
. Flooding, row 3/6/97 g 9 9.5 9.5 1.51
Flooding, row 379 1 9 9.5 9.5 1.51 3.01
Flooding, row 3/12/97 5 10 9.7 9.7 1.54 1.54
l Flooding, row 3/21/97 9 11 11 11 1.75 1.75
Flooding, row 3/31/97 10 11 10.6 10.6 1.68 1.68
Flooding, row 4/20/97 20 10 2.5 9.5 1.51
l Flooding, row 4421197 1 15 15.2 15.2 2.41
Flooding, row 4122197 1 15 15 15 2.38
Flooding, row 4/23/97 1 8 g 9 1.43 7.73
Flooding, row 8/10/97 109 13 12.5 12,5 1.98
l . Flooding, row 8/11/97 1 13 12.7 12.7 2.02
Flooding, row 8/12/97 1 13 12.7 12.7 2.02
_ Flooding, row 8/13/97 1 13 13.1 13.1 2.08
' Flooding, row 8/14/97 1 I3 9.4 9.4 1.49
~ Flooding, row L 8/15/97 1 6 0 35 0.56 10.14
Carrots 10/14/97 60 4.5 4.6 4.6 073 0.73
l Carrots 10/15/97 ) 1 4.5 45 45 0.71 0.71
Carrots 10/16/97 1 4.5 4.5 4.5 0.71 0.71
Carrots 10/17/97 1 4.5 45 4.5 0.71 0.71
l Carrots 10/18/97 1 4.5 2.4 2.4 0.38 0.38
Carrots 10/20/97 2 5 2.6 2.6 - 041 0.41
Carrots 10/21/97 1 5 2.5 2.5 0.40 0.40
Carrots 10/22/97 1 5 2.3 2.5 0.40 0.40
' Carrots ’ 10/23/97 1 5 22 2.5 0.40 0.40
Carrots 10/24/97 1 5 2.5 2.5 0.40 0.40
Carrots 10/25/97 1 5 5 5 0.79 0.79
l Carrots 10/28/97 3 5 52 5.2 0.83 0.83
Carrots 10/29/97 1 5 5.1 5.1 0.81 0.81
Carrots 10/30/97 1 5 5.1 5.1 0.8l 0.81
l Carrots 10/31/97 ! 5 51 5.1 0.81 0.81
Carrots 11/1/97 1 5 2.5 . 2.5 0.40 0.40
Carrots 11/3/97 2 5 24 2.5 0.40 0.40
I Carrots 11/5/97 2 5 2.3 2.3 0.36
. Carrots 11/6/97 1 5 47 4.7 0.75 1.11




Total
Water  Jrrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cfs) (cfs) (cfs) (in) (in}
Carrots 11/28/97 22 7 7 7 1.11
Carrots 11/29/97 1 7 6.9 6.9 1.09
Carrots 11/30/97 1 7 7.4 74 1.17
Carrots 12/1/97 1 5 2.6 2.6 041 3.79
Carrots 12/17/97 16 9 8.8 8.8 1.40
Carrots - 12/18/97 i 9 8.8 8.8 1.40
Carrots 12/19/97 1 11 1t i1.1 1.76
Carrots 12/20/97 1 11 11.1 i1l 1.76 6.32
Carrots 1/7/98 18 12 12.1 12.1 1.92
Carrots 1/8/98 1 12 12.1 12.1 1.92
Carrots 1/9/98 1 12 12.1 12.1 1.92 5.76
Carrots 1/22/98 13 12 12.1 12.1 1.92
Carrots 1/23/98 1 12 12.1 12.1 1.92
Carrots 1/24/98 1 12 124 124 1.97 5.81
Carrots 2/11/98 18 11l 11 11 1.75
Carrots 2/12/98 1 11 11.1 11.1 1.76
Carrots 2/13/98 1 11 11.1 11.1 1.76 5.27
Carrots 3/1/98 16 Il 11.4 11.4 1.81 '
Carrots 3/2/98 i 11 11.7 11.7 1.86
Carrots 3/3/98 i 11 11.1 il.l 1.76 5.43
Carrots 3/10/98 7 9 9 o 1.43
Carrots 3/11/98 1 9 9.3 0.3 1.48
Carrots 3/12/98 1 7 7.1 7.1 1.13
Carmrots 3/13/98 1 7 7.1 71 1.13 5.16
Carrots 3/23/98 10 7 7.1 7.1 1.13
Carrots 3/24/98 1 7 7.3 7.3 1.16 2.28
Carrots 4/1/98 8 7. 7.1 7.1 1.13
Carrots . 4/2/98 i 7 7 7 1.11
Carrots - 4/3/98 H 10 10.2 10.2 1.62
Carrots 4/4/98 1 10 10.2 10.2 1.62
Carrots 4/5/98 1 7 2.1 2.1 0.33 5.81
Sudan Grass 4/18/98 13 9 5.1 2.1 1.44
Sudan Grass 4/19/98 1 9 9.1 9.1 1.44 2.89
Sudan Grass 4/30/98 11 11 1.2 11.2 1.78
Sudan Grass 51798 1 11 11.4 11.4 1.81 3.59
Sudan Grass 5/6/98 5 9 ¢4 9.4 1.49
Sudan Grass 5/7/98 1 g a1 9.1 1.44 2.94
Sudan Grass 5/10/98 3 10 10.2 10.2 1.62
Sudan Grass 5/11/98 1 10 10.2 10.2 1.62 3.24
Sudan Grass 5/17/98 & 9 9.9 9.9 1.57
Sudan Grass 5/18/98 i 9 9.7 9.7 1.54 3.11
Sudan Grass 5/22/98 4 15 15.2 152 241 2.41
Sudan Grass 5/31/98 G 14 144 14.4 2728
Sudan Grass 6/1/98 1 14 i4.9 14.9 2.36
Sudan Grass /2/98 1 7 3.2 32 0.51 5.16
Sudan Grass 6/22/98 20 15 15.2 15.2 241
Sudan Grass 6/23/98 1 15 16.2 16.2 2.57




Total
Water  Trrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cfs) (cfs) (cfs) - (in) (in)
Sudan Grass 6/24/98 1 15 15.2 15.2 241
Sudan Grass 6/25/98 1 15 111 11.8 1.87 9.27
Sudan Grass 7/6/98 11 15 15.7 15.7 249
Sudan Grass 7/7/98 1 15 15.6 15.6 248
Sudan Grass 7/8/98 1 i5 15.2 152 241
Sudan Grass 7/9/98 1 15 3.8 3.8 0.60 7.98
Sudan Grass 7/14/98 5 15 15.5 15.5 2.46
Sudan Grass 7/15/98 1 15 15.5 15.5 2.46
Sudan Grass 716/98 1 15 77 7.7 1.22 6.14
Flooding, flat 9/19/98 65 12 12.1 12.1 1.92
Flooding, flat 9/20/98 1 12 12.1 12.1 1.52
Flooding, flat 9/21/98 1 12 12.1 12.1 1.92
Flooding, flat 9/22/98 1 12 12.1 12.1 1.92
Flooding, flat 9/23/98 1 12 12.1 12.1 1.92
Flooding, flat 9/24/98 1 8 5 5 0.7% 10.39
Alfalfa, flat 10/10/98 16 4.5 5.2 5.2 0.83
Alfalfa, fiat 10/11/98 1 4.5 4.8 4.8 0.76
Alfalfa, flat 10/12/98 1 4.5 4.7 4.7 0.75
Alfalfa, flat 10/13/98 1 4.5 4.7 47 0.75 3.08
Alfalfa, flat 10/16/98 3 4.5 23 2.3 0.36
Alfalfa, flat 10/17/98 1 4,5 2.4 2.4 0.38
Alfalfa, flat 10/18/98 1 4.5 1.9 1.9 0.30 1.05
Alfalfa, flat 10/20/98 2 4.5 4.7 4.7 0.75 0.75
Alfalfa, flat 11/12/98 23 4.5 2.4 24 0.38
Alfalfa, flat 11/13/98 1 4.5 24 45 0.71
Alfalfa, flat 11/14/98 1 4.5 24 2.4 0.38
Alfaifa, flat 11/15/98 1 4.5 2.7 2.7 0.43 1.90
Alfalfa, flat 12/6/98 21 12 12.1 12.1 1.92
Alfulfa, fiat 1217198 1 14 13 13 2,06
Alfalfa, flat 12/8/98 1 8 B 8 1.27 5.25
Alfalfa, flat 1/4/99 27 16 16 16 2.54
Alfalfa, flat 1/5/99 1 13 13 13 2.06 4.60
Alfalfa, flat 2/1/99 27 13 12.3 13.3 2.11
Alfalfa, flat 2/2/99 1 10 10.2 10.2 1.62 3.73
Alfalfa, flat 3/11/99 37 11 11.7 11.7 1.86
Alfalfa, flat 3/12/99 1- 14 14.1 14.1 2.24
Alfalfa, flat 3/13/99 1 8 47 4.7 0.75 4.84
Alfalfa, flat 3/24/99 11 16 14.9 149 2.36 2.36
Alfalfa, flat 4/23/99 30 15 152 152 241
Alfalfa, fiat 4/24/99 1 15 15.2. 15.2 2.41
Alfalfa, flat 4/25/99 1 13 134 13.4 2.13 6.95
Alfalfa, flat 5/1/99 6 10 10.5 10.5 1.67
Alfalfa, flat 5/2/99 1 10 11.9 11.9 1.89
Alfalfa, flat 5/3/99 1 15 15.2 15.2 241 5.97
Alfalfa, flat 5/11/99 8 14 14.6 14.6 2.32
Alfalfa, flat 5/12/99 1 14 14.2 14,2 2.25 4.57
Alfalfa, fiat 5/29/99 17 16 16.5 16.5 2.62




Tatal
l Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied
. Crop Date {days} (cfs) (cfs) (cfs) (in) (in)
I Alfalfa, flat 5/30/99 1 16 162 16.2 2.57 5.19
Alfalfa, flat 6/1/99 2 7 3.9 1.9 0.62 0.62
Alalfa, flat 6/10/99 9 14 14.5 14.5 2.30
Alfalfa, flat 6/11/99 1 14 14.6 146 2.32 4,62
I Alfalfa, flat 6/13/99 2 7 7.3 7.3 1.16
Alfalfa, flat /30/99 17 16 15.9 15.9 2.52
Alfalfa, flat 7/1/99 : 1 16 189 - 189 3.00
l Alfalfa, flat 7/2/99 1 7 3.5 3.5 0.56 6.08
Alfalfa, flat 7/9/99 7. 14 14.6 14.6 2.32
Alfalfa, flat 7/10/99 1 14 16.5 16.5 2.62 4.93
l Alfalfa, flat 7/28/99 18 18 17.9 17.9 2.84 '
Alfalfa, flat 7/29/99 1 18 18.1 18.1 2.87 5.71
Alfalfa, flat 8/7/99 9 14 15.9 15.9 2.52
' Alfalfa, flat 8/8/99 1 14 16.5 16.5 2.62 5.14
Alfalfa, flat 8/27/99 19 18 17.9 17.9 2.84
Alfalfa, flat 8/28/99 1 18 17.9 "17.9 2.84 5.68
Alfalfa, flat 9/6/99 9 14 14.4 14.4 2.28
l Alfalfa, flat 9/7/99 1 14 14.4 14.4 228 4.57
Alfalfa, flat 9/28/99 21 18 18.6 18.6 2.95
Alfalfa, flat 9/29/99 1 18 18.4 18.4 2.92 5.87
. Alfalfa, flat 10/11/99 12 14 . 14.9 14.9 2.36
Alfalfa, flat 10/12/99 1 14 14.1 14.1 2.24
Alfalfa, flat 10/13/99 1 7 2.4 2.4 0.38 4.98
.. Alfalfa, flat 11/12/99 30 18 18.9 18.9 3.00
Alfalfa, fiat 11/13/99 1 i8 18.9 18.9 3.00 6.00
Alfalfa, flat 1/4/00 52 18 18.1 18.1 2.87 2.87
I Alfalfa, flat 1/11/00 7 13 12.9 12.9 2.05 2.05
Alfalfa, flat 1/29/00 18 14 14 14 222
Alfalfa, flat " 1/30/00 1 12 11.9 119 1.89 411
Alfalfa, flat 3/4/00 : 34 18 18.1 18.1 2.87
' Alfalfa, flat 3/5/00 1 18 18.1 18.1 2.87 5.74
Alfalfa, flat 3/20/00 15 14 14.2 14.1 . 224
Alfalfa, flat 3/21/00 1 14 13 13 2.06 4,30
. Alfalfa, flat 4/15/00 25 18 18 18 2.86
Alfalfa, flat 4/16/00 1 18 18.2 18.2 2.89 5.74
Alfalfa, flat 4/26/00 10 14 14.6 14.6 232
l Alfalfa, flat 4/27/00 1 14 14.6 14.6 2.32 4.63
Alfalfa, flat 5/20/00 23 18 ' 18.1 18.1 2.87
Alfalfa, flat 5/21/00 1 18 18.1 18.1 2.87 5.74
l Alfalfa, flat 5/30/00 9 14 14.1 14.1 2.24
Alfalfa, flat 5/31/00 1 14 14 14 222 4.46
Alfalfa, flat 6/17/00 17 18 18 18 2.86
Alfalfa, flat 6/18/00 1 18 18.1 18.1 2.87 573
l Alfalfa, flat 6/20/00 2 7 7.1 7 1.11 1.11
Alfalfa, flat 6/29/00 9 15 15.3 15.3 2.43
Alfalfa, flat 6/30/00 1 15 15.6 156 2.48
' Alfalfa, flat 7/1/00 1 8 4 4 0.63 5.54



Total
' Water  Irrigation

Delivery Interval Order Delivered Charged Applied  Applied

. Crop Date (days) (cfs) (cfs) (cfs) (in) (in)

Alfalfa, flat 7/15/00 14 18 182 18.1 2.87

Alfalfa, flat 7/16/00 1 14 14.2 142 2.25 513

Alfalfa, flat 7/18/0G0 2 5 1.9 19 . 030 0.30

Alfalfa, flat 7/25/00 7 14 14.2 142 - 225

Alfalfa, flat 7/26/00 1 14 14.6 14.6 2.32 4.57

Alfalfa, flat 7/28/00 2 7 7.4 74 C 117
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Delivery and Tailwater Flow for Parce! No.4

17 + - L—-—Delr’very Fiow  — Taitwater Flow |
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Evaluation was for June 29-30, south half of field, which had no tailwater.
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Order = 2d-15', 1d-8'  Delivery Volume (AF) = 72.4 % Tailwater= 5% Acres = 150
Type = 142,132 Tailwater Volume (AF)= 3.3 Crop = Flat alfalfa  Inches Applied= 5.8
47062900.xls Frepared By Irrigation Management Unit ’ - freeflow templale
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Field No. 5

Field Irrigation Evaluation

Data Summary




FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NQ. 5

FIELD DATA

Irrigated Acreage: 52 acres (ac) (second field served by same turnout about
78 acres).

Border Length: 2460 feet (ft)

Border Width: 130 ft

Border Slope: Average, 0.001665 ft/ft

CROP DATA

Crop: First year Bermuda Grass following leaching, planted September 1999.
Crop Growth Stage: 10 inches (in) in height
Crop Condition: Good

SOILS DATA

Soil Texture: Imperial silty clay (100%).

Soil Depth: >4 fi.

Soil Uniformity: Average to good

Effective Crop Rooting Depth: 3 fi

Available Water Capacity: 0.17 - 0.35 in/in.
Estimated Allowable Depletion: Not determined.

SOIL CONDITION

Estimated Soil Water Deficit at Beginning of Irrigation:
Average: 3.951n,

Estimated Irrigation Water Stored in Root Zone:
Average: 3.95 in.




IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Slight cracking. Previous irrigation on June 29, 2000.

Beginning Iirigation Time: July 11, 2000, 8:30 a.m.
Ending Irrigation Time: July 12, 2000, 8:45 a.m
Beginning Qutflow Time: July 12, about 9 p.m.
Ending Outflow Time: July 15, about 1 p.m.
Average Inflow: 11.0 cubic feet per second (cfs)
Average Outflow: 0.23 cfs.

Number of Sets: 1

Set Time: Average, 24 hours

Advance Time: 33.5 to 35 hours

Uniformity of Advance: Near constant rate of advance. Quite uniform.
Number of Borders per Set: 7

Irrigation Observations: The irrigation set time of 24 hours is not typical for
urigations during cropping. Water had advanced about
70 % of the field when it was shut off.

Uniformity: Good

Ponding: Some at the bottom of the field.

Erosion: None.

Estimated Trrigation Efficiency: 87 %.

Irrigation Summary
Average Percent of
Depth', Applied Water,
in %
Total Water Applied 5.08
Total Water Stored in Root Zone 3.95 77
Total Runoff 0.28 6
Total Deep Percolation 0.85 17

'Depth based on field irrigated acreage.




Field No.5 - I.rrigation and Cropping History

Cropped Area: 130 ac

: Total

Water  Irrigation
Delivery ' Interval Order Delivered  Charged Applied  Applied

Crop Date (days) {cfs) (cfs) (efs) (i  (im
Flooding, flat
Wheat 1/21/97 8 8 8 1.46
Wheat R8T 1 8 8 8 1.46 2.93
Wheat 2/7/97 16 14 14.2 14.2 2.60 2.60
Wheat 2/13/97 6 14 12.5 14 2.56 2.56
Wheat 3/6/97 21 9.5 9.5 9.5 1.74 1.74
Wheat 3/20/97 14 10 10 10 1.83 1.83
Wheat 3/29/97 9 18 18 18 3.30 330
Wheat 3/31/97 2 4 4 4 0.73
Wheat 4/1/97 1 9 9 9 1.65 2.38
Wheat 4/14/97 13 - 9.5 9.6 9.6 1.76 1.76
Wheat 419197 5 19 19 19 348 3.48
Wheat 4/25/97 6 10 10 i0 1.83 1.83
Wheat 512197 7 17 17 17 311 3.11
Idle 5/15/97 13 17 17 17 311 an
Idle 5/25/97 10 16 16 16 2.93 2.93
Idie 6/20/97 26 19 19 19 3.48 348
Idle 6/30/97 10 16 i6 16 293 2.93
Idle 7/10/97 10 16 16 16 2.93 293
Idle 7/21/97 11 16 16 16 2.93 2.93
Idle 8/5/97 15 17.5 17.5 17.5 320 3.20
Idle 8/8/97 3 8 8.1 8.1 1.48
Idle 8/9/97 : i g 8.1 g.1 1.48
idle - BI0/97 i 6 5.7 6 1.10 4.06
Idle " B/16/97 6 15.5 15.5 15.5 2.84 2.84
Flooding, flat 8/28/97 ' 12 15.5 15.4 154 2.82 2.82
Flooding, flat 9/18/97 21 16 12.2 16 2.93 2.93
Flooding, flat 10/11/97 23 16 16 16 2.93 2.93
Flooding, ftat 11/13/97 33 5 52 5.2 0.95
Flooding, flat 11/14/97 1 5 1.5 2.5 0.46 1.41
Wheat 1714798 61 9 9 9 1.65 1.65
‘Wheat 3/3/98 48 18 18.6 18.6 341 341
Wheat 3/5/98 2 9 8.9 8.9 1.63 1.63
Wheat 3/9/98 4 10 10 10 1.83 1.83
Wheat 3/24/98 15 16 16 16 2.93
Wheat 3/25/98 1 10 10 10 1.83 4.76
Wheat 4/7/98 13 9 9 9 1.65 1.65
Wheat 4/11/98 4 l6 16 16 293 2.93
Wheat 4/19/98 8 9 9 9 1.65 1.65
Wheat 4/28/98 9 17 18.1 18.1 3.3
Wheat 4/29/98 1 9 8.9 8.9 1.63 4.94
Wheat 5/7/98 8 7 7 7 1.28 1.28
Wheat 5/11/98 4 17 17 17 3.11 3.11




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cfs) (cfs) (cfs) (in) (in}
Wheat 5/21/98 10 16 i6 16 2.93 2.93
Idle 5/31/98 10 15 15 15 2.75 2.75
Idle 6/12/98 12 16 16 13 2.93 2.93
Idle 7/1/98 19 18 18 18 3.30 3.30
Idle 7/10/98 9 14 14 14 2.56 2.56
Idie 7/20/98 10 i5 15.2 15.2 2.78 2.78
Idie 7/31/98 11 15 15.2 152 2.78 2.78
1dle 8/15/98 15 17 16.8 16.8 3.08
Flooding, flat 8/20/98 5 8 g 8 1.46
Flooding, flat 8/21/98 1 8 8 8 1.46
Flooding, flat 8/22/98 1 8 8.3 83 1.52 4.45
Flooding, flat 8/27/98 5 16 i6 16 2.93 2.93
Flooding, flat 9/9/98 i3 15 15 15 2.75 2.75
Flocding, flat 9/23/98 14 15 15 i5 2.75 2.75
Flooding, flat 10/7/98 14 15 15 15 2.75 2.75
Floeding, flat 11/12/98 36 5 4.3 4.3 0.79 0.79
Wheat 1/8/99 57 8 7.5 8 1.46 1.46
Wheat 2/6/99 29 5.5 5.5 5.5 1.01 1.01
‘Wheat 2/23/99 17 11 11 11 2.01
‘Wheat 2/24/99 i 11 10.% 10.9 2.00 4.01
Wheat 2/28/99 4 7.5 7.5 7.5 137
Wheat 3/1/99 1 4.5 24 2.4 0.44 1.81
Wheat 3/14/99 13 8.5 8.6 3.6 1.57 1.57
Wheat 3/206/99 6 12.5 12.5 12.5 2.29
Wheat 3/21/99 1 3 2.5 2.5 0.46 2.75
Wheat 3/27/99 6 9 9 9 1.65 1.65
Wheat 4/6/99 10 15. 15 15 2,75 2.75
Wheat . 4/8/99 2 7 7.1 7.1 1.30
Wheat 4/20/99 12 35 8.4 &4 1.54
Wheat 4{21/99 1 13.5 15.3 153 2.80 4.34
Wheat 4/23/99 2 4 3.8 3.8 0.70 0.70
Wheat 5/1/99 8 9 9.1 9.1 1.67
Wheat 5/2/99 1 4 24 2.4 0.44 2.11
‘Wheat 5/4/99 2 16 159 15.9 2.91 2.91
Wheat 5/23/99 19 18 17.9 17.9 3.28 3.28
Idle 6/3/99 11 16 16.1 16.1 295 2.95
Idle 6/14/99 11 15 15 15 2,75
Idle 6/15/99 1 3 1.9 1.9. 0.35 3.09
Idle 6/23/99 8 16 16 16 2,93 2.93
Idle 7/2/99 9 15.5 15.5 15.5 2.84 2.84
Idle 711295 10 15.5 15.5 15.5 2.84 2.84
Idie 8/1/99 20 18 19 19 3.48 348
Idle 8/12/99 11 15 15 15 2.75 2.75
Flooding, flat 8/14/99 2 10 10 10 1.83
Flooding, flat 8/15/99 1 10 10 10 1.83
Flooding, flat 8/16/99 1 7 7 7 1.28 4.94
Flooding, flat 8/22/99 6 15 15 15 2.75 2.75




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cfs) {cfs) (cfs) (in) (in)
Flooding, flat 9/8/99 17 17 16.5 16.9 3.09 3.09
Bermuda Grass 9/10/99 2 2 9.1 9.1 1.67

Bermuda Grass 9/11/99 1 7 3.8 38 0.70 2.36
Bermuda Grass 9/13/99 2 7 3.4 7 1.28 1.28
Bermuda Grass 9/16/99 3 7 4.9 4.0 0.90 0.90
Bermuda Grass 9/23/99 7 14 14 14 2.56 2.56
Bermuda Grass 9/27/99 4 7 6.5 7 1.28 1.28
Bermuda Grass 10/8/99 I 15 15 15 2,75

Bermuda Grass 10/9/99 1 10 9.9 15 2.75 5.49
Bermuda Grass 2/8/00 122 12 12 12 2.20

Bermuda Grass 2/9/00 1 12 12 12 2.20

Bermuda Grass 2/10/00 1 12 12 12 2.20

Bermuda Grass 2/11/00 1 9 9 9 1.65 8.24
Bermuda Grass 3/6/00 24 12 10 12 2.20 2.20
Bermuda Grass 3/13/00 7 16 16 16 2.93 2.93
Bermuda Grass 3/29/00 16 14 14 14 2.56

Bermuda Grass 3/30/00 1 13 12.9 12.9 2.36

Bermuda Grass 3/31/00 1 2 2 2 0.37 529
Bermuda Grass 4112100 12 16 16.2 16.2 2.97 2.97
Bermuda Grass 4/17/00 -5 13 13 13 2.38 2.38
Bermuda Grass 4/26/00 9 15 16.3 16.2 2.97 2.97
Bermuda Grass 5/6/00 10 13 13 13 2.38 2.38
Bernuda Grass 5/9/00 3 16 15.8 15.8 2.89 2.89
Bermuda Grass 5/19/00 10 15 154 15.4 2.82 2.82
Bermuda Grass 5/22/00 3 13 13.3 133 2.44 2.44
Bermuda Grass 5/29/00 7 15 15 15 2.75 2.75
Bermuda Grass " 6/18/00 20 16 16 16 2.53 293
Bermuda Grass . 6/24/00 6 20 20 20 3.66 3.66
Bermuda Grass 6/26/00 2 5 3.7 37 0.68 0.68
Bermuda Grass 6/29/00 3 10 10 10 1.83 1.83
Bermuda Grass 7/5/00 6 15 14.8 14.8 271 2.71
Bermuda Grass 7/11/00 6 11 11 11 2.01 2.01
Bermuda Grass 7/15/00 4 15 15 15 2.75 2.75
Bermuda Grass 7/24/00 9 15 15 15 2.75 2.75
Bermuda Grass 7/30/00 6 14 14 14 2.56 2.56
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Delivery and Tailwater Flow for Parcel No.5

Flow in cfs

{ —-Delivery Flow —Tailwater Flow
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FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 6

FIELD DATA

‘Trrigated Acreage: 76 acres (ac)
Border Length: 2450 feet (ft)

Border Width: 130 ft

Border Slope: Average, 0.002533 fi/ft

CROP DATA

Crop: Sudan Grass, planted in February 2000 following Carrots.
Crop Growth Stage: 34 inches (in) in height
Crop Condition: Good

SOILS DATA

Soil Texture: Holtville silty clay (40%); Imperial silty clay (40%); Meloland
very fine sandy loam (20%).

Soil Depth: > 4ft 7

Soil Uniformity: Average to good

Effective Crop Rooting Depth: 4 ft

Available Water Capacity: 0.17 —0.35 in/in.

Estimated Allowable Depletion: Not determined.

SOIL CONDITION

Esttmated Soil Water Deficit at Beginning of Irrigation:
Average: 4.20 in.

Estimated Irrigation Water Stored in Root Zone:
Average: 4.15 in.




IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: There is a lot of variability in the field soils. Previous
irrigation on June 30, 2000,

Beginning Irrigation Time: July 13, 2000, 8:30 a.m.
Ending Irrigation Time: July 15, 2000, 8:30 a.m
Beginning Outflow Time: July 13, about 4 p.m.
Ending Outflow Time: July 15, about 3 p.m.

Average Inflow: 8.3 cubic feet per second (cfs)
Average Outflow: 0.97 cfs.

Data logger was not installed at beginning of irrigation

Number of Sets: 5

Set Time: 4.5 hours.

Advance Time: 6.8 to 7.4 hours

Uniformity of Advance: Near constant rate of advance. Quite uniform
Number of Borders per Set: 1 or 2

Irrigation Observations: Water did not make it to the bottom of a few borders.
Uniformity: Below average.

Ponding: At the bottom of the field, near the tailwater box.

Erosion: None

Estimated Irrigation Efficiency: 88 %.

Irrigation Summary
Average Percent of
Depth’, Applied Water,
in %
Total Water Applied 5.20
Total Water Stored in Root Zone 4.15 79
Total Runoff 0.60 12
Total Deep Percolation 0.45 9

'Depth based on field irrigated acreage.




Field No.6 - _Irriaation and Crooping History

Cropped Area: 76 ac
Total
Water  Irrigation
Delivery Interval Order Delivered  Charged  Applied  Applied

Crop Date (days) {cfs) (cfs) (cfs) {in) (in)
Alfalfa, flat 1/11/97 12 11.5 11.9 3.73 373
Alfalfa, flat 2/8/97 28 10 Q7. 9.7 3.04 3.04
Alfalfa, flat - 2/25/97 17 11 10.9 10.9 341 341
Alfalfa, flat 37122197 25 12 11.8 11.8 3.70 3.70
Alfalfa, flat 4/2/97 11 11 9.7 97 3.04 3.04
Alfalfa, flat 4/20/97 18 12 11.2 11.2 3.51 3.51
Alfalfa, flat 4/30/97 10 12 115 11.9 3.73 3.73
Alfalfa, flat 51197 17 6 6.1 6.1 1.91 1.91
Alfalfa, flat 5/28/97 11 12 11.2 1.2 3.51
Alfalfa, flat 5/29/97 I 12 12.8 12.8 4.01 7.52
Alfalfa, flat 6/16/97 18 13 1.9 11.9 373 373
Alfalfa, seed 7/20/97 34 13 12.9 12.9 4.04 4.04
Alfaifa, flat 10/31/97 103 i3 14.8 14.8 4.64 4.64
Alfalfa, flat 11/20/97 20 10 10 10 3.13 3.13
Alfalfa, flat /17/98 58 10 11.5 11.5 3.60 3.60
Alfalfa, fla 2/14/98 28 11 10.6 10.6 3.32 332
Alfalfa, flat 3/15/98 29 12 .9 119 3.73 3.73
Alfalfa, flat 3/26/98 11 12 12.2 12.2 382 3.82
Alfalfa, flat 4/19/98 24 12 11.8 11.8 3.70
Alfaifa, flat 4/20/98 1 5 5 5 1.57 5.26
Alfalfa, flat 4/29/98 9 12 12.2 122 382 3.82
Alfalfa, flat 5/9/98 10 12 11.9 119 3.73 373
Alfalfa, flat 5/27/98 18 14 14 14 - 438
Alfalfa, flat 5/28/98 1 5 5.1 5.1 1.60 5.98
Alfalfa, flat 6/15/98 18 13 13.1 13.1 410 4.10
Alfalfa, flat 7/4/98 19 g 6.5 8 2.51 2.51
Alfalfa, seed 7/19/98 15 14 12.9 12.9 4.04
Alfaifa, seed 7/20/98 1 1.5 1.8 1.8 0.56 4.60
Flooding, Flat 9/4/98 46 12 12.2 122 382
Flooding, Flat 9/5/98 1 12 122 12.2 3.82
Flooding, Flat - 9/6/98 1 12 12.2 12.2 3.82 11.46
Carrots 10/11/98 35 5 4.6 4.6 1.44
Carrots 10/12/98 1 5 39 5 1.57
Carrots 10/13/98 1 5 45 5 1.57 4.57
Carrots '10/15/98 2 5 5.1 5.1 1.60 1.60
Carrots 10/17/98 -2 5 2.5 235 0.78 0.78
Carrots 10/19/98 2 5 1.7 2.5 0.78 - 0.78
Carrots 10/21/98 2 5 2.1 2.5 0.78 0.78
Carrots 10/23/98 2 5 1.3 2.5 0.78 0.78
Carrots 11/9/98 17 7 7 7 2.19
Carrots 11/10/98 1 7 7.3 7.3 2.29
Carrots 11/11/98 1 7 6.9 6.9 2.16 6.64

36 7 7 7 2.19

Carrots 12/17/98



Total
Water Irrigation
Delivery Inferval Order Delivered  Charged  Applied Appiied
Crop Date (days) (cfs) (cfs) (cfs) (in) {in)
Carrots 12/18/98 1 7 7.1 7.1 2.22 4.42
Carrots 1/15/99 28 ) 6.3 6.3 1.97
Carrots 1/16/9% 1 6 6 6 1.88 3.83
Carrots 2/11/99 . 26 5 5.1 5.1 1.60
Carrots 2/12/99 1 5 49 4.9 1.53 3.13
Sudan Grass 3/26/99 42 12 0.5 10.5 3.29
Sudan Grass 3/27/99 1 12 12.4 12.4 3.88 7.17
Sudan Grass 4/18/99 22 12 121 12.1 3.79 3.79
Sudan Grass 5/2/99 14 8 9.6 2.6 3.01
Sudan Grass 5/3/99 1 12 11.9 11.9 373 6.73
Sudan Grass 5/17/99 14 5 33 33 1.03
Sudan Grass 5/18/99 1 12 121 12.1 3.79
Sudan Grass 5/19/99 1 2 0.9 0.9 0.28 5.10
Sudan Grass 6/9/99 21 12 11.9 11.9 3.73
Sudan Grass 6/10/99- 1 12 12.2 12.2 3.82 7.53
Sudan Grass 6/20/99 10 14 13.9 13.9 4.35 435
Flooding, Flat 8/6/99 47 12 12.3 123 3.85 '
* Floodiog, Flat 8/7/99 1. 12 10.9 10,9 3.41
Flooeding, Flat 8/8/99 1 12 44 12 3.76 11.02
Idle F0/17/99 70 5 4.5 5 1.57
Carrots 10/18/99 1 5 4.2 5 1.57
Carrots 10/19/99 1 5 4 5 1.57 4.70
Carrots 10/21/99 2 5 1.9 2.5 0.78 0.78
Carrots 10/23/99 2 5 2.1 2.5 0.78 0.78
Carrots 10/25/99 2 5 1.9 1.9 0.60 0.60
Carrots 10/27/99 2 3 1.9 1.9 0.60 0.60
Carrots S 11/11/99 15 7 7 7 2.19 2.19
Carrots 11/12/99 1 7 7 7 2.19 2:.19
Carrots 11/13/99 1 7 7 7 2.19 2.19
Carrots 11/14/99 1 5 5.1 5.1 i.60 1.60
Carrots 1/2/00 49 7 7 7 2.19
Carrots 1/3/00. 1 7 7 7 2.19
Carrots 1/4/00 1 7 7 7 2.19 6.58
Sudan Grass 2/13/00 40 6 5.9 59 1.85
Sudan Grass 2/14/00 | 6 5.9 5.9 1.85
Sudan Grass 2/15/00 1 5 4.9 4.9 1.53 5.23
Sudan Grass 3/3/00 17 6 5.9 5.9 1.85
. Sudan Grass 3/4/00 1 7 6.9 6.9 2.16
Sudan Grass 3/5/00 i 5 1 2.5 0.78 4.79
Sudan Grass 3/21/00 16 6 6.1 6 1.88
Sudan Grass 3/22/00 i 7 74 7.4 2.32 420
Sudan Grass 4/5/00 14 7 7 7 2.19
Sudan Grass 4/6/60 1 7 7 7 2.19
Sudan Grass 4/7/00 1 5 5 5 1.57 5.85
Sudan Grass 4/24/00 17 13 13.1 13.1 4.10 4.10
Sudan Grass 5/3/00 9 12 i2 12 3.76
Sudan Grass 5/4/00 1 12 6.2 6.2 1.24 5.70




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied Applied

Crop Date (days) (cfs) (cfs) (cfs) (in) (in)
Sudan Grass 5/18/00 14 14 15 15 4.70 470"
Sudan Grass 5/29/00 11 14 13.9 13.9 4.35 4.35
Sudan Grass 6/8/00 10 4 10.5 10.5 3.29
Sudan Grass 6/9/00 1 10 10.2 . 14 418 7.67
Sudan Grass 6/29/00 20 15 16.1 16.1 5.04
Sudan Grass 6/30/00 1 5 6 6 1.88 6.92
Sudan Grass 7/13/00 13 14 13.9 13.9 435
Sudan Grass 7/14/00 1 4 5.9 5.9 1.85 6.20
Sudan Grass 7/23/00 9 14 14 14 438
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Delivery and Tailwater Flow for Parcel No.6
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Field No. 6 - Avg. EC in 4 ft. Profile
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FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 7

FIELD DATA

Irrigated Acreage: 73 acres (ac)
Border Length: 2580 feet (ft)

Border Width: 120 fi

Border Slope: Average, 0.002683 ft/fi

CROP DATA

Crop: Third or forth year seed alfalfa crop, planted prior to January 1997.
Crop Growth Stage: 24 inches (in) in height with a heavy bloom.
Crop Condition: Good

SOILS DATA

Soil Texture: Imperial-Glenbar silty clay loam (80%); Holtville silty clay (20%).
Soil Depth: > 4ft '
Soil Uniformity: Average to good
_Effective Crop Rooting Depth: 4 ft
Available Water Capacity: 0.17 —0.25 in/in.
Estimated Allowable Depletion: { Jin

SOIL CONDITION

Estimated Scil Water Deficit at Beginning of Irrigation:
Average: 5.01n.

Estimated Irrigation Water Stored in Root Zone:
Average: 4.851n




IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Significant cracking in soil. Soil was quite dry before
the irrigation. Previous irrigation on July 2, 2000

Beginning Irrigation Time: July 14, 2000, 8:10 a.m.

Ending Irrigation Time: July 16, 2000, 8:10 a.m

Beginning Outflow Time: July 14, about 4 p.m.

Ending Outflow Time: July 16, about 8 a.m.

Average Inflow: 9.7 cubic feet per second (cfs)

Average Outflow: 2.45 cfs,

The data logger recorded inflow was split between two fields, but the data logger
data for outflow is for the correct field.

Number of Sets: 4

Set Time: 9.0 to 14.0 hours.

Advance Time: 7.9 to 8.0 hours

Uniformity of Advance: Near constant rate of advance. Good.
Number of Borders per Set: Varied, 2 or 3.

Irrigation Observations:

Uniformity: The bottom of the field appeared to be under-irrigated, based on
observed crop heights.

Ponding: Some at the bottom of the field, near the tailwater box..

Erosion: None

Estimated Iirigation Efficiency: 80 %.

Irrigation Summary
Average Percent of
Depth’, Applied Water,
in %
Total Water Applied 6.35
Total Water Stored in Root Zone 4.85 76
Total Runoff 1.20 20
Total Deep Percolation 0.30 4

‘Depth based on field irrigated acreage.




. Field No.7 - Irrigation and Cropping History

Cropped Area: 73 ac

Total
Water Irrigation
Delivery Interval Order Delivered  Charged Applied - Applied

Crop Date (days) (cfs) (cfs) (cfs} {in} (in)
Alfalfa, flat 1/28/97 11 11.5 11.5 3,75 375
Alfalfa, flat 2/11/97 14 11 6.4 6.4 2.09 2.09
Alfaifa, flat 3/7/97 24 7 5.5 5.5 1.79 1.79
Alfalfa, flat 3/22/97 15 12 12,2 12.2 3.98 3.98
Alfalfa, flat 4/14/97 23 9 9.5 9.5 3.10 3.10
Alfalfa, flat 4/26/97 12 12 12.2 12.2 3198 3.98
Alfalfa, flat 510/97 14 i2 14 14 4.56 4.56
Alfalfa, flat 5/21/97 11 12 12.4 12.4 4.04
Alfalfa, flat 5122/97 1 5 1.9 1.9 0.62 4.66
Alfalfa, flat 6/5/97 14 12 12.2 12.2 3.98 ,
Alfalfa, flat 6/6/97 1 5 4.9 49 1.60 5.58
Alfalfa, flat 6/15/97 g 12 11.9 11.9 3.88 388
Alfalfa, flat 716197 21 12 11.4 11.4 3.72

l Alfaifa, flat 7/7/97 _ 1 7 8.5 83 277 6.49

Alfalfa, flat 7117197 10 12 12 12.1 3.95 3.95
Alfalfa, flat 8/1/97 15 12 11.8 11.8 3.85
Alfalfa, flat 8/2/97 1 7 49 49 1.60 545
. Alfalfa, flat 8/23/97 21 12 12.6 12.6 4.11 4.11
Alfalfa, flat 9/22/97 30 12 - 12.6 12.6 4,11
Alfalfa, flat 9/23/97 1 8 8 8 2.61 6.72
Alfalfa, flat 10/13/97 20 12 2 . 12 3.91
Alfalfa, flat 10/14/97 1 7 3.5 3.5 1.14 5.05
Alfalfa, flat 11/17/97 34 12 122 12.2 398 3.98
Alfalfa, flat 12/17/97 30 10 10.3 16.3 336 3.36
Alfalfa, flat 2/25/98 . 70 12 10.2 10.1 329 3.29
Alfaifa, flat 3/9/98 12 12 12.1 12.1 3.95 3.95
Alfalfa, flat 4/5/98 27 12 12.2 122 3.98 3,98
Alfalfa, flat 4/18/98 13 12 13.2 132 430 430
Alfalfa, flat 5/6/98 18 12 12.9 12.9 4.21 421
Alfalfa, flat 5/19/98 13 12 11.9 11.9 3.88 3.88
Alfalfa, flat 6/6/98 18 12 11.9 11.9 3.88 3.88
Alfalfa, flat 6/15/98 9 12 12.2 12.2 3.98 398
Alfalfa, flat 6/28/98 13 12 122 12.2 3.98 1.98
Alfalfa, flat 7/10/98 12 12 11.8 11.8 3.85
Alfalfa, flat 7/11/98 1 4 0 0.3 0.10 3.95
Alfalfa, flat 8/4/98 24 12 1.5 9.5 3.10 3.10
Alfalfa, flat 8/5/98 5 13 13.1 13.2 430
Alfalfa, flat 8/10/98 1 13 10.4 103 3.36 7.66
Alfalfa, flat 9/15/98 36 12 10.9 10.9 3.35
Alfalfa, flat 9/16/98 1 i2 11.9 11.9 3.88 7.43
Alfalfa, flat 9/30/98 14 12 11.9 - 11.9 3.88 3.88
. Alfalfa, flat 10/27/98 27 12 12.2 122 398 3.98
Alfaifa, flat 12/4/98 38 12 11.9 11.9 3.88 3.83




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cfs) (cfs) (cfs) (in) (in)
Alfalfa, flat 12/21/98 17 12 12.2 12.2 398 3.98
Alfalfa, flat 1/22/99 32 12 12.2 122 3.98 3.98
Alfalfa, flat 2/25/99 34 11 11.4 11.3 3.68
Alfalfa, flat 2/26/99 -1 4 0.5 0.5 0.16 31.85
Alfalfa, flat 3/12/99 14 12 11.9 11.9 3.88 3.88
Alfalfa, flat 4/2/99 21 12 5.6 9.5 3.10 3.10
Alfalfa, flat 4/18/99 i6 12 119 11.9 3.88 3.88
Alfalfa, flat 517199 9 12 115 115 3.75 3.75
Alfalfa, flat 5/16/99 S 12 12.2 12.2 398 3.98
Alfalfa, flat 6/9/99 24 12 12.2 12.2 3.98 398
Alfalfa, flat 7/2/99 23 12 12.2 122 398 3.98
Alfalfa, flat 7/28/99 26 12 12.6 12.6 4.11
Alfalfa, flat 7/29/99 1 12 122 12.2 3.98 8.09
Alfalfa, flat 9/6/99 39 12 11.9 11.9 3.88
Alfaifa, flat 9/7/99 1 4 53 53 1.73 5.61
Alfalfa, flat 9/21/99 14 10 103 10.3 3.36
Alfaifa, flat 9/22/99 1 3 1.3 13 0.42 378
Alfaifa, flat 10/17/99 25 10 10.3 10.3 338 336
Alfaifa, flat 11/5/99 19 12 12 12 39
Alfalfa, flat 11/6/99 -1 4 22 22 0.72 403
Alfalfa, flat 12/10/99 34 12 11.8 11.7 3.81
Alfailfa, flat 12/11/99 1 4 14 1.4 0.46 427
Alfaifa, flat 12/30/99 19 4 33 33 1.08 1.08
Alalfa, flat 1/19/00 20 12 11.9 11.9 3.88
Alfalfa, flat 1/20/00 1 6 0.8 0.8 0.26 4.14
Alfalfa, flat 3/8/00 48 8 7.9 7.9 2.58 2.58
Alfalfa, flat 3/31/00 23 12 11.9 11.9 3.88
Alfalfa, flat . 4/1/00 1 4 2 2 0.65 4.53
Alfalfa, flat 4/17/00 16 12 11.9 11.9 3.88
Alfalfa, flat “4/18/00 1 5 2.3 2.5 0.82 4.7G
Alfalfa, flat 5/1/00 13 12 12.1 12.1 395
Alfalfa, flat 5/2/00 1 4 4 4 1.30 525
Alfalfa, flat 5/8/00 6 12 12 12 39 391
Alfalfa, flat 5/31/00 23 12 12.2 12.2 398
Alfalfa, flat 6/1/00 i 8 4 4 1.30 5.28
Alfalfa, flat 6/17/00 16 12 11.9 11.9 3.88
Alfalfa, flat 6/18/00 1 8 8 8 2.61 6.4%
Alfalfa, flat 7i2/00 14 12 119 11.9 3.88 3.88
Alfalfa, flat 7/14/00 12 12 121 12.1 3.95 ]
Alfalfa, flat 7/15/00 1 0 7.4 7.4 2.41 6.36
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Delivery and Tailwater Flow for Parcel No.7
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12:00 0:00 12:00 G:co 12:00 0:00 200 0:00 12:00 0:00 12:00 .00 12:00

Order = 1d-12, 1d-6'  Delivery Volume (AF) = 72.3 % Tailwater= 10% ' Acres = 73

Soil Type = 110, 115 Tailwater Volume (AF)= 7.2 _ Crop = Flatalfalfa Inches Applied= 11.9

04071400 xis ‘ Prepared By irrigation Management Unit submerge femplate






Field No. 8

Field Irrigation Evaluation

Data Summary




FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 8

FIELD DATA

Irrigated Acreage: 72 acres (ac)
Furrow Length: 1320 feet (fi)

Furrow Spacing: 40 inches (in)
Furrow Slope: Average, 0.002567 ft/ft

CROP DATA

Crop: First year alfalfa, planted June 1999 following onions.
Crop Growth Stage: 20 inches (in) in he1ght
Crop Condition: Good

SOILS DATA

Soil Texture: ‘Tmperial silty clay (50%); Imperial-Glenbar sﬂty clay loam (50%).
Soil Depth: > 4ft
- Soil Uniformity: Average to good
Effective Crop Rooting Depth: 4 ft
Available Water Capacity: 0.17 - 0.35 in/in.
Estimated Allowable Depletion: Not determined.

SOIL CONDITION

Estimated Soil Water Deficit at Beginning of Irrigation:
Average: 3.01in.

Estimated Irrigation Water Stored in Root Zone:
Average: 2.91in.

NOTES: Soil was quite moist below 2 ft,




IRRIGATION DATA

Irrigation Method: Furrows with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Some cracking of the soil. Previous irrigation on

July 7, 2000.

Beginning Irrigation Time: July 15, 2000, 6:30 a.m.
Ending Irrigation Time: July 16, 2000, 12:45 p m
Beginning Outflow Time: July 15, about 3:30 p.m.
Ending Outflow Time: July 16, about 5:30 p.m.
Average Inflow: 9.2 cubic feet per second (cfs)
Average Outflow: 2.2 cfs.

Number of Sets: 9
Set Time: 2.4 to 3.5 hours.
Advance Time: 3.0to 3.3 hours

Uniformity of Advance: Some furows advanced much faster than others.

Number of Furrows per Set: 80

Irrigation Observations: The advance was quite fast and runoff quite high.

Uniformity:

Ponding: None.

Erosion: None.

Estimated Irrigation Efficiency: 80 %.

Irrigation Summary

Average Percent of
Depth', Applied Water,
in %
Total Water Applied 3.84
Total Water Stored in Root Zone 2.90 76
Total Runoff 0.78 20
Total Deep Percolation (.16 4

'Depth based on field irrigated acreage.




l . Field No.8 - Irrigation and Cropping History
l Cropped Area: 72 ac
Total
Water  Irrigation
I Delivery Interval Order Delivered  Charged Applied  Applied
Crop " Date {days) (cfs) (cfs) (cfs) (in) (in)
Sugar Beets _ 1/13/97 9 4.9 49 1.62
l Sugar Beets 1/14/97 1 7 1.5 3.3 1.16 2.78
Sugar Beets 2/6/97 23 6 43 4.3 1.42
Sugar Beets 2/7197 1 6 . 1.98 3.41
l Sugar Beets 2/26/97 19 3 3 3 0.99 0.99
Sugar Beets 3/13/97 I5 7 73 7.3 2.41
Sugar Beets 3/14/97 1 7 35 15 1.16 3.57
' Sugar Beets 3/271/97 13 3 83 83 2.74 2.74
Sugar Beets 4/6/97 10 & 7.1 8 2.64 2.64
Idle 5/16/97 40 8 8.6 8.6 2.84
l Flooding, flat 5117197 1 8 8.3 8.3 2,74
Flooding, flat 5/18/97 1 8 4.2 g 2.64 8.23
Sugar Beets 9/10/97 115 7 7.1 7.1 2.35
Sugar Beets ’ 9/11/97 1 7 7.3 73 2.41
l Sugar Beets 9/12/97 1 7 7.1 7.1 235
Sugar Beets 9/13/97 1 5 52 7 2.3 9.42
Sugar Beets 9/17/97 4 8 8.2 8.2 271 2.71
l . Sugar Beets 10/18/97 3l 9 7.9 9 2.98 2.98
Sugar Beets 11/7/97 20 9 9 9 2.98
Sugar Beets 11/8/97 1 5 52 5.2 1.72 4,69
l Sugar Beets 12/7/97 - 29 9 8.9 9 2.98
Sugar Beets 12/8/97 1 7 7 7 231 5.29
Sugar Beets 1/13/98 36 9 6.5 g 2.98 2.98
l Sugar Beets 3/2/98 48 8 6.4 8 2.64 2.64
Sugar Beets 3/18/98 , 16 7 6.3 7 231 2.31
Idle 5/6/98 49 g 8.4 8.4 2.78 )
Idie 5/7/98 1 8 8.4 5.4 2.78 2.78
l Flooding, flat 5/9/98 2 g 38 g 2.64
Flooding, flat 5/15/98 6 8 83 8.3 2.74
Flooding, flat 5/24/98 9 8 8.6 86 2.34
' Flooding, flat 6/1/98 8 8 8 8 2.64
Flooding, flat 6/10/98 9 8 84 8.4 2.78
Flooding, flat 6/18/98 8 8 3.8 4 1.32
l Flooding, flat 6/25/98 7 8 83 83 2,74
Flooding, flat 7/7/98 12 8 8.2 8.2 2.71 23.21
Onions 10/27/98 112 g 3.6 8.6 2.84
l Onions 10/28/98 1 & 83 8.3 274 5.59
Onions 11/1/98 4 8 3.8 4 1.32 1.32
Onions 11/10/98 9 8 33 4 132 1.32
Onions 11/21/98 11 g 42 42 1.39 1.39
l Omnions 12/2/98 11 8 i3 4 1.32 1.32
. Onions 12/11/98 9 8 3.3 4 1.32 1.32
' Onions 1/11/99 31 5 5.1 6 1.98




' o Total
._ Water Irrigation

Delivery Interval Order Delivered  Charged Applied  Applied
Crop Date {days) {cfs) (cfs) (cfs) {in) (in)
Onions 112/99 1 i 0.1 0.5 0.17 2.15
Onions 1/26/99 14 4 39 4 1.32 1.32
I Onions 2/7/99 12 4 1.5 2 0.66 (.66
Onions 2/15/99 8 4 1.7 2 0.66° .66
Omnions 2/23/99 8 4 2.7 4 1.32 - 1.32
l Onions 3/2/99 7 5 3 3 0.99
Cmnions - 3/3/99 1 1 0.5 0.5 0.17 1.16
Cmnions 3/9/99 6 5 26 5 1.65 1.65
l COnions 3/16/99 7 5 29 3 0.99 0.99
Onions 3/22/99 - 6 6 3.7 6 1.58 1.98
Cnions 3/28/99 6 5 3.7 5 1.65 1.65
. ‘Onions 4/9/99 12 5 3 5 1.65 1.65
Onions 4/15/99 6 5 5 i 1.65 1.65
Cnions 4/21/99 6 5 31 5 1.65 1.65
Onions 4/27/99 6 6 6 & 1.88 1.98
l Onions 5/3/99 6 6 6.1 6.1 - 2.02 2.02
Onions 5/10/99 7 6 38 6 1.98 1.98
Alfalfa, row 9/6/99 119 9 9 g 2.98 '
l Alfalfa, row 9/7/99 1 9 8.6 8.6 2.84 5.82
Alfalfa, row -~ G/14/99 7 9. 6.1 9.1 3.01 3.01
Alfalfa, row 10/5/99 21 7 T 7 231 .
I . Alfalfa, row 10/6/99 1 7 5.8 7 2.31 4.63
Alfalfa, row 10/25/99 19 10 10 10 331 331
Alfalfa, row 11/28/99 34 7 7 7 2.31 2.31
l Alfalfa, row 12/16/99 18 7 7 6.9 2.8 2.28
Alfalfa, row 1/29/00 44 7 14 i.4 0.46 0.46
Alfalfa, row 2/14/00 i6 7 6.9 6.9 2.28
Alfalfa, row ; 2/15/00 _ 1 7 7.3 7.3 241 4.69
l Alfalfa, row 4/1/00 46 7 7 7 2.31
Alfalfa, row 4/2/00 ) 1 7 7 7 2.31 4.63
Alfalfa, row 4/14/00 i2 7 7.2 7.2 2.38
' Alfalfa, row 4/15/00 1 3 0 1.5 0.50 2.88
Alfalfa, row 4/23/00 8 6 6.3 6.3 2.08 2.08
Alfalfa, row 518100 15 E) 82 8.2 2.71 2.71
' Alfalfa, row 5/16/00 8 6 7.6 16 2.51 2.51
Alfalfa, row 6/6/00 21 8 8.1 8.1 2.68
Alfalfa, row &6/7/00 1 8 8.1 8.1 2.68 5.36
l Alfalfa, row 6/15/00 8 9 9.1 9.1 301 - 301
Alfaifa, row 6/22/00 7 8 8.1 8.1 2.68 2.68
 Alfalfa, row 7/6/G0 14 8 8.3 8.3 2.74
Alfalfa, row TITI00 -1 8 7.9 7.9 2.61 5.36
l Alfalfa, row 7/15/00 g 9 9.2 9.2 3.04 3.04
Alfalfa, row 7/23/00 B 9 9.1 2.1 3.01 3.01
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Deiivéry and Tailwater Flow for Parcel No.8
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Order = 1d-9" Delivery Volume (AF) = 24.0 % Tailwater= 20% Acres= 0
Soil Type= 0 Tailwater Volume (AF)= 4.9 Crop = Row alfalfa Inches Applied= #DIV/O!

07071500.x/s Frepared By lrrigation Management Unit subrerge lemplate
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Field No. 8 - g to 1 ft.

ECe{0.5)

dS/m
<4

4 4-8

& 6-8

#®>8

Data Bounds

¥ min & max
653782.03
654206.88

Y: min & max
364810853
3648852 65

ECe(1.5)

dSim
<7

& 7-8

@& 9-11

@ > 1

Data Bounds

¥ min & max
B53782.03
554205.98

Y: min & max
364810853
Ip48B852 k5

Bottom Top
1 to 2 ft.
Bottom Top




Field No. 8 - 2 to 3 ft.

ECe(2.5}

dSfm
<7

# 7-9

@ 3-1

1

Data Bounds

X min & max
£53782.03
G54206.88

Y: min & max
364810853
3648852 65

ECe(3.5)

dSfm
<7

@& 7-9

® 9-1

>

Data Bounds

*: min & max
553782.03
654206.88

Y: min & max
354810853
364885265

Bottom

3 to 4 ft.

Bottom

Top




Field No. 8 - Avg. ECe in 4 ft. Profile

Bottom Top

ECe{ave]
dSfm

<7
# 7-9
@ 9-1
@ > 1]

Data Bounds

X min & max
ER3782.03
E54206.98

Y min & max
3648108.53
3548852 65




Field No. 8 -0 to 1 ft. {autoscale)

Bottom
ECe({l.5}
d5/m

< 3.689
4% 3689- 5828
@ 5.828- 7.965
& > 7968

Data Bounds

X min & max
£53782.03
E54206.88

Y: min & max
364810853
3648852.65

1 to 2 ft. {autoscale)

Bottom Top

ECe{1.5)
dS/m

<71
£ 71-938
@ 9.38-1166
& > 1168

Data Bounds

2% min & max
E537BZ.03
B54206.85

¥: min & max
3643108.53
3648852 65




Field No. g - 2 to 3 ft. {autoscale)

ECe(2.5) Bottom
d5/m

< B.26
@ B0.26- 48
@ 98-11.34
& > 11.34

Data Bounds

¥ min & max
B53782.03
E54206.88

Y: min & max
364810853
3648852 65

3 to 4 ft. (autoscale}

Bottom Top

ECe{3.5)
d5/m

< 818
@& 816- 1066
® 1066-1317
& > 1317

Data Bounds

X min & max
553782.03
654205.88

Y: min & max
364510853
36408852 65




Field No. 8 - Avg. ECe in 4 ft. Profile {autoscale)

ECe{ave)
d5{m

<727
@& 727-891
@ £591-1056
& > 1056

Data Bounds

¥ min & max
553782.03
654206.88

Y min & max
364810853
3648852 .65

Bottem

Top




ECelave). Row 2
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ECe{ave]. Rowb
ECe[ave], Row B

No. 8 - Avg. ECe (by lane] o s s
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----- ECe[awe]. Row 18
ECa [d5/m]
144
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Distarice [ tail -» haad | - matars
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Field No. 9

Field Irrigation Evaluation

Data Summary




FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 9

FIELD DATA

Irrigated Acreage: 78 acres (ac) (second field served by same turnout about
67 acres).

Border Length: 1200 feet (ft)

Border Spacing: 75 Feet (ft)

Border Slope: Average, 0.001558 ft/ft

CROP DATA

Crop: Third year Bermuda Grass.
Crop Growth Stage: 18 inches (in) in height
Crop Condition:  Good

SOILS DATA

Scii Texture: Imperial-Glenbar silty clay loam (100%).
Soil Depth: > 4t

Soil Uniformity: Good.

Effective Crop Rooting Depth: 4 ft

Available Water Capacity: 0.17 - 0.35 in/in.
Estimated Allowable Depletion: Not determined.

SOIL. CONDITION

Estimated Soil Water Deficit at Beginning of Irrigation:
Average: 2.6 in. '

Estimated Irrigation Water Stored in Root Zone:
Average: 2.57 in.




IRRIGATION DATA

. Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Some cracking. Previous irrigation on July 9, 2000.

Beginning Irrigation Time: July 18, 2000, 6:30 a.m.
Ending Irrigation Time: July 19, 2000, 8:15 a.m.
Beginning Outflow Time: Not determined

Ending Outflow Time: Not determined

Average Inflow: 10 cubic feet per second (cfs)
Average Outflow: Not determined.

Number of Sets: 4

Set Time: 6.0 to 7.0 hours.

Advance Time: 9.8 to 10.0 hours

Uniformity of Advance: Near constant rate of advance. Good.
Number of Borders per Set: 8 to 10

Irrigation Observations: Data logger was not installed on head gate or tailwater
box. Tailwater was estimated with a limited number of
hand-made measurements.

. Uniformity: Good

Ponding: None.

Erosion: None

Estimated Irrigation Efficiency: 80 %.

Irrigation Summary
Average Percent of
Depth', Applied Water,
in %
Total Water Applied 3.28
Total Water Stored in Root Zone 2.57 77
Total Runoff 0.60 20
Total Deep Percolation 0.11 3

'Depth based on field irrigated acreage.




| l . Field No.9 - Irrigation and Cropping History
l Cropped Area: 145 ac
Total
Water  Irrigation
I Delivery Interval Order Delivered  Charged Applied  Applied
Crop " Date (days) (cfs) (cfs) (cfs) (in) (in)
" Sugar Beets 1/23/97 7 7.3 7.3 1.20 -
' Sugar Beets 1/24/97 1 7 7.1 7.1 1.17 2.36
Sugar Beets 2/19/97 26 7 7.1 7.1 1.17
Sugar Beets 2/20/97 i 7 7.3 7.3 1.20 2.36
l Sugar Beets 3/10/97 18 6 6 6 0.98
Sugar Beets 3/11/97 1 6 6 6 0.58 1.97
Sugar Beets 3/27197 16 7 7 7 1.15
. Sugar Beets 3128197 1 7 7 7 115
Sugar Beets " 3/29/97 1 7 7 7 1.15 3.43
. Sugar Beets 4/16/97 18 6 6.2 6.2 1.02
l Sugar Beets 4117197 1 & 6 6 0.98 2.00
Sugar Beets - 5/3/97 16 8 7.9 7.9 1.30
Sugar Beets 5/4/97 1 R 7.9 7.9 1.30
Sugar Beets 5/5/97 1 8 7.9 7.9 1.30 3.89
l Sugar Beets 6/17/97 43 g 79 7.9 1.30
Bermuda Grass 6/18/97 1 8 79 7.9 1.30
Bermuda Grass 6/15/97 1 8 4 8 1.31 3.91
l . Bermuda Grass 6/22/97 3 8 8.1 3.1 1.33 1.33
Bermuda Grass 6/25/97 3 4 4.1 4.1 0.67
Bermuda Grass 6/26/97 i 4 4.1 4.1 0.67 "1.35
I Bermuda Grass 6/29/97 3 4 4.1 4.1 0.67 0.67
Bermuda Grass 7/1/97 2 4 4.1 4.1 0.67
Bermuda Grass 7/2/97 1 4 4.1 4.1 0.67 1.35
l Bermuda Grass o Ti497 2 4 4.1 4.1 0.67
Bermuda Grass 7/5/97 1 4 4.1 4.1 0.67 1.35
Bermuda Grass 714/97 9 8 7.9 7.9 1.30
Bermuda Grass 715597 1 8 7.9 7.9 1.30 2.59
l Bermuda Grass 7724197 5 10 9.9 9.9 1.63
Bermuda Grass 7/25/97 1 7 35 3.5 0.57 2.20
Bermuda Grass 8/5/97 11 13 i2.9 12.9 2.12
' Bermuda Grass 8/6/97 i 12 1.9 11.9 1.95 4.07
Bermuda Grass 8/29/97 23 14 14.2 14.2 233
Bermuda Grass 8/30/97 1 7 7.1 7.1 1.17 3.50
l Bermuda Grass 9/15/97 16 iz 119 11.9 1.95 1.85
Bermuda Grass 10/8/97 23 6 6.1 6.1 1.00 1.00
‘ Bermuda Grass 2/21/98 136 10 10.1 10.1 1.66 '
l Bermuda Grass 2/22/98 1 9 9.1 9.1 1.49 3.15
Bermuda Grass : 3/16/98 22 12 12.2 12.2 2.00 2.00
Bermuda Grass /5/98 20 12 i1.9 il.9 1.95 :
. Bermuda Grass 4/6/98 1 12 5.6 12 1.97 3.92
. Bermuda Grass 4/25/98 19 12 11.9 11.9 1.95
. Bermuda Grass 4/26/98 1 5 5 5 0.82
l Bermuda Grass 4/27/98 1 5 5 5. 0.82 3.59




Total
: Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date {days) (cfs) (cfs) (c'fs) {in) (im})
Bermuda Grass 5/19/98 22 12 12.2 12.2 2.00
Bermuda Grass 5/20/98 ! & 6.1 6.1 1.00
Bermuda Grass 5/21/98 1 L] 5 5 0.82 3.82
Bermuda Grass 6/4/98 14 10 9.9 9.9 1.63
Bermuda Grass 6/5/98 1 10 9.9 9.9 1.63 3.25
Bermuda Grass 7/6/98 31 12 11.9 .9 1.95
Bermuda Grass T/T7/98 1 i2 11.9 11.9 1.95 3.91
Bermuda Grass 7/24/98 17 12 12.2 12.2 2.00
Bermuda Grass 7/25/98 1 12 12.2 12.2 2.00
Bermuda Grass 7/26/98 i 6 2.8 3 0.49 450
Bermuda Grass " 8/20/98 25 10 9.9 9.9 1.63
Bermuda Grass 8/21/98 1 10 10.1 10.1 1.66 3.28
Bermuda Grass 9/5/98 15 12 8.6 8.6 1.41 1.41
Bermuda Grass 9/18/98 13 10 10.1 10.1 1.66 1.66
Bermuda Grass 2/24/99 159 12 119 11.9 1.95 1.85
Bermuda Grass 2/26/99 2 7 7 7 1.13 1.15
Bermuda Grass 3/19/99 21 12 12.1 12.1 1.92
Bermuda Grass 3/20/99 ! 5 5 5 0.82 2.81
Bermuda Grass 4/9/99 20 12 11.9 11.9 1.95
Bermuda Grass 4/10/99 i 5 2.5 2.3 0.41 2.36
Bermuda Grass 4/28/99 18 10 10.1 10.1 1.66 1.66
Bermuda Grass 5/15/99 17 11 10,9 10.9 1.79 1.79
Bermuda Grass 6/10/99 26 10 10 10 1.64
Bermuda Grass 6/11/99 1 10 9.9 9.9 1.63
Bermuda Grass 6/12/99 1 7 35 3.5 0.57 3.84
Bermuda Grass 7/20/99 38 10 101 10.1 1.66
Bermuda Grass 7/121/99 ! 10 10.1 10.1 1.66
Bermuda Grass 7/22/99 1 8 8.1 8.1 1.33 4.65
Bermuda Grass 8/7/99 16 12 11.8 11.8 1.94
Bermuda Grass 8/8/99 1 7 7 7 1.15 3.09
Bermuda Grass 8/25/99 17 7 7 7 1.15 1.15
Bermuda Grass 9/6/9% 12 10 9.9 9.9 1.63
Bermuda CGrass 9/7/99 1 10 9.9 9.9 1.63 3.25
Bermuda Grass 9/20/99 13 10 9.9 9.9 1.63
Bermuda Grass 9/21/99 1 6 3.5 6 0.98 2.61
Bermuda Grass 10/5/99 14 12 11.9 11.9 1.95
Bermuda Grass 10/6/99 1 7 6 7 1.15 3.10
Bermuda Grass 3/72/00 “ 148 12 11.9 11.% 1.95
Bermuda Grass 3/3/00 1 12 11.9 i1.8 1.94 3.89
Bermuda Grass 3724/00 21 12 12.1 12.1 1.95
Bermuda Grass 3/25/00 1 4 4 4 0.66 264
Bermuda Grass 4/11/00 17 10 10 10 1.64
Bermuda Grass 4/12/00 1 10 10 10 1.64 3.28
Bermuda Grass 4/25/00 13 12 1.9 11.9 1.95 1.95
Bermuda Grass 5/8/00 13 12 11.9 11.9 1.95 1.95
Bermuda Grass 3/23/00 15 10 11.9 11.9 1.95
Bermuda Grass 5/24/00 1 12 6.4 12 1.97 392




Total
Water  Irrigation

Delivery Interval Order Delivered  Charged Applied  Applied
Crop Date (days) (cfs) {efs) - (cfs) (in) {in)
Bermuda Grass 6/3/00 t0 10 9.9 9.9 1.63
Bermuda Grass 6/4/00 l 10 9.9 9.9 1.63 3.25
Bermuda Grass 7/7/00 KE) 12 119 11.9 1.95
Bermuda Grass 7/8/00 -1 12 11.9 11.9 195
Bermuda Grass 7/9/00 1 10 99 9.9 1.63 5.53
Bermuda Grass 7/18/00 g 10 16 10 1.64
Bermuda Grass 7/19/00 1 10 5.8 10 1.64 3.28
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Field No. 10

Field Irrigation Evaluation

Data Summary



FIELD IRRIGATION EVALUATION FOR
IMPERIAL IRRIGATION DISTRICT
IMPERIAL VALLEY, CALIFORNIA.

FIELD NO. 10

FIELD DATA

Irrigated Acreage: 81 acres (ac)
Border Length: 1200 feet (ft)
Border Spacing: Not determined
Border Slope: Not determined.

CROP DATA

Crop: None, leaching following Sugar Beets.
Crop Growth Stage: N/A
Crop Condition: N/A

SOILS DATA

Soil Texture: Imperial-Glenbar silty clay loam (55%); Meloland very fine
Sandy loam (20%); Holtviile silty clay (15%).

Soil Depth: > 4ft

Soil Uniformity: Not determined.

Effective Crop Rooting Depth: Not determined.

Available Water Capacity: 0.15 - .35 in/in.

Estimated Allowable Depletion: Not determined.

SOIL CONDITION

Estumated Soil Water Deficit at Beginning of Irrigation:
Average: Not determined

Estimated Irrigation Water Stored in Root Zone:
Average: Not determined



IRRIGATION DATA

Irrigation Method: Borders with gated outlets from concrete-lined head ditch.
Field and Soil Condition: Field had been prepared for a leaching irrigation.
Border Condition: Previous irrigation on May 19, 2000.

Beginning Irrigation Time: June 24, 2000, 6:30 a.m.

Ending frrigation Time: July 3, 2000, 6:30 a.m.

Beginning Outflow Time: None

Ending Outflow Time: None

Average Inflow: 4.16 cubic feet per second (cfs)

Average Outflow: No tailwater was allowed during the leaching irrigation.

Number of Sets: 1

Set Time: 8 days.

Advance Time: Approximately 3 days.
Uniformity of Advance: Fair

Number of Borders per Set: Entire field.

Irrigation Observations: Tailwater was being pumped back to the head ditch.

Uniformity:

Ponding: Yes.

Erosion: None

Estimated Irrigation Efficiency: Non-applicable, all water was used for leaching,
soll moisture storage, and evaporation.

Irrigation Summary
Average Percent of
Depth', Water Applied,
n %
Total Water Applied 9.8
Total Water Stored in Root Zone 3.8 39
Total Runoff 0 0
Total Deep Percolation 3.6 37

lDepth based on field irrigated acreage.




Tield No.10 - Irrigation and Cropping History

Cropped Area: 81 ac
Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied Applied

Crop Date {days) (cfs) {cfs) (cfs) (in) (in)
Alfalfa, row 2/12/97 g 8.6 3.6 2.53 2.53
Alfalfa, row 2128197 16 9 10 10 2.94 2,94
Alfalfa, row 3/12/97 12 8 g 8 2.35 2.35
Alfalfa, row 4/2/97 21 10 10.3 10.3 3.03

Alfalfa, row 4/3/97 1 10 38 3.8 1.12 4.14
Alfalfa, row 4/15/97 12 9 8.9 8.9 2.62 2.62
Alfalfa, row 4/25/97 10 8 9 9 2.64 2.64
Alfalfa, row 59197 14 11 11.4 11.4 335

Alfalfa, row 5/10/97 1 11 114 11.4 335 6.70
Alfaifa, row 51797 7 5 5 5 1.47 1.47
Alfaifa, row 525197 8 10 10.9 -10.9 320 3.20
Alfalfa, row 6/7/97 13 11 10.7 10.7 3.14

Alfalfa, row 6/8/97 1 7 35 33 1.03 4.17
Alfalfa, row 6/16/97 8 7 9.8 9.8 2.88 2.88
Alfalfa, row 6/23/97 7 10 9.9 29 2.91

Alfalfa, row 6/24/97 -1 10 1t.3 11.3 3.32 6.23
Alfalfa, row 71197 7 10 10.9 10.9 3.20 3.20
Alfalfa, row 7113/97 12 10 10.3 10.3 3.03

Alfalfa, row 714/97 1 7 83 8.3 2.44 547
Alfaifa, row 7122/97 8 10 10.9 10.9 3.20 3.20
Alfalfa, row 7131797 9 10 11.8 11.8 3.47 3.47
Alfalfa, row 8/12/97 12 11 11 11 3.23

Alfalfa, row 8/13/97 1 ) 1.6 2.5 0.73 3.97
Alfalfa row . 8/22/97 9 9 9.1 9.1 2.67 2.67
Alfalfa, row 9/2/97 1 12 10.9 109 320 3.20
Alfalfa, row 9/16/97 14 10 10.6 10.6 3.11

Alfalfa, row 9/17/97 1 6 4.5 6 1.76 4,88
Alfalfa, row 10/6/97 19 10 9.9 9.9 2.91 2.91
Alfalfa, row 10/27/97 21 10 10.7 10.7 3.14

Alfalfa, row 10/28/97 1 8 8 8 2.35 5.50
Alfalfa, row - 11/20/97 23 10 9.9 9.9 2.91 291
Alfalfa, row 12/23/97 33 10 10.3 10.3 3.03 3.03
Alfalfa, row 3/6/98 73 11 11.5 1.5 3.38 3.38
Alfalfa, row 3/22/98 16 9 9.5 9.5 2.79 2.79
Alfalfa, row 4/15/98 24 12 12.2 12.2 3.58 3.58
Alifalfa, row 4/29/98 14 12 12.4 12.4 3.64 3.64
Alfalfa, row - 5/15/98 16 12 12 12 3.53 3.53
Alfalfa, row 5/27/98 12 12 13.2 13.2 3.88

Alfalfa, row . 5/28/98 i 12 1.9 11.9 3.50 7.38
Alfalfa, row 6/10/98 13 i2 12.8 12.8 3.76 3.76
Alfalfa, row 6/19/98 9 9 89 8.9 2.62 2.62
Alfalfa, row 6/27/98 8 10 102 10.2 3.00 3.00
Alfaifa, row 7/11/98 14 9 8.9 8.9 2.62 2.62




l Total
. o Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied
l Crop Date (days) (efs) (cfs) (cfs) {in) (in)
Alfalfa, row 7/22/98 11 10 13.4 13.4 3.04 3.94
Alfalfa, row 8/1/98 10 il 11.7 1.7 3.44 3.44
I ’ Alfalfa, row 8/14/98 13 12 12.6 12.6 3.70 3.70
. Alfalfa, row 8/24/98 10 7 7.6 7.6 2.23 2.23
Alfalfa, row 9/4/98 11 8 8.8 8.8 - 259
I Alalfa, row - 9/5/98 1 g 9.5 9.5 2.79 5.38
Alfalfa, row 9/19/98 : 14 i1 11.1 111 326 3.26
Alfalfa, row 10/6/98 17 12 12.8 12.8 3.76 3.76
' Alfalfa, row 10/27/98 21 11 10.9 109 3.20
Alfalfa, row 10/28/98 1 11 12.8 12.8 3.76 6.96
' Alfaifa, row 11/23/98 26 11 11.9 11.% 3.50 3.50
~Alfalfa, row 1/5/99 43 9 9.1 9.1 267 2.67
I Alfalfa, row - 2/4/99 30 10 11.5 11.5 338 3.38
Alfalfa, row 3/4/99 28 E3 3.6 8.6 2.53
Alfalfa, row 3/5/99 1 7 7.8 7.8 2.29 4.82
l Alfalfa, row 3/22/99 17 8 8.1 2.1 2.38
Alfalfa, row 3/23/99 1 8 2.7 27 0.79 3.17
Alfalfa, row 4/17/99 25 12 12.1 12.1 3.56 3.56
l Alfalfa, row 5/2/99 15 13 13.9 13.9 4.08
Alfalfa, row 5/3/99 1 13 14 14 411 8.20
Alfalfa, row _ 5/18/99 15 11 12.4 12.4 304 364
l . Alfalfa, ow 5/28/99 10 9 10.2 102 3.00 3.00
Flooding, flat 7/9/99 42 8 8.7 8.7 2.56
Flooding, flat 710/99 1 8 3.9 8.9 2.62
Flooding, flat 7/11/99 | g 8.6 g6 2.53
I Flooding, flat 7/12/99 1 7 8.4 84 2.47 10.17
Sugar Beets 9/24/99 74 16 i1.9 11.9 3.50 3.50
Sugar Beets 9/25/99 1 10 11.7 11.7 3.44 3.44
l Sugar Beets " 9/26/99 1 8 8.1 8.1 2.38 2,38
Sugar Beets 9/27/99 1 7 7.5 7.5 2.20 2.20
Sugar Beets 9/28/99 1 6 1.8 1.8 0.53 0.53
l Sugar Beets 10/2/99 4 7 6.9 6.9 2.03 2.03
Sugar Beets 11/2/99 31 9 8.9 8.9 2.62
Sugar Beets 11/3/99 1 9 11.5 11.5 3.38 5.99
I Sugar Beets 11/30/99 27 8 7.8 78 2.29 2.29
Sugar Beets 12/27/99 27 7 7.3 7.3 2.15
Sugar Beets 12/28/99 1 7 7.2 72 2.12 4.26
] Sugar Beets 1/725/00 28 7 7.2 7.2 2,12 212
l Sugar Beets 2/18/00 24 7 8.3 83 2.44
. Sugar Beets - 2/19/00 1 7 7.2 7.2 2.12 4,55
Sugar Beets 3/8/G0 18 7 7.2 7.2 2,12
l Sugar Beets 3/9/00 1 7 7.9 7.7 2.26 438
: Sugar Beets 3/24/00 15 7 7.8 7.8 2.29
Sugar Beets 325/00 1 7 6.6 6.6 1.54 423
l ' Sugar Beets 4/8/00 14 8 8.3 33 2.44
Sugar Beets 4/9/00 1 8 8.1 8.1 2.38 4.82
I . Sugar Beets 4/18/00 9 7 7.1 7 2.06




Total
Water  Irrigation
Delivery Interval Order Delivered  Charged Applied  Applied

Crop Date (days) (cf5) (cfs) (cfs) (in) {in)
Sugar Beets 4/19/00 i 9 &3 8.3 2.44 4.50
Sugar Beets 4/30/00 11 7 7.7 17 2.26
Sugar Beets 5/1/00 1 7 5.6 5.6 1.65 3.91
Sugar Beets 5/10/00 9 7 - 3.4 8.4 247
Sugar Beets 5/11/00 1 7 5.6 5.6 1.65 4.11
Sugar Beets 5/19/00 8 7 8.4 g4 2.47
Sugar Beets 5/20/00 1 7 1.5 1.5 G.44 291
Ficoding, flat 6/24/00 33 7 7.1 7 2.06
Flooding, flat 6/25/00 1 5 56 5.6 1.65
Flooding, flat 6/26/00 1 4 38 38 1.12
Flooding, flat 6/27/00 1 4 4.7 47 1.38
Flooding, flat 6/28/00 1 2.5 2.8 2.8 0.82
Flooding, flat 6/29/00 1 2.5 2.4 24 0.71
Flooding, flat 6/30/00 i 2.5 2.3 2.3 0.68
Flooding, flat 7/1/00 1 25 2.3 23 0.68
Flooding, flat 7/2/00 1 2.5 24 24 071 9.79
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ECe(0.5)
dSfm

< 3.318
# 3.318- 3.896
@ 3.895- 4.473
® > 4473

Data Bounds

X min & max
5319675
632691.34

Y min & max
365R520.35
J655886.52

ECe(1.5)
dSfm

< 3.667
& 3.6B7- 5072
@ 5072-6.478
& > 6478

Data Bounds

X min & max
£31957.5
£32691.34

: min & max
365552035
365580652

Tam - 010 1 ft. (autoscale)

Bottom

Top

1 to 2 ft. {autoscale)

Bottom

Top




Tam - 210 3 ft. {autoscale)

ECe(2.5)
dS{m

<5 Bottom
# 5-8.86
@ 8.88-1276
@ > 1276

Data Bounds

¥X: min & max
6319675
632691.34

Y min & max
3655520.35
3655886.52

3 to 4 ft. {autoscale)

ECe(3.5)
dS/m

<54 Bottom
# 54-1133
@ 11.39-17.37
& > 1737

Data Bounds

X: min & max
319675
B326591.34

Y: min & max
3555520.35
365608652




Tarm - 4 ft. Profile Avg. {autoscale)

ECe{ave]}
dSfm
< 4861 Bottom
451~ 7.35
@ 7.35-1008
& > 1008

Data Bounds

% min & max
6319675
532691.34

¥: min & max
3B655520.35
365588652




Tam

d5ém

- Avg. 4 ft. Profile ECe (by lane]
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ECelave], Row 4
ECe[ave], Row &
ECe[ava), Row 8
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ECe{ave], Fow 14
————— ECe{ave], Bow 16
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Tam
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ECe{ave], Fow 24
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ECelave] Row 38
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l Random Tailwater Data
. * Tailwater Box Flow EC
' Box ID Date Time  Width {ft) Depth (ft} (dS/m) Temp (C) Flowrate {cfs)
E33 6/27/00 12:25 1.04 0.29 2115 36.4 0.55
E33 6/27/G0 18:42 1.04 0.54 1.975 30.3 1.38
l F14 6/28/00 11:50 - 1.67 1.58 1.31 28.5 Submerged
H12 6/24/00 12:54 2.25 1.00 Submerged
H12 . 6/24/00 13:25 2.25 0.26 1.775 40.9 0.98
l Hi2 6/24/00 17:14 2.25 0.63 1.185 38 3.78
H12 6/24/00 20:00 2.25 0.83 1.15 31.9 570
' H12 6/25/00 10:50 2.25 1.83 1.285 29.3 Submerged
' H12 6/25/00 11:10 225 1.25 1.315 29 4 Submerged
H12 6/25/00 11:25 2.25 0.71 1.359 29.3 4.47
H12 6/25/00 12:00 2.25 0.19 1.491 285 0.83
l H12 6/25/00 12:45 225 0.35 1.61 28 1.58
H12 6/25/00 12:55 2.25 0.08 1.735 28.5 0.18
H12 6/25/00 13:38 2.25 0.33 1.87 27.8 1.44
' H12 6/25/00 14:10 2.25 0.02 1.975 272 0.02
H14 6/25/00 7:00 1.63 Q.13 1.295 258 0.24
H14 6/25/00 10:55 1.63 0.08 1.43 2986 0.13
H14 6/25/00 11:30 1.63 1.00 1.509 29.2 Submerged
l H14 6/25/00 11:55 1.63 - 0.67 “1.559 291 ' 2.95
H14 6/25/00 12220 1.63 0.50 1.573 285 1.91
H14 6/25/00 13:10 1.63 0.27 | 1.66 28.3 0.76
I . Hi4 6/25/00 13:30 1.63 0.22 1.776 26.8 0.55
H14 6/25/00 14:05 1.83 . 013 2.033 26.7 0.24
H16 6/27/00 12:10 1.67 1.25 2.425 36.3 Submerged
l Hz22 6/27/00 12:20 1.76 1.08 1.78 33.9 Submerged
H22 6/27/00 18:21 1.75 0.83 1.952 31.8 4.43
i8 . 6/24/00 13:10 1.67 0.25 1.213 40.3 0.69
l J12 8/27/00  9:30 2.08 1.04 2.32 33.1 Submerged
M2 6/27/00 11:55 2.08 0.34 3.56 37 1.38
: J14 6/27/00 9:36 2.00 0.42 2.1 32,5 1.79
l J14 B6/27/00  11:85 2.00 0.78 2.505 359 4.33
J14 6/27/00 19:00 2.00 1.08 1.551 30.3 Submerged
MHZ203A 6/28/00 8:55 2.00 0.17 1.306 27.4 0.45
l T6_109 6/28/00 16:50 1.50 0.13 1.946 34.8 0.22
If depth of water over weir is one foot or more it was assumed that the weir was submerged.
I At these depths the lailwater boxes have a tendency to backup submerging the weir.




ECe(0.5)
dS/m
<10
@ 10- 14
& 14-18
& > 13

Data Bounds

»: min & max
G42213.47
543003

Y: min & max
36E3875.34
366463363

ECe{1.5)
dSfm
<10
@& 10- 14
@ 14-18
@ > 18

Data Bounds

> min & max
642213.47
543003

Y¥: min & max
3RE3IB7E.34
366453363

Bottom

Top

110 2 ft.




ECe(2.5)
d5fm
<10
& 10-14
& 14-18
# > 18

Data Bounds

¥ min & max
542213.47
543003

¥ min & max
3663875.34
366463363

ECe(3.5)
dSfm
<10
& 10-14
@ 14-18
@ > 18

Data Bounds

% min & max
642213.47
643003
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3664533.63

Nec. -2to0 31t
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ECe{ave]
dSfm
< 10
10- 14
@ 14-18

L]
ot
—_
[ms]

Data Bounds

*: min & max
642213.47
643003

Yo min & max
366387534
366463363

Nec. - Avg. EC in 4 ft. Profile




ECe{0.5)
dS/m

¢ 422
9.22- 1158
1158~ 13.54
> 13.94

&

- @

Data Bounds

¥ min & max
B42213.47
6543003

Y: min & max
3663875.34
3664633.63

ECe(1.5}
dSfm

<1274
# 12.74-15.05
@ 15.05-17.37
& > 1737

Data Bounds

¥: min & max
542213.47
543003

Y: min & max
3663875.34
3664633.63

Nec. -0 to 1 ft. {autoscale)

Bottom

1 to 2 ft. (autoscale)




ECe{2.5)
dSfm

< 1477
& 1477-1765
@ 1765- 2054
@ > 2054

Data Bounds

X min & max
642213.47
643003

Y min & max
36R3875.34
366463363

ECe(3.5)

~dS5/m

< 15.38
# 1538-1812
é# 18.12- 20.85
® > 2065

Data Bounds

¥ min & max
B42213.47
643003

: min & max
35387534
3664633.63

Nec. - 2 to 3 ft. {autoscale)

Bottom

3 to 4 ft. {autoscale]
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dS/m
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& 13.08- 15.64
& 15.64- 18.21
& > 18.21

Data Bounds

X min & max
642213.47
643003

¥: min & max
36A3875.34
3664633.63

Nec.

- 4 ft. Profile Avg. {autoscale)

Bottom
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-Avg. ECe in 4 ft. Profile {by lane)
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APPENDIX 8

Imperlal Irrigation District Water Volume Balance
Data and Calculations




Raw Data for tﬁe 1D Water Budget
Water balance component

Delivery to AAC at Pilot Knob
Water Delivered to Coachella Canal
Deliveries to IID Farms above EHL
ME&T Deliveries

M&I Returnflows

Alamo River outflow to Sea

New River cutflow to Sea

Direct outflow to Sea

Mesa Storm inflows

Subsurface inflow to drains (external sources})
Subsurface out{low to Salton sea
Surface Inflow from Mexico

Reference ET
Rainfall
Non-Ag land rainfall E and ET {fraction)

Agricultural fand

Phreatophyte acerage

Water surface area - canals & reservoirs
Water surface area of drains and rivers
Other Non-ag land area

Total Area

ET factor for canals

ET factor for reservoirs and ponds
ET factor for phreatophytes

ET fractor for drains & rivers

Seepage (PK to EHL)

Water surface area (PK to EHL)

District storage change

rainfall consumption fraction on Ag-land

Colorado Water Delivercd to Farms

Delivery to [TD farms from Coachella Canal
. Total Internal cunal seepage

Main canal seepage

Main canal spills to drains

Lateral canal spills

Delivered to Interceptor canals

Interceptor Volume spilled

Units

1000 ac-ft
1000 ac-ft
1000 ac-fi
1000 ac-f
1000 ac-fi
1000 ac-ft
1000 ac-ft
1000 ac-ft
1000 ac-ft
E000 ac-ft
1000 ac-ft
1000 ac-ft

ft
ft

ac
ac
ac
ac
ac
ac

1000 ac-ft
ac
1000 ac-fi

1000 ac-ft
1000 ac-ft
1000 ac-ft
1000 ac-fi
1000 ac-ft
%

1000 ac-ft
1000 ae-ft

1988

3278.63
324.75
313
6225
13.57
558.6%
488.94
100.05
2,40
20

i
228.95

7.1
0.152
0.75

486,476
11,424
3,401
2,357
152,648
656,306

L.
L.

— e

1.

942
756

0
0.92

2481.95
4.03
103.92
66.60
6.65
0.03%

0

0

1989

3376.80
351,20
3.13
65.89
14.55
593.66
43143
96.1t
1.97
20

1
155.32

7.44
0.125
0.75

486,565
11,424
3,401
2,357
152,559
656,306

L.
1.

—_— - -

L

94.2
756
0
0.97

2,.565.16
4.03
103.92
66.60
5.81
0.029

a

0

1990

341970
359.40
346
69.83
1579
61787
430.51
91,09
238
20

1
135.08

6.85
G.151
0.75

485,863
11,424
3,401
2,357
153,261
636,306

942
756
0
1.00

2,611.08
3.35
09,72
65.67
7.18
0.031

0.

0

1991

321012
307.83
6.05
72.12
16.08
594.13
410.63
88.34
4.61
20

1
132.73

5.87
0.292
0.75

482,833

11,424
3,401
2,357

156,291

656,306

i
[t

94.2
756
0

096

2,448.04
3.58
93.58
65.09
748
0.03]

¢

¢

1992

2876.37

297 48

4.49
72.711
16,770

546.04
356.60
80.73
8.07
20

1
144.89

3.89
Q.511
0.75

180,567
11,424
3,401
2,357
158,557
656,306

11
1.1
1
1.1

942
756
¢
0.85

2,106.06
385
88.68
65.09
424
0.037

0

0

1993

3084.80
367.03
277
75.11
17.31
617.03
460.30
88.59
7.07
20

1
19210

652
0.448
.75

480,270
11,424
3,401
2,357
158,854
656,306

1.
1.

— o

1.

942
756
0
0.88

2,329.34
424
80.97
63.05
334
0.036

0

0

1994

3368.61
318.85
1.81
76.11
17.61
641.07
443.06
108.81
336
20

1
147.00

6.67
0.213
0.75

477,705
11,424
3,401
2,357
161,419
656,306

1.1
1.1

1
1.1

942
756
0
(.89

2,576.67
443
7702
63.05
3.20
0.037
131.191
0.963

1995

3391.42
320.78
1.77
T8.68
18.38
646.17
472.6%
115.13
2718
20

1
150.00

6.8
0.576
0.75

478,515

11,424
3401
2,357

160,669

656,306

1.
I

—

1.

942
756
0
0.94

2,581.03
"4.44
16.13
63.05

392
0.038
130.008
1.223

1996

348572
327.46
1.55
7872
18.39
640.57
436,59
114.60
1.06
0

1
119.76

723
0.067
075

477615
11,424
3,401
2,357
161,509
656,306

I
L

3

942
756

0
0.89

2,715.16
429
76.13
63.05
392
0.038
298.379
3937

1997

3452.00
324.03
0.57
78.15
18.36
636.81
48722
107.09
4.29
26

1
162.42

6.75
0.272
Q.75

478.158
11,424
3,401
2,357
160,966
656,306

1.
L

— = = =

1

942
756
-0
0.92

2,680 84
5.19
76.00
63.00
1.4%
0.031
304 832
4.127

Average

3208.52
323.89
287
72.96
16.67
609.24
445.80
98.99
3.80

20

1.00..

156.82

6.71
0.24
Q.75

481,457
11,424
3,401
2,357
157,667

656,306

i1
1.1

1
1.1

9420
756.00
0.00
0.92

2,510.43
4.14
87.61
64.43
472
0.03
86.44
.03




D System-Wide Water Budget

All American Canal inflow

Delivery to AAC at Pilot Knob

Waler Delivered to Coachella Canal
Deliveries to [I[} Farms above EHL

Seepage (PK to EHL)
Evaporation between PK and EHL
All American Canal inflow

Surface and subsurface inflows

All American Canal inflow
Surface Inflow from Mexico
Rainfall Velume

Other surface inflows
Subsurface inflows

Total Inflow

Surface and subsurface outflows

Alamo River outflow to Sea
New River outflow to Sea
Direct outflow to Sea
Subsurface outflow to Satton sea
Total outflow

Tatal water consumption

Total inflow

Total outflow

Change in storage

Total water consumption

Total water consumption on Ag. land

Tatal water consumption

Canal und Reservour Evap.

M & 1 consumption

ET - drains, rivers, phreatophytes
ET - rainfali on non-Ag land

‘Totat water consumpiion on Ag, land

[rrigation Water consum. on Ag. land

Total water consumption en Ag. land

Rainfall consumption on Ag-land

Imigation Water consums. on Ag. land

1996 1997  Average

Vol Bal Vol Bal

34857 34920

-327.5 -324.0
-1.s -0.6
-94.2 -94.2
-6.0 -5.6

3,056.5 3,067.6

Vol Bal Vol Bal

(1,000 ac-f) (1,000 ac-ft) {1,000 ac-ft)

3,298.5
3239
29
-042
56
2,872.0

(1,000 ac-ft) (1,000 ac-) (1,000 ac-f1) (1,000 ac-ft) (1,000 ac-f1) (1,000 ac-ft) (1,000 ac-f¥)

3,056.5 3,067.6

119.8 1624
44.0 178.5
11 4.3
20 20

3,2413 3,432.%

Vol Bal Vel Bal

6410 636.8
436.6 4872
114.0 167.1

1 1
1,192.6 1,232.1

Vol Bat Vol Bal

2,872.0
156.8
158.0

38
20.0
3,2106

6092
445.8
99,0
1.0
1,155.0

{1,000 ac-ft) (1,600 ac-ft) {1,000 ac-8) {1,000 ac-R) (1,000 ac-f) (1,000 ae-ft)y (1,000 ac-ft)

3,2413 34328
1926 -12321

0 0
2,048.7 2,200.7

Yol Bal Vol Bai

2,048.7 2,2007

-27.0 -253
-60.3 -59.8
-101.3 -6
8.1 -32.8

1,851.9 1,988.1

Vol Bal Vol Bal

18559 1,988.1
286 -119.7

3,210.6
-1,155.0
0.0
2,055.5

(1,000 ac-l) (1,000 ac-ft) (1,000 ac-f)

2,053.5
<251
-56.3
-94.1
«28.5

1.851.5

(1,000 ac-ft) {1,000 ac-ft} (1,000 ac-ft)

18515
-105.4

1988 1089 1990 1991 1992 1993 1994 1995
VolBal  VolBa!  VolBal  VolBal  VolBal  VolBal  VolBal  VolBal
(1,000 ac-ft) (1,000 ac-0} (1,000 ac-f) {1,000 ac-f) (1,000 na-f) {1,000 ac-fy {1,000 ac-ft}y {1,000 ac-f}
12786 33768 34107  321td 2,876.4 3,084.9 33686  3,3914
324 8 -351.3 -350.4 -307.8 2975 -307.0 3189 -320.8
33 3.1 35 -6.1 45 2.8 -1.8 -18
943 042 942 9432 942 942 942 942
40 4.2 5.7 49 49 54 5.3 -5.7
Sum=  2,850.6  2,922.0 29569 27982 24753 16754 2,948.2 2,969.0
VolBal  VolBal  VolBal  VelBal  VelBal  VolBal  VolBal Vol Bal
{1,000 ac-f1) (100G ne-ft) (1,000 ac-§) (1,000 ac-fr)
28506 29220 29569 2,798.2 24753 23,6754 2,948.2 2,969.0
229.0 155.3 1351 132.7 144.5 192.1 147.0 150.0
99.8 82.0 99 | 191.6 3354 294.0 139.8 115.5
24 2.0 24 46 81 7.1 34 28
20 20 20 20 20 20 20 20
Sum= 320018 31814 32135 3,147.1 29836 31886 132584 32573
VolBal  VolBal  VolBal  VolBal  VolBal  VolBal  VolBd  ValBal
(L£00 ac-t) (1,000 ac-ft) (1,000 ac-ft) (1,000 ac-ft} (1,000 ac-f) (1,000 ac-fty (1,000 ac-fty (1,000 ac-t) (1,800 ac-f) (1,000 ac-ft) (1,000 ac-ft)
558.7 5937 617.9 504.1 546.0 617.0 6411 646.2
488.9 4314 430.5 410.6 396.6 4603 443.1 4727
100.1 96.1 211 8.3 807 88.6 108.8 115.t
1 1 1 1 1 1 1 1
Sum = 1,487 1,122.2 1,140.5 1,094.1 1,024.4 1,166.9 1,193.9 1,235.0
VolBal  VolBal  VolBal  VolBal  VolBal  VolBal  VolBal  VolBal
(1,000 ag-fty (1,000 ac-ft) (1,000 ac-R) (1,000 ac-ft)
32008 31814 32135 3,147.1 29836 3,886 32584 3,2573
,1487 41,1222 -1,1405 1,091  -10244  -11669  -1,1939  -1,2350
0 o 0 o 0 0 0 0
Sum=  2,053.1 2,0592  2,0730 2,053.0 19592 20287 20644 2,022.3
VolBal  VolBal  VoiBal  VolBal  VolBal  VolBal  ValBal  VolBal
(1,000 ac-0) (1,000 ac-f§) {1,000 ac-ft) {1,000 ac-ft) {1,000 ac-f) (1,000 uc-ft) (1,000 ac-ft) (1,000 ac-ft}
2,053.1 20892 20730 2,053.0 1,9592 20217 2,064.4 2,022.3
266 278 -25.6 220 220 244 250 -25.4
487 513 -54.0 56.0 -36.0 578 -58.5 -60.3
995 -1043 -96.0 -823 826 514 3.5 953
174 -14.3 174 342 -60.8 534 258 212
1,860.9 1,861.4 1,880.0 1,858.5 1,737.3 1,794.8 1,861.7 1,820.1
VeiBal  VolBal  VolBal  VolBal  VolBal  VolBal  VolBal - Vol Bal
(1,000 ac-Ry (1,000 ac-ft) {1,000 ac-ft} (1,000 ac-ft) (1,000 ac-R) (1,000 ac-ft) (1,000 ac-ft} (1,000 ac-t)
1,860.9 1,861.4 1,880.0 1,858.5 17376 1,794.8 1,861.7 £,820.1
68.4 -59.,0 734 -135. 2007 -190.4 -00.9 -79.3
Sum = 1,792.6 1,802.3 1,806.7 1,723.5 1,528.2 1,604.4 1,770.8 1,740.8

022ZnewiWater_Balanca\WB_reporttAppendix_WE

1,8223 1,868.5

1,746.1

214102




Canal Subsystem Water Budget

Canal deliveries as remainder

Met Irripation Water Supply
Canal and Reservoir Evap.
Canal scepage -

Main canal spills

Lateral spilis

change in storage
Delivered to Farms

1988

Vol Bal

(1,000 ac-fty (1,000 ac-) (1,000 ac-ft)

2,788.4

-26.0

-103.9

-6.6

-83.8

0

Sum = 2,568.0

1989 1990 1991 1992
Vol Bal Vol Bal Vol Bal Vol Bat

2,856.1 2,887.1 2,726.0 2,402.6

-274 251 -21.0 -20.3
-103.9 99.7 - -93.6 -88.7
-5.8 =72 -1.5 4.2
-80.3 -86.8 -81.9 -85.9
] 0 0 0

26387 2,668.3 2,5221 22034

0222new\Water_Balance\WB_reportppendix_WB

(1,000 ac-f) (1,000 ac-ft) (1,000 ac-A) (1,000 ac-ft)

1993 1994
Vol Bal Vol Bal
2.600.3 2,872.1

-22.9 -24.2

-81.0 -77.0

-3.3 -3.2

-90.8 99,5

0 0
2.402.4 2,668.2

1995

Vol Bal
(1,000 ac-ft)
2,890.3
248

T 6.1

39

-103.1

0

2.682.4

1997  Average

2,799.0
243
876
47
90.0
0.0

1996
Vol Bal Vol Bal .
(1,000 ac-ft) (1,000 ac-f) (1,000 ac-ft)
29778 29804
-26.8 -24.3
-76.1 -76.0
-39 -1.5
-102.7 -850
0 _ 0
2,768.2 2.802.6

2,562.4

2/4/02



On-farm Subsystem Water Budget

1588 1939 1990 1961 1992 1993 1994 1995 1996 1997  Average

Farm irrigation water outflow to drains (tailwater an Vol Bal Vol Bal Vol Bal Vol Bal Vol Bal Vol Bal Vol Bal Vol Bal Vol Bal Vol Bal
' (1,000 ac-ft) (1,000 ac-fi) (1,000 ac-ft) {1,000 ac-f) (1,000 ac-ft) (1,000 ac-ft) (1,000 ac-ft) (1,000 ac-ity (1,000 ac-ft) (3,000 ac-ft) {1,000 ac-ft)

Delivered to Farms 2,568.0 2,638.7 2,668.3 2,522.1 2,203.4 2,402.4 2,668.2 2,682.4 2,768.2 28026 25924
Trrigation Water consum. on Ag, land -1,792.6 -1,802.3 -1,806.7 -1,723.5 -1,528.2 -1,604.4 -1,770.8 -1,740.8 -1,8233 -1,868.5 -1,746.1
Farm irrigation water cutflow to drains Sum = 775.5 836.3 861.6 798.6 6753 798.0 8973 941.6 9449 934.1 846.3

{tailwater and deep percolation)

0222new\Water_Balance\WB_report\Appendix_WB 214102
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SECTION 1 WATER USE ASSESSMENT OF THE
IMPERIAL IRRIGATION DISTRICT (JENSEN, 1995)

I. INTRODUCTION

In 1995, the U.S. Bureau of Reclamation (USBR) expressed concern that diversions from the
Colorado River to Imperial Irrigation District (1ID) did not decrease as the USBR expected after IID
implemented the water conservation measures as part of an agreement with Metropolitan Water
District of Southern California ((ID/MWD Agreement). Apparently due to this concern, the USBR
commissioned a study by Marvin E. Jensen to assess the water use of IID. In his report, Water Use
Assessment of the Imperial Irrigation District (Jensen, 1995), Jensen concluded that on-farm system
improvements and irrigation scheduling improvements should be implemented within [ID. This
section contains an overview, evaluation, and summary of the 1995 Jensen Report.

II. OVERVIEW OF REPORT

The overview of the 1995 Jensen Report summarizes the report’s purpose, methodology, and
conclusions.

1. Purpose

The introduction of the 1995 Jensen Report states:

. The purpose of the study was to assess the use of Colorado River water by IID to determine
why diversions have not decreased as conservation measures have been implemented. A
secondary purpose was to identify alternative mechanisms for Reclamation and IID to
consider in implementing more effective conservation measures. Another purpose was (o
develop procedures for use by Reclamation in taking a more proactive role in estimating
diversions required for beneficial use of water in the IID (page 1) .

The purpose of the 1995 Jensen Report is stated in the following six objectives (page 5):

L Update the water balance for 1993 and 1994 following the format used in the ' Water

Use Assessment at CVWD and IID” January 31, 1994 Phase I Report (TWG Report).

2. Develop water balances and projections of water use for the years 1995 and 1996
1-1



3. Formulate recommendations reluting to water conservation measures and operating
practices as required in Section 417.2 and discussed in 417.3 of Title 43 (Code of
Federal Regulation, 1993).

4. Develop statements to assist Reclamation in responding to the trends in water use
by 1ID.
3. Develop a working spreadsheet program for use by Reclamation in updating IID s

annual water balance with associated confidence intervals.

6. Develop a working spreadsheet program for use by Reclamation to evaluate water
use by any district considering [water supplies and water uses], but not limited to
items listed in Appendix B, and including confidence intervals.

2. Methodology

This section describes the methodology used in the 1995 Jensen Report in order to determine crop
evapotranspiration (ET), irrigation water use, efficiencies, and Salton Sea inflows. The water
balance is formulated into the Spreadsheet Program for Estimating Water Use by IID, which is
presented in Appendix C of the 1995 Jensen Report.

Irrigation Water Requirement

The methodology used in the 1995 Jensen Report to estimate crop ET is from crop coefficients (Kc)
and reference ET (ET,), based on CIMIS ET, data. Major crops were evaluated individually and
minor crops were grouped in categories. The spreadsheet model includes ET to account for preplant
irrigation and crop establishment by setting Kc=1.0 for five to ten days after planting. Estimated
alfalfa ET is reduced to help match calculated water use to results of the overall District water
balance. Leaching requirements are based on a fixed fraction of 12.35 percent of estimated crop ET.
Table 1-1 summarizes the methodology and data sources.
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Table 1-1 Summary of Water Use Assessment Methodology Used in the 1995 Jensen Report

Modeling Data/Methodology Data Source/Comments

Climatic Data Average of three CIMIS weather stations within ITD,

Modified Penman method as described in University of California
Publication 21454 (1989) referred to as CIMIS ET,.

Obtained from the Technical Working Group (TWG) Report (1994).
Crop Coefficients Alfalfa crop coefficient is adjusted to achieve agreement of water balance
terms during study period.

Acreage for 1987-1991 (Boyle, 1993), acreage for 1992-1994 (USBR

ET, Calcnlations

Crop Acreage Annual Reports).

Obtained from TWG Report (1994) and University of California Leaflet
Cropping Dates 21427 (1989). The 1995 Jensen Report acknowledges cropping date

data needs refinement.

Frequency and magnitude of rain events are used to determine effective
Effective Precipitation precipitation {no details are provided discussing how the information was

used).

Constant each year at crop ET multiplied by 0.1235. Annual changes in
irrigation water salinity are not taken into consideration.

Leaching Requirement

Water Requirement for Land Determined for some crops by setting Kc = 1.0 for five to ten days after
Preparation, Seed Germination, and planting. Seil evaporation was not estimated during non-cropped
Crop Establishment periods.

Evaporation from Drains, Canals, Calculated from ET, of drains, canals, and non-crop areas. The values
and Non-crop Vegetation are constant for all years of the study.
Efficiencies

Evaluation of irrigation efficiencies is not an official objective of the 1995 Jensen Report (1995),
although calculated efficiencies are presented. Irrigation efficiency (also referred to as “operating
efficiency” in the 1995 Jensen Report) is defined as the fraction of water delivered to the farms that
is beneficially used. Irrigation efficiency is reported to have dropped from about 78 percent for the
period 1990-1991 to 72 percent for the period 1994-1995.

The 1995 Jensen Report concludes that, although operating (on-farm) efficiencies were expected to
increase, efficiencies had declined in spite of improvements made in previous years. The report also
concludes that significant changes in on-farm irrigation systems and water management practices
are needed in order to increase efficiencies to the levels achieved during the period 1990-1991 or
greater. Finally, the 1995 Jensen Report concludes that irrigation technology has improved greatly
in recent years, that such improvements are not being applied in IID, and that greater effort is needed

to improve on-farm systems and practices, including the adoption of modern irrigation scheduling
technology.

Salton Sea Inflow

In the 1995 Jensen Report, net drainage from IID is evaluated with respect to the level of the Salton




Sea. The net drainage is reported to provide approximately 60 percent of the inflow annually
evaporating from the sea. Trends in the Salton Sea elevation are presented, indicating that levels had
decreased from 1988 through 1991 and had increased since 1991. The rise (1992-1994) in the level
of the Salton Sea, as Jensen reports, indicates that the increase in water diverted by IID during that
period was not offset by increased crop consumptive use.

3. Jensen’s Conclusions

The 1995 Jensen Report conclusions focus on an increase in Colorado River diversions by IID and
offer reasons for the increased diversions. Primary findings of the 1995 Jensen Report, presented
in the Executive Summary (page 2) and in the Summary and Conclusions (page 38) of the report,
include the following:

» ..JID entered into an agreement with MWD to finance a conservation program and has
implemented other water conservation measures. ... However, diversions in 1994 were
essentially the same as in 1990 (summarized from page 38).

» The ratios of beneficial use to farm deliveries, or irrigation efficiencies, have been
decreasing indicating that major changes are needed in farm irrigation systems and
practices.

+  The largest potential for reducing diversions to the IID and reducing inflows to the
Salton Sea from IID is to improve on-farm irrigation systems and practices.

» Estimates of ET and soil water depletion to schedule irrigations [in order to] limit water
application amounts fo that which can be retained or infiltrated in the soil [to] reduce
surface runoff and/or deep percolation.

o  The net water supply to IID has increased from 1991 to 1994.

» Since 1991, the ratios of drainage to water delivered 10 the farms, or drainage to net
water supply, have increased indicating a reduction in irrigation efficiencies.

» A spreadsheet model was developed for estimating mean monthly crop ET in the IID ...
Estimated monthly diversions requirements ... based on CIMIS ETo and crop and water
surface coefficients agree well with actual diversions except for the months of December
through March.... Results indicate that the spreadsheet program estimates E, ET and net
drainage reasonably well. The results also support other data, which show that net
supply has increased more than that required for crop ET and other consumptive water
uses.

Many of these conclusions are discussed later in this section.




III. EVALUATION OF REPORT -

This section contains an evaluation of the purpose, methodology, and conclusions contained in the
1995 Jensen Report.

1. Purpose

While the stated purposes of the 1995 Jensen Report are addressed in the report, the applicability and
uscfulness of the information and conclusions concemning water diversions are limited due to
inadequate assessment of water use. Specific water use compoenents that are inadequately addressed
include: (1) the spreadsheet model, which inaccurately predicts water use, and (2) the on-farm
recommendations, which are not supported by the water use assessment.

2. Methodology
Irrigation Water Requirement

The 1995 Jensen Report assesses water use within IID for a five-year period, 1990-1994, and draws
conclusions concerning water use trends. NRCE used a longer period to include the period analyzed
by Jensen and Walters in 1997 and is the same period used in the main report. The trends and
conclusions are not supported by accurate and appropriate analysis. Furthermore, the shortness of
the period of evaluation is coupled with unique crop production problems such as the white fly
infestation of 1992, making the period inadequate to establish trends. Due to the complex nature of
crop production and irrigation within ID, the spreadsheet model described in the 1995 Jensen Report
is inadequate in determining water use within IID. Hence, the results of the water use assessment fail
to provide sufficient information to determine why changes in Colorado River diversions have
occurred. Factors not considered or deficient in the analysis include:

. Increasing salinity in IID*s Colorado River irrigation water supply during the study period.
. Constraints due to soil and salt conditions.

. The period of analysis is too short to establish trends.

. Market demands, insect pressures, and economic considerations.

. Water use not only includes crop ET and leaching, but acceptable levels of tailwater runoff

for horizontal leaching, deep percolation, and consumptive use during leaching and soil
preparation irrigations.
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. The use of a constant multiplying factor (0.1235) to determine leaching based on ET does
not take into account the heavy cracking nature of the soil and the leaching practices in IID.

Efficiencies

The irrigation (on-farm) efficiencies discussed in the 1995 Jensen Report are calculated by dividing
the estimated on-farm beneficial use requirement by the farm headgate deliveries. Primary
components of beneficial use on-farm requirements are (1) consumptive use from crop ET and soil
evaporation resulting from special irrigations for land preparation, seed germination, and crop
establishment, and (2) leaching to maintain the salinity balance in the soil, Headgate deliveries
include tailwater (necessary for the irrigation of the entire field and for horizontal leaching) and deep
percolation (necessary for the vertical leaching of salts) in addition to the consumptive irrigation
requirements. '

The 1995 Jensen Report bases the irrigation efficiency calculations on headgate delivery reported
by 1ID (IID All-American Canal Worksheet). The consumptive use portion of headgate deliveries
can be obtained from either a water balance or from estimated crop ET and seil evaporation
associated with special irrigations. The 1995 Jensen Report uses estimated consumptive use by
utilizing CIMIS ET, and rainfall data, and independently developed Kc values to estimate crop ET.
That portion of headgate deliveries which is not 1rigation consumptive use is composed of tailwater,
deep percolation, and leaching components. The 1995 Jensen Report calculated leaching as a fixed
amount of 12.35 percent of the estimated crop ET. Therefore, the on-farm efficiency, as presented
in the 1995 Jensen Report, is equal to crop ET multiplied by 1.1235 divided by headgate deliveries.
This approach to estimating leaching water requirements used by Jensen does not account for annual
changes in leaching requirements resulting from cropping pattern changes, crop sensitivity to
salinity, or the behavior of irrigation water flows due to the unique nature of most of IID’s soils and
irrigation water quality. Adequate salinity management is a critical component of sustainable crop
production in the Imperial Valley.

Another commonly used method of estimating on-farm water use and efficiencies is the water
balance method. Most components of the water balance data are available from IID water
measurement records. Table 1-2 contains recorded data and data estimated by Natural Resources
Consulting Engineers, Inc. (NRCE) (Chapters IV and V of the main report) that are derived from the
water balance of 1988-1997.

Total consumptive use equals all inflows to the Imperial Valley minus all outflows to the Salton Sea.
Consumption use from irrigation equals total consumptive use minus evaporation from canals and
reservoirs; evaporation; ET from drains, rivers, and pheatorphytes; ET of the rainfall; and
consumptive use of M&lI deliveries. brigation deliveries minus on-farm irrigation water beneficially
used equals other tailwater and deep percolation. It should be noted that a portion of the tailwater
is regarded as horizontal leaching.
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Table 1-2 Water Balance for Irrigation Water Within IID (1988-1997) (1,000 acre-feet).
Year Irrigati(.m On-farm Irrigation \;;;ii(::ni:ld On—faﬁ\;flalgll‘gatlon Op-farmD
Deliveries U Leaching Beneficially Used Efficiency (%)

1988 2,475 1,793 309 2,102 84.9
1989 2,558 1,802 331 2,133 834
1990 2,604 1,807 340 2,147 824
1991 2,438 1,723 345 2,068 84.8
1992 2,098 1,528 301 1,826 87.2
1993 2,322 1,604 317 1,921 82.7
1994 2,570 1,771 365 2,136 83.1
1995 2,575 1,741 353 2,094 81.3
1996 2,709 1,823 372 2,195 81.0
1997 2,684 1,868 345 2,213 824

Average 2,503 1,746 338 2,084 83.3

See main report Chapters IV and V.

On-farm leaching requirements were estimated based on field irrigation evaluations and the salinity
of the irrigation water as described in Chapters IV and V of NRCE’s main report. It was determined
that the traditional method for estimating leaching requirements is only valid for the non-cracking
light soils in IID (13 percent of IID’s soils), but most of the soils in IID are heavy and medium
cracking soils (87 percent of IID’s soils). In addition to vertical leaching in the heavier soils,
leaching also occurs horizontally as water flows through the cracks in the soil. It was also
determined that the low infiltration rate of the heavy and medium soils prohibits adequate leaching
during crop irrigation, thus adequate leaching requires leaching irrigation between crops. A
complete discussion concerning leaching requirements is in NRCE’s main report.

In addition to NRCE’s analysis of water use in IID, two other water balance studies by Boyle
Engineering (1993) which was updated by Jensen and Walter in 1997, and the Water Study Team
(WST, 1998) are used for comparison. Information from these studies is presented in Figures 1-1
through 1-4. Figure 1-1 is the imrigation deliveries reported by IID. The Water Study Team headgate
deliveries are not presented because they are estimated rather than reported values. Figure 1-2 is the
estimated irrigation consumptive use. The estimated consumptive use values are nearly the same
for the three studies using the water balance method (NRCE, Boyle, and the Water Study Team) and
significantly different than the 1995 Jensen estimates. Jensen calculated irrigation consumptive use
as crop ET and other irrigation consumptive use. Because of the Imperial Valley’s unique
hydrogeologic conditions and physical setting as a closed basin, the water balance provides a better
method to estimate irrigation consumptive use than crop ET based on climatic data, crop acreage,
and cropping patterns. Many of the variables that influence crop ET, such as pest and crop
production decisions based on economics, are difficult to properly estimate. Figure 1-3 is the
estimated leaching for the studies. Each of the analyses estimated leaching in a different manner.
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The following are brief descriptions of the methods use to calculate leaching:

— Jensen estimated leaching as 12.35 percent of the calculated crop ET for all years regardless of
changes in irrigation water salinity. Tailwater was estimated as a closure term.

— Boyle estimated tailwater as approximately 16.8 percent of irrigation deliveries. The deep
percolation was the closure term for the water flowing into the Salton Sea. The leaching used
to estimate irrigation efficiency was 90 percent of the estimated deep percolation and 5 percent
of the tailwater.

~ The Water Study Team estimated leaching based on soils, cropping patterns, and irrigation water
salinity. The leaching requirement was calculated using the traditional method for light soils
(different classification than used by NRCE). For heavy soils, the leaching requirement equation
used a multiplier of 2.0. The computations of leaching for heavy soils were based on an average
soil salinity of 3.75 dS/m and include an adjustment for miles of tile drainage pipe.

— NRCE’s estimation of leaching was based on soils, irrigation water salinity, irrigation
consumptive use, and results of on-farm irrigation evaluations, The estimated leaching include
a horizontal leaching component for the heavy soils. A detailed description of the methodology
1s found in Chapters IV and V of the main report.

As illustrated in Figure 1-3, the leaching estimates from the 1995 Jensen Report are lower than the
estimates in the other studies. Leaching is to remove salts applied by irrigation water and it is proper
for leaching to increase when the salinity of the irrigation water increases.

Figure 1-4 shows the on-farm irrigation efficiencies. Again, the Water Study Team’s on-farm
irrigation efficiencies are not presented because the impacts of the estimated headgate deliveries
result in efficiencies that are not comparable. The differences in irrigation consumptive use and
leaching result in the irrigation efficiencies estimated by Jensen being lower than Boyle’s and
NRCE’s estimates. A small fluctuation in irrigation efficiencies is expected due to the dynamics of
crop production and economic conditions. This is in contrast to the 1995 Jensen Report, which
shows significant annual changes and generally declining efficiencies from 82% down to 72%. The
water balance approach demonstrates that the efficiencies average around 83%. The high irrigation
efficiency of 87% in 1992 is unusual (due to a white {ly infestation), and is likely a very non-typical
year. The primary reason for NRCE’s and Boyle’s on-farm efficiencies being higher than Jensen is

higher on-farm beneficial irrigation water use due to higher estimates of irrigation consumptive use
plus leaching.
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Figure 1-1
Irrigation Delivery Estimates Based on 1995 Jensen,
Boyle, and NRCE.
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Figure 1-2
Irrigation On-farm Consumptive Use Estimates Based on 1995
Jensen, Boyle, Water Study Team, and NRCE
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Figure 1-3
Estimated Leaching Based on 1995 Jensen, Boyle,
Water Study Team, and NRCE.
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Figure 1-4
On-farm Irrigation Efficiency Estimates Based on
1995 Jensen, Boyle, and NRCE.
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3. Conclusions

Of primary concern are the 1995 Jensen Report conclusions concerning on-farm water use and the
effectiveness of water conservation measures implemented as part of the ID/MWD Agreement.
Summary and conclusion statements from the 1995 Jensen Report are listed below, followed by
review comments:

. 1995 Jensen Report Statement-.../ID entered into an agreement with MWD to finance a
conservation program and has implemented other water conservation measures. ... However,
diversions in 1994 were essentially the same as in 1990 (summarized from page 38).

Comment - Diversions from the Colorado River alone are an ineffective way to measure
water conservation within [ID. Water savings from conservation do not necessarily reflect
reductions of 1ID diversions from the Colorado River because changes in water diversions
result from changes in cropping patterns, acreage, economic factors, salinity of irrigation
water, and insect problems. The changes in irrigation consumptive use in Figure 1-2 show
the annual variations.

. 1995 Jensen Report Statement- The ratios of beneficial use to farm deliveries, or irrigation
efficiencies, have been decreasing indicating that major changes are needed in farm
irrigation systems and practices (page 38).

Comment- Changes in on-farm irrigation system efficiencies do not necessarily indicate that
major changes are needed in farm irrigation systems and practices. The profitable production
of crops is the critical factor in determining the appropriate on-farm irrigation efficiency.

Irrigation efficiencies can be inappropriately high, resulting in deficit irrigation (irrigation
that does not satisfy potential crop ET) and inadequate leaching. For example, it is very likely
that the higher on-farm irrigation efficiency estimated in 1992 is not the appropriate
efficiency for IID and is due to deficit irrigation for pest control and inadequate leaching.

The 1995 Jensen Report fails to consider changes in the salinity of the irrigation water supply
and its effect on leaching requirements. The weighted average annual salinity of the water
delivered to IID was 749, 800, 780, 787, and 819 ppm for 1990 through 1994, respectively
(annual IID records). The increase in salinity from 1990 to 1994 was about 9%, which
increased the leaching requirement. NRCE’s and Boyle’s estimates of irrigation efficiencies
are about 83% in both 1990 and 1994.

The on-farm irmnigation efficiencies calculated from the water balance show smaller changes
in on-farm efficiencies and not a definite trend in the direction of decreased efficiencies. The
water balance clearly demonstrates that the variation in diversions from the Colorado River
to IID are 1n response to irrigation demands and salinity of water,

. 1995 Jensen Report Statement- The largest potential for reducing diversions to the IID and

reducing inflows to the Salton Sea from IID is to improve on-farm irrigation systems and
practices (page 38).




Comment- The primary reason for increased diversions during the study period was due to
increased irrigation water salinity. The only significant potential to increase IID’s current
on-farm efficiency of about 83% (NRCE’s and Boyle’s estimates) would be through major
changes 1n trrigation systems, requiring large capital investments. The estimated high
efficiency of IID is at the expense of decreased crop yields and higher salinity in the soils due
to inadequate leaching. Hence, it would be very difficult to increase the already very high
cfficiency without crop irrigation deficit and higher salinity build-up in the soil root zone.

1995 Jensen Report Statement- Continued irrigation for fixed time periods appears to be a
major factor affecting irrigation efficiencies (page 38).

Comment- The information in the 1995 Jensen Report does not support this conclusion.
While there may be some excess irrigation due to water application by irrigators for fixed
time periods, there are also a number of irrigators who terminate their irrigations before the
fields are adequately irrigated. IID has instituted a more flexible water delivery system
where growers are allowed to order additional water by giving just a few hours of advance
time and also have the ability to stop irrigation before the allotted time is over. However, this
flexibility is subject to IID system constraints.

1995 Jensen Report Statement- Estimates of ET and soil water depletion to schedule
irrigations and limit water application amounts to that which can be retained or infiltrated
in the soil can reduce surface runoff and/or deep percolation (page 38).

Comment- The statement is correct in that it uses the term “can”; however, if the statement
implies that different irrigation scheduling within IID “will” reduce runoff and/or deep
percolation, it may not be correct. This conclusion is not supported by information in the
1995 Jensen Report. There is no information that indicates growers within IID are
collectively applying excess irrigation water; to the contrary, there is evidence of deficit
irrigation within IID.,

1995 Jensen Report Statement- 7he net water supply to IID has increased from 1991 to 1994,
... (page 38).

Comment- The net IID irrigation supply in 1992 and 1993 was lower than that of 1991,
However, the net IID irrigation supply was higher in 1994 than 1991, but the irrigation
consumptive use and the leaching water requirements were higher due to higher salinity
content of the irrigation water in 1994,

1995 Jensen Report Statement- Since 199/, the ratios of drainage to water delivered to the
Jarms, or drainage to net water supply, have increased indicating a reduction in irrigation
efficiencies (page 38).

Comment- A portion of the drainage water used to leach salinity is a beneficial use; hence,
the ratio of drainage to water delivered to the farms does not indicate a reduction in trrigation
efficiencies. When the change in irrigation water salinity and its effect on leaching
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requirements are taken into consideration, the calculated irrigation efficiency has not changed
significantly.

1995 Jensen Report Statement- Expressed as a fraction of water delivered to farms that is
used beneficially, or irrigation efficiency, the fraction of water delivered that was used
beneficially has decreased from about 78 percent in 1990-91 to 72 percent in 1994-95. This
trend indicates that significant changes are needed in on-farm irrigation systems and water
management practices to reduce the spread between net supply and beneficial use to
increase irrigation efficiency to at least back to what was being achieved in 1990-91
Irrigation technology, including irvigation scheduling has improved greatly in recent years.
The data presented in this study show that such improvements are not being applied
adequately in the 1ID. Greater effort is needed to improve on-farm systems and practices
including adaption of modern irrigation scheduling technology (page 30).

Comment- As stated previously, the calculation of irrigation efficiencies in the 1995 Jensen
Report fails to properly account for the change in salinity in the irrigation water, which
increased from 749 ppm in 1990 to 819 ppm in 1994 (Colorado River Records). The
appropriate irrigation efficiency can change over time based on factors such as economic
conditions, irrigation methods, and crop selection. The IID on-farm irrigation efficiency of
83%, based on the water balance, is a reflection of good farming practices, and may also
reflect deficit irrigation and inadequate leaching. The on-farm irrigation efficiency has not
decreased dramatically, as claimed by Jensen. The on-farm irrigation efficiency in TID is
among the highest in the southwest United States and is clearly within the acceptable
irrigation efficiencies for furrow and border irrigation. In most cases there is no one better
qualified to schedule and manage irrigations than the grower or irrigator who is intimately
familiar with each field. The experience required to make such complicated surface irrigation
decisions as when to irrigate, how much water to order, how to determine proper furrow or
border inflow rates, and how long to allow the water to inflow, is only obtained with time
and experience.




SECTION 2 ASSESSMENT OF 1987-1996 WATER USE BY THE
IMPERIAL IRRIGATION DISTRICT USING WATER

BALANCE AND CROPPING DATA (DRAFT

JENSEN-WALTER, 1997)

I INTRODUCTION

A special report, the Assessment of 1987-1996 Water Use by the Imperial Irrigation District Using
Water Balance and Cropping Data (Draft Jensen-Walter Report, 1997), prepared by Marvin E.
Jensen and Ivan A. Walter for the USBR, Boulder City, Nevada, was issued in June 1997. The status
of the report is indefinite draft, pending further authorization from the USBR. The Draft Jensen-
Walter Report was developed to update the water use assessment presented in the 1995 Jensen
Report. Additionally, following completion of the 1995 Jensen Report and subsequent review by
IID, a number of issues requiring clarification or additional analysis were identified. The 1997 Draft
Jensen-Walter Report also addresses these issues. This section contains an overview, evaluation,
and summary of the 1997 Draft Jensen-Walter Report.

IL. OVERVIEW OF REPORT

The 1997 Draft Jensen-Walter Report was reviewed in its draft status format. As such, the Jensen-
Walter findings, conclusions, and recommendations are considered preliminary, subject to
refinement based on additional information and further evaluation.

1. Purpose

The purpose of the 1997 Draft Jensen-Walter Report is to cover the following 3 points
(page 4):

1. Review recent trends in IID water use based mainly on IID water balance.
2. Update the evaluation of IID water use for the years 1995 and 1996.
3 Develop a water balance and projections for 1997.

Additionally, four specific objectives are identified (page 5):

1. Evaluate the water balance to update assessments of water use Jor the years 1995 and 1996.

2. Develop water balance estimates and projected diversions for the year 1997,

3 Formulate recommendations relating to water conservation measures and operating
practices as required in Section 417.3 of Title 43 CFR.

4, Update the spreadsheet program for use by Reclamation in updating IID's annual water

balance and associated confidence intervals.




2. Methodology and Findings
Irrigation Water Requirement

The methodology used in the 1997 Draft Jensen-Walter Report is an extension of the water balance
approach developed for IID by Boyle Engineering in the On-farm Irrigation Efficiency Special
Technical Report (Boyle, 1993). Jensen and Walter updated Boyle’s water balance spreadsheet with
current cropping and water use information in 1997. The spreadsheet approach, described in the
1995 Jensen Report for estimating diversions by IID has been updated in the 1997 Draft Jensen-
Walter Report and is used to estimate 1997 Colorado River diversions.

Crop water use estimates in the 1997 Draft Jensen-Walter Repott are primarily based on results from
the IID water balance developed by Boyle (1993). The IID water balance has been revised by
Jensen-Walter to obtain a second summary in which agricultural tailwater is used as the closure term
rather than crop leaching. In Boyle’s water balance, the tailwater component of water use is
estimated as a constant fraction of the on-farm irrigation deliveries (Boyle, 1993). The rationale
Jensen-Walter present for this modification is that, for small changes in cropped acreage, the
leaching requirement should remain relatively constant. Further, it is stated that the leaching
requirement is a “credit” allowed in computing beneficial use, and the amount of water actually used
depends upon the effectiveness of the leaching practice. Finally, since the leaching water volume
is less than the tailwater volume, and the leaching fraction allegedly should be relatively constant
from year to year, Jensen-Walter concluded it is more logical to use tailwater as the closure term.

Efficiencies

On-farm irrigation efficiencies are not specifically discussed in the main body of the 1997 Draft
Jensen-Walter Report; however, they are listed in the water balance spreadsheet printout. The listed
on-farm irrigation efficiencies, using the water balance approach, range from a high of 83.1 percent
in 1987 to a low of 76.5 percent in 1996. The primary reason for the decrease in on-farm irri gation
efficiency is that the estimated tailwater (closure term) increased from 387,000 acre-feet in 1987 to
645,000 acre-feet in 1996.

The report discusses consumptive use coefficient trends from 1987 to 1996 (fraction of water
delivered to IID that is consumed by ET and evaporation). The results of the Jensen-Walter analysis
show that the consumptive use coefficient decreased from 1987 to 1996.

On-farm irrigation efficiencies are not presented in the main text of the 1997 Draft Jensen-Walter
Report but are displayed in Appendix B. The focus of much discussion in the report is, however,
directed at the increasing fraction of tailwater in 11D, based on results of the Jensen-Walter modified
water balance. The estimated increase in the tailwater fraction implies an increasing fraction of the
irrigation water supply not used for crop ET and leaching. Such an increase would result in lower
on-farm irrigation efficiencies.




Salton Sea Inflows

The Salton Sea inflow values used by Jensen-Walter were obtained from IID and are the same as
those used in the Boyle analysis (Boyle, 1993). An equation was developed to predict the change
in the water level elevation of the Salton Sea based on inflow from 1D, Mexico, the Coachella
Valley, rainfall, and loss due to evaporation.

The report states that the Salton Sea has risen due, in part, to increased drainage from IID. The 1997
Draft Jensen-Walter Report uses inflow values measured by IID or the United States Geological
Survey as input to the analysis.

3. Jensen’s Conclusions

The water balance analysis for 1987-1996 was used to identify trends in IID’s water balance
components, as shown in Table 2-1.

Table 2-1 Summary of Trends Identified in the 1997 Draft Jensen-Walter Report

Component Trend
No Trend or Slight Trend
Volume at Pilot Knob Slight Increase
Volume at EHL Slight Increase
Deliveries to Agricultural Users Slight Increase
Tailwater (closure) Increasing
Consumptive Use of Irrigation Water No Trend
Surface Flow to Salton Sea Increasing
Significant Trends
Deliveries to Non-agricultural Users Increasing
Seepage, Earthen Laterals Decreasing
Main Canal Spills Decreasing
Canal and Reservoir Evaporation Na Tread
Lateral Canal Spills Increasing

Source: 1997 Draft Jensen-Walter Report, page 14.

A summary of the trends presented in the 1997 Draft Jensen-Walter Report are listed below (pages
5-6):

Colorado River diversions have gradually increased since 1987. Total crop acreage has

remained constant from 1990 to 1995, and there has been an increase in field crops and a

decrease in garden crops.
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. Water conservation programs involving seepage and system improvements have not
translated into reduced Colorado River diversions. The net effect has been an increase in
operational wastes that contribute to surface flow to the Salton Sea.

. Tailwater and tailwater plus crop leaching increased from 1987 to 1996.

. Salton Sea levels have been rising, due, in part, to increasing net drainage from IID. The
consumptive use fraction of diverted water has been decreasing. The increase in net drainage
is due to the large increase in tailwater, as computed in the Jensen-Walter modified water
balance.

III. EVALUATION OF REPORT
1. Purpose

The 1997 Draft Jensen-Walter Report employs a water balance approach as a result of feedback from
IID on the 1995 Jensen Report. The water balance approach is a substantial improvement over the
1995 Jensen Report procedures. However, of particular concern is the method that Jensen-Walter
used to estimate tailwater, as well as the conclusion that the annual tailwater flow increased about
245,600 acre-feet from 1987 to 1996. The conclusion determined by the 1997 Draft Jensen-Walter
Report is that the large increase in tailwater implies that IID farmers are not using water as efficiently
as in the past,

2. Methodology and Findings

The 1997 Draft Jensen-Walter Report uses a modification of the water-balance approach developed
by Boyle (1993) to determine trends in water use. The differences between data analyses by Jensen-
Walter, Boyle, the Water Study Team, and NRCE are presented in Tables 2-2 through 2-7 and
Figures 2-1 through 2-3. At the fundamental level, on-farm irrigation deliveries, irrigation
consumptive use, and leaching are needed to estimate on-farm irrigation efficiencies.

Factors Influencing IID Diversions

IID’s annual inflow, deliveries, and irrigation consumptive use varied during the 1988 to 1996
period. Table 2-2 shows reference ET, precipitation, salinity, and M&I deliveries. During the 1988
to 1996 period, the following occurred:

. Penman-Montieth reference ET ranged from 70.4 to 89.3 inches.

. Salinity (clectrical conductivity) of IID’s inflow ranged from 1.072 to 1.280 dS/m resulting
in varying leaching requirements.

. Annual precipitation ranged from 6.13 to 0.80 inches.

» In 1992 and 1993, many farmers altered their normal irrigation and cropping practices to
combat the white fly infestation problem.




. Annual M&I deliveries increased by about 15,000 acre-feet from 1988 to 1996.

Table 2-2  Summary of Annual Reference ET, Precipitation, Salinity, and M&I Deliveries.

Year Refcre_ncc ET PreciPitation Infloggia;hmty De?;[\i:ies
(in) (in) (dS/m) (Kaf)
1988 852 1.82 1.072 63
1989 89.3 1.5 1.140 65
1990 82.2 1.81 1.168 69
1991 70.4 3.5 1.243 72
1992 70.7 6.13 1.223 72
1993 78.2 5.37 1.230 74
1994 80.0 2.56 1.280 75
1995 81.6 2.11 1.260 78
1996 86.8 0.8 1.270 78

These factors provide explanations as to why ITD’s Colorado River diversion change from year-to-
year. [II)’s Colorado River diversions are to fill water user’s orders and increased diversions are not
due to waste or inefficiencies, Major factors impacting headgate deliveries are climatic conditions
and 1rrigation water salinity. Climatic conditions are reflected in reference evapotranspiration (ETo)
and precipitation. ET, was calculated using the Penman-Montieth equation and was used as an
indicator of climatic conditions, such as temperature, humidity, solar radiation, and wind.

Irrigation Deliveries

IID records were used to estimate irrigation deliveries. The annual irrigation delivery values are
summarnized in Table 2-3. There are some minor differences based on assumptions. Jensen-Walter
used the Boyle methodology, so their values are very similar to NRCE’s estimates. The Water Study
Team’s estimated irrigation deliveries rather than using recorded headgate deliveries, which results
in irrigation deliveries about 3.5 percent higher than reported values. Therefore, the Water Study

Team’s estimates of irrigation deliveries are not comparable to the other values and are not listed in
Table 2-3.

2-5




Table 2-3. Estimated Irrigation Deliveries Based on IID Reported Values,

Year 1997 Jensen-Walter Boyle Updated 1997 NRCE
(Kaf) (Kaf) (Kaf)

1988 2,493 2,493 2,475
1989 2,577 2,577 2,558
1990 2,611 2,611 2,604
1991 2,449 2,449 2,438
1992 2,106 2,106 2,098
1993 2,331 2,331 2,322
1994 2,575 2,575 2,570
1995 2,581 2,581 2,575
1996 2,712 2,712 2,709
Average 2,493 2,493 2,483

Consumptive Irrigation Use

The water balance approach used in the 1997 Draft Jensen-Walter Report is an improvement over
the approach used in the 1995 Jensen Report. All of the four analyses use water balances to estimate
consumptive irrigation use. The water balance methodology does not rely on crop acreage, cropping
dates or patterns to determine irrigation consumptive use. The estimated annual irrigation
consumptive use values are summarized in Table 2-4 and shown in Figure 2-1. The differences in
results are relatively small and result in minor differences in assumptions. Jensen-Walter used the
Boyle methodology, so these values are equal.

Table 2-4. Estimated Irrigation Consumptive Use from Water Balance

Year 1997 Jensen-Walter | Boyle Updated 1997 | Water Study Team NRCE
(Kaf) {Kaf) {Kaf) (Kaf)

1988 1,799 1,799 1,809 1,793
1989 1,809 1,809 1,815 1,802
1990 1,817 1,817 1,815 1,807
1991 1,727 1,727 1,728 1,723
1992 1,502 1,502 1,538 1,528
1993 1,683 1,683 1,610 1,604
1994 1,787 1,787 1,780 1,771
1995 1,754 1,754 1,755 1,741
1996 1,810 1,810 1,839 1,823
Average 1,743 1,743 1,743 1,732

Leaching

Leaching is the third primary component used to calculate on-farm irrigation efficiency. Each of the
analyses estimated leaching in a different manner resulting in different irrigation efficiencies. The
estimated annual leaching values are summarized in Table 2-5 and are shown in Figure 2-2. Jensen-
Walter estimated deep percolation as 14.1 percent of irrigation consumptive use for all years
regardless of changes in irrigation water salinity. Tailwater as a closure term was estimated as
irrigation deliveries minus irrigation consumptive use minus estimated deep percolation. The
leaching used to estimate irrigation efficiency was 90 percent of the estimated deep percolation and
5 percent of tailwater plus reclamation leaching as provided by IID Water Control. The other
methods of estimating leaching were described in Section 1.
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Figure 2-1
Irrigation On-Farm Consumptive Use Estimates Based on 1997
Jensen-Watler, Boyle, Water Study Team, and NRCE Water Balances
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Estimate Leaching Based on 1997 Jensen-Walter, Boyle,
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%]
o]
<

1988 1989 1990 1991 1992 1993 1994 1995 1996
Year

—=— 1997 Jensen-Waiter ~—=— Boyle Water Balance

- Water Study Team  --=- NRCE Water Balance

2-8




Table 2-5, Estimated Annual Leaching.

Year 1997 Jensen-Walter | Boyle Updated 1997 | Water Study Team NRCE

(Kaf) {Kaf) (Kaf) (Kaf)
1988 265 271 280 309
1989 277 323 292 331
1990 288 344 306 340
1991 246 302 303 345
1992 223 246 265 301
1993 248 251 287 317
1994 264 343 327 365
1995 262 377 322 353
1996 265 425 338 372
Average 260 320 302 337

The comparison of estimated leaching shows that the Jensen-Walter values do not increase at the
same ratc as the others. The 1988 and 1996 estimated leaching for Jensen-Walter are the same,
while Boyle’s estimate increased by 154 Kaf (39 percent), the Water Study Team’s estimate
increased by 58 Kaf (21 percent), and NRCE’s estimate increased by 63 Kaf (20 percent). From 1988
to 1996, the salinity of the Colorado River water supplied to IID increased by 19 percent. The
leaching fraction of headgate deliveries based on the Jensen-Walter water balance decreased by 9
percent. The leaching fraction of headgate deliveries estimated by NRCE increased by 10 percent.
The leaching requirement as a percentage of headgate or irrigation consumptive use should follow
the irrigation water salinity trend.

The 1997 Draft Jensen-Walter approach to leaching water requirements represents a fundamental
deviation from recommended approaches in which leaching water requirements are dynamically
dependent on crop sensitivity to salinity and irrigation water quality. The method used by NRCE
includes horizontal and vertical leaching in the heavy cracking soils. Adequate salinity management
is a key component to sustainable crop production in IID.

Deep Percolation and Tailwater

The estimated deep percolation and tailwater not used for leaching is the irrigation deliveries minus
the irrigation consumptive use and the leaching. Table 2-6 lists the estimated deep percolation and
tailwater values for the 1997 Jensen-Walter, Boyle updated by Jensen-Walter, and NRCE studies.
The average for the 1997 Jensen-Walter analysis is much higher than the other two studies. The
largest difference occurred in 1996 where the 1997 Jensen-Walter estimate shows 637 Kaf resulting
in 160 and 123 Kaf more than Boyle’s and NRCE s estimates, respectively. These difference result
primarily from the differences in estimated leaching.




Table 2-6. Estimated Deep Percolation and Tailwater.

Year 1997 Jensen-Walter Boyle Updated 1997 NRCE

(Kaf) (Kaf) (Kaf)

1988 429 423 373
1989 491 445 425
1990 506 450 457
1991 476 420 370
1992 381 358 269
1993 400 397 401
1994 524 445 434
1995 565 450 481
1996 637 477 514
Average 490 429 414

On-Farm Irrigation Efficiencies

On-farm irrigation efficiencies are listed in Table 2-7. Although the 1997 Draft Jensen-Walter and
Boyle updated by Jensen-Walter (1997) analyses use the same general water balance approach,
different procedures are used to subdivide some components including leaching water, tailwater, and
deep percolation. The procedure for subdividing the non-consumptive use components adopted by
Jensen-Walter directly influences the on-farm efficiency because leaching is part of the net crop
irrigation requirement.

Table 2-7. On-fanm Irrigation Efficiencies.

Year 1997 Fensen-Walter Boyle Updated 1997 NRCE
(%) (%o} ()

1988 82.8 83.0 84.9
1989 81.0 82.7 83.4
1990 80.7 §2.8 824
1991 80.6 82.9 84.8
1992 81.9 83.0 87.2
1993 82.9 83.0 82.7
1994 79.6 82.7 83.1
1995 78.0 82.6 81.3
1996 76.5 82.4 31.0
Average 80.4 82.8 834

The annual on-farm efficiencies (1988-1996) estimated by Jensen-Walter (1997), Boyle updated by
Jensen-Walter (1997), and NRCE, are presented in F igure 2-3. The irrigation efficiency resulting
from the Jensen-Walter (1997) water balance decreased from 83.1 percent in 1987 to 76.5 percent
in 1996, while the irrigation efficiencies from the Boyle Report updated by Jensen-Walter (1997)
remained at about 83 percent throughout the entire period. The irrigation efficiencies estimated by
NRCE change annually and are low in 1996. However, NRCE's analysis also includes 1997 when
the irrigation increased to 82.4 percent. Since all methods use the same headgate deliveries and have
similar on-farm consumptive use, the leaching volume in the analyses described is the primary factor
that results in different on-farm irrigation efficiencies.
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3. Conclusions

The primary concerns with the results of the 1997 Draft Jensen-Walter Report are in the areas of
modification of the water balance approach and suggested trends. The major trends indicated in the
1997 Draft Jensen-Walter Report are presented in Table 2-1. The findings of the 1997 Draft Jensen-
Walter Report include stated and inferred conclusions based on the analysis conducted. Following
are statements from the 1997 Draft Jensen-Walter Report, followed by review comments:

. 1997 Draft Jensen-Walter Report Statement-Agricultural tailwater, computed as a closure
term instead of the leaching requirement, increased about 16,200 acre-feet per year, or 3.3%
per year. This is the main trend in the IID water balance components (page 2).

Comment-Tailwater was computed as a closure term by calculating leaching as a fixed
fraction of estimated crop ET. Using a fixed fraction for leaching does not adequately
account for crop salinity tolerance differences and variable irrigation water quality over time.
The stated increase in tailwater is higher than would reasonably be expected, considering
there were no large scale changes in the types of irrigation systems used in the Imperial
Valley during the period evaluated. NRCE’s, Boyle updated by Jensen-Walter, and the
Water Study Team’s assessments of IID data shows that the majority of the increasing
tailwater trend identified in the 1997 Draft Jensen-Walter Report can be accounted for by
increased leaching requirements.

1997 Draft Jensen-Walter Report Statement-/D has initiated a number of water conservation
efforts which have reduced losses in the distribution system. However, diversions to IID
were not decreased as a result of the conservation effort (page 4).

Comment-If TID had not implemented conservation measures, diversions would have
increased even more. The water savings from the IID/MWD water conservation measures
have been verified. Total diversions are dependent upon all water use factors and have
changed due to crop water use, M&I demands, and leaching requirements. Total diversion
is not the measure of whether or not conservation efforts have been successful.

. 1997 Draft Jensen-Walter Report Statement- ke increase in net drainage is due mainly to
the large increase in tailwater whether computed as a closure term or the combination of

calculated tailwater and crop leaching calculated as a closure term in the water balance Jor
11D (page 6).

The increasing ratio of tailwater plus crop leaching to Jfarm deliveries from 1987 to 1996
indicates that significant improvements have not been made in on-farm irrigation systems
and practices (page 6).

The effect of increasing deliveries with essentially no increase in CU is an increase in
tailwater (when calculated as a closure term), or a large increase in computed tailwater plus
crop leaching calculated as a closing term.... The data....clearly show that improvements in
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water delivery policies and on-farm irrigation systems and practices have not been made
concurrent with improvements in the distribution system (page 16).

Comment- It is incorrect to combine all tailwater and leaching, because leaching is a
beneficial use in calculating irrigation efficiencies. Based on NRCE’s and the Water Study
Team’s analyses, leaching has increased due to an increase in salinity over the period of
analysis.

Small changes in estimated irrigation system efficiencies do not indicate that major changes
are needed in farm irrigation systems and practices. Profitable production of crops is a
critical factor in the determination of the appropriate on-farm irrigation efficiency. Irrigation
efficiencies can be inappropriately high, resulting from deficit irrigation (irrigation that is less
than potential crop ET) and inadequate leaching, as was likely the case in 1992. The on-farm
irrigation efficiencies previously calculated from the water balance show very little change
in on-farm efficiencies and certainly no trends. The water balance shows that the changes
in diversions to IID are in response to crop and leaching requirements, as previously
described.

The 1997 Draft Jensen-Walter Report fails to consider changes in salinity of the irrigation
water supply and the effect on leaching requirements. The average annual salinity of the
water delivered to IID increased by 27 percent from 1987 to 1996 (Electrical Conductivity
of 0.999 ds/m in 1987 and 1.270 ds/m in 1996). This increase in salinity increases the
leaching requirement.

1997 Draft Jensen-Walter Report Statement-The net effect of changes that have been
occurring in the IID -a slight increase in diversions, a slight increase in operational waste
(except in 1996), and essentially a constant irrigation water CU is that there has been a
general increase in net drainage from the IID..... (page 16). '

Comment-The net drainage volume has increased primarily due to increased leaching
requirements. The on-farm consumptive use varies substantially from year to year, as was

tllustrated in Figure 2-1. Other irrigation parameters, such as leaching and net drainage also
vary from year to year.

1997 Draft Jensen-Walter Report Statement-7he trends show that the CUc [ Consumptive Use
Coefficient] values for each of the six months [April-September for the years 1987-1996]
have been decreasing which indicates that the fraction of the water delivered to the EHI
canal that is consumed has been decreasing (page 20).

Comment- The fraction of the total water consumed has decreased primarily due to the
increased leaching requirements. This increase in leaching requirements is due to increasing
salinity of the Colorado River water. Additional leaching is required to maintain sustainable
crop production.




IV. SUMMARY

The 1997 Draft Jensen-Walter analysis, using a modified water balance approach, provides results
that are more accurate than the crop ET estimate method used in the 1995 Jensen Report. However,
a major concern with the 1997 Draft Jensen-Walter Report is that the tailwater volume is the closure
term in the water balance, which results in a smaller amount of water being used for leaching and
a decrease in the on-farm irrigation efficiency. The results of the 1997 Draft Jensen-Walter Report
have the tailwater increasing from 16.7 to 23.8 percent of headgate deliveries from 1987 to 1996
(387,000 acre-feet in 1987 to 645,000 acre-feet in 1996). This allegedly large increase in tailwater
1s an unsound conclusion because there has not been a major shift in irrigation methods in TID. A
second major concern is using a fixed fraction for the leaching requirements. Leaching requirements
vary with cropping patterns, soil characteristics, and irrigation water quality. An acceptable
approach to estimating leaching requirements must include consideration of all these parameters.

As a result of the methodology used by Jensen-Walter, some conclusions stated in the 1997 Draft
Jensen-Walter Report are invalid. Of particular concern is the following statement in the 1997 Draft
Jensen-Walter Report:

. «mprovements in water delivery policies and on-farm irrigation systems and practices have
not been made concurrent with improvements in the distribution system (page 16).

There 1s no evidence that improvements in delivery system policies and on-farm irrigation systems
have not occurred, and no attempt was made to substantiate this assertion in the 1997 Drafi Jensen-
Walter Report. As shown in this review, the on-farm irrigation efficiencies have remained relatively
constant during the period of analysis. Additionally, the appropriate irrigation efficiency is based
on cropping patterns and economic conditions that change annually.
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January 31, 1997

TO: Mike Clinton

- FROM:  Elston Grubaugh

RE: IID/MWD Water Conservation estimates

Per your requést -

Date;_

]jecc’mbei‘, 1990
December, 1991
December, 1992
| December, 1994
Ij¢cember, 1995

Deéember, 1996

Estimate

(Water available in Calendar Year 1991) .

(Water available in Calendar Year 1992)

" (Water available in Calendar Yeér 1993)

(Water available in Calendar Year 1995)
(Water available in Calendar Year 1996)

(Water available in Calendar Year 1997)

Please call if you have any questions or need additional information.

26,700 Ac.-Ft.
33,929 Ac.-Ft.
54,830 Ac.-Ft.
74,570 Ac.-Ft.
90,880 Ac.-Ft. -

97,740 Ac.-ht.



Ixhperial Irrigation District

- Metropolitan Water District of
Southern California

Water Conservation Agreement

Projected 1997
Water Conservation Savings
with Supporting Documentation

In Tabular Summaries

" Conservation Verification Consultants

April 1997
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. : Conscrvation Vcriﬁcatioh Consultants

April 24, 1997
To: Water Conservation Measurement Commiitee Mcnib:rs

Mr. Geraid Davisson Mr. Kirk Dimmitt

Palo Verde Errigation District Metropolitan Water District
130 West 14th Avenue 107 South 5th Street, Suit 200
Blythe, California 92225 El Centro, California 92243

Mr. Robert Krieger , Mr. Jesse Silva

Krieger and Stewart - : Itperial Irrigation District
3602 University Avenue, Seite 201 . ' . P.O. Box 937

Riverside, California 92501 - Imperial, California 92251

Mr. Joseph Summers
WCMC Chairman
Summers Engineering
P.O.Box 1122 '
Hanford, Califomnia 93232

Conservation Savings with Supporting Documentation in Tabular Summaries",

Conﬁ:_rvation Veriﬁcation Consultants
k'Keller, PhD, PE
: tG. Dav' , PE

“ce: Mr. Mike King
{ID/Project Management

l - Dear Sirs, ' - | _ o :
. , Transmitted herewith is the Conservation Verification Consultants' final report "Projected 1997 Water




EXECUTIVE SUMMARY

This repart contains the projected 1997 water conservation savings with the supporting documentation in
the form of summary tables for most of the projects in the Imperial Irrigation DistrictMetropolitan
Water District Water Conservation Agreement. The projected savings for the projects are summarized in
Table ES-1. These projections have been prepared by the Conservation Verification Consultants {CV(C)
under the direction of the Water Conservation Measurement Committee. The savings projections
represent the CVC's estimate of the amount of water that will be saved in calendar year 1997 given the
status of project completion and leve! of project use at the end of 1996.

Table ES-1
Summary of 1997 Conservation Projections
1957 Conservation
Project Projection
Number Title (AF) .
1 Robert F. Carler Reservoir 4,450
2,510, 11 & 16  |Main Canal Lining 1,810
‘3 Plum-Oasis Lateral Interceplor 10,000
4 Barnard Galleano {"Z") Reservair '5,019
7 Latgrai Canal Lining - 24,250
9 12-Hour Delivery (12-HD) Program 34,200
12 Non-Leak Gates 630
14 Lateral Move Sprinkler Irrigation sttems 410
14218 Drip Irrigation Systems 230
15 Systemn Automnation 7 | 4,620
17 Mulberry-D Lateral interceptor 7;650
18 Tailwaler Recovery Systems 4,480
~ Total 897,740

CYC(DE)
19978.DOC

fii -
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PROGRAM COORDINATING COMMITTEE

The Metropolitan Water District of Southern California
. : and
Imnpenial Imigation District
P. 0. Box 937
JOSEPH B, SUMDMERS . CHARNAN Imperial, CA 92251 )
KIRE DOVITT - MWD Telecnpia
FEISESILVA . UD . (760) 239-9252

December 22, 1997

Mr. Michael J. Clinton, General Manager
Imperial Irrigation District

P. 0. Box 837

imperial, CA 92251

I ' Mr. John R. Wodraska, General Manager
Metropolitan Water Districl of Southern California
P. 0. Box 54153 - Terminal Annex _
- 2 California Plaza, 350 South Grand Avenue .
' ' Los Angeles, California 90071
l . Gentlemen: o
' The Program Coor'dinaling Committee hereby subrhils,’ based on the Water Conservalion
' ' Measurement Cormmittee’s recommendalion, the waler availability schedule for 1998, This

submittal is consistent with the Waler Conservation Agreement between Imperial Irrigation
Districl and the Melropalitan Water District of Southern California. :

The amount of water available under the agreement for calendar year 1998 is 107,180
acre feel. ' '

Very truly yours,

B. Summers
airman

J85ip
Enclosure .
¢c wiencl: Members of the Water Conservalion Measuremen! Commitize
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PROJECTS OF CONSERVATION AND AUGMENTATION PROGRAMY

{in Acre Feet)

1557 PROVISIONAL AND VERIFIED ANNUAL AMOUNT OF WATER CONSERVED

Water Conserved

Project
“No. Project Acre Feet
T 1988
Agreement  Provisional”  Verified¥
1 Ttifolium (Carter) Reservoir 4,600 4,470
2 South Alamo Canal Lining, Phase 1 1.510 510
3 Lateral tPium-Oasi_s! Interceptor 5,700 6,650
4 Z(GaNzano) Reservoir ' 3,850 5,230
"5 South Alama Canal Liﬁing, Phase il 2,400 900
6 Sperber Outlet [Defersd) 465 . —
7. Lateral Canal Lining 29,150 24,250
8 Trifolium interceptor 10,700 14,700
9 12 Hour Delivery 12,000 22,290
10 Vail Supply Canal Lining 2,000 10
il Rositas Supply Canal Lining 2.000 130
12 Non-Leak Gates _ 3.550° 630
13 Tailwater Assessment (Deleted in Approval o) 0 4]
Agresment]
14 lerigation Water Managehent 3.400 510
15 System Automation 9,075 13,490 _
16 Westside Main Canal Lining, North - 4,600 260
17 Modilied East Lowline (Mulberry - D) 7,390 8.450
Intercepior _ _
‘18 Additfonal Irrigation Water Management 3,720 4.6707
Totals : _ 106,110 50,990 ' 56,170
éurr:m Provisional and Verilied Tc_na.is : 107,160

1r

sludy.

Trifslium {Cacter) Reservoir and Soulh Alama Canal Linin
the remaining projects, excluding the

“Provisional™

The “Verified” conservation values for projedts 2, 5, 7, 10, 11, 12, and 1
are considered final and are noi expecled fo change.

AT

g, Phase 1, coastiluis the Augmenlalion'Projecls. Al
Tailwaler Assessment, conslilute the Conservation Program.

values are based on information/analysis compleled to date and is sudject lo thange based on lyrther

6 2ra basz4 on informalionfanalysis which
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1. INTRODUCTION AND SUMMARY

The Imperial Iﬁ'igation District (IID) has negotiated a Water Conservation and Transfer
Agreement (Agreement) with the San Diego County Water Authority (SDCWA). Among
other terms, the Agreement stipulates that IID would conserve 200,000 acre-feet of water
per year (afy) and subsequently transfer that conserved water to SDCWA. In exchange, -
SDCWA would compensate IID growers for the transferred water to defray any grower
conservation-related costs. '

- As the legal and institutional process to implement the transfer agreement has unfolded, a

number of issues regarding 1ID’s water resource management have been the focus of
debate. One of these issues relates to how 11D growers would be financially impacted if
they were mandated to conserve water without receiving any offsetting third-party
compensation such as that from SDCWA stipulated in the transfer agreement proposal.

This report evaluates the extent to which IID growers could realistically pass on
conservation-related increases in their cost of water by unilaterally increasing their crop
prices. To answer this question, we qualitatively and quantitatively analyzed the markets
in which 11D growers sell their crops, and for IID’s most prevalent crop, alfalfa hay, also
used a modified version of the Central Valley Production Model (CVPM) that the
California Department of Water Resources developed to evaluate the impacts of water
shortages and water price increases on California agriculture.

As discussed below, the analysis indicates that IID growers do not have power in their
respective crop markets due to a range of competitive marketplace dynamics, including

packer/shipper concentration, geographic scope, and falling trade barriers, among other

factors. Consequently, IID growers cannot be expected to pay for the cost of water
conservation by unilaterally increasing the prices they receive for their crops. Crop costs
of production have continued to increase, while in most cases crop prices have remained
stagnant or declined. Accordingly, any continued escalation in crop production costs,
including any'co'sts to implement water conservation measures, is likely to further erode
IID grower profitability leading to a decline in farm property values, and adversely
impacting the overall regional economy. |
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II " INABILITY OF IID GROWERS TO PASS THROUGH WATER RATE

INCREASES ' _ : '

Regardless of the water .conservatidn measure(s) [ID growers and/or the District itself -
adopt to achieve their annual water conservation target of 200,000 acre-feet, conservation
of this magnitude could result in a substantial and meaningful increase in the cost of

~ water for the District’s growers. This cost may derive directly from the capital

investment and on-going O&M-expenses to implement specific on-farm or system-level
water conservation measures, or indirectly from lost revenue due to deficit irrigation-
and/or land fallowing. Irrespective of the method, water-conservation in IID will have
financial impacts on District growers. Absent offsetting third-part compensation, the
severity of those impacts, and associated regional economic effects, will depend largely
on the extent to which IID growers have the market power to pass any conservation-
related costs through to their customers by increasing crop prices. Ultimately, the less [ID
growers are able to mitigate water conservation-related costs with crop price increases,

_ the greater the potential impacts of that conservation on grower income and subsequently,

regional property values and local tax revenues.

Imperial Irrigation District is one of the largest irrigation districts in the western United
States. In California, it is second only to the Westlands Irrigation District in terms of
acreage under crop production {(Westlands is located in the Southern San Joaquin Valley
west of Fresno).! In 1998, 461,061 acres within IID were cropped. 2 [ID growers enjoy
climate conditions suitable to the production of many different field, melon & vegetable
and fruit crops on a year-round basis. Over 100 crops are grown commercially within the
District. However, a majority of the District’s land under production, about 71% in 2000,
is consistently planted to relatively lower margin forage and grain crops, primarily alfalfa
hay, Sudan grass hay, Bermuda grass hay, and wheat. (In 1998, 11% and 8% of the
acreage in the Westlands and Coachella irrigation districts were planted to these types of
crops, respectively.) '

A. Study Approach

IID growers market their crops through many channels, including growers associations
and brokers. The prices IID growers receive for their crops at a given time reflect

! Westlands covers about 600,000 acres along the west side of the San Joaquin Valley within Fresno and
Kings Counties. In 1998, the district reported a net cropped acreage of 530,371 acres (net of double-
cropped and fallowed parcels as well as lands dedicated to wildlife purposes).

? Understates actual acreage harvested due to multi-cropping. In 1998, 541,652 acres of crops were
reported, including 82,090 acres muiti-cropped (i.e., more than one planting and harvesting of a crop in a
single year). '
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numerous supply and demand factors that differ from crop to crop and season to season.
These include the volume and harvest timing of the crop in other growing regions, the
price and availability of substitutes® and complements” for that crop, the concentration of
buyers, the relative quality of the crop, the crop’s suitability for storage, the cost of
transportation and storage for the crop, general economic conditions and even market
pérceptions, among other factors. |

IID farmers do not just compete against growers from other regions in the markets for the
- crops they grow, but they also compete with each another. While the level of marketing

competition within the District may be tempered by local cooperation through crop

associations and other marketing coordination vehicles, the consensus among extension

agents, brokers and growers with whom we spoke is that market competition within [ID
has an important influence on the crop prices realized by individual District growers.

Nonetheless, the central concept at issue is market power. Specifically, are IID growers:

" Price-takers for the crops they produce? This would mean they have no
market power, and thus cannot influence the prevailing market price; they
must sell their crop at prices determined purely by market forces or risk.
competition entering the market and undercutting their prices.

=  Price-makers for a given crop? This would mean they have substantial market
power, and thus can directly influence the prevailing price; absent are
alternative sources of the subject crop or adequate substitutes for the crop that
might constrain IID price escalation.

= Or, are they somewhere in the middle? They would then have some influence
on price that might allow at least a partial mitigation of increased costs of
production resulting from conservation.

We approached this assessment in three steps.

In the first step, we identified the primary crops produced in IID. While it is true that [ID
produces many different crops, ten crops account for about 80% of the total acreage under

* An example of a substitute might be grain corn for alfalfa hay. If the price of grain corn drops relative to
alfalfa hay due to an unanticipated bumper corn crop, livestock and dairy operators may increase the
quantity demanded for grain corn as a substitute for alfalfa hay. This buyer response might decrease the
demand for alfalfa hay and force aifalfa hay prices down if producers wish to sell all their production.

* The often-used example of complementary products is peanut butter and jelly. If the supply of peanut
butter drops due to lower production of peanuts, people may buy less Jelly as well, having a negative impact
on growers supplying jelly producers with grapes and other fruit. :




irrigation and about 85%, if we exclude field crop seed cr'ops.5 Accordingly, we believe

that an analysis of IID crop pricing and market power that focuses on these ten crops
alone should adequately characterize the overall extent to which IID growers control the
prices they receive for their crops.

In the second step, we defined the market for each of the crops selected for the analysis.
Towards this end, we emphasized three separate market delineators:

. Geographic Region
 What other geographic areas produce the crops grown in IID and deliver those
* crops to the same markets as [ID? ' '

» . Crop Substitutes
What crops serve as good substitutes for the crops grown in IID and therefore
influence the competitive landscape faced by IID growers?

» Temporal Influences
To what extent does the seasonal timing of 1ID’s harvest of the crop limit-the
competition faced by District growers in the production of that crop? This relates
to the concept of market windows and is most important when examining the
market for highly perishable crops such as lettuce. IID enjoys year-round
conditions suitable to crop production that afford District growers with market |
window opportunities, specifically, in the production of vegetable crops during
the winter and early Spring when many growing regions are idle. '

In the third step, we examine the market for each crop as defined under step 2 to
determine, as much as possible, the relative contribution and influence of IID growers, the
ability of other producers to increase their production of the crop in response to increased

 prices from IID growers (supply response) and finally, the potential response of buyers of

the subject crop to increased IID prices (demand response). All of this information was
pooled to draw conclusions about the market power of IID growers within the respective
market for each crop. '

* Most of the seed grown in the district is alfalfa and Bermuda grass. These seed crops are harvested largely
" on stands previously used for the production of hay and allowed to go to seed in their last year of
production, ' :




‘B. 1D Cropping Pattern

Table 1 summarizes the IID cropping patterh in 2000 itemizing the ten most important
non-seed crops in terms of acreage.®

Table 1
Cropping Pattern Summary — 2000
Imperial Irrigation District

Garden Crops Acres % of Total Field Crops Acres % of

| Total

Broccoli _ 10,916 2% Alfalfa Hay 177,854 - 33%

Carrots 18,167 - 3% Bermuda Grass 41,918 | 8%
- Hay '

- Lettuce 18,080 3%  SudanGrassHay 53,446  10%
Cantaloupes 11,270 2% Sugar Beets 31,475 6%
Onions (dry) 12,377 2% Wheat 45,868 - 9%
Other 27,615 -~ 5%  Other. | 59,647  11%

- Total Garden Crops 98,434 18% Total Field Crops 414,208  77%
Permanent Crops 24,434 5%
Total Acres of Crops (Includes Multi-Cropping) 537,076

Source: Imperial Irrigation District Annual Inventory of Areas Receiving Water, Years 2000,1999, 1993,

The table reveals that field crops account for approximately 77% of IID’s cropping
pattern, while permanent crops such as citrus account for only about 5%. In addition, the
table indicates that alfalfa hay is planted to approximately one-third of IID lands under
production. For this reason we focused a significant amount of our market analysis
research on alfalfa hay. ' '

C. Crop-Specific IID Market Power Assessment

Before examining IID grower market power on a crop-specific basis, it is appropriate to

briefly discuss the North American Free Trade Agreement (NAFTA), as NAFTA has had
a substantial recent influence on the dynamics of the crop markets in which [ID growers
participate. The U.S., Mexico and Canada entered into NAFTA on January 1, 1994, The
primary objective of NAFTA; by design, was to increase North American trade and

6 Excluding Sudan Grass and Bermuda Grass Hay, the remaining eight crops are also the most important

non-livestock commodities produced in the District in terms of gross value of production.




economic efficiency, particularly in the manufacturing and natural resource sectors
(including agriculture), by dismantling import tariffs and quotas, facilitating trade and
environmental dispute resolution, and improving labor mobility among the three
signatory countries, |

Free trade has always been a politically charged issue, and the debate on NAFTA has
proven no exception. Now, as the U.S. enters a new phase in international trade
liberalization and trading partnerships, highlighted by the recent admission of China to
the World Trade Organization (WTQ) and attempts to fast track the expansion of NAFTA
to include Central and South America, the socio-economic and environmental impacts of
NAFTA during its brief history -have become the focus of intense public and
governmental scrutiny. While the conclusions presented in the associated literature tend
to reflect public policy biases as much as hard analysis, the general consensus appears to
be that since NAFTA’s inception farmers in all three countries have experienced stagnant
to declining prices for most crops and a subsequent erosion of incomes. ‘Though many
correctly point out that non-NAFTA factors, including recent currency exchange shocks,
broad macro-economic trends, agricultural consolidation, weather problems (i.e., el nino
and la nina) and government domestic agricultural policy changes have adversely affected
U.S. farmers to varying degrees, NAFTA appears to have had, and continues to have, an
important influence on the U.S. farm sector.

Within the NAFTA blueprint, U.S. policy makers expected anticipated increases in U.S.
agricultural commodity imports from Mexico and Canada to be approximately offset with
increases in U.S. agricultural commodity exports to those countries; an outcome that
according to the USDA Economic Research Service has, in aggregate, by and large
materialized. When one narrows the focus, however, to trade patterns for many of the
non-hay crops produced in IID, particularly higher-valued crops of particular importance
to District incomes, such as lettuce and melons, indications are that the NAFTA

- experience has been fairly one-sided in terms of trade flows. Aided by the Mexican

Peso’s devaluation in 1994/95, U.S. imports of Mexican produce have increased
substantially under NAFTA. These imports compete directly with [ID and other
Southwestern growers, particularly during periods that have traditionally provided those
growers with valuable seasonal market windows for their crops. For example, the

- Economic Research Service found that U.S. net imports of Mexican cantaloupe are 17%

to 25% higher than they would be absent NAFTA-associated tariff cuts. This has had a

~_clear negative affect on 1ID melon grower incomes. Another study of NAFTA by the
University of Texas A&M’s Center for North American Studies reports that the NAFTA-

related elimination of U.S. vegetable import duties has contributed significantly to the

- near doubling of U.S. imports of broccoli, cucumbers and onions during the 1990s.
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Furthermore, and referring to the period since NAFTA’s inception, a recent study by the
Public Citizen’s Global Trade Watch concludes that *“.. North America’s farmers and
consumers have not benefited from the pact...” The report also indicates that the U.S.’s

trade surplus with Canada and Mexico fell by $1.5 billion during the first seven years
since NAFTA’s inception. In contrast, the U.S.’s trade surplus with Canada and Mexico

- grew approximately $203 million between 1991 and 1994.

Our research indicates that while all of IID farmers have been financially squeezed by
NAFTA, those most impacted are farmers producing relatively labor-intensive crops such
as asparagus and melons. A primary cause is the substantial labor cost disparity between
California and Mexico. In some situations, for example, what IID growers are paying
laborers for an hour of work is approximately equal to what Mexican growers across the

‘border pay for a full day of labor. With such a disparity in the cost of so essential a crop

production input as labor, IID growers are at a disadvantage in competing with Mexico in
the marketplaces for many fruit and vegetable crops. Prior to NAFTA, ifnport’ tariffs
allowed IID growers to compete effectively with Mexico despite relatively expensive
labor associated with California's high (and ever increasing) minimum wage rate, and
strict time-and-a-half requirements for overtime, among other labor cost factors. The
situation is likely to deteriorate further as most of the remaining tariffs that now partially
insulate IID growers are completely phased out per NAFTA's terms.

1.  Alfalfa Hay
a. Market Definition
According to the State of California Agricultural Statistics Service, in 2000 alfalfa hay
was grown on 1.35 million acres in California producing about 7.6 million tons of hay.

Alfalfa hay growers within IID are relatively high-yield producers, acéounting
collectively for approximately 13.2% of the State’s 2000 alfalfa hay acreage and almost

-18.9% (1.44 million tons) of the State’s total alfalfa hay production in that year.

According to the 1997 Census of Agriculture, there were 557 farms in Imperiat County in
1597 of which about 57% (320) produced hay. '

Alfalfa hay produced in IID is generally considered good to premium quality hay with
high protein and nutrient levels and, for this reason, is sold primarily to dairies.
According to Juan Guerrerro, an Imperial County agricultural extension agent, in excess
of 70% of IID’s alfalfa hay is shipped to dairies in the Chino Basin near Interstate 10 East.
of Los Angeles. The Chino Basin area has the largest concentration of dairies in the
State and produces a large share of the State’s milk and other dairy products. The




remaihder of IID’s alfalfa hay is sold for use in feed-lots (much of it local) and for horses,
with about 15% exported mostly to Asian feed markets. '

Discussions with representatives of several dairies in the Chino Basin, including
Excelsior Farms, Syann Dairy and Three Brothers Dairy, revealed that while TID is their
primary source of alfalfa hay, they also buy large amounts of hay from growers in the
Yuma area of South-Western Arizona, growers around Blythe in Eastern Riverside
County as well as growers in the Southern San-Joaquin Valley near Lancaster. All of
these areas are large agricultural regions. Conversations with a number of alfalfa hay
brokers working with IID growers and dairies in the Chino Basin confirmed that IID
competes primarily with hay producers in these areas. Clark Seybert, principal of Clark
Company, a hay broker operating out of Brawley in the Imperial Valley indicated that IID
alfalfa hay growers compete in a marketplace that extends largely from the Southern San
Joaquin Valley south and into Western Arizona.

Alfalfa hay is bulky and cosﬂy to transport and therefore is usually marketed fairly close
to where it is grown. However, Mr. Seybert said that it is not uncommon for premium
quality hay to be shipped long distances if the quality merits the added transportation
costs. For example, some alfalfa hay grown as far away as Utah and considered to be of
extraordinary quality is shipped to dairies in Southem California. ~ Bill Sandig,
California’s border station supervisor for the state’s Department of Food and Agriculture,
believes that Utah hay is an i'mportant factor in the Southern California Dairy industry.
According to Mr. Sandig, the Southern California market for alfalfa hay is very price
sensitive. This would suggest that if the price of IID hay were to increase relative to other
growers outside the area, IID’s competition in the Chino Basin dairy market would
increase because the cost to transport hay to the Chino Basin from producing areas further
away would become relatively more economical.

Our own survey of approximately ten trucking companies in California, Arizona and
Nevada that transport hay revealed that haul rates are as much a function of back haul
opportunities available to the particular trucking company as they are of mileage. For
example, the Lanting Hay Company in Chino quoted a cost to ship hay from the Phoenix
Area (Maricopa County) Arizona, of $25 per ton, the same rate that many truckers,
including Lanting, would charge to haul to the Chino Basin arca from El Centro in the

- Imperial Irrigation District: a much shorter distance in road miles. This pricing reflects

the fact that Lanting already hauls a variety of goods between Los Angeles and Phoenix

along Interstate 10 and could absorb additional hay hauling on that route at relatively little
cost. Frank Delpapa of Be and Me Trucking out of Bakersfield quoted the same price,
$25, to haul hay from Sacramento to the Chino Basin.




According to Michael Rethwisch of the Riverside Cdunty Palo Verde Cooperative '
Extension office, alfalfa hay markets are defined based on quality. Blythe, El Centro, and
Yuma produce premium quality hay during the winter. In the summer, Chino Basin _
dairies buy some of their hay from Nevada and Utah because summer hay from those
areas is of a better quality than IID’s. During the summer the price of hay drops in the
Imperial and Pale Verde vaileys because prodﬁction increases result in reduced quality.

Alfalfa hay is considered the feed of choice among dairy'farmers due to its high protein
content, nutrient levels and palatability. Nonetheless, the dairy industry is extremely
sensitive to feed expenses because feed accounts for over 50% of the cost to produce

- milk. Also, the dairy sector, perhaps more than any other agricultural sector, is very

sophisticated in its cost management, applying linear programming and other quantitative
techniques to maximize feed nutrition at a minimum of cost. Therefore, since alfalfa hay
is a relatively high-priced feed source, many dairies proactively seek to reduce their
purchases of alfalfa hay by substituting a wide range of alternative and lower cost feeds
including grain, corn silage, oat and barley hay, even beet pulp and tomato pumice (waste
from processing). For example, Seth Hoyt, a senior agricultural economist with the
California Agricultural Statistics Service, believes that while recent alfalfa hay prices may
face upward pressures due to a decline in acreage and strong dairy and export demand for

~ hay, any price inflation may be tempered by lower grain and feedstuff prices.

While Imperial County does produce alfalfa year round, including during the winter and

_early spring months when many growers to the north are idle, alfalfa hay can be stored for

long periods of time with little quality deterioration if properly stored. Nonetheless,
Imperial growers do gain some competitive advantage in their winter season production
of hay from avoided storage, shrinkage and general carrying-related costs incurred by
growers targeting those markets with stored hay. '

b Market Power

Based on our research, we concluded that 1ID’s primary market competition for alfalfa
hay comes from other Southemn California growers extending north to include the
Southern San Joaquin Valley (i.e., Fresno, Kern, King counties, etc.) and extending east
into Arizona including Yuma, La Paz, Pinal and Maricopa counties. This is not to
suggest that the alfalfa hay market in which IID producers compete is not influenced by
producers further afield (such as Utah), only that IID’s primary competition is located
within this area. In 1999, ID produced 15% of the alfalfa hay grown within this market
region. However, according to Mr. Seybert and other brokers with whom we spoke, IID
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growers have little ability to dictate their hay prices because of significant competition
within and from outside the District as well as the availability of low cost substitutes.

In addition, we sought to assess IID alfalfa hay grower market power by examining and
analyzing historical 1ID alfalfa hay price, acreage and production data. Figure 1 provides
a graphic summary of the average price received by alfalfa growers in Imperial County
between 1980 and 2000. During this period, grower costs of production steadily rose, yet
as the graph shows, alfalfa hay prices fluctuated significantly. In fact, the average price
of alfalfa hay in 2000 for the county was actually lower than the 1980 price. It should be
noted that the prices presented here are average prices. Individual growers realize a range
of prices on their hay based primarily on quality, time to market and seasonal demand.

Figare 1
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Figure 2 summarizes reported acreage of alfalfa in IID for the same 21-year ﬁeriod. The
figure reveals fairly significant inter-year variation in the District’s alfalfa hay acreage

~and total production. We compared the historical trend in IID alfalfa acreage and

production with alfalfa hay prices, assuming different lags in production and price. This

analysis suggests that the amount of total [ID hay production does little to explain the
prices received by growers for that hay (suggesting the hay market in which IID operates

is larger than IID itself). For example, covering the period 1980 through 2000, the
coefficients of determination comparing estimated total IID alfalfa hay production in a
given year to, (1) the IID grower average price received for hay in that year, and (2) the
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IID grower average price received for alfalfa hay in the previous year, are near zero.

Therefore, very little of the variation in IID alfalfa hay production appears to explain
variation in the average price received by growers for that hay. This serves as one
indication that IID alfalfa growers are operating in a market substantially larger than that
represented by their production and have little unilateral influence on prices.

Af the same time, our analfrsis suggested little or no relationship between the lagged price
for TID hay and the production of alfalfa hay, indicating that growers collectively are not
making their alfalfa production decisions based on recent average prices received for their
alfalfa.

We also conducted a similar correlation analysis by comparing historical IID average
alfalfa hay prices and an index of farmer production costs. The purpose of this analysis
was to evaluate the extent to which IID growers have been able to recoup unavoidable
inflation in their costs of production through increases in the prices received for their
crops. The farmer production cost index used was the Prices Paid by Farmers for

'Production, Interest, Taxes and Wages published by the USDA’s Economic Research

Service (PPITW). We believe that this index, though national in its coverage, reasonably
characterizes the general trend and variability in overall crop production costs incurred by
IID growers. (No appropriate State-level or regional farmer cost-of-production index is
available.”®)

7 To test the reasonableness of using a national farmer cost of production index (the PPITW) to characterize
the trend and variability in overall Imperial Valley farmer production costs (absent a more geographically-
specific production cost index), we compared the historical PPITW index to available consumer price
indices (CPI) for the State of California as a whole as well as the Los Angeles (including Riverside) and San
Diego areas individually. (These CPI indices are reported by the State of California’s Division of Labor
Statistics and Research.) The cornparisons revealed that a significant amount, almost 90%, of the observed
variation in the PPITW can be explained (is mirrored) by variation in the CPI indices. We believe this
validates the use of the PPITW as a proxy for farmer cost of production trends and variability in IID since
our own past analyses of consumer and producer price indices where available for specific geographic areas
would suggest that the indices tend to track quite closely. :
® An examination of available data on the cost in California of important farm inputs such as labor,
chemicals and particularly energy reveals fairly substantial recent cost inflation that has eroded farmer
income due to stagnant or failing crop prices.
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Figure 2 _
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The correlation analysis indicates that only about 20% of the observed historical variation
in IID alfalfa hay prices can be statistically explained by cost of production inflation,
suggesting that while cost is certainly one factor driving hay prices, many other factors
influence price as well, and IID growers could not expect to recoup increased water costs
by unilaterally increasing the price of their hay. Thus, while a higher correlation would
not necessarily imply market power as it could just relate to a general upward trend
related to increased price levels throughout the economy, the low level of correlation

found does imply that alfalfa hay growers are unable to control income erosion due to
increasing costs through crop pricing. To further validate this conclusion, we performed
an additional correlation analysis between IID historical alfalfa hay prices and a time
- series of farmer hourly wage rates for California reported by the USDA in the
Department’s Farm Labor Bulletin. The period of the analysis again covered 1980
- through 2000. We believe this to be a meaningful analysis since labor is a major cost of
crop production and the labor rate series used is specific to California. The anélysis
indicates a similar, though smaller statistical relationship between cost of production and
price for alfalfa hay in ID. |

According to Steve Blank, an extension economist with the University of California
Department of Agriculture, the factors most affecting the prices received by IID growers
for their crops include the amount of hay in storage, cost of alternate feed sources,

* This would be expected since the PPITW and the farmer wage rate series for California are highly
correlated. '
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| government programs, conditions in other alfalfa producing areas, past prices and beef

and dairy cattle numbers. All of these factors are outside the control of 11D growers and
therefore, severely constrain grower ability to influence the price they receive for alfalfa
hay.

Finally, given the importance of alfalfa hay to the IID cropping pattern, we used a
modified version of the Central Valley Production Model (CVPM) to project the impact
on prices paid by Southern California dairies following an increase in IID grower cost of
water. The CVPM model was developed by the California Department of Water

Resources (DWR) in collaboration with private sector consultants, including CH2M Hill

and a number of agricultural economists from the University of California. The model is

used frequently by DWR and also the Bureau of Reclamation to évaluate the potential

effects on California farming from changes in the cost and availability of production
inputs, particularly water. The model uses sophisticated quantitative methods termed
“positive quadratic programming” to relate farmer crop production decision-making to
the relative cost,. availability and efficiencies of different crop production inputs and
technologies. For the purposes of our analysis of the alfalfa hay market in which IID
competes, we expanded the model to include Yuma, La Paz, Pinal and Maricopa counties
in Arizona. We also incorperated a model of the Southern California demand for alfalfa
hay based on the work of Konyar and Knapp. This analysis indicates that even with
conservation-induced increases in the cost of IID water, there would be no resulting
increase in farm-gate alfalfa hay prices in the Southern California/Arizona marketplace

2. Sudan Grass Hay and Bermuda Grass Hay
A Market Definition

According to the State of California Agricultural Statistics Service, in 2000 Sudan grass
hay was grown on approximately 77,500 acres in California, over 70% of which was in
[ID. The State does not separately monitor the production of Bermuda Grass Hay, but
instead adds that production into a broader category, “Hay Unspecified,” that includes
Bermuda Grass, Timothy and other hay varieties. However, a review of Agricultural
Commissioner reports for California’s southern counties indicated that almost all the
Bermuda grass hay grown in the State is produced by IID. In 2000, Imperial groWers
produced Bermuda grass hay on 41,918 acres, almost the same number of acres the state
reported for “Hay Unspecified” in Imperial County. This hay production accounted for

almost 20% of the State’s total reported “Hay Unspecified,” acreage in that year.
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Unfortunately, the amount of market information available for Sudan and Bermuda grass
hay is limited. However, based on our research, including conversations with hay brokers
and exporters in the region, most of these hay products are exported to Asia, particularly

Japan. In 1997, the U.S. exported 2.9 million metric tons of hay, 2.7 million of which _

went to Jépan. Half of this hay was alfalfa, Since only about 15% of HID’s alfalfa hay (or
about 150,000 to 200,000 tons) is expotted, much of the hay exported from the U.S. to
Japan and Asia is coming from other hay-growing regions. Other countries exporting
significant amounts of hay to Asia include Australia/New Zealand and Canada.
Accordingly, IID Sudan grass hay and Bermuda grass hay production competes with other
hay produced throughout the Western states as well as from different Pacific Rim

countries.

Direct hay export statistics for Canada and Australia/New Zealand were unavailable.
However, according to Terry Hansen with ACX Trading, a large hay exporter in Long
Beach, California, the Asian hay markets are extremely price competitive and that IID-
baled Sudan grass and Bermuda grass face strong competition, particularly from
Australian oat hay and Canadian Timothy hay. He also indicated that IID Sudan grass
hay competes with rye hay produced in the Wilamette Valley in Oregon. According to

~ Mr. Hansen, Australia is exporting about 400,000 tons of oat hay annually into Asian

markets, and that amount is steadily increasing. He also told us that Asian markets are
tough to compete in because of the exacting and ever-changing requirements of buyers
with respect to quality and appearance. This opinion is corroborated by James Kuhn with
Kuhn Farms, a hay grower in Imperial. On the overall hay export market, Mr. Kuhn
believes that an abundance of hay supply and production capacity in overseas markets is
placing downward pressure on prices that is exacerbated by weakness in the Japanese and
other Asian economies. '

b. - Market Power
Based on the above characterization of the “other” hay marketplace, it appears that IID
growers cannot unilaterally respond to crop cost of production increases by increasing the

price they receive for Sudan grass and Bermuda grass hay.

To validate this finding, we sought to assess [ID Sudan and Bermuda grass hay grower

- market power, by analyzing historical price, acreage and production data for those crops.

Figure 3 below provides a graphic summary of the average price received by Sudan Grass
hay growers in Imperial County between 1988 and 2000 (price data before 1988 was not
available, as Sudan grass hay was not previously reported as a separate hay crop from the
County- Commissioner’s “Other Hay” category). During this period, while grower costs
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of production steadily rose, average Sudan grass hay prices, despite some Signiﬁcant
inter-year variation, did not. In fact, the Imperial County average price received for
Sudan grass hay in 2000 was about the same as the 1988 average price.

F i_gure 3 .
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We also conducted correlation analyses between historical IID average Sudan grass hay

prices, and (1) the index of Prices Paid by Farmers for Production, Interest, Taxes and
Wages (again lacking a comprehensive state-level or regional cost of production index)

‘and (2) average farm hourly wage rates for California reported by the USDA. These

analyses indicate almost no relationship between the farmer cost of production and the
prices received by IID growers for their Sudan grass hay. This would support the opinion
that production costs don’t have a strong influence on prices and accordingly, IID growers
have no real power to pay for higher water costs by correspondingly increasing the price
they charge for Sudan grass increases. Market supply and demand factors appear to.
dictate the prices that IID farmers can receive for their hay in a given year irrespective of
1D grower preduction costs.

Unfortunately, Imperial Valley Bermuda grass hay prices have not been tracked for more
than the last several years. Accordingly, we were unable to perform a similar analysis for
Bermuda grass. However, we believe that IID Bermuda grass hay growers also have little
control over the price they receive for their hay as this hay is subject to similar

~ competitive forces in the export market as Sudan grass hay.
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3. Sugar Beets
a. Market Deﬁnition

According to the State of California Agricultural Statistics Service, in 2000 sugar beets
were grbwn on a little less than 100,000 acres in California producing almost 3.3 million
tons of beets. IID accounted for over 31% of this acreage, 31,475 acres. California
produces about 10% of the U.S.’s sugar beets. The majority of the country’s sugar beets
are grown and processed in the northern states, particularly the Red River Valley

- extending from Minnesota into eastern North Dakota.

Until quite recently, there were four factories that processed all of the sugar beets grown
in California. They were located in Woodland, Tracy, Mendota and Brawley. A short
time ago the Woodland and Tracy plants closed due to financial troubles. According to
the USDA’s current assessment of the U.S. sugar sector, it is anticipated that these plant
closures will result in a sizeable reduction in the future acreages of sugar beets in the
State. This is largely due to the high cost to transport beets. Due to transportation costs
most processihg facilities purchase beets from nearby growers.

The Brawley plant is operated by Imperial Sugar. All of the beets processed at Brawley
are produced in IID.  And, all of IID’s beets are processed at the Brawley plant.'
Accordingly, TID growers currently face no outside competition in supplying Imperial
Sugar’s Brawley processing facility with beets. However, the true market in which IID
sugar beet growers compete is not limited to the Imperial Sugar’s Brawley facility, but is
really international in scope; since this is the geographic market in which sugar processors

- such as Imperial Sugar compete. According to representatives of the California Sugar

Beet Association, IID is considered a relatively low-cost sugar beet producer due to its
relatively high yields compared to other growing regions, This finding is supported by

- sugar beet cost of production analyses conducted by the USDA’s Economic Research

Service. At the same time, Imperial Sugar faces relatively high production cost

_conditions, largely due to the high cost of labor and power in Southern California.

‘According to Steve Kaffka, with the U.C. Davis Department of Agronomy and Range

Science, the Tracy and Woodland sugar beet processing plants closed because their
operator got into financial trouble when the price of sugar dropped 20% due to a

» Historically, Imperial shipped some of its beets to Tracy for processing prior to that plant’s closure.
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combination of factors, including increased production in North Dakota and Minnesota,'
oversupply and shortfalls in the USDA-administered U.S. sugar program.

Keith Mayberry, an Imperial County Cooperative Extension agent, informed us that even
though IID is perhaps the highest sugaf and highest yield sugar beet producer in the
world, there is some talk of closing down the Brawley plant. The reason; an abundance
of sugar supply (imported and domestically produced) has driven prices so low that US
processors, no matter how efficient, are unable to compete. According to the USDA’s
Economic Research Service, while USDA intervention has helped to reduce supplies and
support the prices received by some processors, the Department’s legislated maximum
intervention in the Sugar marketplace has done little to keep prices up. It should be noted
that the USDA participates in the sugar market by setting annual quotas on certain raw

“and refined sugar commedities and by providing loans to sugar prcicessors that use sugar

as collateral. In terms of the latter, if the price of sugar falls below the legislated loan rate

- per pound of sugar, the USDA takes delivery on the sugar in lieu of loan repayment. In

this manner the loan rate serves as a price support on the affected sugar. Traditionally,
beet and sugar cane growers themselves have not had direct access to any meaningful
government support programs.’’

b. Market Power

IID’s sugar beet processors depend on the continued operation of Imperial Sugar’s

Brawley processor. Accordingly, those growers are forced to price their beets at a level
that keeps Imperial Sugar competitive in the overall highly competitive sugar
marketplace. Accordingly, IID sugar beet growers have little ability to raise their prices if
they do not want to jeopardize the continued operation of the only outlet for their crop.

We sought to further assess IID sugar beet grower market power by examining and
analyzing historical IID sugar beet price, acreage and production data. Figure 4 provides
a graphic summary of the average price received by sugar beet growers in Imperial

- Courity between 1980 and 2000. During this period, grower costs of production steadily

rose, yet as the graph shows, sugar beet prices were little changed. In fact, the average
price received for sugar beets by Imperial County growers was $41 dollars per ton in
1981, and 15 years later in 1996, it was still only $41 dollars per ton, thus showing a
significant real decline over the period when one factors in inflation.

" The USDA, in an effort to improve the sugar market and reduce its stocks of sugar obtained from
processor loan forfeitures (and ongoing related storage costs), has proposed to offer sugar beet growers
sugar in exchange for not harvesting their crop. Unfortunately, this payment-in-kind program will be
limited in 2001 to $20,000 per farmer, and such compensation reflects already depressed sugar prices.



Figure 4
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We also conducted correlation analyses between historical IID a_vefage sugar bect prices
and both the PPITW index and average farm wage rates. These analyses indicate almost
no relationship between the trend in crop cost of production and the prices received by
11D growers for their sugar beet production over the period 1980 through 2000. This

~would support the opinion that IID growers have no real power to recoup increased

production costs for their sugar beets by increasing the prices they charge for that crop.

We also compared wholesale sugar prices in the U.S. to the average prices received by
IID growers for their sugar beets for the period 1990 through 2000. This analysis
indicated a moderate relationship between these two variables suggesting that IID sugér
beet prices move somewhat in line with the national wholesale price of sugar over which
IID growers have no control.

4. Wheat
a. Market Definition

According to the State of California Agricultural Statistics Service, in 2000 wheat was
grown on approximately 577,000 acres in California producing about 1.5 million tons of
wheat. In that year, IID accounted for about 8.6% of this acreage, almost 50,000 acres.
California produces only a small portion of the U.S.’s wheat. The U.S. is a net exporter
of wheat but does import significant amounts, particularly from Canada. Wheat is highly

storable and easily shipped. The geographic market for wheat is international in scope.
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b. Market Power

IID has no power to influence the prices its growers receive for wheat given the relatively
low cost to ship wheat, the international scope of the market and the overall continued
glut of wheat in the marketplace. ' '

We sought to validate this conclusion by examining and analyzing historical IID wheat
prices, acreage and production data. Figure 5 provides a graphic summary of the average
price received by wheat growers in Imperial County between 1980 and 2000. During this
period, grower costs of production steadily rose, yet as the graph shows, the prices
received for wheat did not. In fact the average price received for wheat by Imperial
County growers was lower in 1999 and 2000 than in 1980 and 1981. From 1980 through
2000 the average cost to produce crops according to the PPITW Index increased by about

- 67%.

We conducted correlation analyses between historical IID average wheat prices and both
the PPITW index and USDA farmer wage rate data. These analyses indicates almost no
relationship between the variation and trend in crop cost of production and the variation
and trend in average prices received by IID growers for their wheat over the period 1980
through 2000. This would support the opinion that IID growers have no real power to
increase the prices they receive for their wheat to recoup increased production costs.

Figure 5
WHEAT PRICES
IMPERIAL COUNTY
- 1980-2000
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5. Lettuce
a. Market Definition
According to the State of California Agricultural Statistics Service, in 2000 lettuce was

grown on about 204,000 acres in California. IID accounted for approximately 8.8% of
this acreage, about 18,000 acres. California is the country’s largest lettuce producer,

followed by Arizona. Almost 70% of California’s lettuce is grown in Monterey and other

Central Coast counties. However, lettuce produced in this region is harvested in the late
spring and summer months. Lettuce grown in IID, the majority of which is head lettuce,
is harvested in late fall and early winter and therefore, does not directly compete with
Monterey production. In fact, IID accounts for almost all of the late fall and winter
lettuce harvest in California. According to Keith Mayberry with U.C. extension, IID’s
only competition in California comes from some production in Santa Maria, Ventura and
the western San Joaquin Valley. IID’s primary competition in the lettuce market,
however, derives from growers in western Arizona, particularly the Yuma area. 1D and
Yuma together supply 85% of the US’s supply of winter lettuce. In 2000, Yuma County
reported over 50,000 acres planted to head lettuce, compared to IID’s approximately
15,300 acres.

b. Market Power
According to Keith Mayberry with U.C. extension, Yuma’s vegetable season starts earlier

but also runs concurrent and even a little past IID’s. This provides Yuma growers access
to a particularly’ lucrative market window for lettuce between the end of the Salinas

- harvest (Monterey County) and the start of the IID harvest (when any competition is

virtually non-existent). Then when IID lettuce starts coming off the fields Yuma’s
ongoing production competes directly with IID’s. Mr. Mayberry has also found that
Yuma lettuce tends to get higher prices than IID lettuce, not because of actual quality
differences, but perceived differences in quality. Many of Salinas’ well-known shippers
also operate out of Yuma and IID during the winter season. However, more chose to set
up shop in the Yuma area. Accordingly, much of Yurna’s lettuce is labeled from Salinas,
even though it is grown in, and shipped from, Yuma. This lettuce generally receives a
premium price in the marketplace because of the image of quality maintained by Salinas’s
shippers.

Overall, Mr. Mayberry believes that even though IID is an important player in the winter
lettuce market, it would be impossible for IID growers to dictate the price of their lettuce.
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Much of the lettuce produced in IID and Yuma is sold in bulk to fast food chains. In this
market even very small price increases ($.01 per poundj will cause buyers to seek lettuce
from other growers. Furthermore, the lettuce mﬁrketplace, like many other crop markets
in which IID operates, is characterized by a highly concentrated and coordinated -
processing and transportation infrastructure that effectively limits the ability of growers to
unilaterally dictate prices and other terms of sale.

In addition to anecdotal information, we sought to assess 11D lettuce grower market
power by examining and analyzing historical IID lettuce prices, acreage and production
data. The focus of this analysis is on head lettuce since it comprises the majority of IID
lettuce production. Figure 6 provides a graphic summary of the average price received by
head lettuce growers in Imperial Co'unty between 1984 and 2000 (average head lettuce
prices for IID were not published before 1984). During this period, grower costs of
production steadily rose, yet as the graph shows, average head lettuce prices did not. In
fact the average price of head lettuce in 2000 for the County was below the average price

‘recorded from 1988 through 1990.

- The volatility in the price of lettuce observed in the figure can be partially explained by
the highly perishable nature of lettuce and subsequent influence of harvest timing on
~lettuce supply.  The demand for lettuce is relatively inflexible—i.e., changes in

production in a given period tend to have very large impacts seasonal and average annual
prices. While a number of factors influence harvest timing, the weather and pests/disease
play a significant and highly uncertain role. To mitigate as much as possible the impact

of natural factors, shippers and handlers proactively manage the sequence of planting and
harvesting within the different lettuce producing areas of California and Arizona through
formal and informal production agreements with growers.
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We also conducted correlation analyses between historical 11D average head lettuce prices

and both the PPITW index and farmer wage rates. From examining Figure 6, these
analyses indicate trends in crop cost of production do little to explain the prices received
by IID growers for their head lettuce production. This would sﬁpport the opinion that IID
Srowers have no real power to recoup increased lettuce production costs associated with
water conservation by unilaterally increasing the price they charge for lettuce. This is
particularly true since Yuma growers would not incur the same cost of production
increases. '

6. Carrots

a Market Definition

- According to the State of California Agricultural Statistics Service, in 2000 carrots were
" grown on about 90,000 acres in California. In that same year, IID accounted for about

20% of this acreage, approximately 18,160 acres. About two-thirds of IID’s carrot

“production is sold into the processing market. Kemn County is the State’s leading

producer of carrots, accounting for more than half the State’s production. Almost all of

‘Kern County’s production is sold into the fresh market.

California’s largest competitor in the processing carrot market is Washington. In 2000,
Washington growers produced processing carrots. on about 5,000 acres. However,
Washington carrots are harvested during the summer months, while IID growers harvest
carrots during the late fall and winter (though seasonal harvest timing with processing
carrots is much less a market factor than for fresh carrots). '
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A review of 1999 monthly arrivals of carrot shipments by terminal market tabulated by
the USDA (including Chicago, Dallas, San Francisco, St. Louis, and Los Angeles),
indicates that during the winter months most of the U.S.’s carrots are produced in
California, with some competition from Mexico. Mexican carrots compete with
California carrets primarily in Dallas and other southern terminal markets.

According to Keith Mayberry, carrots are grown in Imperial as a winter crop while very
few carrots are grown in Arizona. There is limited processing available in Imperial.
Historically, it has been more cost-cffective to ship carrots up to Bakersfield (Kem

County) for processing/packaging,

b. Market Power

Our research indicates that IID fresh carrot growers as a group face little competition in
the fresh carrot marketplace during the late winter months (January through March).
However, carrot production in the Imperial Valley has declined because of the Ti5ing cost
of transportation up to the Bakersfield processing plants that would otherwise be mostly
idle during the primary IID carrot harvest. The volume of carrot production in IID is not
high enough to attract investment in local processing/packing.

While most fresh market carrots are shipped soon after packing, they can be stored for
extended periods. This limits the advantages IID growers have in the market as the only
major fresh carrot producers in the U.S. during the late winter. This, combined with the
fact that Imperial carrot farmers grow all their carrots under contract to a small group of
packer/shippers, basically eliminates any market power of individual 1D carrot growers.
These contracts are inked prior to planting. The shippers themselves do the harvesting of
the crop. There are eight primary shippers in California and the two largest control 90%
of the market.

Figure 7 presents Imperial County fresh carrot prices for the period 1980 through 2000.'?
The figure clearly shows prices trending upwards over time, despite some inter-year
variation (and a very sharp year-over decline in 2000 which Keith Mayberry with

' While processing carrots have recently comprised a larger share of [ID’s overall cropping pattern than
fresh carrots, IID grower’s only began farming significant acres of carrots specifically for the processing
marketplace beginning in the mid to late 1990s. Accordingly, little IID-specific processing carrot price data
is available for analysis. '
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Imperial County Agricultural Extension attributes to over-planting and subsequent
production). The coefficient of determination between average Imperial County carrot
prices and the USDA’s farmer producer price index for the period is quite high, about
0.53. The coefficient of determination between average Imperial County carrot prices
and the USDA’s reported average farmer wage rates for California for the period is lower
at about 0.48, but still quite high. However, given the apparent limits on IID carrot
grower market power, this trend would appear to be more the result of supply and demand

- trends (particularly strong growth in consumer demand during the 1990s and associated

upward price pressures) than an indication that IID growers have the ability to unilaterally
pass on to packer/shippers a portion of any water-conservation-related increases in their
costs of production. It should also be noted that in the middle of the 1990s, the U.S. for
the first time became a net importer of fresh carrots, as producers in Mexico and Canada
established a larger presence in the American marketplace. - As these and other countries

~ continue to adopt newer carrot production technologies already widely employed in the

U.S., and remaining constraints to trade are eliminated under NAFTA and other
agreements, competition faced by 1ID carrot growers is only expected to increase,
constraining carrot price escalation and further limiting IID market power.

Figure 7
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7. Brocéoli
a. Market Definition

According to the State of California Agricultural Statistics Service, in 2000 broccoli was
grown on about 132,000 acres in California, including almost 90,000 acres of fresh
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> In that same year, IID growers planted aim.ostrll,OOO acres of

market production.
broccoli. All of IID’s broccoli production is sold into the fresh market. Accordingly, in
the year 2000 1ID accounted for about 12% of California’s fresh broccoli acreage. The
largest source of broccoli in the State is Monterey County, accounting for over half the

State’s production of fresh broccoli.

Growers in Mohterey and Salinas ship broccoli year-round, though the production from

~ these areas drops off during the winter months. IID’s broccoli is harvested from October

through March. During this time, the District’s primary domestic competition comes
from Arizona producers in Yuma and Maricopa counties. In 1999, these two counties
together produced broccoli on approximately 12,000 acres (nearly the same acreage as

~ IID in that year, though average per-acre yields were higher in IID). Texas also has small

acreages of broccoli that are harvested during the winter months. Furthermore, an
increasing share of the fresh broccoli consumed in the U.S., particularly during the fall
and winter months, is imported from Mexico. Historically, Mexican exports of broccoli

- to the U.S. were constrained by high U.S. import tariffs; however, the NAFTA-driven

phase-out of those tariffs, combined with a precipitous drop in the dollar to peso
exchange rate during the mid-90’s, has stimulated Mexican broccoli imports.

b. Market Power

A 1999 USDA Economic Research Service report concluded that the general upward
trend in retail broccoli prices during the 1990's (inter-year variation aside), following a
decline in those prices during the 1980's, has been driven by renewed consumer demand
for broccoli and the successful marketing of value-added products such as specialty

~ wrapped and cut fresh broccoli. As a result, broccoli packer/shippers have seen their

marketing price spread on broccoli, the difference between farm-gate and retail prices for

~ the crop, increase substantially. Concurrently, average prices received by IID growers for

their broceoli also declined during the 1980's followed by a general upward trend in the
1990's (see Figure 8). In fact, the average broccoli price received by IID growers in the
late 1990's was within the range, though still below the peak, of prices received about
twenty years prior during the early 1980's. It would thus appear that like many crops,
consumer demand trends are largely driving the prices received by IID growers for their
brocceoli, a factor over which IID growers have no control.

B A significant majority of all broccoli grown in the U.S. is sold into the fresh market.
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Figure 8
BROCCOLI PRICES
IMPERIAL COUNTY

1980-2000

At the same time, crop production-cost trends do not appear to have a meaningful impact
on IID grower brocceoli prices since those costs generally trended upward over the entire
twenty-one-year period of study. Examining the relationship between historical farm
production costs and IID average broccoli prices validates this conclusion. Specifically,
the coefficient of determination between IID average broccoli prices and both the PPITW
and the USDA's reported average farm wage rates for California during the period 1980
through 2000 are near zero. Accordingly, broccoli growers in IID cannot expect to
recoup increases in the cost of crop production {including the cost of water). by
unilaterally increasing the farm-gate prices charged for broccoli; instead they must accept
the market price for broccoli irrespective of their production cost situation.

8. Dry Onions

oA Market Definition

According to the State of California Agricultural Statistics Service, in 2000 dry onions
were grown on about 46,000 acres in California. In that same year, [ID accounted for
about 27% of this acreage, about 12,400 acres. IID growers harvest their dehydrator
onions during the first three months of the year and onions for fresh market from April
through June. The onion harvest begins in June in Fresno and Kem counties where half

of California’s acreage of dry onions is located.
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Dry onions are produced in many states, and advances in storage technologies have
limited the significance of market windows, particularly during the late winter and early
spring when IID (along with Arizona and Texas) is harvesting its onion crop.

We reviewed 1999 monthly arrivals of onion shipments by terminal market tabulated by
the USDA (including Chicago, Dallas, San Francisco, St. Louis, and Los Angeles). This
data indicates that California onion growers compete nationally in the market for onions,
as significant amounts of onions from Oregon, California, Texas, and many U.S. and
international origins arrived at all the terminal markets throughout the year.

b. Market Power

Given the competitive landscape of the dry onion market, particularly the diversification
of production throughout the country, we believe that IID growers would be unable to
pass on additional costs of water by unilaterally increasing the prices for their dry onions.
This finding was corroborated by an analysis of historical costs of farm production,
farmer wage rates and IID average dry onion prices. Figure 9 presents those prices for the
period 1980 through 2000. The figure shows prices remaining relatively flat, despite
some fairly significant inter-year variation. The coefficient of determination between [ID
average dry onion prices and both farmer producer prices for the period and farmer wage
rates is negligible, indicating that trends in the cost of production have little direct
influence on prices received by IID farmers for their onions.

Figure 9
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9. Cantaloupes

a. Market Definition

According to the State of California Agricultural Statistics Service, in 2000 cantaloupes
were grown on approximately 58,000 acres in California. In that same year, IID
accounted for almost 20% of this acreage, about 11,300 acres. Fresno County is the
State’s largest producer of cantaloupes, reporting about 28,700 acres in 2000.

Most of the State’s cantaloupes are produced in the San Joaquin Valley and are harvested
in the summer. In 2000, approximately 90% of IID’s cantaloupes were harvested in the
spring, April through June. IID’s primary California competition during these months
comes from nearby growing areas in the Southern part of the State, primarily Riverside
County (Coachella Valley).

Other primary cantaloupe-producing states that compete directly with IID’s spring
production are Arizona and Texas. In 1999, Arizona produced over 12,000 acres of
spring cantaloupes (primarily in Maricopa and Yuma Counties). However, IIDs
principal competitor in the spring cantaloupe marketplace is Mexico. IID’s primary
competition in the market for fall cantaloupes derives from Arizona and Mexico.

We reviewed 1999 monthly arrivals of cantaloupe shipments by terminal market
tabulated by the USDA (including Chicago, Dallas, San Francisco, St. Louis, and Los
Angeles). This data indicates that about 40% overall, and a clear majority of cantaloupes
shipped in May and June to the Los Angeles and Chicago terminal markets, respectively,
have an international point of origin (primarily Mexico).

b. Market Power

Given the competitive landscape of the cantaloupe market and particularly the growing
significance of Mexico’s exports to the U.S. (as noted previously), it appears that IID
growers have little control over the prices they receive for cantaloupes. Accordingly, IID
growers would be unable to pass on additional costs of water by unilaterally increasing
the prices for their cantaloupes. This finding was corroborated by an analysis of historical

costs of farm production and IID average cantaloupe prices. Figure 10 presents those
prices for the period 1980 through 2000.
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Figure 10
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The figure shows prices remaining relatively flat, despite some fairly significant inter-

year variation. The coefficient of determination between IID average cantaloupe prices
and both farmer producer prices and California farmer wage rates for the period is near
zero, suggesting that trends in the cost of production have no meaningful influence on
prices received by IID farmers for their cantaloupes.

III. CONCLUSION

To the extent that growers cannot pass on any increase in their cost of water, they will be
adversely impacted financially. - Individual growers will be affected differently,
depending on their profitability prior to water cost increases and their ability to
restructure opérations to minimize the impact of higher water costs. Water rates aside,
grower profit margins depend on a variety of factors, including crop mix, soil quality,
terrain, debt structure and management capabilities. Some of these factors impact
profitability by affecting yields and/or production costs.

It is our opinion that IID growers could not recoup increases in their cost of water by

unilaterally raising crop prices. Generally, IID growers have little influence over the
prices they receive for their crops. In many crop markets, IID is too small a player to
exercise markct power. For crops that IID growers collectively have a relatively large
overall or temporal share of the marketplace, our research discussed above suggests that

they still do not have sufficient market power to unilaterally raise their crop prices. With

many of these crops, commodity prices are constrained by a highly concentrated
packing/shipping infrastructure. Furthermore, NAFTA and continued trade liberalization
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within the Western Hemisphere have proven significant additional constraints to IID
grower market power. '
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APPENDIX A : :
Price and Cost of Production Data Supporting Dornbusch Associates Analysis

'Crop Price ' Production Cost Measures
' _ USDA California
Alfalfa Sudan Sugar Head Fresh - Dry ' PPITW Avg. Farm Labor
Year Hay  Grass Hay Beets Wheat Lettuce  Carrots  Broccoli  Onions  Cantaloupes index Rate ($/hr}
{$/ton) ($¢ton) ($/ton) {$/ton) ~ {$ton) ($/ton) ($#on) ($/ton) ($#on) '

1980 $90.0 _ - $55.0 $155.0 © $118.0  $615.0 $121.0 $304.0 049 451
1981 $81.0 - $41.0 $165.0 $142.0 $680.0 $233.0 $378.0 1035 4.84
1882 $70.0 $36.0  $122.0 $174.0 $889.0 $132.0 $314.0 1090 4.89
1983 $89.0 . $41.0 $140.0 ' - $160.0 $540.0 $97.0 $321.0 1104 _ 4.85
1934 $83.0 $39.0 $130.0 $218.0 $151.0 $548.0 $116.0 $308.0 1129 532
1985 $86.0 $36.0 $122.0 $230.0 $207.0  $336.0 $114.0 $264.0 1131 ' 5.47
1986 $66.0 $37.0 $115.0 $239.0 $207.0 $390.0 $99.0 $268.0 1109 5.64
1987 $79.0 $37.0 $108.0 -$220.0 $180.0 $450.0 $203.0. $275.0 1139 590
1988 $85.0 $90.0 $38.0 $140.0  $541.0 $122.0 $538.0 $89.0 $373.0 1191 6.02
1989 $100.0 $85.0 $42.0 $126.0 $355.0 $101.0 $408.0 $120.0 $247.0| 1261 _ 6.39
1990 $111.0 $102.0 . $44.0 $122.0 $161.0 $221.0 $380.0  $151.0 $427.0 1310 6.34
1991 . $73.0 $87.0 $43.0 $150.0 - $271.0  $291.0 . $427.0 $208.0 $487.0 1334 6.4
1992 $61.0 $69.0 $39.0 $154.0 $241.0 $230.0 $378.0  $129.0 $251.0 1348 - 8.66
1893 $91.0 $83.0 $39.0  $1250  $379.0  $270.0  $568.0  $169.0 $346.0 1381 8.56
1994 $109.0 $838.0 $40.0 $136.0 $258.0. $284.0 $431.0 $108.0 $374.0 " 1416 " B.78
1995 $88.0 $85.0 $40.0 $170.0 $400.0 . $268.0 $716.0 $156.0 $418.0 1454 - -6.83
1996} $102.0 $86.0 $41.0 $175.0 $327.0 $228.0 $553.0 $111.0 $355.0 - 1531 7.01
1997 $118.0 $99.0 $42.0 $153.0  $306.0 $276.0 $694.0 $144.0 .~ $3440 1574 7.32
1998 $94.0 $99.0 $42.0 $148.0 $326.0 $314.0 . $680.0 $191.0 $310.0 1532 S 7.7
1999 $85.0 $81.0 $44.0 $118.0 $308.0 $368.0 $472.0 $153.0 $305.0 1531 7.88
2000 $82.0 $92.0 $37.0 $128.0 $292.0 $200.0 $515.0 $134.0 $307.0 1594 8.21

Sources: imperig! Irrigation District, Imperial County Agricultural Commissioner's Office and United States Department of Agriculture
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