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ABSTRACT

Rivers draining arid basins increase in salinity content in the downstream area to the point
where water users are often significantly damaged. The problem in some cases can be
ameliorated by altering upstream water and land use practices. An economic trade off exists
between the cost of such upstream efforts and the downstream benefits achieved. This report
examines options for salinity management in the Colorado River Basin.

The study sought to provide additional information to estimate 1) economic damages
caused by various salt concentrations to agricultural and municipal water users and 2) economic
costs of salinity control measures by upstream water users. Damages were estimated for high
salinity levels to provide guidelines to project future conditions. Control costs were estimated
with a physical model developed to predict the response of soil, water, and crop factors.
Input-output models were used to estimate indirect economic impacts.

Agricultural damages for each milligram per liter of salt concentration at Imperial Dam in
the 900 to 1400 range were estimated to be $33,100 annually. Of the total, $28,200 are in the
Imperial Valley and decreasing amounts occur respectively in the Palo Verde, Yuma, Colorado
River Indian Reservation, San Diego, Coachella, and Central Arizona areas. Salinity caused
damages to plumbing and appliances in the Los Angeles area were estimated to be about
$112,000 per mg/1. Comparable estimates were $11,200 for Central Arizona and $11,400 for the
Las Vegas area. As for controlled costs, 80 percent of the initial salt load could theoretically be
at an incremental cost of less than $2.20 per ton. The comparison of the reduction measures
showed on-farm practices to be the least expensive alternative for reducing salinity. Based on
an approximation that 1 mg/1 at Imperial Dam is equivalent to 10,000 tons of salt, the above
estimated benefits of salinity reduction would be about $17 per ton. Salinity control projects at
Paradox Valley and acreage retirements in the Grand and Uncompaghre Valleys were found to
be economically justified but lining the Grand Valley Canal was not.

The above estimates are approximations obtained from available data and can be improved
by further studies to cover additional cost and benefit effects or by more comprehensive data on
the effects covered.
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PREFACE

Water in the Colorado River becomes increasingly saline from the headwaters to
downstream reaches. Upstream agricultural and municipal water uses affect the quantity and
salinity of water available to downstream users, and that quantity and salinity affects the value
of the water for downstream users. In effect measures to reduce the salinity of upstream flows
benefit those downstream by reducing salinity damages to agriculture and municipalities. The
purpose of this study was to provide information on costs of implementing proposed upstream
salinity control measures on the Colorado River and on benefits of reduced damages to
downstream water users.

The study addressed a wide variety of economic effects in order to make these estimates.
Researchers were often faced with uncertain data. Some of the data used in the study has been
changed by more recent findings even while the report has been in preparation and publication.
Other quantities are still a legitimate matter of debate.

As an example of the problems encountered, “indirect costs” were suspected to be a
significant component of total costs for remedial measures. At the same time, it was recognized
that a definitive study of indirect costs would be outside the scope of time and effort provided
by the project budget. Believing that it would be better to bring the subject into focus rather
than to ignore it altogether, Professor Howe was called upon to undertake this part of the
study. It was fortunate that Professor Howe was able and willing to do it because he had
already completed several studies of a closely related nature covering the Colorado River
Basin. His challenge was to adapt his previous studies and the analytical tools developed in
them, along with results of relevant studies by others, to the specific questions of the salinity
control remedial program. The principal investigators would like to compliment him on an
outstanding product.

It must be pointed out, however, that his effort was under serious constraint by the fact
that the details of salinity control remedial measures to be implemented in the upper basin
were not known. It was therefore necessary to make certain assumptions concerning possible
remedial measures and their costs. Furthermore, it seemed the purpose of the project would be
best served by assuming sufficient precision in the available data in order to introduce a
sequence of forward linkages into the analysis. Thus, it was possible to indicate the nature and
relative magnitude of indirect costs in a more comprehensive way than would otherwise be
possible.

The reader is therefore cautioned to view the indirect cost estimates as no more than
illustrative of the nature and magnitude of such costs. More definitive estimates would require
1) fully identified remedial measures and a quantitative understanding of their effectiveness in
reducing salt load, and 2) a very expensive and time consuming field data collection effort. The
investigators fee! that such a study should be made, but that it is unlikely that both the
foregoing conditions can be met. In the first place, remedial measures are being planned
incrementally rather than as larger projects. Uncertainties as to the effectiveness of some of
the proposed remedial measures will probably not be resolved until they are actually tried. It is
equally unlikely that Congress or anyone else will provide the level of funding necessary to
accomplish a fully refined indireet cost assessment.

It seems, therefore, that the indirect cost of the Colorado River Salinity Control Program
will remain in the realm of rough estimation, and/or speculation. The assessment of this project
is presented here with the expectation that it will serve as a guide to decision-makers as the
remedial program unfolds. The approximations provided should certainly be useful in
tempering the judgment of planners and decision-makers.

xxi



The estimates of the direct costs of remedial measures should be conditioned with the same
kinds of remarks. Here again, the specific remedial measures to be implemented in the upper
basin were not identified at the time of the study, nor were accurate estimates available
concerning the effectiveness of each measure. Rather than ignore important direct cost
components in the total economies of salinity control, the investigators considered it profitable

to incorporate a representative analysis. Again, inadequate funds were available to do more
than this.

Much the same reasoning also pertains to the damage estimates. The principal thrust of
this project is to examine damages due to additions of dissolved salts in the water of the
Colorado River. The focus is therefore on agricultural and municipal/industrial water users in
the lower basin. The major effort was invested in estimation of crop yield reduction in irrigated
agriculture and of the municipal/industrial damages associated with salts in the water. The
availability and willingness to participate of veteran scientists with previous experience in
studies of this type in the lower basin states was a major factor in making it possible for this
study to achieve as much as it did.

xxii



CHAPTER I
INTRODUCTION

Control of the salinity in large river basins in arid
areas is an interesting and difficult challenge to policy
makers. All rivers contain dissolved salts acquired by
leaching from soils and substrata or from inflows of
saline water from underground sources. Normal urban
and industrial development in areas adjacent to river
basins further contribute to the salinity concentration
through evaporation in reservoirs and return flows
from irrigation, urban, and industrial withdrawals.
Increased concentrations of dissolved salts usually
have a detrimental effect on production and costs.
Such detriments affect agriculture, industry, and
households most noticeably in terms of increased costs
of operation. There is also an indication of some
adverse health affects. Nowhere in the United States
are the problems of salinity management more sharply
defined than in the Colorado River Basin. Further-
more, the water of the Lower Colorade Basin, with
constantly increasing levels of salt concentration,
flows into Mexico.

It is imperative that measures to correct this
"problem are well-founded and based on sound
concepts and information. It is contended that
economic tools be employed to match the probiem to
policy decision ecriteria. Economically, the problem is
that the well-being of some users of the river conflicts
with the well-being of others. A perfectly competitive
economy would yield allocation of resources such that
no alternative pattern of resource use would make
anyone better off without making someone worse off.
It is evident that this ideal market situation does not
exist in the allocation of water or in managing water
quality for at least two reasons. First, prices do not
correctly reflect the social value of resources and
commodities. The individual decision-maker has no
incentive to take all the costs or benefits into account
in making a resource allocation decision. This implies
that a misallocation of resources may occur. Second,
producers of “public goods” such as improved water
quality are unable to collect all the revenues from the
beneficiaries, since users cannot be excluded for
non-payment of price. Consequently, each user may
expect to reap benefits from these public goods
whether or not he pays the cost.

The salinity problem in the Colorado River
exhibits both of these aspects of market failure. It is

estimated that at least 50 percent of the salinity
concentration in the river is due to external causes.
This level of salinity, due to man-made influences,
constitutes a negative externality imposed on down-
stream users. A private market approach would not
succeed in attaining the most socially desired level of
salinity because the producers of the improvements
would be unable to collect the appropriate revenues
from the downstream beneficiaries.

In this research, the various aspects of an
economically efficient program are identified and
measured. Models involving river hydrology, agricul-
tural responses, municipal and industrial water uses,
and interrelationships among these sectors are used to
develop a socially optimal program. Irrigation
management practices to control salinity problems are
not discussed individually in this study but include the
following methods: Ditch linings, soil management,
salt leaching, and special bedding. This research will
serve as a basis for evaluating a plan which has been
submitted by the basin states to maintain salinity
standards within the basin.

In order to determine a socially optimal manage-
ment program, it was first necessary to estimate the
losses due to the increasing levels of salinity.

OBJECTIVES

This comprehensive report of the salinity man-
agement options for the Colorado River was conducted
with five specific objectives in mind. The first was to
estimate the direct economic damages to agricultural
users associated with specific alternative salinity
levels in the basin water. The second was to estimate
the direct economic damages associated with specific
alternative levels of salt concentration for municipal
water users in the basin. Objective three was to
estimate the direct economic impact of possible
salinity control measures on Upper Basin water users.
The fourth objective was to estimate the indirect
economic impacts associated with various salinity
levels on agricultural, municipal, and industrial water
users. Included in this objective was an estimate of
indirect economic impacts associated with possible
salinity control measures. The fifth objective was to
express the results of the study in terms that would



assist the United States Bureau of Reclamation
(USBR) in economic evaluation of the alternative
salinity control measures.

RESEARCH PROCEDURES

An approach was taken to evaluate the reaction of
agricultural, municipal, and industrial entities to
increasingly concentrated saline water found in the
Lower Colorado River Basin. This included an
examination of the response to high salinity levels in
the past and a projection of these responses into the
future to serve as a guide for salinity control
Proposals. An aggregation of damages and costs of
corrective measures were examined. This study was
designed to correlate new information and update past
information in order to assist in decisions of
alternative remedial measures.

The initial segment of the research was designed
to estimate the direct agricultural damage due to
various salinity levels. This included identification of
the areas affected by the salinity problem, recognition
of problem severity classes, definition of management
alternatives, estimation of the cost of various
management alternatives, estimation of yield respon-
ses due to specific salt concentration levels, and an
aggregation of the agricultural damage function for
the basin. Dr. Frank Robinson, Water Scientist,
Imperial Valley Field Station of the University of
California, and Dr. Ernest B. Jackson, Agronomist at
the Arizona Agricultural Experiment Station served
as co-leaders for the agricultural damage segment of
the study. The United States Bureau of Reclamation
(USBR), under the direction of Dr. Alan P. Kleinman,
Chief, Economic Resources Branch, Lower Colorado
Region, U.S. Bureau of Reclamation, conducted
extensive research in estimating direct agricultural
damages in the areas identified above. Their work,
included in the study, summarizes much of the work
submitted by Dr. Frank Robinson and Dr. Ernest
Jackson and provides some estimates of the costs of
crop losses due to various salinity levels.

In meeting the second objective of the study,
research was conducted to estimate direct municipal
and industrial damage. This involved the identification
of the specific areas affected and the type of damage
relevant to each. Management alternatives were
defined and their respective costs were estimated,
aggregated, and expanded to represent the basin.

Two specific areas were identified and examined. Dr,
Ralph C. d'Arge, University of California, Riverside
and later at University of Wyoming, concentrated on
two locations in the Los Angeles region of California.

Next, research was conducted to provide an
estimate of the direct economic impacts of controlling
the Upper Basin. Included was an examination of
direct loading by agriculture, municipal, and indus-
trial users, as well as natural diffuse sources. An
estimation of the control costs for the specific levels of
salt concentration was calculated. The research in this
section was under the co-leadership of Dr. R.A.
Young, Colorado State University, and Dr. Jay C.
Andersen, Utah State University. Dr. Young exam-
ined the loading problems of the area, while Dr.
Andersen was responsible for the development of two
models to be used in estimating the direct economic
impacts of the Upper Basin. A physical model was
developed to predict the response of soil, water, and
crop factors to irrigation, which was necessary to
supply the basic data. Then an economic model was
developed to predict the cost effectiveness of various
programs. A multi-year analysis of management
practices was subsequently developed.

The final segment of the study involved an
estimation of indirect economic impacts. It was
necessary to assemble input-output models and
operate these models to obtain indirect economic
impacts for specific levels of salt concentration. Dr.
Charles W. Howe, University of Colorado, conducted
this research.

Special appreciation is due Dr. Norman A. Evans,
Director, Environmental Resources Center, Colorado
State University, and Dr. L. Douglas James,
Director, Utah Water Research Laboratory, and
Director, Utah Center for Water Resources Research.
They have given liberally of their time to correlate the
work of the many researchers involved in this project.

Because of the tremendous size of the finding of
this research, only summaries of the individual studies
are included in the main body of the text. The
complete reports are contained in the Appendices.
Placement of the individual studies corresponds to the
order of the objectives. The identification of the leader
or co-leaders prefaces each.report with a complete list
of the contributors for specific study areas prefacing
their respective reports in the appendices.



'CHAPTERII
ESTIMATES OF AGRICULTURAL DAMAGES

INTRODUCTION

This chapter is limited to an estimation of crop
yield losses due to increasing salinity of the irrigation
water in areas below Lee Ferry served by the
Colorado River. Areas presently receiving Colorado
River water are considered in detail, and a few
irrigation districts which might receive water from
the Central Arizona Project are considered hypotheti-
cally. In the latter instance, some possible blends of
Colorado River water with that presently supplied to
the districts concerned are used for estimating the
crop yields to be expected as the salinity of the
Colorado River increases. Expected blends of Colora-
do River water with northern California water were
used in estimating crop yields in the Pacific Coast
area,

These estimates are based upon: 1) yield decre-
ment to be expected for certain crops due to the
salinity of the soil solution, as worked out by the U.S.
Salinity Laboratory and modified by a University of
California Committee of Consultants; 2) the salinity
expected to develop in soils having a given infiltration
rate and drainage capability and irrigated with water
having a given salt content, as determined on the
Imperial Valley Field Station: 3) soil drainage classes
and acreages in the areas involved, as determined
from maps of soil series and associations prepared by
the U.S. Soil Conservation Service; and 4) annual crop
reports of the irrigation districts.

In each irrigation district, the cropland was
divided into “well,” “moderate,” and “poor” drainage
classes (based upon infiltration rate and drainage
capability) and equated to similar soils on the Imperial
Valley Field Station for which mean salinity levels
(electrical conductivity of soil extracts) to be expected
had been established under irrigation with given
water quality (TDS), given irrigation intensity, and
best cultural practice for the soil. The principal crops
were then partitioned on the different soil classes and
projected on the basis of irrigation practice and
expected salinity of the irrigation water as it
progresses to about 1,200 mg/1 TDS predicted for the
river by the year 2000.

Estimates of yield reduction for a given crop were
obtained by imposing the effective soil solution

conductivity expected for the drainage class, salinity
level of the irrigation water, and irrigation practice
upon the yield declination curve supplied by the
California Committee of Consultants. For the areas
which receive all of their water from the river, crop
yields were computed directly on the expected river
salinities. For the areas which may receive water from
the Central Arizona Project or the Metropolitan
Water District facilities, yields were computed on
salinities of possible blends of water with that
presently available to the irrigation districts con-
cerned.

Gila and Yuma Projects

The Gila and Yuma projects comprise a total of
approximately 150,000 acres of irrigated cropland
which was divided into 109,210 acres of well drained,
14,580 acres of moderately drained, and 25,020 acres
of poorly drained soil (Appendix 1). Yield losses to be
expected for the 10 major crops are projected on the
basis of salinity level and irrigation method and
summarized over soil drainage classes in Table 1.

Colorado River Irrigation Project
(Colorado River Indian
Reservation, Parker, Arizona)

A total of 105,734 acres of the Colorado River
flood plain has been mapped and will be under
cultivation within 15 years. Expected crop losses from
increasing salinity are based upon this projection
broken down into 57,096 acres of well drained, 32,778
moderately drained, and 15,860 poorly drained soil.
Yield losses for the different salinity levels and
irrigation methods, averaged over drainage classes,
are shown in Table 2.

Central Arizona Project

The CAP is expected to deliver an annual average
of 1,200,000 acre feet of Colorado River water from
Lake Havasu through the Granite Reef Aqueduct to
the area of Central Arizona generally between
Phoenix and Tuecson. The present indication is that the
major portion of this water will be required for
municipal and industrial uses. But for the purpose of
indicating how the Colorado salinity might affect crop
production if CAP water is used for agriculture, some
probable allotments are assumed for irrigation



Table 1. Summary of yield losses in the Gila and Yuma progects due to increasing salinity of irrigation water
Sfrom the Colorado River and irrigation method as compared with present water quality and best

irrigation practice — thousand tons.

Total Dissolved Solids in Irrigation Water, mg/fl

Irrigations
Crop Pes Y.
er Year 900 1000 1100 1200 1300 1400
Cotton 16 0.10 0.29
19,880 Ac.

Alfalfa Hay 16 7.96 10.06 14.82 17.79 20.97 24.23
33,410 Ac. 22 5.87 796 9.89 12.83 15.82 18.80
29 5.03 6.92 8.80 10.73 13.83 16.65
35 3.77 5.24 6.92 8.38 10.48 12.41
Sprinkler 2.51 4.82 6.29 8.17 10.06
Lettuce 16 7.36 9.80 12.52 14.44 18.48 22.03
13,250 Ac. 22 4.73 6.85 9.08 10.84 14.62 19.05
29 3.84 4.73 7.74 9.39 13.18 16.37
35 2.80 4.05 5.39 7.08 10.22 13.31
Sprinkler 1.87 3.53 4.88 6.43 8.33
Cantaloupes 16 242 3.31 4.51 5.85 6.66 7.78
7,630 Ac. 22 1.69 242 3.16 3.82 4.87 5.89
29 1.32 2.06 2.79 3.38 4.23 5.16
35 0.88 147 2.06 2.64 3.38 3.96
Sprinkler 0.44 1.25 1.83 2.50 3.23
Wheat 16 0.18 0.54 0.84 1.20 1.56
29,060 Ac. 22 0.12 0.48 0.72 1.02
29 0.24 0.54 0.84
35 0.24 0.48
Sprinkler 0.18
Grain Sorghum 16 0.06 0.19 0.32 0.43 0.56 0.71
12,130 Ac. 22 0.06 0.17 0.26 0.39 0.50
29 0.11 0.20 0.32 0.43
35 0.09 0.20 0.30
Sprinkler 0.07 0.19
Grapefruit 16 0.06 0.13 0.23 0.33 0.44 0.53
2,300 Ac. 22 0.07 0.13 0.21 0.30
29 0.02 0.07 0.14 0.21
35 0.02 0.07
Oranges and Tangerines 16 0.21 0.47 0.65 1.20 1.67 1.96
17,600 Ac. 22 0.26 0.47 0.78 1.64
29 0.08 0.26 0.52 0.78
35 0.08 0.26
Lemons 16 0.39 0.88 1.62 2.26 3.04 3.68
10,700 Ac. 22 0.49 0.88 1.47 2.06
29 0.15 0.49 0.98 1.47
35 0.15 0.49

districts supplied by the Salt River and San Carlos
projects, and for one small independent district which
is supplied entirely from groundwater.

Salt River Project

In 1973 the SRP supplied full irrigation service to
120,136 acres of Salt River Valley Water Users
Association crop land, and supplemental irrigation to
16,249 acres of crop land outside of the SRVWUA
under special contracts. In addition to this service, 5.6
percent of the surface water diverted at Granite Reef

Dam went to the Roosevelt Water Conservation
District which irrigated 28,188 acres.

The average annual flow of the Salt and Verde
Rivers is approximately 850,000 ac ft with an average
quality of 467 mg/l TDS. Average annual ground-
water pumpage is approximately 200,000 ac ft with an
average quality of 980 mg/l1 TDS. The normal SRP
water supply, therefore, is approximately 1,050,000 ac
ft with an average TDS of 565 mg/1. If the SRP were
given an annual allotment of 150,000 ac ft as the
Colorado River salinity increased from the current 775
mg/1 above Parker Dam to about the expected 1,200
mg/1, the resulting CAP-SRP blend would go from 591
mg/1 to 660 mg/1 TDS.



Table 2. .Su.mm.ary of yield losses on the Colorado Indian Reservation lands due to increasing salinity of
trrigation water from t_he Colorado River and irrigation method as compared with present water
quality and best irrigation practice, projected on the basis of completed project acreage.

Irrigations Total Dissolved Solids in Irrigation Water, mg/l
Crop Per Year
900 1000 1100 1200 1300 1400

Alfalfa Hay 16 541 9.24 13.97 17.50 21.17 24.59
(1000 Tons) 22 3.99 5.41 7.15 10.24 14.21 17.75
28,490 Ac. 29 3.42 4.70 598 7.71 11.56 14.78

35 2.56 3.56 4,70 5.69 7.11 8.85
Sprinkler 1.71 3.27 4.27 5.55 6.83

Cotton 16 0.11 0.39
(1000 Bales)

25,510 Ac.

Wheat 16 0.13 0.39 0.61 0.86 1.12
(1000 Tons) 22 0.09 0.26 0.52 0.65
20,520 Ac. 29 0.20 0.39 0.61

35 0.20 0.35
Sprinkler 0.13

Grain Sorghum 16 0.04 0.08 0.20 0.27 0.36 0.49
(1000 Tons) 22 0.04 0.11 0.17 0.25 0.32
7,500 Ac. 29 0.07 0.13 0.20 0.27

35 0.06 0.13 0.19
Sprinkler 0.05 0.12

Cantaloupes 16 14.78 20.94 3391 44.56 56.55 66.32
(1000 Crates) 22 10.30 14.78 19.26 24.08 34.84 4549
1,580 Ac. 29 8.06 12.54 17.02 20.61 27.74 36.63

35 5.38 9.16 12.54 16.13 20.61 24.19
Sprinkler 3.14 7.62 11.20 15.23 19.71

Lettuce 16 379.39 541.18 726.40 826.21 1072.38 1272.97
(1000 Cartons) 22 182.11 309.13 463.36 579.02 782.37 979.42
8,680 29 140.01 235.80 352.83 482.28 678.05 855.70

35 102.17 147.58 196.77 285.00 457.36 612.31
Sprinkler 68.11 128.66 177.85 234.62 330.41

Onions 16 3.076 4.834 5.242 5.569 7.202 9.080
(1000 Tons) 22 1.117 . 2.750 4.382 4.834 5.406 §.977
1,580 Ac. 29 0.539 1.862 3.434 4.589 5.161 5.645

35 0.373 0.826 1.617 2920 4.508 5.079
Sprinkler 0.249 0.498 1.203 2.447 3.936

Salt River Valley Water Users Association. The
134,225 acres of SRVWUA crop land was divided into
73,815 acres well drained, 48,325 acres moderately
drained, and 12,085 acres poorly drained. Only minor
yield losses on the poorly drained soil would result
from the CAP salinity and these losses would be due
primarily to irrigation practice as is shown in Table 3.

The SRP Supplemental Irrigation Service. The
SRP Supplemental contracts include Fort McDowell
Indian Reservation, Salt River Indian Reservation,
and the irrigation districts of Gila Crossing, Maricopa
Colony, Peninsular Horowitz, and St. Johns for a total
of 16,249 acres irrigated in 1973. This was divided into
8,987 acres well drained, 5,850 acres moderately
drained, and 1,462 acres poorly drained. The only
yield reduction would occur in alfalfa on the poorly
drained soil, Table 4.

The Roosevelt Water Conservation District. The
RWCD has 34,703 acres of cultivated crop land, of

which 28,188 acres were irrigated in 1973. Their water
supply averages approximately 50,000 ac ft of surface
water from the SRP and 100,000 ac ft of groundwater.
If an allotment of 50,000 ac ft CAP water is assumed,
50,000 ac ft of groundwater would still have to be
pumped to meet needs. The CAP water could be
delivered either directly to the RWCD or mixed with
the SRP surface water above Granite Reef Dam and
then delivered to RWCD. The first alternative would
result in a blend of 603 mg/l initially which would
increase to 681 mg/l. The second alternative would
result in a blend of 672 mg/l initially which would
increase to 880 mg/l. In either event, yield reductions
would result principally on the 7,877 acres of poorly
drained soil, as summarized in Tables 6 and 6.

Roosevelt Irrigation District

The RID has a total irrigable area of 38,152 acres
irrigated entirely from groundwater. Their estimated



Table 8. Summam _of '_meld losses on the Salt River Valley Water Users Association lands due to tncreasing
salinity of irrigation water from the Central Arizona Project and irrigation method as compared with

Ppresent water quality and best irrigation practice, projected on the basis of 150,000 acre Jeet per year
of CAP water and 1,050,000 acre feet of SRP water.

T.DfS. Total Dissolved Solids in C.A P. Water, mg/l
o
Crop Irrigations SR.P. 300 1100 1400
Per Year \&;a6tser T.D.S. in C.AP.-S.R.V.W.U.A. Blend
607 632 669
Alfalfa (Tons) 16 460 1380 2300
43,655 Ac. 22 230 1380
29 690
Lettuce (Cartons) 16 3170 4120 6020 7920
750 Ac. 22 1270 2220 3640 6020
29 480 1270 2690 4590
35 950 2690
Onions (Tons) 16 15 82 212 149
945 Ac. 22 45 67 112
29 22 52 90
35 35 35
Grapefruit (Tons) 16 56 169 169 254
1,550 Ac. 22 21 70 169
29 35 106
35 35
Oranges and Tangerines (Tons) 16 99 161 297 446
3,090 Ac. 22 37 124 297
29 62 186
35 62
Carrots (Tons) 16 175 205 265 490
865 Ac. 22 115 145 190 265
29 75 115 160 220
35 20 60 115 160
Sprinkler

Table 4. Summary of yield losses in the SRP supplemental area due to increasing salinity of irrigation water
from the CAP blended into the SRP irrigation system, and srrigation method as compared with present

water quality, and best irrigation practices.

T.D.S. T.D.S. in C.A.P. Water, mg/l

of

Crop Irrigations S.R.P. 900 1100 1400
Per Y Wat

o Tear s65 T.D.S.in C.AP. - S.R P. Blend, mg/l
607 632 669

Alfalfa (Tons) 16 30.0 91.0 152.0

2,560 Ac. 22 150 91.0

29 46.0

pumpage is 160,000 ac ft with an average TDS of 1,300
mg/1. If they were allotted 40,000 ac ft of CAP water,
they could eliminate some of their worst wells which
with the CAP water would improve their water
quality at least until the CAP water reaches 1,300
mg/1. Their blend would then go to 1,325 mg/l when
the CAP water reaches 1,400 mg/1.

The RID crop land is mostly well drained (35,000
acres well, 2,280 acres moderate, and 330 acres poor)
and therefore would be little affected by the salinity of
CAP water. Yield losses, due principally to irrigation
methods, are summarized in Table 7.

San Carlos Project

The San Carlos Project encompasses 100,000
acres of Indian and non-Indian lands. The water
supply averages approximately 190,000 ac ft of surface
water and 75,000 ac ft of groundwater annually. This
irrigates, after system losses, approximately 50,000
acres with less than 4 feet of water per year. If they
were allotted 150,000 ac ft of CAP water and allowed
to pump 50,000 ac ft by lining the canals and laterals
they could irrigate approximately 80,000 acres with 4
feet of water per year.



Table5. Summary of yield ! nthe R
water delivered above Granite Reef Dam
irrigation method as compared with

velt Water Conservation District due to increasing salinity of CAP

and the resulting blend delivered to the RWCD, and

present water quality and best irrigation practices.

R.W.C.D.
Blond T.D.S. of C.A.P. Water, mg/l

Without

Crop Irrigations CAP. 775 1000 1200 1400
Per Year T.DS. T.DS. of CAP.-SRP.-R.W.C.D. Blend®
617

603 632 657 681
Alfalfa (Tons) 16 500 300 800 1100 1500
10,370 Ac. 22 100 400 700
29 100 400
Grapefruit (Tons) 16 460 330 610 760 1020
1,390 Ac. 22 200 80 250 380 510
29 80 130 250 380
35 80 130
Oranges and Tangerines (Tons) 16 690 500 920 1150 1540
3,190 Ac. 22 310 120 380 580 770
29 120 190 380 580
35 120 190

30n the basis of 900,000 ac ft. S.R.P. surface water with 470 mg/l T.D.S. blended with 200,000 ac. f't. of C.A.P. water
which is increasing in salinity, and subsequent delivery of 100,000 ac. ft. of this blend to the R.W.C.D. to be further blended
with 50,000 ac. ft of groundwater with an average salinity of 765 mg/1.

Table 6. Summary of yield losses in the Roosevelt Water conservation District due to increasing salinity of CAP
water delivered directly into the RWCD system and trrigation method as compared with present water

quality and best irrigation practices.

T.D.S. of 50,000 ac. ft of C.A.P. Water, mg/l

T.D.S.

o 715 900 1000 1100 1200 1300 1400
Crop Irrigations of
Per Year %‘X-C-D. T.D.S. of 100,000 ac. ft of C.A.P. - R.W.C.D. Blend, mg/1
ater
620 672 713 747 780 813 847 880
Alfalfa (Tons) 16 500 1400 1700 1800 1800 2000 - 2300 2500
10,370 Ac. 22 500 1000 1100 1200 1500 1700 2000
29 700 800 1000 1200 1500 1700
35 100 300 400 700 1000 1200
Grapefruit (Tons) 16 460 910 1170 1240 1320 1420 1650 2050
1,390 Ac. 22 200 460 690 760 840 1020 1170 1420
29 80 330 510 610 690 840 1020 1170
35 130 250 330 380 510 690 840
Sprinkler 200
Oranges and Tangerines 16 690 1380 1770 1880 2000 2150 2500 2765
(Tons) 22 310 690 1040 1150 1270 1540 1770 2150
3,190 Ac. 29 120 500 770 920 1040 1270 1540 1770
35 190 380 500 580 770 1040 1270
Sprinkler 310

The average salinity of project water is approxi-
mately 910 mg/1. With the introduction of CAP water
as stipulated above the blend would begin at 858 mg/1
and reach 1,098 mg/l with CAP water at 1,400 mg/1.

District (non-Indian) lands consist of approxi-
mately 16,450 acres well drained, 12,800 acres

moderately drained, and 20,750 acres poorly drained.
Crop losses due to salinity and irrigation method,
projected on the basis of 40,000 irrigated acres, are
summarized in Table 8.

The Indian Jands consist of approximately 24,390
acres well drained, 12,170 acres moderately drained



Table 7. Sm.nmary of yield losses in the Roosevelt Irrigation District due to increasing salinity of CAP water
delivered directly into the RID system and irrigation method as compared with present water quality

and trrigation practice.
T.D.S. of 20,000 ac. ft. of C.A.P. Water, mg/l
T.D.S.

Crop Irrigations R(;fD 775 900 1000 1100 1200 1300 1400

Per Year Water T.D.S. of 160,000 ac ft of C.A.P. - R.LD. Blend, mg/l

1300
1169 1200 1225 1250 1275 1300 1325
Alfalfa Hay 16 630 460 490 510 570 590 630 650
(Tons) 22 310 120 160 200 230 270 310 350
9,189 Ac. §9 200 20 80 120 160 200 240
S
Alfalfa Seed 16 390 280 300 320 350 360 390 400
(Tons) 22 190 70 100 120 150 170 190 220
4,071 Ac. §9 120 20 50 70 100 120 150
5
Irrigatefi Pastur_e 16 570 400 440 460 510 530 570 600
(Animal Unit Months) 22 320 130 170 210 240 280 320 360
312 Ac. 29 220 40 80 110 150 190 220 250
35 60 10 30 30 50 60 60
Sprinkler 20
Lettuce 16 2980 1490 1490 2980 4470
(Cartons) 22 2980 1490 1490 2980 4470
221 Ac. 29 2980 1490 1490 2980 4470
35 2980 1490 1490 2980 4470
Sprinkler

Table 8. Summary of yield losses on the district part of the San Carlos irrigation project due to increasing
salinity of CAP water delivered directly into the San Carlos trrigation system and method of irrigation
as compared with present water quality and best irrigation practice projected on the basis of 80,000
irrigated acres in the entire project.

T.D.S. of 50,000 ac ft of C.A.P. Water, mg/I

mrigations g ®f 775 900 1000 1100 1200 1300 1400
Crop Per Year San Carlos
W;;‘:’)‘ T.D.S. of 390,000 ac ft of C.A.P. - San Carlos Blend, mg/1
858 906 945 983 1022 1060 1098
Alfalfa Hay (Tons) 16 2340 2068 2340 2795 3083 3509 3983 4465
7,344 Ac. 22 1810 1487 1810 2004 2198 2340 2715 2924
29 1487 1228 1487 1681 1874 2068 2340 2585
35 1164 776 1164 1357 1422 1616 1810 . 2004
Sprinkler ‘ 259 517 776 1164 1357
Safflower (Tons) 16 4 11
1,435 Ac.
Wheat (Tons) 16 29 57 86 128
3,225 Ac.
Maize (Tons) 16 64 16 64 111 143 176 223 271
4,435 Ac. 22 32 64 111 143
29 16 64 95
Grapes (Tons) 16 16.3 12.8 16.3 19.8 22.1 24.4 27.9 31.9
85 Ac. 22 9.9 7.0 9.9 1.6 13.9 16.3 19.8 22.1
29 7.0 4.7 7.0 8.7 11.0 12.8 16.3 18.6
35 3.5 0.9 3.5 5.2 6.4 8.1 9.9 11.6
Sprinkler 0.9 35 5.2




and 5,130 acres poorly drained. Crop losses due to
salinity and irrigation method, projected on the basis
of 40,000 irrigated acres, are shown in Table 9.

Imperial Valley Irrigation District. The Imperial
Valley Irrigation District is comprised of about
470,000 acres of irrigated crop land which was divided
into 59,500 acres of well drained, 87,500 acres of
moderately drained, 222,000 acres of poorly drained,
and 101,000 acres of very poorly drained soils
(Appendix 2). Yield losses to be expected for the 13
major crops are projected on the basis of salinity level
and irrigation method and summarized over soil
drainage classes in Table 10.

Coachella Valley County Irrigation District. The
44,000 major crop irrigated acres of the Coachella
Valley were partitioned into 38,030 acres of well
drained, 2,450 acres of moderately drained, 3,270
acres of poorly drained, and 250 acres of very poorly
drained soils. The expected yield decrements due to
increasing salinity in the irrigation water are
summarized over soil drainage classes in Table 11,

Palo Verde Irrigation District. The Palo Verde
Valley has about 95,700 acres of 10 major crops
divided into 28,100 acres of well drained, 26,700 acres
of moderately drained, 22,500 acres of poorly drained,
and 18,400 acres of very poorly drained soils. The
impact of increasing salinity on each crop is
summarized in Table 12.

Pacific Coast Areas. Colorado River water used in
the coastal areas is pumped through the Colorado
aqueduct of the Metropolitan Water District of

Southern California. The study of yield effects of
increased salinity narrows to the region served by the
first San Diego aqueduct because of substantial water
blending in other areas. The areas expected to be
impacted by Colorado River salinity comprise 34,821
irrigated acres of which 9,054 acres of well drained
soils, 17,739 acres of moderately drained soils, and
8,028 acres of poorly drained soils. Salinity impacts on
the 10 major crops are summarized over soil drainage
classes in Table 13.

VALUE OF DAMAGES IN AGRICULTURE

The waters of the Colorado River are progres-
sively increasing in salinity. Some principal dissolved
constituents in the Colorado River waters are calcium,
magnesijum, sodium, sulfate, chloride, and bicarbon-
ate. These and small amounts of other dissolved
constituents, are commonly referred to as salinity.

At the headwaters, the average salinity in the
river is less than 50 milligrams per liter {mg/1) and
progressively increases downstream until, at Imperial
Dam, the present condition is about 865 mgy/l.
Projections of future salinity suggest values between
1200 and 1400 mg/] at Imperial Dam by 2000. Should
such salinity increases be realized, severe economic
impacts would affect all users in the Lower Basin.

The objective of the portion of the research
reported here is to project changes in cropping
patterns, physical output for each crop, changes in
farm management, and dollar impacts in terms of net
profit (Appendix 3). The damage estimates may be

Table 9. Summary of yield losses on the Indian part of the San Carlos Irrigation Project due to increasing
salinity of CAP water delivered directly into the San Carlos irrigation system and method of irrigation,
as compared with present water quality and best irrigation practice, projected on the basis of 80,000

irrigated acres in the entire project.

T.D.S. of 150,000 ac. ft. of C.A.P. Water, mg/l

Irrigations DS of 775 900 1000 1100 1200 1300 1400
Crop Per Year San Carlos
Water T.D.S. of 390,000 ac. ft. of C.A.P. - San Carlos Blend, mg/l
910

858 906 945 983 1022 1060 1098
Alfaifa Hay 16 321 278 321 447 505 623 748 873
(Tons) 22 243 199 243 269 295 321 365 423
2,760 Ac. 29 . 199 165 199 226 252 278 321 347
35 156 104 156 182 191 217 243 269
Sprinkler 34 69 104 156 182
Wheat (Tons) 16 5 11 16 23

2,195 Ac. 22
Maize (Tons) 16 5 1 5 9 11 14 17 21
1,810 Ac. 22 2 5 9 11
29 5 7
Watermelon 16 103 90 103 139 155 182 221 252
(Tons) 22 77 64 77 85 92 103 113 136
425 Ac. 29 64 51 64 7 80 90 103 110
35 46 33 46 54 59 67 77 85
Sprinkler 18 26 33 46 54




Table 10. Summary of yield losses in the Imperial Valley due to increasing salinity of irrigation water from the
Colorado River and irrigation method as compared with present water quality and best trrigation
practice—thousand tons.

Total Dissolved Solids in Irrigation Water, mg/1

Irrigations
Crop Per Year
900 1000 1100 1200 1300 1400
Alfalfa 16 130 180 244 327 n 481
158,000 Ac. 22 100 129 170 280 302 343
29 81 110 145 177 226 314
35 59 87 111 138 173 205
Sprinkler 43 76 104 137 168
Asparagus 16 0.20 0.44 0.72 1.12 1.48 2.56
4,000 Ac. 22 0.20 0.44 0.60 0.96 1.28
29 0.08 0.32 0.48 0.72 1.12
35 0.08 0.28 0.48 0.72
Sprinkler 0.24 0.44
Barley 16 0.4 1.2 3.8
49,000 Ac. 22 0.8 1.2
29
35
Sprinkler
Cantaloupe 16 4.0 54 7.5 9.5 12.0 14.0
12,000 Ac. 22 2.8 4.0 49 6.1 79 10.0
29 2.1 33 44 54 6.5 8.4
35 14 2.3 33 4.2 5.2 6.1
Sprinkler 0.7 1.9 3.0 4.2 4.9
Carrot 16 34 5.1 79 11.0 15.2 18.2
4,000 Ac. 22 1.7 3.1 4.2 6.0 9.0 12.8
29 0.3 2.3 34 5.1 7.9 9.8
35 1.4 3.2 5.7 7.7
Sprinkler 0.9 2.3
Cotton 16 0.14 0.36 0.59 2.15
38,000 Ac. 27 0.07 0.42 0.42
29 0.15 0.36
35 0.15
Sprinkler 0.07
Lettuce 16 51.5 71.2 93.2 109.9 136.0 156.9
36,000 Ac. 22 29.5 46.5 61.6 79.0 100.6 124.4
: 29 24.3 38.7 53.7 65.5 89.2 107.2
35 17.8 25.6 346 46.4 65.5 83.9
Sprinkler 11.0 23.0 32.1 39.8 54.2
Onions 16 1.3 1.8 2.5 3.1 5.7 7.5
2,000 Ac. 22 0.7 14 1.8 2.7 3.6
29 0.3 0.9 1.4 2.3 3.1
35 0.3 1.2 2.1
Sprinkler 0.3
Sorghum 16 1.8 4.2 6.2 8.1 10.3 15.5
50,000 Ac. 22 0.8 1.7 3.5 5.7 7.7 9.3
29 0.5 1.2 3.2 4.3 6.4 8.1
35 0.2 0.5 1.2 2.4 4.3 6.2
Sprinkier 0.5 1.2 2.6 4.5
Sugar Beets 16 12 33 60 132
63,000 Ac. 22 6 27 45
29 12 33
35 12
Sprinkler 6
Tomatoes 16 0.92 1.15 1.58 1.99 2.80 3.88
2,000 Ac. 22 0.61 0.92 1.15 1.31 1.73 2.28
29 0.38 0.77 1.00 1.23 1.54 1.84
35 0.16 0.46 0.77 1.00 1.23 1.46
Sprinkler 0.31 0.69 092 1.15
Wheat 16 2.1 39 1.5 10.2 13.5 22.2
49,000 Ac. 22 04 2.1 3.9 6.2 10.7 12.1
29 1.3 3.0 4.9 7.6 10.2
35 1.7 3.0 49 7.1
Sprinkler 04 1.3 3.0 4.8
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Table 11. Summary of yield losses in the Coachella Valley due to increasing salinity of irrigation water Jrom the
Colorado River and irrigation method as compared with present water quality and best irrigation

practice— thousand tons.

Crop Irrigations Total Dissolved Solids in Irrigation Water, mg/i
Per Year 900 1000 1100 1200 1300 1400
Carrot 16
7,000 Ac. 22
29
35
Sprinkler
Dates 16
3,440 Ac. 22
29
35
Sprinkler
Grapes 16 0.2 0.3 0.5 0.6 0.8 1.0
7,480 Ac. 22 0.1 0.2 0.3 0.4 0.5 0.7
29 0.1 0.2 0.3 0.3 0.4 0.5
35 0.1 0.1 0.2 0.3 0.3 0.4
Sprinkler 0.1 0.1 0.2 0.3
Grapefruit 16 2.4 3.5 7.3 7.5 7.7 7.9
7,700 Ac. 22 1.7 24 3.2 7.1 7.3 7.4
29 1.5 2.1 2.7 3.3 7.1 7.3
35 1.0 1.5 2.1 2.6 3.3 6.9
Sprinkler 0.6 1.3 1.9 2.6 33
Lemon & Lime 16 0.3 0.3 0.7 0.8 0.8 0.8
2,000 Ac. 22 0.2 0.3 0.3 0.7 0.7 0.7
29 0.2 0.2 0.3 0.3 0.7 0.7
35 0.1 0.2 0.2 0.3 0.3 0.7
Sprinkler 0.1 0.2 0.2 0.3 0.3
Onions 16 0.1 0.4
320 Ac. 22 0.1 0.4
29 0.1 0.4
35 0.1 0.4
Sprinkler
Orange & Tangerine 16 1.0 1.4 29 29 3.0 3.1
7,460 Ac. 22 0.7 1.0 1.2 2.8 2.9 2.9
29 0.6 0.8 1.1 1.3 2.8 29
35 04 0.6 0.8 1.0 1.3 2.7
Sprinkier 0.3 0.5 0.8 1.0 1.3
Sweet Corn 16 0.9 1.3 1.6 3.5 3.6 3.7
4900 Ac. 22 0.5 0.8 1.1 1.3 1.7 3.5
29 0.4 0.6 09 1.1 1.6 1.7
35 0.3 0.4 0.6 0.8 1.1 1.3
Sprinkler 0.2 0.4 0.6 0.7 1.1
Alfalfa 16 0.6 1.4 1.5 2.3 2.6 2.8
3,600 Ac. 22 0.4 0.6 0.9 1.1 2.1 2.4
29 0.4 0.6 0.8 0.9 1.3 2.2
35 0.3 0.4 0.6 0.6 0.8 1.2
Sprinkler 0.3 0.4 0.4 0.5 0.7 0.8

used in conjunction with a simulation model of the
Colorado River. As the simulation model is run under
varying assumptions and conditions, major economic
impacts related to salinity changes can be observed.
Such economic evaluation will provide some of the
basis both for evaluating salinity mitigation proposals
and for measuring negative external impacts of future
water resource development projects. This type of
analysis is presently required by the Office of

Management and Budget on all federally sponsored
projects.

Continuing work is expected to encompass all
agricultural and M and I users in both the Upper and
Lower Basins as well as the most promising salinity
mitigation measures, in order to provide guidance as
to the future development and management of water
resources in the basin.



Table 12. Summary of yield losses in the Palo Verde Irrigation District due to inereasing salinity of irrigation

water from the Colorado River and irrigation method as compared with present water quality and

best irrigation practice —thousand tons.

Crop Irrigations Total Dissolved Solids in Irrigation Water, mg/l
T
Per Year 900 1000 1100 1200 1300 1400
Alfalfa 16 22.3 294 429 76.1 82.0 88.0
38,000 Ac. 22 16.2 21.7 299 36.8 72.4 71.6
29 13.2 18.8 25.4 311 40.3 73.7
35 94 14.3 19.3 234 30.3 36.6
Sprinkler 7.2 13.6 18.5 25.0 30.3
Cantaloupe 16 6 9 14 17
1,400 Ac. 22 1 4 8
29 1 4
35
Sprinkler
Watermelon 16 0.31 0.49 0.76 0.93
1,300 Ac. 22 0.05 0.22 0.44
29 0.05 0.22
35
Sprinkler
Cotton 16 0.48 1.06 2.12 5.24
13,900 Ac. 22 0.33 1.25 1.32
29 0.49 1.06
35 0.49
Sprinkler 0.21
Grapefruit 16 4 9 16 21 31 36
810 Ac. 22 5 9 15 19
29 S 10 15
35 5
Sprinkler
Lettuce 16 44 88
7,000 Ac. 22 44 88
29 44 88
35 44 88
Sprinkler
Lemon 16 6 12 21 28 41 48
3,300 Ac. 22 7 12 20 26
29 7 13 20
35 7
Sprinkler
Onion 16 0.4 1.7
3,500 Ac. 22 0.4 1.7
29 0.4 1.7
35 0.4 1.7
Sprinkler
Sorghum 16 0.08 0.19 0.27 0.35 0.44 0.68
6,500 Ac. 22 0.05 0.09 0.16 0.26 0.34 0.40
29 0.03 0.07 0.15 0.19 0.28 0.35
35 0.02 0.03 0.07 0.12 0.19 0.27
Sprinkler 0.03 0.07 0.13 0.21
Wheat 16 0.50 091 1.52 2.32 3.07 3.77
20,000 Ac. 22 0.50 091 1.43 2.45 2.75
29 0.31 0.71 1.14 1.74 2.32
35 041 0.71 1.14 1.63
Sprinkler 0.31 0.71 1.12
Study Procedures tion, and the Central Arizona Project (CAP) service

The agricultural areas modeled are all in the
Lower Basin: San Diego coastal area, Coachella
Valley, Imperial Valley, Yuma area, Palo Verde
Irrigation District, Colorado River Indian Reserva-
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area. Agricultural yield decrements and alternative
management practices which might be implemented
by farmers as salinity levels increase were evaluated
by researchers of the University of Arizona and the
University of California. These physical data were



Table 18. Summary of yield h)s:_:es. n t_he Pacific Coast area due to increasing salinity of irrigation water from the
Colorado River and irrigation method as compared with present water quality and best irrigation

practice — thousand tons.

Total Dissolved Solids in Irrigation Water, mg/1

T Year 900 1000 1100 1200 1300 1400
Avocados Surface 0.6 1.7 2.8
13,256 Ac. Sprinkler 0.6
Trickler
Grapefruit Surface 0.55 0.80 1.06 1.36 1.55 4.50
655 Ac. Sprinkler 0.16 0.40 0.69 0.93 1.24 1.60
Trickler
Lemons Surface 3.5 5.1 6.8 8.6 9.8 21.1
3,158 Ac. Sprinkler 1.0 2.5 4.4 5.9 7.9 10.2
Trickler ’
Naval Oranges Surface 0.55 0.82 1.08 1.39 1.58 3.39
1,145 Ac. Sprinkler 0.15 0.40 0.70 0.94 1.26 1.63
Trickler
Valencia Oranges Surface 4.48 6.52 8.64 11.09 12.64 27.14
9,465 Ac. Sprinkler 1.30 3.26 563 7.58 10.11 13.05
Trickler
Potatoes Surface 0.06 0.27
625 Ac. Sprinkler
Trickler
Strawberry Surface 0.29 0.64 0.99
635 Ac. Sprinkler
Trickler
Tangerine Surface 0.78 1.13 1.49 192 2.19 4.70
1,070 Ac. Sprinkler 0.22 0.56 0.97 1.31 1.75 2.26
. Trickler
Summer Tomatoes Surface 0.11 0.29 0.49 0.64 0.80 0.97
330 Ac. Sprinkler 0.21 0.42 0.59 0.77
Trickler
Fall Tomatoes Surface 0.74 1.88 3.28 3.75 5.16 6.56
3,135 Ac. Sprinkler 1.41 2.81 3.98 5.16
Trickler
Spring Tomatoes Surface 0.2 0.8 1.4 1.6 2.2 14.3
1,019 Ac. Sprinkler 0.6 1.2 1.7 2.2
Trickler
Limes Surface 0.22 0.32 0.42 0.54 0.61 1.31
325 Ac. Sprinkler 0.06 0.16 0.27 0.37 0.49 0.63
Trickler

then used as inputs to a linear programming profit
maximization model, wherein the optimal farmer
response to salinity change was delineated. From this
optimization for salinity levels from 900 to 1,400 mg/1,
a damage function was defined for each impact area.
This linear programming work was carried out by
personnel of the Bureau of Reclamation,

The Linear Programming Model

The linear programming routine (APEX-I),
utilized for analysis, was a program supplied by
Control Data Corporation and run on the CDC Cyber
74/28 system of the Bureau of Reclamation in Denver.
This LP package has sufficient capacity and flexibility
to allow modeling of all sizes of irrigation districts.
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The model was designed to maximize net returns
to all farmers in a district above variable production
costs and new capital investments subject to resource
and production constraints. Detailed enterprise
budgets for the crops representative of conditions in
each irrigated area were used to develop the input for
the linear programming model.

The crops used were alfalfa hay, cotton, sugar
beets, sorghum, wheat, barley, lettuce, tomatoes,
asparagus, onions, watermelon, carrots, and canta-
loupe which account for about 90 percent of the
acreages. Each of these crop activities was defined on
four soil drainage conditions: very poorly drained,
poorly drained, moderately well drained, and well
drained. The combination of each crop under each soil



condition was then defined for six irrigation activities
which include variations in frequency of water
application as well as partial and full sprinkler
systems. Available to each of the above combinations
was a number of management activities. These
activities were options open to the manager which he
might employ, at a cost, in the face of rising salinity to
mitigate the detrimental influence upon net returns.
These activities include diteh lining, land leveling,
deep plowing, tiling, special bedding practices, and
leaching irrigations. Various combinations of crops
were defined to allow more than one crop on each acre
per year. The program was then run for six salinity
levels from 900 to 1,400 mg/1 with the difference in the
value of the objective function indicative of the
damage associated with the salinity change.

Model Constraints

The number of acres available for crop production
was limited to the available land including double
cropping and excluding the historical pattern of fallow
land. The quantity of water available for crop use had
an upper limit associated with the water rights.
Various categories of labor were constrained or
simply accounted for to provide labor use information.
Fertilizer rows were utilized as well as rows for new
capital investment. Existing management improve-
ments such as land presently tilled were inserted as
data in the model. In order to restrict the production

of high valued specialty crops, constraints were
applied to total production of each commodity which
serves as a proxy for the magnitude of market
demand.

The decrease in net profit available to farmers as
a result of salinity impacts was estimated through
repeated running of the linear programming model.

Results— Imperial Valley

In order to indicate the predictive ability of the
model, a comparison of selected factors is given in
Table 14. The approximation of the existing situation
by using 900 mg/l shows a very good correlation
between historical trend and model results.

Table 15 shows, on a crop-by-crop basis, a
comparison between actual data and model results for
yields, acres, and production for the Imperial Valley.

Table 14. Selected factor comparison kistoric and LP

Model 900 mg/1.
Factor Historic L.P. Model
Water Use - Acre Feet 2,838,558 2,692,167
Gross Qutput - Dollars 284,242,000 269,822,804
Sprinkler to Establish
Stand - Acres 56,600 69,973
Full-Time Sprinkler - Acres 0 0

Table 15. Comparison of actual conditions for Imperial Valley in 1974 with LP Model solution at 900 mg/l.

Crop Historic Confidence  Model Historic Model Historic 1974 1974 1974
Yield Interval Production Production Acres Acres Yicld Production Acre

Asparagus 1.53 Tons +0.16 4,533 6,568 2,963 4,170 1.63 7,500 4,600
* 2,035

Alfalfa 7.45 Tons +0.33 1,072,288 1,203,934 150,726 176,051 9.00 1,089,000 121,000
+131,646

Watermelon 9.80 Tons +1.42 29,846 25,777 3,046 3,192 7.25 29,000 4,000
t 4,068

Tomato 7.68 Tons +2.85 19,018 16,951 2,529 2,401 12.93 38,800 3,000
+ 2,068

Onion 13.70 Tons +2.41 81,752 64,846 5,967 4,231 12.00 36,000 3,000
+16,906

Carrot 14.00 Tons +3.42 67,254 56,462 4,804 4,657 18.86 111,300 5,900
110,792

Cantaloupe  5.88 Tons +0.59 77,504 61,866 14,028 10,567 7.53 62,500 8,300
15,638

Sugar Beets 22.00 Tons +3.36 1,459,281 1,615,143 66,331 69,193 26.80 1,742,000 65,000
+155,862

Sorghum 2.25 Tons +0.27 91,101 100,934 67,736 50,417 2.30 74,000 32,000
+ 14,048

Barley 1.90 Tons +0.21 52,606 95,500 27,687 51,766 2.14 12,000 5,600
42,894

Wheat 2.14 Tons +0.29 131,182 125,191 61,300 51,477 2.53 263,000 104,000
+ 80,945

Cotton 2.43 Bales +0.80 100,182 74,722 41,199 36,625 2.38 215,800 87,000
+ 25,460

Lettuce 10.83 Tons +1.01 6,411,159 515,815 59,202 42,771 11.65 571,000 49,000
+125,345
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The results of all model runs are then used to
define a damage function. Alternative functional
forms are shown in Table 16 and data are shown
graphically in Figure 1. As can be seen, the
exponential form provides a close approximation of
the data generated by the model runs.

Results— Other Areas

Similar functions have been generated for all
major areas of agricultural water use in the Lower
Basin. Table 17 shows the results of the LP runs for
each area and salinity level. As can be seen, the total
annual damages over the 500 mg/l range result in an
average impact per mg/] of $28,167 for Imperial, $73
for Coachella, $139 for San Diego, $2,6564 for Palo
Verde, $756 for Colorado River Indian Reservation,
$1,334 for the Yuma area, and $11 for the Central
Arizona Project area. The total for all agricultural
areas considered in the Lower Basin is $33,133 per
mg/1 annually. These numbers are only averages over

the range and should be used cautiously. A more
accurate ‘application is through the use of individual
damage function.

Table 16. Agricultural damage function estimates,

Imperial Valley.
Unit: $1,000
Imperial Dam Model Quadratic Exponegtial
mg/l Estimate Fit? Fit

900 - 1,000 1,906 2,145 1,728
1,000 - 1,100 2,702 2,246 2,857
1,100 - 1,200 4,294 4,226 4,722
1,200 - 1,300 7,539 8,085 7,806
1,300 - 1,400 14,084 13,822 12,903

3 stimated by the equation: D = a + bx 2+ cx? where
a=104,465,155,b=-196,257, and ¢ = 93.94; R* = 0.96.

bEstimated by the equation: D = be™* where b =

11,343, = 2.71828, and m = 0.0050262, R? = 0.99.
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Table 17. Agricultural damages by irrigated area ($/year).

Salinity . R
Range mg/l  Umperial Coachella  PaloVerde CRIR.  Coastal Yuma  C.AP. Ti‘;ﬁ‘f $/mg/l
900 -1,000 1,906,439 277 73,759 17,676 3,746 34,687 368 2,036,952 20,370
1,000-1,100 795414 14,332 218,895 9,743 - 18430 1,486 1,058,300 10,583
1,100-1,200 1,592,172 476 177,691 17,433 5867 15,812 423 1,819,874 18,199
1,200-1,300 3,245,149 10,272 274423 143,416 —~ 309,337 1,560 3,984,157 39,842
1,300 - 1,400 6,544,502 11,041 582,141 189,966 59,661 278,641 1,506  7.667.458  76.675
Total 14,083,676 36,398 1,326,909 378234 69274 666,907 5,343 16,566,741
Range Average 28,167 73 2,654 756 139 1,334 11 33,133
$ per mg/l : \

Table 18 indicates the combined damages for all
agricultural areas modeled and the predicted values
using the exponential functional form. The function
appears to provide a good estimate of the real damage
function as the RZ equals .99. The data are plotted in
Figure 2. These models will provide, at a low cost,
information relative to the economic impact of any
number of alternative operating, management, and
structural policies which we may wish to evaluate in
order to provide guidance for the “best” solutions to
the salinity problems of the Colorado River.

Application of Results

The use of the damage estimates in project
evaluation is summarized in Table 19.

Suppose project “A,” a salinity control project, is
being investigated. Studies indicate that with the
project the salinity level will be 885 mg/l, a reduction
of 65 mg/1. Solving the damage equation results in an
annual dollar impact of $601,600. This value becomes a
“benefit” estimate for economic justification of the
proposal. Similarly project “E,” an upstream develop-
ment scheme, is found to increase the salinity level
from 1,350 to 1,400 mg/l. Evaluating the 50 mg/}
increase results in an annual dollar impact of
$3,322,500 which becomes a cost chargeable to the
proposed development. In like manner, any develop-
ment on the river can be evaluated in dollar terms if
indeed farmers respond to increasing salinity in a
profit maximizing manner. Because of uncertainties
surrounding data available to the farm operator,
adjustments probably would not be as great as

specified by the model runs. Hence, the estimates
given here should be viewed as biased downward or
on the conservative side. Actual losses in profit
available to farmers are likely to be much greater if
projected salinity levels are reached on the Colorado
River in the absence of any mitigation measures.

Table 18. Total agricultural damages.

Unit: Dollars Per Year

mg/l Observed Predicted®
At Imperial Dam

700
661,138

800
1,117,401

900
2,036,952 1,888,541

1,000
3,096,252 3,191,858

1,100
4,915,126 5,394,618

1,200
8,899,283 9,117,544

1,300
16,566,741 15,409,730

1,400

3Estimated by the equation: D = be™* where b =
12,910, e = 2.71828, and m = 0.0052; R? = 0.99.

Table 19. Application of agricultural damage estimates to project evaluation.

Salinity mg/t Total Annual Ayerage

Project At Imperial Dam Salinity Dollar Impact
With Without Impact Impact Per mg/l

A (Control) 885 950 -65 $ 601,600 $ 9,260
B (Control) 980 1,050 -70 $1,082,800 $15,470
C (Control) 1,050 1,150 -100 $3,035,100 $30,350
D (Control) 1,225 1,250 25 $1,577,500 $63.100
E (Development) 1,400 1,350 +50 $3,322,500 $66,450
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CHAPTER IIT
MUNICIPAL DAMAGE ESTIMATES

THE CALIFORNIA INVESTIGATION

It has been recognized for some time that
variations in the chemical constituents of water may
induce differences in corrosion rates, thereby affec-
ting the lifetimes of household water conveyance
systems as well as household appliances using water.
In this study, an attempt was made to measure
economic losses associated with various salinity levels
in household water (Appendix 4). Losses were
measured for galvanized wastewater pipes, galva-
nized water pipes, brass faucets, dishwashers,
washing machines, and garbage disposals, A statisti-
cal analysis was undertaken to compare estimated
mean lifetimes for households in two locations in the
Los Angeles area of California.

Procedure

Two municipal locations in the Los Angeles area,
San Fernando Valley and Costa Mesa-Newport Beach,
were divided according to socio-economic units based
on differences in median home value, median contract
rent, number of persons per household, age of
structure, etc. A third area, Long Beach, was also
included in portions of the analysis. Plumbing
contractors serving each of these areas for at least 12
years were also contacted along with local appliance
dealers. This survey was designed to provide a
distribution of lifetime estimates by type of plumbing
fixtures or appliances. A regression analysis exami-
ning the relationship between estimated lifetime, total
dissolved solids (TDS), and the socio-economic
variable was conducted.

A Conceptual Model

There are basically two approaches to analyzing
consumer or household decision-making with respect
to water quality. One is to assume that sufficient
low-cost information is available to home buyers such
that preferred locations, these with the higher water
quality, are valued more highly by consumers,
Another assumption is that information costs are
relatively high and water quality characteristics are
considered insignificant to the home buyers when
compared with other locational considerations (travel
time to work, depreciation rates, socio-economic
attributes of the neighborhood, ete.).
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Since the aggregate cost of water softening
devices, bottled water, acid rinses for swimming
pools, additional detergents, and other direct consu-
mer expenditures for reducing the effect of poor water
quality are typically less than 2-3 percent of income, it
would appear more realistic to presume that
information costs on water quality exceed the
expected benefits of such information, It was assumed
that the home buyer makes his purchase decision
independent of variations in water quality except for
an estimate of the corrosion of faucets and pipes, and
perhaps a query on the age and condition of
appliances. Once location is selected, then the
consumer considers combinations of defensive expen-
ditures designed to achieve a desired level of water
quality, Many of these defensive expenditures might
be partially or completely capitalized into property
values,

Defensive expenditures undertaken by the indi-
vidual household would partially reflect economic
losses associated with direct physical damages or loss
of palatability due to poorer water quality. In
consequence, it was anticipated that actual marginal
damages (WLp) would exceed measured physical
damages (WLy), but were either greater or less than
the losses capitalized in property values, That is,

WL, 3> WLp > WLy

When the quality of water delivered to the
household could not be altered, it was anticipated that
the consumer would then make decisions designed to
achieve suitable water quality through various water
use activities. Those decisions included the purchase
and use of a water softener, bottled water purchases,
increased lawn and shrub watering, etc. Since the
household cannot directly purchase water of varying
quelity, a demand function is not observable. The
approach taken in this study was to estimate physical
damages in terms of expected lifetimes and assume
that the household would be willing to pay up to the
economic value of those physical damages to avoid
them. Clearly, this estimate does nct consider how the
household might, acting individually, avoid some or all
of the consequences of poor water quality.



Data Collection

A survey questionnaire was developed and
applied to plumbers and appliance servicemen in areas
for which there were differing concentrations of
salinity in water supplies in an attempt to obtain
useful estimates of typical lifetimes of those goods
suspected to be affected by salinity. Questions were
aimed primarily at obtaining estimated typieal
lifetimes for various capital-cost items that had been
identified in previous studies as being affected by
salinity concentrations. In addition, the question-
naires attempted to obtain estimates of repair or
replacement costs.

For the estimates of this study to be comparable
to other work in this area, TDS was used as an
appropriate measure of salinity. In erder to generate
data that could be applied to regression studies, it was
necessary to find various locations for which the TDS
concentration differed. The primary ecriteria for
acceptance of various Los Angeles neighborhoods as
possible survey locations were based upon the length
of time that the area in question had received a single
source of water, the extent to which the area had
received a single source, the nature of differing water
sources, and the availability of water records, With
these qualifications in mind, three major locations
were selected: San Fernando Valley, Costa Mesa-
Newport Beach, and Long Beach. Each location had a
constant water supply source for at least twenty years
and a long time series of water quality data were
available. Each area had a different TDS level: San
Fernande Valley, 210 mg/l; Costa Mesa-Newport
Beach, 728 mg/1; Long Beach, 759 mg/i and 4567 mg/]
from two different locations.

A list of potential respondents was developed
from current telephone books and calls were made to
set appointments for a field researcher to go through
the survey with the respondent. This was necessary to
restrict the response to a single socio-economic unit. A
major problem with this survey procedure was the
difficulty in arranging appointments and persuading
the respondent to give up the time necessary to
complete the survey form. In view of this problem, a
second approach was used wherein survey question-
naires, with complete instructions, were mailed to the
respondent. As a result of the two procedures, a total
of 87 responses were received.

Statistical Tests

Since the sample size in each of the areas was
approximately 30, it was appropriate to use a
t-Statistic. The calculations for statistical significance
are recorded in Table 20. These tests did not take into
account alternative distributions or socio-economic
variables, However, the results did conform with
previous data in that there is no substantial TDS
related corrosion in pipes with the exception of
galvanized pipes. The major impacts of higher salinity
levels are upon household appliances, faucets, and
water heaters.
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The next statistical test involved the use of
multiple regression analyses designed to examine the
relationship between water salinity and the estimated
lifetimes of various appliances or water conveyance
systems and the effect of certain socio-economic
variables upon this relationship (Table 21). In general,
TDS tended to be the most significant predictor of
lifetimes, but appeared to have little influence on
copper piping, toilet flushing mechanisms, and cast
iron wastewater pipes.

None of the socio-economic variables was consis-
tently significant although “number of persons per
unit” and “percent renter occupied” were often
important. Conceivably, these variables reflect the
level of use that an item receives. In general, there
was evidence that the physical damage due to salinity
is significant and that this damage may not be strictly
linear over the 200-700 mg/1 range of TDS.

Economic Damage Computations

Damage cost functions were developed by
estimating costs for each water affected appliance or
pipe identified earlier. Cost estimates were assumed
to have a time horizon equal to the economic lifetime of
a typical housing unit. As such, the present value of
any given cost would be related to TDS through the
relationship between the lifetime of an article and the
TDS concentration.

Summary

A comparison of the distribution between Costa
Mesa (728 mg/l TDS) and San Fernando Valley {210
mg/l} indicated a statistically significant difference in
estimated mean lifetimes. The Costa Mesa-Newport
Beach area had a shorter estimated mean lifetime for
dishwashers, washing machines, garbage disposals,
brass faucets, water heaters, and galvanized pipes at
the 10 percent level of significance. No significant
difference was found for the other water conveyance
systems or fixtures at that same level of significance.

The regression analysis, which examined the
relationship between estimated lifetime, total dis-
solved solids, and the socio-economic variables, found
none of the socio-economic variables to be significant
other than the number of persons per household. This
result may have been due to a lack of substantial
variation in household characteristics across the two
locations or an incorrect specification of the relevant
economic variables, Further research is needed before
it could be concluded that differences in socio-
economic characteristics have no impact on physical
deterioration of household water systems.

Estimated economic losses for a typical Los
Angeles household, with the discount rate having
been set at 8 percent, ranged from $620 to $1,010 in
present value terms for an increase in TDS from 200
mg/] to 700 mg/l. The estimated economic losses are
two to three times higher than those previously
reported in water resource literature. Aggregate
damages te households in the Los Angeles metropoli-



tan area due to utilization of Colorado River water can
be estimated by extrapolation to be between $880
million and $1.44 billion in present value terms, or
approximately $70 to $115 million as an annual cost.
An improvement of 10 mg/l TDS in the Colorado
River water delivered to Los Angeles residences, by
implication, would lead to a cost saving of approxi-
mately $14 million in present value terms of $1.12
million per year. This estimate is likely to be
downward biased because it does not include all types
of household savings such as on purchases of sosps,
detergents, acid rinses for swimming pools, and
others. On the other hand, it is likely to be upward
biased because it does not include potential techno-
logical advances that partially ameliorate the physical
damages at costs less than economic losses.

THE CENTRAL ARIZONA AND LAS VEGAS
AREA INVESTIGATION

The Bureau of Reclamation elected to conduct
onsite surveys in order to establish a broader
statistical base from which to estimate damages
attributable to salinity for the Phoenix, Tucson, and
Las Vegas areas. The same questionnaire used in Los
Angeles was also used for plumbing contractors and
appliance dealers in the corresponding standard
metropolitan statistical areas of the above three
locations.

As a result of the analysis, pecuniary estimates of
damages were derived for the following household
items: galvanized water pipes, water heaters, toilet
flushing mechanisms, dishwashers, and garbage
disposals. A statistical analysis compared the estima-
ted mean lifetime of these items between two
municipal groups of differing water qualities. One
group was comprised of the SMSA of Phoenix plus the
Boulder City and Henderson areas from the SMSA of
Las Vegas. The second group contained the remaining

Table 20. Test for significantly different sample means.

portion of the Las Vegas SMSA plus the SMSA of
Tucson. The water quality of the first group is
estimated to average 735 mg/1 while the second was
obs;a]rved to have a somewhat better quality of 500
mg/l.

Plumbing contractors and appliance dealers
serving each of the above areas were contacted to
provide estimates of average lifetimes for various
plumbing fixtures and water using household appli-
ances,

These estimates enabled a distribution to be
constructed of average years of life by type of
plumbing fixtures and appliances. A comparison of
lifetime estimates between the two groups indicated
that the foliowing items had a statistically significant
difference {longer average lifetime for Las Vegas-
Tucson lower TDS area): galvanized water pipes,
toilet flushing mechanisms, water heaters, dish-
washers, and garbage disposals. No statistically
significant difference was found for cast iron
wastewater pipes, brass faucets, washing machines,
and evaporative coolers.

A typical household was constructed for these
areas based on the percentage of homes containing the
various water related items. Estimated economic
costs for the representative household was derived in
present value terms, utilizing an 8 percent discount
rate for the damages in the range in water quality
from 500 to 735 mg/l.

Data Collection

Primary data were collected in the SMSA's of Las
Vegas, Phoenix, and Tueson by asking similar
questions as used in the Los Angeles area. Plumbers
and appliance people were contacted and asked to
provide estimates centered around the effect of
salinity on the lifetimes of water related consumer
goods.

Estimated Mean Lifetime (Years)

San Fernando Costa Mesa-
Valley Newport Beach Statistical
(210 mg/l) (728 meg/D) Significance

Water Heater 8.74 5.22 Different at 0.005
Galvanized Wastewater Pipes 30.94 10.14 Different at 0.005
Galvanized Water Pipes 17.28 11.25 Different at 0.100
Toilet Flushing Mechanism 7.68 6.63 No difference
Copper Water Pipes 44.08 47.50 No difference
Ptastic Water Pipes 48.33 60.00 No difference
Copper Wastewater Pipes 43.82 43,78 No difference
Plastic Wastewater Pipes 42.50 53.00 No difference
Dishwashers 9.60 6.50 Different at 0.005
Washers 8.50 7.38 Different at 0,100
Garbage Disposals 8.47 6.86 Different at 0.100
Brass Faucets 10.40 6.00 Different at 0.050
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Table 21. Regression estimates for length of average
lifetime and salinity.

Water Heaters:
In L=5.43771-0.42435 q)n TDS)-0.99322 (In #PERS/UNIT)

(4.967) (3.925)b
+0.36828 (DUMMY)
(2.406)P
F = 13.34°
R?=0.60

Galvanized Wastewater Pipes:

In L =7.42425-0.79571 (in TDS)+1.05941 (DUMMY)
@.227)° (3.248)0

F = 11.23
R?=0.51
Galvanized Water Pipes:

L =16.56015 - 0.00666 (TDS} - 3.78336 (DUMMY)
(1.584) (1.883)

F =394

R?=0.23

Brass Faucets:

In L =6.35863-0.69277 (In TDS) + 1.28617 (DUMMY)

(1.351) (1.420)

F=14

R?=0.15

Dishwashers:

in L = 4.05324-0.34538 (In TDS) + 0.42955 (DUMMY)
3.115)b (1.870)

F = 518

R?=0.30

Washers:

L =9.62161 - 0.00360 (TDS) + 1.45762 (DUMMY)

(1.933) (1.305)
F = 2.07
R?=0.15

Garbage Disposals:

InL=2.82352-0.13076 (In TDS) + 0.03794 {In DUMMY)
(1.013) (0.145)

F = 0.55
R? =0.05

AThe values in parentheses are T-Statistics.

bDenotes statistically different from zero at the 99%
level of a 1-tailed test.

®Denotes statistically different from zero at the 95%
level of a 1-tailed test.

With the completion of the Central Arizona
Project in the mid-1980s municipal water from the
Colorado River will be delivered to Phoenix, Tucson,
and the respective surrounding areas. Since both
locations will potentially be affected by the salinity
content of Colorado River water, it is important to
assess the magnitude of economic impacts reasonably
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expected under present and future conditions. The
salinity content of municipal water currently used in
the Phoenix area was estimated to average 7356 mg/l
while Tucson’s average was much lower at 550 mg/1.
Results from the SMSA of Las Vegas indicated that
varying water qualities exist for different locations.
For example, Las Vegas (including North Las Vegas)
was estimated to average 450 mg/1 while Boulder City
andﬂHenderson had poorer quality water at about 680
mg/l. -

Table 22 contains the number of responses
tabulated from plumbers and appliance dealers in each
of the five locations. In order to improve the statistical
analysis, two groups were formed. One group
consisted of the SMSA of Phoenix and the locations of
Boulder City and Henderson, The water quality of
these locations is approximately in the same range;
therefore, in order to increase the usefulness of the
small number of observations in Boulder City and
Henderson, these three locations were combined to
form one group with estimated average water quality
of 785 mg/1.

The second group was composed of Tucson and
the remainder of the Las Vegas SMSA. These areas
average between 450-550 mg/] and have approxi-
mately an equal number of observations. An average
water quality of 500 mg/]l was assumed to be
representative of this group.

Table 22. Tabulated responses.

Plumbing Appliances
Phoenix 126 21
Tucson 38 1
Las Vegas 30 21
Boulder City 6 4
Henderson 3 4
Total Responses Obtained 173 60

Statistical Significance

A test was used to determine statistical
significance of mean lifetimes between the two
groups. Table 23 lists each of the household items
surveyed and the resulting mean lifetimes. Statistical
significance was found to exist between the two
groups for galvanized water pipes, water heaters,
toilet flushing mechanisms, dishwashers, and garbage
disposals. No significant differences were found for
galvanized wastewater pipes, brass faucets, clothes
washers, and evaporative coolers. In the cases where
a significant difference exists, mean lifetimes of items
at the lower salinity level are longer which support the
hypothesis that poorer quality water reduces the
economic usefulness of ecertain items.

Economic Damage Computations

Estimation of monetary losses (additional costs)
for a typical household was derived by calculating the



Table 28. Test for significantly different sample means.

Estimated Mean Lifetime (Years)

Phoenix -
Item : Boulder City - Las Vegas -

Henderson Tucson Statistical

(735 mgf1) (500 mgfl) Significance
Galvanized Wastewater Pipes 42.23 40.15 No difference
Galvanized Water Pipes 16.39 19.85 Different at 0.05
Water Heater 7.79 9.66 Different at 0.02
Toilet Flushing Mechanisms 6.18 8.02 Different at 0.10
Brass Faucets 9.48 10.28 No difference
Clothes Washets 8.69 8.63 No difference
Dishwashers 7.28 9.01 Different at 0.02
Evaporative Coolexs 8.96 7.23 No difference
Garbage Disposals 6.03 7.58 Different at 0.05

present worth of differing lengths of life attributable
to different levels of TDS, The objective of this
procedure was to determine the annual costs of
replacement required to maintain the services of a
certain household item over a 60-year period.
Damages were based on the capital replacement costs
of household items in 1975 using an 8 percent discount
rate, The results are in 1975 dollars which enables a
direct comparison to be made with the estimates for
the Los Angeles area,

Cost streams were calculated for each significant
item in Table 23 at both 500 mg/l and 735 mg/l
following the same assumptions used in the Los
Angeles study. Replacement was considered to occur
at the end of the lifetime of the previous unit. Costs
were adjusted for the final replacement period to
equal 60 years which reflected actual costs incurred
for this less than full life segment. For example, in the
case of water heaters, lump sum costs of replacement
occurred every 9.66 years after the initial investment,
thus, replacing the unit five times covering 57.96
years of the 60-year household life. Costs for the
remaining 2.04 years (less than the average economic
lifetimes) were based on the relationship of replace-

ment costs for this segment to costs required for a full
economic life of 9.66 years and discounted in the same
manner as previous lump sums.

The present value of the cost streams for
galvanized water pipes, toilet flushing mechanisms,
water heaters, dishwashers, and garbage disposals
are presented in Table 24. The difference between the
resulting present value sum at 735 mg/l and 500
mg/1is considered to be amount of additional costs per
unit over a 60-year period due to the increasing TDS,

Since different households may or may not
contain some or all of the items, a typical househeld for
each area was construed. Table 25 shows the number
of units per household considered to be typical for the
Central Arizona service area (SMSA's of Phoenix and
Tucson) and the lower mainstem of the Colorado River
(Las Vegas SMSA and municipal communities along
the river to the Mexican border),

Total lifetime replacement costs were converted
to costs per mg/1 by dividing 235 (735-500) into the
difference of the cost streams displayed in Table 24,
These values were multiplied by the weighing factors

Table 24. Present value of replacing significant household items over 60-year life (8 percent, 1975 dollars).

Phoenix - Las Vegas -
Item BI_‘; ulder City - Tucson Difference
enderson (500 mg/l)
(735 mgfl) &
Galvanized Water Pipes 827.11 758.63 68.48
Toilet Flushing Mechanisms 65.38 53.72 11.66
Water Heaters 351.18 301.90 49.28
Dishwashets 519.22 445.17 74.05
Garbage Disposals 173.33 145.59 27.74
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Table 25. Typical household unmit for selected
iteme: CAP and lower mainstem,

Lower
Item ([?:i:;) Mainstem

(Units)
Galvanized Watl(;r"’1 Pipes 0.50 . 0.38
Toilet Flushing Mechanisms 1.60 1.61
Water Heaters 0.985 0.985
Dishwashers 0.20 0.25
Garbage Disposals? 0.61 0.74

®Mean values of survey data.

DCensus of Housing, 1970, U.S. Census Bureau (U.S.

GPO, Washington, D.C., 1974).

contained in Table 25 with the results reflecting
expected costs per mg/1 per household. Next, the cost
per mg/l per household was capitalized over the
60-year period at 8 percent in order to estimate the
corresponding annual costs. These values are con-
tained in Table 26 along with an estimate of number of

household units for the CAP and lower mainstem
areas.

The number of households for both areas is the
annual equivalent amount of the present worth of
households for the 60-year period in question. Since
costs are on an annual equivalent basis also, direct
multiplication results in total annual area damages per
unit per mg/1 shown in the last two columns of Table

Table 26. Annual cost per household per mg/l TDS and total cost per mg/l TDS— Central Arizone Project

service areq and lower mainstem.

Householdd Household CAP LMS ATotal1 ATotal |
Annual Annual hold H hold nnua nnua
Item Cost/mgfl  Cost/mg/l Hog;eitso OS:IOHSO Cost/mg/l  Cost/mgft
CAP (3) LMS (%) CAP (§) LMS ()
1. Galvanized Water Pipe Systems 00118 0.0089 245,000 250,100 2,891 2,226
2. Toilet Flushing Mechanisms 0.0064 0.0065 245,000 250,100 1,568 1,626
3. Water Heaters 0.0167 0.0167 245,000 250,100 4,092 4,177
4, Dishwashing Machines 0.0051 0.0064 245,000 250,100 1,250 1,601
5. Garbage Disposals 0.0058 0.0071 245,000 250,100 1,421 1,776




CHAPTER IV

ECONOMIC IMPACTS OF SELECTED SALINITY
CONTROL MEASURES

THE GRAND VALLEY COLORADO CASE STUDY

Salinity (dissolved solids) in water supplies causes
significant economic damages to agricultural, munici-
pal and industrial water users in the Lower Colorado
River Basin, Salinity is due to both natural causes (salt
springs, surface runoff) and man-made causes (agri-
culture and industry). Total salt contributions from
irrigation in the Upper Basin have been estimated to
account for about 38 percent of the total damages
which acerue to downstream water users. The saline
irrigation return flow problem in the Upper Basin is
unusual, in that substantial amounts of salt are
“picked up” from ancient marine deposits beneath the
irrigated lands in addition to the more typical fertilizer
leaching and concentration of dissolved solids via
evapotranspiration.

This report focuses on the economic costs to
water users of nonstructural methods of controlling
saline irrigation return flows in the Upper Colorado
River Basin {Appendix 5). The Grand Valley in
western Colorado is used for a case study.

The Grand Valley is located in west central
Colorado at the confluence of the Gunnison and
Colorado Rivers. The elevation is about 4,400 feet, and
the normal growing season averages about 190 days.
With an annual rainfall seldom exceeding 10 inches,
irrigation is necessary to maintain a viable commercial
agriculture in the vailey. Approximately 57,000 acres
of land is presently irrigated. Major crops grown
include corn, alfalfa, sugar beets, small grains, and
permanent pasture. Slightly less than 15 percent of
the irrigated acreage is planted to pome and deciduous
orchards and other specialty crops.

The primary source of salinity comes from
extremely saline aquifers (as high as 10,000 mg/l)
overlying a marine-deposited Mancos shale formation.
Lenses of salts contained in the shale are dissolved by
water entering and coming into chemical equilibrium
with the shale formation before returning to the river
channel. Water enters the aquifers by seepage from
delivery canals, laterals and drains {about 55 percent
of the total), and from deep percolation from fields
associated with application of irrigation water (about
45 percent). Average annual salt pickup attributable
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to irrigated agriculture in the Grand Valley is
estimated at 600,000 tons, or about 10 tons per
irrigated acre.

Engineering studies have recommended that
return flow control programs begin with lining
irrigation water conveyance systems. Such structural
measures would be effective, but are relatively
expensive, The Bureau of Reclamation's proposed
canal lining and drainage program may cost in excess
of $60 million (1973 prices), or over $1,000 per acre. In
the hope that nonstructural measures, involving
changes in the institutional system (incentives,
constraints, penalties) could do part of the job less
expensively, several modifications of present irriga-
tion practices were examined.

Assumptions

Two practices hypothesized which influence the
amount of deep percolation (drainage water) and
hence salt pickup, are analyzed, First, irrigators may
modify traditional irvigation practices by varying the
rate of water applied per unit area in the crop season,
Previous research by agricultural engineers has
revealed that soil infiltration rates in the study area
are high in the early part of the irrigation season, but
drop to low levels as the season progresses. Hence, if
most of the deep percolation is thought to occur in the
first two irrigations, salt percolation losses can be
minimized merely by changing a) the length of time
water is allowed to run in each furrow, and/or b} the
rate of application by adjusting the size or number of
siphon tubes, and/or ¢) spacing of furrows, and/or d}
use of basin irrigation.

Crops typically vary as to deep percolation losses,
even with similar irrigation practices. A second
method of reducing deep percolation can be achieved
by cutting back the acreage of crops which are high
contributors in favor of those which are less of a
problem. Both of these alternatives involves increased
costs or decreased income to affected farmers.

The Economic Model
Linear programming models of representative
farm situations provide the basis for deriving

estimates of the economic costs of nonstructural
salinity controls. Data for the models were collected



by personal interviews with 98 farmers, or 28 percent
of commercial crop farmers in the study area. The
models form a valley-wide characterization of farm
sizes, resource levels, cropping patterns and irrigation
practices, Measures designed to reduce salt pickup are
analyzed in the model by introducing processes with
varying water supplies, applieation rates, timing or
irrigation methods.

The linear program is a conventional short-run
land and water allocation mode! with constraints on
cropland, water and acreages of specified crops. The
objective function is net return (defined as £Toss crop
sales minus operating costs), Each crop production
activity ineludes a coefficient representing annual
deep percolation per acre. The model is solved to find
the net income-maximizing situation for each of a
number of constraints on deep percolation losses. It is
assumed that salt is picked up at the rate of 5 tons of
dissolved solids per acre foot of deep percolating
water, This rate represents an average for the valley
and reflects a compromise among conflicting esti-
mates,

It could not be conclusively established that crop
yields would be adversely affected by the more
efficient irrigation practices, so no such cost is
included. The 15 percent of the acreage in deciduous
fruit orchards and other specialty crops are omitted
from the analysis reported here. Net income losses
due to hypothesized imposition of discharge standards
are computed.

Results

Some of the more important results of the
analysis are summarized in Table 27. The initial
solution or “bench mark condition” with respect to salt
pickup, net crop income, and irrigation water applied
to erops is reported in part A. From the results
summarized in part B, given our assumptions, it is
readily apparent that improved irrigation efficiency
can inexpensively bring about substantial reductions
in that portion of salt pickup due to on-farm irrigation.
The model indicates that about 80 percent of the initial
salt load in return flows due to percolation from fields

can be avoided at an incremental cost of less than
$2.20 per ton.

The results of crop substitution on salt pickup,
summarized in part C, show appreciably higher
estimated costs. Only about 40 percent of the initial
salt load can be removed, and the incrementa) cost
exceeds $60 per ton at that level of removal. By
comparison, recent cost estimates of control by canal
lining in the Grand Valley range from $14 to $100 per
ton. Program benefits (present downstream damages
avoided) are summarized elsewhere in this report.

No detailed study of the important issues
concerning the incidence of control costs or the
mechanisms for financing abatement programs was
undertaken. In generalities, the costs estimated here
of crop substitution and much of those for changing
irrigation practices would be bornme by farmers
themselves. Some portion (up to 76 percent} of the
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Table 27. Consequences of implementing on-farm,
nonstructural salinity controls in the
Grand Valley: Selected results of the
linear programming model,

_Salt Total Irrigation Incremental
; Dllrsc_:hatrge Net Farm Water Direct
n Irrigation ; a2  Cost
Return Flows Income Requirement cRen?é‘vi?“
~-TONS- - -Acre Feet—  ~$ Per Ton--
A. Initial Condition (Both Cases)
146,510 5,962,301 214,745
B. Case I, More Efficient Irrigation Practices
Adopted:
137,500 5,949,651 212,469 1.40
100,000 5,897,019 202,995 1.40
75,000 5,858,839 196,177 1.53
50,000 5,807,160 180,015 2.07
37,500 5,779,383 170,015 2.22
C. Case LI, Modification of the Cropping
Pattern:
125,000 5797679 219,012 7.65
112,500 5,563,304 221,185 18.75
100,000 4,854,002 227,348 56.74
87,500 4,014,064 232,673 67.20

a .
Includes erop consumptive use, on-farm losses, and
system delivery losses.

cost of changing irrigation systems can usually be
obtained through ASCS cost sharing programs. The
administrative and enforcement costs would be
absorbed by either the state or federal enforcement

agency.
Conclusions

Several limitations should be recognized in
interpreting this analysis, First, neither the amount of
drainage water associated with specified irrigation
practices nor the rate of salt pickup per unit of
drainage water are well established. In fact,
considerable disagreement is found on these points
among hydrology and soils specialists. Second, it may
not be possible to increase irrigation efficiency to the
degree assumed without some sacrifice in crop yield.
Finally, the regulatory and social costs of imposing
water quality standards have not been dealt with
where the effluent of individual irrigators is not
identifiable. Present water distribution policies in the
area and Colorado water law do not provide any
incentive for reducing return flows, and relatively
drastic measures might be required to implement
nonstructural controls. These and other political/
administrative aspects remain to be studied, The
structural measures may be expensive, but they
would be relatively straightforward to implement
‘within present institutions.

Of the nonstructural control measures examined.
a simple modification in present irrigation practices
would apparently achieve a substantial reduction in
salt pickup at a cost relatively low in comparison to
other alternatives. However, this alternative might be
difficult and expensive to implement, monitor, and
administer. Substituting crops to avoid salt loading
would be more costly and limited in scope.



MODELING THE SOIL-WATER-PLANT
RELATIONSHIPS: CASE STUDY IN UTAH

Before it is concluded that modifications which
reduce salinity leaching are really a valuable
management tool, it is necessary to explore the actual
response of crop, soil, and water factors to irrigation
practices and the cost effectiveness of proposed
irrigation practices, Specifically stated, this portion of
the study involved the development of a physical
model to predict the response of soil, water, and crop
factors to irrigation and the development of an
economic model which, using the physical model for
basic data, predicted the cost effectiveness of
irrigation management as related to return flow
salinity (Appendix 6). These models were originally
developed to determine optimal cropping and irriga-
tion strategies subject to certain constraints for a
one-year period. A multi-year analysis was subse-
quently developed by using the final conditions of a
given year for the initial soil salinity conditions of the
following year subject to the assumptions of the
physieal model. The physical and economic models are
discussed separately for purposes of organization and
convenience to the reader.

The Physical Model

The model used in this study is concerned with
the soil water flow in response to varying irrigation
management inputs. The general equation for water
flow is given as:

% = ..;Z (KE?_ZH) Fafz) oo - oen{l)

in which # is the water content, t is time, K is the
hydraulic conductivity, H is the matrix potential, z is
depth, and a(z) is the root extraction term.

The salt flow portion of the model is given as
follows:

oce | 8 [HoC) dCu) @)
t 0z | 0z dz

in which C is the salt concentration, D includes the
combined diffusion and dispersion coefficients, and q is
the mass flux of water.

To determine the influence of salinity on the
crop yield, another component must be added to the
model. This is done by assuming the relative yield was
related to relative transpiration as follows:

X T nd®)
v Ty

in which Y is the dry matter yield of a given erop for
the season, T is the transpiration for the same crop for
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the same season, Y, is the potential yield for the same
crop and season wgere soil water or salinity did not
reduce yields, and T\, is the potential transpiration for
the same crop and season where s0il water or salinity
did not reduce yields. The ratio of actual yield to
potential yield under “ideal” conditions is an important
component of the model and because of the stated
assumptions may be represented also as the ratio
T/T,,. The ratio is shown to vary considerably among
various irrigation management practices and initial
soil salinity levels. Since variation in the ratio reflects
variation in agricultural productivity, it will be of
interest to agricultural water users and policy makers.

The procedure foliowed was to compute various
consequences of a given irrigation management
sequence for a typical season as a function of soil and
crop conditions for that season. Three important
factors were varied and the outputs predicted which
resulted from the variation. The three factors were
irrigation, initial soil salt concentration, and cropping
variables. Irrigation was appiied in the simulations
according to the frequency used on the experimental
farm in the Colorado River Basin during 1971. The
amount of water applied was varied from zero to
sufficient to cause considerable drainage. The initial
salt concentration in the soil was assumed to be
uniform at the beginning of the season at 20, 50, or 200
millequivalents per liter. The 20 meq/] concentration
represents present conditions on the experimental
farm. The 50 meq/1 and 200 meq/1 are used to simulate
salt buildup that would occur over several years if
proper drainage, or insufficient leaching were not
achieved,

Three crops were simulated: alfalfa, corn, and
oats. The variation of the crop component amounted to
varying the root zone dimensions and the ratic of
actual transpiration to potential transpiration, The
only sitnations deemed relevant for this presentation
are those in which the depth of alfalfa roots is assumed
to be greater than the depth of corn roots. Crop
management variables are to be introduced in the
discussion of the economic model.

Table 28 shows the results of varying the water
application rate and initial soil salt concentration level
in the cultivation of corn, alfalfa, and oats. Table 28
data show that the T/T,, ratio for corn and alfalfa
increased in value as the irrigation level increased
until it reached 1.0 between the 408 and 656.4
centimeter levels. T/T,, did not reach 1.0 for oats.
However, the pattern gf increase through the water
application levels was similar to that of corn and
alfalfa. The smaller values of T/T,, for oats are due
chiefly to a more shallow root deptn. The data show &
more significant decrease in T/T, for alfalfa than for
corn in the lower irrigation rates. This is due to a
longer season of active water use by alfalfa and for a
much greater proportion of transpiration to evapo-
transpiration for alfalfa than for corn.

There was relatively little difference between the
T/Tp values of the two lower initial salt concentration



Table 28. Comparison of T/T,, and final salt concentration for corn, alfalfa, and oats at various levels of water

application and z‘nit‘i%t salt concentration.

T/T

Final Salt Concentration

Irrigation P Initial ;
and Salt meq/liter
Rain Concentration
cm Com Alfalfa Qats meq/liter Corn Alfalfa Oats
5.6 0.81 0.52 0.29 20 62 43 33
56 0.77 0.50 0.28 50 127 97 78
5.6 0.48 0.33 0.18 200 305 277 248
10.3 0.89 0.61 0.37 20 60 42 33
10.3 0.86 0.58 0.36 50 120 94 76
10.3 0.55 0.42 0.24 200 296 269 242
15.0 0.97 0.68 0.46 20 56 43 33
15.0 0.93 0.66 0.44 50 116 94 76
15.0 0.64 0.49 0.32 200 296 268 242
22.0 0.98 0.80 0.59 20 40 41 43
220 0.98 0.78 0.58 50 95 92 76
22.0 0.78 0.63 0.46 200 291 263 240
40.8 0.99 1.00 0.89 20 21 30 26
40.8 0.98 1.00 0.88 50 64 64 58
40.8 0.97 0.93 0.80 200 227 228 208
56.4 1.00 1.00 0.97 20 23 24 24
56.4 1.00 1.00 0.93 50 50 52 52
56.4 1.00 1.00 0.93 200 189 195 185
66.7 1.00 1.00 0.99 20 20 20 22
66.7 1.00 1.00 0.99 50 42 44 43
66.7 1.00 1.00 0.99 200 153 158 157

levels, but there was a marked difference when the
concentration was 200 meq/l.

The results showing final salt concentration levels
indicate a buildup of salts in the soil profile for each
crop until the water application reaches a high level,
This buildup could have serious effects on yields if it
were maintained over a long period of time. However,
at the 56.4 and 66.7 centimeter levels, salt is leached
from the soil and the buildup ceases.

The data in Table 29 also demonstrate the buildup
of salts that occurs in the lower four annual water
application rates. The drainage figures show an
upward flow of water until irrigation reaches 56.4
centimeters, especially for the longer-rooted corn and
alfalfa. The salt flow to groundwater figures show the
amount of salts in millequivalents that transfer from
the soil to the irrigation return flow, The negative

of the field that receive more water than others. To
account for this, a uniformity coefficient Cu has been
defined as follows:

D

= ] =
Cu "

in which M is the average irrigation rate and D is the
average deviation (sign ignored) about the average
irrigation rate. When Cu = 1, water application is

. completely uniform. For the sprinkler irrigation

values in the lower water application rates indicate a

buildup of salts which oecurs because of the
evapotranspiration process. At the two highest water
application levels, the values are positive and indicate
some transfer of salts from the soil into the return
flow.

The single point values relating water added to
the T/T,, are somewhat unrealistic in a real field
situation because water is not distributed uniformly.
Even with the best irrigation system there are parts
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simulation the coefficient used in the model was equal
to 0.88. The value was 0.42 for flood irrigation. The
values of T/T, and final salt concentration were
adjusted for t]Pese variations in Cu to increase the
accuracy of the model. The data showing the variation
of T/Ty, will not be presented in this work but are
includeﬁ as part of the economic model.

The Economic Model

The economic model is designed to suggest ways
to maximize profits at various levels of salt outflow
from the farm operation. This is done through the use
of a linear programming procedure designed to
minimize the income losses imposed by restraints on
the salt outflow from the irrigation return flow. It is
based on the physical model and on a set of cost and



Table 29. Comparison of drainage and salt outflow to groundwater Jor corn, alfalfe, and oats at various levels of

water application and initial salt concentration.

Drainage in Centimeters

Salt Flow to Groundwater in

Irrigation Initial Salt Millequivalents
and Rain Concentration

cm Corn Alfalfa Oats Meq/Liter Corn Alfalfa Oats
5.6 -14.2 9.7 -3.8 20 -284 -195 -74
56 -14.2 54 -3.8 50 -710 472 -191
56 -11.6 -7.8 -3.6 200 -2320 -1561 -718
10.3 -14.1 9.5 3.8 20 =282 -189 -16
10.3 -14.0 9.3 -3.8 50 =700 466 -190
103 -11.4 -1.7 -3.5 200 -2280 -1860 =700
15.0 -14.0 93 -3.8 20 -280 -154 -76
15.0 -13.9 9.2 -3.8 50 -695 458 -189
150 -11.4 -7.6 -3.5 200 -2280 -1840 -700
22.0 -13.6 9.4 -3.8 20 272 -148 -76
22,0 -13.5 9.2 -3.8 50 675 461 -190
220 -11.3 -1.5 -3.3 200 -2260 -1840 -660
40.8 -8.7 -1.4 2.5 20 - =174 -148 -50
40.8 -7.1 6.7 -2.4 50 -355 -370 -120
40.8 6.2 -5.6 -1.2 200 -1240 -1340 -240
56.4 0.9 0.0 1.3 20 19 0 26
56.4 1.0 04 1.3 50 49 22 66
56.4 1.1 0.3 25 200 214 61 490
66.7 10.5 8.8 10.0 20 210 178 198
66.7 10.6 9.3 10.0 50 532 467 495
66.7 10.8 9.4 9.9 200 2160 1882 1975

return data for the farm. The beginning point is to
assume that any amount of salt can be allowed to leave
the farm. The model is set to maximize net income

under this assumption, then it is successively’

constrained to allow smaller and smaller amounts of
salt outflow. Of primary concern is the reduction of
income which accompanies this constraint on resource
use. Also of concern are the cropping and irrigation
management alternatives as they affect income and
salt outflow.

As the salt outflow and income incrementally
change, the model develops as a by-product the
marginal relationship between salt outflow and
income. From this relationship a shadow price is
derived which reflects the value of an additional ton of
salt outflow in terms of net income, or the amount of
the income loss that occurs as salt outflow is
incrementally reduced. This value can he compared
with alternative ways of reducing salinity in the river
or compensating the damages that accrue to down-
stream users,

The linear programming model used in this study
is a profit maximizing model which has the algebraic
form:

Maximize Z=CX
Subject to AX= B
X =0

in which Z is net income or profit, C is the row vector
of net revenue per unit of activity, X is the set of
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activities or production processes, A is the matrix of
technical coefficients or production relationships, and
B is the column vector of constraints on resource
availability.

Linear pregramming and the economic concepts
involved were applied to the present study as follows:

1. The optimal combination of crops to be
produced is selected subject to constraints on
certain fixed inputs such as land.

2. Many of the inputs are not fixed, therefore, the
optimal combination of these inputs can be
selected by considering their relative producti-
vity and cost.

3. The optimal level of output per acre is defined
and selected at the point where the value of the
incremental unit of production or output equais
the cost of the incremental unit of input.

Using the multi-year calculation of soil salinity
during a given year where the initial soil salinity level
depends on the final salinity of the previous year, a
simple recursive program was adopted to calculate
and maximize net income over a 8-year period. Instead
of using stochastic processes to estimate supply
relationships by the prices of commodities and their
major competitors, we began with the technical
structure of the decision-making process and derived
from it the relationships connecting production to
prices, costs, acreage controls, and technological
changes. This technique was adapted to maximize net
revenue subject to salinity constraints over a 6-year
period.



Decision options were analyzed which included
cropping choices, water application alternatives of
sprinkling or flooding, and variations in the quantity
of water applied during the season. Several combina-
tions of these aiternatives were used in this study as
shown in Table 30, except that flood irrigation was not
used on the lowest three levels of water application, It
would be impossibie to distribute these small amounts
of water uniformly over the season by flooding.

It was assumed that the farm under study had 10
acres of each of the three soil salinity characteristics
described previously: 20, 50, and 200 meq/l. There
were also constraints to provide for crop rotation in
order to allow for nurse crops for alfalfa seedlings and
for disease control in corn production.

Table 30. Management decision options utilized in
the analysis of salinity outflow.

Water

igation
Crop Application Iﬁ;g;l od
Plus Rain
Corn 10.3 em Sprinkler
Qats 150 Flooding
220
Alfalfa 40.8 Flooding
56.4
66.7

Results

Two main sets of results were desired for the
single year and multi-year analyses. The first was the
set of production activities that would maximize farm
profits at each level of salt outflow. The second
caleulation desired was of the loss in income from not
allowing an additional ton of salt to flow out. As has
been explained, the mirror image of this is the shadow
price or the value to the farm of allowing an additional
ton of sait outflow.

A number of different situations were modeled to
determine the manifold effects of variations in
irrigation methods, rates of water application, and
restrictions on the cropping combinations. Of the
several situations that were simulated, two are
deemed relevant for this presentation. In both cagses
corn is resiricted to one-half of the acreage with alfalfa
roots assumed deeper than corn roots. One case
simulates the conditions associated with sprinkler
irrigation. The other shows the effects of flood
irrigation. Optimal cropping and irrigation strategies
were calculated for both strategies for levels of salt
output from zere to 12 tons per acre. These strategies
were then simulated at each level of salt output and
revenue figures were derived for the farm enterprise.

In the first situation where sprinkler irrigation
was used, the optimal cropping pattern for all levels of
initial soil salinity and salt output was to allow the
maximum corn cultivation of half of the acreage with
the remaining acreage devoted to the culiivation of

alfalfaexcept for the restriction that oats be used as a
nurse crop on one-tenth of the land. The higher water
application levels dominate the irrigation strategy,
The lowest two levels are never shown to be optimal
for any crop in any situation.

The pattern of net revenue and the shadow price
of salt outflow for the first situation are shown in
Figure 8 and Figure 4. The results indicate that at the
very lowest levels of salt outflow the reduction in net
revenue for the farm is considerable while the income
loss is not great at a level of 80 tons for the 80 acres
and becomes less significant at higher levels. It can be
concluded by viewing these results that a zero output
would be very costly if not entirely impossible,
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Figure 3. Net revenue by amount of salt outflow
(sprinkler) for the 30 acres.
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Figure 4.  Shadow price or value of an additional ton
of salt outflow (sprinkler), for 30 acres.
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When flood irrigation is used instead of sprinkl-
ing, alfalfa dominates the cropping pattern complete-
ly (again with an allowance for the oats as a nurse
crop), in the levels of salt output less than 6 tons per
acre. In the low salt soil, the maximum allowed corn
cultivation is shown to be optimal at the higher levels
of salt outflow while some corn would be cultivated at
the high salt outflow levels for the soil of higher initial
salt concentrations. Only the three highest irrigation
levels would be utilized under this situation with the
highest level used at the higher levels of salt outflow.

The net revenue and shadow price patterns are
illustrated in Figure 5 and Figure 6. Essentially the
same pattern is shown for this situation as for
sprinkler irrigation except that the shadow price of
salt outflow drops to & very low level at a lower salt
outflow level,

A number of interesting but somewhat expected
results occurred in the muiti-year simulations of
irrigation management practices and optimal cropping
patterns. The lowest level of water application (20 em)
resulted with a salt buildup in the soil profile which
tended to taper off in the last few years of the 6-year
period. This tapering was due to the effect of the
optimal cropping strategy which let a few acres
remain idle allowing a heavier water application for
the remaining land which leached the salt from the
profile of that part of the land. The heavier water
application rates resulted in no extreme change in soil
salinity over time. For the soil of high initial soil salt
concentration, (50 and 200 meq/1), the highest water
application rates brought an actual decline in sofl
salinity over time. As might be expected, the heavy
applications flush the salt through the soil whilé the
lighter applications result in less outflow but also lead
to a severe degree of salt buildup in the seil,
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Figure 5, Net revenue by amount of salt outflow for
the 30 acres.
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Figure 6. Shadow price or value of an additional ton
of salt outflow for the 30 acres (flood),

According to the results from the profit maximiz-
ing model associated with the muiti-year analysis,
alfalfa combined with the necessary nurse crop of oats
dominates the cropping pattern where minimum
water application is allowed with sprinkler irrigation
indicated as the optimal water applieation method.
Corn with flood irrigation dominates the high water
application method as well as the situations for
maximization of profits.

The lower water application rates caunse very
little sait outflow during the first few years, but the
outflow increases during the final 2 years, The higher
epplication rates are associated with high salt outflow
which increases at a decreasing rate.

The level of profits is maintained fairly constant
in the two highest water application rates, but the
profits are shown to decline in the lower rates as
productivity declines due to salt buildup in the soil
profile. In view of this result, the shadow prices
indicated in the single year analysis are rendered less
than an accurate reflection of the value to the farm of
allowing higher levels of salt outflow.

Summary and Policy Tmplications

The costs of reducing salt outflows through
irrigation management include the actual costs of
improvements (i.e. sprinkler systems, ditch lining,
ete.), and the reduction of income which results from
falling yields when salts are allowed to accumulate in
the soil profile. When these costs are considered, it is
evident that a reduction in salt outflow to a level of 1
or 2 tons per acre (30 to 60 tons on the figures) is less
expensive than any other current alternative for
reducing salinity in the Colorado River. However,
because of the salt buildup that would occur in the soil
profile over time when salt outflow is low, the
long-run costs are greater than might be supposed
through the use of 1-year analysis. A policy of zero
output of salt from agricultural operations would be
extremely costly if even possible.



CHAPTER V |
ESTIMATION OF ECONOMIC IMPACTS FROM
SALINITY REDUCTION IN THE COLORADO RIVER BASIN

The second and third chapters have estimated
regional income losses for the Lower Colorado River
Basin (Arizona-California) stemming from agrieultural
and municipal damages imposed by salinity. Appendix
7 provides estimates of regional income losses to the
Upper Colorado River Basin (in particular, the Upper
Main Stem Subbasin) which might follow the phasing
out of certain economically marginal acreages. The
fourth chapter describes the costs and other economic
impacts of salinity control measures. This section
combines these data with data from other sources to
construct marginal cost and benefit schedules for
varying quantities of salt load reduction. These
schedules identify currently justifiable projects or
programs for salinity control as accurately as was
possible within the limitations of the available data.

Data are available on the following projects or
programs for salinity control:

1. Paradox Valley of the Dolores River
(Bureau of Reclamation Project), It is
estimated that 180,000 tons/year can be
eliminated by undertaking a groundwater
pumping and evaporation scheme which
woilld reduce water contact with huge salt
domes. The project will cost approximately
$16 million. If we assumed indefinite life for
the project facilities and a 10 percent
interest rate, the annual cost of $1.6 millicn
implies a cost per ton removed of $8.80. An
increase in consumptive water use will also
occur. We have assumed this loss to be
10,000 ac ft per year. Afterwards, the
Bureau estimated this to be 3900 ac ft
annually, and this would reduce the costs of
tons of salt removed by Paradox Valley.

2. Grand Valley (part of Upper Main Stem
Subbasin) canal lining scheme (Bureau of
Reclamation). It is estimated that canal
lining and better irrigation scheduling can
reduce the salt load by 200,000 tons per
year. The cost is estimated to be $59
million, implying a cost of $30 per ton
removed. Canal losses of about 40,000
ac fi per year will be avoided, and we
assume that no more than 20,000 ac ft of
this represents actual saving of water
which would not have returned to streams

for further use. . .
3. Improved on-farm irrigation practices,
Leathers and Young have estimated that

about 110,000 tons/year could be avoided
at costs averaging $2/ton. These practices
would also save 45,000 ac ft of consumptive
use in the Grand Vs,lley.1

4. Modified cropping patterns I. Leathers and
Young have estimated that salt loadings of
21,500 tons per year could be avoided in the
Grand Valley at costs of about $8/ton plus
4300 ac ft of added consumptive use,

5. Medified cropping patterns II, Leathers
and Young estimate that further modifica-
tions could avoid an added 12,500 tons/year
at costs of about $19/ton and 2200 ac ft of
added consumptive water use.

6. Howe and Young {Appendix 7) estimate
that phasing out B800 acres of cropiand in
the Grand Valley would involve a regional
income loss of $183 per acre per year, but
saving 10 tons of salt per acre and reducing
consumptive use by 14,800 ac ft per year.

7. Howe and Young (Appendix 7) also
estimate that phasing out 10,200 acres in
the Uncompaghre Valley (part of the Upper
Main Stem Subbasin) would also involve a
regional income loss of $163 per acre,
saving an assumed 10 tons of salt per acre
per year and reducing consumptive use by
16,000 ac ft per year.

These data were used to rank these projects or
programs in terms of cost per ton of salt removed in
order to develap a marginal cost schedule for different
quantities removed. There are, however, two difficul-
ties in proceeding to construct that schedule. The first
is that a joint product is being produced by most of
these activities: salt reduction and a reduction in
consumptive use of water (activities 1, 4, and 5
actually increase consumptive use of water). The
waters of the Colorado River are fully utilized at the
present time, so that water has a positive scarcity
value. An acre foot freed from one use will be used
beneficially at another location. An added acre foot of
water consumed deprives downstream parties of its
use. The opportunity cost has been estimated to be
about $10 per acre foot, but that figure needs to be
increased to $15 to allow for inflation in the cost of
agricultural commodities since 1970.

Y eathers, K.L., and R.A. Young (Appendix §).



Thus, in costing out salt reductions, it is possible
to subtract from (add to) the cost per ton removed the
value of water simultaneously released from (added
to) consumptive use and valued at $15 per ac ft.

The second problem is that the quantities of salt
associated with the various projects or programs
listed above are not strictly additive. For example, if
canal lining is undertaken, the salt reductions
available through improved on-farm irrigation prae-
tice may be reduced. It is probably the case that the
full benefits from such irrigation improvements eould
not be realized after modification of cropping patterns,
Finally, it is clear that acreage reductions in the Grand
Valley will reduce the areas to which improved
irrigation practice and cropping patterns can be
applied.

To deal with this problem, we make the following
assumption:

The potential salt savings from activities 2,3,
4, and 5 (as listed earlier and all being in the
Grand Valley) will be reduced in proportion
to any acreage phased-out in the Grand
Valley.

Since there are 8800 candidate acres in the Grand
Valley out of a total (non-orchard irrigated acreage of
57,000 acres, this would represent a 15 percent
reduetion, or a reduction to 85 percent of the levels
achievable without acreage phase-out. Thus if a cost
schedule is constructed which contains Grand Valley
acreage phase-out, the potential salt savings from
activities 2, 3, 4, and 5 must be reduced by 15 percent,
The Paradox Valley point source projeet and the
phase-out of acreage in the Uneompaghre Valley are
independent of the other activities.

Tahle 31 gives the results of these calculations,
with the various activities listed in ascending order of
cost per ton of salt removed. Indirect downstream
effects are also evaluated. See methods described in
Appendix 7.

The Colorado River is used both for irrigation and
for municipal and industriai purposes (M&I). This
study has dealt only with the regional damages which
occur via agriculture. The small portion of M&]I use
{less than 5 percent of total withdrawals} inflicts some
damage to residential publie, commercial, and
industrial equipment. These damages would have to
be added to the benefit schedule, but the small
amounts of water withdrawn for M&I uses imply that
the M&I benefits (damages saved) per ton of salt
removed would be small.

Benefits from salinity reduction take the form of
damages avoided. Several cases were considered for
various TDS intervals, 900-1100 mg/1, 1100-1200
mg/l, etc. The current TDS level at the major
diversion point, Imperial Dam, is approximately 865
mg/l. It has been estimated that the TDS level at
Imperial Dam will approach 930 mg/! by 1980, 1100
mg/1 by 1990, and 1206 mg/1 by 2000 in the absence of
salinity control programs, given the trends in Upper
Basin water uses. For present analyses, it seems
reasonable, therefore, to confine our attention to the
salinity intervals 900-1100 mg/i and 1100-1200,

The relationship between a change in salt loading
in the upper basin and the TDS concentration at
Imperial Dam is that approximately 10,000 tons equals
1 ppm.= This permits the conversion of the loss data
into (1974} dollars per ton of TDS. These data are
presented in Table 32,

Table 33 presents annual benefits for the various
activities under the different unit benefit values.
Potential sait removal savings have been calculated
assuming Grand Valley acreage reduction. Again, it is
felt that the “no forward linkage” (defined on page 314,
Appendix 7) cases most closely approximate reality,
but forward linkages cannot be ruled out without

2This is an average value taken from Bureay of Reclamation
studies and given to the present author by John T. Maletic.

Table 81. Calculation of net cost of salinity reduction by activty.

i n Sait Savin, Project Water Value of Net
Potential c/GV. Per Ton Per Ton Per Ton
(Tons/Year) Acre. Ret. of Salt of Salt ‘of Salt
(Tons/Year) Extracted Extracted Extracteo
On-farm Practices 110,000 93,500 $ 200 44,700 $6.10 $- 4.10%
Paradox Valley 180,000 153,000 8.90 -16,000 0.80 9.70
Modified Crops 1 21,500 18,300 8.00 - 4,300 -3.00 11.00
G.V. Acreage Ret. - 88,000 16.30 14,800 2.50 13.80
Uncom. V. Acre. Ret. 102,000 102,000 16.30 16,000 2.30 14.00
Modified Crops II 12,500 10,600 19.00 - 2,200 -2.60 21.60
Grand Valley Canals 200,000 170,000 30.00 20,000 1.50 28.50
Total 626,000 635,400 - - - -

*This negative sign indicates the high desirability of undertaking these activities. Project costs may be somewhat under-

stated. See Leathers and Young (Appendix 5).
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Table 32. Anmnual benefits® per ton of salt load
reduction: Alternative cases and salinity
levels (1974 dollars/tons).

No

; c c
Salinity Level Forward Linkage® Forward Linkage

AtlmperialDam o0 1d (age2¢  Case 19 Case 22
900-1100 ppm 8 ob 81 ob
1100-1200 ppm 24 20 54 55
ADamages avoided.

'This is interpreted as no significant damage.
CForward linkages, p. 314, Appendix 7.
dLong un,
€Short run.

further study, In fact, Tables 81, 32, and 83 clearly
indicate the eritical need for knowledge about forward
linkages: if there are none, the unit benefit range is $0
to $8, If we really don't know, the range is $0 to $81.
Most decision-makers would not find the latter
statement of much help.

Figure 7 provides a visual summary of the data on
the costs of salinity control projects and benefits from
salinity reduction. Figure 7 shows clearly that on-farm
practices which mitigate salinity and reduce consump-
tive use are by virtue of their negative cost
economically worthwhile quite aside from the reduc-
tion of salinity damages. The value of the water saved,
evaluated in a basin context, is more than the cost of
the steps taken. However, at present there is no
motivation for the private farm manager to undertake
these steps since the benefits accure to other water
users. As one moves to the right on Figure 7, the
Paradox Valley project is shown to be justified only if
benefits exceed the $8/ton figure estimated for the
first case with no forward linkages and a salinity level
of 900 to 1100 ppm. Since the upper bound on unit
benefits in the absence of forward linkages is $24 per
ton (Table 32), it is clear that the second round of erop
modification and the Grand Valley canal lining
program are noi economically feasible, unless long-
term forward linkages can be demonstrated. It
appears quite likely that carefully designed irrigated
acreage retirements and the Paradox Valley project
are economically feasible.

Table 38. Total annual salinity reduction benefits by projects at various unit benefit levels.

Total Annual Benefits (000) When Benefits Per Ton Are:

f Tons Saved
Activity Per Year
0 8 20 24 55 81

On-farm Practices 93,500 0 748 1,870 2,244 5,143 1,574
Paradox Valley 153,000 0 1,224 3,060 3,672 8,415 12,393
Modified Crops I 18,300 0 146 366 439 1,007 1,482
G.V. Acreage Ret. 88,000 0 704 1,760 2,112 4,840 7,128
Uncom. V. Acre. Ret. 102,000 0 816 2,040 2,448 5,610 8,262
Modified Crop I1 10,600 0 85 o212 254 583 8,586
Grand Valley Canals 170,000 0 1,360 3,400 4,080 9,350 13,770

Totals 635,400 0 5,083 12,708 15,250 34,947 51,467
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Figure 7. Comparison of the costs and bensfits of salinity reduction.
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CHAPTER VI
SUMMARY

This research was designed to provide an
evaluation of the reaction of agricultural, municipal,
and industrial users to the increasing levels of salinity
in the Colorado River Basin. Initially, agricuitural
users were identified and damages sssessed.,

For the purposes of this study, estimates of crop
yield losses due to various salt concentrations were
based upon the salinity of the soil solution, the level of
salinity expected to develop in soils with various
infiltration rates and drainage capacities, soil drainage
classes and acreages, and the crop reports of the
irrigation distriets, The principal crops were parti-
tioned on the different soil classes and yields projected
on the basis of irrigation practices and the changing
salinity levels of the irrigation water which is
expected to reach the 1,400 mg/]l TDS level by the
year 2000. Variations in blends of water sources were
taken into account where applicable. Most of the area
surveyed in Arizona gave little indication of extreme
yield declinations, but this was attributed to the
different water blends and the small proportion of
poorly drained soil in relation to the total acreage.
Currently on 90,000 acres of land in the Central
Arizona Project, Yuma area, and the Colorado Indian
Reservation are classified as poor drainage soils. This
constitutes only abhout 17 percent of the 531,000 acres
under irrigation at the present time. The California
region indicated a much higher yield loss, principally
because there is a much larger proportion of the
irrigated soils which are classed as poorly drained or
very poorly drained. Of the 650,000 acres of land
under consideration more that 350,000 or 66 percent of
the irrigated land was classiﬂed as poorly or very
poorly drained.

There are two options available in dealing with
the problem of rising salinity levels. The first is to
accept the damages in the form of declining yields and
reduced acreages which ultimately will inhibit
production. The second option is to practice one or
more of the management options currently available
to reduce salinity levels, Naturally, these options are
not without cost. Some current management practices
include ditch lining, land leveling, slip and moldboard
plowing, leaching irrigation, and drip irrigation
installations.

These management practices require substantial
additional investment in farm operations, ranging
from $50/acre for land leveling up to $800/acre for

sprinkler irrigation. If farmers do not have access to
the large amount of capital required for such
investments, they may be forced to change to more
salt tolerant crops. For example, canteloupe, water-
melon and barley showed little effect from the
increased salinity levels in the Imperial Valley of
California.

As previously noted, well drained soil was least
affected, in terms of crop losses, by the increased
salinity levels., This is also shown by the relatively
stable production of the well drained land as salinity
concentrations increased. It is worthwhile to note that

- the relative production of the other land classes
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declined as salt levels increased from 900 mg/1to 1,400
mg/l. However, when the levels actually reached
1,400 mg/1, the relative of all land classes decreased.

The annual damages for all agricultural areas
considered in the lower basin was approximately
$33,133 per mg/] of TDS. Any development on the
river can be evaluated in dollar terms if, as we
hypothesized, farmers do respond to increasing
salinity in a prefit maximizing manner. The actual
losses to farmers are likely to be much higher if the
alternative management practices are not applied.

Next, municipal damages were evaluated and
costs estimated for increased salinity levels. It has
been recognized for sometime that variations in the
chemical constituents of water may affect the lifetimes
of household water conveyance systems and applian-
ces using water, Economic losses associated with
variation in water use by households were measured
for water heaters, various types of water pipes, brass
faucets, dishwashers, washing machines, and garbage
disposals,

Two locations in the Los Angeles area of
California were included with each location being
divided according to socio-economic units based on
differences in median home value, median contract
rent, number of persons per household, age of
structure, etc. Plumbing contractors, along with local
appliance dealers were contacied to provide estimates
of the average lifetimes for the various plumbing
fixtures and appliances.

A regression analysis examining the relationship
between estimated lifetime, total dissolved solids




(TDS), and the socio-economic variables was condue-
ted. None of the socio-economic variables were found
to be statistically significant in variation in estimated
lifetimes other than the number of people per
household.

Estimated economic losses for a typical Los
Angeles household, utilizing an 8 percent discount
rate, ranged from $620 to $1,010 in present value
terms with an increase in TDS from 200 to 700 mg/1.
The estimated economic losses developed in this study
are two to three times higher than those previously
reported in the water resource literature. Aggregate
damages to households in the Los Angeles metropoli-
tan area due to increased salinity levels can be
estimated to be between $880 million and $1.44 billion
in present value terms. An improvement of 10 mg/1
TDS in the Colorado River water delivered to Los
Angeles residences would lead to a cost savings of
approximately $14 million in present value terms, or
$1.12 million per year. This estimate is likely to be
downward biased since it does not include all types of
household savings. On the other hand, it does not take
into account technological advances such as using new
types of pipe or water softening devices..

An additional area relevant to this research, an
estimation of direct economic impacts of the upper
basin, was also examined. This included an inspection
of the origin of the salinity problem and the impact of
current users in complicating this problem. Salinity is
due in part to natural causes (salt springs, natural
runoff) and in part to man-made causes (agriculture
and industry). Salt contributions due to irrigation in
the upper basin have been estimated to account for
about 38 percent of the total damage which accrues to
downstream water users. A substantial amount of salt
is accumulated from ancient marine deposits beneath
irrigated land which is in addition to the usual
fertilizer leaching and evapotranspiration that occurs.
The economic costs to water users of nonstructural
methods of controlling saline irrigation return flows
were examined as opposed to the structural methods.
Nonstructural methods included changes in the
institutional system (incentives, constraints, penal-
ties) to modify current irrigation practices. It is
possible to influence the amount of deep percolation by
varying the amount and rate of water applied through
the course of a normal growing season. Two specific
practices include altering the length of time water is
allowed to run in each furrow and/or adjusting the
quantity of water in each furrow, It is also possible to
vary deep percolation losses by cutting back the
acreage of crops which traditionally are high
contributors in favor of those which are less of a
problem. Both of these methods involve increased
costs or deécreased income.

It could not be established conclusively that erop
yields would be reduced by more efficient irrigation
practices, so this cost was not included. From the
results obtained, it is apparent that improved
irrigation efficiency can bring about a 75 percent
decrease in salt discharge for a cost of $2.22 per ton of
salt removals with only a 3 percent loss in total net

farm income. While 40 percent of the initial salt load
can be removed by the use of crop substitution, it is at
a cost of $60 per ton of salt removal, It was also noted
that the evidence surrounding these conclusions are
not without question. For instance, there is considera-
ble disagreement as to the rate of salt pickup per unit
of drainage water. Also, it may not be possible to
increase irrigation efficiency without some sacrifice in
crop yield. Finally, there is no analysis of the
regulatory costs or social costs necessary to improve
water quality standards.

In a further attempt, to define the damages due to
various salinity levels, a physical model was construc-
ted to predict the response of soil, water, and crop
factors to irrigation. Various consequences of a given
irrigation management sequence for a typical season
were computed. Three important factors were varied,
including irrigation practices, initial salt concentra-
tions, and cropping procedures. This model provided
evidence that the elimination of salt leaching from
irrigated land was accompanied by rather dramatic
changes within the soil profile. Final salt concentra-
tion levels indicated a buildup of salts within the soil
which implied that there could be a serious effect on
crop yields if that level of salinity were maintsined.
However, when the irrigation level reached 86.7 cm,
salt was leached from the soil and the buildup ceased.
At the highest water application levels, there is an
indication of some transfer of salts from the soil into
the return flow.

Given the information concerning salt buildup and
leaching, an economic model was developed to suggest
ways to maximize profits at various levels of salt
outflow from the farm operation. A shadow price of
the salt outflow, determined with the use of linear
programming procedures, reflected a value of addi-
tional salt removal or outflow, The determination of
this value allowed a comparison of alternative
methods of reducing salinity in the river or
compensating the damages that accrue to downstream
users,

The level of profits for farmers remained fairly
constant at high water application rates, but profits
declined at the lower rates as productivity fell due to
the salinity buildup.

The actual costs of implementing improvement
practices and the reduction of income resulting from
declining yields as salts are maintained were included
in determining costs of reducing salt outflows through
irrigation management. When the total costs were
taken into aceount, it was evident from a one-year
analysis that a reduction in salt outflow to a level of
one or {wo tons per acre was less expensive than the
other viable alternatives. However, because of the
potential salt buildup that would subsequently occur,
the long run costs were greater than was indicated in
the one year analysis. This implied that a policy of zero
output of salt would be prohibitive if possible at all.

In conclusion, these data were combined with
data from other sources to construct cost and benefit




schedules for varying quantities of salt load reduction.
These schedules were designed to permit the
identification of justifiable projects or programs for
salinity control. The data available provided the
essential ingredients of a marginal cost schedule for
different quantities removed.

In general this study dealt with damages which
occur because of agricultural use since agriculture
accounted for 95 percent of the total water withdrawn
from the river. Damages to municipal and industrial
users were identified and costs assessed ss noted
earlier in the study. Those damages were not included
in the benefit schedule since the relatively small
withdrawals for municipal and industrial purposes
added little to benefits per ton of salt removed.
Benefits from salinity reduction take the form of
damages avoided. It was estimated that a change of
10,000 tons of salt in the upper basin resulted in a
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change of 1 mg/1 in the salinity level for the lower
basin.

On-farm practices which mitigate salinity and
reduce consumptive water may be economieally
worthwhile quite aside from the reduction in salinity
damages. The value of the water saved, evaluated in a
basin context, is more than the cost of the corrective
actions taken. It is more important to realize that at
the present time, there is no meotivation for the
private farm manager to undertake these steps since
all benefits acerue to the Lower Basin.

Since the upper bound on benefits is $24/ton in
the absence of forward linkages, it is clear that the
second round of crop modification and canal lining in
the Upper Basin is not economically feasible unless the
predominance of long-term forward linkages can be
demonstrated.




APPENDIX 1
AGRICULTURAL CONSEQUENCES FROM SALINITY
IN ARIZONA

Ernest B. Jackson, Agronomist
Arizons Agricultural Experiment Station

GILA AND YUMA PROJECTS

The soils of the Gila and Yuma irrigation projects
on the Colorade River in southwestern Arizona have
been divided, generally, into series and associations
by the Soil Conservation Service. They estimated the
occurrence of the different series in the Wellton-
Mohawk Valley by means of soil profile studies made
in holes dug on a 1/2 mile grid. The North Gila, South
Gila, and Yuma valleys are maped more genérally as
associations, principally C-2 and C-8. C-2 is the
Gilman-Vint Association which consists of 45 percent
Gilman series, 25 percent Vint series and 35 percent
soils of the Maripo, Agualt, Glenbar, and Imperial
series in approximately equal proportions. C-3 is the
Imperial-Glenbar Association which consists of about
40 percent Imperial clay, 30 percent Glenbar soils, and
30 percent Holtville, Gadsden and Cashion in about
equal proportions. Brea is found in small areas but not
named in either association.

Since these valley soils were laid down by the
Colorado and Gila Rivers, they occur in various
intermingled patterns, often small irregular strips.
For this reason, the valleys are cropped without
regard for soil type unless experience has shown that
a given aresa is unsuited to a given crop. Apparently,
no attempt has been made to report any distribution of
crops by soils.

The soils of the Yuma and Wellton mesas are
sandy and generally uniform with little variation, The
Wellton Mesa is 95 percent, or more, classed as the
Wellton series. The Yuma Mesa is entirely the
Superstition series.

With the assistance of Earl Champerlain of the
SCS Soil Survey group at Yuma, estimates of the
occurrence of the different soils were made as shown
in Tables 1-1 and 1-2. These were assigned to three
drainage groups by means of the soil series
descriptions and equated to the drainage classifica-
tions shown by Robinson (Appendix 2, p. 83).
Abbreviated soil series textural descriptions and
permeabilities (where available} are also shown in
Tables 1-1 and 1-2.
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Yields and acreages of the major crops in the Gila
and Yuma projects were obtained from crop census
data worksheets prepared by the Yuma Projects office
of the 1.S. Bureau of Reclamation. Weighted average
yields for the Project are summarized over six years in
Table 1-3.

Since crop acreages of the major crops have
steadily shifted toward the acreages now grown, the
1972 acreages, rather than averages, were used in the
projections for estimating future crop declination to be
expected from increasing salinity of the irrigation
water. The partitioning of crop acreages into drainage
classifications is shown in Table 1-4.

The effective values of soil saturation extract
conductivities for the three drainage classes as
worked out by Robinson and explained in his Imperial
Valley report (Appendix 2, Procedure, p. 88) are
shown in Table 1-5. These data with the yield
declination data from the California Committee of
Consultants, shown in Table 1-6, were used in
calculating the projected yields for the ten major erops
shown in Table 1-7. Values of the ten major crops from
1987 to 1973 are shown in Table 1-8, and costs of
irrigation water are shown in Table 1-9.

COLORADO RIVER TRRIGATION PROJECT
(COLORADO RIVER INDIAN RESERVATION
PARKER, ARIZONA)

The Bureau of Indian Affairs has classified the
Arizona bottom land soils of the Colorado River Indian
Reservation into four general classes, Classes 1, 3, and
4 were, more or less, carefully delineated, leaving the
soils which did not fall into these three classes in class
2. Billy Martin, Indian Service Soil Conservationist in
the Parker office, equated the four classes to the SCS
soil series classifications as follows: Class 1 is well
drained loam similar to the Gilman series. Class 3 is
well drained with medium textured topscils and
coarser textured subsoils similar to the Vint series,
Class 4 is very well drained and includes loams and
sandy loams underlaid with coarse sands similar to the
Brios series. Class 2 includes the heavier less well
drained fine textured soils. Approximately two-thirds




Table 1-1,

Asstgnment of soil series to drainage groups.®

§ Permea- i ificati ,
Si, ;;i;; ) Soil Texture ity Drainage Classification Acres Elihm ated
in./hr. Well Moderate  Poor ercent
North Giia, South Gila, and Yuma Valleys

Agualt: 0-27" Loam, 27-60”" Sand 0.6320 3,150 5
Brios: 0-14" Sandy Loam, 14-22* Coarse Sand, 22-50"

Stratified Coarse Sand 2.0 -6.0 3,150 R
Cashion: 0-27" Clay, 27-29” Very Fine Sandy Loam, 39-42"

Light Silt Loam 0.06-0.2 3,150 5
Gadsden: 0-43” Clay, 43-60” Clay Loam 0.06-0.2 3,150 5
Gilman: 0-13” Loam, 13-60" Very Fine Sandy Loam 0.63-2.0 12,600 20
Glenbar: 0-27” Clay Loam, 27-56" Silty Clay Loam, 56-60

Clay Loam 0.2 0.6 11,340 18
Holtville: 0-17” Silty Clay Loam, 17-24 Silty Clay, 24-35"

Silt Loam, 35-72" Loamy Very Fine Sand “Slow™ 3,150 5
Imperiai: 0-60" Siity Clay “Slow" 12,600 20
Maripo: 0-34" Sandy Loam, 34-60" Gravelly Sand 2.0 -6.3 3,150 5
Vint: 0-25” Loamy Fine Sand, 25-27” Silt Loam, 27-33"

Loamy Fine Sand, 33-36" Very Fine Sandy Loam,

36-42" Loamy Fine Sand, 42-45” Fine Sandy Loam, .

45-60" Loamy Sand 6.3 200 7,560 12

Yuma Mesa

Superstition: 0-60” Loamy Fine Sand 6.0 - 21,000 100

From U.S.D.A. S.CS. descriptions.
l)Permeability of most restricting layer.

of this classification is similar to the moderately well
drained Glenbar series, and approximately one-third
is similar to the poorly drained Gadsden or Imperial
series (Series descriptions are shown in Tables 1-1 and
1-2),

A total of 105,734 acres of the Colorado River
flood plain has been mapped and will eventually be
brought under cultivation. The annual crop reports
(USDI, 1969-1973) show an increase from 51,149 acres
cropped in 1969 to 62,748 acres in 1973. At this rate,
all of the project acreage should be under cultivation
within 15 years.

At present, the lighter soils are ecropped
principally with alfalfa, but there has been no effort to
determine the distribution of crops on the different
soil types. For this reason, the crop acreages shown in
Table 1-12 were arbitrarily assigned to the drainage
classes on the basis of the percentage figures shown in
Table 1-10, adjusted after assuming that approxi-
mately two-thirds of the alfalfa acreage is on the
lighter soils of classes 3 and 4.

Since the 105,784 acre project will all be under
cultivation by the year 2000, the 1973 acreages shown
in Table 1-12 were projected on that basis, as shown in
Table 1-13. These are the acreages used for estimating
future crop declination from increasing salinity of the
irrigation water (Table 1-15). The yield declination
data shown previously in Table 1-6 and used in
calculating the projected yields did not include that for
onions which is shown in Table 1-14. Values of the
seven major crops from 1969-1973 are shown in Table
1-18. Cost of irrigation water is shown in Table 1-17.
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CENTRAL ARIZONA PROJECT AREA

The Bureau of Reclamation awarded the first
construction contract of the Central Arizona Project in
April of 1973. Groundbreaking ceremonies were held
on the shores of Lake Havasu on May 6, 1973, and it is
anticipated that water will be flowing through the
Granite Reef Aqueduct by 1980, This gives the
Arizona Water Commission less than 5 more years to
complete the task of allocating CAP water to the many
potential users. They have “expressions of interest”
from approximately a hundred sources. These include
between 16 and 20 old established irrigation and
drainage districts, newly formed districts, utility
companies, mining companies, water companies,
municipalities, military posts, ranches, individuals,
and others, It is obvious that any sort of equitable
distribution will be extremely difficult.

In the course of negotiations which finally
resulted in authorization of the CAP, the Department
of the Interior assured Congress that there would be a
water supply adequate to deliver an annual average of
1,200,000 acre feet to the CAP during the 50-year
project cost repayment period. However, in any year
in which there should be too little water available to
deliver the minimum allotments to California, Nevada,
and Arizona, it is agreed that the shortage will be
borne first by the CAP. By the same token, CAP will

share in any surplus above these minimums.1

"Lower Basin allotments: California 4,400,000 acre feet;
Nevada 300,000; Arizona 2,800,000,




Table 1-2. Azsignment of sotl series to drainage groups.9
Permeg- Drainage Classification .
Sse(;ﬁ:s Soil Texture bilit;% il E;tunated
in./hr. Well Moderate Poor ercent
Wellton-Mohawk Valley

Aguait: 0-27" Loam, 27-60" Sand 0.63-2.0 8920 16.5
Brios: 0-14” Sandy Loam, 14-22"" Coarse Sand, 22-50"

Stratified Coarse Sand 2.0 6.0 4,590 8.5
Gilman: 0-13" Loam, 13-60"° Very Fine Sandy Loam 0.63-2.0 9,450 17.5
Glenbar: 0-27" Clay Loam, 27-56 Silty Clay Loam, 56-60

Clay Loam 0.2 06 1,890 3s
Holtville:  0-17” Silty Clay Loam, 17-24” Silty Clay, 24-35”

Silt Loam, 35-72" Loamy Very Fine Sand “Slow™ 2,430 4.5
Indio: 0-10" Very Fine Sandy Loam, 10-60" Stratified

Very Fine Sandy Loam and Silt Loam “Moderate” 5,400 10.0
Maripo: 0-34” Sandy Loam, 34-60°* Gravelly Sand 2.0 6.3 8,910 16.5
Meloland:  18-26" Silt Loam, 26-71” Silty Clay “Slow™ . 1,350 2.5
Niland: 0-23" Stratified Gravelly Sand and Sand, 23-48"

Silty Clay “Slow" 540 1.0
Ripley: 0-12" Silty Clay Loam, 12-20" Coarse Silt Loam, :

20-32" Very Fine Sandy Loam, 32-60" Fine Sand “Modetate” 1,620 3.0
Vint: 0-25" Loamy Fine Sand, 25-27” Silt Leam, 27-33"

Loamy Fine Sand, 33-36" Very Fine Sandy Loam,

36-42" Loamy Fine Sand, 42-45” Fine Sandy Loam

45-60" Loamy Sand 6.3 200 8910 16.5

Wellton Mesa

Coolidge:  0-63" Sandy Loam 20 6.3 270 2.5
Dateiand:  0-10" Loamy Fine Sand, 10-17" Fine Sandy Loam,

17-33” Loam, 33-66”° Sandy Clay Loam 2.0 6.0 270 2.5
Wellton: 0-6" Loamy Sand, 6-17" Light Sandy Loam, 17-28"

Gravelly Sandy Loam, 28-46"" Gravelly Loam,

46-56" Coarse, Sandy Loam, 56-70" Gravelly

Sandy Loam 20 6.0 10,260 95.0

3prom U.S.D.A. 8.CS. descriptions, holes on % mile grid.
bl’ermeabi]it:,r of most restricting layer.
Table 1-8. Yields of major crops in the Gila and Yuma Irrigation Projects.®
Crop 1967 1968 1969 1970 1971 1972 95% Confidence
Interval

Cotton 1.96 2.69 2.54 1.83 2.25 2.20 2.25 4 0.30 Bales
Alfalfa 6.08 5.88 6.82 6.68 6.77 6.83 6.51 +0.38 Tons
Lettuce 8.17 5.13 533 7.03 4.30 4.86 5.80 +1.35 Tons
Cantaloupes 6.37 7.29 7.40 8.22 709 7.64 7.34 +0.56 Tons
Wheat 199 2.10 2.09 2.13 2.32 2.33 2.16 £0.12 Tons
Grain Sorghum 2.00 1.86 1.72 2.00 2.22 1.90 1.95 £ 0.15 Tons
Grass Seed 7.42 8.65 7.22 6.83 1.36 6.97 741 £0.59 cwt.
Grapefruit 12.44 14.50 14.51 14.39 14.07 15.56 14.25 £ 0.93 Tons
Oranges and Tangerines  8.83 8.21 11.25 8.00 1.59 8.30 8.70 +1.20 Tons
Lemons 1520 19.94 15.94 11.93 10.70 10.47 14,03 £ 3.37 Tons

3Woighted average yields from the Weliton-Mohawk, North Gila, South Gila, and Yuma valleys, and the Wellton and

Yuma mesas.




Table 1-4.  Partition of crop acreage on different soil drainage classifications —Gila and Yuma projects.

Drainage Classification

Crop

Well Moderate Poor
Cotton 13,030 2,520 4,330
Alfalfa 23,140 3,830 6,440
Lettuce 7,720 1,950 3,580
Cantaloupes 4,530 1,100 . 2,000
Wheat 20,140 3,360 5,560
Grain Sorghum 9,000 1,230 . 1,900
Grass Seed 7,820 1,330 2,230
Grapefruit 2,200 100
Oranges and Tangerines 17,000 600
Lemons 10,000 700

Table 1-5. Effective values of soil satumtion extract conductivities in three soil drainage classes, six TDS levels,

and five irrigation management treatments.®

Errigations
DS "~ Per Year

Drainage Classification

Well Moderate " Poor

200 16
22
29
35
Sprinkler

1000 16
22
29
a5
Sprinkler

1100 16
22
29
35
Sprinkler

1200 16
22
29
35
Sprinkler

1300 16
22
29
35
Sprinkler

1400 16
22
29
35
Sprinkler
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3%From Robinson, F. E., 1974, Appendix 2, Table 2-8,

The Arizona Water Commission estimates that by
the year 2000 municipal and industrial uses will take at
least 400,000 acre feet, leaving approximately 800,000
for agrieuiture. This will fall far short of meeting the
needs. One large irrigation district alone has asked for
more than 500,000 acre feet of CAP water. Thus it is

clear that if only the established irrigation districts
are considered in the allocation of water, few can
expect to receive as much as half of what they have
asked for. Exceptions might be such districts as the
Salt River and San Carlos projects which have surface
water supplies, storage facilities and distribution




Table 1-8. Yield decrement to be expected for certain crops due to the level of salinity in the sodl solution as
shown by the electrical conductivity of the saturation extract in millimhos per centimeter.®

Cro 0% 10% 25% 50%
P mmho/cm mmbhofcm mmho/em mmho/em
Cotton 6.7 10.0 ) 120 16.0
Alfalfa 2.0 3.0 5.0 8.0
Lettuce 1.3 20 3.0 5.0
Cantaloupes 2.3 35 - No Data No Data
Wheat 47 7.0 100 14.0
Grain Soighum 4.0 6.0 9.0 120
Bermuda Grass 8.7 13.0 16.0 18.0
Grapefruit 1.9 2.5 No Data 5.0
Oranges and Tangerines 1.7 2.5 No Data 5.0
Lemons 1.7 2.5 No Data 5.0
Onions 1.3 20 3.5 4.0

3prom the California Committee of Consultants (1974).

Table 1-7. Projected yields of cotton in the Gila, North Gila, Wellton-Mohawk and Yuma valleys with four levels
of surface irrigation and sprinkler on three soid drainage classes.

Drainage Irrigations Total Dissolved Solids in Irrigation Water, mg/l
Classification Por Year 900 1000 1100 1200 1300 1400
Cotton in 1000 Bales
Well 16 All Values 29.32
13,030 Acres 22
29
35
Sprinkler
Moderate 16 All Values 5.67
2,520 Acres 22
29
35
Sprinkler
Poor 16 All Values 9.74
4,330 Acres 22
29
35
Sprinkler
Alfalfa Hay in 1000 Tons
Well 16 ' All Valnes 150.64
23,140 Acres 22
29
; 35
‘ Sprinkler
| Moderate 16 2493 23.93 22,69 21.81 20.94 20.19
| 3,830 Actes 22 24.93 24.93 24,68 2393 22.94 22.06
| 29 2493 2493 2493 24.68 23.68 22.94
| 35 24.93 2493 2493 2493 2493 24.68
‘ Sprinkler 24.93 24.93 24.93 24.93 2493 24.93
Poor 16 33.54 31.44 28.92 2683 24.52 22.01
‘ 6,440 Acres 22 35.63 33.54 31.86 2997 27.67 25.57
29 36.47 24.58 32.70 31.02 28.92 26.83
35 37.73 36.26 34.58 33.12 31.02 29.34
Sprinkler 41.50 38.99 36.68 35.21 33.33 31.44
Lettuce in 1000 Tons
l Well 16 44.78 44,78 44.78 44,78 43 .44 42.32
7,720 Acres 22 44.78 - 44.78 44.78 44.78 43.44 42.32
29 44,78 44,78 44.78 44.78 43.44 42,32
35 44.78 44.78 44.78 44,78 43.44 42.32
Sprinkler 44,78 44.78 44.78 44.78 44.78 44.78

Ayields based on Yuma Mesa—Yuma Valley history.
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Table 1-7. Continued,

Drainage Irrigations Total Dissolved Solids in Irrigation Water, mg/l
‘ . P
Classification er Year 900 1000 1100 1200 1300 1400
Moderate 16 10.18 9.50 8.65 8.09 7.35 6.79
1,950 Acres 22 11.14 10.69 10.01 9.50 8.82 7.07
29 11.31 10.97 10.52 10.01 9.33 8.82
35 11.31 11.31 11.31 1097 10.52 10,01
Sprinkier 11.31 11.31 11.31 11.31 11.31 10.97
Poor 16 12.14 10.38 8.51 6.95 5.19 3.32
3,580 Acres 22 13.81 12.14 10.59 9.34 7.58 6.02
29 14.53 12.98 1142 10.28 8.51 6.95
35 15.57 14,32 12.98 11.63 10.28 8.82
Sprinkler 18.37 16.50 14.84 13.49 11.94 10.38
Cantaloupes in 1000 Tons
Well | 16 All Values 33.25
4,530 Acres 22
29
35
Sprinkler
Moderate 16 8.07 7.99 7.67 7.38 7.06 6.82
1,100 Acres 22 8.07 8.07 8.07 799 7.78 7.46
29 8.07 8.07 8.07 8.07 795 7.75
35 8.07 8.07 8.07 8.07 8.07 8.07
Sprinkler 8.07 8.07 8.07 8.07 8.07 8.07
Poor 16 10.24 11.45 10.57 9.84 9.03 8.15
2,000 Acres 22 12,99 10.24 11.52 10.94 10.13 9.40
29 13.36 12,62 11.89 11.30 10.57 9.84
a5 13.80 13.21 12.62 12.04 11.30 10.72
Sprinkler 14.68 14.24 13.43 12.85 12.18 11.45
Wheat in 1000 Tons
Well 16 All Values 43.50
20,140 Acres 22
29
35
Sprinkler
Moderate 16 All Values 7.26
3,360 Acres 22
29
35
Sprinkler
Poor 16 12.01 11.83 11.47 11.17 10.81 10.45
5,560 Acres 22 12.01 12.01 11.89 11.55 11.29 10.99
29 12.01 12.01 12.01 11.77 11.47 11.17
35 12.01 12.01 12.01 12.01 11.77 11.53
Sprinkler 12.01 12.01 12.01 12.01 1201 11.83
Grain Sorghum in 1000 Tons
Well 16 All Values 17.55
9,000 Acres 22
29
35
Sprinkler
Moderate 16 2.40 2.40 2.40 2.40 2.40 2.38
1,230 Acres 22 240 2.40 2.40 2.40 2,40 2.40
29 2.40 2.40 240 240 2.40 2.40
35 2.40 2.40 2.40 2.40 240 2.40
Sprinkler 2.40 2.40 2.40 2.40 240 2.40
Poor 16 3.65 3.52 3.39 3.28 3.15 3.02
1,900 Acres 22 3.1 3.65 3.54 3.45 3.32 3.21
29 im 371 3.60 3.51 3.39 3.28
35 371 371 i 3.62 3.51 3.41
Sprinkler 3.71 37 3.7 3.71 3.64 3.52

Byields based on Yuma Mesa—Yuma Valley history,




Table 1-7. Continued,

Drainage Trrigations Total Dissolved Solids in Irrigation Water, mg/fl

Classificati
ssification Per Year 900 1000 1100 1200 1300 1400

Grass Seed in 1000 Cwt

Well 16 All Values 57,95
7,820 Acres 22
29
35
Sprinkler
Moderate 16 All Values 9.86
1,330 Acres 22
29
35
Sprinkler .
Poor 16 All Values 16.52
2,230 Acres 22
29
35
Sprinkler
Grapefruit in 1000 Tons?
Well 16 All Values 31.35
2,200 Acres 22
29
35
Sprinkler
Moderate 16 1.36 1.29 1.19 1.09 0.98 0.89
100 Acres 22 1.42 1.42 1.35 1.29 1.21 1.12
29 1.42 142 1.40 1.35 1.28 1.21
35 1.42 1.42 142 1.42 1.40 1.35
Sprinkler 1.42 1.42 1.42 1.42 1.42 1.42
Oranges and Tangerines in 1000 Tons®
Well 16 All Values 147.90
17,000 Acres 22
29
35
Sprinkler
Moderate 16 5.01 415 4.36 4.02 3.55 3.26
600 Acres 22 522 5.22 496 4,75 4.44 3.58
29 5.22 5.22 5.14 4.96 4.70 4.44
35 5.22 5.22 5.22 5.22 514 4.96
Sprinkler 522 5.22 522 5.22 5.22 5.22
Lemons in 1000 Tons®
Well 16 All Values 140.30
10,000 Acres 22
29
35
Sprinkler
Moderate 16 9.43 8.94 8.20 7.56 6.78 6.14
700 Acres 22 9.82 9.82 9.33 8.94 8.35 1.76
- 29 9.82 9.82 9.67 .33 8.84 8.35
35 9.82 9.82 9.82 9.82 9.67 9.33
Sprinkler 9,82 9.82 9.82 9.82 9.82 9.82

Ayields based on Yuma Mesa—Yuma Valley history.
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Table 1-8. Crop values on the Yuma and Gila projects 1967-

1978 (weighted averages).®

Value Per Acre

Crop

1967 1968 1969 1970 1971 1972 1973
Cotton 27497 348.81 227.28 250.68 428.35 375.43 625.56
Alfalfa 179.67 160.16 182.38 186.98 20563 233.33 305.41
Lettuce 789.29 817.56 776.00 708.07 1333.73 932.71 1100.01
Cantaloupes 746.44 717.83 709.52 821.44 878.61 935.58 1040.69 -
Wheat 105.04 91.26 102.49 102.46 119.76 137.35 206.55
Grain Sorghum 85.74 73.08 8266 109.44 108.21 117.88 172.86
Grass Seed 193.41 221.06 180.68 199.30 442,62 414.92 588.75
Grapefruit 550.84 1160.52 64593 545.33 770.79 896.49 363.19
Oranges and Tangerines 890.48 418.22 413.13 163.99 271.16 344,13 353.11
Lemons 1063.22 1207.56 715.75 917.35 1052.37 795.67 949.29

Total value, Yuma Valley, North Gila Valley, South Gila Valley, Yuma Mesa, and Wellton-Mohawk District over total

acres.

Table 1-9. Costs of irrigation water on the Yuma and Gila projects.

Base Allotment

Cost Per Acre Foot in Excess of Base Allotment

Irrigation Per Acre
District
Acre Ft, Cost? Ist 2Feet 2nd 2 Feet 2rd 2 Feet 4th 2 Feet All Additional

_ 1974
Yuma Mesa 9 13.50 1.55 1.55 1.55 1.55 1.55
Unit B (Mesa) 6 18.00 3.50 3.50 3.50 3.50 3.50
Yuma Valley 5 16.00 3.20 3.20 3.20 3.20 3.20
North Gila 5 8.50 No additional for excess
South Gila 5 16.00 3.20 3.20 3.20 3.20 3.20
Wellton-Mohawk 4 11.00 3.00 3.00 3.00 3.00 3.00

1975

Yuma Mesa 9 22.50 3.00 5.00 7.50 7.50 7.50
Unit B (Mesa) 6 24.00 4.25 4,25 5.00 5.00 5.00
Yuma Valley 5 2000 4.00 4.00 4.00 4.00 4.00
North Gila 5 10.00 No additional for excess i
South Gila 5 16.00
Wellton-Mohawk 4 11.00 4.50 4.50 5.20 10.00 15.00

&The base allotment charge is the minimum.

Table 1-10. Assignment of soil classes to drainuge groups. Potential acreage for cultivation by 2000 A.D.

Drainage Classification

Class® Estimated

fass Well Moderate Poor Percent

1 16,917 16

2 32,778 3

2 15,860 15

3 20,512 19.4

4 19,667 18.6
57,096 32,778 15,860 100

3Land classification map, Colorado River Irrigation Project, Colorado River Indian Reservation, Arizona; Branch of Land
Operations, Bureau of Indian Affairs U.S.D.I, Pheenix Area Office, 1964.




Table 1-11. Acre yields of major crops in the Colorado River (Indian Reservation) project.%

Crop 1969 1970 1971 1972 1973 95% Contidence
Interval
Alfalfa 8.00 8.00 8.00 8.25 8.50 8.15% 0.23 Tons
Cotton 2.75 225 2.25 2.75 3.00 2,60 £ (.34 Bales
Wheat 1.80 225 2.10 2.40 2.80 227 % 037 Tons
Grain Sorghum 1.50 1.50 2.04 2.00 1.60 1.73 & 0.27 Tons
Cantaloupes 250 250 300 250 350 280 £ 45  Crates
Lettuce 400 600 500 500 380 476 £ 89.4 Cin.
Onions 15.0 180 11.5 12.0 8.3 1296 £ 3.7 Tons

3 A nnual irrigation crop report No. 55-13F. Branch of Land Operations, Bureau of Indian Affairs, U.S.D.I,

Table 1-12. Partition of 1973 crop dcreage on

different soil drainage classes.®

Drainage Classification

Crop Well Moderate Poor
Alfalfa 16,100 4,290 2,020
Cotton 5,740 4 960 2,410
Wheat 5,240 4,520 2,200
Grain Sorghum 1,920 1,650 800
Cantaloupes 390 340 160
Lettuce 2,190 1,880 920
Onions 400 340 160

BAnnual irrigation crop report No. 55-13F, Branch of
Land Operations, Bureau of Indian Affairs, U.S.D.I. 1969-
1973.

systems in operation that could be greatly enhanced
by allotments of CAP water which would be
inadequate for comparable areas that depend entirely
upon groundwater.

Salt River Project

The Salt River Project irrigation system serves
approximately 261,246 acres of land in the Salt River

- Valley of central Arizona. It supplies full service to the

Salt River Valley Water Users Association (238,264
acres), supplemental service to special contractors
(22,982 acres), and 5.6 percent of the surface water
diverted at Granite Reef Dam to the Roosevelt Water
Conservation District.

In 1973 the acreage under full and supplemental
irrigation (not including RWCD) consisted of 101,370
acres of urban and suburban residential, commercial,
and industrial lands; 9,414 acres of farmsteads, reads,
ditches and drains; and 160,462 acres of cultivated
crop land. Of the crop land, 136,385 acres were
irrigated {Annual Crop Production Report, Salt River
Project).

In general, the Salt River Project includes: 1) the
Verde River with its two reservoirs above Horseshoe
Dam and Bartlett Dam; 2} the Salt River and its
reservoirs above Stewart Mountain Dam, Mormon
Flat Dam, Horseshoe Mesa Dam; 3) Granite Reef

diversion dam at the confluence of the two rivers; 4)
the distribution system which includes the Arizona
Canal, Grand Canal, Tempe Canal, Western Canal,
Consolidated Canal, Eastern Canal, and their laterals;
and 5) drainage and pumping works with 262 active
wells.

The Salt River Project also generstes electrical
power with the releases or flows from the dams on the
Salt and Verde Rivers. These hydro-electric plants are
not necessarily a part of this report except as they
affect the quality of water which reaches the farms
and cities. This effect may not be of great importance
because of the relatively low salt content of the two
rivers. However, water quality varies between the
rivers and with the amount of natural flow. Operation
of the power generating plants helps determine which
water source is released or stored at any given time
and therefore is a factor to consider. This will be
especially true if Orme Dam is built and different
proportions of SRP and CAP waters are stored there
at different times of the year.

There are other possibilities that could affect the
quality of water they might be delivered to the SRP,
as well as to other contractors for CAP water: 1.
Orme Dam may or may not be built, This would affect
the water quality for any user below this point in the
CAP system. 2. The SRP may have to make
exchanges with other CAP water contractors. The
amount of SRP water involved would affect the

Table 1-18. Acreage of the seven major crops
projected to the year 2000, when all of
the project land will be under irrigation.

Drainage Classification

C
rop Well Moderate Poor
Alfalfa 27,600 7,400 3,490
Cotton 9,830 8,560 4,120
Wheat 8,990 7,720 3,810
Grain Sorghum 3,280 2,850 1,370
Cantaloupes 630 630 320
Lettuce 3,810 3,280 1,590
Onions 630 630 320
TOTAL 54,710 31,070 15,020




mixture of CAP and SRP waters. 3. The quantities of
water allocations to the Indians. 4. The allocation
between various contractors for CAP water and their
diversion point locations (Teeples, per communiea-
tion). For the purposes of this report, the following
assumptions are made: 1) Continued surface water
supply based on a 10 year average; 2) possible CAP
allocations; 8) groundwater pumpage to maintain the
minimum balance required to meet SRP obligations;
and 4) uniform mixing of all water sources.

Water quality stations for which records are
pubiished on the surface water of the project are
downstream from Bartlett Dam on the Verde River
and the Stewart Mountain Dam on the Salt River. The
9 year average flow (1964-1972) of the Verde River
was 372,000 ac ft with a weighted average of 288 mg/1
TDS, while that of the Salt River was 533,000 ac ft
with 691 mg/l TDS (Arizona Water Commission files,
Hubbard, personal communications). The project is
presently pumping 252 wells, Over the 10 year period
ending in 1970 they pumped an average of 400,000
acre feet per year while the depth to water in selected
wells dropped an average of 13 feet per year (Arizona
Water Commission files). In 1970 the U.S. Geological
Survey estimated that a safe groundwater yield for
the SRP area is 300,000 ac ft per year, including that
pumped by others within the SRP boundaries.

It is estimated that by 1980 SRP obligations will
be 766,000 acre feet for agriculture, 190,000 for
municipal and industrial, and 289,000 (20 percent)
transportation and storage losses (Arizona Water
Commission files), With a continued supply of 860,000
ac ft of surface water and curtailed pumping of 200,000
ac ft, minimum balance to meet this obligation would
be 160,000 ac ft of CAP water.

The salinity in the active wells ranges from
around 300 mg/1 te 2,897 mg/1 TDS with an average of
980 mg/1 (Hubbard, personal communication). Since
CAP water is supposed to replace groundwater on a
one-to-one basis, the highest salt content wells could
be eliminated to . bring this average down to
somewhere near the present 776 mg/1 of the Colorado
River at Parker Dam. However, for the purposes of
this report, an average groundwater quality of 980
mg/1 TDS is used.

. If a continued supply of 850,000 ac & of surface
water and curtailed pumping of 275,000 ac ft is
assumed, an allotment of 75,000 ac ft of CAP water
would meet the minimum balance needed to fill SRP
obligations. The project water before addition of CAP
water would then have an average salinity of around

50

600 mg/l TDS which would be increased only slightly
by the addition of CAP water at its present level, and
only another 40 mg/l when the CAP reaches 1400 mg/1
(Table 1-17). If the SRP were allotted the 150,000 ac ft
CAP water they have requested, the salinity of the
blend would be slightly lower initially and only 26
mg/] higher when CAP water reaches 1400 mg/1
(Table 1-18). This is because of the trade off of
groundwater for CAP water. Since this is the case,
crop declinations are figured on the basis of the higher
allotment.

The seils of the general area served by the Salt
River Project irrigation system are assigned to
drainage groups in Table 1-19. This breakdown was
made from a general soils map of Maricopa County and
Salt River Indian Reservation prepared by the U.S.
Soil Conservation Service. The proportions of differ-
ent soil classes as shown here are used for both the
SRVWUA and areas of supplemental irrigation
service,

Yields of major crops in the areas served by the
SRP irrigation system were taken from the annual
crop reports of the SRP and are shown in Table 1-20.

Costs of SRP water to the user in 1975 are based
on the following formula: 1. Assessment to each user
$5.75. This provides 2 ac ft per acre. 2. Stored and
developed, and normal flow $2.00 per acre foot (1 acre
foot per acre allotted for 1975). 8. Pump water $8.00
per acre foot (maximum of 2 acre feet per acre for
1975). Cost to a specific water user will vary
depending on the land’s water right and the amount of
water used. .

Salt River Valiey Water Users Association

Acreages planted to major crops in the SRVWUA
are shown in Table 1-21, and assigned to drainage
classes in Table 1-22. The average acreages of wheat,
sorghum, and barley taken from Table 1-21 were
adjusted to more realistic figures in Table 1-22, based
upon recent trends away from sorghum and barley,
and the increased planting of wheat as a result of the
higher yield potential of the new stiff-strawed
varieties from Mexico.

Effective values of soil saturation extract condue-
tivities for the three soil drainage classes were worked
out for the levels of salinity to be expected after CAP
water is blended into the SRP system (Table 1-28).
These values with the expected yield decrements
shown in Table 1-24 were used to determine the
projected crop yields shown in Tables 1-25 and 1-26.



Table 1-14. Crop yields on the Colorado River Indian Reservation lands projected on the basis of completed
project acreage, as influenced by irrigation method and salinity of the irrigation water.

Drainage I{:rige;t{ions Total Dissolved Solids in Irrigation Water, mg/l
i i er Year
Classification 900 1000 1100 1200 1300 1400
Alfalfa Hay in 1000 Tons
Well 16 All Values 224,94
27,600 Ac. 22
29
s
Sprinkler
Moderate 16 60.31 5790 54.88 52.77 50.66 48.85
7,400 Ac. 22 60.31 60.31 59.71 57.90 55.49 53.37
29 60.31 60.31 60.31 59.71 57.29 55.49
35 60.31 60.31 60.31 60.31 60.31 59.71
Sprinkler 60.31 60.31 60.31 60.31 60.31 60.31
Poor 16 22,75 21.33 19.62 18.20 16.64 14.93
3,490 Ac, 22 24.17 22.75 21.61 20.33 18.77 17.35
29 24.74 23.46 22.18 2105 19.62 18.20
35 25.60 24.60 23.46 2247 21.05 1991
Sprinkler 28.16 26.45 24.89 23.89 22.61 21.33
~ Cotton in 1000 Bales
well 16 All Values 25.56
22
29
35
Sprinkler
Moderate 16 All Values 22.26
22
29
35
Sprinkler
Poor 16 10.71 10.71 10.71 10.71 10.60 10.39
22 10.71 10.71 10.71 10.71 10.71 10.7%
29 10.71 10.71 10.71 10.71 10.71 10.71
35 10.71 10.71 10.71 10.71 10.71 10.71
Sprinkler 10.71 10.71 10.71 10.71 10.71 10.71
Wheat in 1000 Tons
Well 16 All Values 29 .40
8,990 Ac. 22
29
35
Sprinkler
Moderate 16 All Values 17.52
7,720 Ac. 22
29
35
Sprinkler
Poor 16 B.65 8.52 8.26 8.04 1.79 7.53
3,810 Ac. 22 B.65 8.65 8.56 8.39 8.13 8.00
' 29 8.65 8.65 8.65 845 8.26 8.04
35 8.65 8.65 8.65 8.65 8.45 8.30
Sprinkler 8.65 8.65 8.65 8.65 8.65 8.52
Grain Sorghum in 1000 Tons
Well 16 All Values 6.61
3,280 Ac. 22
29
35
Sprinkler
Moderate 16 493 493 4.93 493 4.93 4.88
2,850 Ac. 22 493 493 4.93 493 493 4.93
29 493 493 493 4.93 493 4.93
35 4,93 493 4,93 493 4,93 4.93
Sprinkler 493 493 493 5.93 493 4,93
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Table 1-14.  Continued.

Drainage Irigations Total Dissolved Solids in Irrigation Water, mg/1
Classification Per Y
a or ear 900 1000 1100 1200 1300 1400
Poor 16 2.33 225 2.17 2.10 201 1.93
1,370 Ac. 22 2,37 2.33 2.26 2.20 2.12 2.05
29 2.37 2.37 2.30 2.24 2.17 210
35 2,37 2.37 2.37 23 2.24 2.18
Sprinkler 2.37 2.37 2.37 2.37 2.32 2.25
Cantaloupes in 1000 Crates
Well 16 - All Values 176.40
630 Ac. 22
29
35
Sprinkler _
Moderate 16 176 .40 175.17 167.58 161.41 154,35 149.06
630 Ac. 22 176.40 176.40 176.40 175.17 169.34 163.17
29 176.40 176.40 176.40 176.40 173.75 169,34
35 176.40 176.40 176.40 176.40 176.40 176.40
Sprinkler 176.40 176.40 176 .40 176.40 176.40 176.40
Poor 16 74.82 69.89 64.51 60.03 55.10 50.62
320 Ac. 22 79.30 74.82 70.34 66.75 61.82 57.34
29 81.54 77.06 72.58 68.99 64.51 60.03
35 84,22 80.64 77.06 73.47 68.99 65.41
Sprinkler 89.60 86.46 81.98 78.40 74.37 69.89
Lettuce in 1000 Cartons
Well 16 1813.56 1813.56 1813.56 1813.56 1768.22 1713.81
3,810 Ac. 22 1813.56 1813.56 1813.56 1813.56 1768.22 1713.81
29 1813.56 1813.56 1813.56 1813.56 1768.22 1713.81
35 1813.56 1813.56 1813.56 1813.56 1768.22 1713.81
Sprinkler 1813.56 1813.56 1813.56 1813.56 1813.56 1813.56
Moderate 16 1405.15 1311.48 1194.38 1147.54 1014.83 936.77
3,280 Ac. 22 1545.67 147541 1381.73 1311.48 1217.80 1131.93
29 1561.28 1522.25 1451.99 1381.73 1288.06 1217.80
35 1561.28 1561.28 1561.28 1522.25 1451.99 1381.73
Sprinkler 1561.28 1561.28 1561.28 1561.28 1561.28 1522.25
Poor 16 446.54 37842 310.30 257.33 189.21 121.09
1,590 Ac. 22 503.30 446.54 385.99 340.58 276.25 219.48
29 529.79 473.03 416.26 367./07 310.30 257.33
35 567.63 522,22 473.03 42383 367.07 336.79
Sprinkler 669.80 601.69 541.14 49195 43518 378.42
:Onions in 1000 Tons
Well 16 8.165 8.165 8.165 8.165 8.083 7.920
630 Ac. 22 8.165 8.165 8.165 8.165 8.083 7.920
29 8.165 8.165 8.165 8.165 8.083 71.920
35 8.165 8.165 8.165 8.165 8.083 7.920
Sprinkler 8.165 8.165 8.165 8.165 8.165 8.165
Moderate 16 7.838 7634 7.389 7.104 6.695 6.369
630 Ac. 22 8.124 7961 7.798 7.634 7.430 7.185
29 8.165 8.083 7920 7.798 7.593 7.430
35 8.165 8.165 8.165 8.083 7.920 7.798
. Sprinkler 8.165 8.165 8.165 8.165 8.165 8.083
Poor 16 3.193 2.074 0.581 0 0 0
320 Ac, 22 3.442 3.193 2.281 1.244 0 0
29 3.566 3.318 2.903 1.866 0.581 0
35 3.732 3.525 3.318 3.110 1.866 0.809
Sprinkler 3.960 3.815 3.608 3.401 3.152 2074
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Table 1-15. Crop values on the Colorado River Indian Reservation irrigation project.%

Average Market Value Per Acre

Crop
| 1969 1970 1971 1972 1973
| Alfalfab 240.00 224.00 232.00 264.00 425,00
Cotton 441.00 493.00 393.00 462.00 579.00
Wheat 210.00 121.00 120.00 140.00 210.00
Grain Sorghum 96.00 75.00 96.00 93.00 96.00
Catitaloupes 2625.00 1625.00 2100.00 1375.00 2625.00
Lettuce 1140.00 900.00 1500.00 1500.00 1140.00
Onions 282.00 630,00 368.00 15.00 282.00

3 Annual irrigation crop report No. 55-13F, Branch of Land Operations, Bureau of Indian Affairs, U.S.D.L 1969-1973.
PIncludes lint and seed.

Table 1-16. Cost of irrigation water on the Colorado River Indian Reservation project.

Base Allotment Per Acre Cost of All
Water in Excess of
Acre Feet Cost The Base Allotment
5 11.00 1974 $2.00 Per Acre Foot
5 14.00 1975 $3.50 Per Acre Foot

Table 1-17. Effects of increasing salimity of CAP water when it is blended into the Salt River project water
(Assuming an allotment of 75,000 ac fi of CAP water}), .

850,000 Ac.Ft~ 275,000 Ac.Ft 1,125,000 Ac. Ft. 75,000 Ac. Ft 1,200,000 Ac Ft
Salt and Verde Groundwater Salt River Project C.A.P. Water Blended C.AP.
Rivers Water? Water and S.R.P. Water
TDS mg/fi TDS mg/fl TDS mg/l TDS mg/l TDS mg/l
4670 980° 592 7754 604
467 980 592 900 612
467 980 592 1,000 618
467 980 592 1,100 624
467 980 592 1,200 630
467 980 592 1,300 637
467 980 592 1,400 643

3Nine year average flow (1964-1972) of 905,000 acre feet less 5.6% to the Roosevelt Water Conservation District,
leaves 854,000 Ac. Ft. surface water.

| bTh.e nine year average flow of the Verde River below Barlett Dam was 372,000 acre feet with an average of 288 mgfi
j T.D.S., while that of the Salt River below Stewart Mountain Dam was 533,000 acre feet with an average of 591 mg/1 T.D.S.
|
|

CAverage salinity of active 8.R.P. wells. Figure supplied by the Salt River Project Office. T.D.S. of individual wells ranges
from 200 to 3,000 mg/l. Volumetric average varies according to which wells are being pumped.

dPresent salinity of Colorado River water of the-C.A P. diversion point above Parker Dam.
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Table 1-18. Effects‘ of increasing salinity of CAP water when it is blended into the Salt River project water
{assuming allotment of the 160,000 ac ft requeated). :

850,000 Ac Ft 200,000 Ac Ft

1,050,000 Ac Ft.

150,000 Ac Ft 1,200,000 Ac Ft

Sal.t and Verde Fumped Water Salt River Project C.A.P. Water Blended C.A.P,
Rivers Water Water and S.R.P. Water
TDS mgfl TDS mgft TDS mg/l TDS. mg/l TDS mg/!
467 980 565 715 591
467 980 565 900 607
467 980 565 1,000 619
467 980 565 1,100 632
467 980 565 1,200 644
467 980 565 1,300 657
467 . 980 565 1,400 669

Table 1-19. Assignment of soil geries to drainage groups for lands served by the Salt River project — full and

supplemental. @
i Permeg- Drainage Classificati .
SSE ?i::s Seil Texture bilit]."g i cation Els,zl:,t:rtﬁd
in./hr, Well Moderate Poor
55% 36% 9%

Antho: 0-36" Sandy Loam, 36-47" Loamy Sand, 47-60" Light

Sandy Clay Loam 2.0 -6.0 16,460 6.3
Avondale:  0-12” Clay Loam, 12-37" Heavy Loam 37-55" Very

Fine Sandy Loam 0.2 06 13,060 5.0
Cashion: 0-27" Clay, 27-29” Very Fine Sandy Loam, 29-42"

Light Silt Loam 3,920 1.5
Contine: - 0-12” Clay Loam, 12-38" Clay Loam-Clay, 38-60™

Loam-Clay Loam 0.06-0.2 16,720 6.4
Coolidge: 0-63” Sandy Loam 2.0 -6.3 16,720 6.4
Estrella; 0-24" Loam, 24-48” Clay Loam, 48-55" Gravelly

Light Clay Loam 0.2 0.6 23,250 8.9
Gadsden: 0-43” Clay, 43-60" Clay Loam 0.060.2 3,920 1.5
Gilman: 0-13” Loam, 13-60” Very Fine Sandy Loam 0.6 2.0 73,670 28.2
Glenbar: 0-27” Clay Loam, 27-56" Silty Clay Loam, 56-60" 0.2 0.6 3,920 1.5

Clay Loam
Laveen: 0-60" Loam 0.6 2.0 35,000 13.4
Mohall: 0-10" Coarse Sandy Loam, 16-19" Sandy Clay Loam,

19-27” Clay Loam, 27-37" Loam, 37-76" Gravelly

Sandy Loam, 76-98" Gravelly Coarse Loamy Sand 0.2 -0.63 46,500 17.8
Rillito: 0-2” Loam, 2-10” Fine Sandy Loam, 10-32™ Gravelly

Loam, 32-41” Gravelly Sandy Loam, 41-59”

Gravelly Loam, 59-75” Gravelly Sandy Loam 0.6 -2.0 1,830 0.7
Valencia:  0-26" Sandy Loam, 26-31" Light Sandy Clay Loam,

31-48” Clay Loam, 48-60” Sandy Clay Loam 0-2 -0.6 6,270 2.4

143,680 93,000 24,560

aAcreages estimated from maps supplied by the $.R.P. and U.8.5.C.8. Phoenix.

I:'l’erme.abili’ty of the most restricting horizon.

Salt River Project Supplmental
Irrigation Service

The SRP supplemental irrigation contracts and
acres itrigated in 1973 are: Fort McDowell Indian
Reservation, 315 acres; Gila Crossing District, 687:
Maricopa Colony District, 1,094; Peninsular Horowitz
District, 2,070; Salt River Indian Reservation, 10,797;
and St, Johns Irrigation District, 1,286. The crop
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yields and values ﬁrere reported in the SRP crop
reports and therefore are the same as for the
SRVWUA.

Average acreages of major crops grown in the
supplemental irrigation areas are partitioned into soil
drainage classes in Table 1-27. Projected crop yields,
as affected by increasing salinity of the CAP ater are
shown in Tables 1-28 and 1-29, Crop values are shown
in Tables 1-39 and 1-40. - -



Table 1-20. Yields of major crops in the Salt River project.®

Crop 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 95%1%122{311@
Alfalfa Hay 54 53 59 60 60 60 60 60 60 6.0 5.86% 0.19 Ton
Upland Cotton 225 230 150 1.75 250 225 2.00 2.25 243 255 2.18 % 0.24 Bale
Upland Cotton Seed 100 100 0.60 080 100 100 1.00 100 1.10 1.10 096 0.11 Ton
Barley 204 192 180 199 197 1.70 199 204 214 221 198+ 0.11 Ton
Wheat 225 255 270 2.82 258 0.39 Ton
Sorghum i.85 213 213 238 224 2.18 2.24 1.82 2.18 2.35 2,15 0.13Ton
Carrots 13.0 13.0 13.0 13.5 135 13.5 105 120 130 100 125 £ 091 Ton
Lettuce 418 474 526 400 378 410 409 512 473 525 4525 *40.1 Ctn.
Onions (Dry) 300 300 300 300 300 375 360 375 450 450 351.0 * 439 Cwt.
Grapefruit 203 159 192 123 360 248 440 209 198 216 2348 680 Cwt.
Oranges and Tangerines 137 118 201 275 134 168 206 177.0 * 50.7 Cwt.
Sugar Beets 180 20.0 19.0 150 214 225 230 198 * 2.8 Ton

3¥ields taken from annual crop reports of the S.R.P., full and supplemental irrigation service.
Table 1-21. Acreages planted to major crops, SRVWUA area.

Crop 1967 1968 1969 1970 1971 1972 1973 Average
Alfalfa 40,719 44,038 41,790 45,567 42,734 44954 45,780 43,655
Upland Cotton 26,567 29,518 31,556 29 449 23,415 25,851 23,564 27,131
Barley 28,585 27915 27,047 26,587 25,827 9,614 6,102 21,668
Wheat 3,464 3,626 3,568 1,772 11,503 17,309 16,972 9,173
Sorghum 371,17 31,235 24,143 18,943 17,617 9,293 12,962 21,623
Lettuce 1,163 720 286 117 283 1,386 1,270 746
Onions (Dry) 2,102 1,825 940 156 219 1,309 63 945
Grapefruit 1,581 1,575 1,629 1,528 1,636 1,175 1,320 1,349
Oranges & Tangerines 2,936 2,925 3,329 3,342 3,052 2,872 3,151 3,087
Sugar Beets 4,303 4,815 8,460 5,705 1,698 1,960 884 3,975
Carrots 1,254 1,294 590 818 385 800 907 864

Total 134,216
Table 1-22, Partition of crop acreages of the SRVWUA into three soil drainage classes.
Drainage Classification
Crop

Well Maoderate Poor
Alfalfa 24,000 15,725 3,930
Upland Cotton 14,920 9,770 2,440
Barley 9,170 6,000 1,500
Wheat 10,550 6,900 1,720
Sorghum 9,140 5,980 1,500
Lettuce 410 270 70
Onions (Dry) 520 340 B -
Grapefruit 740 490 120
Oranges & Tangerines 1,700 1,110 280
Sugar Beets 2,190 1,430 360
Carrots 475 310 80
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Table 1-28.  Effective values of soil saturation extract conductivities (ECe x 10°) in three soil drainage classes,
Jour TDS levels, and five irrigation treatments,

DS lrrigations Drainage Classification
Per Year
Well Moderate Poor
500 16 0 0.3 1.5
22 0 0 1.2
29 0 0 1.0
35 0 1} 0.8
Sprinkler 0 0 0
600 16 0 0.7 2.2
22 0 0.3 1.8
29 0 0.1 1.6
35 0 0 1.3
Sprinkier 0 0 0.3
700 16 0 14 33
22 0 0.8 2.7
29 0 0.6 2.5
35 1} 0.2 21
Sprinkler 0 0 1.2
800 16 0.1 1.5 35
22 0.1 1.0 3.0
29 0.1 0.8 2.8
35 6.1 0.4 24
Sprinkler 0 0 1.4

Table 1-24.  Yield decrement to be expected for the major crops in Central Arizona at differen;}evels of soil
salinity as measured in millimhos of electrical conductivity per centimeter (ECe x 107).9

Yield Decrement

Crop
0% 10% 25% 50%

mmho/cm -mmhofcm mmhofem mmho/cm
Alfalfa 2 3 5 8
Barley 8 12 16 18
Cantaloupes 2.3 35 No Data No Data
Carrots 1 1.5 2.5 4
Cotton 6.7 10 12 16
Grapefruit 1.7 2.5 5
Grapes 2.7 4 8
Lettuce 1.3 2 3 5
Onions 1.3 2 35 4
Oranges and Tangerines 1.7 2.5 5
Safflower 53 8 11 14
Sorghum 4 6 9 12
Sugar Beets 6.7 10 13 16
Watermelons 2 No Data No Data No Data
Wheat 4.7 7 10 14

AFrom the Californis Committes of Consultants (1974).



Table 1-25. SRVWUA crop yields projected on the basis of 150,000 ac ft per year of CAP water blended with
1,050,000 ac ft of SRP water, as affected by increasing salinity of the CAP water, soil type, and

wrrigation method.
Total Dissolved Solids in Irrigation Water, mg/t
C.AP. Water
Drainage Irrigations
Classification Per Year SRP 900 1100 1400
Water Blend
565 607 632 669
Alfalfa in 1000 Tons
Well 16 All Values 140.6
24,000 A 22
29
35
Sprinkler
Moderate 16 All Values 185.53
15,725 A 22
29
35
Sprinkler
Poor 16 23.03 22.57 21.65 20.73
3,930 A 22 23.03 23.03 22.80 21.65
29 2303 23.03 23.03 22.34
35 23.03 23.03 23.03 23.03
Sprinkler 23.03 23.03 23.03 23.03
Lettuce in 1000 Cartons
Well 16 All Values 185.53
410 A 22
29
35
Sprinkler
Moderate 16 All Values 122.18
270 A 22
29
35
Sprinkler
Poor 16 28.51 2756 25.66 23.76
70 A 22 30.41 29.46 28.04 25.66
29 31.20 3041 2899 27.09
35 31.68 31.68 30.73 28.99
Sprinkler 31.68 31.68 31.68 31.68
Onions in Tons
Well 16 All Values 9,126
520 A 22 i
29
35
Sprinkler
Moderate 16 All Values 5,967
340 A 22
29
35
Sprinkler
Poor 16 1,477 1,410 1,380 1,343
85 A 22 1,492 1,447 1,425 1,380
29 1,492 1,470 1,440 1,402
35 1,492 1,492 1,470 1,440
Sprinkler 1,492 1,492 1,492 1,492
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Table 1-25. Continued.

Toia.l Dissolved Solids in Irrigation Water, mg/l

Drainage Irrigations C.AP. Water
Classification Per Year
200 1
SRE. 100 1400
Walter Blend
565 607 632 669
Grapefruit in Tons
Well 16 All Values 8,688
740 A 22
29
35
Sprinkler
Moderate 16 All Values 5,753
490 A 22
29
35
Sprinkler
Poor 16 1,353 1,240 1,240 1,155
120 A 22 1,409 1,388 1,339 1,240
29 1,409 1,409 1,374 1,303
35 1,409 1,409 1,409 1,374
Sprinkler 1,409 1,409 1,409 1,409
Oranges in Tons
Welt 16 All Values 15,045
1,700 A 22
29
35
Sprinkler
Moderate 16 All Values 9,824
1,110 A 22
29
35
Sprinkler
Poor 16 2,319 2,317 2,181 2,032
280 A 22 2,478 2,441 2,354 2,181
29 2,478 2,478 2,416 2,292
35 2,478 2,478 2,478 2,416
Sprinkler 2,478 2,478 2,478 2,478
Carrots in Tons
Well 16 All Values 5,938
475 A 22
29
35
Sprinkler
Moderate 16 3,875 3,875 3,875 3,720
310 A 22 3,875 3,875 3,875 3,875
29 3,875 3,875 3,875 3,875
35 3,875 3,875 3,875 3,875
Sprinkler 3,875 3,875 3,875 3,875
Poor 16 825 795 735 665
80 A 22 885 855 810 735
29 925 885 840 780
35 980 940 885 840
Sprinkler 1,000 1,000 1,000 1,000
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Table 1-26.  Projected acreages and yields of major crops of the SRVWUA not affected by increases in salinity of
the CAP water to 1400 mg/L

Drainage Classification
I Crop Welt Moderate Poor
Acres Yield Acres Yield Acres Yield

| Barley 9,170 18,157 Tons 6,000 11,880 Tons 1,500 2,970 Tons
‘? Cotton (Upland) 14,920 32,526 Bales 9,770 21,299 Bales 2,440 5,319 Bales
| Cotton Seed (Upland) 14,323 Tons 9,379 Tons 2,342 Tons
| Sorghum 9,140 19,651 Tons 5,980 12,857 Tons 1,500 3,225 Tons
‘ Sugar Beets 2,190 43,362 Tons 1,430 28,314 Tons 360 7,128 Tons
| Wheat 10,550 27,219 Tons 6,900 17,802 Tons 1,720 4,438 Tons

Table 1-27.  Partition of major crop acreages of the SRP supplemental irrigation areas into soil drainage classes.

Drainage Classification
Crop

Well Moderate Poor
Alfaifa 1,300 1,000 260
Barley 1,190 780 190
Cotton 1,910 1,250 320
Lettuce 2,350 770
Onions 310
Sorghum 1,600 1,100 300
Sugar Beets 500 400 170
Wheat 1,000 1,000 740

Table 1-28. Yields of major crops in the SRP supplemental irrigation area projected on the basis of increasing
salimity of CAP water when it is blended into the SRP irrigation system, as influenced by irrigation

method and soil drainage class.
Total Dissolved Solids in Irrigation Water, mg/l
C.AP. Water
Drainage Irrigations
Classification Per Year SRP. 900 1100 1400
Water Blend
565 607 632 669
Alfalfa in Tons
Well 16 All Values 7,618
1,300 Ac. 22
29
35
Sprinkler
Moderate 16 All Values 5,860
1,000 Ac. 22
29
is
Sprinkler
Poor 16 1,524 1,494 1,433 1,372
260 Ac. 22 1,524 1,524 1,509 1,433
29 1,524 1,524 1,524 1,478
35 1,524 1,524 1,524 1,524
Sprinkler 1,524 1,524 1,524 1,524
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Table 1-29.  Projected acreages and yields of magjor crops in the SRP supplemental irrigation areas not affected
by increases in salinity of the CAP water to 1400 mg 1.

Drainage Classification

Crop Well Moderate Poor
Acres Yield Acres Yield Acres Yield

Barley 1,190 2,356 Tons 780 1,544 Tons 190 376 Tons
Cotton (Upland) 1,910 4,164 Bales 1,250 2,725 Bales 320 698 Bales
Cotton Seed (Upland) 1,834 Tons 1,200 Tons 307 Tons
Lettuce 2,350 106,338 Ctn, 770 348,425 Ctn.

Onions 310 5,441 Tons

Sorghum 1,600 3,400 Tons 1,100 2,365 Tons 300 645 Tons
Sugar Beets 500 9,900 Tons 400 7,920 Tons 170 3,366 Tons
Wheat 1,000 2,580 Tons 1,000 2,580 Tons 740 1,909 Tons

The Roosevelt Water Conservation District

The Roosevelt Water Conservation District is on
the east side of and adjacent to the SRVWUA district,
1t has a total irrigable area of 39,416 acres. In 1978 this
acreage consisted of 116 acres of urban and suburban
residential, commercial, and industrial lands; 1,211
acres of farmsteads, roads, ditches, and drains; and
84,703 acres of cultivated cropland, of which 28,188
acres were irrigated (Annual Crop Production
Records, Roosevelt Water Conservation District).

The water supply consists of 5.6 percent of the
surface water diverted at Granite Reef Dam by the
SRP, and 55 active welis. The wells are pumped
directly into the distribution system which consists of
141 miles of concrete lined canals and laterals
{Hubbard, personal communications). The average
surface water supply from SRP has been approxi-
mately 50,000 ac ft per year2, and the average
pumpage has been approximately 100,000 ac ft per
year {Arizona Water Commission files). If an
allotment of 50,000 ac fi of CAP water is assumed
(RWCD request was 75,000 ac ft), they would still
have to continze pumping 50,000 ac ft to meet their
needs.

No specific data on the salinity of the wells being
pumped is available, but an estimate can be made by
averaging the published analysis made on wells within
the district area (Table 1-30). How much the
increasing salinity of CAP water might affect the
RWCD water will depend upon how it is delivered to
the district. If the CAP water is mixed with the SRP
surface water above Granite Reef Dam (or Orme Dam)
the dilution will be very beneficial to RWCD, as shown
in Table 1-31. But if the CAP water is delivered
directly to the RWCD system, the resulting blend will
be significantly higher in TDS as shown in Table 1-32.

The soils of the RWCD are assigned to drainage
groups in Table 1-33. Acreages of major crops are
partitioned into drainage classes in Table 1-34.
Average yields are shown in Table 1-35, Projected

%.6 percent of 800,000 ac ft (9-year average flow of the Salt
and Verde Rivers).
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crop yields as affected by increasing salinity of CAP
water are shown for the two possible blends in Tables
1-36 and 1-37. Crops not affected by increases in
salinity of CAP water to 1400 mg/] are shown in Table
1-38. Crop values for the RWCD, SRVWUA, and SRP
supplemental are shown in Tables 1-39 and 1-40.

Water costs in the RWCD for 1975 are $11 per ac
ft plus $15 service charge on each active account. In
1973 there were 628 active accounts for a total of
$9,420 service charge on 28,188 irrigated acres or
$0.33 per acre. From March 1 to October 1 irrigation
water supply is limited to 2.6 ac ft per acre of land,
except that water right may be transferred from one
account to another, either under the same or different
owners, The RWCD office estimates water use at 9.4
ac ft per acre over the entire year.,

Roosevelt Irrigation District

The Roosevelt Irrigation District is in western
Salt River Valley and includes an area approximately
20 miles long and 3 miles wide along the north side of
the old Gila River channel between the Agua Fria and
Hassayampa Rivers. The total irrigable area is 38,152
acres. In 1973 this was broken down into 2,260 acres of
farmsteads, roads, ditches, and drains; 660 acres of
urban and suburban residential, commerecial, and
industrial; and 31,668 acres irrigated for harvest or
pasture (Annual Crop Production Reports, Roosevelt
Irrigation District),

The irrigation water is entirely from wells
pumped into a concrete-lined distribution system
(Arizona Water Commission files). The estimated
pumpage is 160,000 ac ft per year from 106 active
wells. Some of the water comes from wells within the
western boundaries of the Salt River Valley Water
Users Association, some from wells along the Agua
Fria River but to the east of the old river bed, and
some from wells within the RID boundaries. Nearly all
are high in salt content as is shown by published
analysis of a few selected wells {Table 1-41) (Teeples,
personal communication), Water samples taken di-
rectly from the main canals have run around 1300 mg/1
TDS {(McLouth, personal communication). If this
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[ Table 1-30. Water quality of selected wells in the Roosevelt Water Conservation District.9

, Sample EC TDbS Water

Twp Range Section Date x 10° g/l SAR Class
| 1IN 6E 4 1966 1.2 780 4.7 C3-81
4 1960 12 835 4.9 C3-51

15 1963 1.7 931 4.1 C3-51

17 1959 1.5 740 5.5 C3-82

22 1961 1.1 639 8.6 C3-52

26 1959 1.1 734 8.5 C3-82

26 1959 1.2 655 9.4 C3-82

34 1967 08 520 4.9 C3-81

18 6E 10 1961 1.7 931 2.8 C3-81
13 1956 12 850 1.3 C3-81

21 1959 1.3 641 2.8 C3-81

28 6E 2 1950 1.0 681 1.6 C3-81
2 - 1950 1.4 993 1.5 C3.81

9 1950 14 977 1.9 C3-81

28 1951 0.9 638 25 C3.82

32 1957 0.8 693 7.0 C3-82

Average 1.2 765 4.5 C3.81

33mith, H. V., G. E. Draper, and W, H. Fuller. 1964. The quality of Arizona Irrigation Waters. University of Arizona
Experiment Station, Report 223,

Table 1-81.  Effects of increasing salinity of CAP water when it 12 blended with SEP surface water before being
delivered to the RWCD (assuming an allotment of 200,000 ac ft 150 000 SRP and 50,000

RWCD—delivered above Granite Reef Dam). Kl
900,000 Ac. Ft 200,000 Ac Ft 100,000 Ac Ft 50,000 Ac. Ft 150,000 Ac Ft.
Salt and Verde of C.A.P. Water of Blended R.W.C.D. Bilended C.A.P., S.R.P.,
Rivers Water SREP-CAP Groundwater R.W.C.D. Groundwater
TDS mgfl TDS mg/l TDS mg/l TDS mgfl TDS mg/l

470 715 522 765 603

470 900 548 765 620

470 1,000 566 765 632

470 1,100 585 765 645

470 1,200 603 765 657

470 1,300 621 765 669

470 1,400 639 765 681

Table 1-82. Effects of increasing salinity of CAP water when it is blended into the RWCD water (assuming an
allotment of 50,000 ac ft of CAP water) delivered dt'reqtty into the RWCD system.

Apresent salinity of the Colorado River water at the C.A.P. diversion point above Parker Dam.

50,000 Ac. Ft. 50,000 Ac Ft 100,000 Ac Ft 50,000 Ac Ft. 150,000 Ac Ft
Salt and Verde Groundwater R.W.C.D. Water C.AP. Water Blended C.A.P. and
| Water? R.W.C.D. Water
| TDS mg/fl TDS mg/l DS mg/l TDS mg/l TDS mg/l
‘L 470 765 620 7752 672
[ 470 765 620 900 713
; 470 765 620 1,000 747
470 765 620 1,100 780
l 470 765 620 1,200 813
{ 470 765 620 1,300 847
; 470 765 620 1,400 880
\
(
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Table 1-38. Assignment of Roosevelt Water Conservation District soils to drainage groups. 9

Drainage Classification

. Permeability
Series In./Hour
Well Moderate Poor
Antho 20 -6.0 1,388
Avondale 0.2 -0.6 1,353
Contine 0.06-0.2 6,975
Coolidge 20 -63 763 '
Estrella 0.2 -06 2,533
Gadsden 0.06-0.2
Gilman 06 -2.0 7,461
Glenbar 0.2 -06 416
Laveen 0.6 -2.0 1,631
Mohall 0.2 -06 11,001
Rillito 06 -2.0 104
Valencia 0.2 -06 174
Vecent 0.06 -0.2 486
11,347 15,477 7,877
Acres irrigated in 1973 30,720
Idle cropland 3,981

Total area in irrigation rotation

Table 1-34.  Partition of magor crop acreages of the Roosevelt Water Conservation District tnto soil dratnage

34,701

classes.
Drainage Classification
Crop
Well Moderate Poor
Alfalfa 3,510 4,580 2,280
" Barley 1,100 1,430 710
Cotton 2,570 3,350 1,670
Sorghum 395 510 258
Sugar Beets 395
Wheat 520 670 340
Lettuce 200
Watermelon 540
Grapefruit 400 660 330
Oranges & Tangerines 1,000 1,410 780
Table 1-35. Yields of major crops in the Roosevelt Water Conservation District.®
Crop 1968 1969 1970 1971 1972 1973 95% Confidence
‘ Interval
Alfalfa Hay : 6.0 6.0 6.0 6.0 6.0 6.0 6 0 Ton
Barley 1.97 1.70 1.99 2.04 2.14 2,16 2 +0.19 Ton
Wheat 1.86 1.86 2.25 2.55 2.70 2.76 2,33 +0.46 Ton
Sorghum 1.92 2.18 2.24 1.82 1.71 2.16 2.01 £0.25 Ton
All Cotton 2.23 2.17 1.92 2.14 2.01 1.96 2.07 £0.14 Bale
All Cotton Seed 0.90 0.95 0.97 0.95 0.85 0.88 0.92 +0.05 Ton
Carrots 13.50 13.50 900 12.00 6.50 13.00 11.25 £ 3.31 Ton
Lettuce 492 10.25 10.23 12.83 1.75 13.50 9.88 £ 3,75 Ton
Watermelon 14.00 14.00 8.50 12.00 13.00 10.00 1192 + 2,58 Ton
Sugar Beets 20.00 19.00 15.00 21.40 22.50 23.00 20.15 £3.37 Ton
Grapefmit 18.00 12.40 2200 10.45 18.75 10.80 15.40 £ 5.54 Ton
Lemons and Limes 19.25 109 19.25 15.30 16.18 + 7.31 Ton
Oranges & Tangerines 5.93 10.05 13.75 6.7 12.35 10.30 9,85 £ 3.52 Ton

3Yields prior to 1972 from Salt River Project crop reports.
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Table 1-36.. Yields of major crops in the RWCD projected on the basis of CAP water delivered above Granite
Reef Dam, and the resulting blend then delivered to RWCD.

T.D.S. of C.A.P. Water, mg/|

_ 715 1000 1200 1400
Drainage [rrigations R.l;‘l’.ca]). T.D.S.of CAP. - S.R.P. Blend
. - en:
Clagsification Per Year Without 522 566 603 639
CAP,
T.D.S. T.D.S. of C.AP.-S.R.P, -R.W.C.D. Blend
617 603 632 657 681
Alfalfa in 1000 Tons
Well 16 Al Values 21.1
3,510 Ac. 22
29
35
Sprinkler
Modenate 16 All Values 27.5
4,580 Ac. 22
29
35
Sprinkler
Poor 16 13.2 13.4 129 12.6 12.2
2,280 Ac. 22 13.7 13.7 13.6 13.3 13.0
29 13.7 13.7 13.7 13.6 13.3
35 13.7 13.7 13.7 13.7 13.7
Sprinkler 13.7 13.7 13.7 13.7 i 13.7
Grapefruit in 1000 Tons
Well 16 All Values 6.16
400 Ac. 22
29
35
Sprinkler
Moderate 16 All Values 10.16
660 Ac. 22
29
35
Sprinkler
Poor 16 4,62 4,15 4.47 4.32 4.06
330 Ac. 22 4.88 5.00 4.83 4.70 4,57
29 5.00 5.08 495 4.83 4.70
35 5.08 5.08 5.08 5.00 4.95
Sprinkler 5.08 5.08 5.08 5.08 5.08
Oranges-and Tangerines in 1000 Tons
Well 16 All Values 9.85
1,000 Ac. 22
29
35
Sprinkler
Moderate 16 All Values 13.89
1,410 Ac. 22
29
35
Sprinkler
Poor 16 6.99 7.18 6.76 6.53 6.14
780 Ac. 22 7.37 7.56 7.30 7.10 6.91
29 7.56 7.68 7.49 7.30 7.10
35 7.68 7.68 7.68 7.56 7.49
Sprinkler 7.68 7.68 7.68 7.68 7.68
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Table 1-87.  Yields of major crops in the RWCD projected on the basis of CAP water delivered directly into the

RWCD distribution system.
T.D.S, of C.A.P. Water, mg/l
N o e R.W.C.D. 775 900 )
Drainage Irrigations With 1000 1100 1200 1300 1400
Classifications  Per Year Ct Aol‘)lt
lanl T.D.S. of C.AP. - R.W.C.D, Water, mg/l
620 672 . 713 747 780 813 847 880
Alfalfa in 1000 Tons
Well 16 All Values 21.1
3,510 Ac. 22
29
35
Sprinkler
Moderate 16 All Values 27.5
4,580 Ac. 22
29
35
Sprinkler
Poor 16 13.2 123 12.0 119 11.9 11.7 11.4 11.2
2,280 Ac. 22 13.7 13.2 12.7 126 2.5 12.2 12.0 11.7
29 13.7 13.4 13.0 12.9 12.7 12.5 12.2 12.0
35 13.7 13.7 136 13.4 13.3 13.0 12.7 12.5
Sprinkler 13.7 13.7 13.7 13.7 13.7 13.7 13.7 13.7
Grapefruit in 1000 Tons
Well 16 All Values 6.16
400 Ac. 22
29
35
Sprinkler
Moderate 16 10.16 10.16 9.91
660 Ac. 22 10.16
29
35
Sprinkler
Poor 16 4,62 4.17 39 3.84 3.76 3.66 3.43 3.28
330 Ac. 22 4,88 4.62 4.39 4.32 4,24 4.06 391 3.66
29 5.00 4,75 4.57 4.47 4.39 4.24 4,06 3.91
35 5.08 4,95 4.83 4.75 4.70 4.57 4.39 4,24
Sprinkler 5.08 5.08 5.08 5.08 508 5.08 5.08 4.88
Oranges and Tangerines in 1000 Tons
Well 16 All Yalues 9.85
1,000 Ac. 22
29
35
Sprinkler
Moderate 16 13.89 13.89 13.54
1,410 Ac. 22 . 13.89
29
35
Sprinkler
Poor 16 6.99 6.30 591 5.80 5.68 5.53 5.18 4.95
780 Ac. 22 7.37 6.99 6.64 6.53 6.41 6.14 591 5.53
29 7.56 7.18 691 6.76 6.64 6.41 6.14 5.91
35 7.68 7.49 7.30 7.18 7.10 6.91 6.64 6.41
Sprinkler 7.68 7.68 7.68 7.68 7.68 7.68 7.68 7.37




Table 1-38. Projected acreages and yields of major crops of the RWCD not affected by increases in salinity of

CAP water to 1400 mg/1L.
Drainage Classification
Crop Well Moderate Poor
Acres Yield Acres Yield Acres Yicld
Barley 1,100 2,200 Tons 1,430 2,860 Tons 710 1,420 Tons
Cotton (Upland) 2,570 5,320 Bales 3,350 6,935 Bales 1,670 3,457 Bales
Cotton Seed (Upland) 2,570 2,364 Tons 3,350 3,082 Tons 1,670 1,536 Tons
Sorghum 395 794 Tons 510 1,025 Tons 255 513 Tons
Sugar Beets 395 7,959 Tons
Wheat 520 1,212 Tons 670 1,561 Tons 340 792 Tons
Lettuce 200 1,976 Tons
Watermelon 540 6,437 Tons

Table 1-23. Crop values on SRP lands, including SRVWUA, SRP Supplemental, and RWCD.%

Market Value Per Unit
Crop
1968 1969 1970 1971 1972 1973

Alfalfa 26.00 28.00 32.00 3354 35.00 5500 Ton
Barley 45.42 50.84 50.00 57192 5792 111.68  Ton
Catrots 60.00 94.00 78.40 164.60 168.80 180.00  Ton
Cotton {Upland) 125.00 107.00 115.00 141.31 163.20 28740  Bale
Cotton Seed (Upland) 52.00 40.00 60.00 60.00 50.00 110.00  Ton
Grapefruit 62.00 74.60 - 4940 5400 - 58.60 25.60 Ton b
Lettuce 4.58 3.54 2,13 3.38 3.05 332 Carton
Onions {Dry) 42.00 70.00 86.00 74.00 108.80 22750 Ton
Oranges & Tangerines 158.00 80.40 38.80 54.40 48.60 §6.80  Ton
Sorghum 40.711 47.50 83.56 51.42 59.99 107.84  Ton
Sugar Beets 12.12 10.75 13.18 13.50 12.60 1800 Ton
Wheat 43.67 49.67 82.33 58.67 56.67 12400  Ton

8galt River Project annual crop reports.
bOne carton = 50 pounds.

Table 1-40. Crop values on SRP lands, tncluding SRVWUA, SRP Supplemental, and RWCD.¢

Market Value Per Acre
Crop
1968 1969 1970 1971 1972 1973
Alfalfa 156.00 168.00 192.00 201.24 210.00 330.00
Barley 89.38 86.62 99.60 114.75 123.71 246.56
Carrots 810.00 1,269.00 705.60 1,975.20 2,194.40 1,800.00
Cotton (Upland) 312,50 240.75 230.00 317.95 396.58 732.87
Cotton Seed (Upland) 52.00 40.00 60.00 60.00 55.00 125.67
Grapefruit 1,116.00 924.00 1,086.80 564.30 580.14 276.48
Lettuce 865.08 1,451.11 871.17 1,738.84 1,445.60 1,741.28
Onlons (Dry) 630.00 1,313.00 1,548.00 1,387.50 2,448.00 4,836.50
Oranges and Tangerines 936.15 808.00 533.50 364.48 408.24 585.04
Sorghum 91.20 103.74 187.20 93.60 131.04 253.68
Sugar Beets 242.40 204.25 197.70 288.90 283.50 414.00
Wheat 81.22 92.38 185.25 149.50 153.00 349.68

4gait River Project annual crop reports.
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figure is too low, as might be indicated by Table 1-41,
the replacement of RID groundwater by CAP water
could eliminate the worst wells and help bring the
water from the remaining wells to somewhere near
this estimate,

The soils of the RID are predominantly well
drained (Table 1-42). This has made it possible to use

the present water supply which has a relatively high
salt content. Whatever CAP water is allotted to them
will serve to improve their water quality by dilution,
at least until the CAP water reaches 1300 mg/! TDS.
Since the RID has requested 75,000 ac ft, it may not be
too far off to assume an allotment of 40,000-50,000 ac
ft. If they are allotted 40,000, they will still have to
pump 120,000 ac ft of groundwater to meet their
commitments.

Table 1-41. Water quality of selected wells which serve the Roosevelt Irrigation District.®

, Sample EC TDS Water
Twp Range Section Date % 102 mg/l SAR Class
1N 1E 1 1963 L7 1,019 26 C381
1N 2E 7 1963 290 1,258 4.3 C3-582
9 1963 2.5 1,524 6.9 C4-82
2N 1E 4 1963 09 539 1.2 C3-81
1N 1w 7 1960 2.0 1,223 4.7 C3-81
10 1959 1.4 850 1.3 C3-31
iN 2w 8 1963 2.6 1,554 2.7 C4-81
13 1963 5.5 4,581
15 1963 3.0 2,081 5.6 C4.82
20 1963 49 3,694 N C4-52
1IN 3w 13 1963 6. 4,570
19 1963 1.2 4,933
27 1963 55 4,358
28 1963 6.2 4,824
31 1963 5.5 4,324
1IN 4w 20 1963 2.4 1,563 9.6 C4-51
27 1963 7.0 4,985
30 1963 4.7 3,981
33 1963 6.4 5,469
36 1963 5.5 4,324
2N 1w 25 1963 0.6 407 3.0 C2-51
26 1963 0.6 337 36 C2-81
3.8 2,836

3Smith, H. V., G. E. Draper, and W..H. Fuller. 1964, The Quality of Arizona Irrigation Waters, University of Arizona

Experiment Station, Report 223.

Table 1-42. Assignment of Roosevelt Irrigatién District soils te dratnage groups.®

Drainage Classification
. Permeabilit
Series In./Hr. Y Well Moderate Poor
Acres Actes Actres

Antho 20-6.0 2,340
Avondale 0.2-0.6 330
Cashion 165
Coolidge 20-6.3 10,895
Estrella 0.2-0.6 515
Gadsden 0.06-0.2 165
Gilman 06-20 3,645
Glenbar 0.2-0.6 165
Laveen 0.6-2.0 16,310
Mohall 0.2-0.63 1,810
Rillito 0.6-2.0 1,810

35,000 2,820 330

IMap: M7-E-23122-N, U.S.D.A, 5.CS.
bPerrmsability of most restricting horizon.



Table 1-48 shows the effect of increasing salinity
in the CAP water on the resulting blend. If they are
allotted 50,000 ac ft and pump 110,000, the blend will
be only slightly lower in TDS with the present level of
Colorado River water at the diversion point and
approximately the same when the Colordo reaches
1400 mg/1 (1135, 1175, 1206, 1237, 1269, 1300, and
1331 respectively). Therefore, possible crop declina-
tions are computed on the basis of a 40,000 ac ft
allotment of CAP water.

Yields of major crops are shown in Table 1-44.
Planted acreages are shown in Table 1-45, and

Table 1-48.  Effect of increasing s
water (assuming an

partitioned into soil drainage classes in Table 1-46.
These data with the effective values of soil saturation
extract conductivities for the levels of salinity
expected in the blend (Table 1-47), and yield
declination percentages from the California Commit-
tee of Consultants {Table 1-24 was used in calculating
the projected yields in Tables 1-48 and 1-49. Crop
values are shown in Tables 1-5¢ and 1-50a.

The cost of irrigation water to the farmer in 1975
is $9.50 per acre foot, with an average usage of around
B acre feet per acre per year.

alinity of CAP water when it is blended into the Roosgevelt Irrigation District
attocation of 40,000 acre feet of CAP water).

120,000 Acre Feet 40,000 Acre Feet 160,000 Acre Feet
R.LD. Groundwater of C.A.P. Water Blended Water
TDS mgfl TDS mg/fl TDS mgfi
1,300 718 1,169
1,300 900 1,200
1,300 1,000 1,225
1,300 1,100 1,250
1,300 1,200 1,275
1,300 1,300 1,300
1,300 1,400 1,325
Table 1-44. Yields of major crops in the Roosevelt Irrigation District.%
Crop 1969 1970 1971 1972 1973 95% Confidence
nterval
Alfalfa Hay 6.0 - 8.0 6.0 6.0 6.0 60 ¥ 0 Ton
Ensilage (Sorghum or Corn) 35.0 220 28.0 200 250 260 ¥ 7.29 Ton
Barley 1.70 1.99 2.11 2.14 2.26 2.04%  0.26 Ton
Wheat 1.86 2.25 2.55 2.70 3.24 2.52% 0.64 Ton
Upland Cotton 2.25 2.00 2.20 2.40 2.40 2.25% (.21 Bale
Upland Cotton Seed 1.00 1.00 1.00 1.00 1.10 1.02% 0.06 Ton
Sugar Beets 19.00 15.0 23.1 22.5 22.5 20421 4,27 Ton
Irrigated Pasture 6.3 6.0 6.1 6.0 6.1 6.1 ¥ 0.17 AUMb
Lettuce 411 410 528 450 449.75 1 88.13 Ctn.
Sorghum 2.18 2.24 1.82 1.65 2.35 205 % 0.37 Ton
Alfalfa Seed 2.00 2.00 1.00 1.67 1.06 Cwt
Apata from R.1.D. annual crop reports.
B A pimal unit month.
Table 1-45. Magor crop acreages on the Roosevelt Irrigation Disirict.®
Crop 1969 1970 1971 1972 1973 Average
Alfalfa Hay 8,405 8,611 8,323 9,348 11,906 9,319
Alfalfa Seed 6,738 6,712 7,111 4,112
Ensilage (Sorghum) 1,554 1,612 3,149 404 719 1,500
Irrigated Pasture 369 368 18,573 14,752 19,667 10,746
Barley 5,446 5,896 4,178 3,367 3,716 4,521
Wheat 713 3,706 5,281 1,602 3,239 2,908
Sorghum 637 540 343 409 130 412
Upland Cotton 9,716 8.077 8,224 9,180 10,310 9,101
Sugar Beets 2,122 1,807 490 833 898 1,230
Lettuce 587 400 38 80 221

3R posevelt rrigation District Annual Crop Reports. Prior to 1969, crop acreages were included in the S.R.P. crop reports.
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Table 1-46.  Partition of major crop acreages of the Roosevelt Irrigation District into soil drainage clusses.

Drainage Classification

Crop
Well Moderate Poor
Alfalfa Hay 8,573 652
Alfalfa Seed 3,783 288
Ensilage 1,380 105
Irrigated Pasture 9,583 729 330
Barley 4,159 316
Wheat 2,675 204
Sorghum i7e 29
Upland Cotton 8,373 _ 637
Sugar Beets 1,132 86

Lettuce 221

Table 1-47. 'Effectt've values of soil saturation extract conductivities for levels of salinity to be expecied in the

blended water of the RID ag the salinity of CAP water tncreases to 1500 mg/1 (based on an allotment
of 40,000 acre feet of CAP water).

'Il‘{l?ls) ?f Irrigations Drainage Classification
C.AP. Blend Per Year

£

Moderate

1169 16
22
29
35
Sprinkler

1200 16
22
29
35
Sprinkler

1225 16
22
29
35
Sprinkler

1250 16
22
29
35
Sprinkler
1275 .16
22
29
35
Sprinkler

1300 16
22
29
35
Sprinkler

1325 16
22
29
35
Sprinkler
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Table 1-48.  Yields of magor crops in the RID projected on the basis of CAP water delivered directly into the RID
distribution aystem.

T.D.S. of C.A P, Water, mg/fl

Drainage  ligations  ya, 775 900 1000 1100 1200 1300 1400
Classification  Per Year CAP
AL T.D.S. of EL.D. + C.A.P. Water, mg/l
1300 1169 1200 1225 1250 1275 1300 1325
Alfalfa Hay in 1000 Tons
Well 16 All Values 51.44
8,573 22
29
is
Sprinkler
Moderate 16 3.28 3.45 3.42 3.40 3.34 3.32 3.28 3.26
652 22 3.60 379 375 37 3.68 3.64 3.60 3.56
29 3.71 3.91 3.89 3.83 3.79 3.75 3.7 3.67
35 391 391 191 3.91 3.91 391 391 3.91
Sprinkler 391 391 391 391 3n 3.91 391 N
Alfalfa Seed in Tons
Well 16 All Values 315.9
3,783 22
29
35
Sprinkler
Moderate 16 20.4 21.5 21.3 21.1 20.8 20.7 204 20.3
288 22 22.4 23.6 23.3 231 22.8 226 22.4 22.1
29 23.1 24.3 24.1 23.8 23.6 23.3 23.1 22.8
35 24.3 24.3 243 24.3 24.3 4.3 24.3 24.3
Sprinkler 243 24.3 24.3 24.3 243 24.3 24.3 24.3
rrigated Pasture in 1000 AUM®
Well 16 All Values 58.46
9,583 22
29
35
Sprinkler
Moderate 16 4.09 4.19 4.17 4.16 4.13 4.12 4.09 4.08
729 22 4.27 4.38 4.36 4,34 432 4,29 4.27 4.25
29 4.34 4.45 443 4.41 4.38 4.36 4.34 4.32
35 4.45 4.45 4.45 4.45 4.45 445 4.45 4.45
Sprinkler 4.45 4.45 445 4.45 4.45 4.45 4.45 4.45
Poor 16 1.60 1.67 1.65 1.64 1.62 1.61 1.60 1.58
330 22 1.67 1.75 1.73 1.1 1.70 1.69 1.67 1.65
29 1.70 1.717 1.75 1.74 1.73 1.71 1.70 1.69
35 1.75 1.81 1.80 1.78 1.78 1.76 1.75 1.75
Sprinkler 1.81 .87 1.85 1.84 1.83 1.81 1.81 1.79
Lettuce in 1000 Cartons
Well 16 96.41 9939 9939 9939 9790 9790 9641 94.92
221 22 96.41 9939 9939 9939 9790 9790 9641 9492
29 96.41 9939 9939 9939 9790 9790 9641 94,92
35 96.41 99.39 99.39 99.39 91.90 97.90 96.41 94.92
Sprinkler 99.39 9939 9939 9939 9939 9939 9939  99.39
2 Animal unit month,
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Table 1-49. Acreages and yields of major crops in the Roosevelt Irrigation District ¢ ted by 4 ;
salinity of CAP water to 1400 mg/l. - mot affocted by increasing

Drainage Classification

Crop Well Moderate
Acres Yield Acres Yield
Ensilage® 1,380 35,880 Tons 105 2,730 Tons
Barley 4,159 8,478 Tons : 316 665 Tons
Wheat 2,615 6,741 Tons 204 514 Tons
Sorghum - 379 777 Tons 29 59 Tons
Upland Cotton 8,373 18,839 Bales 637 1,433 Bales
Upland Cotton Seed 8,373 8,540 Tons 637 650 Tons
Sugar Beets 1,132 - 23,115 Tons 36 1,756 Tons

aScorghum ensilage.

Table 1-50. Crop values in the Roosevelt Irrigation District.%

Market Value Per Unit, Dollars

Crop ‘
1969 1970 1971 1972 1973

Alfalfa Hay 28.00 32.00 33.54 35.00 5500 Ton
Alfalfa Seed 45.00 45.00 3400 Cwt
Ensilage 5.00 6.00 7.00 6.50 7.00 Ton b
Irrigated Pasture 6.00 7.00 13.42 14.13 22.00 AUM
Barley 50.83 50.00 56.25 57.92 96.25 Ton
Wheat 49.67 82.33 58.67 56.67 96.33 Ton
Sorghum 47.50 83.57 83.57 60.00 107.86 Ton
Upland Cotton 107.00 115.00 141.31 160.00 225.00 Bale
Upland Cotton Seed 40,00 60.00 60.00 50.00 110.00 Ton
Sugar Beets 10.75 13.18 13.50 12.96 17.28 Ton
Lettuce 3.57 3.59 391 3.50 Ctn®

4Data from R.LD, annual Crop reports.
Animal unit month.
%Ctn = 50 pounds.

Table 1-50¢. Crop values in the Roosevelt District.®

Market Value in Dollars Per Acre

Crop
1969 1970 1971 1972 1973

Alfalfa Hay 167.99 192.00 201.24 210.00 330.00
Alfalfa Seed 90.00 90,00 34.00

Ensilage 175.00 132.00 196.00 130.00 175.00
Irrigated Pasture 37.81 42,00 81.63 84.28 134.20
Barley 86.63 99.60 118.12 123,71 217.14
Wheat 92.38 185.25 149.60 153.00 312.12
Sorghum 103.74 187.20 152.10 99.00 253.68
Upland Cotton 240.76 230.00 310.89 384.00 540.00
Upland Cotton Seed 40,00 60.00 60.00 50.00 121.00
Sugar Beets 204.27 197.70 311.85 291.60 389.32
Lettuce 1,474.99 1,471.90 2,064.47 1,575.00

AFrom R.LD. Annual crop reports.
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SAN CARLOS PROJECT

The San Carlos Project is located in the lower
Santa Cruz River Basin, between Florence and Casa
Grande, Arizona, and includes 100,000 acres of Indian
and non-Indian land. All project facilities are operated
jointly. They include: 1) Coolidge Dam and San Carlos
Reservoir with a capacity of 948,584 ac fi at spillway
level; 2) Ashurst-Hayden diversion dam on the
mainstreamn of the Gila River 10 miles east of
Florence; 3) Picacho Reservoir with a capacity of
18,000 ac ft used to store and regulate the delivery of
water; 4) Florence-Casa Grande Canal, Pima Lateral,
and sublaterals which serve both Indian and non-
Indian lands; and 5) drainage and pumping works with
110 producing wells.

Over the last 5 years the water supply has
consisted of approximately 70 percent surface water
and 30 percent groundwater. The surface water comes
from the natural flow of the Gila River and releases
from the San Carlos Reservoir, plus the erratic flows
of the San Pedro River. The groundwater is pumped
into the system from wells scattered throughout the
project area. During the last 20 years, pumping for
both project and non-project lands has resulted in a
progressive lowering of the water table at an average
rate of 8 feet per year to its present level of
approximately 236 feet (Babcock, 1873).

Since 1934, the project has pumped an average of
89,000 ac ft per year, but for the last 10 years the
average has been approximately 75,000 ac ft per year
{Records of the San Carlos Irrigation Project).
However, the rapidly lowering water table indicates
that this rate of pumping cannot be maintained.
Yearly diversions of surface water from the river at
the Ashurst-Hayden dam has averaged 190,000 ac ft,
s0 this is-2 reasonable expectation for the future.

There has been no decision on how much CAP
water the project will get. They have asked for
240,000 ac ft which would enable them to irrigate the
entire 100,000 acres of land with a minimum of 4.0 ac ft
per’acre after allowing for losses, which they hope to
minimize by lining all canals and laterals. For the
purposes of this study, it seems reasonable to assume
an allotment of no more than 150,000 ac ft to the San
Carlos Project. Water sources for the project would
then be 150,000 ac ft Colorado River water, 190,000 ac
ft Gila River water and possibly 50,000 ac fi of
groundwater.

The salinity of the Gila River ranges from 510
mg/1 to around 1000 mg/1 “mean annual” TDS (Water
Resources Data for Arizona), or an average 775 mg/L.
Salinity of the groundwater ranges from around 500
mg/1 TDS for the best wells to a high of 3957. Records
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on 64 wells are summarized in Table 1-51 {University
of Arizona). The average of these 64 wells is 1610 mg/1
TDS. If we assume 50,000 ac ft of groundwater with
1500 mg/! TDS and 190,000 ac ft of surface water with
756 mg/1 TDS, the project water, before addition of
the Colorado River water, would have an average
salinity of around 910 mg/1 TDS. This can be expected
to remain fairly constant except for the possibly small
effect of changes in groundwater salinity due to
continued lowering of the water table. This would
have very little effect due to the proportion of
groundwater involved, As the CAP water increases in
salinity, the proportionate increase in the project
water would be as shown in Table 1-52.

The canals and laterals of the project are unlined
and losses in the system are estimated to be 80
percent or more. This means that the 50,000 acres
presently being irrigated are receiving less than 4 ac ft
of water per acre. If the losses can be cut to 156 percent
by lining the canals and laterals, approximately
330,000 ac ft would reach the farms to irrigate 80,000
acres with a minimum of 4 ac ft per year, Apparently,

‘any crop yield declination due to increasing salinity of

the CAP water would be more than offset by the
additional acres irrigated. However, since this study
is concerned with crop declination due to increasing
salinity of the CAP water, projections to the year 2000
will be based upon the acreage to be irrigated after the
CAP water is brought into the project (80,000 acres
assumed).

Water costs to the farm are based upon total
operating expenses within the system and are not
broken down into costs of surface water or
groundwater. In the San Carlos Irrigation and
Drainage District, the base charge to the farm for the
1974-1976 season is $13.70 per acre, which pays for the
first 2 acre feet of water, Charges for additional water
are $0.50 for the third acre foot and $1.50 each for the
fourth and fifth acre feet. Charges to the Indian part of
the project are something less because of some
government subsidy. There is no way of estimating
costs after the introduction of CAP water.

Acreages of the different soil types or series were
estimated from a general soil map of Pinal County
prepared in March 1971 by the USDA Seil Conserva-
tion Service (Adams, 1971) as shown in Tables 1-53
and 1-54.

Yields and acreages of the major crops in the San
Carlos Project were obtained from the annual crop
reports published by the project. Since those reports
are broken down into “District Part” and “Indian
Part,” the yield projections are treated separately.



Table 1-61. Groundwater quality, San Carlos Irrigation Project.

2]
@]

Sample Well Twp Range ; TDS Water
Date No. South East Section  Quadrant 10® mg/l SAR Class
3-11-67 2 4 10 29 DAA 1.5 975
8- 63 6 4 il 7 A 1.6 1176
8- -63 9 4 9 28 CCA 2.2 1682
8- -63 10 4 9 28 DAD 2.0 1441
8 63 12 4 10 16 ACC 1.1 767 4.0 C3-81
1972 13 5 8 1 CEB 3.2 2103 4.56 C3-81
1972 15 5 7 1 DDD 2.35 1600
8- -63 17 5 9 30 CBB 1.0 661
2- 3-67 23 5 8 23 CBB 25 1667
8- -63 25 5 9 20 DAD 0.8 559
1972 27 § 7 17 BBB 1.8 1174 3.96 C3-51
1972 30 ] 8 17 DDA 1.8 1175 3.59 C3-51
1972 31 5 8 17 AAB 2.1 1386 3.15 C3-81
1972 32B 5 8 18 BBB 1.6 1014 5.38 C3-81
1972 33 5 8 2 AAB 2.5 1459 3.82 C351
1972 34 5 7 1 AAC 2.5 1712 4.25 C3-81
1972 35 4 7 36 DCD 2.5 1797 3.59 C3-51
1972 36 4 7 35 DAD 1.6 1014 4.18 C3-81
1972 37 4 7 34 DAB 1.95 1125 2,69 C3-81
1972 39 4 7 36 CAC 1.5 923 6.39 C3.-82
1972 41 5 7 9 ADA 0.74 499
1972 43B 4 6 4 AAA 1.4 893 8.74 C3.82
1972 44 4 6 7 CCA 20 1439 3.44 C3-51
1972 45 4 6 18 AAC 1.9 1244 492 C3-51
1972 46 4 6 24 AAB 20 1355 4.05 C3-81
1972 47 4 6 23 AAB 1.45 912 5.48 C3-51
1972 48 4 6 3 BBC 2.1 1388 6.0 C3-81
1972 49 4 5 12 AAA 24 1723 3.03 C3si
1963 50 5 8 10 CCA 1.6 1034 5.30 C3-82
1972 51 4 5 10 AAA 24 1732 2.65 C3-81
‘1972 52 5 7 22 BAC 4.0 2880 4.27 C4-82
1972 55 4 6 8 DDD 1.95 1266 540 C3-51
1972 56 4 6 7 AAD 1.95 1337 4.94 C3-81
1972 58 4 5 15 BDA 4.5 3811 791 C4-52
1972 59 3 5 29 BCA 1.75 1153 409 C3-81
1972 60 3 3 31 CBA 1.6 1049 4.36 C3-81
1972 62 3 5 30 cce 2.2 1421 4.48 C3-81
1972 64 4 6 21 BBB 3.2 2309 6.37 C4-82
1972 65 3 6 19 DnoD 1.6 1014 8.21 C3-81
1972 67 3 6 31 DDA 1.6 924 4.28 381
1972 69 3 5 24 CBA 3.0 2079 579 C4-53
1972 70 5 7 22 DDA 1.95 1337 4.94 C3-81
1972 71 5 7 15 CCB 50 3624 4.55 C4-82
1972 72 5 7 9 ADB 3.5 2480 4,67 C4-82
1963 81 6 8 28 DBB 0.9 615 4.20 C3-81
1972 86 4 7 28 DAA 1.3 735 14.63 C3-83
1967 8% 5 9 14 CBB 2.5 1667 594 C3-82
1967 90 7 6 1 CCC 1.0 707 3.26 C3-51
1972 94 3 5 4 ADA 2.3 1387 5.26 C3-81
1972 95 3 5 4 BCB 5.6 3957 10.10 C4-83
1972 98A 5 7 12 CCB 4.0 2974 4.47 C4-82
- 1972 98B 5 7 22 AAA 34 2507 549 C4-52
1963 102 6 6 34 CCB 2.8 1893
1967 107 & 5 23 CDA 2.4 1739
1972 109 4 5 10 DCC 40 3160 9.23 C4-82
1972 110 5 9 12 BBC 1.0 736
1972 120 5 8 5 CBA 2.1 1444 4.84 C3-51
1972 121 4 5 3 CCC 31 2455 3.58 C4-81
1972 123 4 4 1 cCce 1.5 934 4.36 C3-81
1972 125 4 5 6 CCB 1.8 1176 4.96 C3-81
1972 130 5 8 5 CBA 2.4 1533 3.89 C3-81
1972 131 3 4 34 BBC 1.5 947 4.23 C3-81
1972 132 5 8 5 BAB 1.5 849 2.07 C3-S1
1972 134 4 6 15 BAC 1.4 927 3.51 C3-81
Average 2.19 1510

T2



Table 1-52. Effects of increasing salinity of CAP water when it (s blended into the San Carlos Project system.

190,000 Ac Ft 50,000 Ac Ft. 240,000 Ac Ft 150,000 Ac Ft 390,000 Ac Ft
Gila River Water Groundwater San Carlos Water C.AP. Water Blended Water
TDS mg/l TDS mgfl TDS mg/f! TDS mg/fl TDS mg/fl

755 1500 910 1758 858

755 1500 910 900 906

755 1500 910 1,000 945

755 1500 910 1,100 983

755 1500 910 1,200 1,022

755 1500 910 1,300 1,060

755 1500 910 : 1,400 1,098

3present salinity of Colorado River water of the C.A.P. Diversion point above Parker Dam.

Table 1-53. Assignment of soil series o drainage groups—San Carlos Project— Disirict Part.®

Drainage Classification

Soil Permea- :
Series Textures bility?’ E;;‘;‘c‘:,‘,‘id
in./hr. Well Moderate Poor

Antho: 0-13" Light Sandy Loam, 13-36" Sandy Loam, 36-47"

Loamy Sand, 47-60" Light Sandy Clay Loam 20 -60 4,750 9.5
Casa Grande: 0-3” Heavy Loam, 3-7” Light Clay Loam, 7-15" Clay

Loam, 15-23" Light Clay Loam, 23-48" Loam,

48-60" Sandy Loam 0.06-0.2 11,550 231
Gadsden:  0-43" Clay, 43-60" Clay Loam 0.06-0.2 750 1.5
Gilman: 0-13" Loam, 13-60" Very Fine Sandy Loam 0.6 -20 7,200 14.4
LaPalma: 0- Loam with Hard Pan 0.06-0.2 3,250 6.5
Laveen: 0-60” Loam 0.63-2.0 1,800 3.6
Mohall: 0-10” Coarse Sandy Loam, 10-19" Sandy Clay Loam,

19-27” Clay Loam, 27-37" Loam, 37-76" Gravelly

Sandy Loam, 76-98” Gravelly Loamy Sand 0.2 0.6 12,800 256
Pimer: “Entire Profile Heavy Loam to Light Clay Loam”

Loam, Silt Loam, Silty Clay Loam 0.2 20 2,700 54
Vecont: 0-60" Clay Loam or Clay 0.06-0.2 5,200 10.4

16,450 12,800 20,750

dGeneral Soil Map, Pinal County by D. E. Adams, U.S.D.A. S.C.5. March 1971, revised April 1972 and San Carlos Project
Irrigation Systems map by A. L. Wathen and H. V. Clotts, U.S. Indian Service, Irrigation Division.

Net area irrigated (6 year average) 33,780 acres
1dle crop land not irrigated 16,220 acres

bPermeability of most restricting horizon.

San Carlos Irrigation-Drainage
District (Non-Indian)

Acreages of the major crops are averaged over 6
years in Table 1-65, assigned to soil drainage classes in
Table 1-568, and projected to include the lands to be
brought under irrigation by the introduction of CAP
water in Table 1.57. The effective values of soil
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saturation extract conductivities for the three
drainage classes and expected levels of salinity in the
blended CAP—San Carlos Project water are shown in
Table 1-58. These data with the yield decrement data
{Table 1-569), crop yields (Table 1-60), and salinities of
the blended water (Table 1-52) were used to calculate
the projected yields for those crops which would be
affected (Table 1-61).



Table 1-54. Assignment of soil series to drainage groups— Indian Part,%

Sse(:;is Textures iﬁﬂ?ﬁg Drainage Classification Estimated
in./hr. Well Moderate Poor Percent

Antho: 0-13" Light Sandy Loam, 13-36” Sandy Loam,

36-47" Loamy Sand, 47-60" Light Sandy

Clay Loam 20 60 8.0
Casa Grande: 0-3” Heavy Loam, 3-7” Light Clay Loam, 7-15"

Clay Loam, 15-23” Light Clay Loam, 23-48"

Loam, 48-60” Sandy Loam 0.06-0.2 3,170 1.6
Gadsden: 0-43" Clay, 43-60" Clay Loam 0.06-0.2 380 0.9
Gilman: 0-13" Loam, 13-60” Very Fine Sandy Loam 0.6 -2.0 3,750 9.0
Laveen- 0-60”" Loam 0.63-20 9,800 23.5
Mohall: 0-10" Coarse Sandy Loam, 10-19” Sandy Clay Loam,

19-27" Clay Loam, 27-37"Loam, 37-76” Gravelly

Loamy Sand, 76-98" Gravelly Loamy Sand 0.2 0.6 12,170 29.2
Pimer: 0-60" Loam, Silt Loam, Silty Clay Loam, “Entire

Profile Heavy Loam to Light Clay Loam™ 0.2 20 1,580 3.8
Rillito: 0-10” Loam to Fine Sandy Loam, 10-32* Gravelly

Loam, 32-41” Gravelly Sandy Loam, 41-59"

Gravelly Loam, 59-75” Gravelly Sandy Loam 0.6 2.0 5,920 14.2
Vecont: 0-60" Clay Loam or Clay 0.06-0.2 1,580 3.8

24,390 12,170 5,130

3General Soil Map of Pinal County by D. E. Adams U.S.D.A. 5.C.S,, March 1971, Revised April 1972, and San Carlos
Project Irrigation Systems map by A. L. Wathen and H. V. Clotts, U.S. Indian Service, Irrigation Division.

Net arca irrigated (6 year average) 16,100 acres
Idle crop land not irrigated 25,590 acres

bPermeability of most restricting horizon.

Table 1-56. Acreages planted to major crops San Carlos Project— District Part.®

Crop

1968 1969 1970 1971 1972 1973 Average
Alfalfa Hay 5,056 4,407 4,785 4,492 3,631 5,111 4,580
Batley 11,669 9,631 8,784 6,578 7,494 6,533 8,452
Safflower 25 921 201 698 1,817 1,703 894
Wheat 665 221 2,090 1,638 2,987 4,456 2,010
Maize 8,701 2,314 2,181 617 493 2,277 2,764
Upland Cotton 12,414 15,324 13,125 7,607 12,965 16,455 12,982
Long Staple Cotton 361 274 312 42§ 812 1,590 629
Sugar Beets 330 645 749 288 60 150 370
Grapes 93 32 90 70 40 54

3Gan Carlos Irrigation Project annual crop reports 1968-1973.

Table 1-56. Partition of major crop acreages into

different goil drainage classes,

San

Table 1-57. Acreages of major crops projected to
include project land wunder irrigation
after CAP water is introduced, San

Carlos Project—District Part.® Carlos Project—Diatrict Part,d

Drainage Classification

Prainage Classification

Crop Crop

Well Moderate Poor Well Moderate Poor
Alfalfa Hay 1,507 1,172 1,901 Alfalfa 2,416 1,880 3,048
Barley 2,781 2,164 3,508 Barley 4,460 3,470 5,625
Safflower 294 229 3N Safflower 470 370 595
Wheat 661 515 834 Wheat 1,060 825 1,340
Maize 909 708 1,147 Maize 1,460 1,135 1,840
Upland Cotton 4,271 3,323 5,388 Upland Cotton 6,850 5,330 8,640
Long Staple Cotton 207 161 261 Long Staple Cotton 330 260 420
Sugar Beets 122 95 154 Sugar Beets 195 150 245
Grapes 18 14 22 Grapes 30 20 35

3Gan Carlos Irrigation Project annual crop reports.

Acreages are averages 1968-1973 cropping season.
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BAcreages projected on the basis of 80,000 irrigated

acres in the Project.



Table 1-58. Effective values of soil saturation exiract conductivities (ECe in mmbhos/cm) in three soil drainage

classes, seven TDS levels, and five irrigation management treatments.®
TDS Irrigations Drainage Classification
mg/l Per Year

Well Moderate Poor
860 16 0.3 1.8 4.1
22 0.3 1.2 35
29 0.3 10 3.2
35 0.3 0.6 2.8
Sprinkler 0.0 0.0 1.7
910 16 0.4 2.0 4.4
22 0.4 1.4 3.8
29 04 1.4 3.5
35 0.4 0.7 31
Sprinkler 00 0.0 2.2
950 16 0.6 22 4.7
22 0.6 1.6 4.0
29 0.6 1.3 3.7
35 0.6 0.9 3.3
Sprinkler 0.0 0.1 24
980 16 0.6 23 49
22 0.6 1.6 4.2
29 0.6 14 3.9
35 0.6 0.9 34
Sprinkler 0.0 0.1 2.6
1020 16 0.7 2.5 5.1
22 0.7 1.9 4.4
29 0.7 1.6 4.1
35 0.7 1.1 36
Sprinkler 0.0 0.3 2.8
1060 16 0.8 2.7 5.4
22 0.8 19 4.7
29 0.8 1.7 4.4
35 0.8 1.2 18
Sprinkler 0.0 0.4 31
1100 16 09 29 5.7
22 0.9 2.1 4.9
29 0.9 1.8 4.6
a5 09 1.3 4.0
Sprinkler 0.0 0.5 3.3

" Tuble 1-59. Yield decrement to be expected for the magjor crops of the San Carlos Project due to the level of
salinity in the soil solution as shown by the electrical conductivity of the saturation extract in
millimhos per centimeter.®

0% 10% 25% 50%

Crop ECe ECe ECe ECe
Alfalfa 2 3 5 8
Barley 8 12 16 18
Safflower 5.3 8 11 14
Wheat 4.7 7 10 14
Maize
Cotton 6.7 10 12 16
Sugar Beets 6.7 10 13 16
Grapes 2.7 4 No Data 8
Watermelon 2 No Data No Data No Data
Cantaloupes 2.3 35 No Data No Data
Carrots 1 1.5 2.5 4
Lettuce 1.3 2 3 5

3prom the California Committee of Consultants (1974).
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Table 1-60. Yields of major crops in the San Carlos Frrigation Project—District Part, %

Crop 1968 1969 1970 1971 1972 1973 95% Confidence
Interval

Alfalfa Hay 4.59 4.62 4.14 297 3.91 5.18 4,24 £ 0.80 Ton
Barley 1.82 177 1.83 1.82 1.82 1.82 1.81 £ 0.03 Ton
Safflower 1.30 1.04 1.46 1.27 1.30 1.27 2 0.19 Ton
Wheat 1.48 1.64 2.55 245 2.51 2.15 2.13 £0.49 Ton
Maize 1.89 1.81 1.80 1.39 1.75 1.73 £ 0.24 Ton
Upland Cotton 2.58 212 2.18 2.18 2.27 2,31 2.27 £0.17 Bale
Upland Cotton Seed 1.05 0.86 0.89 0.89 0.93 0.94 0.93 £ 0.07 Ton
Long Staple Cotton 1.75 1.35 1.03 1.16 162 2.05 1.49 * 0.40 Bale
Long Staple Cotton Seed 1.11 0.86 2.56 0.74 1.02 1.28 1.26 £ 0.70 Ton
Sugar Beets 19.56 16.83 11.69 18.17 16.00 20.86 17.19 % 3.38 Ton
Grapes 3.33 3.33 3.30 3.32 Ton,

3San Carlos Irrigation Project annual crop reports.

Table 1-61, Crop yields on the San Carlos Project (District Part) projected on the basis of 80,000 irrigated acres,
as influenced by irrigation method and salinity of the irrigation water.

T.D.S. of C.A.P. Water, mg/l

San Carlos 775 900 1000 1100 1200 1300 1400

Drainage Irrigations Without
Classification Per Year C.AP. T.D.5. of 8an Carlos and C.A.P. Water, mg/l
910 858 906 945 983 1022 1060 1098
Alfalfa Hay in 100 Tons
Well 16 All Values 102.44
2416 22
29
35
Sprinkler
Modezate 16 79.71 79.71 79.71 7891 77.32 75.72 74.13 72.54
1,880 22 78.91
29
35
Sprinkler
Poor 16 103.26 10598 103.26 99.51 98.22 95.64 92.41 89.18
3,048 22 . 108.56 111.79 108.56 106.62 104.68 103.26 99.51 98.22
29 111.79 11438 111.79 109.85 10792 10598 10326 100.81
35 115.02 11890 11502 11309 11244 110.50 108.56 106.62
Sprinkler 126.66 129.24 126.66 124.07 121.4% 11890 11502 113.09
Safflower in Tons
Well 16 All Values 597
470 22
Acres 29
35
Sprinkler
Moderate. 16 All Values 470
370 22
Acres 29
35
Sprinkler
Poor 16 756 7522 744.7
595 22 756.0 756.0
Acres 29 All Other Values 756.0
35
Sprinkler
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Table 1-61. Continued.

T.D.S. of C.A.P. Water, mg/1

San Carlos s 900 1000 1100 1200 1300 1400
Drainage Irrigations Without
Classification  Per Year C.AP. _ T.D.S. of San Carlos and C.A.P. Water, mg/i
910 858 9206 945 983 1022 1060 1098
Wheat in 100 Tons
Well 16 All Values 22.58
1,060 22
Acres 29
35
Sprinkler )
Moderate 16 All Values 17.57
825 22
Acres 29
35
Sprinkler
Poor 16 28.54 28.54 28.54 28.54 28.25 2797 27.68 27.26
1,340 22 28.54 28.54 28.54 28.54 28.54 28.54 28.54 28.54
Acres 29 28.54 28.54 28.54 28.54 28.54 28.54 28.54 28.54
35 28.54 28.54 28.54 28.54 28.54 28.54 28.54 28.54
Sprinkler 28.54 28.54 28.54 28.54 28.54 28.54 28.54 28.54
Maize in 100 Tons
Well 16 All Values 25.26
1,460 22
Acres 29
35
Sprinkler
Moderate 16 All Values 19.64
1,135 22
Acres 29
35
Sprinkler
Poor 16 31.19 31.67 31.19 30.56 30.40 28,49 29.60 29.12
1,840 22 31.83 31.83 31.83 31.83 3151 31.1% 30.56 30.40
Acres 29 31.83 31.83 31.83 31.83 31.83 31.67 31.19 30.88
35 31.83 31.83 31.83 31.83 31.83 31.83 31.83 31.83
Sprinkler 31.83 31.83 31.83 31.83 31.83 31.83 31.83 31.83
Grapes in Tons
Well 16 All Values 99.60
30 22
Acres 29
35
Sprinkler
Moderate 16 All Values 66.40
20 22
Acres 29
35
Sprinkier
Poor 16 99.93 -103.42 9993 9645 94.12 91.80 88.31 84.31
35 22 106.32 109.23 10632 104.58 102.26 9993 96.45 94.12
Actes 29 109.23 111.5§  109.23 109.49 105.16 103.42 99.93 97.61
35 112.71 115.33 11271 110.97 109.81 108.07 106.32 104.58
Sprinkler 116.20 116.20 116,20 11620 116.20 11533 11271 11097
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San Carlos Indian Irrigation Project

Acreages of the major crops grown in the San
Carlos Indian lands are shown in Table 1-62, assigned
to soil drainage classes in Table 1-88, and projected to
include the land to be brought under irrigation by the
introduction of CAP water in Table 1-64. Crop yields
are shown in Table 1-65, and the projected yields for

those crops which would be affected.by the blended
water salinity are shown in Table 1-86..The projected
yields for major crops on the San Carlos Project (both
Indian part and District part) which would not be
reduced by the expected levels of salinity in the
blended water are shown in Table 1-67. Crop values
are shown by marketable units in Table 1-68 and by
the acre in Table 1-69.

Table 1-62. Acreages planted to magor crops in the San Carlos Irrigation Project—Indian Part.?

Crop 1968 1969 1970 1971 1972 1973 Average
Alfalfa Hay 1,244 740 1,905 1,788 2,210 2,436 1,720
Barley 6,473 7,030 5,200 3,882 3991 3,751 5,055
Safflower 320 . 815 30 555 606 281 435
Wheat 74 145 2,590 1,470 1,405 2,541 1,370
Maize 2,553 1,305 1,035 290 945 662 1,130
Upland Cotton 2,170 3,186 2,145 1,270 2,593 2,411 2,295
Long Staple Cotton 160 198 195 584 196 387 285
Watermelon 80 150 210 400 345 440 270

A%an Carlos Irrigation Project annual crop reports.

Table 1-68. Partition of major crop acreages into
different soil drainage classes, San
Carlos Project — Indian Part.®

Table 1-64. Acreages of mager crops projected to
include project land under irrigation
after CAP water is introduced, San
Carlos Project — Indian Part.%

Drainage Classification

Drainage Classification

Crop Crop

Well Moderate Poor Well Moderate Poor
Alfalfa Hay 1,006 502 212 Alfalfa Hay 1,615 805 340
Batley 2,957 1,476 622 Barley 4,740 2,365 995
Safflower 254 127 54 Safflower 405 205 85
Wheat 801 400 169 Wheat 1,285 640 270
Maize 661 330 139 Maize 1,060 530 220
Upland Cotton 1,343 670 282 Upland Cotton 2,150 1,075 455
Long Staple Cotton 167 83 is Long Staple Cotton 265 135 55
Watermelon 158 79 33 Watermelons 250 125 50

Aan Carlos Irrigation Project annual crop reports.
Acreages are averages of 1968-1973 cropping seasons.

%Acreages projected on the basis of 80,000 irtigated
acres in the Project.

Table 1-65. Yields of major crops in the San Carlos Irrigation Project— Indian Part.0

Crop 1968 1969 1970 1971 1972 1973 957‘;5‘;?{;‘3"“““'
Alfalfa Hay 2,13 6.0 5.61 500 6.00 5.89 5.11 + 1.58 Ton
Barley 1.47 1.49 1.60 1.78 1.56 1.91 1.64 +£0.18 Ton
Safflower 0.64 1.04 1.00 1.09 1.25 094 0.99 £ 0.21 Ton
Wheat 1.88 1.89 2.20 1.92 2.01 2.16 2,01 £0.15 Ton
Maize 1.14 1.00 1.00 1.13 1.25 1.25 1.13 £0.12 Ton
Upland Cotton 2.41 1.74 1.81 2.0 2.41 2.37 2.12 £0.33 Bale
Upland Cotton Seed 0.94 0.84 0.82 0.96 0.91 0.89 *0.08 Ton
Long Staple Cotton 1.49 1.00 0.50 1.0 0.94 2.01 1.16 £ 0.55 Bale
Long Staple Cotton Seed 0.64 0.84 0.50 0.33 0.87 0.64 £0.28 Ton
Watermelons 12.00 16,00 10.00 9.00 10.25 £ 2.0 Ton

33an Carlos Irrigation Project annual crop reports.
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Tuable 1-66. Crop yields on the Scm Carlos Project (Indian Part) projected on the basis of 80,000 irrigated acres,
as influenced by érrigation method and salinity of the irrigation water.

T.D.S. of C.A.P. Water, mg/l

San Carlos 775 900 1000 1100 1200 1300 1400
Drainage Irrigations Without

Classification  Per Year CAP. T.D.S. of 8an Carlos and C.AP. Water, mg/1
210 858 906 945 983 1022 1060 1098
Alfalfa Hay in 100 Tons
Well 16 Al Values 82.53
1,615 22
Acres 29
35
Sprinkler
Moderate 16 41.14 41.14  41.14 40.32 3991 392.08 38.26 37.44
805 22 41.14 41.14 41.14 4114 4114 41.14 41.14 40.73
Acres 29 41.14 41.14 41.14 41.14 41.14 41.14 41.14 41.14
35 41.14 41.14 4114 4114 4114 41.14 41.14 41.14
Sprinkler 41.14 41.14 41.14 41.14 41.14 41.14 41.14 41.14
Poor 16 13.81 14.24 13.81 13.37 13.20 12.85 1242 11.99
340 22 14.59 15.03 14.59 14.33 14.07 13.81 13.37 13.20
Acres 29 15.03 15.37 15.03 14.76 15.37 14.24 13.81 13.55
35 15.46 15.98 15.46 15.20 15.11 14.85 14.59 14.33
Sprinkler 17.02 17.37 17.02 16.68 16.33 15.98 15.46 15.20
Wheat in 100 Tons
Well 16 All Values 25.83
1,285 22
Acres 29
35
Sprinkier
Moderate 16 All Values 12.86
640 22
Acres 29
35
Sprinkler
Poor 16 5.43 5.43 543 5.43 538 532 5.27 5.20
270 Acres 22 5.38
Acres 29 All other values 5.43
35
Sprinkler
Maize in 100 Tons
Well 16 All Values 11.98
1,060 22
Actes 29
35
Sprinkler
Moderate 16 All Values 5.99
530 22
Acres 29
35
Sprinkler
Poor 16 2.44 2.48 2.44 2.40 2.38 2.35 2.32 2.28
220 22 2.49 2.4% 2.49 2.49 247 2.44 2.40 2.38
Acres 29 249 249 2.49 2.49 2.49 2.48 244 242
35 . 249 249 2.49 249 2.49 2.49 2.49 249
Sprinkler 2.49 2.49 2.49 2.49 2.49 2.49 2.49 2.49
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Table 1-66. Continued.

T.D.S. of C.A.P. Water, mg/l

San Carlos
Drsinage  Irrigations  Without 775 900 1000 1100 1200 1300 1400
; C.AP.
Classification  Per Year T.D.5. of San Carlos and C.A.P. Water, mg/l
910 858 906 945 983 1022 1060 1098

Watermelon in 100 Tons

Well 16 All Values 25.63
250 22
Acres 29
35
Sprinkler
Moderate 16 12.81 12.81 12.81 12,55 12.49 12.30 12,04 11.85
125 22 12.81 12.81 12.81 12.81 12.81 12.81 12.81 12.68
Actes 29 12.81 12.81 12.81 12.81 12.81 12.81 12.81 12.81
35 12.81 12.81 12.81 12.81 12.81 12.81 12.81 12.81
Sprinkler 12.81 12.81 12.81 12.81 12.31 12.81 12.81 12.81
Poor 16 4.10 4.23 4.10 4.00 3.90 3.82 3.69 3.57
50 22 4.36 4.49 4.36 4.28 4.21 4,10 4,00 3.90
Acres 29 4,49 4.62 4.49 4.41 4.33 4,23 4.10 4.03
35 4.67 4.80 4.67 4.59 4,54 446 4.36 4.28
Sprinkler 513 5.13 5.13 495 4.87 4.80 4.67 4.59

Table 1-67. Magor crops on the San Carlos Project not affected by increases in salinity of the CAP water to 1400
mg/l. Projected on the basis of 80,000 acres.

Drainage Classification

Crop Well Moderate Poor
Acres Yield Acres Yield Acres Yield
District Part
Barley 4,460 8,073 Tons 3,470 6,281 Tons 5,625 10,181 Tons
Safflower 470 597 Tons 370 470 Tons 595 756 Tons
Sugar Beets 195 3,352 Tons 150 2,579 Tons 245 4,212 Tons
Upland Cotton 6,850 15,550 Bales 5,330 12,099 Bales 8,640 19,613 Bales
Upland Cotton Seed 6,850 6,371 Tons 5,330 4,957 Tons 8,640 8,035 Tons
Long Staple Cotton 330 492 Bates 260 387 Bales 420 626 Bales
Long Staple Cotton Seed 330 416 Tons 260 328 Tons 420 529 Tons
Indian Part
Batley 4,740 7,774 Tons 2,365 3,879 Tons 995 1,632 Tons
Safflower 405 401 Tons 205 203 Tons 85 .84 Tons
Upland Cotton 2,150 4,558 Bales 1,075 2,279 Bales 455 965 Bales
Upland Cotton Seed 2,150 1,914 Tons 1,075 957 Tons 455 405 Tons
Long Staple Cotton 265 307 Bales 135 157 Bales 55 64 Bales
Long Staple Cotton Seed 265 170 Tons 135 86 Tons 55 35 Tons




Table 1-68. Crop values on the San Carlos Irrigation Project.8

Market Value Per Unit

Crop
1968 1969 1970 1971 1972 1973
District Part

Alfalfa Hay 23.00 26.00 33,00 35.00 44.00 45.00 Ton
Barley 4500 50.00 4917 57.00 55.00 79.00  Ton
Safflower 80.00 85.00 85.00 105.00 105.00 160.00 Ton
Wheat 45.00 50.00 40.00 44.80 44,00 80.00 Ton
Maize 40.00 50.00 52.00 51.00 59.14 100.00  Ton
Upland Cotton 107.50 97.50 112.50 144.97 155.00 275.00 Bale
Upland Cotton Seed 52.50 40.00 60.00 60.00 50.00 11000  Ton
Long Staple Cotton 205.00 215.00 220.10 225.00 210.00 650,00  Bale
Long Staple Cotton ‘

Seed 51.01 40.00 14.50 58.00 48.00 108.00  Ton
Sugar Beets 14.23 14.00 14.00 13.00 15.00 2200  Ton
Grapes 199.00 202.11 200.00 500.00 200.0¢  Ton

_ Indian Part
Alfalfa Hay 22.00 22.65 32.00 30.00 44.00 45.00 Ton
Barley 44.00 51.25 55.00 56.25 56.25 63.00 Ton
Safflower 75.00 64.38 60.00 105.00 115.00 216.00 Ton
Wheat 45.00 41.67 52.00 55.00 55.00 80.00 Ton
Maize 42.00 47.20 52.00 45.00 45.00 100.00  Ton
Upland Cotton 155.00 155.00 234.15 230.00 230.00 275.00 Bale
Upland Cotton Seed 52.00 50.00 60.00 52.00 110.00  Ton
Long Staple Cotton 210.00 200.00 289.00 200.00 260.00 650.00  Bale
Long Staple Cotton Seed  52.00 50.00 10.00 50.00 110.00  Ton
Watermelons 60.00 35.00 50.00 55.00 60.00 60.00 Ton

8%an Carlos Irrigation Project annual crop reports.

Table 1-69. Crop values on the San Carlos Irrigation Project.®

Market Value Per Unit

Crop
1968 1969 1970 1971 1972 1973
District Part
Alfalfa Hay 105.57 120.16 136.70 103.95 172.04 23324 Ton
Barley 81.76 88.54 89.63 103.58 100.22 143.62 Ton
Safflower 60.00 11045 88.17 153.40 133.11 208.02 Ton
Wheat 66.53 82.11 101.80 109.98 11041 17194 Ton
Maize 75.51 76.74 94.30 91.58 81.71 175.00 Ton
Upland Cotton 277.38 206.23 24487 316.12 351.76 635.06 Bale
Upland Cotton Seed 55.17 34.48 53.21 53.31 46.26 103.51 Ton
Long Staple Cotton 357.81 291.23 277.16 26145 339.25 1,334.31 Bale
Long Staple Cotton Seed  56.53 34.40 37.12 42.77 49.24 13864 Ton
Sugar Beets 278.3% 235.70 163.70 236.21 240.00 459.06 Ton
Grapes 90,00 120.00 666.66 1,650.00 © 200.00 Ton
Indian Part
Alfalfa Hay 46.90 135.90 179.60 150.00 264.00 26400 Ton
Barley 64.52 76.26 87.94 99.90 87.75 129.88 Ton
Safflower 47.81 66.98 60.00 114.45 143,75 20293 Ton
‘Wheat 84.53 78.75 114.62 105.76 110.55 172.85 Ton
Maize 47.89 417.20 52,00 50.85 56.25 12500 Ton
Upland Cotton 373.29 269.95 42333 460.00 554.30 651.75 Bale
Upland Cotton Seed 48.88 42.00 49.20 49,92 99.73 Ton
Long Staple Cotton 312.38 200.00 145.24 200.00 244.40 1,303.36  Bale
Long Staple Cotton Seed  33.28 42.00 5.00 16.50 95.79 Ton
Watermelons 30.00 70.00 600.00 550.00 600.00 54000 Ton

3gan Carlos Irrigation Project annual crop reports.
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APPENDIX 2
AGRICULTURAL CONSEQUENCES IN CALIFORNIA

Frank E, Robinson,
Water Scientist,
California Agricultural Experiment Station,
University of California

IMPERIAL VALLEY, CALIFORNIA

The salient reservations of each of many possible
approaches to predicting the agricultural consequen-
ces of increasing salinity have been thoroughly
reviewed by Young, Franklin, and Nobe (1973). Their
suggestion was that data be sought in the areas being
studied to obtain a better estimate of the declination of
crop yield as a function of increasing salinity. Without
an on site comparison of the conductivities of soil and
irrigation water, large discrepancies can enter the
approximations. Bernstein (1962) states,

In an ideally drained and irrigated soil, the
electrical conduetivity of the saturation extraect
could approximate half the value of the electrical
conductivity of the irrigation water as a lower
limit, because the saturation percentage of a soil is
approximately twice the field capacity. At the
United States Salinity Laboratory, this relation-
ship generally obtains in artificially salinized plots
irrigated throughout a season with water of a
given salinity., Under. commercial conditions, such
ideally restricted salinity levels rarely occur. Even
in excellent citrus orchards, the electrical condue-
tivity of the applied water at one depth or another
in the root zone seldom, if ever, reaches- the
restricted salinity levels (Chapman and Harding,
1966). Under less favorable conditions with poorer
management, much higher ratios develop.

A number of things may contribute to the
variation noted by Bernstein, but drainage is the key
and is closely associated with soil texture, Extremely
high-salinity irrigation water has been used by
Cavazza (1968} in Pugtia and Lucania. A maximum
tolerance of 8 percent is reported for tomatoes. This
value is in excess of 20 mmho and much higher than
utilized in the United States. The key to this ability to
use high-salinity water is the sandy-textured soil
which is well drained. In the same publication, Boyko
(1968) reports on the desert garden of Eilat where
2,000 to 6,000 mg/1 TDS water is being used on sandy
soils for a host of plant species. Van Hoorn et al. (1968)
reports excellent yields of wheat, maize, sorghum,
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alfalfa, cotton, heans, asparagus, tomatoes, and
melons in Tunisia using water of 4-5 g/l on a
well-drained soil. Durand (1956) established an
irrigation water evaluation system which incorporates
five soil textures. Doneen (1963) set up a system of
potential salinity but set limits for each of three soil
permeabilities. The chloride hazard as listed in the
Israel Salinity Survey (1964) indicates different levels
in different soil textures.

A criticism of the Soviet soil scientists by a
technical U.S. study group (Bower et al. 1960) was
that they

...determine total salinity by weighing the residue
obtained upon evaporation of a filtered 1:5 or 1:10
soil water extract to dryness, The results are
expressed as percentage of salt on a dry seil basis
and soil texture or water retention characteristics
are not taken into account in relating salt content
to plant growth,

American soil scientists recognize that plants
growing on saline soils respond to the salt
coneentration of the soil solution, and that with a
given salt content (expressed on a dry-soil basis)
the concentration of the soil solution in the field
moisture range is inversely related to fineness of
texture or water retention capacity. For this
reason, most American scientists eraploy for the
determination of salinity an extract obtained at a
water content related to the water retention
characteristics of the soil, e.g., saturation extract.

The mean conductivities of the top 30 em of sandy
Indio soils, sandy Meloland, loamy Imperial stratified,
and Imperial clay complex soils after 70 years of
irrigation with the same Colorade River water was
2.4, 2.7, 5.0, and 6.2 mmho/em. These observations
support the development of this report around soil
textural units.

Classification of Colorado River Water Between
900 and 1400 mg/] Total Dissolved Solids (TDS)

Published analysis of the ionic composition,
conductivity, and TDS of the Colorado River and



several drains leading away from agricultural areas
where the river water has been used and drained out
of the soil are available, State of California (1971). If
one considers that the factors concentrating the
drainage water are the same ones that will operate to
concentrate the Colorado in the future, it is likely that
the drainage salt contents are a reasonable approxi-
mation of the Colorado River salt content if it should
reach the same TDS as that in the drain. With this in
mind, Table 2-1 was developed showing log regres-
sions of Ec electric conductivity (meq/1) of C1-, Ca+,
HCOg-, Mg™, NaT, and 807 as a function of TDS
in mg/] of all water data from below Imperial Dam.

The classification of these projected water
salinities would fall within the median salinity range
presented by Thorn and Peterson (1956) of 750 to
2,260 micro mho/em. In Durand's (1956) evaluation,
all of the projected concentrations would be suitable
for sandy soil and for very sensitive crops which can
have soil saturation extracts up to 4 mmho. Loamy
sands could take the water up to 1,600 mmho and
loamy soil up to 1,000 mmhe. Loamy clays and clays
are already exceeded on the sensitive crops. For
plants that could have soil saturation extracts up to 10
mmho, the entire range of projected soil solutions
could be used on all textures except the clay which has
a 1 mmho/em limit, For crops that could tolerate soil
saturation extracts greater than 10 mmbho, only the
clay soil would be limited to values below 2.0. With
horticultural and forage crops, the saturation for clay
soil is 1.8 mmbho; for the field crops the clay limit is 1.8
mmbho. This system does not incorporate an allowance
for 804~ predominance.

The Antipov-Karataev (1960) method places all of
the projected water values well below the Xq critical
limit of sodium hazard. The Wilcox (1968) system
would place all of the projected waters over 1,000
mg/1 in the 52 classification which is desecribed as
“medium-sodium water.” This system may present &

Table 2-1.

moderate sodium problem in fine-textured (clay) soils
unless there is gypsum in the soil. Water of the $2
classification can be used only on coarse-textured
{sandy) or organic soils that take waters well,

Rhodes (1972) pointed out the need to adjust the
caleulation of exchangeable sedium percentage (ESP)
for ionic strength and further stressed that the ESP at
the base of the root system should be considered at
various leaching ratios. Table 2-2 presents the factors
in this calculation. If one utilizes the limit of ESP
promulgated by the California Committee of Consul-
tants (i.e., 9) as a critical value at which severe
permeability problems develop, a leaching ratio of 30
percent should be used until the TDS exceeds 1,100
mg/] after which 40 percent should be used.

However, McNeal et al. (1966) showed that
swelling would be minor at the ESP 22 and 1400 mg/1
concentration of this study. Quirk (1955) agrees. In his
diagram separating stable permeability and decreas-
ing permeability the highest ESP values at 10 percent
leaching fall within the stable permeability area.

It is concluded that if the ion mixes are not
changed from their potential values, permeability will
not be greatly effected by sodium.

Bicarbonate Hazard

Eaton {1950) introduced the residual sodium
carbonate (RSC)

RSC = (00’3"'
meg/l.

Wilcox (1955) in his classification of RSC values
indicates that values less than <+1.26 should be safe.
The values of RSC for the projected water are well
below the 1.25 marginal value, This should not cause
problems. It should be noted at this point that the
chemical analysis of HCOg in the published data were

+HCO3) - (Cat+ +Mgt+) in

Conductivity in micro mho/cm and fon concentration in meq/1 as a function of total dissolved solids in

my/l. Potential salinity and SAR are indicated.

Cor Coef
In Ec=0.97572 In TDS + 0.5630 0.987
In C1=1.49470 In TDS - 8.77014 0.984
InCa-0.658814 In TDS - 290328 0.997
In HCO4 = 0.23401 In TDS - 0.48040 ¢.195
In Mg =1.01057 In TDS - 5.79548 0.988
In Na= 1.146846 In'TDS - 5.90873 0.992
InS04=0.78180 in TDS - 3.31381 0972

. \ Potential

TDS I:C Na Mg Ca S0, Cl HCO, SAR Salinity
900 1339 6.64 294 4.85 7.42 4.04 3.04 3.36 1.5
1000 1484 7.49 3.27 5.19 8.05 4.73 31 3.46 8.8
1100 1629 8.35 3.60 5.53 8.68 5.46 3.8 3.90 9.8
1200 1773 9.23 3.93 5.86 9.29 6.22 3.25 417 109
1300 1917 10.12 4.26 6.17 9.89 7.01 3131 4.43 12.0
1400 2061 11.02 4.60 6.48 1048 7.83 3.37 4.68 13.1

Data from Statc of California. 1971, Hydrologic Data 1969. Southern California. Department »f Water Resources Bulletin

139-69. V:424-426.



Table 2-2. Calculation of exchangeable sodium percentage in soils at the surface and at the base of the root zone

with 10, 20, 30, and 40 percent leaching ratios. After Rhodes (1979),

TDS ) + Palk
me/l (pk, - pke) p(Ca+Mg) p(HCI) pHe
900 2.29 242 2.515 7.225

1000 2.325 2.38 2.505 7.21

1100 2.335 2.34 2.495 7.17

1200 2.345 231 2485 7.14

1300 2.354 2.29 2,480 7.12

1400 2.362 2.25 2470 7.08

pHe = (pK,-pKe) + p(Ca+Mg) + palk

ESPs = SAR; 1+ (8.4 - pHc)
TDS SAR ESP, ESP,,, ESPy7 ESPy30 ESPL40

900 336 7.31 15.06 9.94 7.53 6.07

1000 346 7.51 15.59 10.29 7.80 6.28
1100 3.90 8.70 17.92 11.83 8.96 1.22
1200 4.17 9.42 19.40 12.81 9.70 1.82
1300 443 10.10 20.81 13.74 10.40 8.38
1400 4,68 10.86 22.37 14.76 11.19 9.01

scattered and the regression equation had a correla-
tion coefficient of only 0.19. However, if the most
active concentrating mechansim of these waters is
leaching through seils, it is highly probable that CO3
may precipitate and remain in the soil while the more
soluble salts leach back to the river tributaries. Salt
balance studies conducted by the Imperial Irrigation
District (1972) and Soil Conservation Service show
that approximately 13 percent of the salts brought
into the valley precipitate as calcium carbonates and
sulfates. No problem is anticipated from the RSQ g_f
the projected waters since there will be ample Ca

to precipitate all the carbonate and still be some
available in solution.

Chioride Hazard

In Scholfield’s (1936) classification the projected
waters would exceed the moderate Cl° level at 1,300
TDS. His five levels were 4, 7, 12, 20 meq/l. Fireman
and Kraus (1965) divided their Cl° classification into
four sections separated at 2, 5, and 8 meq/l. The
projected waters fall within the precautionary zone.
The California Committee of Consultants has adopted
a three-stage division of Cl concentrations divided at
4 and 10 meq/l. All of the projected values fall in the
zone labeled increasing problems. Doneen's (1963)
classification of potential salinity places all of the
projected Colorado River water within safe limits for
good permeability, 5-20 meq/l, and medium permea-
bility 8-16 meg/l. The CI" value exceeds the critical
value for low permeability soils at 1,300 mg/] TDS,
f.e., 3-7 meq/l. The Israel salinity survey (1964)
indicates that there would be no danger of using this
water for citrus on sandy and leamy soils, but a
medium risk in clay, the tolerance of citrus root stock
being 10 meq/1 CI", It is believed that Cl° may become
a problem for semi-tolerant plants in the Imperial
clay.
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Germination

The first time of contact between irrigation water
and plants is during the germination stage. At this
time, interaction of humidity (see Hoffman and
Rawlins, 1971) can alter the salt tolerance of
salt-sensitive plants such as onion. The more
salt-tolerant erops such as cotton are not affected,
Hoffman and Phene (1971).

Magistad et al. (1943) found a significant
difference in the tolerance of onion bulbs to salinity in
the marine climate of Torrey Pines and the desert
¢limate of Indio in California,

This author agrees with Young's (1978) statement
that “salt tolerance studies should be carried out
within an ecologically discrete area in order to have
the greatest validity.” Salt tolerance of several crops
is being tested in the Imperial Valley at this time.

Wakhab (1961) studied the germination of maize,
barley, gram, rice, and cotton at 0.1, 0.2, 0.3, and 0.4
percent NaCl placed on loam and sandy loam at
varying percentages of the moisture-holding capacity.
Maize showed 100 percent germination up to 0.8
percent NaCl and 756 percent moisture eapacity (MC),
barley at 0.4 percent NaCl and 60 percent (MC), rice
0.3 percent NaCl and 75 percent (MC), cotton - 6
varieties at 0.2 percent NaCl and three varieties at 0.1
percent NaCl and 60 percent (MC).

Kneeb {1959) collected soil samples from plots to
grow plants in & sequence of increasing salinities.
Barley and corn gave 100 percent germination at 1.6
percent salt when moistened to field capacity on petri
dishes, wheat produced 100 percent germination at 0.9
percent salt. In the field 1.5 percent was the upper
limit for germination of corn and barley, and the



wheat about 0.85 percent. This far exceeds the values
of the projected Colorado River water. Dashevskii
(1957) in agreement with Bernstein and Hayward
(1958) found that higher levels of soil moisture would
permit sugar beets to germinate at higher salt levels.
Sugar beets could tolerate 0.014 percent Cl and 14
percent moisture, but 0.044 percent at 22 percent
moisture.

Lopez (1968) utilized water containing 160 meq/1
NaCl solutions to produce lower concentrations by
dilution. He found a reduction of 71 to 59 percent at
3.31 mmho/cm and 5.65 mmho/em in the germination
of durum wheat. Common wheat showed a germina-
tion of 87.1 at 5.66 mmho and 55.2 at 12.10 mmho,
Barley showed 73.1 percent germ at 16.4 mmho/cm
and none at 32 mmho, Tomatoes showed varietal
differences of 52 percent and 64.8 percent germ at 6.58
mmho/em. He placed durum wheat, alfalfa, tomato,
broceoli, and endive in the little tolerance group
requiring water of less than 4 mmho. Moderate
tolerance groups included vetch, some tomato
varieties, lettuce, and common wheat with tolerance
of 4-12 mmbho during germination. Barley was capable
of germination between 12-18 mmbho.

It has been demonstrated that sprinkler irrigation
is effective in removing salinity from the soil surface
and enhancing emergence of lettuce, cabbage, carrots,
onions, sugar beets, alfalfa, radishes, cauliffower,
broceoli, safflower, flax, cantaloupes, and watermel-
ons in Imperial Valley {Robinson et al,, 1966; 1967abe;
1968abc; 1969; 1970; 1972). In an ongoing experiment
utilizing water of 1,350 mg/1, no significant difference
was noted in germination of lettuce, cabbage, carrots,
onions, sugar beets, and alfalfa as compared to the
water with the present Colorado salinity 900 mg/1
Because the use of sprinklers has become a standard
practice on most of the vegetables in this study as well
as with commercially grown sugar beets and alfalfa, it
will be assumed that the practice will continue in these
crops and that they will experience no failure in
emergence. Sprinkler irrigation has also been utilized
effectively on wheat, cotton, barley, and sorghum.
However, the relatively high tolerance of these crops
to salinity indicates that sprinklers will probably not
be needed for germination of these crops on soils other
than the Imperial clay,

Salt Tolerance of Crops

Cotton. Kovda (1947) found that cotton was
stunted by 8.6 g/1 NaCl water, that fiber lengths were
reduced about 3 mm from the normal, and that the
index of strength was reduced by 0.5 g. Stroginov
(1962) pointed out the physiological differences of
cotton grown in 804 °Cl waters. Passerini and Galli
(1927) found cotton to be tolerant of 8 g/l solution of
Cl. Grillot (1954) indicated that cotton could tolerate
6-8 parts of NaCl per 1,000 of dry earth, Kovda (1978)
stated,

Differences among various crops are com-
pared by determining the soil salinity level
(measured as electrical conductivity of the
saturation extraet) at which crop yields are

reduced by 60 percent from yields on non-saline
soils under comparable growing conditions. Some
investigators have used a 20 or 25 percent
reduction or other ecriteria for raaking similar
comparisons, In spite of the differences in methods
of evaluating salt tolerances, thereisa high degree
of agreement among most lists.

He then produced Bernstein’s 1964 table of tolerance.
The crops which are being considered in this report
will be evaluated from the data given in the California
Committee of Consultants (1974), wherein the work of
Bernstein has been modified,

Leaching as a Means of Salt Removal

Experiments by Bigger and Nielsen (1962},
Wilson (1963), Willardson (1972) showed that inter-
mittent leaching was more efficient than ponding in
removing soil salt per unit of water applied. Talsma
{1967) summed things as follows:

Analysis of results shows that during the
ponding stage desalinization proceeds more rapid-
ly near the drains than midway between, while
during the falling water stage desalinization is
more even over the whole area. This is explained
by the difference in surface rates across the area
between drains during the two stages.

Comparison of continuous ponding with
alternate ponding and draining shows that in the
latter case complete desalinization is achieved with
considerably less leaching water. The leaching
efficiency is net very high under continuous
ponding.

Robinson and Luthin (1967) concluded that
intermittent flooding was more efficient in terms of
salt removed per unit of water applied, but took
longer to leach a given soil area than did the
continuous ponding. Unpublished data of Malek
Kaddah, Soil Scientist at Imperial Valley Conserva-
tion Research Center, ARS, Brawley, showed that
leaching could reduce surface salts from a range of 15
mmho/cm to a range of 3-4 mmho/cm and that within
2 years the soil was back to its original salt content.

Sprinklers can be used to good advantage for
leaching. Wilson and Luthin (1968) noted that rainfall
was more effective than ponding for leaching. Nielsen,
Bigger and Luthin (1965) noted that sprinkling was
more effective than ponding in salt removal.
Collis-George and Laryea (1971) note that

When unstable soil moisturs potential is 0 or
near 0, the structure collapses, greatly reducing
leaching, and the movement of the wetting front
and infiltration rate are small compared to a stable
soil,

The infiltration behavior of unsaturated soils
with restricted supply rates which do not develop
surface ponding is similar to that of structurally
stable materials under the same restricted supply
rate in that the strueture is not destroyed.



Robinson et al. (1968) noted that bulk densities of
Imperial clay soils remained 10 percent lighter under
sprinkler irrigation than under flood irrigation. The
seed bed granulation remained under the sprinklers
but broke down during flooding. Where sprinklers are
available for non-ponding rates of application, they
will be advantageous.

Kovda {1973) presents a concept of leaching after
each 20 irrigations with a 1,000 mg/t water. The
leaching would drop the soil salinity to one-half its
value, i.e., when soil which initislly contained 0.2
percent salt was allowed to increase to 0.4 percent
salt, a 1,000 mg/1 irrigation water would then have a
leaching phase to drop the water to 0.2 percent again.

Agricultural operations used in the Imperial
Valley to eliminate salt buildup and their costs as of
November 1974, are as follows:

Drain tile—plastic (most of it is plastic today)

Polyethylene has gone from 13 cents prior to the
oil shortage to 29 cents per pound. They expect to pay
8b cents around January 1, 1975.

Installing the tile costs:
30.5 cents per foot on 3” plowed in at 51 feet
deep with a gravel envelope
48.0 cents per foot on 4" trench installation at
5% feet with gravel envelope
$1.00 per foot on 8" trench installation

Most systems have tile on 100 foot spacings with 3- or
4-inch tile and one 1,320-foot 8-inch main collector
drain. 14 x 1,320 = 18,480 feet of 3- or 4-inch and 1,320
feet of 8-inch pipe.

Land leveling

Two years ago this cost 18 cents per cubic yard.
Now it costs 23 cents per cubic yard. One might base
his analysis on some given volume of s0il movement
such as 8 acre feet on a 40 acre field, At 23 cents per
cubic yard this would be $2,968 for the 40 acre field.
Two years ago this would have been $2,328 per 40 acre
field.

Stip plowing

This requires two D-8 tractors and a slip plow,
Present cost is $66 per hour. The present coverage is
from 1 to 2 acres per hour depending upon the soil
conditions. This operation is declining in importance.
One operator reports plowing of only one 30-acre block
in 1974,

Ditek bning

The on-farm ditch lining costs about $9,600 for
1/2 mile of 26-28 inch ditch with 1'%2-inch concrete and
14-inch outlets. This is up from $6,000 three years ago.
The cost of this ditch would increase with different
size valves, but this is the most common type.
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Sprinkler Irrigation for Leaching

Sprinklers are now being more extensively
utilized for leaching. Fred Jenkins is presently
utilizing a 7-inch sprinkler application of water on land
that is to grow sugar beets. His first crop grown on
the land is rye and later sugar beets. He is presently
using this method on 2,000 acres. John Elmore has
found that sprinkler leaching leaves the seoil more
permeable and does a more complete removal of salts.
It is increasingly common for lettuce growers to
pre-irrigate fields with sprinklers to move the salt
down into the profile and out the drain tile. An
estimate of this cost could be obtained from the rental
charges. Forty acres with pump, an 8-inch main line,
and 3-inch sprinkler line and head costs about $180 for
3 months or $240 all year. Labor and fuel would
average $86 per acre. If he utilized the system six
times in 8 months, all costs would run around
$62/acre. Utilizing the system throughout the year
would reduce the cost to around $45/acre.

The following figures demonstrate the reduction
in acreage ponded for leaching purposes: in 1967, 9157
acres; 1968, 7851 acres; in 1969, 8560 acres; 1970, 1685
acres; 1971, 1777 acres; 1972, 1202 acres; 1973, 973
acres. On the estahlished cultural areas it is now more
common to include a pre-irrigation of 4 to 6 inches by
sprinkler, flood, or furrow to leach salts ahead of
planting. The forming of borders for long-term
ponding is utilized only in particularly poorly drained
areas, and even some of these areas are being
sprinkled as noted by Jenkins.

Discussion

The general criticism of Young et al. (1978) was
that the Bernstein {1964) work was conducted with Cl
salts whereas the Colorado River contains a substan-
tial quantity of S07 could be stated generally for
most studies in the world, Koval'skaia (1958), Kreeb
(19569), Dashevskii (1957), Osawa (1957), T. Sing et al.
(1956), Cavazza (1968), Lopex {1968), Gilbot (1954),
Wahkah (1981), Simonneau { 1946). The Russian school
is aware of the influence of S0°F and separates their
soil classification into C1- ang SO predominant
classes. Generally, however, the “Russians have
ignored the influence of soil texture limiting the utility
of their work in this study. Furthermore, their
methods of extraction of soil salts brings solid sulfates
into solution. Kovda (1946) concedes this point and
further points out that the discrepancy would be
stronger in the less saline soils.

In view of the facts that data from other countries
would have to be corrected for sulfate waters also,
that there was close similarity between all classifica-
tions of plant tolerance to soil salinity, and that the
degree of completion of the work on the erop spectrum
was greater at the U.S. Salinity Lab, it was concluded
that these data would be the most productive starting
point.

Within the State of California a3 Committee of
Consuiltants (1974) has modified Bernstein's work to



set up a series of declination values, Bernstein (1962)
suggests that plants growing on soil containing
gypsum salts can tolerate approximately 2 mmho/em
greater saturation extracts than those growing in the
chloride treated soils at the Salinity Lab., Similar
findings are reported by Shoshin (1955) as cited by
Stroganov (1962) and Doneen (1963). Declination yield
curves were based upon the California Committee of
Consultants’ Report and interpreted with a 2
mmho/cm increase when comparing soil saturation
extracts from projected values,

Procedure

The base point of the soil extract conductivities
was determined from mean values of soil extracts
taken from 33 locations twice yearly over a 10-year
period on four soil classifications on the Imperial
Valley Field Station. The 95 percent confidence
intervals of these samples are presented in Table 2-3.
A similar interval was determined for the irrigation
water conductivity, The ratios of the mean soil
saturation extracts to the mean conductivity of the
irrigation water is shown in Table 2-4. The median of
each ratio was utilized to project the soil salinity which
developed with the current best practice on that soil,
as defined in Guidelines Imperial County Crops
Circular 104 (1973).

In view of the statement,
At present our ability to prediet changes in

soil solution concentration during infiltration and
drainage has not been ascertained. Theoretical and

experi_mentnl analysis involving nonsteady flow
conditions are both meager and incomplete.
Nielsen (1972).

This study will assume that the ratio between the
conductivity of soil saturation extracts and the
conductivity of the irrigation water will remain
constant,

Consu_ltation with Robert Zimmerman, Soil
Cor‘lserva_tlon Service, produced the acreages of the
major soil classifications in the Imperial Valley. He

also indicated the general distribution of €rops on each
soil class, Table 2-5.

Mean crop yields and acreage were obtained from
1966 to 1972 from the Annual Crop Reports,
Agricultural Commissioner, Imperial County Court-
house, These are shown in Table 2-6, Utilizing the Ee
regression as a function of TDS from Table 2-1 and the
median ratios from Table 2-4, Table 27 was
constructed indicating a projected median conducti-
vity of a saturated soil extract at different TDN levels.
The irrigation management influence was defined as a
function of the zone from which water was extracted
from the soil. When intervals were long enough to
require 13.3 cm application (16 irrigations per year),
the salinity of the second 30 ¢m was used as an
effective level of salinity. Where 9.7 cm was applied
{22 irrigations per year}, a mean was taken between

Table 2-8. Ninety-five percent confidence intervals of conductivities of saturated soil extracts on four soil
textural classes from two samples per year over 10 years on the Imperial Valley Field Station.

mmho/om.

Drainage Classification

Area No.
Top 30 cm 30-60 cm
Well
91 2.69 £ 0.60 249 £0.63
92 246 +0.33 2.60 +0.54
94 2.50+£0.34 3.54% 0.67
96 3.71 +1.03 1.84% (.46
97 2.16 £ 0.41 224+ 0.28
Average 2.69 2.54
Moderate
43 3.52 %045 4851 0.49
44 2.72 £0.56 3471032
51 3.25+0.36 4.79 £ 0.52
52 3.31*0.54 5151 0.84
53 2.82 1 0.35 330 0.39
54 2.68 +0.36 3.09t 0,47
65 2.51%0.26 4.26 X 0.34
66 2.76 £ 0.39 4.35% 0.57
81 2.18 2 0.22 2.86 % 0.39
82 3.19 £ 0.57 5271 047
83 2.37£0.27 3.45% 0,58
Average 2.84 4.07

Drainage Classification

Area No.
Top 30 cm 30-60 cm
Poor
21 6.07 £0.67 8.13+1.17
22 525 £0.53 7.60 £ 0.53
31 5.54 £ 0.77 6.77 £ 0.54
32 3189 £0.53 5.51+0.72
41 4.36 £ 0.77 5.21 £ 0.69
42 591 t1.51 6.64 +1.40
61 4.10 X 0.46 6.27 £ 0.44
62 3.19 £ 0.32 5.37 +0.64
63 294 £0.46 4,82 +0.83
64 5.39 £ 0.76 6.64 £0.71
Average 4.66 6.30
Very Poor
71 7.28 £0.73 8.72 £ 0.69
72 6.16 £ 0.75 7.99 £0.60
73 6.44 + (.59 8.03 £ 0.81
74 6.211+1.11 7.09 £ 1.51
75 6.77 £ 0.60 9.18+1.21
16 6.25 £ (.68 8.17 £ 094
Average 6.51 8.19




Table 2-4. Ratios of mean conductivity of saturated sofl extract —mean conductivity of frrigation water, 1.41

mmho/cm,
Drainage Classification
Weil Moderate Poor Very Poor
0-30 cm 30-60 cm 0-30 cm - 30-60 cm 0-30 cm 30-60 cm 0-30 cm 30-60 cm
1.5 1.3 1.5 2.0 21 34 4.4 5.0
1.7’a 1.6 1.7 2.2 23 3.8 4.4 5.7
1.8 1.8° 1.8 2.3 2.7 39 4.4 5.7
1.9 1.8 1.9 24 29 4.4 4.6% 5.82
2.6 2.5 2.0 2.5 378 4,78 4.8 6.2
2.0% 3.0% 3.8 4.8 5.2 6.5
2.3 34 39 54
2.3 34 4.3 5.8
2.3 3.7
2.5 3.7
34 5.1
a = median values.
Table 2-5. Crop acreage distribution in Imperial County in 1,000's of acres.
Drainage Classification
Crop
Wel Moderate Poor Very Poor
Lettuce 12 12 12
Carrots 2 2
Onions 1 1
Tomatoes 0.5 0.5 1.0
Watermelons 1 1 1
Cantaloupe 4 4 4
Asparagus 4
Sorghum 12 12 19 7
Wheat 3 3 23 20
Barley 3 3 23 20
Sugar Beets i 1 31 30
Cotton 2 24 12
Alfalfa 20 46 80 12
Total 595 ‘ 87.5 2220 101.0

Table 2-6. Ninety-five percent confidence interval of yields of crops from 1965 to 1972. (Tons per acre except
cotton in pounds per acre.)

Crop 1972 1971 1970 1969 1968 1967 1966 1965  95% Confidence
Interval

Asparagus 1.5 1.4 1.3 1.6 1.8 1.7 1.6 1.6 1.57 £ 0.13
Cabbage 12.3 11.5 19.0 10.0 10.4 12.5 11.9 9.6 12,19 + 241
Cantaloupe 6.0 5.9 58 5.0 59 6.2 7.0 5.4 5.88 £0.48
Carrots 11.0 13.6 9.3 120 14.0 15.8 159 20.3 13.99 £ 2.79
Lettuce 10.9 11.7 10.2 9.2 9.7 9.5 11.3 9.0 10.79 £ 0.82
Onions mkt 13.7 12.8 14.0 10.0 15.7 18.1 12.6 12.5 13.68 +£ 2.0
Tomato 11.2 11.4 5.0 6.4 6.3 10.5 58 4.8 7.68 X232
Watermelon 8.3 90 8.5 7.4 59 109 8.3 8.8 8.39 £ 1.15
Barley 1.8 1.8 1.8 2.0 1.8 22 1.6 2.2 1.9 *0.17
Cotton, Ib. 1325 665 798 968 1660 971 1224 1717 1166 = 314
Alfalfa 6.4 7.0 6.0 6.8 6.5 6.1 6.4 6.4 6.45 0,27
Sorghum 2.3 2.5 2.3 2.5 1.8 19 2.2 2.5 2.25 +0.22
Sugar Beet 26.8 26.0 24.1 18.0 21.0 20.6 17.9 22.2 2196 £ 2.6
Wheat 2.3 24 23 2.5 1.6 2.0 2.0 2.0 214 %
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Table 2-7. Projected median conductivity of saturated soil extract at different TDS levels.

" Drainage Classification
c
TDS mmho Well Moderate Poor Very Poor
cm
Top Sub Top Sub Top Sub Top Sub
900 1.34 24 2.4 2.7 4.0 50 6.3 6.2 7.8
1000 1.48 2.7 2.7 20 4.4 5.5 7.0 6.8 8.6
1100 1.63 29 29 3.3 4.9 6.0 7.4 7.5 9.5
1200 1.77 3.2 32 35 5.3 6.5 8.3 8.1 10.3
1300 1.92 3.5 3.5 3.8 58 7.1 9.0 8.8 11.1
1400 2.06 3.7 37 4.1 6.2 1.6 9.7 9.5 11.9

the top and second 30 ¢m levels. At 7.3 cm and 29
irrigations a weighted mean of 2 (Ec surface + 1 (Ec
sub))/8 was taken, Where 35 irrigations of 6.1 em
were used, the EC of the topsoil only was used, These
values were estimated on the basis of Henderson
{1946) and Wadleigh (1948). An effective Ec was
derived from the above calculations by subtracting 2
mmho to adjust for the presenee of significant gypsum
in both soil and water. The Ec in the sprinkler case
was determined by subtracting 1 mmho from the top
soil and 2 mmho from the subsoil of Table 2-7 and

caleulating in the same manner as the soils
above: Robinson (1969ac), Robinson et al, (1988),
Robinson and Worker (1969). These data were
developed for the soils and irrigation salinity levels
shown in Table 2-8,

Tables 2-9 through 2-20 were developed for each
of the crops in Table 2-6 at acreages shown in Table
2-5. Entering the corresponding salinity value from
Table 2-8 into the declination yield eurve from the
California Committee of Consultants (1974), a yield

Table 2-8. Effective values of soil saturation extract conductivities in four soils, six TDS levels, and five

trrigation management levels,

TDS Irrigations

Drainage Classification

Number

Moderate Poor Very Poor

900 16 0.4
22 04

29 0.4

35 04

Sprinkler 0.0

1000 16
22
29
35
Sprinkler

1100 16
22
29
35
Sprinkler

1200 16
22
29
35
Sprinkler

1300 16
22
29
35
Sprinkler

1400 16
22
29
35
Sprinkler
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declination was obtained. This was multiplied by the
average yield of Table 2-6 and then by the acreage of
each of the soil groups.

The amount of water for the 22-29-36 annual
irrigations was based upon 213 c¢cm or 84 inches of
water per year. For alfalfa this would occur as shown
in Table 2-21. Other crops which are grown during
only part of the year would use the scheduies as
indicated in Guidelines (Staff Imperial County
Extension office, 1973). 1t is important to note that
where double cropping is practiced, the total number
of irrigations on both erops would be used to enter the
table. The sprinkler applications would be at 0.1 inch
per hour so that a 24-hour period would give the
required 2.4 inches. This could be broken into two
12-hour periods where soil begins to puddle or to three
8-hour periods.

To reconcile the Guidelines and base yearly
irrigations of 16 per year, use tomatoes, p. 57, for an
example. The Guidelines calls for 10 irrigations per
year. Table 2-21 shows 10 irrigations starting in
January through July for the 18 per year column.
These same months show 14, 18, 22 rounds of
irrigation for the yearly frequencies of 22, 29, and 35.
To get base yield data use the yields provided in Table
2-6 for California. These yields are based upon the
reported data, whereas, the Guidelines yield is a
general estimate.

The sprinkler system considered here is a
permanent one which could be operated at will, and
the cost of power would be a function of the total hours
of use. Such a system could be obtained for $800 to
$1,000 per acre and written off over 10 years.
Maintenance is estimated at $50/acre/year.

Table 2-9. Projected yields of Imperial Valley alfalfa with four levels of surface irrigation intensity and sprinkler

irrigation on four soil drainage classes.

Alfalfa in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/1
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
indio (Coarse Well 16
Drained) 20,000 Acres 22 All Values 149
29
s
Sprinkler
Meloland (Sandy 15 343 329 312 302 288 277
Surface Heavy Subsoil) 22 343 343 339 329 315 305
46,000 Acres 29 343 343 343 339 326 315
35 343 343 343 343 343 339
Sprinkler 343 343 343 343 343 343
Holtville-Imperial 16 4717 447 406 382 352 316
Siratified (Sandy and 22 501 477 447 429 394 363
Clay Stratified) 29 518 494 465 441 411 382
80,000 Acres 35 537 513 494 471 441 418
Sprinkler 590 552 525 501 474 447
Imperial Complex 16 61 55 49 - - —
{Clay) 12,000 Acres 22 67 62 55 51 - -
29 69 64 58 54 48 -
35 72 68 63 59 54 49
Sprinkler 78 73 67 63 57 53

Table 2-10. Projected yields of Imperial Valley asparagus with Jour levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage clusses.

Asparagus, Tons in 1,000's

Total Dissolved Solids in Irrigation Water, mg/fi

Number of

Prainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Holtville-Imperial 16 5.92 5.68 5.40 5.00 4.64 3.56
Stratified (Sandy & 22 6.12 5.92 5.68 5.52 5.16 4.84
Clay Stratitied) 29 6.12 6.04 5.80 564 5.40 5.00
4,000 Acres 35 6.12 6.12 6.04 5.84 5.64 5.40
Sprinkier 6.12 6.12 6.12 6.12 5.88 5.68
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sprinkler srrigation on four soil drainage classes.

s
Table 2-11. Projected yields of Imperial Valley barley with Jour levels of surface irrigation intensity and
Barley, Tons in 1,000s

| Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
| Indio (Coarse Well 16
Drained) 3,000 Acres 22 )
29 All Values 5.7
38
Sprinkler
Meloland (Sandy 16
Surface Heavy 22
Subsoil) 3,000 Acres 29 All Values 5.7
35 :
Sprinkler
Holtville-Imperial 16
Stratified (Sandy and 22
Clay Stratified} 29 All Values 43.7
23,000 Acres 35
Sprinkler
Imperial Complex 16 38.0 38.0 38.0 37.6 36.8 34.2
(Clay) 20,000 Acres 22 38.0 38.0 38.0 38.0 37.2 36.8
29 38.0 38.0 380 380 38.0 38.0
35 38,0 38.0 380 380 380 380
Sprinkler 38.0 38.0 38.0 38.0 38.0 38.0

Table 2-12. Pro_jected _yieids of Imperial Valley cantaloupe with four levels of surface irrigation intensity and
sprinkler irrigation on four sod drainage clusses.

Cantaloupe, Tons in 1000s

. N“_mb‘?f of Total Dissolved Solids in Irrigation Water, mg/t
Drainage Class Irrigations
Per Year 300 1000 1100 1200 1300 1400
Indic (Coarse Well 16
Drained) 4,000 Acres 22
29 : All Values 23.5
35
Sprinkler
Meloland (Sandy 16 23.5 233 23.3 21.6 20.5 19.8
Surface Heavy 22 23.5 235 23.5 23.3 22.6 21.9
Subsoil) 4,000 Acres 29 235 23.5 23.5 23.5 23.3 22,6
35 23.5 23.5 235 235 23.5 23.5
Sprinkler 235 23.5 23.5 23.5 23.5 23.5
Holtville-Imperial 16 19.5 18.3 17.2 159 14.5 13.2
Stratified (Sandy and 22 20.7 19.5 18.6 17.6 16.5 15.1
Clay Stratified) 29 214 20.2 19.1 18.1 17.2 16.0
4,000 Acres 35 22.1 21.2 20.2 19.3 18.3 17.4
Sprinkler 235 22.8 21.6 20.5 19.3 18.6
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Table 2-18. Prqucted_ ytelds of Imperial Valley carrots with four levels of surface irrigation intensily and
sprinicler frrigation on four sol drainage classes.

Carrot, Tons in 1,000's

Number of i ids i igati
Drainage Class rrigations Total Dissolved Solids in Irrigation Water, mg/l

Per Year 900 1000 1100 1200 1300 1400
Indio {Coarse Well 16 28.0 28.0 28.0 27.1 257 24.9
Drained) 2,000 Acres 22 28.0 28.0 28.0 2711 25.7 249
29 28.0 28.0 28.0 271 25.7 24.9
_.'-ss 28.0 28.0 28.0 271 25.7 24.9
Sprinkler 28.0 28.0 280 28.0 28.0 28.0
Meloland (Sandy 16 24.1 229 20.1 179 15.1 129
Surface Heavy Subsoil) 22 26.3 249 23.8 229 213 . 18.3
2,000 Acres 29 27.7 25.7 246 23.8 224 21.3
35 28.0 28.0 26.6 25.7 24.6 23.4
Sprinkler 28.0 28.0 28.0 28.0 271 25.7

Table 2-14. Projected yields of Imperial Valley cotton with four levels of surface irrigation intensity and
sprinkler irrigetion on four soil drainage classes.

Cotton, Tons in 1,000°s

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Meloland (Sandy 16
Surface Heavy 22
Subsoil) 2,000 Acres 29 All Vatues 1.17
35
Sprinkler
Holtville-Imperial 16 14.0 14.0 14.0 14.0 13.9 13.6
Stratified (Sandy and 22 14.0 14.0 14.0 14.0 14.0 14.0
Clay Stratified) 29 14.0 14.0 14.0 14.0 14.0 14.0
24,000 Acres KH] i4.0 14.0 14.0 14.0 14.0 14.0
Sprinkler 14.0 14.0 14.0 140 14.0 14.0
Imperial Complex 16 7.00 7.00 6.86 6.64 6351 5.25
{Clay) 12,000 Acres 22 7.00 7.00 7.00 6.93 6.58 6.58
29 7.00 7.00 700 7.00 6.85 6.64
35 7.00 7.00 7.00 7.00 7.00 6.85
Sprinkler 7.00 7.00 100 7.00 7.00 6.93

Table 2-15. Projected yields of Imperial Valley lettuce with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes.

Lettuce, Tons in 1,000’s

Number of Total Dissolved Solids in Irrigation Water, mg/fl
Drainage Class Irrigations

Per Year 900 1000 1100 1200 1300 1400

Indio (Coarse Well 16 130 130 130 130 126 122

Drained) 12,000 Acres 22 130 130 130 130 126 122

29 130 130 130 130 126 122

35 130 130 130 130 126 122

Sprinkler 130 130 130 130 130 130
Meloland (Sandy 16 117 109 100 923 83.2 78.0
Surface Heavy 22 129 122 116 109 103 949

Subsoil) 12,000 Acres 29 130 126 120 116 108 103

35 130 130 130 126 120 116

Sprinkier 130 130 130 130 130 126
Heltville-Imperial 16 76.5 64.8 51.8 428 29.8 18.1
Stratified (Sandy and 22 86.5 76.5 674 57.0 454 33.7
Clay Stratified) 29 90.7 80.3 71.3 63.5 51.8 42.8
12,000 Acres 35 97.2 894 80.4 72.6 63.5 531
: Sprinkler 115 104 92.0 82.9 75.2 64.8
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Table 2-16. Prqjected_ vields of Imperial Valley onions with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes.

Onions, Tons in 1,000’

Number of ; gk s,
Drainage Class irigations Total Dissolved Solids in Irrigation Water, mg/}

Per Year 900 1000 1100 1200 1300 1400
Indio (Coarse Well 16 13.7 13.7 13.7 13.7 13.4 13.0
Drained) 1,000 Acres 22 13.7 13.7 13.7 13.7 134 13.0
29 13.7 13.7 13.7 13.7 13.4 13.0
35 13.7 13.7 13.7 13.7 i34 13.0
Sprinkler 13.7 13.7 13.7 13.7 13.7 13.7
Meloland (Sandy 16 12.4 119 11.2 10.6 8.3 6.9
Surface Heavy 22 13.7 13.0 12.3 119 11.3 10.8
Subsoil} 1,000 Acres 29 137 134 12.8 12.3 11.7 11.3
35 13.7 13.7 13.7 13.4 12.8 12.3
Sprinkler 13.7 13.7 13.7 13.7 137 13.4

Table 2-17. Prqjected melds of Imperial Valley sorghum with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes.

Sorghum in 1,000’s Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 200 1000 1100 1200 1300 1400
Indio (Coarse Well 16
Drained) 12,000 Acres 22
29 All Values 27
35
Sprinkler
Meloland (Sandy 16
Surface Heavy 22
Subsoil} 12,600 Acres 29 All Values 27
35
Sprinkler
Holtville-Imperial 16 424 40.7 39.3 38.0 36.3 35.0
Stratified (Sandy & 22 42.8 424 41.4 39.7 38.6 37.2
Clay Stratified) 29 42.8 42.8 41.4 40.7 39.3 38.0
19,000 Acres 35 42.8 42.8 42.8 42.0 40.7 39.3
Sprinkler 42.8 428 42.8 42.8 42.0 40.7
Imperial Complex 16 14.4 13.7 131 12.5 120 8.1
(Clay) 7,000 Acres 22 150 14.5 13.7 13.2 12.3 12.1
29 15.3 14.6 14.0 13.6 12.9 12.5
35 15.6 15.3 14.6 14.2 13.6 13.1
Sprinkler 15.8 15.8 15.3 14.6 14.0 13.4
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Table 2-18. Projected yields of Imperial Valley sugar beets with Jour levels of surface irrigation intensity and
sprinkler érrigation on four soil dratnage classes.

Sugar Beets in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Indio (Coarse Well 16
Drained) 1,000 Acres 22
29 All Values 22
35
Sprinkler
Meloland (Sandy 16
Surface Heavy 22
Subsoil) 1,000 Acres 29 All Values 22
35
Sprinkler
Holtville-Imperial 16 682 682 682 682 676 670
Stratified (Sandy and 22 682 682 682 682 682 682
Clay Stratified) 29 682 682 682 682 682 682
31,000 Acres 35 682 682 682 682 682 682
Sprinkler 682 682 682 682 682 682
Imperial Complex 16 660 660 648 627 606 540
(Clay) 30,000 Acres 22 660 660 660 654 633 615
29 660 660 660 660 648 627
35 660 660 660 660 660 648
Sprinklet 660 660 660 660 660 654

Table 2-19. Projected yields of Imperial Valley tomatoes with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes.

Tomatoes in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Ireigations
Per Year 900 1000 1100 1200 1300 1400
Indio (Coarse Well 16
Drained} 500 Acres 22
29 All Values 3.84
35
Sprinkler
Meloland (Sandy 16 3.84 3.84 3.80 3.69 3.50 3.42
Surface Heavy Subsoil) 22 3.84 3.84 3.84 3.84 3.80 .
500 Acres 29 3.84 3.84 3.84 384 3.84 3.84
is 3.84 3.84 384 384 3.84 3.84
Sprinkler 3.84 3.84 3.84 3184 3.84 3.84
Holtville-Imperial 16 6.76 6.53 6.14 5.84 5.22 422
Stratified (Sandy and 22 7.07 6.76 6.53 6.37 599 5353
Clay Stratified) 29 7.30 691 6.68 6.45 6.14 5.84
1,000 Acres 35 1.52 7.22 691 6.68 6.45 6.22
Sprinkler 7.68 7.68 7.37 6.99 6.76 6.53
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Table 2-20. Projected melds of Imperial Valley wheat with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes,

Wheat, Tons in 1,000's

. Number of Total Dissolved Solids in lrrigation Water, mgj/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Indio (Coarse Well 16
Drained) 3,000 Acres 22
29 All Values 6.42
35
Sprinkler
Meloland (Sandy 16
Surface Heavy 22
Subsoil) 3,000 Acres 29 All Values 6.42
35
Sprinkler
Holtville-Imperial 16 492 48.7 46.8 45.8 44.3 42.8
Stratified (Sandy and 22 49.2 49.2 48.7 47.7 458 44.8
Clay Stratified) 29 49.2 49.2 492 48.2 46.7 45.8
23,000 Acres 35 49.2 49.2 49.2 49.2 48.2 47.2
Sprinkler 49,2 49.2 49.2 49.2 492 48.7
Imperial Complex 16 40.7 39.4 317 36.0 34.2 210
{Clay) 20,000 Acres 22 424 40.7 394 38.1 355 35.1
29 42.8 41.5 9.8 389 37.7 36.0
35 42.8 42.8 41.1 39.8 389 37.7
Sprinkler 42.8 42.8 42.4 41.5 39.8 38.5

Table 2-21. Amount and number of irrigations for alfalfe per month to apply 84 inches per year at different

Jreguencies.

Inchesof Water s 3w a0 2w 240

Irrigations Per Year 16 22 29 35 Sprinkler

Irrigations Per Month
January 1 1 1 1 1
February 1 1 i 2 2
March I 1 2 2 2
April 1 2 3 3 3
May 2 3 3 4 4
June 2 3 4 4 4
July 2 3 4 6 6
August 2 2 3 3 3
September 1 3 3 4 4
October 1 1 2 3 3
November 1 1 2 2 2
December 1 1 1 1 1




COACHELLA VALLEY

The average yields of the major agricultural crops
of the Coachella Valley were obtained from Crop
Production Reports prepared by the Coachella Valley
County Water District. The 95 percent confidence
interval of nine crops together with yields from 6
years are shown in Table 2-22. Halsey (1954) prepared
a crop distribution by soil series report for this area.
This same distribution was applied to the acreages of
the crops for the year 1973. These acreages were then
grouped according to the drainage characteristics of
each of the soil series (Soil Conservation Service,

USDA, Indio, unpublished soil survey). This is shown
in Table 2-283,

In Table 2-8 of the report on Imperial Valley the
Indio soil was equated to the well drained soil in this
valley, Meloland was equated to the moderately well
drained soil, the stratified to a poorly drained soil, and
the Imperial complex to the very poorly drained soil,
These data together with the declination data from the
California Committee of Consultants (1974) were used
to calculate Tables 2-24 through 2-82 showing the
projected yields of the nine major crops in Coachella.
Sample costs of production can be found in Agricultur-
al Extension Riverside County Mime's (1) Thompson
seedless grapes, Marsh grapefruit, Naval oranges,
and lemons.

Table 2-22. Yield of major crops— All American Canal service area in Coachella Valley (tons/acre).

Crop 1968 1969 1970 1971 1972 1973 95% Confidence
Intervai
Alfalfa Hay 8.80 8.20 8.00 7.30 6.66 6.70 7.61 £ 0.86
Carrots 8.90 9.04 12.9 14.1 10.3 13.1 11.39 £2.25
Sweet Corn 4.60 3.68 395 2,35 3.57 4.83 3.83 +0.88
Green Ondons 253 31.8 24.4 24.6 14.5 18.83 232 59
Grapefruit 124 10.40 - 8.00 10.80 9.65 10.24 1,82
Lemon and Lime 8.35 2.58 293 2,01 3.48 4.55 398 +2.30
Orange and Tangerine 3.00 499 231 4.56 4.20 5.40 407 £1.19
Date 4,55 5.16 332 4,63 4.84 3.80 4,38 £ 0.69
Grape 3.20 3.70 4.00 4.83 5.79 3.50 4,17 £ 097
Table 2-23. Partition of crop acreage on different soil drainage classes,
Drainage Classification
Crop
Well Maoderate Poor Very Poor

Alfalfa 2,580 580 290 150

Carrots 7,000

Corn 3,500 500 900 100

Green Onions 320

Grapefruit 6,700 300 700

Lemon and Lime 1,740 80 180

Oranges and Tangerines 6,480 300 680

Date 3,060 240 140

Grape 6,650 450 - 380

Total 38,030 2,450 3,290 250
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Table 2-24. Projected yields 9f alfalfa in Coachella Valley crops with four levels of surface irrigation intensity
and sprinkler irrigation on four soil drainage classes,

Alfalfa in 1000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Well 16
2,580 Acres 22
’ 29 All Values 19.6
35
Sprinkler )
Moderate 16 4.4 4.2 4.0 39 3.7 36
580 Actes 22 4.4 4.4 43 4.2 4.0 3.9
29 4.4 4.4 4.4 4.3 4.2 4.0
35 4.4 4.4 4.4 44 | 4.4 4.3
Sprinkler 4.4 4.4 4.4 44 4.4 4.4
Poor 16 - 1.8 1.7 L5 1.4 1.3 1.2
290 Acres 22 19 1.8 1.7 1.6 1.5 1.3
29 1.9 1.8 1.7 1.7 1.5 1.4
35 2.0 1.9 1.8 1.8 1.7 1.5
Sprinkler 2.2 2.0 1.9 1.9 1.8 1.8
Very Poor 16 0.8 0.7 0.6 - - -
150 Acres 22 09 0.8 0.7 0.7 - -
29 0.9 0.8 0.7 0.7 0.6 -
35 0.9 0.9 0.8 0.8 0.7 0.6
Sprinkler 1.0 0.9 09 0.8 0.7 0.7

Table 2-25. Projected yield of carrots in Coachella Valley with four levels of surface irrigation intensity and
sprinkler irrigation on well drained sotl.

Carrot in 1,000 Tons

Numberof Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400

Well Drained 16
7,000 Acres 22
29 All Values 79.7
35
Sprinkler

Table 2-26. Projected yields of dates in Coachella Valley with four levels of surface irrigation intensity and
sprinkler irrigation on three soil drainage classes.

Dates in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class irrigations
Per Year 900 1000 1100 1200 1300 1400

Well 16
3,060 Acres 22
29 All Values 13 .4
35
Sprinkler

Moderate 16
240 Acres 22
29 All Values 1.1
35
Sprinkler

Poor 16
140 Acres 22
29 All Values 0.6
35
Sprinkler
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Table 2-27. Projected yields of grapes in Coachella Valley with four levels of surface irrigation intensity and
sprinkler irrigation on three soil drainage classes,

Grapes in 1,000 Tons

Number of
Drainage Class Irrigations

Per Year 900 1000 1100 1200 1300 1400

Good 16
6,650 Acres 22
29 . All Values 27.7
35
Sprinkler
Moderate 16
450 Acres 22
29
35
Sprinkler
Poor 16
380 Acres 22
29
35
Sprinkler

Total Dissolved Solids in Irrigation Water, mg/fl
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Table 2-28. Projected yield of grapefruit in Coachella Valley with four levels of surface irrigation intensity and
sprinkler irrigation on three soil drainage classes.

Grapefruit in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/1
Drainage Class Irrigations
Per Yoar 900 1000 1100 1200 1300 1400
Well 16
6,700 Acres 22
29 All Values 68.6
35
Sprinkler
Moderate 16 30 28 2.6 24 2.2 2.0
300 Acres 22 3.0 30 29 2.8 26 2.5
29 3.0 30 3.0 3.0 2.8 2.6
35 3.0 3.0 30 3.0 30 3.0
Sprinkler 3.0 3.0 3.0 3.0 3.0 3.0
Poor 16 4.5 3.6 = - -
700 Acres 22 5.2 4.5 3.8 - - -
29 54 4.8 4,2 3.6 - -
15 59 54 4.8 4.3 3.6 —
Sprinkler 6.9 6.3 5.6 5.0 4.3 3.6
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Table 2-29. Projected yield of lemon and lime in Coachella Valley with Jour levels of surface irrigation intensity
and sprinkler irrigation on three soil drainage classes.

Lemon and Lime in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Well 16
1,740 Acres 22
29 All Values 6.9
35
Sprinkler
Moderate 16 0.3 0.3 0.3 0.2 0.2 0.2
80 Acres 22 0.3 0.3 0.3 0.3 0.3 0.3
29 0.3 0.3 0.3 0.3 0.3 0.3
35 0.3 0.3 03 0.3 0.3 0.3
Sprinkler 0.3 0.3 0.3 0.3 0.3 0.3
Poor 16 0.4 0.4 - - - -
180 Acres 22 0.5 0.4 0.4 - - -
29 0.5 0.5 0.4 0.4 - -
35 0.6 0.5 0.5 0.4 04 -
Sprinkler 0.7 0.6 0.5 0.5 0.4 0.4

Table 2-30. Projected vields of onions in Coachella Valley with four levels of surface trrigation intensities and
sprivkler irrigation on well drained soil,

Onions in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400

Well 16 T.4 7.4 7.4 74 7.3 1.0
320 Acres 22 1.4 7.4 1.4 74 7.3 7.0
29 1.4 1.4 7.4 7.4 7.3 7.0
35 7.4 7.4 7.4 7.4 7.3 7.0
Sprinkler 7.4 1.4 7.4 7.4 7.4 7.4

Table 2-81.  Projected yield of orange and tangerine in Coachella Valley with four levels of surface irrigation
intensity and sprinkler irrigation on three soil drainage classes.

Orange and Tangerine in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 200 1000 1100 1200 1300 1400
Well 16
6,480 Acres 22
29 All Values 264
15
Sprinkler
Moderate 16 1.2 1.1 1.0 1.0 0.9 0.8
300 Acres 22 1.2 1.2 1.2 1.1 1.0 1.0
29 1.2 1.2 1.2 1.2 1.1 1.0
35 1.2 1.2 1.2 1.2 1.2 1.2
Sprinkler 1.2 1.2 1.2 1.2 1.2 1.2
Poor 16 1.7 1.4 - - - -
680 Acres 22 2.0 1.7 1.5 - - -
29 2.1 19 1.6 14 - -
35 2.3 2.1 1.9 1.7 1.4 -
Sprinkler 2.7 24 2.2 1.9 1.7 1.4
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Table 2-32.  Projected yields of sweet corn in Coachella Valley with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes, ™ Y

Sweet Corn in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/1

Drainage Class Irrigations

Per Year 900 1000 1100 1200 1300 1400

Well 16
3,500 Acres 22
29
35

Sprinkler

Moderate 16
500 Acres 22
29
35

Sprinkler
Poor 16
900 Acres 22
29
35

Sprinkler
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PALO VERDE VALLEY

The average yields of major agricultural crops in
the Palo Verde Valley were obtained from Riverside
County Agricultural Commissioner reports for the
years 1964, 1966, 1966, 1967, 1968, 1969, 1870, 1971,
1972, 1973, see Table 2-33. Acreages of Crops were
based upon the Palo Verde Irrigation District Crop
Report for 1973, The location of specific crops on
specific soil drainage classes was obtained from
unpublished reports of the Soil Conservation Service.
Personal observations of Mr. Charles Morris of the
8CS, Mr. Lester Ede, University of California
Agricultural Farm Advisor, and Mr. Merle Turley of

Table 2-83. Yield per acre of magor crops in the service

the USBR were also helpful in locating erops on
specific soil drainage classes.

The soils of the Palo Verde Valley, Kocher and
Youngs (1926), Weir and Storie (1948, 1947), were
placed in four drainage classes as in Imperial Valley
and Coachella Valley Sections of this report. The
partitioning of crop acreages on soil drainage classes is
shown in Table 2-34. These data together with the
declination data from the California Committee of
Consultant_s (1974) were used to caleulate Tables 2.36
through 2-44, the projected yields of crops in varying
levels of surface irrigation and sprinkler irrigation,
Costs of production can be approximated from the
Imperial Valley and Coachella Valley reports on the
same crops.

area of Palo Verde Irrigation District,

Cro Year 95% Confidence
P 1964 1965 1966 1967 1968 1969 1970 1972 1993 Interval

Grapefruit . 990 800 728 1035 1092 929 £ 162 Cartons
Lemon 7178 325 593 303 251 450 1 230 Cartons
Lettuce 450 456 487 485 470 500 518 336 466 474 * 45 Cartons
Cantaloupe 120 1660 175 182 150 120 173 130 175 154 £ 18 Crates
Watermelon 9.0 10.0 10,0 10.0 8.5 9.0 12.0 9.5 10.0 9.8 £0.7 Tons
Onions, Dehy. 18.8 21.3 16.0 150 13.0 12.7 13.0 170 13.0 15.5 £ 2.1 Tons
Alfalfa 5.5 6.0 6.0 6.0 6.0 5.5 5.5 7.0 7.0 6.1 £0.4 Tons
Sorghum 1.50 1.50 1.75 1.50 1.50 1.50 1.50 1.50 1.80 1.69 £ 0.02 Tons
Cotton 3.00 3.00 2.00 1.75 2,75 2.36 1.45 2,00 175 2.23 £0.41 Bales
Caotton Seed 1.10 1.18 0.80 0.70 L10 093 0.57 0.80 0.70 0.87 £0.16 Tons
Wheat 1.50 - 1.75 2.00 2.00 2.25 2.25 2,50 2.04 £0.27 Tons
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Table 2-34. Partition of crop acreage on different soil drainage classes in Palo Verde Irrigation District.

Drainage Classification

Crop

Well Moderate Poor Very Poor
Grapefruit 700 100
Lemon 3,000 300
Lettuce 3,000 2,000 2,000 -
Cantaloupe 700 700
Watermelon 700 600
Onion, Dehy. 2,000 1,500
Alfalfa 9,500 10,500 10,500 7,500
Sorghum 3,000 2,000 1,000 500
Cotton 500 4,000 4,600 5,400
Wheat 5,000 5,000 5,000 5,000
Total 28,100 26,700 22,500 18,400

Table 2-85. Projected yields of alfalfa in Palo Verde Valley with Sour levels of surface trrigation intensity and
sprinkler irrigation, of four soil drainage classes.

Alfalfa in 1,000 Tons

Number of Total Dissoived Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1600 1100 1200 1300 1400
Well 16
9,500 Acres 22
29 All Values 58.0
35
Sprinkler
Moderate 16 64.1 64.1 58.3 56.4 53.8 51.7
10,500 22 64.1 64,1 63.3 61.4 58.8 57.0.
29 64.1 64.1 64.1 63.3 60.9 58.8
35 64,1 64,1 64.1 64.1 64.1 63.3
Sprinkler 64.1 64.1 64.1 64.1 64.1 64.1
‘Poor 16 51.8 48.5 44.1 41.5 382 34.3
10,500 Acres 22 544 51.8 48.5 46 .6 42.8 394
29 56.2 53.6 50.5 479 446 41.5
35 58.3 55.7 53.6 51.9 479 454
Sprinkler 64.1 59.9 57.0 54.4 515 48.5
Very Poor 16 35.8 323 28.7 — - -
7,500 Acres 22 39.3 36.4 32.3 29.2 - -
29 40.5 37.5 34.0 31.7 28.2 -
35 42.2 399 37.0 34.6 334 28.7
Sprinkler 45.8 42.8 39.3 37.0 334 31.1

Table 2-36. Projected yields of cantaloupe in Palo Verde Valley with four levels of surface trrigation ntensity
and sprinkler irrigation on two soil drainage classes.

Cantaloupe in 1,000 Crates

Number of Total Dissolved Solids in krrigation Water, mg/l
Drainage Class Irrigations
' Per Year 900 1000 1100 1200 1300 1400
Well 16
700 Acres 22
29 All Values 108
35
Sprinkler
Moderate 16 108 108 102 99 94 91
700 Acres 22 108 108 108 107 104 100
29 108 108 108 108 107 104
35 108 108 108 108 108 108
Sprinkler 108 108 108 108 108 108
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Table 2-27.  Projected yields of watermelon in Palo Verde Valley with four levels of surface trrigation intensit
* . - 1 ) y
and sprinkler irrigation on two soil drafnage claue‘g. % / g

Watermelon in 1,000 Tons

Number of . i
Drainage Class Irrigations Total Dissolved Solids in Irrigation Water, mgjt
Per Year 9200 1000 1100 1200 1300 1400
Wwell 16
700 Acres 22
gg All Values 6.86
Sprinkler
Moderate 16 5.88 5.88 5.57 5.39 5.12 495
600 Acres 22 5.88 5.88 5.88 5.83 5.66 5.44
29 5.88 5.88 5.88 5.88 5.83 5.66
?S 5.88 5.88 5.88 5.88 5.88 5.88
Sprinkler 5.88 5.88 5.88 5.88 5.88 5.88

Table 2-33. Projected yields of cotton in Palo Verde Valley with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes.

Cotton in 1,000 Bales

. Nu_mbe_:r of Total Pissoived Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Well 16
500 Acres 22
29 All Values 1.12
35
Sprinkler
Moderate 16 8.92 8.92 8.92 8.92 8.83 8.67
4,000 Acres 22 8.92 8.92 8.92 892 8.92 8.92
29 8.92 8.92 8.92 8.92 8.92 8.92
35 8.92 8.92 8.92 8.92 892 8.92
Sprinkler 892 8.92 892 8.92 892 8.92
Poor 16 8.92 892 8.74 8.46 8.30 6.69
4,000 Acres 22 8.92 8.92 8.92 8.83 8.38 8.38
29 8.92 892 8.92 892 8.73 8.46
35 8.92 892 8.92 8.92 8.92 8.73
Sprinkler 8.92 8.92 8.92 3.92 892 8.83
Very Poor 16 12,04 12.04 11.74 11.44 10.54 9.03
4,000 Acres 22 12.04 12.04 12.04 11.80 11.32 11.26
29 12.04 12.04 12.04 12.04 11.74 11.44
35 12.04 12.04 12.04 12,04 12.04 11.74
Sprinkler 12.04 12.04 12.04 12.04 12.04 11.92

Table 2-35. Projectgd yields of grapefruit in Palo Verde Valley with four levels of surface irrigation intensity
and sprinkler irrigation on two sotl drainage classes. :

Grapefruit in 1,000 Cartons

Number of R Ca s L
Drainage Class Itrigations Total Dissolved Solids in Irrigation Water, mg/l _
Per Year 900 1000 1100 1200 1300 1400
Well 16
700 Acres 22
29 Al Values 650
35
Sprinkler
Moderate 16 98 93 86 81 71 66
110 Acres 22 102 102 97 93 87 83
29 102 102 102 97 92 87
35 102 162 102 102 102 97
Sprinkler 102 102 102 102 102 102
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Table 2-40. Projected yields of lettuce in Palo Verde Valley with four levels of surface irrigation intensity and
sprinkler irrigation on three soil drasnage classes.

Lettuce in 1,000 Cartons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations

Per Year 900 1000 1100 1200 1300 1400
Well 16 1422 1422 1422 1422 1378 1334
3,000 Acres 22 1422 1422 1422 1422 1378 1334
29 1422 1422 1422 1422 1378 1334
35 1422 1422 1422 1422 1378 1334
Sprinkler 1422 1422 1422 1422 1422 1422
Moderate 15 859 794 729 673 607 569
2,000 Acres 22 940 890 846 794 751 692
29 948 919 875 846 788 751
35 948 948 948 919 875 846
Sprinkler 948 948 948 948 948 919
Poor 16 557 472 378 312 217 132
2,000 Acres 22 630 558 492 416 331 246
29 661 586 520 463 378 312
35 708 652 586 529 463 387
Sprinkler 838 758 671 604 548 473

Table 2-41. Projected yields of lemon in Palo Verde Valley with four levels of surface irrigation intensity and
sprinkler irrigation on two soil droinage classes.

Lemeon in 1,000 Cartons

Number of . Sos L
Drainage Class Irrigations Total Dissolved Solids in Errigation Water, mg/i
Per Year 300 1000 1100 1200 1300 1400
Well 16
3,000 Acres 22
29 All Values 1350
35
Sprinkler
Moderate 16 129 123 114 107 94 87
300 Acres 22 135 135 128 123 115 109
29 135 135 135 128 122 115
35 135 135 135 135 135 128
Sprinkler 135 135 135 135 135 135

Table 2-42. Projected yields of onions in Palo Verde Valley with four levels of surface irrigation intensity and
sprinkler irrigation on two soil drainage clagses.

Onions (Dehydrator) in 1,000 Tons

Number of . Caia s _
Drainage Class Irrigations Total Dissolved Solids in Irrigation Water, mg/t

Per Year 900 1000 1100 1200 1300 1400
Well 16 31.0 310 31.0 31.0 30.6 29.3
2,000 Acres 22 31.0 31.0 31.0 310 30.6 29.3
29 310 31.0 310 31.0 30.6 29.3
35 31.0 310 31.0 31.0 30.6 29.3
Sprinkler 31.0 31.0 31.0 31.0 310 31.0
Moderate 16 209 200 18.8 180 14.0 11.5
1,500 Acres 22 23.3 22.0 20.8 20.0 19.1 18.1
29 23.3 227 21.6 22.0 19.8 19.1
35 233 23.3 23.3 22,7 21.5 21.6
Sprinkler 23.3 23.3 23.3 233 23.3 22.7
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Table 2-43. Projected yields of sorghum in Palo Verde Valley with four levels of surface irrigation tntensity and
sprinkler irrigation on four soil drainage classes.

Sorghum in 1,000 Tons

Drainage Class ’f;‘fg"ﬁ‘:;:f Total Dissolved Solids in Irrigation Water, mg/1
Per Year 900 1000 1100 1200 1300 1400
Well 16
3,000 Acres 22
29 All Values 4.77
35
Sprinkler
Moderate 16
2,000 Acres 22
29 All Values 3.18
35 ’
Sprinkler
Poor 16 1.58 1.51 1.46 1.41 1.35 1.30
1,000 Acres 22 1.59 1.58 1.54 1.47 143 1.38
29 1.59 1.59 1.54 1.51 1.46 1.41
35 1.59 1.59 1.59 1.56 1.51 1.46
Sprinkler 1.59 1.59 1.59 1.59 1.56 1.51
Very Poor 16 0.72 0.69 0.66 0.63 0.60 041
500 Acres 22 0.75 0.72 0.69 0.66 0.62 0.61
29 0.77 0.73 0.70 0.69 0.65 0.63
35 0.78 0.77 0.73 0.71 0.69 0.66
Sprinkler 0.80 0.80 0.77 0.73 0.70 0.67

Table 2-44. Projected yields of wheat in Palo Verde Valley with four levels of surface irrigation intensity and
sprinkler irrigation on four soil drainage classes.

Wheat in 1,000 Tons

Number of Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Irrigations
Per Year 900 1000 1100 1200 1300 1400
Well 16
5,000 Acres 22
29 All Values 10.20
35
Sprinkler
Moderate 16
5,000 Acres 22 :
29 All Values 10.20
35
Sprinkler
Poor 16 10.20 10.10 9.70 9.50 9.18 8.87
5,000 Acres 22 10.20 10.20 10.10 9.89 9.50 9.29
29 10.20 10.20 10.20 9.99 9.68 9.50
35 10.20 10.20 10.20 10.20 9.99 9.79
Sprinkler 10.20 10.20 10.20 10.20 10.20 10.10
Very Poor 16 9.70 9.39 8.98 8.58 8.15 6.43
5,000 Acres 22 10.10 9.70 9.39 9.08 8.45 8.36
29 10.20 9.89 9.49 9.27 8.98 8.58
35 10.20 10.20 9.79 9.49 9.27 8.98
Sprinkler 10.20 10,20 10.20 9.89 949 9.18
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PACIFIC COAST AREAS

All Colorado River water used in the coastal areas
is pumped through the Colorado aqueduct of the
Metropolitan Water District of Southern California
{MWD). The water is distributed to the 27 members of
the MWD, These members further distribute water to
smaller divisions within their boundaries. The San
Diego County Water Authority, for example, is one of
the 27 members of MWD and has 22 constitutent cities
and districts within its boundaries, Burzell (1978),
Monroe (1972).

In addition to the water from the MWD the 27
members have locally developed water which present-
ly constitutes 83 percent of the water used in the
MWD area (Monroe, 1972}, The local water is pumped
from subsurface aquifers, transported from ocutside
the MWD area, and/or collected in reservoirs from
surface or stream flow (Brown, 1974).

Rainfall within the coastal area varies from 5 to 20
inches in the lower elevations and from 20 to 70 inches
in the higher elevations (Close et al., 1970). Most of
the agricultural areas are within a 10- to 15-inch
rainfall zone (Boroman, 1973).

Agricultural yield records do not segregate crop
yields obtained from local water irrigation and from
Colorado River water irrigation (Little, 1968-78), In
some areas the locally produced water is used first and
then Colorado River water is used. In other areas the
local and Colorado River water are stored in the same
reservoir (Brown, 1974).

In 1972 the MWD took first delivery of water
from the state projeet. This source of water is
scheduled to increase eventually to two million acre
feet. Meanwhile, the Central Arizona Project will
claim an entitlement to Colorado River water so that
the MWD supply will be reduced to 560,000 ac ft. Of
this amount 100,000 ac ft may be utilized in the
production of power. The remaining water will be
blended in varying degrees with local and state water
(Clinton, 1973; Lauten, 1974). The pricing of water
rates is set by the MWD, The agencies and

subagencies add suitable increases in this water price
to cover operation, maintenance, and repayment
scheduling of bonds for the distribution systems.
Typical costs of water to the farmer are shown in
Table 2-45 for portions of the San Diego County Water
Authority.

Use of Colorado River water for agriculture has
remained around 150,000 acre feet per year (Monroe,
1972}, The agencies using this water in large quantity
are the San Diego County Water Authority, 78,117 ac
ft in 1972; Eastern MWD, 29,620 ac ft; MWD of
Orange County, 81,470 ac ft; Western MWD of
Riverside County, 33,713 ac ft (Monroe, 1972). With
the exception of the San Diego CWA aqueduct #1,
these areas will have blended 50 percent state water
available In the mid or late 1980s the blend will move
to 75 percent state water. It should be noted at this
point that in the 50 percent Colorado River water that
the TDS could move to 1,230 mg/1 and to 2,210 mg/1 in
the 25 percent Colorado River water when mixing
with 260 mg/] state water without increasing the TDS
in the blend beyond the present 740 mg/l of Colorado
River water. The cost to the agricultural economy
receiving the blended water will be the increased price
sinee there will probably be no reduction in yield due
to salinity increase above the present value.

Even though the increased price of blended water
was politically derived by the MWD hoard of directors
and may not reflect the true cost of obtaining the
water, it still remains the actual cost increase to those
farming. The surcharges for the blended 50 percent
Colorado River water will be (Clinton, 1873):

1974-75 $6/acft 1978-79 $9
1975-76 $6 1979-80 $10
1976-77  §7 1980-2000 $10
1977-78 $8

In the 76 percent state water blended the increased
charge would be $15 per ac ft as presently planned,
(Clinton, 1973).

The study of yield effects of increased salinity in
the Pacific Coast area then narrows to the region

Table 2-45. Water cost to grower in dollars per acre foot.

San Diego County Water Authority®

Helix Irrigation District
Fallbrook PUD
Olivenhain MWD
Qceanside, City of

"~ Poway MWD
Ramona MWD
Rainbow MWD
Santa Fe Irrigation District
Valley Center MWD
Otay MWD

95.80
52.25
65.00
65.00
75.00
76.00
56.50
56.75
71.69
95.00

#Source—response to questionnaire.
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served by the first San Diego aqueduct with a capacity
of 190 cfs. The second San Diego aqueduct has pipeline
3 with a capacity of 260 cfs and pipeline 4 with a
capacity of 380 efs. The pipelines 3 and 4 will have
blended state water available in 1975, As presently
planned, pipelines 1 and 2 of the first aqueduct are to
have Colorado River water execlusively until 1980-1985
(Montgomery, 1974). The four preferred filtration
distribution studies suggested by SDCWA all indicate
that pipelines 1 and 2 will receive water from Skinner
plants which would be blended water during the
second phase of construetion 1980-1995, (Montgom-
ery, 1974). Metropolitan Water District of Southern
California indicates plans to supply blended water to
pipelines 1 and 2 by 1987-88 which is the same time
that the blend will go to 75 percent state water
(Clinton, 1978).

The data developed in this study of yield
decreases from inereased salinity in the Colorado will
apply only to unblended water. The assumption made
is that the irrigation water is unsoftened Colorado
River water.

Mean yields for the San Diego County area were
obtained from the Agricultural Commissioner Reports
1968-73 (Little, 1968-78), and are shown in Tables 2-46
through 2-60. Table 2-46 showing the partitioning of
acreages of crops into three permeability classes, was
obtained from Bowman (1973) the soil series permea-
bilities and the Agricultural Commissioner's acreage
report (Little, 1968-73). The very rapid, and rapid
permeabilities were placed in the group labeled rapid.
The moderately rapid and moderate were labeled
moderate, and the moderately slow, slow, and very
slow were labeled slow.

Table 2-48 presents the effective saturation
extract values. The surface irrigation salinity was
taken from the 35 irrigation per year line of Table 2-8.
The rationale is that 10 to 15 inches of rain would have
a diluting effect similar to additional irrigations. The

sprinkler values were the same as previously used.
The new trickler or drip method of irrigation seeing
rapid expansion in this area (Valley Center MWD,
1973) appears to deliver water to root systems at the
same concentration as the. irrigation water. The
effective salinity was reduced one mmho/em below
the irrigation water value because the CaS0O4would
have no harmfu! effect and rainfall would provide
dilution and leaching (Hall, 1971). The first trials of
trickler systems support this usage (Hall, 1971; Hall,
1978; Valley Center MWD, 1973).

The use of drip irrigation has produced advan-
tages in water saving, labor saving, convenience in
harvesting, and reduced weed control. The drip
method is being adopted for these reasons and would
proceed even though the water contained no salt. For
this reason, it would not be appropriate to charge the
$200-$300/acre/crop (Hall, 1973), to increasing salin-
ity, particularly in the rapid and moderately drained
soils, In the slowly drained soils a yield benefit is
projected because of salinity reduction. Therefore, &
portion of the cost of drip irrigation should be charged
to the increasing salinity.

Avocado is seeing extensive development with
drip irrigation (Valley Center MWD, 1973). The
requirement of rapid permesbility soils for this crop
places it in areas where salinity will probably not be a
problem even at 1,400 mg/l. The citrus and tomato
plantings on rapid and moderately permeability soil
show little yield reduction, but the slow permeability
soil shows drastic reductions in yield. The drip or
trickler irrigation would see great advantages here. It
should be noted that a sprinkler system may be
required to periodically leach out salt accumulations
between plants (Hall, 1971). It should also be noted
that this analysis assumes that the mean annual
rainfall will continue, In drought years the number of
sprinkler leachings may need to be increased.

Table 2-48. Yields of crops in the San Diego County Water Authority service area. Agricultural Commissioner

repovis.
Year
Mean
Crop 1968 1969 1970 1971 1972 1973
Avocados, Ton 1.7 3.2 1.7 3.0 1.5 35 243 % 0.81
Citrus
Grapefruit 10 12 21.0 7.8 129 17.4 135 + 45
Lemon 154 10.6 16.5 20.0 16.2 240 177 £ 4.1
Lime 10.0 6.5 8.2 14.0 11.0 14.0 106 + 238
Orange, Navel 7.3 11.0 8.8 6.2 6.7 7.2 787+ 1.62
Orange, Valencia 59 7.4 6.6 8.8 10.3 7.0 757+ 1.57
Tangerine - - 1.7 10.7 10.5 17.4 11.6 + 44
Strawberry 17.0 15.0 17.2 19.0 210 21.0 184 + 2.2
Potato 12,0 16.0 21.0 18.0 22.0 200 18.2 + 34
Tomato
Spring 20.1 25.4 24.1 20.5 - 27.8 36.8 258 + 5.6
Fall 18.7 22.2 16.6 16.0 19.4 24.5 196 = 3.0
Summer - - - 13.0 336 36.0 27.5 +£189
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It is of interest that long-term citrus plantings
irrigated with Colorado River water (740 mg/l) on
a moderately slow permeability soil showed & 10
percent reduction in yield (Bingham et al., 1973).
Table 22 shows an 18 percent yield reduction at 900
mg/] which is in general agreement.

Tables 2-48 to 2.80 were obtained as in the first
three parts of this study using Tables 2-46 and 2-47
and the guidelines for interpretation of quality of
water for irrigation (Committee of Consultants, 1974),

The future course of irrigated agriculture in the
San Diego area is somewhat clouded, As can be seen in
Tables 2-61 (Montgomery, 1974), San Diego CWA is
projecting a B8 percent increase in agricultural
demand for water. The Valley Center MWD (1973)
projection in Table 2-62 is equally optimistic.
However, this same study shows the total payment
capacity per acre foot of water to be $85.39 for
avocados and $78.93 for citrus. Two agencies Helix ID
and Otay MWD are already charging more than this
$95. The projected increase in charges for 75 percent

Table 2-47. Partition of crop acreage on different soil drainage classes, San Diego County.

Drainage Classification
Crop
Well Moderate Poot
Citrus
Grapefruit 71 348 230
Lemon 373 1,670 1,115
Lime 38 172 115
Orange. Navel 135 606 404
Orange, Valencia 1,115 5010 3,340
Tangerine 126 566 378
Potato 325 300
Strawberry 635
Tomato .
Spring 45 417 556
Summer 15 135 180
Fall 142 1,283 1,710
Avocado 6,027 7,232
Total 9,054 12,739 8,028

Table 2-48. Effective values of soil saturation extract conductivities in three drainage classes, three

management systems, and sixz TDS contents of water.

TDS Irrigation Drainage Classification
mgfl Method
. Well Moderate Poor
900 Surface 0.4 0.7 30
Sprinkler 0.0 0.0 2.1
Trickler N - 0.3
1000 Surface 0.7 1.0 35
Sprinkler 0.0 0.2 2.7
Trickler - - 0.5
1100 Surface 0.9 1.3 40
Sprinkler 0.0 0.5 3.3
Trickler - 0.6 0.6
1200 Surface 1.2 1.5 4.5
Sprinkler 0.0 0.8 3.8
Trickler - 0.8 0.8
1300 Surface 1.5 1.8 5.1
Sprinkler 0.2 1.2 4.4
Trickler - 0.9 0.9
1400 Surface 1.7 21 5.6
Sprinkler 0.4 1.5 5.0
Trickler - 1.1 1.1
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blended state water is $15. Another charge of $20/ac
ft for filtered water (Montgomery, 1974), may be
added towards the end of the 1980s. This moves the
water price $46/ac ft beyond the avocado grower's
ability to pay and $52 beyond the citrus grower.

As pointed out by John H. Lauten (1974), General
Manager of MWD, pumping Colorado River water to
the MWD area requires energy equivalent to three
barrels of oil. The state water requires the equivalent
of 5 barrels. Desalting Colorado River water requires
10 barrels per acre foot and desalting ocean water 38
barrels.

The future cost of obtaining water will reflect the
cost of energy. In 1984, for example, on peak pumping

of water through the east branch will be $77/acre foot
and $45 through the west branch. The average of on
and off peak pumping will be $38/acre foot as
projected today for the year 2000 (Clinton, April
1973). Agriculture's share of this cost may lead to a
reduction in farmed acreage and allow farming on only
the most productive areas.

Since the submission of this report in August
1974, changes in the planned proportions of pumping
state and Colorado River water reflect the cost of
power. Approximately 330,000 acre feet of state water
are planned as substitute for Colorado River water
with a net saving of $10 million in power costs
{Lauten, Sept. 1974).

Table 2-49. Projected yield of San Diego avocados using furrow, sprinkler, or trickler irrigation at six different

TDS levels and two drainage classes.

Avocados in 1,000 Tons

Dissolved Solids in Irzigation Water, mg/l

Drainage Class Iﬁt}g&t‘l’%n Total

900 1000 1100 1200 1300 1400

Well 2) Surface 146 14.6 14.6 146 14.2 13.8
6,027 Acres Sprinkler 146 14.6 14.6 14.6 14.6 14.6
Trickier 14.6 14.6 14.6 14.6 14.6 14.6

Moderate (3) Surface 17.6 17.6 17.6 17.0 16.3 15.6
7,232 Acres Sprinkler 17.6 17.6 176 17.6 17.6 17.0
Trickler 176 17.6 17.6 176 17.6 17.6

Table 2-50. Projected yield of San Diego grapefruit using furrow, sprinkler, or trickler irrigation at six different

TDS levels and three drainage classes.

Grapefruit in 1,000 Tons

frrigation Total Dissolved Solids in Irrigation Water, mgj/l
Drainage Class
8 Method 900 1000 1100 1200 1300 1400
Well Surface
77 Acres Sprinkier All Values 1.04
Trickler
Moderate Surface 4.69 4.69 4.69 4.69 4.69 4.46
348 Acres Sprinkler 4.69 4.69 4.69 4.69 4.69 4.69
Trickler 4.69 4,69 4.69 4.69 4.69 4.69
Poor Surface 2.55 2.30 204 1.74 1.55 -
230 Acres Sprinkler 294 2.70 241 2.17 1.86 1.50
Trickler 3.10 3.10 3.10 3.10 3.10 3.10
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Table 2-51. Projected yield of San Diego lemons using furrow, sprinkler, or trickler irrigation ¢ etx di t
TDS levels and three drainage clasges. i e ¢ Weren

Lemon in 1,000 Tons

Drainage Class Iﬁieg&ti%n Total Dissolved Solids in Irrigation Water, mg/l
900 1000 1100 1200 1300 1400
Weil Surface
373 Acres Sprinkler All Values 6.60
Trickler
Moderate Surface 295 295 29.5 29.5 295 1
1,670 Acres Sprinkler 29.5 29.5 29.5 29.5 295 355
Trickler 29.5 29,5 29.5 29.5 29.5 29.5
Poor Surface 16.2 146 12.9 11.1 9.9 -
1,115 Acres Sprinkler 18.7 17.2 15.3 13.8 11.8 9.5
Trickler 19.7 19.7 19.7 19.7 19.7 19.7

Table 2-52. Projected yield of San Diego limes using Sfurrow, sprinkler, or trickler rrigation at six different TDS
levels and three drainage classes.

Lime in 1,000 Tons

Drainage Class [ﬁzgt;g(i}gn Total Dissolved Solids in Irrigation Water, mg/l
9200 1000 1100 1200 1300 1400
Well Surface
38 Acres Sprinkler All Values 0.40
Trickler
Moderate Surface 1.82 1.82 1.82 1.82 1.82 1.73
172 Acres Sprinkler 1.82 1.82 1.82 1.82 1.82 1.82
Trickler 1.82 1.82 1.82 i.82 1.82 1.82
Poor Surface 1.00 0.90 0.80 0.68 0.61 -
115 Acres Sprinkler 1.16 1.06 0.95 0.85 0.73 0.59
Trickler 1.22 1.22 1.22 1.22 1.22 1.22

Table 2-53. Projected yield of San Diego naval oranges ustng furrow, sprinkler, or trickler irrigation at siz
different TDS levels and three drainage clagses,

Naval Orange in 1,000 Tons

Irrigation Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Method
900 1000 1100 1200 1300 1400
Well Surface
135 Acres Sprinkler All Values 1.06
Trickler
Moderate Surface 4.77 . 4.77 4.77 4,77 4,77 4.55
606 Acres Sprinkler 4.77 4.17 4.77 4,717 4.77 4.77
Trickler 4.77 4.77 4.71 4.717 4.77 4.77
Poor Surface 2.62 2.35 209 1.78 1.59 -
404 Acres Sprinkler 3.02 2.717 247 2.23 1.91 1.54
Trickler 3.17 3.17 317 3.17 3.17 3.17
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Table 2-54. Projected yield of San Diego valencia oranges using furrow,

different TDS levels and three drainage

classes,

sprinkler, or trickler irrigation at six

'Val_encia Orange in 1,000 Tons

Irrigation Total Dissolved Solids in krrigation Water, mg/l
Drainage Class Method
200 1000 1100 1200 1300 1400
Well Surface
1,115 Acres Sprinkler All Values 8.44
Trickler
Moderate Surface 37.92 37.92 37.92 37.92 37.92 36.06
5,010 Acres Sprinkler 37.92 3792 37.92 37.92 37.92 37.92
Trickier 37.92 3792 37.92 37.92 3192 37.92
Poor Surface 20.80 18.76 16.64 14.19 12.64 -
3,340 Acres Sprinkler 23.98 22,02 19.65 17.70 15.17 12.23
Trickler 25.28 25.28 25.28 25.28 25.28 25.28

Table 2-55. Projected yield of San Diego potatoes using Jurrow, sprinkler, or trickler irrigation at six different

TDS levels and twe drainage classes.

Potatoes in 1,000 Tons

Drainage Class Imigation Total Dissolved Solids in Irrigation Water, mg/l
Method
900 1000 1100 1200 1300 1400
Weill Surface
325 Acres Sprinkler All Values 5.92
Trickler
Moderate Surface 5.46 5.46 5.46 5.46 5.40 5.19
300 Acres Sprinkler 5.46 5.46 546 5.46 546 5.46
Tricklet 5.46 5.46 5.46 5.46 5.46 5.46

Table 2-56. Projected yield of San Die

go strawberries using furrow, sprinkler, or trickler trrigation at six

different TDS levels.

Strawberry in 1,000 Tons

. Irrigation Total Dissolved Solids in Irrigation Water, mg/l
Drainage Class Method _
900 1000 1100 1200 1300 1400
Well Surface 11.68 11.68 11.68 11.39 11.04 10.69
635 Acres Sprinkler 11.68 11.68 i1.68 11.68 11.68 11.68
Trickler 11.68 11.68 11.68 11.68 11.68 11.68

Table 2-57. Projected yield of San Diego tangerines using furrow,
different TDS levels and three drainage classes.

sprinkler, or trickler {rrigation at six

Tangerine in 1,000 Tons

Drainage Class Irrigation Totat Dissolved Solids in Irrigation Water, mg/1
Method
900 1000 1100 1200 1300 1400
Well Surface
126 Acres Sprinkler Al Values 1.46
Trickler
Moderate Surface 6.57 6.57 6.57 6.57 6.57 6.25
566 Acres Sprinkler 6.57 6.57 6.57 6.57 6.57 6.57
Trickler 6.57 6.57 6.57 6.57 6.57 6.57
Poor Surface 3.60 3.25 2.89 2.46 2.19 -
378 Acres Sprinkler 4,16 3.82 3.41 3.07 2,63 2.12
Trickler 4,38 4.38 438 4.38 4,38 4.38
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Table 2-58. Projected yield of San Diego summer tomatoes ustng furrow, inkler, or trickler irrigation af six
different TDS levels and three drainage classes. o ' ¢

Summer Tomato in 1,000 Tons

Drainage Class Iﬁigtﬁgn Total Dissolved Solids in Irrigation Water, mg/1
900 1000 1100 1200 1300 1400
Well Surface
15 Acres Sprinkler All Values 0.42
: Trickler
Moderate Surface
135 Acres Sprinkler All Values 3.70
Trickler
Poor Surface 4.84 4,66 4.46 431 4,15 398
180 Acres Sprinkler 495 495 4.74 4.53 4.36 4,18
Trickler 495 495 495 495 495 4.95

Table 2-59. Projected yield of Sen Diego fall tomatoes using furrow, sprinkler, or trickler irri ation at six
different TDS levels and three drainage classes, d

Fall Tomato in 1,000 Tons

frati Total Dissolved Solids in [irigation Water, mg/l
Drainage Class Irrigation N g/
Method
200 1000 1100 1200 1300 1400
Well Surface
142 Acres Sprinkler All Values 2.78
Trickler )
Moderate Surface
1,283 Sprinkler All Values 25.14
Trickler
Poor Surface 32.78 31.64 30.24 29.77 28.36 26.96
1,710 Acres Sprinkler 33.52 33.52 32.11 30.71 29.54 28.36
Trickler 33.52 33.52 33.52 33.52 33.52 33.52

Table 2-60. Projected yield of San Diego spring tomatoes using furrow, sprinkler, or trickler irrigation at six
different TDS levels and three drainage classes. '

Spring Tomato in 1,000 Tons

P Total Dissolved Solids in Irrigation Water, mg/1
Drainage Class Lirigation
Method
200 1000 1100 1200 1300 1400

Well ) Surface .
46 Acres Sprinkler All Values 1.19

Trickler
Moderate (3) Surface
417 Acres Sprinkier All Values 10.8

Trickler
Poor 4) Surface 14.1 13.5 12.9 12.7 12.1 -
556 Acres Sprinkler 14.3 14.3 13.7 13.1 12.6 12.1

Trickler 14.3 14.3 14.3 14.3 14.3 14.3
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Table 2-61. Projected agricultural demand for water in acre feet per year, (San Irego County Water Authority,

Table C4.)

1975 1980 1985 1990 1995
Carlsbad MWD 4,000 4,000 4,000 4,000 4,000
Pe Luz Heights 1,010 1,200 1,480 1,800 2,200
Ese & Rincon del Diablo 9,000 9,000 9,000 8,500 8,500
Fallbrook PUD 9,000 9,000 9,000 9,000 9,000
Helix WD 2,035 2,190 2,340 2,500 2,650
Nat’l City & South Bay ID 850 850 850 850 850
Oceanside City 1,075 1,355 1,685 2,770 3,765
Olivenhain MWD 1,310 1,870 2,390 2,820 3,040
Otay MWD 5,400 5,400 5,400 5,400 5,400
Poway MWD 1,960 2,130 2,310 2,530 2,830
Rainbow MWD 18,290 20,200 23,650 28,160 31,250
Ramona MWD 1,270 1,610 2,140 2,580 3,250
Rio San Diego MWD 470 680 695 820 965
San Dieguito & Santa Fe 3,200 3,200 3,200 3,200 3,200
San Marcos CWD 970 1,350 1,710 2,055 2,060
Valley Center MWD 21,420 28,080 32,435 38,465 43,730
Vista ID 6,000 6,000 6,000 6,000 6,000
Yaima MWD 9,630 11,560 14,050 17,410 21,140
Total 96,890 109,675 122,335 138,860 153,830

1) 2) 3) (4) )
Total in ¢fs 133 150 168 190 210

Table 2-62. Valley Center Municipal Water District, San Diego County, California,

District Lands and Estimated Water Use

The Bureau of Reclamation has classified the lands to determine the number of acres suitable for crop production of various
types. This classification has been used to estimate water demand by assigning expected crops to each land classification and
then establishing a duty for each expected type of use. New avocado plantings have surpassed the new citrus plantings in recent
years. Avocado trees require good air and ground drainage. Consequently, areas previously considered open land are being
planted to avocado trees. In the District’'s 1967 report, avocado planting was estimated to ultimately be 2,600 acres. The
revised and current estimate is approximately 11,100 acres (which is an increase of 8,500 acres?). Citrus planting has been re-
duced from our original report (17,600 acres to 9,100 acres). The following tabulation summarizes the results.

Ultimate Land Use and Projected Water Demand

Land Use Water Demand
Net Area Ultitnate Avg.-Year
Expected Use Acres Duty (AF/ac/yr) Water Demand AF/yr
Citrus 9,100 2.35 21,385
Avocado 11,100 2.56 28,416
Miscellaneous 4,900 1.2 5,900
Mand ) 2,200 3.7 8,100
Totals 27,300 - 63,800
Ultimate Average Annual Water Requirement with System Efficiency of 90.0%

70,900

3Land use as of Januwary, 1973 —Citrus (6,300 acres), avocados (4,500 acres).
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" APPENDIX 8

ECONOMIC DAMAGES IN AGRICULTURE FROM SALINITY
IN THE LOWER COLORADO BASIN

Alsn P. Klsitinan, Chief
Economic Resources Branch
_ Lower Celorado Region
U.S. Burean of Reclamation

and

F. Bruce Brown, Economist
- Economics Section
U.S. Burean of Reclamation

METHODOLOGY

Major impacts from salinity are primarily
experienced in the lower Colorado River Basin states
of Arizona and California. The objective of this study
is to estimate direct economic damages to agriculture
associated with specific alternative levels of salt
concentration in receiving areas of the lower basin. In
addition, a damage function corresponding to selected
areas is to be derived for estimation purposes.

Area ldentification

The first step of the analysis was to identify the
areas that should be considered. This was based on the
current agricultural acreages receiving, or e:
to receive in the near future, water from the Colorado
River. The relevant areas for analysis of salinity
impacts on agriculture are:the Central Arizona
Project service area, the Yuma area, and the Colorado
River Indian Reservation—all in Arizona; the Imperial
Valley Irrigation District, the Coachella Valley
Irrigation District, the Palo Verde Irrigation District,
and the San Diego Coastal Region—all in California.
Data requirements for the Central Arizona Project
made it necessary to divide this area into six subareas
which included the following irrigation districts: Salt
River Valley Water Users Association, Lands Supple-
mental to Salt River Project, Roosevelt Water
Conservation Distriet, Roosevelt Irrigation District,
and the San Carlos Project (Indian and non-Indian).
This was also the case in the Yuma area where three
major subareas resulted: Gila {(North Gila, South Gila,
Yuma Mesa, Yuma Auxiliary), Yuma Valley (Yuma
Valley, Bard Unit), and Wellton-Mohawk Division.
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Acreage estimates for the present analysis placed
total cultivated land at about 1.25 million acres
ineluding slightly over 200,000 acres as available for
double cropping.

Farm Level Alternatives

Irrigators faced with the problem of increased
salinity in their irrigation water have, in essence, two
options. They can accept the damages in the form of
declining yields and ultimately reduced acreages, as
water supply conditions dictate, to the point of zero
economic returns and ultimately go out of production;
or, they can exercise several management options
which mitigate or dampen some of the major effects of
rising salinity. However, attached to each mitigation
scheme is an associated cost of implementation.

A number of salinity adaptation practices are
presently known which can help to alleviate decreases
in crop yield resulting from inereasing water and soil
salinity. Farmers in Arizons and California receiving
Colorado River water have already been appiying
various management practices in order to minimize
impacts from water containing high counts of total
dissolved solids (TDS). Some of these practices are
applied by individual farmers while others are
implemented by entire water districts. For example,
some districts have supported the efforts of farmers in
installing tile drains under their lands which discharge
into master drains usually constructed by the district.
Irrigation districts have also installed and operated
pumps to lower the groundwater level and thereby
more efficiently drain lands. Most of the irrigated



lands receiving Colorado River water in California and
Arizona have man-made drainage facilities of some
nature to carry away the volume of water required to
keep the soil-water salinity content at acceptable
concentrations.

Other management measures are adopted by
farmers, as necessary, to meet individual eircum-
stances of coping with high-salinity water. For
example, land surface is carefully leveled and
releveled so as to insure more uniform application,
Flood irrigation is an effective aid in percolating
dissolved salts in the soil-water solution below the
root zone and into the drainage facilities, Where land
leveling is impractical, or where the crops are not
receptive to being irrigated by flood or furrow
irrigation, sprinklers are installed which also provide
a high coefficient of uniformity. In. both cases,
irrigations must be scheduled at more frequent
intervals using smaller quantities of water at each
irrigation to maintain the downward movement of
salts as total dissolved solids in the water reach higher
levels of concentrations.

These management practices require substantial
additional investment in farm operations. For exam-
ple, expenditures of $200/acre to $600/acre for a
sprinkler irrigation setup are not uncommon and
$50/acre for land leveling is a minimum, In the case
where farmers may not have access to the capital
necessary for such practices, they may be forced to
change to more salt-tolerant crops or discontinue
operation altogether. Even though the choice to
change to more salt-tolerant crops may result from a
lack of capital, it is not a costless management
practice. This is due in part to necessary changes in
equipment and management techniques as well as lost
revenue from the original crop.

In addition, there are other direct or variable
expenses incurred by irrigators, As a means of
illustration, there are costs of extra farm labor
involved in a more precise irrigation regime, costs of
additional water necessary to leach salts, added
fertilizer costs resulting from increased water
application, and other similar expenses. Generally
stated: as the level of sophistication in farm manage-
ment mitigation schemes increases, crop production
costs generally increase accordingly. These inereased
costs attributed to salinity adaptation can be
considered as economic detriments. Likewise, the
decreased profits due to lower yields are also
considered as economic detriments,

Indications are that with high salinity levels,
farmers will most likely adopt feasible salinity
adaptation practices rather than suffer yield losses or
reduce acreages if sufficient capital is available,
Management practices considered by this study which
are currently or can be implemented by farmers to
mitigate salinity impacts are briefly reviewed below:

1. As salinity and water costs increase, ditch
lining is almost mandatory as a method of
reducing seepage losses and alleviating soil
salinization.
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Concrete lning of a ditch in Imperial Valley,
California.

2, Land leveling is necessary for uniform
distribution of water and the prevention of salt
buildup in high spots on a field.

Land leveling in the Salt River Project, Arizona.

3. Moldboard and slip plowing to depths of 4
to 6 feet are practical and usually result in
improved drainage efficiency and more uniform
water penetration.

Skip plowing in Imperial Valley, California.



4. Salts generally aceumulate more readily in
the soil surface during the period of crop
maturation when water is not being applied or in
hills during conventional furrow irrigation.
Leaching to move salts down and reduce soil
salinity in the root zone is often necessary before
planting the next erop.

A leaching irrigation in the Salt River Project,
Arizona,

5. For leaching to be effective, a good
drainage system must be provided. Tile drains
most effectively increase the efficiency of water
removal. Necessary drainage for maintaining a
salt balance is also considered an economic
detriment.

Deep tiling operation in Imperial Valley, California.

6. Special bedding practices such as double-
row or sloping beds can achieve better salinity
control by affecting the location of the salt buildup
during the cropping period in relation to plant
placement. A common practice in vegetable crops
is to plant on the outer shoulders of the furrow.
Instead of a single row in the center where salts
tend to accumulate, two rows per mound are
grown in the area of least salt concentratiqn.
Specially designed equipment is required which
inereases production costs.
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Special bedding practice for lettuce in the Palo Verde
Irrigation District, California.

7. A significant advantage of sprinkler irriga-
tion over furrow or flood irrigation is the
downward movement and slower buildup of salt
in the surface layers of the soil. Sprinkler
irrigation eliminates salt aceumulation in conven-
tional furrow irrigation beds and results in more
efficient salt removal and lower root zone
salinities than with flood irrigation.

Two general methods of implementing sprinkler
technology are common to the study area. The
first is implemented to facilitate germination.
Water is applied in this fashion until the plants
break the surface of the ground. Advantages lie in
the fact that less salt accumulates in the seed bed
which would decrease germination probability
and plant population. After the plants have
completed the sprouting phase, furrow irrigation
can resume with better success. This is especially
true in the vegetable crops which tend to be
rather salt sensitive,

Full sprinkler irrigation is the second method.
Through the crop season this practice can more
fuilly eliminate salt accumulation as explained
above.

Sprinkler irrigation for germination, Imperial Valley,
California.



8. Drip irrigation could be used for a number
of crops, however, capital investment costs are
substantial. Water with very high concentrations
of TDS can be used on many crops with this
system, but periodic leaching would still he
hecessary to remove salts accumulated from the
lateral edges of the flow pattern.

Drip Irrigation installations, Wellton-Mohawk Irriga-
tion District, Arizona.

9. Increased irrigation frequency with flood
or furrow systems to maintain optimally low
osmotie plus matrix stresses is an alternative to
drip or sprinkler irrigation. This could be
facilitated with moisture measuring devices such
as tensiometers or through the use of an
irrigation scheduling service.

A setup for irrigation timing efficiency, Salt River
Project, Arizona.

Crop Selection

A large variety of crops are grown in the study
area. They range from the very salt-tolerant group of
grasses and o a lesser extent cotton and grains to the
very salt-sensitive vegetable crops of tomatoes,
lettuce, ete. Direct major regional economic impacts
are closely related to the level of cultivation intensity
of any particular crop. Highly salt-sensitive crops
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occupying insignificant acreages have small cumuls-
tive impacts on the total area. On the other hand,
low-value crops on larger acreages also result in
insignificant area impacts. Therefore, as a rule of
thumb, crop selection was based on total value of
production. Only those crops exceeding $1 million in
total value of production for the 1974 Crop year were
chosen. In all cases relative to the selected project
areas, these crops accounted for 85 percent and
usually mare of the total cropped acres. A list of the
selected crops is given later on in this report where &8
separate analysis is presented for each study area.

Classification Procedures

As might be expected, many types of crops were
selected by the model ranging from grains and eotton
to vegetables and citrus. Crop sensitivity to changes
in the levels of salinity were greatly dispersed also.
This is due primarily to the relationship between soils,
drainage, water quality and quantity, and crop
variety. Therefore, these key variables had to be
considered.

Project lands were classified according to soil
texture and drainage characteristics. General classifi-
cations were formulated for the respective areas in the
study and then yield functions were applied to each
classification. Water quality intervals were estab-
lished by setting the present level of salinity as the
base and then analyzing the impacts occurring at 900,
1,000, 1,100, 1,200, 1,300, and 1,400 mg/l. The
quantity and frequency of irrigation applications were
based on the rates of 16, 22, 29, and 35 irrigations per
year and adjusted for each erop depending on growing
season, consumptive use of water, and normal number
of applicable irrigtions.

The results of the above-mentioned interactions
are evidenced in their effect on crop yield. Declining
yields can be attributed to any one or gll of these
factors. In order to assess any single influence,
isolation of its effects had to be achieved.

As a basic starting point, reference is made to
work within the State of California where a committee
of consultants (1974) has modified previous endeavors
and established estimates for a series of expected
declination values (Table 8-1). Yield declination curves
were based upon these findings and adjusted to
specific project areas by interpretation of soil
saturation extracts as compared to those of the
committee's report.

The base point of the saturated soil extract
conductivities was determined from mean values of
samples taken at various locations throughout the
affected areas. A 95 percent confidence interval was
set around these values. Similar intervals were
established for electrical conduetivities (EC) of
irrigation water serving the various sites. Ratios of
the mean soil saturation extract to the mean of the



Table 8-1. Expected yield decrement by crop per level

of salinity in the soil solution as shown by the electrical

conductivity of the saturation extract in millimhos per centimeter.

0% 10% 25% 50%

Crop mmbho/em mmihofcm mmbho/cm mmko/cm Maximum
Cotton 6.7. 10.0 12.0 16.0 42
Alfalfa 20 3.0 5.0 8.0 28
Lettuce 1.3 20 3.0 50 18
Cantaloupes 2.3 35 ND? ND ND
Wheat 4.7 7.0 10.0 14.0 40
Sorghum 4.0 6.0 9.0 12.0 36
Bermuda Grass 8.7 13.0 16.0 18.0 44
Grapefruit 1.7 2.5 . ND 5.0 16
Oranges and Tangerines 1.7 25 ND 5.0 16
Lemons and Limes 1.7 2.5 ND 5.0 16
Onions (Green and Dehydrated) 1.3 2.0 3.5 4.0 12
Carrots 1.0 1.5 25 4.0 12
Sweet Corn 1.7 25 4.0 6.0 20
Date 5.3 8.0 ND 16.0 48
Grape 2.7 40 ND 8.0 24
Avocados 1.3 2.0 ND 40 12
Strawberry 1.0 1.5 ND 30 10
Potato 1.7 25 4.0 6.0 20
Tomato (Spring, Fall, Summer) 2.7 40 - 6.5 8.0 22
Watermelgn 2.0 ND ND ND ND
Asparagus 3.7 5.5 7.0 8.0 ND
Barley 8.0 12.0 16.0 18.0 44
Sugar Beets 6.7 10.0 13.0 16.0 42

“ND = No data.

PSpinach values. _
Source: California Committes of Consultants (1974).

irrigation water eonductivity were derived. These
values were calculated for each soil classification at
depths of 0 to 30 cm and 30 to 60 cm. The median value
for each sample of observations was chosen to project
the soil salinity buildup which develops under the best
current cultural practice on that specific soil type and
for measurements taken at the two soil depths, A
major agsumption which provided the link between
incoming irrigation water and salt buildup in the soil is
that the ratio between the EC of the soil saturation
extracts and the EC of the irrigation water will remain
constant.

Finally, if one considers that the factors
concentrating the drainage water are the same ones
that will operate to concentrate the Colorado River in
the future, it is likely that the drainage salt contents
are a reasonable approximation of the Colorado River
salt content if it should reach the same TDS as that in
the drain. With this in mind, Table 8-2 was developed
showing log regressions of electric conductivity in
micro mho/em and ion concentration in meg/] as a
function of TDS in parts per million. The EC of CI-,
Ca™, HCOg, Mgt, NaF, and 807 were consid-
ered. Utilizing these regression results, Table 8-3 was
constructed showing the median conductivity of soil
saturation extracts at different TDS levels, Median
values, denoted by an asterisk, were chosen as the
basis for projecting extract levels.

As an example, Robinson (Appendix 2, Table 2-3)
used soil samples taken from 33 locations twice yearly
over a 10-year period to determine mean conductivi-
ties for four distinet soils with different internal

drainage characteristics on the Imperial Valley Field
Station. He then compared these conductivities with
the mean conductivity of the irrigation water used
during this period to establish ratios of soil saturation
extract conductivity to irrigation water conductivity
(Table 8-3),

Regression of EC as a function of total dissolved
solids in Colorado River water as it progresses from
900 mg/l to 1,400 mg/l was determined from
hydrologic data published by the State of California
(Table 38-2). These regression values and the ratios
described above were used to project the saturated
soil extract conductivities to be expected for the
possible combinations of irrigation water salinity with
the various soil classifications as shown in Table 8-4.
For an explanation of Table 3-4, take 1.34 EC for 900
mg/1 water and multiply it by the ratio of 1.8 for Indio
topsoil. The 2.4 found in the table opposite these two
figures is the projecied EC of the saturated soil
solution.

In California, the Indio, Meloland, Holtvilie- -
Imperial stratified, and Imperial complex soils were
equated to the four general classes: “well drained,”
“moderately drained,” “poorly drained,” and “very
poorly drained.” Arizona soils were classified under
three general headings also based on internal drainage
characteristics. There is very little soil in Arizona
which could be equated to the Imperial complex.
Consequently, this elassification was not used in
Arizona,
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Table 3-2, Conducts'vity.in micro mho/em and fon concentrations in meq/las ¢ function of total dissclved solids in
p/m. Potential salinity and SAR are indicated. (Appendix 2, Table 2-1.)

In EC = 0.97272 In TDS + 0.5630

In [C1]. = 1.49470 In TDS - B.77014
In [Ca™] = 0.658814 In TDS - 2.90328
In HCO4 = 0.23401 In TDS - 0.48040

In Mg = 1.01057 In TDS - 5.79548
In Na = 1.146846 In TDS - 5.90873
In 804 = 0.78180 In TDS - 3.31381

EC Na Mg Ca

TDS . mmhofcm meg/l meg/l meg/l

900 1.339 6.64 294 4.85
1000 1.484 7.49 3.27 5.19
1100 1.629 8.35 3.60 5.53
1200 1.773 9.23 393 5.86
1300 1.917 10.12 4.26 6.17
1400 2.061 11.02 4.60 6.48

Cor Coef R
0.987
0.984
0.997
0.195
0.988
0.992
0972
850, 1 HCO4 SAR Potential
meg/l meg/fl megfl Salinity
742 4.04 3.04 3.36 1.5
8.05 4,73 311 3.46 8.8
8.68 546 318 3.90 9.8
9.29 6.22 3.25 4.17 10.9
9.89 7.01 3.3: 4.43 12.0
10.48 7.83 3.37 4.68 131

Source: Data from State of California, 1971, Hydrologic Data, 1969, Southern Catifornia, Department Water Resources Bul.

139-69, V:424-426.

Bernstein (1962) and others, as reviewed by
Robinson (no date), suggest that plants growing on
soils containing gypsum salts can tolerate approxi-
mately 2 mmhos/em higher salinity than those
growing on chloride-treated soils used by the Salinity
Laboratory to establish the tolerances shown in Table
3-1. For this reason, 2 mmhos/cm were subtracted
from the values shown in Table 8-4 to adjust for the
presence of gypsum in both the soil and water.

“Guidelines to Production Costs and Practices for
Imperial Valley” (1973) show an annual water
requirement of 84 inches if the land is cropped
continuously. Irrigations might be as frequent as six
per month in mid-summer and as few as one per month
in mid-winter. Actual water application to any one
crop depends upon the season of growth and the
irrigation management practice.

Table 3-3. Ratios of mean conductivity of saturated
soil extract + mean conductivity of
irrigation water, 1.41 mmbho/cm.

Holtville .
Indio Meloland Imperial ggpmegi:;
Stratified
0-30 30-60 0-30 30-60 0-30 30-60 0-30 3060
cm <m <m cm cm cm cm cm
1.5 13 1.5 20 21 34 44 350
17, 16 1.7 22 23 38 44 5.7
1.8* 187 1.8 23 27 39 44 57
19 18 19 24 29 44 46* 58°
26 25 20 25 37 47 48 62
20" 3.0 38 48 52 65
23 34 39 54
23 34 43 58
23 3.7
25 37
34 5.1

2Median values.

Source: Appendix 2, Table 24.
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Eighty-four inches of water per year is used as
the basis for the irrigation management influence on
soil salinity, For example, if irrigation is delayed long
enough to require 5.25 inches of water to replace
mojsture used from the profile and to provide the
necessary leaching fraction it will take only 16
irrigations per year to apply the 84 inches. If only 2.4
inches of water meet this requirement it will take 35
irrigations to apply the 84 inches. The frequency of
irrigation has a definite influence upon root develop-
ment and therefore upon the soil zone from which
water is extracted.

On the basis of work by Henderson (1946) and
Wadleigh (1948), the following formulae are used to
account for the irrigation management influence:
When only 16 irrigations per year are applied, subsoil

“salinity shown in Table 8-4 (-2 mmhos/cm) is used as

the effective level. When 22 irrigations are applied the
mean of the topsoil and subsoil salinities is taken as
the effective level. When 29 irrigations are applied a
weighted mean of (2(ECtopsoil) + 1(EC subsoil))/8 is
taken as the effective level. Where 35 irrigations are
applied the EC of the topsoil only is used. With
sprinkler irrigation the water has to be applied more
often and in smaller amounts, Therefore, the roots are
nearer the surface. The effective EC for Sprinkler
irrigation is determined by subtracting 3 mmhos/em
from the topsoil values in Table 3-4 and 4 mmhos/em
from the subsoil values before calculating a weighted
mean with the formula above (Appendix 2, p. 90). The
effective values of soil saturation extract conductivi-
ties thus derived for four soil drainage classes, six
TDS levels, and five irrigation management practices
are shown in Table 3-5.

An example will explain how extract values were
obtained. Consider the effective soil saturation extraet
conductivity for 1,100 mg/1 are 8.3 and 4.9,
respectively. Referring to the procedure above for
this situation, the value for the second 80 em is taken



Table $-4. Projected conductivities of saturated soil extract for four soils and six levels of trrigation water

salinity (TDS).
Ratios of Soil Saturation Extract Conductivity
Irrigation to Irrigation Water Conductivity
Water
Salinity EC well Moderately Poorly Very Poorly
(TDE) mmho/cm Drained Drained Drained Drained
mg
Top  Swb  Top Sw  Top Sw  Top  Swp
1.8 1.8 2.0 3.0 7 4.7 4.6 58
%200 1.34 ' 24 24 2.7 4.0 5.0 6.3 6.2 1.8
1000 1.48 2.7 2.7 3.0 44 55 7.0 6.8 8.6
1100 1.63 2.9 29 3.3 4.9 6.0 7.7 1.5 9.5
1200 1.77 3.2 3.2 3.5 53 6.5 8.3 8.1 10.3
1300 1.92 ) 3.5 3.5 3.8 5.8 7.1 9.0 8.8 11.1
1400 2.06 3.7 3.7 4.1 6.2 7.6 9. 9.5 11.9

Source: Unpublished report to Economics Section, Bureau of Reclamation, Denver, Colorado, from F. E. Robinson,
Appendix 2, Table 2-7.

Table 3-5. Eﬁectt‘vg va‘lugs of soil saturation extract conductivities in Jour soil drainage classes, six TDS levels,
and tn five irrigation management treatments. ;

TDS Irrigations Drainage Classification

(mg/1 Per Year Well Moderate Poor Very Poor

900 16 0.4 2.0 4.3 5.8

22 0.4 i4 37 5.0

29 0.4 1.1 34 4.1

35 0.4 0.7 3.0 4.2

Sprinkler 0.0 0.0 21 34

1000 16 0.7 24 5.0 6.6

22 0.7 1.7 4.3 5.7

29 0.7 1.5 4.0 5.4

35 0.7 1.0 3.5 4.8

Sprinkter 0.0 0.2 2.7 4.1

1100 16 0.9 2.9 5.7 7.5

22 0.9 21 4.9 6.6

29 09 1.8 4.6 6.2

35 09 1.3 4.0 5.5

Sprinkler 0.0 0.5 3.3 49

1200 16 1.2 3.3 6.3 8.3

22 1.2 24 54 7.2

29 1.2 w21 51 6.8

35 1.2 1.5 4.5 6.1

Sprinkler 0.0 0.8 3.8 3.5

1300 16 1.5 38 7.0 9.1

22 1.5 28 6.1 8.5

29 1.5 2.5 5.7 7.6

35 1.5 1.8 5.1 6.8

Sprinkler 0.2 1.2 4.4 6.3

1400 16 1.7 4.2 7.7 11.9

22 1.7 32 6.7 8.7

29 1.7 2.8 6.3 8.3

35 1.7 2.1 5.6 7.5

Sprinkler 0.4 1.5 5.0 7.0

4Adapted from Robinson, F. E., Appendix 2, Table 2-8.
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and a numerical value of 2 is subtracted resulting in
the tabular value of 2.9.

In a more complicated case, consider 1,100 mg/1,
29 irrigations per year, and moderately drained soil.
The appropriate formula multiplies the value for the
top 30 em by 2, adds the value of the sub 30 cm,
divides by 3, and adjusts the results of 3.8 by 2
(accounting for the presence of gypsum) for an answer
of 1.8,

Interpolation of data from Table 3-1 and Table 3-5
generated a matrix for each crop comparable to the
one displayed in Table 3-6 for lettuce. Average
expected yield was used as the base number. In the
case of Imperial, Valley, this figure was averaged over
8 years (1965-1972) resulting in 10.8 tons/acre with a
95 percent confidence interval of 0.84. To caleulate per
acre expectations of yield for 1,100 mg/l, 29
irrigations, and moderate drainages refer first to
Table 3-6 and locate the respective value of 1.8, In
Table 8-1, 1.8 falls within the interval 1.3 to 2.0 in the
row corresponding to lettuce. Interpolation of the
predicted yield reduction percentage for the interval
estimates a magnitude of about 7.1 percent. There-
fore, 7.1 percent was subtracted from the base yield of
10.8 tons/acre resulting in an expectation of 10.0
tons/acre. Remaining values of the table were derived
through the same process.

Yield Declination Curves

With these data, a matrix could be developed to
show yield impacts due to changing salinity. This was
accomplished by comparing localized tables of effec-
tive soil saturation values to Table 3-1 accounting for
the adjustment factor applied to each study area. The
resulting matrix contained yield per acre under three
to four soil classes, five levels of irrigation application,
and six levels of TDS, Empirical yields associated with
each study area were used as a base figure. Damages

were formulated by establishing normal expected
yields (base yield figure) from these data and then
fitting the declination function to each crop under each
of the assumed alternatives.

Monetary values were attached to the estimated
Physical damages estimates through a crop budgeting
procedure. Different points along the damage function
indicate different yield levels. Translation of 2 lower
or higher yield into dollar terms results in a
corresponding change in profit. The following section
explains how agricultural profits were caleulated and
implemented in the LP model,

Model Description

Methodology followed in this study essentially
sought to assess the current situation or status or
cultural practices in agriculture and relate them to the
different alternatives available in the face of rising
TDS. This was accomplished in terms of applying
linear programming to each area in order to develop a
regional agricultural model. The objective function
was to maximize net returns to management over
variable costs for each project area as a whole. A brief
description of the model follows.

Activities Description

The activities were composed of crop budgets,
double cropping alternatives, and management alter-
natives. Representative enterprise budgets were
collected for each study area. Both secondary and
primary sources were used in localizing these data.
Regional prices for inputs and outputs were applied
where sufficient data existed.

Empirical data were gathered to determine
general cropping patterns common to each area. With
the exception of the Coastal Region, all areas
practiced, to various extents, several forms of double

Table 8-6. Projected yield of lettuce by four levels of surface irrigation intensity and one level of sprinkler
irrigation intensity for three soil classes and six levels of TDS, Imperial Valley.

Irrigations TDS (mg/)
Per Year 900 1000 1100 1200 1300 1400
Indio 16 10.8 10.8 10.8 10.8 10.5 10.2
22 10.8 10.8 10.8 10.8 10.5 10.2
29 10.8 10.8 10.8 10.8 10.5 10.2
35 10.8 10.8 10.8 10.8 10.5 10.2
Sprinkler 10.8 0.8 10.8 10.8 10.8 10.8
Meioland 16 9.8 9.1 8.3 7.9 6.9 6.5
22 10.8 10.2 9.7 9.1 8.6 7.9
29 10.8 10.5 10.0 9.7 9.0 8.6
35 10.8 10.8 10.8 10.5 10.0 9.7
Sprinkler 10.8 10.8 10.8 10.8 10.8 10.5
Holtville 16 6.4 5.4 4.3 36 2.5 1.5
Imperial 22 7.2 6.4 5.6 4.8 3.8 2.8
29 1.6 6.7 59 5.3 4.3 36
35 8.1 7.5 6.7 6.1 5.3 4.4
Sprinkler 9.6 8.8 1.7 6.9 6.3 5.4
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cropping. Selection of feasible and common double
cropping patterns followed. Matrix coefficients were
established to represent corresponding changes in
costs of production and yield as a result of these
patterns. Rather than combine the resulting double
cropping possibilities with single crop enterprise
budgets to form separate combined activities, single
processes comprising resources implemented solely by
double cropping actions were selected. The LP model
is allowed to select various combinations of crops,
some leading and others following, in the rotation
cycle. Some combinations allowed the same crop to be
both the leading and following crop as indicated by
local practices. The resulting erop linkages represen-
ted the optimum mix of single and double cropping
possibilities.

The final section of activities dealt with a set of
feasible management alternatives available to the
farmer in order to mitigate salinity impacts to crop
yields. Present and possible near future management
alternatives were assessed for applicability to each
respective area. Costs of exercising such options were
constructed as pertained to their implementation and
installation, Estimates of additional yields gained or
maintained by such actions were compared to costs
and resulting net benefits (returns) were thus
derived. Again, the LP model was aliowed to choose
any combination of alternatives which represented the
optimum mix under the conditions specified.

In order to illustrate the magnitude that the
model could acquire, a theoretical example of the
Imperial Valley is presented. Consider four classes of
land, thirteen different crops, six management
alternatives, five irrigation treatments, and eight
double cropping possibilities. For each respective
level of TDS there are 12,480 possible combinations.
Fortunately, many aetivities could be eliminated or
precluded before processing was initiated and there-
fore, considerable reduction in matrix size was
obtained. The damage functions derived from this
report are based on a minimum of six LP model runs
for each study area corresponding to the TDS levels of
900, 1,000, 1,100, 1,200, 1,300, and 1,400 mg/l. In
certain cases additional TDS levels were considered,

Rows Description

Row activities included both accounting and
constraining equations. Subdivisions of the general
categories of labor and capital constituted the
majority of the accounting rows. The remainder were
made up of transfer rows to account for double
cropping and management alternatives.

Land, water, and physical crop production were
considered as major constraining factors to the model.
Empirical data were gathered concerning the cultiva-
ted acreages for both single and double cropping
techniques. Statistical analysis produced estimates of
land available in the various land classes under the
two-land use alternatives {single and double crop-
ping}. Cultivation was not allowed to occur on lands in
excess of these estimates. These limits represented
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the extent of agricultural lands available for use in
each area.

Water was limited to the total supply available or
historically diverted. Total supply available translates
into the upper limit of water rights allocated to each
specific site. Where no legal water right had been
established, the amount of water historically diverted
to the project minus credits for return flows was
considered as a reliable supply figure, Total water
available to agriculture was limited to these figures.

Finally, in order to simulate regional demand for
the various agricultural commodities produced on any
one project and to circumveni the necessity of a
massive demand projection study, empirical produe-
tion quantities were gathered for at least the past 10
Years and used to estimate expected production for
the period of this study. Estimation techniques
depended on the nature of the data. They varied from
use of a simple time series linear regression, where
evident trends existed, to establishment of historic
means surrounded by confidence intervals. Flexibility
in the model was desired in order to represent
variation in market demand, Therefore, where
reliable statistical data were analyzed, the standard
deviation from the mean was used as & proxy for
market variations and consequently served as a

. production range. This value, when added to

estimated production, was set as the upper limit of
production; when subtracted, a lower limit was
derived. The medel was allowed to produce crops at
any production level within this specified range.
Where a low level of confidence was given by the
empirical data, which indicated an absence of
relinbility, estimates of upper and lower parameters
were based as much as possible on conditions deemed
to be representative for the period of this study (1974
conditions).

Derivation of Monetary Losses

Execution of the LP model for conditions
representing an estimation of the lowest mg/l
concentration in each respective study area constitu-
ted the base run. Each successive TDS level
necessitated changes in the model matrix resulting
from movement along the damage function (yield
declination function) with respect to the various crops.
The solution results from these runs were matched to
that of the base run for comparison. Salinity damages
were calculated as the difference between the optimal
solution of the base run and that of the solution
derived for the highest level of TDS. Solutions for the
intermediate TDS levels aided in constructing the
proper shape of the resulting damage function.

Theoretically, a priori conditions suggest that
crop yields react to increasing salinity as illustrated in
Figure 3-1. As TDS rises, the function is assumed to
decline at an increasing rate. The curve takes on a
slightly different shape for each crop depending on its
sensitivity at different TDS levels. When these
functions are aggregated for a region, a general
damage curve results similar to that in the figure.
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Figure 8-1. Hypothetical yield delineation curve.

Dollar values can replace yield on the vertical axis
without altering the general shape of the function.

ANALYSIS OF IMPERIAL VALLEY
IRRIGATION DISTRICT

Perhaps the greatest impact of increasing salinity
in the Colorado River Basin has been in the area
encompassed by the Imperial Valley Irrigation
District (Map 3-1), which is located in the extreme
southwestern portion of the United States. Imperial
Valley water users are constantly exercising available
alternatives to lessen impacts of salinity problems.

Large areas of heavy clay soils (Holtville-Imperial
stratified and Imperial complex) are a major limiting
factor in obtaining optimal agriculture produetivity.
Definite relationships exist between water, drainage,
and soil characteristics which further compound the
initial effects of poor quality irrigation water.
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In accordance with the assumptions as explained
in a previous section, the parameters necessary for
model formulation were made specific to this area. For
agricultural purposes, four aggregated land classes
represented general soil characteristics encountered
in the area. Descending from best to weorst they
were: Indio (coarse and well drained), Meloland (sand
surface, heavy subsoil, moderately drained), Holtville-
Imperial stratified (sandy and clay stratified, poorly
drained), and Imperial complex (clay, very poorly
drained). Table 3-7 shows the agricultural area used as
land constraints in the model. Total acreage is
partitioned into land classes associated with general
drainage characteristics and in accordance with single
or double cropping activities.

Crops exceeding $1 million in gross value of
production in 1974, as selected for analysis by this
study area are exhibited in Table 3-8, which also
includes a list of possible double eropping combina-
tions considered feasible in this area.
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Map 8-1.  Imperial Valley Irrigation District, California.
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Table 3-7. Number of acres available Jor single and
double cropping by land class, Imperial
Irrigation District,

Single Double
Cropped Cropped Total
(Acres) (Actes) (Acres)

Land 1 48,872 15,583 64,455
(Well Drained)
Land 2 71,5711 22,822 94,399
Moderately Drained)
Land 3 181,635 57,913 239,548
(Poorly Drained)
Land 4 82,736 26,380 109,116
(Very Poorly Drained)

" Total 384,820 122,698 507,518

Management alternatives available to the model
are important for the estimation of impacts to Imperial
Valley agriculture, Practically all of the options named
earlier are common practice exeept for drip irrigation.
Consideration was given to partial sprinkler, tiling,
leaching, full sprinkler, deep plowing, ditch lining,
land leveling, special bedding, and different irrigation
frequencies. Upon closer examination of the costs and
returns for these options, it was obvious that deep
plowing and ditch lining could be deleted because
performance of these activities, per se, would not
increase marginal yield enough to cover the costs
involved.

Partial sprinkler, leaching, land leveling, deep
plowing, ditch lining, and special bedding practices
were included in much of the secondary data due to
frequent use. Consequently, difficulties arose when
attempts were made to identify the individual
contribution of each. For example, when singled out
and placed on the basis of marginal contributions to
yield, the increased production was less than sufficient
to cover additional costs; and therefore, it was decided
that effective identification and isolation could not be

accomplished. In order to avoid double counting, the
assumption was made that the above options were
practiced often enough so as to be considered the
common cultural practice in the basin and thus were
sufficiently accounted for in the secondary data
sources. On the other hand, Practices such as tiling,
full sprinkler, and applying different irrigation
frequencies were not commonly included in secondary
data and, therefore, could be analyzed separately.
These specific model activities were structured in
order to represent net {marginal) additions to profit
based on contributions to yield. Using the yield
declination matrices developed for the different crops,
measures of the impact of selecting or not selecting
these options were enumerated. In the case of tiling,
mesurements were calculated for each land class and
irrigation frequency resulting in many combinations,
Since approximately 75 percent of the land is
presently tiled, model constraints were developed
which allowed only the remaining 26 percent to be
available for tiling under this option. Costs and
returns were calculated and inserted into the model
matrix.

Replacing surface irrigation with full sprinkler
irrigation constituted another management decision in
the model. The major trade offs lie in the advantages
of better salinity control and increased germination as
opposed to the disadvantages of higher costs and
variance in crop quality. Full sprinkler application
principally has the role of maintaining, rather than
increasing, plant yield under conditions of increasing
TDS in this particular case.

Different irrigation frequencies and applications
were considered for both surface and sprinkler
systems. The major cost was associated with manual

- labor. As the number of applications increased, so did

the cost for irrigation labor due to the fact that “setup”
time was assumed to be a constant amount regardless
of the amount of water applied. A labor cost function
was constructed to represent the inherent fixed costs
to set up for water delivery along with associated

Table 3-8. Selected crops and double cropping possibilities, Imperial Irrigation District.

Double Cropping Possibilities®

Crops
Wheat Barley Lettuce  Cantaloupe Onion Tomato  Watermelon  Sorghum

Asparagus
Cantaloupe X X X X X X X
Catrots X X X X X X X X
Alfalfa .
Tomato X X X X X X X x
Watermelon X X X x
Barley
Wheat
Sugar Beets
Lettuce X X X X X X i
Onion (Mkt.) X X . X
Sorghum X X X X X X
Cotton X

aCmps under these columns are those crops assumed to lead in the double cropping rotation.
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variable costs for additional time required depending
on water volume applied. In essence, the function had
a positive slope which decreased as amount of water
applied increased as shown in Figure 8-2. Marginal
units of water applied under the same setting were
assigned a smaller cost as set time increased. As set
time decreased, marginal costs were maintained at a
higher rate. As shown in the figure, marginal cost
changes occurred after the application of each
acre-inch above 2 inches. Fixed costs were assumed to
apply to the first 2 inches. Thus, the marginal factor
costs of labor were computed for the various crops
under differing irrigation regimes.

Construction of declination curves for the
respective crops was based on empirical yield data and
projected median conductivity of effective soil
saturation extracts, Average yields were based on
data presented in Table 3-9, Information in Table 8-4
was localized resulting in Table 8-10. The base
average yields for each crop were compared to the

.parameters in Table 3-10, and declination values were

extropolated from Table 3-1. This procedure resulted
in a matrix of expected yield reductions for each crop
under four soil conditions, six levels of TDS, and five
irrigation management alternatives.

With the relevant parameters now having been
defined for the Imperial Valley, the model was
complete. Computer runs were made for the TDS

levels of 900, 1000, 1100, 1200, 1800, and 1400 mg/1.
At each of these levels model matrix coefficients had
to be adjusted to reflect the yield changes that
occurred over the corresponding range for the affect

-erops. The results indicated not only substantial

differences between objective function values but also
in cropping patterns, land use and value, water
consumption, production levels, and the respective
crops in terms of profitability. Table 8-11 displays the
changes in cropping patterns and production over the
800-1400 mg/1 TDS range. For more detail on specific
technologies and double cropping patterns refer to
sub-Appendix A.

Several distinct patterns developed in the
number of acres cultivated and total amount
produced. For example, the acreages of asparagus,
alfalfa, and sugar heets periodically show an increase
because the program has set minimum as well as
maximum preduction levels, and in order for these
crops to comply with model conditions they have to
occupy an increasing amount of acres. To maintain a
constant level of produetion, while at the same time
experiencing decreased yields per acre, more area
would be required.

High net returns per acre make cantaloupe and
carrot production very profitable relative to other
crops. The model brings these crops in at the upper
bound. Here again, in order to maintain the upper
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Figure 3-2. Marginal factor cost curve for irrigation labor.
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Table 3-9. Yields of magor crops in the Imperial Valley Irrigation District, 1965-1972, (tons/acre).

1972 1971 1970 1969 1968 1967 1966 1965 (9)(5):53‘::;
Interval

Asparagus 1.5 1.4 1.3 1.6 1.8 1.7 1.6 1.6 1.57 £ 0.13
Cantaloupe 6.0 5.7 5.8 5.0 59 6.2 7.0 54 5.88 +0.49
Carrots 11.0 13.6 9.3 12.0 14.0 15.8 15.9 20.3 13,99 * 2.86
Lettuce 10.9 11.7 10.2 9.2 9.7 9.5 11.3 9.0 10,79 £ 0.84
Onions (Mkt.) 13.7 12.8 14.0 10.0 15.7 18.1 12.6 12.5 13.68 £ 2.01
Tomato 11.2 11.4 5.0 6.4 6.3 10.5 5.8 4.8 7.68 £ 2.38
Watermelon 8.3 9.0 8.5 7.4 59 10.9 8.3 8.8 839 £1.18
Barley 1.8 1.8 1.8 20 1.8 2.2 1.6 2.2 1.9 *0.18
Cotton 1325 665 798 968 1660 971 1224 1717 1166 + 323%
Alfalfa 6.4 7.0 6.0 6.8 6.5 6.1 6.4 6.4 6.45 £0.28"
Sorghum 2.3 2.5 2.3 2.5 1.8 1.9 22 2.5 2,25 £0.23
Sugar Beet 26.8 26.0 24.1 18.0 21.0 20.6 17.9 22.2 21.96 £ 2.81
Wheat 23 24 23 2.5 1.6 2.0 2.0 20 2.14 £ 0.24

Bpounds per acre.
Source: Office of Agricuttural Commissioner, E1Centro, California. (Appendix 2, Table 2-6.)

Table 2-10. _Eﬂ'ectz've values of soil saturation extract conductivities in Jour sotls, six TDS levels, and five
irrigation management levels— Imperial Valley. (Appendix 2, Table 2-8.)

TDS Irrigations Drainage Classification

(mg/D Per Year Well Moderate Poor Very Poor

2900 16 0.4 2.0 4.3 5.8

22 04 14 3.7 5.0

29 0.4 1.1 3.4 4.7

s 0.4 0.7 3.0 4.2

Sprinkler 0.0 0.0 2.1 34

1000 16 0.7 24 50 6.6

22 0.7 1.7 4.3 5.7

29 0.7 1.5 4.0 5.4

35 0.7 1.0 3.5 4.8

Sprinkler 0.0 0.2 2.7 4.1

1100 16 0.9 29 5.7 7.5

22 0.9 2.1 49 6.6

29 0.9 1.8 4.6 6.2

35 0.9 1.3 4.0 55

Sprinkler 0.0 0.5 33 4.9

1200 16 1.2 33 6.3 83

22 1.2 2.4 54 7.2

29 1.2 21 5.1 6.8

35 1.2 1.5 4.5 6.1

Sprinkier 0.0 0.8 38 55

1300 16 1.5 3.8 7.0 9.1

22 1.5 2.8 6.1 8.5

29 1.5 2.5 5.7 7.6

35 1.5 1.8 5.1 6.8

Sprinkler 0.2 1.2 4.4 6.3

1400 16 1.7 4.2 1.7 11.9

22 1.7 v 3.2 6.7 8.7

29 1.7 28 6.3 8.3

35 1.7 2.1 5.6 7.5

Sprinkler 0.4 1.5 50 7.0
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limit of production under decreasing yields, more
acres need to be farmed.

Several crops are highly resistent to salinity. The
two least affected in the Imperial Vailey are
watermelon and barley. As noted on the table,
production and acreage amotints remain constant over
the entire TDS range. Watermelon is maintained at
the upper level and barley at the lower.

Tomato production utilizes increasing quantities
of land until the 1400 mg/1 TDS level is reached. At
this juncture, profits diminish to the point where a
change in land class results. Up to this level, tomatoes
are produced on class 3 land. However, yield
decreases enough during the interval of 1300 to 1400
mg/l TDS that it becomes more profitable to shift
production to classes 1 and 2. Consequently, since
yield is higher on these two land classes, less acres are
required to meet the upper production limit than
required even at the 900 mg/1 TDS level.

Throughout the range of the analysis wheat was
selected by the model as the major “slack” activity. In
relative terms to the other crops, wheat production
was ranked about middle priority. The model satisfied
production requirements of upper limit crops (cotton,
tomatoes, onions, cantaloupe, carrots, watermelon,
and partly lettuce) and then allocated resources to
wheat. Since there were not enough resources to
produce wheat at the upper limit and still comply with
the lower limit conditions of lesser priority crops,
production occurred between the two limits. Both
production and producing acres varied as more
resources were required due to the impacts of
decreasing yields and increasing salinity to the other
erops.

Perhaps the most interesting case is that of
lettuce. This crop is quite sensitive to salinity and yet
provides substantial returns to its growers which
make higher risk levels more acceptable. For the first
three periods production was maintained at the upper
limit of 641,159 tons. Slight inereases in land area
were required as lettuce yields declined. Incidently,
the model allocated the best and second best drained
lands to lettuce production at the initial level of 900
mg/1 TDS thus limiting possible reallocation to better
land classes early in the range of analysis, The
remaining alternatives were those dealing with
management options, Such activities were not
profitable until TDS reached the 1100 mg/1 level. At
this stage, both tiling and full sprinkler became more
profitable than to accept less production. However, as
salinity continued to rise, such alternatives could not
add enough extra production to make it profitable
enough to meet upper limit production, Therefore,
even though these management options were exer-
cised, yield could not be maintained and thus profits
declined. This caused lettuce to become & slack
activity at 1200 mg/1 TDS and 1300 mg/1 TDS and
finally impacts were great enough that only the lower
limit condition could be met at the 1400 mg/l TDS
level. Acres harvested declined from 59,202 to 33,660
as crop substitution became more and more prevalent,
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Increasing salinity probably impacts lettuce more than
any other crop in this area.

Another high value vegetable crop is onions.
Salinity tolerance is somewhat stronger than that of
lettuce. As indicated by the trend developed over the
900-1300 mg/l TDS interval, only insignificant
changes in land area are required to maintain
production at the upper limit, In fact, the land area is
constant up to 1300 mg/1 TDS where finally the
variation of irrigation frequencies could no longer
prevent decreased yields. Between 1300 and 1400
mg/1 TDS yield is impacted enough to cause a shift in
allocation of production from land classes 1 and 2 to
only class 1. In addition, the trade off between
declining yield and salinity mitigation is great enough
that the model selects the management options of
tiling and full sprinkler. Interactions of shifting land
classes and applying salinity management mitigation
alternatives raised yield to its highest level and thus
less land was needed to satisfy the upper production
limit.

Even though returns from sorghum production
are relatively low, this crop is significantly important
in double cropping rotations. Initially, sorghum was
selected as a slack activity due to its tolerance of
salinity and flexibility in possible double cropping
combinations. However, as TDS rose, production
declined until the lower limit was reached at 1100 mg/1
TDS. From this level to the 1400 mg/] TDS level,
increased acreages were needed just to meet the
necessary conditions of the model. Only minimum
irpacts are felt as land area increased very slightly
from 67,736 at the 900 mg/1 TDS level to 69,810 at the
1400 mg/l TDS level with the greatest change
occurring hetween 1300 mg/l and 1400 mg/l. The
relative position of this crop is affected more by the
declining yields of the other crops than by its own
direct yield impacts due to its many doubie cropping
combinations.

Cotton has been found to be tolerant of poor
water quality as it could be grown on class 3 land and
undergo very little reduction in yield. The trend of
land used by cotton contains an interesting character-
istie, in that, as salinity rises land area diminishes.
With the exception of a slight increase at 1300 mg/1
TDS, shifts in technology provide sufficient rises in
yield between levels so as to require less land. The
main reason is that the cotton yield function changes
at a very moderate rate. When a trade off does occur
{for example, a shift from an annual rate of 16 to 22
irrigations), the change is great enough to cause
increased production per unit of land. This mainly
happens in the double cropping pattern of fall lettuce
followed by short season cotton, For a more indepth
examination refer to sub-Appendix A.

As the LP model achieves an optimal solution it
generates a value which is commonly known as a
“shadow price.” This represents the marginal value
product (MVP) of each resource in shart supply. The
MVP is formulated through different relationships of
the resources and constraints in the model. It should
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be viewed in relative terms to other inputs and not as
an actual “going price” in the market place. Table 3-12
was constructed to show various relative values
among land classes. Two genersl divisions of land
classifications were selected depending upon drainage
characteristics (Land 1-Land 4). in addition, time of
planting was considered to determine land available
for double cropping (Double Crop 1-Double Crop 4).
Values for Land 1 and Land 2 classes increase as TDS
increases. Indications are that as yields decline more
rapidly on poorly drained soils, higher value is placed
on the better drained soils. Support is given to this by
observing that MVP for Land 8 and Land 4 decreases
to the point where capital intensive measures such as
installing tile drains and applying full sprinkler
systems improve the drainage capabilities enough to
slightly increase its value. Remaining MVP values are
also shown for each set of assumptions considered in
the analysis. (See sub-Appendix A.)

Empirical data were gathered from records of
water deliveries received below drop No. 1 in the All
American Canal System which is the conveyance
structure from Imperial Dam to the district. Figures
dated back to the year 1941. The year 1946 was
selected as the starting period. A trend line was fitted
through these 28 years of data to project a value for
the 28th period (1974). This value was 2,838,558 ac ft
of water. Since water rights are not clearly defined for
certain irrigation districts in this area, the water
constraint was set at this figure. Water consumption
was not to exceed this value.

Total water consumption in acre feet is presented
in Table 3-13. The most significant observation of
these data is that as salinity rises, water use per acre
also rises. To arrive at the number of acre feet applied
per acre, the amount of water consumption generated
by the model was simply divided by the corresponding
number of acres farmed at the particular TDS level. In
order to exhibit the insignificant amount of change,
figures were carried out to three places. The range
was comparatively small starting with 5.305 ac ft per
acre at the 900 mg/1 TDS level and finishing with
5.390 ac ft per acre at the 1400 mg/i TDS level.
However, when the ratio of total net returns to total
acre feet is taken into account, a definite pattern does
develop which appears to be decreasing at an
increasing rate.

Table 3-18. Ratio of amount of water used to land
and profit all by level of TDS, Imperial

Irrigation District.
DS Ratio of Net
. Acre Feet Doltar Return
(mg/1) Acre Feet Per Acre Per Acre Foot
900 2,692,167 5.305 31.06
1000 2,703,775 5.327 30.22
1100 2,707,170 5.334 29.89
1200 2,707,551 5.335 29.29
1300 2,727,937 5.375 27.89
1400 2,727,818 5.390 25.49

An earlier explanation deseribed the objective
function of the model as total net returns above
variable costs. Presented below in Table 8-14 are the
actual values derived for each model run as they
pertain to the 900-1400 mg/1 TDS levels. Assuming
that all factors are taken into account, these figures
demonstrate that rises in TDS concentrations in
irrigation water do have a pronounced effect upon
farm profits. This fact is also evident in profits per
acre.

Table 3-14. Total and per acre nmet profit by TDS
level with and without management
options, Imperial Irrigation District.

TDS Profit Without  Per Acre Without
(mg/l) (Doliars} (Dollars) (Dollars) (Dollars)
900 83,610,853 164.74  164.74
1000 81,704,414 16099 16099

1100 80,909,000 79,820,022 159.42 157.28
1200 79,316,828 77,091,963 156.28 151.90
1300 76,071,679 72,472,040 149.83 142.80
1400 69,527,177 66,810,464 13699 131.64

A small distortion in the data prevents the
function from being entirely smooth. Between 1000
mg/] and 1100 mg/l, the decrease is smaller than for
any of the other intervals. Justification can be found

Table 5-12. Shadow prices of land per acre by class and level of TDS, Imperial Irrigation District.

900 1000 1100 1200 1300 1400
mg/fl mg/l mg/l mg/l mg/l mg/l
(Dollars) (Dollars) {Dollars) (Dollars) (Dollars) (Dollars)

Land 1 239 260 278 302 332 378
Land 2 239 258 275 298 328 367
Land 3 189 188 188 187 182 193
Land 4 189 188 186 184 181 183
Double Crop 1 154 133 114 122 50 -
Double Crop 2 142 121 150 184 180 62
Double Crop 3 50 50 75 7?2 66 44
Double Crop 4 48 46 63 59 51 38
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by observing the role of management activities in the
model. A threshold is reached at 1100 mg/1 where the
profit trade off between accepting accumulated
dmanages or selecting specific mitigation options
favors the latter. Therefore, profits and/or yields are
maintained at a higher level than would have been the
case if such options were nonexistent. However, after
the initial contribution by management alternatives,
the function proceeds to decline at an increasing rate.
This can perhaps better be seen graphically where
total net profit ($) is represented on the vertical axis
and total dissclved solids (TDS} are represented on
the horizontal axis (see Figure 3-8).

A major hypothesis of this study theorizes that
farmers will follow the practice of accepting the lowest
amount of profit loss. Under this rationale, we present
only an analysis of the LP models containing the
option of management alternatives because they have
the possibility of contributing more to profit than to
costs at higher TDS levels. However, for informa-
tional comparison, several tables also include values
associated with models having no option of selecting
management alternatives.
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In reference to Table 3-14, we accumulate the
marginal damages accruing over the range of TDS in
question. The accumulated total is $14,083,876.
Examination of these data resulted in trying many
different types of functional fits. A few of the better
ones were: exponential, power, logarithmic, and
parabolic. In the exponential curve of the form ¥ =
be™X, where b is the value of Y when x = 0 (the
Y-intercept}, E is the constant 2.718281828, m is the
slope or rate of growth of the curve, x is the
independent variable, and Y is the dependent
variable, Figure 3-4 shows the plotted data points
slong with the superimposed fit of the exponential
curve. This function is very characteristic of this
particular group of data as R= is equal to 0.99.
Therefore, the function chosen that best represented
the estimates of salinity damages for the Imperial
Valley was the exponential curve,

Table 3-15 contains both the observed and
estimated points plotted on Figure 3-4. Estimates of
the damages occurring within the interval 800-1000
mg/1 were derived by extending the curve downward.
However, no estimates are taken for TDS values
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Figure 8-3. Total net profit by level of TDS, Imperial Valley.
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Table 8-15. Accumulated damage totals of observed
data and predicted values by level of
TDS, Imperial Irrigation District.

TDS Gbserved Predicted
(mg/1) (Dollars) (Dolars)
800 - 632,555
900 - 1,045,595
1000 1,906,439 1,728,336
1100 2,701,853 2,856,886
1200 4,294,025 4,722,346
1300 7,539,174 7,805,894
1400 14,083,676 12,902,904

greater than 1400 mg/1. Predictions beyond this level
may or may not properly reflect actual occurrences
because the nature of the exponential curve is that of a
slope increasing at an increasing rate. Therefore, for
purposes of estimation, confidence is placed in only
those values derived at or below 1400 mg/l.
Estimations above this point will not be considered

until the analysis is amplified to include higher levels
of TDS.

Under present assumptions the functional values,
where b = 11,348 apd m = 0.0050262, define the

equation as follows: Y = (11,349) {2.718281528)
0.0050262x.

For summary purposes, Table 3-18 generalizes
some of the more important statistics. Annual total
damages is the difference between the objective
function at 900 mg/1 TDS and 1400 mg/l TDS. The
total number of acres is divided into the damage figure
to derive an annual estimate of per acre damages. This
is also performed with milligrams per liter (defined
the same as TDS). Annual damages per acre are then
derived by dividing number of acres into damages per
mg/1. This amounts to $0,0555 which is interpreted as
the average annual damage in dollars incurred by each
acre for each unit increment in mg/L Care should be
taken to recognize that such a constant value cannot
be attached to each unit of TDS. Rather, the values
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Figure 3-4. Observed data with fitted damage function, Imperial Valley Irrigation District.
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Table 3-16. Summary statistics, Fmperial Irrigation  Table 3-18, Selected crops and double cropping

District.

Without
Total Acres 507,518 507,518
Double Cropped (Acres) 122,698 122,698
Annual Total Damages ($) 14,083,676 16,800,389
Annual Per Acre Damages ($) 27.75 33.00
Annual Damages Per mg/l (5) 28,167 33,601

Annual Damages Per mg/l1 Per
Acre (§) ‘ 00555  0.066

will be smaller as they approach 900 mg/1 TDS and
larger as they near the 1400 mg/l TDS level. This is
only an average for the entire range in question.

COACHELLA VALLEY IRRIGATION DISTRICT

The Coachella Irrigation District also receives its
water supply from the All American Canal system (see
Map 8-2). As can be seen from the map, irrigated lands
extend northward from the Salton Sea. Area soils as a
whole, tend to be better drained with smaller acreage
of land class 4 under cultivation than was the case in
the Imperial Valiey.

Lands were distributed among several soil classes
as shown in Table 3-17. Since perennial erops such as
citrus and dates are widespread throughout the
district, double cropping occurs only on a limited
amount of land. Carrots, onions, and sweet corn are
the only crops considered in the rotation scheme.
Furthermore, as shown in the table, double cropping
activities are allocated solely to class 1 land due to the
assumption that sweet corn can only lead in the
rotation sequence followed by either carrots or onions
which are assumed to be grown entirely on this land
class. Table 3-18 contains a complete list of the crops
selected for this area.

Average base yields have been caleulated from
the 6-year interval 1968 to 1973 (Table 3-19).
Derivations of expected yield decreases due to rising
salinity were developed for each crop. Localized

Table 3-17. Number of acres available for single and
double cropping by land class, Coachella
Irrigation District,

Single Double
Cropped Cropped Total
(Acres) (Acres) {Acres)

Land 1 35,362 3,846 39,208
{Well Drained)
Land 2 2,292 2,292
(Moderately Drained}
Land 3 3,029 3,029
(Poorly Drained)
Land 4 245 245
{Very Poorly Drained)

Total 40,928 3,846 44,774

136

possibilities, Coachella Irrigation Dis-

trict.
Double Cropping
Crops Possibilities?
Sweet Corn Onions
Grapes
Grapefruit
Carrots x X
Alfalfa
Dates
Lemon and Lime
Orange and Tangerine
Cnion (Mkt.) X X

Sweet Corn

Crops under these columns are those assured to lead
in the double cropping rotation.

estimates of effective saturation extract conductivities
were considered the same as for Imperial Valley.
Therefore, Tables 3-1 and 3-6 were compared and
appropriate expected damage percentages were
applied to the average yields thus resulting in
expected damage functions.

Variations in production and land use at the
respective TDS levels are reflected in the model by
selecting corresponding points on the declining yield
functions. These points represent the expected decline
in yield for a particular level of TDS, land
classification, and irrigation management frequency.
The changes are presented in Table 3-20. There is no
observed change in production or land use with
respect to grapes, grapefruit, carrots, dates, and
lemons/limes.

The oranges/tangerines classification shows both
a decrease in production and total land use (for detail
concerning changes in land class consult sub-Appendix
B). Activity occurs within the upper and lower
preduction limits until 1400 mg/l TDS is reached
where it drops to the lower limit. Sweet corn displays
the same general trend with the exception being that
production and land use remain constant up to the
interval 1300-1400 mg/l TDS where both decline.

Onions are the only crop exhibiting a trend of
constant production and increasing occupied land
area. The magnitude of the latter is small, however, as
only slight decreases in yield are detected. In this
process, the model seeks to maintain production at the
upper level and requires increased land area in order
to do so.

A shift in technology is responsible for the up and
down trend noticed in land use for alfalfa production.
In comparison to the other crops, this activity has
relatively low returns. The model sets production to
the lower limit throughout the TDS interval, As yield
per acre decreases, land area increases up to 1300
mg/l TDS. Between 1300 mg/1 TDS and 1400 mg/1
TDS, production is allocated entirely to land class 1

.
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Table 3-19.

Yields of major crops in the Coachella Irrigation District, 19658-1978 {tons/acres).

95 Percent
1968 1969 1970 1971 1972 1973 anfidennce
Interval

Alfalfa Hay 8.80 8.20 8.00 7.30 6.66 6. +
Carrots 8.90 9.04 12,9 14.1 10.3 13.10 1?35 + gg;
Sweet Corn 2.60 3.68 3.95 2.35 3.57 4.83 3.83 £ 0.93
Green Onions 25.3 31.8 244 24.6 14.5 188 232 %624
Grapefruit 12.4 1040 - 8.00 10.80 9.65 10.24 £ 200
Lemon and Lime 8.35 258 293 201 3.48 4.55 3.98 £ 2.42
Orange and Tangerine 3.00 499 231 4.56 4.20 5.40 4.07 £ 1.25
Date 4.55 5.16 332 463 4.84 3.80 438 072
Grape 3.20 3.70 .00 4.83 5.79 3.50 417 1.02

Source: Office of Agricultural Cominissioner, Indio, California, (Appendix 2, Table 2-22.)

rather than among several classes as in the case to this
point. Since this results in the overall yield being
higher, less land area is needed.

Table 3-21 contains the shadow prices generated
by the model. An overall observation is that as salinity
increases, the value of better drained lands increases
also while poorer drained lands decrease in value. The
reader can compare specific values with sub- Appendix
B for an indepth explanation,

The maximum amount of water available to the
district was set at 485,400 ac ft. This figure is well
above present diversions. Consumptive water use by
the model is well below the maximum available as
shown in Table 3-22. Agriculture requires approxi-
mately 260,000 ac ft annually in the 900 mg/1 to 1300
mg/1 range. Upon reaching 1400 mg/], model water
consumption drops suddenly, This is due to the
decreased acreage of alfalfa which more than offsets
water increases in the other crops.

Computer runs were made for the TDS levels of
900 mg/1, 1000 mgy/1, 1100 mg/1, 1200 mg/1, 1300 mg/1,
and 1400 mg/l. Resulting values of the objective
function are presented in Table 3-23. Per acre
damages appear to be much less than was the case in
Imperial Valley due mainly to the fact that citrus and
dates maintain yields remarkably well over the TDS
interval of the study. These values are plotted in
Figure 3-5. The resulting trend illustrates the small
magnitude of damage as reflected in decreased profits. -

Since interest lies in the accumulated damages,
Table 3-24 was constructed in order that these values
may be identified. A linear regression line best
approximated the observed data. The predicted
values are listed in the righthand portion of the table.
The general equation formisY = mX + b where Y =
the dependent variable, m = the slope of the straight .
line, X = the independent variable, and b = the value
of Y when X = 0, commonly called the “Y-intercept.”
In this particular case, the values were as follows: m
= 81.8790, b = -80,353.4, and X = any level of TDS.
The coefficient of determination has a value of 0.95.

Due to the nature of the data and the subsequent
estimated function, a qualification should be made
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concerning the resulting predicted variables. In view
of the fact that damages are minimal between 900
mg/l and 1000 mg/l, they are considered as
nondectable within this interval. Therefore, interpre-
tation of the negative Y-intercept of -6662 is ignored
and effective damages begin when water quality
reaches 1000 mg/l. A graphical representation is
presented in Figure 3-6.

A summary is contained in Table 3-25 where some
of the more important parameters indicate the overall
extensiveness of impacts. Most significant perhaps is
the $0.0018 value of annual damages per mg/l per
acre. This is considerably less than the $0.0655
encountered in Imperial Valley,

PALO VERDE IRRIGATION DISTRICT

Located on the California side of the Colorado
River, the Palo Verde Irrigation District encompasses
around 100,000 acres of irrigated agricultural lands
{Map 3-3). The area lands are divided into four classes
as was the case in the first two regions, They were
designated as well drained, moderately drained,
poorly drained, and very poorly drained. Contained in
Table 3-26 is a partitioning of the district’s soils by
land class which accounts for the total amount
available for both single and double cropping activities
in the model. Large percentages of the better drained
soils are present in the district as contrasted to
conditions in Imperial Valley. Almost 60 percent of the
land is contained in Classes 1 and 2 versus only 19
percent for Imperial Valley. With regard to salinity
control, this fact is much more favorable to mitigation
schemes which result in higher benefit/cost ratios,

Consideration of management alternatives avail-
able to the district resulted in selection of the
following: partial sprinkler, leaching, ditch lining,
land leveling, special bedding, and irrigation frequen-
cies, Close examination of the contribution (benefits/
costs) of ditch lining revealed that economic justifica-
tion could not be achieved on this fact alone.
Undoubtedly, isolation of these impacts are confoun-
ded and cannot be effectively singled out as
originating from any one source. However, the
remaining alternatives are deemed to contribute
significantly to salinity mitigation schemes. To obtain
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Table 8-21. Shadow prices of land by class and level of TDS, Coachella Irrigation District.

900 1000 1100 1200 1300 1400
mg/l mg/l g/l mg/l mg/l mg/1
(Pollars) (Dollars} (Dollars) (Dollars) (Dollars) {Dollars)

Land 1 168.2 168.2 168.2 168.2 168.2 179.1
Land 2 168.2 168.2 164.3 163.9 163.9 171.9
Land 3 168.2 168.2 164.3 163.9 163.9 171.9
Land 4 80.7 79.6 43.6 436 8.4 -
Doubie Crop 1 168.2 168.2 168.2 168.2 168.2 179.1

Table 3-22. Ratio of amounts of water used to land
and profit all by level of TDS, Coachella

Table 3-23. Total and per acre net profit by TDS
level, Coachelly Irrigation District.

Irrigation District.
Ratio of Net .
TDS Acre Feet TDS Profit Per Acre
Acre Feet Doliar Return
(mg/t) Per Acre Per Acre Foot (mg/) {Doliars) (Dollars)
900 11,050,237 246.79
900 260,030 5.81 42.50 1000 11,049,960 246.79
1000 260,030 5.81 42.49 1100 11,036,182 246.48
1100 260,030 5.81 42.44 1200 11,035,707 246 47
1200 260,030 5.81 42.44 1300 11,024,435 246.24
1300 260,016 5.81 42.40 1400 11,014,394 245,99
1400 258,328 517 42.36
12.04
11.5-
£ 107 11050237 11049960 11036182 11035707 11025435 11014394
Qo .
s
c
2
% 10.57
10,0
1 | ] L} 1
90'0 1060 1100 1200 1300 1400

Total Dissolved Solids (Mg/1)

Figure 3-6. Total net profit by level of TDS, Coackella Valley Irrigation District.
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Table 3-24. Accumulated damage totals of observed Table 3-25. Summary statistics, Coachella Irrigation

and predicted values by level of TDS, District,
Coachella Irrigation District.
Total Acres 44,774 .
. . Double Cropped (Acres) 3,846
TDSl ?It))osell;vri()l lg)e:ﬁ;:e;t Annual Total Damages $35,843
(mg/D) 8 : Annual Per Acre Damages $ .80
900 6,662) Annual Damages Per mg/t $ 71.69
1000 277 1,526 Annual Damages Per mg/l Per Acre $0.0016
1100 14,055 9,714
1200 14,530 17,901
1300 24,802 26,089
1400 35,843 34,277

37,500
35,843
34,277
I
25,000 -
4
:: - mm=0bserved
3 A Fitted
° 14,055 ____414' —Fitte
- 12,5004 . 530
£
a
2
£
g

¥ 6,662

-12,500

T T T
900 1000 1100 1200 1300 1400
Total Dissolved Solids (Mg/1)

Figure 3-6. Observed data with fitted damage function, Coachella Valley Irrigation District.
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Map 3-8. Palo Verde Irrigation District, California.
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Table 2-26. Number of acres available for single and Alfalfa production functions as a slack activity up
le cropping by land cluss, Palp to the final TDS leve) (1400 mg/1), Production and lang

Verde Irrigaiion District. use decline throughout the range until the lowep
—=  Production limit is reached at 1400 mg/l. This is the
reverse of what wag happening to lettuce and onions,
cfi?;g;::d c??ﬁf,’ii Total ,
(Acres) (Acres) (Actes) Sorghum, cotton.. and wheat show no evident
trends. Sorghum has creased production from 900
Land 1 24,360 3,625 21985 mg/N1TDS to 1000 mg/1 TDS and then fall back to the
(Well Drained) original level as salinity increases. The aberration at
&"“3}2 tely Drained) 23.117 3,440 26,557 1000 Mg/l oceurs because of the fact that Production of
Lang 3. o Draine 19,472 2.898 22,370  3lfalfa and its subsequent ang use declined sufficient.
(Poorly Drained) ' ’ ' Iy so that the economic trade off favored sorghum
Land 4 15,909 2,368 18,277 enough to allow increases in its Production and lang
(Very Poorly Drained) use. However, after reaching this point, production
Total 8_2—_35; 12.331 95,189  declines to the lower limit. Land increases are
‘ ’ ’ : required just to meet the lower limit conditions of the
modei,
& more detailed explanation of the relationship
between these management options and the various In the cage of cotton, production js maintained gt
crops, refer to sub-Appendix C, the upper leve] throughout the entire range pf

analysis, An interesting cycle, however, oceurs in tng

A list of the crops exceeding $1 milljon in total  yse of land ag the acreage remaing the same for the 900
gross value is presented in Table 8-27. Included ajso js and 1000 mg/l TDS levels, inereases at 1100 mgy/)
a matrix which illustrates the possible combinations of TDS, diminishes to the original leve| for the interval
double cropping assumed for the area. 1200 to 1300 mg/1 TDS, and then rises again at the

Declination curves were estimated for respective yield is maintained op class 3 and 4 lands (gep
crops by first establishing base yields ag contrined in sub-Appendix C) unti) 1100 mg/] TDS is reached, Tp
Table 3-28, next, transforming projected conductivi- maintain total production, land ares is increased,
ties (Table 8-4) to effective conductivities (Table 3-29), Between 1100 and 1209 mg/1 TDS, cotton production
and finally, comparing effective values with Table 3.1 g shifted from land 4 to 5 combination of production
to obtain appilicable damage estimations, fromland 8 and double cropping behind lettuce on land
2. Since yield per acre is higher on these lands classes,
In Table 3-30, a presentation of cropping patterns less land is required. However, at 1400 mg/1 TDS, the
and production levels resulting from mode] Tuns over  douhje cropping alternative i excluded hecauge
the 900-1400 mg/] TDS range is shown. Grapefruit, lettuce yields render the process nonoptimal, Conge-
lemons, ¢antaloupe, and watermelon show no varia. quently, since the upper production limit js main-
tion in land use or Production levels. Within this TDS tained, more land ares is required ag production
interval, these Crops are very insensitjve to decreas. continues on Class 3 land,
ing water quality.
Wheat production requires an increasing amount
Uniform trends are also found with Tréspeet to  of land areq to maintain upper level production as the
lettuce and onions, Upper levels of roduction are TDS level rises. Upon reaching 1400 mg/i TDS,
intaj lr ,» to maintain management practices can no longer maintain yield
production at thege upper levels as yields decline, Jevels and therefore both production and required land
more land area is required. area decrease.

Table 3-27. Selected crops and double cropping Possibilities, Paly Verde Frmgation Distriet,

Double Cropping Possibilities®

Crops T —— )
Wheat Lettuce Cantaloupe Onion Watermelon Sorghum

Grapefruit
Lemon
Letivce X X X X X X
Cantaloupe X X X X X
Watermelon X X X
Onion (Dry)
Alfalfa
Sorghum X X X b X X
Cotton X
Wheat

aC‘rops under these columns are those assumed to lead in the doyble Cropping rotation,
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Table 8-28. Yields of major crops in the Palp Verde Irrigation District, 1964-1978 {tons/acre).
95 Percent
Crop 1964 1965 1966 1967 1968 1969 1970 1972 1973 Confidence
Intervai
Grapefruit 14.85 12.00 16.92 15.53 16.38 13.94 293
Lemon 13.56 5.69 10.38 5.30 4.39 7.88 489
Lettuce 14.77 14.97 15.99 15.92 15.43 16 .41 17.00 11.03 15.30 15.56 £ 1.32
Cantaloupe 4.99 6.65 7.27 7.56 6.23 4.99 7.19 5.40 7.27 6.4 10,79
Watermelon 9,00 10.0 10.0 10.0 8.5 2.0 12.0 9.5 10.0 9.8 £0.77
Onions (Dehy.) 18.8 21.3 16.0 15.0 13.0 12.7 13.0 17.0 13.0 155 +2,34
‘Alfalfa 5.5 6.0 6.0 6.0 6.0 5.5 5.5 7.0 7.0 6.1 *0.4s5
Sorghum 1.50 1.50 1.75 1.75 1.50 1.50 1.50 1.50 1.80 1.59 +0.10
. Cotton 3.00 3.00 2.00 1.75 2.75 2.36 1.45 2.00 1.75 2.23 £ 0.448
Cotton Seed 1.10 1.18 0.80 0.70 1.10 0.93 0.57 0.80 0.70 0.87 £ 0.16
Wheat - 1.50 - 1.75 2.00 2.00 2.25 2.25 2.50 2.04 £ 0,31

a480-pouncl bales per acre.
Source: Office of Agricultural Commissioner, Blythe, California. (Appendix 2, Table 2-33.)

Table 3-29. Effective values of soil saturation extrac
vrrigation management levels, Palo Verde

Irrigation District.

t conductivities in four sods, six TDS levels, and five
(Appendiz 2, Table 2-8.).

TDS
(mg/h)

Irrigation
Number

Drainage Classification

Moderate

Poor

Very Poor

900

1000

1100

1200

1300

1400

16

22

29

35
Sprinkler

16

22

29

35
Sprinkler

16

22

29

35
Sprinkler

16

22

29

35
Sprinkier

16

22

29

ER]
Sprinkler

16

22

29

35
Sprinkler
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In summary, impacts of salinity on the district's
total use of land are minimal while slight decreases in
production are noted in alfalfa and wheat. Though
total land use remains constant, types of land use
show significant changes over the range of the
analysis.

Presented in Table 3-31 are the shadow prices
generated by the model which correspond to the
various land classes. The model shifts various erops
among land classes according to relative value and
available land in any one class. For instance, in the
interval 900-1400 mg/1 TDS, lands 2, 8, and 4 declined
in relative value. This results from decreasing yields
on these particular land classes, but, in addition,
having as an alternative, production on a better land
class. In this case, the model allocates production to
technologies on yield maintaining land classes and
places the more insensitive crops en poorer lands.
Applying this to the table, observation indicates that
the demand for land 1 is fairly constant up to 1400
mg/1 TDS. However, the trend is quite different for
the remaining land, Classes 2, 8, and 4. Value of
demand for 2 starts out at $143.90, declines until it
bottoms out at 1300 mg/1 TDS, and then rises upon
reaching 1400 mg/l. This can be explained by the fact
that the model shifts the higher valued, more
salt-resistant crops to poorer lands and replaces them
with crops having less resistance to salt. Consequent-
ly, lower shadow prices result until the point is
reached where the model can no longer shift crops. At
this juncture no alternatives exist other than
accepting lower yields. Since at this point less output
per acre requires more area to maintain production,
demand for the various land classes has to resuit in
higher land values.

The above reasoning seems to apply only to the
trend exhibited in land 2. However, application can be
made to the remaining two classes. At 1100 mg/1TDS,
economic trade offs are great enough to allow double
cropping of lettuce followed by cotton. Though less

" cotton is produced per acre of double cropped land as
opposed to single cropped cotton, overall returns
increase which increases the value of lands 3and 4 to a
higher level, From this point on normal trends follow
which first exhibit declining values, second, a
bottoming out, and finally, increasing values. For
greater detail, sub-Appendix C shows where demand

trends can be followed for both the single and double
cropped land classes.

Much difficulty was encountered in attempting to
derive an effective water constraint. This was mainly
due to the fact that diversion credit is given to the
district for return flows. Since establishment of a
concrete water figure was biased somewhat by data
problems, the procedure utilized data prepared for the
Second National Water Assessment. Consumptive use
figures for the crops in question were taken from the

* Assessment and multiplied by the estimated land area

occupied by each individual crop. These figures were
summed to a total of 443,000 ac ft which represented
the water constraint for the model.

Total water consumption values are presented in
Table 3-32, Water use as a percent of the total amount
“available is about 94 percent to 96 percent. Perhaps
overshadowing all other conclusions is the fact that as
TDS increases, water consumption seems to decrease,
This is in direct opposition to what has been stated
earlier for Imperial Valley and in agreement with the
trend existing in the Coachella Valley. Again, we find
that the amount of water consumed by crops
increasing in occupied land area which, in effect,
displaces nonoptimal crops, is less than the amount
given up by displaced crops. In this particular case,
lettuce, onions, sorghum, and cotton actually inerease
in amounts of water used, while, at the same time,
alfalfa and wheat decrease in land area thus
decreasing consumption of water, The latter amount
overshadows the former amount and thus is reflected
in the total as a net decrease in water used. The ratio
of net profit to acre feet of water indicates that water
is more efficiently used if allocated in this manner.
Applying less volume of water does not rule out the
implementation of various management alternatives
such as leaching, etc. Actually, water use per acre
increases due to leaching in the district. However,

* reallocation of water among crops results in a lesser

total amount required due as explained. The fact is,
that as salinity increases, the amount of net returns
realized per acre foot decreases at an increasing rate.

Optimal solutions were obtained for cenditions in
Palo Verde Irrigation District which were representa-
tive of TDS levels corresponding to the range of 800 to
1400 mg/1 TDS. The values of the various objective

Table 3-31. Shadow prices of land by class and level of TDS, Palo Verde Irrigation District.

2900 1000 1100 1200 130{(1) 14(;(1)
mg/l mgfl meg/l mg/l mg, mg,
(Dolglars) (Dollars) (Doltars) . (Dotlars) (Dollars) (Dollars)
176.3

Land 1 143.9 1439 143.9 1439 143.9
land 2 143.9 1416 140.5 140.1 140.1 16_9,.;
Land 3 106.1 102.3 137.3 123.9 ‘ 1340 136-5
Land 4 106.1 102.3 128.8 108.7 116.6 139.7
Double Crop 1 61.5 60.1 85.6 92.6 légg 102.3
Double Crop 2 51.9 50.6 71.6 54.8 67.2 79.1
Double Crop 3 54.2 51.7 78.0 63.9 e '8 55.7
Doukle Crop 4 48.5 44.7 57.8 44.4 7. ;
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Table 3-22. Ratio o_)f amount of water used to land Table 3-33. Totas and per acre net profit by TDS
anq prqﬁt all by level of IDS, Palo Verde level, Palo Verde Irrigation Drstrict,
Irrigation District,
- TDS Profit Per Acre
TDS Acre Feet Acre Feet Ratio of Net (mg/) (Dollars) (Dollars)
{me/1) cre Fee Per Acre Doltar Return
Per Acre Foot 900 19,497,011 204.82
1000 19,423,252 204.0
900 425,018 4,465 45.87 1100 19,204,357 281‘72
1000 424,175 4.456 45.79 1200 19,026,666 199.88
1100 423,787 4.452 45.32 1300 18,752,243 197.00
1200 421,665 4,430 45.12 1400 18,170 102 190.88
1300 419,299 4.405 44.72 _
1400 418,056 4.392 43,46

functions are presented in Table 8-33. Values appear
to decline in greater increments as TDS rises (Figure
3-7). This is also evident with the ratio of net returns

derived from the differences between successive TDS
levels beginning with 900 mg/l. Total derived
damages for the TDS range in question are
$1,326,909. These figures are presented in Table 3-34.

An exponential curve fi
representative of the data
curves applied to the same
each corresponding observ
in the table. In addition,
the lower TDS levels of 7
salinity levels are lower

the equation Y = pemx |, =

2.718281828, m = 0.006714, and x =
within the range of analysis. Corre

t was chosen as more
in Table 3-84 than other
data. Estimated values for
ed value are also contained
estimates were derived for
00, 800, and 900 mg/| since
at this point on the river. In
126.3069, e =
any ievel of TDS
lation was quite
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Figure 8-7.  Total net profit by level of TDS, Palp Verde Irrigation District.



Table 3-24. Accumulated damage totals of observed
data and predicted values by level of
TDS, Palo Verde Irrigation District.

represented above will be used to estimate monetary
values of damages for the Palo Verde Irrigation

District.

In summary, Table 3-85 lists some general

TDS Observed Predicted F )
indicators of expected damage. Total annual damages
(ms/D (Dollars) (Dollars) incurred are $1,326,909. Per acre damages derived
700 - 13,881 from this figure are $13.94. For a one unit increase in
800 - 27,165 TDS, annual damages are expected to increase $2,654.
900 - 53,159 Finally, annual damages per mg/l per acre are
1000 73,759 104,027
1 2,654 203, s .
100 s 398373  Table 3-35. Summary statistics, Palo Verde Irriga-
1300 744,768 779,581 tion Digtrict.
1400 1,326,909 1,525,574
Total Acres 95,189
good as R% = 0.94. These values were used to derive Double Cropped Acres 12,331
Y corresponding to the different levels of TDS. Figure g““al g‘m‘; Damages $1,326,909
3-8 illustrates the relationship between the values of Anﬁﬁ:} D?mag; 13::“:&715 g 21)36'22
the observed data and the predicted values. Within Y
. v e . . 1 .
the TDS interval studied in this report, the function as Annual Damages Per me/l Per Acte 5 00219
1500 J 1526
pi327
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Figure 8-8. Observed data fitted damage function, Palo Verde Irrigation District.
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estimated to be $0,0279 ag an average value over the
500 mg/l range from 900 to 1400 mg/1.

COLORADO RIVER INDIAN RESERVATION

The Colorade River Indian Reservation is located
up river from the Palo Verde District near Parker on
the Arizona side of the Colorado River (see Map 3-4).
Reclamation and development of arable lands is an
ongoing process with the eventuality of cultivating
around 105,000 acres at full development. However,
for the period of this study, an estimated 63,000 acres
were considered as in actua} production, Lands were
placed into three general classifications as Presented
in Table 3-86, Double cropping is gaining status in the
area but still represents a sma]| portion of total land
use,

Table 3-96. Number of acres available for single and
double cropping by land cluss, Colorado
River Indian Reservation,

Single Double
Cropped Cropped Total
(Acres) {Acres) (Acres)

Land 1 32,226 3,158 37,384
(Well Drained)
Land 2 19,243 1,776 21,019
(Moderately Drained)
Land 3 9,279 856 10,135
(Poorly Drained)

Total 62,748 5,790 68,538

As development, continues, the list of crops
produced in this area will grow. At the present time,
only a small number of €rops are represented as shown
by Table 3-37. The matrix of double cropping
Possibilities assumed for the area is also shown,

Table 3-38 shows the empirical data used in
estimating average bage yields, Damage estimates can
be derived by 3 comparison of the effective soil
saturation extract conductivity values in Table 3-39 to
the declination percentages in Table 3-1 as has been

the procedure in Previous sections. Partia] sprinkler,
leaching, land leveling, special bedding, and irrigation
frequencies were the management alternatives gag.
sumed to apply in the area. Special bedding and
partial sprinkler mainly benefited speciality crops
such as lettuce, cantaloupe, and onions, whereas
leaching, land leveling, and irrigation frequencies
significantly contributed to all erops in varying
degrees. Full sprinkler irrigation and tiling were not
selected by the model under any of the TDS
assumptions due tp availability of other more
profitable alternatives.

In analyzing the various changes in land use and
crop production found in Table 3-40, it is shown that
the total amount of land remains constant. However,
as salinity increases, different types and amounts of
land use are selected by the model. As was evident in
the previous areas, cotton emerges as having
substantial tolerance to increasing leveis of TDS. In
this case, both amount of production and number of
acres of intensive management practices need be
applied in order to maintain yields as water quality
deteriorates.

Production of alfalfa and wheat is impacted to a
greater extent than cotton. With respect to both, land
area and amount of production decline. Total
production of serghum, cantaloupe, lettuce, and
onions is constant while land area increases in order to
maintain these output levels as yield declines.

Management activities, mainly irrigation fre-
quencies, are the cause of what appear to be irregular
patterns of land use in the case of cantaloupe. Between
900 mg/1 TDS and 1000 mg/1TDS, land area increases
as production remains constant. However, from 1100
mg/1 TDS to 1400 mg/1 TDS, land use is utilized at a
lesser amount than was required even at the 500 mg/1
TDS level. Being that production remains constant
throughout the entire range, one would expect land
area to increase. This trend only oceurs for two TDS
levels, 900 and 1000 mg/l TDS, At these levels of
TDS, cantaloupe is produced on ¢lass 2 and class 3 land
with the majority placed on the latter. Upon reaching
1100 mg/1 TDS, it hecomes more profitable {also in

Table 3-87. Selected crops and double cropping possibilities, Colorade River Indian Reservation.

Double Cropping Possibilities®

Crops Wheat Cantaloupe Lettuce Onicn Sorghum

Alfalfa

Cotton X

Wheat

Sorghum x X X X X
Cantaloupe X X X X
Lettuce X X X X X
Onion

E'Cmps under these columns are those assumed to lead in the double cropping rotation.
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Map 8-4.

[
FARKER

COLORADO RIVER INDIAN
RESERVATION IRRIGATION
DISTRICT

Coloradoe River Indian Reservation Irrigation District, Arizona.
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Table 3-38. Yields of major crops in the Coloredo River Indian Reservation, 1969-1978 (tons/acre).

95 Percent
Crop 1969 1970 1971 1972 1973 Confidence
Interval

Alfalfa 8.00 8.00 8.00 8,25 §.50 8.15 £ 0.28
Cotton 2.75 2.25 225 2.75 3.00 2.60 * 0,422
Wheat 1.80 2.25 2.10 2.40 2.80 2.27 £ 0.46
Grain Sorghum 1.50 1.50 2.04 2.00 1.60 1.73 £ 0.34
Cantaloupe 8.75 8.75 10.50 8.75 12.25 9.80 £ 194
Lettuce 14,00 21.00 17.50 17.50 13.30 16.66 £ 3.86
QOnions 15.00 18.00 11.50 12.00 8.30 12.96 + 458

a480-;:00und bales per acre.

Source:  Annual irrigation crop report No. 55-13F. Branch of Land Operations, Bureau of Indian Affairs, USDI,

relation to the rest of crops) to move the entire
production onto class 2 land. Since yield is higher for a
larger portion of the amount produced, less land is
needed. Variation in irrigation management occurs as
TDS rises in order to maintain yield, At slightly
higher costs for these more intensive operations,

Table 3-39. Effective values of soil saturation extract
conductivities n three soil drainage
classes, six TDS levels, and five irriga-
tion management treatments, Colorado
River Indian Reservation.

TDS lirigation Drainage Classification
(me/L) Number Well Moderate  Poor
900 16 0.4 2.0 4.3

22 0.4 1.4 37
29 0.4 1.1 3.
35 0.4 0.7 3.0
Sprinkler 0.0 0.0 2.1
1000 16 0.7 2.4 5.0
22 0.7 1.7 3.0
29 0.7 1.5 4.0
35 0.7 1.0 3.5
Sprinkier 0.0 0.2 2.7
1100 16 0.9 29 5.7
22 0.9 2.1 49
29 0.9 1.8 4.6
35 0.9 1.3 4.0
Sprinkler 0.0 0.5 i3
1200 - 16 1.2 3.3 6.3
22 1.2 2.4 5.4
29 1.2 21 5.1
35 1.2 1.5 4.5
Sprinkler 0.0 0.8 38
1300 16 1.5 3.8 7.0
22 1.5 2.8 6.1
29 1.5 2.5 5.7
35 1.5 1.8 S.1
Sprinkier 0.2 1.2 4.4
1400 16 1.7 4.2 7.7
22 1.7 3.2 6.7
29 1.7 2.8 6.3
35 1.7 2.1 56
Sprinkler 0.4 1.5 5.0

Source: Adapted from Robinson, F. E., Appendix 2, Table
2-8.
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yields are held at the same level as is land area and
production, The major changes are reflected in profit.
A detailed illustration is contained in sub-Appendix D
concerning land use and _production patterns for
cantaloupe as well as for the other crops.

Shadow prices derived from the model are
contained in Table 8-41. For the single cropped land
classes, land values increase as we ascend the range.
These lands are in greater demand as TDS rises.
Little distinction develops among land classes until
1300 and 1400 mg/! TDS levels are obtained. At these
levels, class 3 differs slightly from the other two
classes which indicated that differences in soils can be

‘partially made up for by specific management

alternatives. More important though, is the fact that
under the assumed conditions for this area as
compared to areas such as Imperial Valley and Palo
Verde, the “threshold of incurrence” of major
damages is reached at higher levels of TDS.

Water diversions follow the same procedure as in
Palo Verde, that is, eredit is given for return flows,
However, maximum net depletion was set at 486,400
ac ft. This figure is larger than the water constraint
used for Palo Verde which has about 33 percent more
area under cultivation. Though the figure is large for
present circumstances, it has been established in
anticipation of full development and therefore was
used as the upper water constraint in the model.

Consumptive use of water totals contained in
Table 3-42 is greatly influenced by alfalfa due to its
relatively high consumption per acre. Significant
decreases in alfalfa production and land use cause the
total amount of water consumed for the area to
decrease to 1300 mg/! TDS. When alfalfa acreage and
production remain constant between 1300 and 1400
mg/l TDS, total water use rises due to incressed
demands by the other crops. At lower levels, such
increased demands for water are overshadowed by the
large decrease in demand from alfalfa.

Objective function results indicate that some
economic losses are incurred over the 900 to 1400 mg/]
TDS range. Table 3-43 illustrates that profits per acre
appear to decline at an increasing rate. Total damages
are estimated to be $378,000. Figure 8-9 portrays the
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Table 3-41. Shadow prices of land by class and level of TDS, Colorado River Indian Reservation,

900 1000 1100 1200 1300 1400
mgfl mg/l mg/fl mg/l mgfl mg/l
(Dollars) (Dollars) (Dollars) (Dollars) (Dollars)} (Dollars)
Land 1 1789 178.9 178.9 178.9 204.2 204.2
Land 2 178.9 178.9 178.9 1789 204.2 204.2
Land 3 178.9 178.9 178.9 1789 202.8 201.9
Double Crop 1 1789 178.9 1789 178.9 204.2 204.2
Double Crop 2 1725 171.7 171.7 155.1 165.2 153.7
Double Crop 3 142.8 125.0 113.6 107.3 119.0 99.7
Table 3-42. Ratio of amount of water used to land  Table 3-48. Total and per acre net profit by TDS
and profit all by level of TDS, Colorado level, Colorado River Indian Reserva-
River Indian Reservation. tion,
Ratio of Net TDS Profit Per Acre
Acre Feet J
| (Tn];?l) Ace Feet Per Ao Dollar Return (mg/1) (Dollars) (Doliars)
| Per Acre Foot
; 900 17,066,111 249,00
900 369,061 5.384 46.25 1000 17,048,435 248.74
1000 368,906 5.382 46.21 1100 17,038,692 248.60
1100 368,590 5.378 46.23 1200 17,021,259 248.34
1200 368,493 5376 46.19 1300 16,877,843 246.25
1300 368,030 5.370 45.86 1400 16,687,877 243.48
1400 368,348 5.374 45.30
t
f
|
: 17.24
» 17066111
kS 7066 17048435 17038692 ,
3 1702125
o 17.0
]
"
5 16877843
= 16687877
=
16.8
16.6
] 0 1 0 1300 1400
900 1000 1100 1200

Total Dissolved Solids (Mg/1)
Figure 3-9. Total net profit by level of TDS, Colorado River Indian Reservation,
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shape of the net profit function for the various TDS
levels.

Differences between objective functions were
derived and placed in Table 8-44. In addition,
predicted values are presented which pertain to the
exponential function ¥ = be™X, where b = 4,3760, e
= 2,718281828, m = 0.008063, and x = any TDS
level. These two sets of data are plotted {Figure 8-10)
in order to better observe how well the estimated
functlon2 ts the observed data points. The fit is good
with R == 0.95. This function will be used in
estimation of economic impacts resulting from rising
salinity.

Table 3-44. Accumulated damage totals of observed
' data and predicted values by level of
IDS, Colorade River Indian Reserva-

tion.

'I‘Dﬁ) QObserved Predicted
(mg (Dollars) (Dollars)

800 - 2,748

900 - 6,148
1000 17,676 13,755
1100 27,419 30,775
1200 44,852 68,857
1300 188,268 154,063
1400 378,234 344,704

In summary, the model employs 68,538 acres of
eropland with 5,790 acres of that total considered
available for purposes of doubling cropping. Per
annum total damages to the district as a whole as
derived by the mode! are $378,234. Annual per acre
damages are $6.52. An average of $756.50 is incurred
for each milligram per liter (mg/1) within the range of
900 mg/] to 1400 mg/]. Finally, annual damages per
mg/l per acre are set at $0.011 which represents an
average for the range in question. These data are
summarized in Table 3-45.

Table 3-45. Summary statistics, Colorado River

Indian Regervation.
Total Acres 68,538
Double Cropped Acres 5,790
Annual Total Damages $378,234
Annual Per Acte Damages $ 552
Annuat Damages Per mg/l $ 756.50
.Annual Damages Per mg/l Per Acre $ 0.0110
CALIFORNIA COASTAL REGION

The Colorade River Aqueduct delivers water to
agricultural lands near the California coast. Many
producing areas receive water from this source. In
attempting to account for agricultural use of Colorado
River water, emphasis is focused on the area between
Los Angeles and San Diego (Map 3-5).
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Ali Colorado River water used in the coastal areas
is pumped through the Colorado Aqueduet of the
Metropolitan Water District of Southern California
(MWD). The water is distributed to the 27 members of
the MWD, These members further distribute water to

"smaller divisions within their boundaries. The San

Diego County Water Authority, for example, is one of
the 27 members of MWD and has 22 constituent cities
and districts within its boundary (Burzell, 1973:
Monroe, 1972).

In addition to the water from the MWD, the 27
members have locally developed water which present-
ly constitutes 63 percent of the water used in the
MWD area (Monroe, 1972). The local water is pumped
from subsurface aquifiers, transported from outside
the MWD area, and/or collected in reservoirs from

" surface or stream flow (Brown, 1974).

Rainfall within the coastal area varies from 5 to 20
inches in the lower elevations and from 20 to 70 inches
in the higher elevations (Close et al., 1970). Most of
the agricultural areas are within a 10 to 15 inch rainfall
zone {Bowman, 1973).

Agricultural yield records do not segregate crop
yields as to whether they were irrigated with local

water or with Colorado River water (Little, 1973). In .

some areas the locally produced water is used first and
then Colorado River water is used. In other areas, the
local and Colorado River water are stored in the same
reservoir (Brown, 1974},

In 1972, the MWD took first delivery of water
from the California State Projeet. This source of water
is scheduled to increase eventually to 2 million ac ft
annually. In the meanwhile, the Central Arizona
Project will claim an entitlement to Colorado River
water so that the MWD supply will be reduced to
550,000 nc ft per year. Of this amount, 100,000 ac ft
may be utilized in the production of power. The
remaining water will be blended in varying degrees
with local and state water (Clinton, 1973; Lauten, no
date).

Use of Colorado River water for agriculture hes
remained around 160,000 ac ft per year (Monroe,
1972), The agencies using this water in large quantity
are the San Diego County Water Authority, 78,117 ac
ft; Western MWD of Riverside County, 33,718 ac ft;
Eastern MWD, 29,620 ac fi; and MWD of Orange
County, 31,470 ac ft (Monrce, 1972). With the
exception of the San Diego County Water Authority
Aqueduet No. 1, these areas will have 60 percent
blended state water available. In the mid or late
1980s, the blend will move to 75 percent state water.
With 50 percent Colorado River water the TDS could
move to 1,280 mg/] when mixing with 250 mg/1 state

. water without increasing the TDS in the blend beyond

the present 740 mg/l. In a 25 percent Colorado River
water blend, TDS could achieve 2,210 mg/] without
altering the content of the resulting mix, The cost to
the agricultural economy receiving the blended water
will be the increased price since there will probably be
no reduction in yield due to salinity increase above the
present value.
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Figure 3-10. Observed data with fitted damage function, Colorado River Indian Reservation.

Determination of yield effects of increased
salinity in the coastal area then narrows to the region
served by the girst San Diego Aqueduct with a
capacity of 190 1t°/s. The second San Diego Aguedu_ct
has pipeline No. 3 with a capacity of 250 ft®/s and
pipeline No. 4 with a capacity of 380 ft%/s. Pipelines
No. 3 and 4 will have blended state water available in
1975. As presently planned, pipelines No. 1 and 2 of
the first aqueduct are to have Colorado River water
exclusively until 1980-1985 (Montgomery, 1974).
Metropolitan Water Distriet of Southern California
indicates plans to supply blended water to pipelines
No. 1 and 2 by 1987-1988 which is the same time that
the blend will go to 75 percent state water (Clinton,
1973).

Date developed in this study of yield declination
will apply only to unblended water. The assumption
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made is that the irrigation water is unsoftened
Colorado River water.

Some 35,000 acres are included in the analysis as
shown in Table 8-46. No double cropping alternatives
were established due to the perennial nature of many
crops. However, several specialty crops such as
tomatoes and strawberries do have double cropping
possibilities. Nevertheless, estimations of this type of
land use are varied and overall, the number of acres is
small; therefore the model considers only single
cropped land classes. :

A list of selected crops is presented in Table 3-47
along with empirical yield data. Mean yields for the
San Diego County area were obtained from the
Agricultural Commissioner Reports 1968-1973 (Little,
1973). Comparison of effective values of soil saturation
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Table 8-46. Number of acres available for single and

double cropping by land class, California

Coastal Region.
Single Double Total
Cropped Cropped ota
{Acres) (Acres) (Acres)
Land 1 9,054 - 9,054
{Well Drained)
Land 2 17.739 - 17,739
{Mcderately Drained)
Land 3 8,028 . 8,028
(Poorly Drained)
Total 34,821 34,821

extract cenductivities in Table 3-48 to declination
intervals in Table 3-1 resulted in percentage
estimations of yield decreases. This process was used
to formulate a yield declination curve for each crop.

Several new terms also appear in Table 3-48,
Surface irrigation salinity is taken from the 35
irrigation per year assumption explained earlier in the
report. The rationale was that 10 to 15 inches of rain
would have a diluting effect similar to additional
irrigations. Sprinkler values are the same as
previously used. Production and land use are
practically unchanged over the 900 to 1400 mg/] range
(Table 3-49). The only major change occurs between
900 mg/1 and 1000 mg/1 where avocado production and
land use both increase slightly. The new trickle or
drip method of irrigation experiencing rapid expan-
sion in this area (Valley Center Municipal Water
District, 1973) appears to deliver water to root
systems at the same concentration as the irrigation
water, Effective salinity is reduced 1 mmho/cm below
the irrigation water value because the CaS0O4 would
have ne harmful effect and rainfall would provide
dilution and leaching (Hall, 1971). The first trials of
trickle systems support this usage (Valley Center
Municipal Water Distriet, 1973; Hall, 1971; 1973). At
the same time, land area occupied by spring tomatoes

Table $-48. Effective values of soil saturation extract
conductivities in three drainage classifi-
cations, three management systems, and
six TDS contents of water. (Appendiz 2,
Table 2-48.)

TDS Irrigation Drainage Classification

1

(mg/l Method Well Moderately Poor
900 Surface 0.4 0.7 3.0
Sprinkler 0.0 0.0 2.1

Trickler - - 0.3

1000 Surface 0.7 1.0 3.5
Sprinkler 0.0 0.2 2.7

Trickler - - 0.5

1100 Surface 0.9 1.3 4.0
Sprinkler 0.0 0.5 3.3

Trickler - 0.6 0.6

1200 Surface 1.2 1.5 4.5
Sprinkler 0.0 0.8 3.8

Trickler - 0.8 0.8

1300 Surface 1.5 1.8 5.1
Sprinkler 0.2 1.2 4.4

Trickler - 0.9 0.9

1400 Surface 1.7 21 5.6
Sprinkler 0.4 1.5 50

Trickler - 1.1 1.1

is decreased by 5 acres while production remains
constant. Shifting tomato production from class 3 land
to class 2 land due to a yield decrease on the former,
results in having a higher initial yield thus requiring
less acreage. The five additional acres, released by
spring tomatoes are allocated to avocados which
account for rises in both production and land area.

Even though total production amounts and land

- use are relatively constant, the model still varies its

crop allocation among the respective land classes and
technologies. Sub-Appendix E should be consulted for
more information on this adjustment process.

Table 3-47. Yields of major crops in the California Coastal Region, 1968-1978 (tons/acre).

Year

Crop 1968 1969 1970 1971 1972 1973 Mean
Avacadoes 1.7 32 1.7 3.0 1.5 s 243 £ 094
Citrus

Grapefruit 10.0 12.0 21.0 7.8 129 17.4 135 x5.12

Lemon 15.4 10.6 16.5 20.0 16.2 24.0 17.7 +4.75

Lime 10.0 6.5 8.2 14,0 11.0 14.0 10.6 +3.19

Orange, Navel 7.3 11.0 3.8 6.2 6.7 7.2 7.87 £1.85

Orange, Valencia 5.9 7.4 6.6 8.8 10.3 7.0 767 £1.69

Tangerine - - 1.7 10.7 10.5 17.4 11.6 £6.55
Strawberry 17.0 150 17.2 19.0 21. 21.0 184 *2.52
Potato 12.0 16.0 21.0 18.0 22.0 200 18.2 *3.8%
Tomato

Spring 201 25.4 24.1 20.5 27.8 36.8 25.8 1645

Fall 18.7 22.2 16.6 16.0 19.4 245 19.6 *3.44

Summer - - - 13.0 336 36.0 275 *31.41

Source: Office of Agricultural Commissioner, San Diego, California. (Appendix 2, Table 2-46.}
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Table 3-50 contains the shadow prices generated
for each land class by the model. Upen reaching 1400
mg/l, the values of land classes 2 and 3 decline,
Elsewhere, no change can be detected from the initial
values established at 900 mg/l. The water quality
range of 900-1400 mg/1 appears to be too confining for
development of a conclusive trend for this parameter,

Based on average diversions, the total amount of
water available to the area for agricultursl use is
160,000 ac ft. This is the amount of unblended
Colorado River water distributed by pipelines No. 1
and 2 of the San Diego County Water Authority
Aqueduct No. 1. Tota! water consumption decreases
by less than 1000 ac ft over the entire interval as
indicated by Table 3-51. Specific notice should be
taken of the values derived for the net -profit/total
water consumption ratio.

At 1200, 1800, and 1400 mg/1 profits are larger
than the initial value per acre foot consumed. Within
the 1100-1200 mg/] interval the model shifts straw-
berry production from furrow irrigation to full
sprinkler due to yield damages suffered by the former
technology. Slightly more than an acre foot of water is
required for furrow irrigation than required by
sprinkler irrigation resulting in an overall decrease of
some 920 ac ft. Since net profits are approximately 1
percent lower while water consumption is over 25
percent less, efficiency per net dollar of profit
increases. Up to 1200 mg/] furrow irrigation is more
profitable in dollar terms but less efficient in water
use. Net profit is the overriding factor in the model
and therefore receives top consideration in allocation
decisions. Under alternative sets of assumptions
where, for example, water supply is restricted so that
emphasis is placed on efficient use, different
consumption figures would result. However, total
profits to the area as a whole would be decreased.
Model assessment of current conditions estimate that
about 86 percent of total water available to agriculture
is put to efficient, productive use.

Table 3-52 contains the resulting objective
function values for the different TDS levels. De-
creases are incurred in three distinct steps with major
damages occurring between 1300-1400 mg/l. The
magnitude of the respective decreases can be viewed
in Figure 3-4, as the results are plotted over the
interval in question,

Estimation of a representative damage function
proved to be more difficult than for other areas due to
the nature of the data. As can be seen in Table 3-63,

Table 8-51. Ratio of amount of water used to land
and profit all by level of TDS, California

Coastal Region.
Ratio of Net
TDS Acre Feet Acte Feet Dollar Return
(mg/) i Per Acre Per Acre Foot
200 129,312 3.714 175.93
1000 129,302 3.713 17591
1100 129,302 3.713 17591
1200 128,383 3.687 177.13
1300 128,383 3.687 177.13
1400 128,383 3.687 176.66
Table 3-52. Total and per acre net profit by TDS
level, California Coastal Region,

TDS Profit Per Acre
{mg/1) {Dollars) {Dollars)
900 22,749,771 653.33
1000 22,746,025 653.23
1100 22,746,025 653.23
1200 22,740,158 653.06
1300 22,740,158 653.06
1400 22,680,497 651.35

Table 3-53. Accumulated damage totals of observed
data and predicted values by level of
TDS, California Coastal Region.

TDS Observed Predicted
(mg/1) (Dollars) (Dolkrs)
900 - 813
1000 3,746 3,159
1100 3,746 5,506
1200 9613 7,853
1306 9,613 10,200
1400 69,274 69,274

damage increments emerge in three separate stages.
Because of the large difference between 1300 and 1400
mg/l, low correlation coefficients were encountered
when attempting to fit one of the more common
functions to the data. It was therefore elected to
combine information derived from two Separate linear
regression equations in order te more accurately
assimulate the situation,

Table $-50. Shadow prices of land by class and level of TDS, California Coastal Region.

900 1000 1100 1200 1300 1400
mg/l mg/l mg/fl mg/l mg/1 mg/l

(Dollars) (Dollars) {Dollars} (Dollars) (Dollars) (Dollars)
Land 1 556.6 556.6 556.6 556.6 556.6 556.6
Land 2 556.6 556.6 556.6 556.6 556.6 548.1
Land 3 548.1 548.1 548.1 548.1 548.1 539.7
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Figure 3-11. Total net profit by level of TDS, California Coastal Region,

The first equation is estimated from the observed
data points corresponding to 1000, 1100, 1200, and
1300 mg/l, respectively. A general form of the
equation is Y = mX 4+ b, where Y = the dependent
variable, m = slope of the straight line, b = the value
of Y when X=? (“Y-intercept”}, and X = any value of
TDS between 900 and 1400 mg/l. Pertinent values
derived from the data were, m = 23.4680 and b =
-20,308.70.

The second equation derived by using the
predicted value for 1300 mg/1 of $10,200 and fitting a
line from that point to the observed point for 1400
mg/l. Equational values resulted in having m =
590.74 and b = -757,762, A graphical view of how
these two equations are used to estimate damage
values over the appropriate TDS interval is contained
in Figure 3-12.

Summarizing the impacts for this area we find
that annual total damages sum to $69,274 (Table 3-54).
Annual per acre damages are $1.99 and annual
damages per mg/] are $138.55. Results indicate that
for a one unit increment in TDS, additional costs
incurred per average acre in the area will be $0.00398.
This is not a large figure when compared to other
study regions, however, trickle irrigation is a rapidly
expanding technology and therefore diminishes a
certain amount of damages which would otherwise be
incurred.
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Table 3-54. Summary statistics, California Coastal

Region,
Total Acres 34,821
Doubie Cropped Acres 0
Annual Total Damages $ 69,274
Annual Per Acre Damages $ 199
Annual Damages Per mg/l $ 138.55
Annual Damages Per mg/1 Per Acre $0.00398

WELLTON-MOHAWK IRRIGATION DISTRICT

Sitauted in southwestern Arizona, the Wellton-
Mohawk Irrigation District receives water from the
Colorado River by way of Imperial Dam (Map 3-6).
Estimates place the cultivated land area at about
68,000 acres. For purposes of the model, Table 3-65
places the total number of acres into three classes and
two potential uses (single or double cropping).

Table 3-56 lists the crops selected for considera-
tion by the model. The selection was based on crops
having $1 million or more in terms of gross value of
production (1974). In addition, possible double
cropping combinations are also presented.

In Table 3-57, the average base yields used for
this area are shown. Citrus production is not extensive
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Figure 3-12. Observed data witk fitted damage function, California Coastal Region.

Table 3-56. Selected crops and double cropping
g:sib&'ﬁes. Wellton-Mohawk Irrigation
(strict.

Double Cropping Possibilities?
Table $-55. Number of acres available for single and Crops

double ing by land class, Wellton- _ Wheat Cantaloupe Lettuce Sorghum
Mohawk IFrrigation District, Cotton X
Alfalfa X X X X
. Lettuce
Single Double
Cropped Cropped Total C“sr;::gtloupe x X X X
(Acres) (Acres) (Acres) Sorghum " X X x
Land 1 41,562 8,218 49,780  Grass Seed '
{Well Drained) Grapefruit
Land 2 6,052 1,196 7,248  Oranges/
Moderately Drained) Tangerines
Land 3 9,477 1,874 11,351  Lemons
(Poorly Drained)
Total 57,091 11,288 68,379 Crops under these columns are those assumed to lead

in the double crbppmg rotation.
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Table 8-57. Yields of major crops in the Wellton-Mohawi Irrigation District, 1966-1978 (tons/acre).
95 Pe t
1966 1967 198 1969 1970 1971 1972 1973 Confidonns
Interval
Cotton 1.96 1.40 1.97 2.34 2.01 2.06 2.26 2.19 2.02 £0,242
Alfalfa 5.50 580  6.00 630  6.40 6.50 6.80 7.0 6.38 £0.56
Lettuce 6.69 6.86 6.30 6.65 6.09 7.79 721 1119 7.35 £1.37
Cantaloupe 6.61 6.23 7.87 7.07 844 929 904 3.34 7.24 +161
Wheat 1.68 1.95 2.10 2.07 2.13 2.37 2.46 2.46 2.15 +0.23
Sorghum 179 1.65 1.90 1.82 1.85 1.90 2.04 1.93 1.86 +0.10
Grass Seed 7.30 7.10 8.10 6.60 670  6.60 7.40 8.60 7.30 +0.61
Grapefruit 0.25 812 93gd  750b 54 0.25 0.7 0.95 8.33 +2.38
Oranges/Tangerines 1.58 2.47 1.43 3.67 0.67 8360 129 585  10.63 +£28.84
Lemons - - - 0.83 0.81 2.32 5436 214 5.43b

2480-pound bales per acre.
Yields considered to be representative mature trees.

Source: U.S, Bureau of Reclamation, Water and Land Resources Accomplishments, 1966-1973.

and therefore continuous annual data were scarce.
Asterisks denote data Years considered to be
representative of mature trees. In an attempt to
isolate average expected yields from erratic yields of
immature trees, yield numbers were selected as those
most likely to occur. Calculations were then based on

these representative yields.

Declination curves for the respective crops are
predicted by comparing the average base yields in
Table 3-57 to Tables 8-39 and 3-1.

Management alternatives selected by the model
as profitable options were leaching, land leveling,
special bedding, and irrigation frequencies. Other
alternatives available but not chosen by the model
were full sprinkler, partial sprinkler, and tiling,

Total physical produetion and number of acres
allocated by the model to each of the respective crops
are contained in Table 3-58. Without exception, due to
alternatives such as management, three district
trends develop. The first is a case where production
and land use are constant throughout the TDS range
including crops of cotton, cantaloupe, grass seed,
grapefruit, oranges/tangerines, and lemons,

Next, in the face of decreasing yields, land area
occupied by lettuce, wheat, and sorghum increases in
order to maintain a constant level of production.
Finally, both the number of acres and the amount of
production decrease as TDS increases in the case of
alfalfa. For detailed information concerning various
management alternatives considered by the model
under each set of assumed conditions refer to
sub-Appendix F. Such information provides the
reasons why total land is held constant but total
production and net profits decline throughout the
range of analysis for this study.

The shadow prices corresponding to the various
land classes (Table 3-59) indicate that there is little if
any variation in the respective MVP's as salinity rises.
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Maximum depletion of water for the district was
set at 300,000 ac ft. This amount represents the total
available water to the model under any possible
combination of circumstances expected to be encoun-
tered.

As was the case in Palo Verde, total water
consumption decreases over the range. This is due to
the predominance of alfalfa production over changes
occurring in the other crops (Table 3-60). Minor
increases in water consumption by lettuce, wheat, and
sorghum are cancelled out by the large decrease in
water consumption in alfalfa due to production and
land use being placed at lower levels by the model.

Most important, perhaps, is that net profit is
smaller at each successive TDS level. These data are
presented in Table 3-61 and a graphical representation
is shown in Figure 3-13.

Construction of Table 3-62 is based on the
accumulated differences among the objective fune-
tions (net profit). In fitting an exponential function to
these data points, predicted values are derived. In the
function Y = be™X, h = 128423, e == 2.718281828, m
=, 210184. and x = level of TDS. Correlation is good
as R€is0.97. The contents of Table 3-62 are presented
in Figure 3-14. Dramatic increases in damages are
predicted for TDS levels beyond 1200 mg/1.

Table 3-63 summarizes total distriet acres, annual
damages per acre, and per milligram per liter, and
finally an average annual damage per milligram per
liter per acre.

GILA AREA

Adjacent to the Wellton-Mohawk Project is the
Gila area which also receives Colorado River water by
way of Imperial Dam (Map 3-7). The land area is
relatively small as can be seen from Table 3-64. Very
little double cropping takes place due to the large
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Table 3-59. Shadow prices of land by class and level of TDS, Wellton-Mohawk Irrigation District.

200 1000 110¢ 1200 1300 1400
mg/fl mg/l mg/l mg/l mg/fl mgl
{Dollars) (Dollars) (Dollars) {Dollars) (Dollars) (Dollars)
Land 1 81.7 81.7 81.7 81.7 81.7 81.7
Land 2 81.7 81.7 81.7 81.7 81.7 81.7
Land 3 81.7 81.7 81.7 81.7 81.7 81.7
Double Crop 1 370 37.8 378 38.3 38.5 37.8
Double Crop 2 37.0 37.0 31.0 37.0 37.0 36.3
Double Crop 3 35.8 34.4 28.6 249 16.4 7.0

Table 3-60. Ratio of amount of water used to land

and profit all by level of TDS, Wellton-

Table 8-61. Total and per acre net profit by TDS

level, Wellton-Mohawk Irrigation Dis-

Mohawk Irrigation District, trict.
Ratio of Net TDS Profit Per Acre
TDS Acre Feet Acte Feet Dollar Return (mg/l) (Dollars) (Dollars)
(mgf!) Per Acre Per Acre Foot
900 11,411,576 166.89
900 292,537 4,278 39.01 1000 11,408,871 166.85
1000 285,306 4,172 39.99 1100 11,398,008 166.69
1100 285,028 4.168 39.99 1200 11,390,995 166.59
1200 284,843 4.166 39.99 1300 11,315,540 16548
1300 283,737 4.149 39.88 1400 11,246,177 164.47
1400 282,642 4.133 39.79
11.6 -
1.5
[ n
K
‘g 11.4= 11411576
- 11408871
M : 11398008 1139099
s
.—2..
1.3 ~ 11315540
11248177
11,2
1.1 T ¥ T T T T
800 900 1000 1100 1200 1300 1400

Total Dissolved Solids (Mg/1)
Figure 2-18. Total net profit by level of TDS, Wellton-Mohawk Frrigation District.
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Figure 8-15. Observed data with fitted damage function, Wellton-Mohawk Irrigation District.

Table 8-62. Accumulated damage totals of observed
data and predicted values by level of
TDS, Wellton-Mohawk Irrigation Dis-
trict.

TDS Observed Predicted
(mgfl) (Dollars) (Dotllars)
800 - 443
900 - 1,228
1000 2,708 3,399
1100 13,568 9,409
1200 20,581 26,051
1300 96,036 72,125
1400 165,399 199,689

amount of acreages devoted to ecitrus. However,
several types of specialty crops are grown such as
lettuce and cantaloupe. A list of selected crops is
presented in Table 3-656 along with a matrix of

166

assumed double cropping possibilities which account
for the small acreages involved in this process.

Since several distinet subareas were included
under this heading weighted averages were taken to
derive an overall average base yield for the area as a
whole. Table 3-66 presents the weighted averages

Table 2-63. Summary statistics, Wellton-Mohawk
Irrigation District.
Total Acres 68,379
Double Cropped Acres 11,285
Annual Total Damages $165,339
Annual Per Acre Damages $ 242
Annual Damages Per mg/1 $ 330.68
Annual Damages Per mg/l Per Acre $ 0.0048




COLORALID HIVE Y BASIN

GILA PROJECT
YUMA-MESA DIVISION

=

)

. 7
YUMA AUXILIARY PROJECT I
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Table $-64. Number of acres avalable for single and
dm_zble cropping by land class, Gila area.

Table 3-85. Selected crops and double cropping
possibilities, Gila area.

Single Double T Double Cropping Possibilities®
Cropping Cropping otal Crops
{Acres) (Acres) {Acres) Wheat Cantaloupe Lettuce Sorghum
Land 1 22,476 491 22967 Cotton X
(Well Drained) Alfalfa
Land 2 3,273 72 3,354 Lettuce X x X X
(Moderately Drained) Cantaloupe X X x X
Land 3 5,125 112 5,237 Wheat
(Poorly Drained) Sorghum X X X X
Total 30,874 675 31,549 ~ Grass Seed
Grapefruit
Oranges and
Tangerines
Lemon

aC‘rops under these columns are those assumed to lead
in the double cropping rotation.

Table 2-66. Yields of major crops in the Gila area, 1966-1978 (tons/acre).

95 Percent
1966 1967 1968 1969 1970 1971 1972 1973 Confidence
Interval
Cotton 3.01 1.63 3.30 3.23 2.49 2.73 2.56 2.43 2.67 +0.54%
Alfalfa 5.39 6.29 5.83 795 7.91 6.29 6.67 7.45 6.72 £ 0.96
Lettuce 9.03 1393 9.62 8.80 707 10.52 7.68 10.16 9.60 + 2.10
Cantaloupe 7.64 6.35 7.09 6.18 697 5.56 8.27 10.80 7.36 £ 1.63
Wheat 1.58 2.04 2.42 2.45 2.14 2.52 2.54 2.71 2.30 £ 0.36
Sorghum 2.16 1.83 2.23 1.92 2.42 3.12 N/A 1.69 2.19 £ 048
Grass Seed 9.80 7.80 11.00 8.84 5.00 9.50 10.30 7.20 8.68 + 1.94
Grapefruit 19.03 12.36 14.78 16.97 16.35 14.52 16.96 11.28 15.28 = 2.57
Orangesf/Tangerines 4.25 9.03 8.36 11.11 B.99 1.97 8.72 12.45 8.84 £241
Lemons 10.54 15.20 20.08 15.96 19.41 11.24 2.07 12.63 14.27 £ 4,08

2480-pound bales per acre.

Source: U.S. Bureau of Reclamation, Water and Land Resources Accomplishments, 1966-1973.

corresponding to the time period 1966-1973 and. the
resulting average base yields used in the model.
Tables 3-39 and 3-1 were used to estimate potential
decreased yields due to increasing salinity. Functions
were constructed from these data for each of the
respective erops in the area.

The model selected the following management
alternatives: leaching, land leveling, special bedding,
and irrigation frequencies. Implementation methods
of these options as applied to the area are of the same
nature as explained earlier (Imperial Valley section).
Full sprinkler and partial sprinkler activities were not
selected. In addition, tiling was also excluded as an
indication of somewhat improved soil drainage
characteristics as compared to seils in Imperial Valley,
for example.

Quantity of production and amount of land
occupied under the various assumed salinity levels are
shown in Table 3-67. Several patterns develop which
merit explanation. First of all, the citrus crops of
grapefruit, oranges/tangerines, and lemons along
with grass seed and cotton indicate that minimal
effects are incurred as TDS rises. That is, production
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levels and amount of land used are constant
throughout the range.

Alfalfa, wheat, and sorghum maintain production
levels but more land is needed to do so. Impacts,
however, are not major until 1300 mg/l TDS is
reached. Upon reaching this level, increases in land
area are noted.

Cantaloupe production remains constant through-
out the range of analysis. Land area increases slightly
until 1300 mg/1 TDS where it decreases to 1489 acres
and maintains this level through 1400 mg/1 TDS.
Production is allocated to class 1 lands and double
cropped on class 2 and 3 lands up to 1300 mg/l TDS.
Under this allocation, inereasing amounts of land are
required to sustain a constant level production. At
1300 mg/l TDS, the allocation mix changed and
production is assigned to class 2 only. Since a larger
percentage of production is assigned to this class, less
total land is needed to meet production levels at 1300
and 1400 mg/1 TDS.

Lettuce is the slack aétivity. As TDS increases,
overall land area for the other crops increases also.
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Since slack exists only in lettuce production, both total
production and amount of land used decrease to
accommodate the requirements of the remaining
crops. Hence, both production and land decrease
throughout the 900 to 1400 mg/] TDS range (see
sub-Appendix G for more information).

Table 3-68 presents a list of the shadow prices
generated by the model for each land class. Without
exception, all classes show a trend of decreasing value
over the range in question. Production restrictions
placed on the model require at least a certain amount
of production for the crops in question. In this
particular situation, assumed conditions of available
resources are such that the model produces every crop
at the lower production level except lettuce which is
slack. Attainment of higher levels are constrained by
lack of sufficient land area. Therefore, given the fact
that lettuce production contains the only available
flexibility, demand for the various classes of land has
peaked and is decreasing from the initial computer
run. With limited flexibility as prescribed by the area
conditions, land values decrease as net returns per
acre decrease causing the above mentioned trend. In
previous areas, at least one or more crops were
produced at upper production limits. Inflexibility in
the model comes from the lack of alternatives to shift
acreages and production levels among several differ-
ent crops. In all cases, however, shadow prices are
only relative values and should be viewed in that
manner.

Total available water for agricultural purposes is
considered to be 400,500 ac ft. The mode] water
demands cannot exceed this figure. Model results
indicate that water availability is not a constraining
factor as considerable capacity exists betweeen
amount demanded and amount available.

Information relating to total amount of water
used, acre feet per acre applied, and the ratio of water
used to net profit is presented in Table 3-89. Total
amount used varies slightly as an increase is noted at
1200, 1300, and 1400 mg/l TDS. However, the total
magnitude of change is only 191 ac ft. Still, a trend is
developing where amount of water used increases as
salinity rises. In this case, alfalfa does not dominate or
offset the demands of the other crops and the ratio of
water used to net profit decreases at an increasing
rate as expected. Anticipated trends also exist for
data presented in Table 8-70, Stated more specifically,

Table $-69. Ratio of amount of water used to land
and profit all by level of TDS, Gila area.

Ratio of Net

TDS Acre Feet Acre Feet Doliar Retun
(mg/1) Per Acre Per Acre Foot
900 162,263 5.143 44,83
1000 162,263 5.143 44,81
1100 162,263 5.143 44.78
1200 162,278 5.144 44.75
1300 162,470 5.150 44.26
1400 162,454 5.149 43.89

Table 8-70. Total and per acre met profit by TDS

level, Gila area.

TDS Profit Per Acre
{mg/1) (Dollars} (Dollars)
900 ' 7,274,676 230.58
1000 7,270,947 230.47
1100 7,266,752 230.33
1200 7,262,480 230.20
1300 7,190,687 227.92
1400 7,130,585 226.02

net profit declines as salinity increases and net profit
per acre also decreases. The total net profit figures for
each level of TDS are plotted in Figure 3-15.

Differences between each respective level of TDS
and the succeeding level are derived and accumulated.
Table 3-71 is constructed using these data. Fitting an
expogential function to these data points resulted in
an R2 of 0.95. Predicted values calculated from this
function are also included in the table. With respect to
the derived function of the order Y = be™X, b =
.194497, e = 2.718281828, m = 0.009669, and x = any
level of TDS. Both the observed data points and the
predicted values are plotted in Figure 3-16. Estima-
tion of primary monetary damages for the TDS range
considered in this report will be calculated from this
type of function.

Summarizing some of the general indicators of
damage losses for the Gila area, total damages were
found to be $144,091, annual per acre damges to be
$4.57, annual damages per mg/l to be $288.18, and
annual damages per mg/1 per acre to be $0.00913 (see

Table 3-68. Shadow prices of land by class and level of TDS, Gila area.

900 1000 1100 1200 1300 1400
mg/l mgfl mg/l mg/l mg/l mg/fl
(Dollars) (Dollars) {Dollars) {Dollars) (Dollars) (Dellars)
Land ! 541.3 541.3 541.3 541.3 515.3 493.7
Land 2 541.3 5404 5399 539.7 513.7 484.8
Land 3 541.3 539.5 5386 5383 499.1 460.8
Double Crop 1 541.3 541.3 541.3 541.3 515.3 4937
Double Crop 2 541.3 540.4 539.9 539.7 513.7 484.8
Double Crop 3 470.0 461.2 430.0 399.5 341.9 306.4
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Figure 3-16. Total net profit by level of TDS, Gila area.

Table 3-71. Accumulated damage totals of observed Table 3-72. Summary statistics, Gila area.
data and predicted values by level of
TDS, Gila area.
Total Acres 31,549
Double Cropped Acres 675
Annual Total Damages $144,091
(;gﬁ) ?g:eur::)i [(,;)e:li;t;:;l Annual Per Acre Damages $ 457
Annual Damages Per mg/1 $ 288.18
800 ~ 445 Annual Damages Per mg/l Per Acre $0.00913
900 - 1,170
1000 3,729 3,076
1100 7,927 8,091 YUMA AREA
1200 12,196 21,278 VALLEY
}igg 12333? 132323 In addition to several previous areas mentioned,

Imperial Dam also diverts water for the Yuma Valley
area (Map 3-8). Irrigation occurs on approximately
57,900 acres which are classified in respective classes
by Table 3-73. Double cropping is practiced to a
greater extent in this area than occurred in the Gila

Table 8-72). The latter figure represents an average  area. Still, only about 10 percent of the irrigated acres
expected loss per acre to agriculture for each  are used in this way. Table 8-7T4 shows the various
milligram per liter increase observed in the Colorado  combinations of couble cropping rotations assumed to
River at this diversion point. be feasible.
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Table 3-78. Number of acres avaslable for single and
double cropping by land class, Yuma

Valley area.
Single Double
Cropped Cropped Total
(Acres) (Acres) (Acres)
Land 1 38,297 3,908 42,205
{Well Drained)
Land 2 5,576 569 6,145
(Moderately Drained}
Land 3 8,732 891 9,623
(Poorly Drained)
56,605 5,368 - 57,973

Total

Average base yields for the Yuma Valley area are
contained in Table 3-76, Crop damage functions were
estimated by comparing effective values of soil
saturation extract conductivities for the three soil
types (Table 8-39) to the declination percentages in
Table 3-1.

Table 3-7%. Selected crops and double cropping
possibilities, Yuma Valley area.

Double Cropping Possibilities?

Crops
Wheat Cantatoupe Lettuce Sorghum

Cotton x
Alfalfa
Lettuce X X X X
Cantaloupe X X X X
Wheat
Sorghum X X X X
Grass Seed
Grapefruit
Oranges/Tangerines
Lemons

ACrops under these columns are those assumed to lead
in the double cropping rotation.

Leaching, land leveling, special bedding, and
irrigation frequencies were selected by the model as
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Table 3-75.

Yields of major crops in the Yuma Valley area, 1 966-1973 (tons/acre).

1966 1967 1968 1969 1970 1971 1972 1973 e
interval

Cotton 332 211 312 2.49 190  2.16 2.09 2.31 2.44 0,432
Alfalfa 600  6.30 590 680 630 690 730 7.70 6.65 £ 0.53
Lettuce 1267 1264 = 711 763  12.53 900 1104 10.81  10.43 £ 1.89
Cantaloupe 530 475 4% 570 570 850 810  6.40 6.18 +1.18
Wheat 162 204 216 201 2.13 1.83 219 2.49 2.05 £ 0.21
Sorghum 1.71 2.46 1.51 1.26 2,10 1.76 2.13 2.18 1.89 +£0.33
Grass Seed 906 730 820 650 480 580 590 780 691 £1.18
Grapefruit 10.26> 1688 472 7220 1191 494 3.66 290 11.57 +6.43
Oranges/Tangerines 7.87 6.67 N/A 11.51 10.64 6.84 5.78 6.31 7.95 +2.07
Lemons - - - 1066 12.83 611 5.57 5.26 8.90 £ 4.27

4480-pound bales per acre.

Yields considered to be representative of mature trees.

Source. U.S. Bureau of Reclamation, Water and Land Resources Accomplishments, 1966-1973.

being profitable management alternatives. Partial
sprinkler, full sprinkler, and tiling were not selected.

Changes in the amounts of production and land
use are shown in Table 3-76. Alfaifa, grapefruit, and
lemons are the crops which have both a constant level
of production and a constant amount of acres used.

Lettuce, wheat, and sorghum have constant
levels of production throughout the TDS range. But as

yields decline, more land is required when the TDS

level increases. The most significant increase occurs in
lettuce at the 1300 and 1400 mg/1 TDS leveis.

An interesting trend develops in the case of
cotton, grass seed, and oranges/tangerines. Both
production and land area decline. In the initial rum,
cotton and oranges/tangervines are produced at the
upper level while grass seed is a slack activity
{produced neither at the upper level nor the lower
level but somewhere in between). Grass seed
production and occupied land area decline until 1300
mg/1 TDS is reached. At this level, grass seed has
declined to the lower level of the model and so
oranges/tangerines decrease in production and land
area. However, at 1400 mg/1 TDS, the lower limit is
reached for oranges/tangerines and cotton incurs a
loss in production and land area. Redistribution of
these crops occurs due to declining yields of the
remaining crops and consequently, more land of better
drainage characteristics is required in order to meet
their production needs according to the model.

Cantaloupe demonstrates the same kind of
allocation pattern as in the previous analysis of the
Gila area. In maintaining a constant level of
production throughout the TDS range, first, land area
increases and then it decreases, For 900 to 1200 mg/l
TDS, increased land area is required to maintain a
constant level of production. At 1300 mg/l TDS,
relative economic trade offs between cantaloupe and
the other crops cause more cantaloupe production to
be allocated to better land classes. Previously,
production was placed on class 1, 2, and 3 lands. Now
the model assigned production to class 1 and 2 lands
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reaching 1400 mg/1 TDS, the model places most of the
production on class 1 land. Since a larger share of total
produetion is produced on higher yielding land at 1300
and 1400 mg/} TDS, less land is required, and thus a
constant production level can be maintained with
lower land use. For more details concerning the
interactions of the different crops at the various levels
of TDS refer to sub-Appendix H.

Table 3-77 contains the shadow prices of the
various land classes. In all land classes, the trend is
toward higher relative values. Evidently demand for
the various land classes increased throughout the
range causing the values to increase. A significant
jump oceurs between 1300 and 1400 mg/1 TDS where,
for example, the value of class 1 land increases from
$190 to $323. Similar jumps occur in the remaining
land classes. Double cropped land classes behave
somewhat differently and the reader is referred to
sub-Appendix H for a more detailed explanation.

The total water constraint established in the
model was 270,900 ac ft. This amount is the total
available for agricultural purposes. In Table 3-78, total
water consumption appears to be declining in a normal
trend until at 1300 and 1400 mg/l TDS sharp
decreases are detected. This is explained by examin-
ing the trade offs occurring in cotton, grass seed, and
oranges/tangerines. At 1300 mg/1 TDS, both land
area and production declined for the latier two crops.
Since these crops consume water almost year around,
large amounts are required as compared to a erop with
a shorter season. Due to the fact that less water is
needed for these two crops because of less production
and smaller occupied land area, overall total consump-
tion of water also declines, The same reasoning is
applied at the 1400 mg/l TDS level, but instead of
grass seed declining, cotton is the crop which
undergoes a loss in production and land area. Along
with cotton, oranges/tangerines also decline which
precipitates another sharp decrease in the demand for
water.

Net profit as estimated by the model objective
function coresponding to the different TDS leve_ls, are
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Tuble 3-77. Shadow prices of land by class and level of TDS, Yuma Valley area.

900 1000 1100 1200 1300 1400
mg/l mgfl mgfl mgfl mgft mg/l
(Dollars) (Dollars) (Dollars) (Dollazs) (Dollars) (Dollars)

Land 1 1715 1715 i71.5 1715 190.4 323.2
Land 2 1715 1715 171.5 171.5 190.4 323.2
Land 3 171.5 171.5 171.5 171.5 189.5 322.5
Double Crop 1 171.5 171.5 171.5 1715 190.4 323.2
Double Crop 2 1715 170.6 170.6 170.6 188.9 321.8
Double Crop 3 145.1 1139 110.2 93.8 93.3 162.4

Table 8-78. Ratio of amount of water used to land
and profit all by level of TDS, Yuma

Table 3-80. Accumulated damage totals of observed
data and predicted values by level of

Valley area. TDS, Yuma Valley area.
Ratio of Net TDS Observed Predicted
TDS Acre Feet

Acre Feet Dollar Return {mg/N (Dollats) (Dollars)

(mg/) Per Acre Per Acre Foot
800 - 4,737
900 223,658 3.858 65.16 900 - 9,595
1000 223,535 3.856 65.07 1000 28,253 19,434
1100 223,521 3.856 65.06 1100 31,622 19,366
1200 223,456 3.854 65.01 1200 46,152 79,738
1300 222,483 3.838 64.57 1300 208,241 161,515
1400 3.821 64.10 1400 375417 327,160

221,504

presented in Table 3-7 9. The overall decrease in
profits for the interval 900 to 1400 mg/1 TDS is of the
magnitude of $375,000. Objective function values are
plotted in Figure 3-17 which illustrates a trend of
declining values in net profits. Table 3-80 accumulates
the differences between the objective functions for the
various TDS levels. In Figure 3-18, a function of the
order Y = beX is fitted to these points where b =
16.7145, e = 2.718281828, m = 0.007059, and x = any
Jevel of TDS. This function was used to derive the
predicted values also contained in Table 3-80, As can
be noted from the table, a larger amount of variation is
present as R¢ was equal to 0.90. However, the
functional fit is sufficient to estimate further monetary
damages incurred by farmers in this area as the
amount of TDS increases.

Tsble 8-81 summarizes some of the model
findings. Annual total damages are expected to be
$375,417. Average annual per acre damages are
estimated to be $6.48. For an increment of 1 mg/l
TDS, incurred losses are placed at $750.88. Analiza-

Table 3-79. Total and per acre met profit by TDS
level, Yuma Valley area.

TDS Profit Per Acre
{mg/D) (Dollars) (Dollars}
900 14,573,704 251.39
1000 14,545,451 250.90
1100 14,542,082 250.84
1200 14,527,552 250.59
1300 14,365,462 247.80
1400 14,198,286 24491

Table 3-81. Summary statistics, Yuma Valley area.

Total Acres 57,973
Double Cropped Acres 5,368
Annual Total Damages $375.417
Annual Per Acre Damages $ 648
Annual Damages Per mg/l $ 750.83
Annual Damages Per mg/l Per Acre $0.01295

tion of the two latter estimates, predicts that a cost of
$0.01295 per mg/] per acre will be incurred for a 1
mg/1 TDS increase at the diversion point to the area.

CENTRAL ARIZONA PROJECT SERVICE AREA

The Bureau of Reclamation awarded the first
construction contract of the Central Arizona Project in
April of 1973. Groundbreaking ceremonies were held
on the shores of Lake Havasu on May 6, 1978, and it is
anticipated that water will be flowing through the
Granite Reef Aqueduct by 1987. In view of this fact,
the Arizona Water Commission has less than 6 more
years to complete the task of allocating Central
Arizona Project water to the many potential users.
They have “expressions of interest” from approxi-
mately one hundred sources. These include between
16 and 20 old, established irrigation and drainage
districts; newly formed districts; utility companies;
mining companies; water companies; municipalities;
military posts; ranches; individuals; and others. It is
obvious that any sort of equitable distribution will be
extremely difficult.

In the course of negotiations which finally
resulted in authorization of the Central Arizona
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Project, the Department of the Interior assured
Congress that there would be a water supply adequate
to deliver an annual average of 1,200,000 ac ft to the
potential Central Arizona Project service area during
the 50-year project cost repayment period. However,
in any year in which there should be too little water
available to deliver the minimum allotments to
California, Nevada, and Arizona, it is agreed that the
shortage will be borne first by the Central Arizona
Project. By the same token, Central Arizona Profect
will share in any surplus above these minimums.

The Arizona Water Commission estimates that by
the year 2000 municipal and industrial users will take
at least 400,000 ac ft, leaving approximately 800,000
for agriculture. This will fall far short of meeting
present requests. One large irrigation district alone
has asked for more than 500,000 ac ft of Central
Arizona Project water. Thus, it is clear that if only the
established irrigation districts are considered in the
allocation of water, few can expect to receive as much
as half of what they have asked for. Exceptions might
be such districts as the Salt River and San Carlos
projects. These projects have surface water supplies,
storage facilities, and distribution systems in opera-
tion that could be greatly enhanced by allotments of
Central Arizona Project water. Conversely, it is
doubtfu! if comparable areas which depend entirely
upon groundwater could sustain the capital invest-
ment necessary to construct distribution systems.

Since agricultural lands are dispersed over a
rather large area, it was decided to divide the
potential Central Arizona Project service area into
several subgroups or areas as outlined in a previous
section. In recapitulation, these areas were: Salt
River Project, Lands Supplemental to Salt River
Project, Roosevelt Water Conservation Distriet,
Roosevelt Irrigation District, San Carlos Project
{Non-Indian), and San Carlos Project {(Indian), In
addition, due to the fact that many possible allocations
of Central Arizona Project water still exist, certain
assumptions had to be made concerning representa-
tive conditions of each respective area. Delineation of
the circumscribed areas, Central Arizona Project
impacts on present agricultural water supplies, and
model results corresponding to the respective sub-
areas follow.

Salt River Project

The Salt River Project irrigation system serves
approximately 261,246 acres of land in the Salt River
Valley of Central Arizona (Map 3-9). It supplies full
gervice to the Salt River Valiey Water Users
Association (288,264 acres), supplemental service to
special contractors (22,982 acres), and 5.6 percent of
the surface water diverted at Granite Reef Dam to the
Roosevelt Water Conservation District (Arizona
Water Commission files; Annual Crop Production
Reports, Roosevelt Water Conservation District and
Salt River Project).

15 ower Basin allotments: California, 4,400,000 acre feet;

Nevada, 800,000 acre feet; Arizona, 2,800,000 acre feet,
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In 1973 the acreage under full supplemental
irrigation (not including Roosevelt Water Conserva-
tion Distriet) consisted of 101,370 acres of urban and
suburban residential, commercial, and industrial
lands; 9,414 acres of farmsteads, roads, ditches, and
drains; and 150,462 acres of cultivated cropland. Of
the cropland 136,385 acres were irrigated (Annual
Crop Production Reports, Salt River Project).

In general, the Salt River Project includes: 1} the
Verde River with its two reservoirs above Horseshoe
Dam and Bartlett Dam; 2) the Salt River and its
reservoirs above Stewart Mountain Dam, Mormon
Flat Dam, Horse Mesa Dam; 38) Granite Reef
Diversion Dam at the confluence of the Verde and Salt
Rivers; 4} the distribution system which includes the
Arizona Canal, Grand Canal, Tempe Canal, Western
Canal, Consolidated Canal, Eastern Canal, and their
laterals; and 5) drainage and pumping works with 252
active wells.

Electrical power is also generated from the Salt
River Project with the releases or flows from the dams
on the Salt and Verde Rivers. These hydroelectric
plants are not necessarily a part of this report except
as they affect the quality of water which reaches the
farms and cities. This efféct may not be of great
importance because of the relatively low salt content
of the combined rivers. However, water quality varies
between the rivers and with the amount of natural
flow. Operation of the power generating plants helps
determine which water source is released or stored at
any given time and, therefore, is a factor to consider.
This will be especially true if Orme Dam is built and
different proportions of Salt River Project and Central
Arizona Project waters are stored there at different
times of the year.

There are other possibilities that could affect the
quality of water that might be delivered to the Salt
River Project as well as to other contractors for
Central Arizona Project water: 1. Orme Dam may or
may not be built. This would affect the water quality
for any user below this point in the Central Arizona
Project system. 2. The Salt River Project may have to
make exchanges with other Central Arizona Project
water contractors. The amount of Salt River Project
water involved would affect the mixture of Central
Arizona Project and Salt River Project waters. 3. The
quantities of water allocations to the Indians. 4. The
allocation between various contractors for Central
Arizona Project water and their diversion point
locations. For the purposes of this report, the
following assumptions are made: 1) continued surface
water supply based on a 10-year average; 2) possible
Central Arizona Project allocations; 3) groundwater
pumpage to maintain the minimum balance required
to meet Salt River Project obligat'ions; and 4) uniform
mixing of all water sources.

Water quality stations for which records are
published on the surface water of the project are
downstream from Bartlett Dam on the Verde River

“and the Stewart Mountain Dam on the Salt River. The

9-year average flow :(1964-1972) of the Verde River
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Map 3-9. Salt River Valley Water Users Association.
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was 372,000 ac ft with a weighted average of 288 mg/1
TDS, while that of the Salt River was 533,000 ac ft
with 591 mg/! TDS (Arizona Water Commission Files;
Water Resources Data for Arizona; Hubbard, person-
al interview). The project is presently pumping 262
wells. Over the 10-year period ending in 1970 they
pumped an average of 400,000 ac ft per year while the
depth to water in selected wells dropped an average of
18 feet per year {Arizona Water Commission files). In
1970 the U.S. Geological Survey estimated that a safe
groundwater yield for the Salt River Project area is
300,000 ac ft per year, including that pumped by
others within the Salt River Project boundaries.

It is estimated that by 1980 Salt River Project
obligations will be 766,000 ac ft for agriculture,
190,000 for municipal and industrial, and 239,000 (20
percent) transportation and storage losses. With a
continued supply of 860,000 acre feet of surface water
and curtailed pumping of 200,000 acre feet, minimum
balance to meet this obligation would be 150,000 acre
feet of Central Arizona Project water.

The salinity in the active wells ranges from
around 300 to 2,897 mg/l TDS with an average of 980
mg/1 (Hubbard, personal interview). Since Central
Arizona Project water is supposed to replace
groundwater on a one to one basis, the highest salt
content wells could be eliminated to bring this average
down to somewhere near the present 775 mg/1 of the
Colorado River at Parker Dam. However, for
the purposes of this report, an average groundwater
quality of 980 mg/1 TDS is used.

If we assume a continued supply of 850,000 ac ft of
surface water and curtailed pumping of 275,000 ac ft,
an allotment of 75,000 ac ft of Central Arizona Project
water would meet the minimum balance needed to fill
Salt River Project obligations. The project water

before addition of Central Arizona Project water
would then have an average salinity of around 600
mg/1 TDS which would be increased only slightly by
the addition of Central Arizona Project water and its
present level, and only another 40 mg/l when the
Central Arizona Project reaches 1400 mg/l (Table
3-82). If the Salt River Project were allotted the
150,000 ac ft of Central Arizona Project water they
have requested, the salinity of the blend would be
slightly lower initially and only 26 mg/] higher when
Central Arizona Project water reaches 1400 mg/l
(Table 3-83). This is because of the trade off of
groundwater for Central Arizona Project water. Since
this is the case, crop declinations are figured on the
basis of the higher allotment.

The soils of the general area served by the Salt
River Project irrigation system are assigned to
drainage groups in Table 3-84. This breakdown was
made from a general soils map of Maricopa County and
Salt River Indian Reservation prepared by the U.S.
Soil Conservation Service (General Soil Map, Marico-
pa County, Arizona). The proportions of different
soils classes as shown here are used for both the Salt
River Valley Water Users Association and areas of
supplemental irrigation service. Of the total 165,942
acres assumed for the model, 184,225 acres are
allocated to single cropping purposes while 81,717
acres are assigned to double cropping possibilities.

The crops selected for the Salt River Project are
listed in Table 3-85. In addition, the table also shows
the rotation sequence of double cropping alternatives.
Wheat, barley, sorghum, lettuce, and to lesser extent
onions, are the dominant erops in the double cropping
rotation for this area.

Table 3-86 contains the data used to derive base
yield figures for the area. These data were then
compared to the effective values of soil saturation
extract conductivities for the three drainage classes as

Table 3-82. Effects of increasing salinity of Central Arizona Project water when it iz blended into the Salt River
Project water (assuming an allotment of 75,000 ac ft of Central Arizona Project water).

1,200,000 ac ft

850,000 ac ft 275000 ac ft 1,125,000 ac ft 75,000 acft Blended Central
Salt and Verde Groundwater Salt River Central Arizona - Arizona Project
Rivers Water? TDS (mg/D Project Water Project Water and Salt River

TDS (mg/D) & TDS (mg/l) TDS (mefl) Project
TDS (mg/)
467° 980°¢ 592 7754 604
467 980 592 900 612
467 980 592 1000 618
467 980 592 1100 624
467 980 592 1200 630
467 980 592 1300 637
467 980 592 1400 | 643

3Nine-year average flow (1964-1972) of 905,000 acre feet less 5.6 percent to the Roosevelt Water Conservation District,
leaves 854,000 acre feet surface water.

PThe 9-year average flow of the Verde River below Bartl

ett Dam was 372,000 acre feet with an avesage of 288 mgfl TDS,

while that of the Salt River below Stewart Mountain Dam was 533,000 acre feet with an average of 591 m g/l TDS.

cAverage salinity of active Salt River
wells ranges from 200 to 3000 mg/t. Volume

Project wells. Figure supplied by the Salt River Project Office. TDS of individual
tric average varies according to which wells are being pumped.

dPresent salinity of Colorado River water of the Central Arizona Project diversion point above Parker Dam.
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Table 3-83. E,'ﬁ"egts of increasing salinity of Central Arizona Project water when it is blended into the Salt River
- Project water (assuming an allotment of the 150,000 ac ft requested).

850,000 ac ft 1,050,000 ac ft 150,000 ac ft 1,200,000 ac ft
Salt and Verde 200,000 ac ft Salt River Central Arizona BIe:ncled Ceq&al
Rivers Water Groundwater Project Water Project Water Arizona Project
TDS (mgfl) TDS (mg/1) TDS (mgft) TDS (mg/D) aﬂﬂpsz};i“’er
T
TDS (mg/l)
467 980 565 775 591
467 980 565 900 607
467 980 565 1000 619
467 980 565 1100 632
467 980 565 1200 644
467 980 565 1300 657
467 980 565 1400 669

Table 8-84. Number of acres available for single and  Table 3-85. Selected crops and double cropping

double cropping by land class, Salt River possibilities, Salt River Project.
Project.
Singte Double Double Cropping Possibilities?
Cropped Cropped Total Crops i
(Acres) (Acres) (Acres) Wheat Barley Leftuce Sorghum
Land 1 73,815 17,441 91,256 Alfalfa
(Well Drained) Cotton X
Land 2 48,325 11,417 59,742 Barley
(Moderately Drained) Wheat
Land 3 12,085 2,859 14,944 Sorghum X X X X
(Poorly Drained) Lettuce X X X X
Onion X X
Total 134,225 31,717 165,942 Grapefruit
Oranges/Tangerines
Sugar Beets
Carrots

ACrops under these columns are those assumed to lead
in the double cropping rotation.

Table 3-86. Yields of major crops in the Salt River Project, 1964-1978 (tons/acre).

95 Percent
1964 1965 1966 1967 1968 1969 1970 1971 1872 1973 Confidence
Interval

Alfalfa 5.40 5§30 590 6.00 6.00 6.00 6.00 6.00 6.00 6.00 5.86 £ 0.19
Upland Cotton 225 230 150 1.75 2.50 2,25  2.00 2.25 243 2.55 2.18 + 0.242
Upland Cotton Seed 1.00 1.00 0©.60 0.80 100 1.00 100 100 1.10 1.10 0.96 £0.11
Barley 2.04 192 1.80 1.99 197 1.70 199 2.04 214 2.21 198 £ 0.11
Wheat 2,25 255 270 2.82 2.58 £ 0.39
Sorghum 1.85 2,13 213 2.38 224 218 224 1.82 2.18 2.35 2.15 £ 0.13
Carrots 13.00 1300 1300 13.50 13.50 13.50 10.50 1200 13.00 10.00 12.50 £ 0.91
Lettuce 10.45 11.85 1315 1000 945 1025 1023 1280 11.83 13.13 11.31 £ 1.00
Onions (Dry) 1500 1500 1500 1500 1500 18.75 18.00 1895 22.50 22.50 17.55 £ 2.20
Grapefruit 10.15 795  9.60 6.15 18.00 1240 2200 1045 950 10.80 11.74 + 3.40
Oranges/Tangerines 6.85 590 1005 13.75 6.70 B840 10.30 8,85 +2.54
Sugar Beets 1800 20,00 1900 1500 2140 2250 23,00 19.80 £ 2.80

8480-pound bales per acre.
Source: Yields taken from annual crop reports of the Salt River Project, full and supplemental irrigation service.
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computed for the expected levels of salinity after
Central Arizona Project water is blended into the Salt
River Project system (Table 3-87). As in previous
study areas, these values were used in conjunction
with Table 3-1 to construct yield declination eurves for
the respective crops.

Results from the model indicate that little change
can be expected to occur in land use and production
over the TDS interval in question. It can be ohserved
in Tabie 8-88 that production and number of acres for

Table 3-87.  Effective values of soil saturation extract
conductivities (ECe x 107) in three soil
drainage classes, four TDS levels, and
five drrigation treatments, Salt River

each of the selected crops are constant over the TDS
range from 776 to 1400 mg/1 for Colorado River water.
It was also observed that the shadow prices
corresponding to the different classes of land were
also constant. Since these values are relative, little
additional information could be gained from a table as
presented in previous sections and, consequently, one
was not constructed for this district,

Table 3-89 contains the estimated samount of
water used in the district as a whole and on a per acre
basis. The resuiting quality of blended water ranges
between 591 and 669 mg/l. Water within this quality
range has negligible effects on agriculture in this area
as is evidenced in Table 3-90. The objective function
shows no change at any TDS level within the defined

Project. range and, therefore, no damages are assumed to
accrue to agriculture as a result of irrigating with
. ) water from the Colorado River. In view of this, no
TDS Irrigation Drainage Classification damage function has been constructed. The summary
{mg/) Number Well Moderate  Poor statistics contained in Table ?-91 illustrate thgt a
: monetary figure of damages is placed at zero for
500 16 0 0.3 1.5 purposes of the present study.
22 0 0 1.2
29 0 0 1.0 Lands Supplemental to Salt River Project
35 0 0 0.8
Sprinkler 0 0 0 Several small districts pump groundwater and
600 16 0 0.7 2.2 contract for supplemental irrigation from the Sait
22 0 0.3 1.8
29 0 0.1 1.6
35 0 0 1.3 Table 3-89. Ratio of amount of water used to land
Sprinkler 0 0 0.3 and profit all by level of TDS, Salt River
700 16 0 1.4 1.3 Project.
22 ] 0.8 2.7
29 0 0.6 2.5 R
Ratio of Net
S ?skl g 8'2 i’é TDS Acre Feet %cre:‘eet Dollar Return
prinkier ’ (mg/1) er Acre Per Acre Foot
800 i6 0.1 1.5 3.5
22 0.1 1.0 3.0 565 810,115 4.882 32,90
29 0.1 0.8 2.8 900 810,115 4.882 32.90
35 0.1 0.4 2.4 1100 810,115 4.882 32.90
Sprinkler 0 0 1.4 1400 810,115 4.882 32.90
Table 3-88. Cropping and production pattern changes, Salt River Project.
Total Dissolved Solids (mg/1)
Crops 565 900 1100 1400
Production Land Use Production LandUse Production LandUse Production Land Use
(Tons) (Acres) (Tons) (Acres) (Tons) (Acres) (Tons) (Acres)
Alfalfa 275,149 46,954 275,149 46,954 275,149 46,954 275,149 46,954
Cotton® 67,763 31,084 67,763 31,084 67,763 31,084 67,763 31,084
Barley 32,150 16,237 32,150 16,237 32,150 16,237 32,150 16,237
Wheat 73,119 28,341 73,119 28,341 73,119 28,341 73,119 28,341
Sorghum 40,601 30,393 40,601 30,393 40,601 30,393 40,601 30,393
Lettuce 14,976 1,324 14,976 1,324 14,976 1,324 14,976 1,324
Onion 12,139 692 12,139 692 12,139 692 12,139 692
Grapefruit 23,360 1,990 23,360 1,950 23,360 1,990 23,360 1,990
Oranges/Fangerines 35,288 3987 35,288 3,987 35,288 3,987 35,288 3,987
Sugar Beets 79,417 4,011 79,417 4,011 79,417 4,011 79417 4,011
Carrots 11,618 929 11,618 929 11,618 929 11,618 929
Total 165,942 165,942 165,942 165,942
3380-pound bales.

182



Table 3-90. Total and per acre net profit by TDS
level, Salt River Project.

TDS Profit Per Acre
{mg/1) {Dollars) (Dolars)
565 26,649,599 160.60
900 26,649,599 160.60
1100 26,649,599 160.60
1400 26,649,599 160.60
Table 3-91. Summary statistics, Salt River Project.
Total Acres 165,942
Double Cropped Acres 31,717
Annual Total Damages S 0
Annual Per Acre Damages $ 0
Annual Damages Per mg/fi $ 0
Annual Damages Per mgfl Per Acre $ 0

River Project. Under the Salt River supplemental
subgroup heading are & number of small districts
representing varius acreages which are: Gila Crossing
District, Maricopa Garden Falls District, Peninsular
Ditch Company, Salt River Indian Reservation, and
St. Johns Irrigation District (Map 3-101. The
respective acreages were totaled and partitioned by
drainage class in Table 3-92,

Table 3-92. Number of acres available for single and
double cropping by land class, lands

supplemental to Salt River Project,

Single Double

Cropped Cropped Total
(Acres) (Acres) {Acres)
Land 1 10,160 4627 14,787
(Well Drained)
Land 2 6,300 2,676 8,976
(Moderately Drained)
Land 3 1,980 616 2,596
(Poorly Drained) _
Total 18,440 7,919 26,359

A list of the crops chosen for the model is shown
in Table 3-98 along with the matrix of double cropping
posgsibilities. As can be seen, lettuce and sorghum are
very important in that they provide the most double
cropping alternatives.

Determination of base yields was made utilizing
data information from the Salt River Project (Table
3-86). These base figures were used to establish crop
yield declination curves under differing levels of water
quality in accordance with the procedure in previous
study areas. The model results demonstrated that
little change can be expected in crop production and
land use. Table 3-84 displays the optimal production
and acreage amounts as estimated by the model.

Since no significant change is observed over the
TDS range considered applicable to this area, no

Table 3-93. Selected crops and double cropping
possibilities, lands supplemental to Salt

River Project.
Double Cropping Possibilities®
Crops
Wheat  Barley Lettuce Sorghum

Alfalfa
Cotton X X
Barley
Wheat
Sorghum X X X X
Lettuce X X X X
Onion X X
Sugar Beets

aCropvs under these columns are those assumed to lead
in the double cropping rotation,

attempt is made to estimate a damage function. In
spite of this, Table 3-05 presenting water use, Table
8-96 containing the dollar values of the objective
functions, and Table 3-97 summarizing statisties
applicable to the area are presented as supplementary
information,

Roosevelt Water Conservation District

The Roosevelt Water Conservation District
{RWCD) is on the east side of and adjacent to the Salt
River Valley Water Users Association District (Map
8-11). 1t has a total irrigable area of 39,415 acres. In
19738 this acreage consisted of 116 acres of urban and
suburban residential, commercial, and ‘indusirial
lands; 1,211 acres of farmsteads, roads, ditches, and
drains; and 34,708 acres of cultivated cropland, of
which 28,188 acres were irrigated (Annual Crop
Production Reports, Roosevelt Water Conservation
District).

The water supply consists of 5.8 percent of the
surface water diverted at Granite Reef Dam by the
Salt River Project (SRP) and 55 active wells. Well
water is pumped directly into the distribution system
which consists of 141 miles of concrete lined canals and
laterals (McClanahan, personal interview). The aver-
age surface water supply from_ SRP has been
approximately 50,000 ac ft per yearz, and the average
pumpage has been approximately 100,000 acre feet
per year (Arizona Water Commission files). If we
assume an allotment of 50,000 ac ft of Central Arizona
Project (CAP) water (RWCD request was 75,000 ac
ft), they would still have to continue pumping 50,000
ac ft to meet their needs.

No specific data on the salinity of the wells being
pumped are available, however, an estimate can be
made by averaging the published analyses made on
wells within the district area (Table 3-98) (Babcock,
1973). Increasing salinity of CAP water has the
possibility of several different impacts to RWCD

25.6 percent of 900,000 ac ft (9-year average flow of the Salt
and Verde Rivers). ‘
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Table 3-94.

Cropping and production pattern changes, lands supplemental to Salt River Project.

Total Dissolved Solids (mg/1)

Crops 565 200 1100 1400
Production Land Use Production Land Use Production Land Use Production Land Use
(Tons) (Acres) (Tons) (Acres) (Tons) (Acres) (Tons) (Acres)
Alfalfa 13,500 2,304 13,500 2,304 13,500 2,304 13,500 2,304
Cotton? 13,750 6,307 13,750 6,307 13,750 6,307 13,750 6,307
Barley 3,850 1,944 3,850 1,944 3,850 1,944 3,850 1,944
Wheat 7,777 3,014 7,777 3,014 1,771 3,014 1711 3,014
Sorghum 9,256 4,535 9,256 4,535 9,256 4,535 9,256 4,535
Lettuce 55,000 4,863 55,000 4,863 55,000 4,863 55,000 4,863
Onion 7,916 451 7,916 451 7916 451 7,916 451
Sugar Beets 18,000 909 18,000 9209 18,000 909 18,000 909
Total 24,327 24,327 24,327 24,327
D. C. Fallow 2,032 2,032 2,032 2,032
480-pound bales.

Table 3-95. Ratio of amount of water used to land
and profit all by level of TDS, lands

Table 3-98. Water quality of selected wells in the
Roosevelt Water Conservation District.

supplemental to Salt River Project.
Ratio of Net
TDS Acre Feet Sec- Sample EC Waier
(mgf1) Acre Feet Per Acre Il?;ﬂxral:e;ga Twp Range tion Date x10° TDPS SAR Class
IN 6E 4 1966 1.2 780 4.7 C381
565 110,000 4.520 45.30 4 1960 1.2 B35 49 (381
900 110,000 4.520 45.30 15 1963 1.7 931 41 (381
1100 110,000 4,520 45.30 17 1959 1.5 740 55 (382
1400 110,000 4.520 45.30 22 1961 1.1 639 86 (382
26 1959 11 734 B85 (382
26 1959 1.2 655 94 (382
34 1967 08 520 4.7 (381
1S 6E 10 1961 17 931 28 (381
. 13 1956 1.2 850 13 (3.81
Table 3-96. Total and per acre net profit by T:DS 21 1959 13 641 2.8 (381
level, lands supplemental to Salt River 28 6E 2 1950 1.0 681 1.6 (381
Project. : 2 1950 14 993 15 C381
9 1950 1.4 977 19 (381
28 1951 0% 638 25 (382
TDS Profit Per Acre
(mg/1) (Dollars) (Dollars) 321957 08 693 70 €382
Average 1.2 765 45 (381
565 4,982,678 204.81 -
900 4,982,678 204.81 Source: Smith, H. V., G. E. Draper, and W..H. Fuller, *“The
1100 4,982,678 204.81 Quality of Arizona Irrigation Waters,” University
1400 4,982,678 204.81 of Arizona Experiment Station, Report 223, 1964.

Table 3-97. Summayry statistics, lands supplemental
to Salt River Project.

Total Acres

Double Cropped Acres

Annual Total Damages

Annual Per Acre Damages

Annual Damages per mg/l

Annual Damages Per mg/1 Per Acre

26,359
7919

LR ]
oo oo

water quality depending upon how it is delivered to
the district. If the CAP water is mixed with the SRP
surface water above Granite Reef Dam (or Orme Dam)
the dilution will be very beneficial to RWCD, as shown
in Table 3-89. However, if the CAP water is delivered
directly to the RWCD system, the resulting blend will .
be significantly higher in TDS as shown in Tabie
3-100.

The soils of the RWCD are assigned to drainage
groups in Table 3-101 where approximately 36,000
total acres are considered as the estimated cropland
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Table 3-99.  Effects of increasing salinity of Central Arizona Progect water when it i blended with Salt River
Project surface water before being delivered to the Roosevelt Water Conservation District

(assuming an allotment of 200,000 ac ft,

150,000 Salt River Project, and 50,000 Rovsevelt Water

Conservation District, delivered above Granite Reef Dam).

100,000 g £t 150,000 ac ft
L ac! Blended Central
900,000 ac ft 200,000 ac ft Blended Salt River RSO’OOC;:\(;;ﬁt Arizona Project,
Salt and Verde Central Arizona Project and Central c oosevti_a ];. :r. ¢ Salt River Project,
Rivers Water Project Water Arizona Project ongrva gn tls Tie and Roosevelt Water
TDS (mg/1) TDS (mg/l) Water Tr.glgn(l:' z}l?r Conservation District
TDS (mg/1) & Groundwater
TDS (mg/t)
470 115 522 765 603
470 900 548 765 620
470 1000 566 765 632
470 1100 585 765 645
470 1200 603 765 657
470 1300 621 765 669
470 1400 639 765 681

Table 3-100. Effects of increasing salinity of Central Arizona Progect water when it is blended into the Roosevelt

Water Conservation District Water {assuming an allotment of 50,000 ac ft of Central Arizona
Project Water) delivered directly to the Roosevelt Water Congervation District System.

50,000 acft 100,000 ac-ft 50,000 ac-ft Blendod Cat
Sal,t and Verde (5;0’0021“}“ G Roosevf‘slt “ll)qter_ Cent;al Arizona Arizona Project,
Rivers Water? Trggn W7ler onserv‘s;,uon istrict Project Water and Roosevelt Water
TDS (mg/1) (mg/1) DS ater ) TDS (mg/D) Conservation District
(mg/1) Water
TDS (mg/l)

470 765 620 7758 672

470 765 620 9200 713

470 765 620 1000 747

470 765 620 1100 780

470 765 620 1200 813

470 765 620 1300 847

470 765 620 1400 880

Ppresent salinity of the Colorado River water at the Central Arizona Project diversion point above Parker Dam.

Tuble 8-101.  Number of acres available for single and
double cropping by land class, Roose-
velt Water Conservation District.

Single Double

Cropped Cropped Total

(Acres) {Acres) (Acres)
Land 1 10,630 2,574 13,204
(Well Drained}
Land 2 12,610 2,680 15,290
(Moderately Drained)
Land 3 6,365 1,337 7,702
(Poorly Drained)

Total 29,605 6,591 36,196

area. Some 8,600 acres or about 18 percent of the total
are allocated for double cropping purposes. A double
cropping matrix is presented in Tzable 3-102 along with
a list of the selected crops.
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Base yields were derived from data contained in
Table 8-103 from which declination curves were
formed. Once again the model results indicate that no
measurable change in land use and production
patterns should be expected within the TDS ranges
defined for this study and, therefore, a damage
function was not constructed for this area. Tables
8-104, 3-105, 3-106, and 3-107 are presented in order to
illustrate the magnitudes assumed by the different
factors such as the respective crop production and
land use, water use, and estimated value of net
returns to the area both as a whole and on a per acre
basis.

Roosevelt Irrigation District

The Roosevelt Irrigation Distriet (RID) is in
western Salt River Valley and includes an area
approximately 20 miles long and 3 miles wide along
the north side of the old Gila River channel hetween
the Agua Fria and Hassayampa Rivers (Map 8-12).
The total irrigable area is 88,152 acres. In 1973 this



Table 3-102.

Selected crops and double cropping possibilities, Roosevelt Water Conservation District,

Double Cropping Possibilities®

Crops

Wheat Barley

Lettuce Sorghum Watermelon

Alfatfa

Cotton

Barley

Wheat

Sorghum X x
Lettuce
Watermelon X x
Grapefruit

Oranges/Tangerines

Sugar Beets

Hd
b

b
]
=

Crops under these columns are those assumed to lead in the double cropping rotation.

Table 3-108. Yields of major crops in the Roosevelt Water Conservation District, 1968-1978, (tons/acre).?

95 Percent
1968 1969 1970 1971 1972 1973 Confidence
Interval
Alfalfa 6.00 6.00 6.00 6.00 6.00 6.00 6.000
Batley 1.97 1.70 1.99 204 2.14 2.16 2.00 £0.17
Wheat 1.86 1.86 2.25 2.55 2,10 2.76 233 £0.42
Sorghum 1.92 2.18 2.24 1.82 1.71 2.16 2.01 0. 23!:
All Cotton 2.23 2.17 1.92 2.14 2,01 1.96 2.07 £0.13
All Cotton Seed 0.90 0.95 0.97 095 0.85 0.88 0.92 £0.05
Carrots 13.50 13.50 9.00 12.00 6.50 13.00 11.25 % 3.02
Lettuce 4,72 10.25 10,23 12.83 7.75 13.50 9.88 +3.42
Watermelon 14.00 14.00 8.50 12.00 13.00 10.00 11,92 £ 2.36
Sugar Beets 20.00 19.00 15.00 21.40 22.50 23.00 20.15 £ 3.08
Grapefruit 18.00 12.40 22.00 10.45 18.75 10.80 15.40 £ 5.06
Lemons/Limes 19.25 10.90 19.25 15.30 16,18 £ 6.33
Oranges/Tangerines 593 10.05 13.75 6.70 12.35 - 10.30 9.85 +£3.22

a‘Inelds prior to 1972 from Salt River Project crop reports.

480-pound bales per acre.

Source: Annual Crop Production Reports, Roosevelt Water Conservation District.

was broken down into 2,260 acres of farmsteads,
roads, ditches, and drains; 660 acres of urban and
suburban residential, commercial, and industrial; and
31,663 acres irrigated for harvest or pasture
{Guidelines to Production Costs and Practices).

Irrigation water is pumped entirely into a
concrete-lined distribution system (Arizona Water
Commission files}. The estimated pumpage is 160,000
ac ft per year within 106 active wells. Part of the
water comes from wells within the western bounda-
ries of the Salt River Valley Water Users Association
and part from wells within the RID boundaries. In
addition, a portion is also obtained from wells along
the Agua Fria River to the east of the old river bed.
Nearly all are high in salt content as is shown by
published analyses of a few selected wells (Table
3-108), Water samples taken directly from the main
canals have run around 1,300 mg/l TDS (MecLouth,
personal interview). If this figure is too low, as might
be indicated by Table 3-99, the replacement of RID

groundwater by Central Arizona Project (CAP) water
could eliminate the worst wells and help bring the
water from the remaining wells down to somewhere
near this estimate.

The soils of the RID are predominantly well
drained. This has made it possible to use the present
water supply which has s relatively high salt content.
Whatever the amount of CAP water allotted it will
serve to improve the district's water quality by
dilution, at least until the CAP water reaches 1300
mg/1 TDS. Since the RID has requested 75,000 ac ft, it
may not be too far off to assume an allotment of
40,000-50,000 ac ft. If they are allotted 40,000 ac ft,
they will still have to pump 120,000 ac ft of
groundwater to meet their commitments.

Table 3-109 shows the effect of increasing salinity
in the CAP water on the resulting blend. If the district
is allotted 50,000 ac ft and pump 110,000, the blend
will be only slightly lower in TDS with the present
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Table 3-105. Ratio of amount of water used to land
and profit all by level of TDS, Roosevelt
Water Conservation District,

Ratio of Net

TDS Acre Feet
Acre Feet Doltar Return
(me/1) Per Acre Per Acre Foot
620 150,000 4.514 35.00
715 150,000 4.514 35.00
900 150,000 4.514 35.00
1000 150,000 4514 35.00
1100 150,000 4.514 35.00
1200 150,000 4.514 35.00
1300 150,000 4.514 35.00
1400 150,000 4.514 35.00

Table 2-106. Total and per acre net profit by TDS
level, Roosevelt Water Conservation

District,

TDS Profit Per Acre
(mg/l} (Dollars) (Doliars)
620 5,249,952 15797
775 5,249,952 157.97
900 5,249,952 157.97
1000 5,249,952 15797
1100 5,249,952 157.97
1200 5,249,952 157.97
1300 5,249,952 15797
1400 5,249,952 157.97

Table 3-107. Summary statistics, Roosevelt Water

Conservation District.
Total Acres 36,196
Double Cropped Acres 6,591
Annual Total Damages $ 0
Annual Per Acre Damages 3 0
Annual Damages Per mg/l $ 0
Annual Damages per mg/l Per Acre 3 0

level of Colorado River water at the diversion point
and approximately the same when the Colorado
reaches 1400 mg/1 {1136, 1175, 1206, 1287, 1269, 1300,
and 1381, respectively). Therefore, possible crop
declinations are computed on the basis of a 40,000 ac ft
allotment of CAP water.

About 81,000 acres are considered for this study
area. Most of the acreage has heen classified as
belonging to land class 1. Table 8-110 shows how the
lands were classified along with the amount of acreage
considered available for double cropping. The erops
chosen for RID are contained in Table 3-111.

Yields of the major crops were collected from
district records. Base yield figures were computed
from the numbers obtained (Table 3-112). These
numbers were used in conjuction with Table 3-113 and
compared to Table 3-1 in order to derive a salinity
declination function for each of the respective crops.

Table 3-108. Water quality of selected wells which
serve the Roogevelt Irrigation District,

Sec- Sample EC Water
Twp Range tion Date x10° TDS  SAR Class
1N 1E 1 1963 1.7 1019 26 (381
iN 2E 7 1963 20 1258 4.3 (C3-82
9 1963 25 1524 69 (4-52
2N 1E 4 1963 09 539 1.2 (381
IN 1W 7 1960 20 1223 47 C381
10 1959 1.4 850 1.3 (381
IN 2w 8 1963 2.6 1554 27 C4-81
13 1963 5.5 4581
15 1963 3.0 2081 56 C4-82
20 1963 49 3694 7.1 C4-82
IN 3W 13 1963 6.3 4570
19 1963 72 4933
27 1963 5.5 4358
28 1963 62 4824
. 31 1963 55 4324
iN 4W 20 1963 24 1563 9.6 (481
27 1963 70 4985
30 1963 4.7 3981
33 1963 6.4 5469
36 1963 5.5 4324
2N 1w 25 1963 0.6 407 3.0 (281
26 1963 0.6 337 36 C2-81
Average 3.8 2836
Source: Smith, H. V., G, E. Draper, and W. H. Fuller, “The

Quality of Arizona Irrigation Waters,” University
of Arizona Experiment Station, Report 223, 1964,

Table 3-109. Effects of tncreasing salinity of Central
" Arizond Project water when it 15
blended into the Roosevelt Irrigation
District Water (assuming an allocation.
of 40,000 ac ft of Central Arizona

Project water).
120,000 ac ft
Roosevelt 40,000 ac ft 160,000 ac ft
Itrigation Central Arizona Blended Water
District Project Water TDS (mg/1)
Groundwater TDS (mg/D)
TDS (mg/1)
1300 775 1169
1300 900 1200
1300 1000 1225
1300 - 1100 1250
1300 1200 1275
1300 1300 1300
1300 1400 1325

Model runs were then made for each applicable -
level of TDS from the resulting blend of water after
the CAP supply is introduced into the area. The
results are shown in Table 3-114, A minor change is
noted in the amount of acreage allocated to alfalfa,
lettuce, and pasture. As salinity increases, both the
production and occupied land area of alfalfa decrease.
This oceurs in order to release additional area in order
to maintain the production levels of lettuce and
pasture. Overall, these changes are very small and, as
will be observed below, are insignificant.
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Table 5-110. Number of acres available for single and

double cropping by land class, Roose-

velt Irrigation District.
Single Double

Cropped Cropped Total

(Acres) (Acres) (Acres)
Land 1 28,168 784 28,952
(Well Drained)
Land 2 2,130 55 2,185
(Moderately Drained) ’ .
Land 3 ) 231 - 231
(Poorly Drained)

Total 30,529 839 31,368

There is a small change in the shadow price of
land class 8 as demonstrated in Table 3-115. The
remaining values, however, remain constant over the
TDS interval in question and indicate that salinity has
minimal effect on changes in demand for the different
land classes.

Table 8-116 displays the total amount of water
required in the model, number of acre feet used per
acre, and the ratio of total water used to estimate net
profit for each level of TDS. The change in water use
over the interval 775-1400 mg/1 is so small that it is
assumed no difference exists. The same can also be
deduced concerning changes in the objective function.
In Table 3-117, seven objective functions vaues are
presented which correspond to the respective levels of
TDS. The total change over the interval (775-1400
mg/l) is only $5,409. It appears that significant
agricultural damages will not be encountered within
the specific TDS range especially in view of the fact
that present water quality in the RID is about 1300
mg/l. Additions of Colorado River water below this
level would improve water quality and benefit its
users, However, when Colorado River water surpas-
ses 1300 mg/l, damages are expected to increment
quite rapidly. In light of the above discussion and the
relatively small amount of estimated damages, it is
assumed that the benefits aceruing te the Colorado
River supply up to 1300 mg/1 are offset by expected
damages from 1300 to 1400 mg/1. Figure 8-19 contains

Table 8-111. Selected crops and double cropping Ppossibilities, Roosevelt Irrigation District.

Double Cropping Possibilities®

Crops
Wheat Barley Lettuce Sorghum Silage
Alfalfa
Cotton X X x
Barley
Wheat _
Sorghum X X X X X
Lettuce X X X X X
Alfalfa Seed
Silage X X X X X
Pasture
Sugar Beets
ICrops under these columns are those assumed to lead in the double cropping rotation.
Table 8-112. Yields of major crops in the Roosevelt Irrigation District, 1969-1978 (tons/acre).
95 Percent
1969 1970 1971 1972 1973 Confidence
Interval .
Alfalfa Hay 6.00 6.00 6.00 6.00 6.00 6.00%0
Ensilage (Sorghum
o:lgCo(m) s 35.00 22.00 . 28.00 20.00 25.00 26.00 £ 7.29
Barley 1.70 1.99 2.11 2.14 2.26 2.04 £0.26
Wheat 1.86 2.25 2.55 2.70 3.24 2.52 % 0'64a
Upland Cotton 2.25 20 2.20 2.40 2.40 2,25 f 0.21
Upland Cotton Seed 1.00 1.00 1.00 1.00 1.10 1.02 * 0.06
Sugar Beets 19.00 15.00 23.10 22.50 22.50 2042 £ 4.27
Irrigated Pasture 6.30 6.00 6.10 6.00 6.10 6.10 £ 0.17
Lettuce 10.28 10.25 13.20 11.25 N/A 11.24 £2.20
Sorghum 2.18 224 1.82 1.65 2.35 2.05 & 0{1.3'3’c
Alfalfa Seed 20 2.0 1.0 1.67 £ 106
3480-pound bales per acre.
b A nimal unit months.
CHundred weight.

Source: Data from Roosevelt Irrigation District Crop Reports.
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Table 3-113. Effective values of soil saturation
extract conductivities for levels of
salinity to be expected in the blended
water of the Roosevelt Irrigation Dis-
trict as the salinity of Central Arizona
Project water increases to 1400 mg/l
(based on an allotment of 40,000 ac ft of
Central Arizona Project water).

TDS of
Ro_osevelt Drainage Classification
Irrigation L :

District- Irrigation

Central Number

Arizon
Proje cta Well Moderate  Poor

Blend

1169 16
22
29
35
Sprinkler

1200 16
22
29
is
Sprinkler

1225 16
22
29
35
Sprinkler

1250 i6
22
29
35
Sprinkler

1275 16
22
29
35
Sprinkler

1300 16
22
29
35
Sprinkler

1325 16
22
29
35
Sprinkler

WOk -

CUoss O Qs O O O O
WD MDhbinish DARER RRERD Rk CRMDD B
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Wb Mohode ~ubauy DLULOD CHINLE i Bic oo
BAAT RANON RALLSD RN hhud WHEULG WA RLO

ORNVWN RRURD WOV O® ~ohow CaWMin B B &

the observed data and the corresponding fitted
damage function. In the funetional notation of Y =
beMX a5 defined earlier, b = 0.7983, e = 2.718281828,
m = (0,6537, and x = any level of TDS within the
confines gf the appropriate interval. The fitted curve
has an R= of 0.91.

A summary of the findings for the RID is
presented in Table 3-118, Even though annual to_tal
damages are listed as $5,409, the net contribution
from this Distriet is considered zero due to the TDS
level of present water supplies of the RID as compared
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to_ present and projected salinity levels of Colorado
River water in the CAP system,

SAN CARLOS PROJECT

The San Carlos Projeet is located in the lower
Santa Cruz River Basin, between Florence and Casa
Grande, Arizona, and includes 100,000 acres of Indian
t_m‘d non-Indian land. All project facilities are operated
Jointly, They inchude: 1) Coolridge Dam and San
Carlos Reservoir with a capacity of 948,684 ac ft at
spillway level; 2) Ashurst-Hayden Diversion Dam on
the mainstream of the Gila River 10 miles east of
Florence; 3) Picacho Reservoir with a capacity of
18,000 ac ft used to store and regulate the delivery of
water; 4) Florence-Casa Grande Canal, Pima Lateral,
and sublaterals which serve both Indian and non-
Indian lands; and 5) drainage and pumping works with
110 producing wells,

Over the last 5 years the water supply ' has
consisted of approximately 70 percent surface water
and 30 percent groundwater, The surface water comes
from the natural flow of the Gila River and releases
from the San Carlos Reservoir, plus the erratic flows

- of the San Pedro River. The groundwater is pumped

into the system from wells scattered throughout the
project area. During the last 20 years, pumping for
both project and nonproject lands has resulted in a
progressive lowering of the water table at an average
rate of 8 feet per year to its present level of
approximately 236 feet (Babcock, 1973).

Since 1934 the project has pumped an average of
89,000 ac ft per year, but for the last 10 years the
average has been approximately 75,000 ac ft per year
{Records of the San Carlos Irrigation Project).
However, the rapidly lowering water table indicates
that this rate of pumping cannot be maintained. In
addition, yearly diversions of surface water from the
river at the Ashurst-Hayden Dam have averaged
190,000 ac ft and are a reasonable expectation for the
future,

There has been no decision on how much CAP
water the project will receive. They have requested
240,000 ac ft which would enable the district to
irrigate the entire 100,000 acres of land with a
minimum of 4.0 ac ft per acre after allowing for losses,
which are expected to be minimized by lining all canals
and laterals. For the purposes of this study, it seems
reasonable te assume an allotment of no more than
150,000 ac ft to the San Carlos Project. Water sources
for the project would then be 150,000 ac ft, Colorado
River water, 190,000 ac ft Gila River water, and
possibly 50,000 ac ft of groundwater.,

The salinity of the Gila River ranges from 510
mg/] to around 1000 mg/1 “mean annual” TDS (Water
Resources Data for Arizona), or an average T75 mg/l.
Balinity of the groundwater ranges from around 500
mg/1 TDS for the best wells to a high of 8,957 mg/I1.
Records on 64 wells are summarized in Table 3-119.
The average of these 64 wells is 1510 mg/1 TDS. If we
assume 50,000 ac ft of groundwater with 16500 mg/1
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Table 3-115. Shadow prices of land by class and level of TDS, Roosevelt Irrigation District.

715 900 1000

o A y 110/0 1200 1300 1400
mg, mg mgfl mgfl mg/fl 1
(Dollars) {Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (D?ﬁirs)
Land 1 88 88 88 88 88 88
Land 2 88 88 88 88 88 88 gg
Land 3 70 69 68 68 66 65 65
Double Cropped 1 88 88 88 88 88 88 88
Double Cropped 2 88 88 88 88 88 88 88

Table 8-116. Ratio of emount of water used to land
and profit all by level of TDS, Roosevelt

Irrigation District.
Ratio of Net

TDS Acre Feet Acre Feet Dollar Return
(me/t) Per Acre Per Acre Foot

715 153,030 4.879 24.96

900 153,028 4.878 24.96
1000 153,023 4,878 24.95
1100 153,017 4.878 2495
1200 153,013 4.878 24.94
1300 153,005 4.878 2493
1400 152,998 4.878 24.93

Table $-117. Total and per acre net profit by TDS
level, Roosevelt Irrigation District.

TDS Profit Per Acre
(mg/1) (Dollars) (Dollars)
715 3,819,047 121.75
900 3,818,861 121.74
1000 3,818,493 121.73
1100 3,817,075 121.69
1200 3,816,704 121.68
1300 3,815,144 121.63
1400 3,813,638 121.58

Table 3-118. Sumvmary statistics, Roosevelt Irigation

Digtrict.
Total Acres 31,368
Double Cropped Acres 839
Annual Total Damages § 5,409
Annual Per Acte Damages $ 0.1724
Annual Damage Per mg/l $ B8.654
Annual Damage Per mg/l Per Acre $0.00028

TDS and 180,000 ac ft of surface water with 756 mg/1
TDS the projected water would have an average
salinity of around 910 mg/l1 TDS before addition of
Colorado River water. This can be expected to remain
fuirly constant except for the possibly small effect of
changes in groundwater salinity due to continued
lowering of the water table. However, groundwater
quality has littie effect due to the proportion involved.
As the CAP water increases in salinity, the
proportionate increase in the project water would be
as shown in Table 8-120.

The canals and laterals of the project are unlined
and losses in the system are estimated to be 30
percent or more (San Carlos Project). This means that
the 50,000 acres presently being irrigated are
receiving less than 4 ac ft of water per acre. If the
losses can be cut to 16 percent by lining the canals and
laterals, approximately 830,000 ac ft would be
available to irrigate 80,000 acres with & minimum of 4
ac ft per year. Apparently, any crop yield declination
due to increasing salinity of the CAP water would be
more than offset by the additional acres irrigated.
However, since this study is concerned with €rop
declination due to increasing salinity of CAP water,
projections to the year 2000 will be based upon the
acreage to be irrigated after the CAP water is brought
into the project (80,000 acres assumed).

Acreages of the different soil types or series were
estimated from a general soil map of Pinal County
prepared in March 1971 by the USDA Soil Conserva-
tion Service (Adams, 1972).

Yields and acreages of the major crops in the San
Carlos Project were obtained from the annual crop
reports published by the project. Since these reports
are broken down into “District Part” and “Indian
Part,” the salinity impact analysis is also treated
separately.

San Carlos Irrigation Preject, Non-Indian

Approximately 55,000 acres are included in the
non-Indian part of the San Carlos Project (Map 3-13).
Table 3-121 partitions this acreage by land class and
use. Presently, only small amounts of land are
assumed to be used in a double eropping rotation.
About 70 percent of the total project area under
cultivation is contained in the non-Indian classifica-

- tion.

Alfalfa, cotton, and grains are the major crops in
the area with smaller acreages going to sugar beet
production. A list of crops selected for the present
analysis are shown in Table 3-122. Limited double
cropping possibilities exist with maize (sorghum)
being the most important.

Average yields were derived from empirical data
presented in Table 3-123. A 96 percent confidence
interval was set around the averages as an aid in
establishing base yield figures. Once a base yield had
been established, Table 3-124 along with Table 3-1
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Figure 3-19.  Observed data with fitted damage function, Roosevelt Irrigation District.

were employed to estimate yield declination functions
for each crop selected in this area. Table 3-124 is based
-on the resulting TDS water mix as explained above
which is unique to this project.

Consequent to the resulting irrigation water mix,
the interval was widened to include the 775 mg/1
conditions. Allocation of production and land to the
various crops is presented in Table 8$-125. These
aggregated totals remained at the same levels over
the entire TDS interval under study. However,
sub-Appendix M should be consulted for a detailed
analysis of model allocations to respective land classes
and technologies.

The following two tables (Tables 3-126 and 3-127)
contain constant amounts. For example, Table 8-126
shows 233,816 ac ft of water consumed out of &
possible 240,000 ac ft available. No change is observed
between 775 and 1400 mg/1. Likewise, in Table 3-127,
the objective function estimated net profit to be
$8,332, 477 for the whole area and $158.72 per acre.
These amounts were also constant over the interval in
question. Subsequently, no differences were detected
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and no portion of potential damages to this area were
considered attributable to increasing salinity. Table
8-128 illustrates these conclusions as represented by
the zero amounts opposite the lower four categories.

San Carlos Irrigation Project, Indian

Additional land is projected to be brought under
irrigation by introduction of Central Arizona Project
(CAP) water to the Indian part of the San Carlos
Project (Map 3-14). Table 38-120 indicates that
approximately 21,170 acres will be under irrigation.
Lands are assigned to specific drainage classes as well
as their feasible possibilities in relation to double
cropping.

Most of the same crops were selected in the
Indian part as were chosen to be major in the
non-Indian part (Table 8-130). One addition is that of
watermelon. The matrix of double cropping possibili-
ties is slightly larger than in the previous area,
however, land area available for this activity is much
less.



Table 3-119. Groundwater quality, San Carlos Irrigation Project.

Sample Well Twp Range : EC Water
Date No. South  East ~ Secton  Quadrant - %.a TDS SAR Class
3-11-67 2 4 10 29 DAA 1.5 275
8-1963 6 4 11 7 A 1.6 1176
8-1963 9 4 9 28 CCA 2.2 1682
8-1963 10 4 9 28 DAD 20 1441
8-1963 12 4 10 16 ACC 1.1 767 4.0 C3-51
1972 13 5 -8 1 CBB 3.2 2103 4.56 €3-51
1972 15 5 7 1 DDD 2.35 1600
8-1963 17 5 9 30 CBB 1.0 661
2- 3-67 23 5 8 23 CBB 2.5 1667
8-1963 25 5 9 20 DAD 0.8 559
1972 27 5 7 17 BBB 1.8 1174 396 C3-81
1972 30 5 8 17 DDA 1.8 1175 3.59 C3-81
1972 31 5 8 17 AAB 2.1 1386 3.15 C3-51
1972 32B 5 8 18 BBB 1.6 1014 5.38 C3-51
1972 33 5 8 2 AAB 2.5 1459 3.82 C3-51
1972 34 5 7 1 AAC 2.5 1712 4.25 C3-S1
1972 35 4 7 36 DCD 2.5 1797 3.59 €3-81
1972 36 4 7 35 DAD 1.6 1014 4.18 C3-81
1972 k¥ 4 7 34 DAB 195 1125 2.69 C3-81
1972 39 4 7 36 CAC 1.5 923 6.39 C3-82
1972 41 5 ki 9 ADA 0.74 499
1972 43B 4 6 4 AAA 1.4 893 8.74 C3-82
1972 44 4 6 7 CCA 2.0 1439 3.44 C3-81
1972 45 4 6 18 AAC 1.9 1244 492 C3-81
1972 46 4 6 24 AAB 20 1355 4.05 €351
1972 47 4 6 23 AAB 1.45 912 548 C3-8t
1972 48 4 6 3 BBC 2.1 1388 6.0 €381
1972 49 4 5 12 AAA 2.4 1723 3.03 C3-81
1972 50 5 8 10 CCA 1.6 1034 5.30 C3-82
1972 51 4 5 10 AAA 24 1732 2.65 C3-51
1972 52 5 7 22 BAC 4.0 2880 4.27 C4-52
1972 55 4 6 8. DDD 1.95 1266 540 C3-§1
1972 56 4 6 7 AAD 1.95 1337 4,94 €3-581
1972 58 4 5 i5 BDA 4.5 3811 7.91 C4-52
1972 59 3 S 29 BCA 1.75 1153 4,09 C3-81
1972 60 3 5 31 CBA 1.6 1049 4.36 C3-51
1972 62 3 5 30 CCC 2.2 1421 4.48 C3-81
1972 64 4 6 21 BBB 3.2 2309 6.37 C4-52
1972 65 3 6 19 DDD 16 1014 8.21 C3-81
1972 67 3 6 31 DDA 1.6 924 4.28 C3-81
1972 69 3 ) 24 CBA 3.0 2079 5.79 C4-83
1972 70 5 7 22 DDA 1.95 1337 4.94 C3-81
1972 71 5 7 15 CCB 5.0 3624 4.55 C4-82
1972 72 L3 7 9 ADB 35 2480 4.67 C4-52
1963 81 6 8 28 DBB 09 615 4.20 C3-81
1972 86 4 7 28 DAA 1.3 735 14.63 C383
1967 89 5 9 14 CBB 2.5 1667 5.94 C3-82
1967 90 7 6 1 CcCcC 1.0 707 3.26 C3.81
1972 94 3 5 4 ADA 2.3 1387 5.26 C3-51
1972 95 3 5 4 BCB 5.6 3957 10.10 C4.83
1972 98A 5 7 i2 CCB 4.0 2974 4.47 C4-52
1972 98B 5 7 22 AAA 34 2507 5.49 C4-52
1963 102 6 6 34 CCB 28 1893
1967 107 6 5 23 CDA 2.4 1739
1972 109 4 5 10 DCC 4.0 3160 9.23 C4-82
1972 110 5 9 12 BBC 1.0 736
1972 120 b 8 S CBA 2.1 1444 4.84 C3-51
1972 121 4 5 3 cCceC 31 2455 3.58 C4-S1
1972 123 4 4 1 CcCC L5 934 4,36 C3-81
1972 125 4 5 6 CCB 1.8 1176 496 C3-81
1972 130 5 8 5 CBA 2.4 1533 3.89 C3-51
1972 131 3 3 34 BBC 1.5 947 4,23 C3-81
1972 132 5 8 5 BAB 1.5 849 2.07 C3-51
1972 134 4 6 15 BAC 14 927 3.51 C3-81
Average 2.19 1510

Source: Water analyses of producing wells made in 1972 by the University of Arizona.
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Table 3-120. Effects of increasing sakinity of Central Arizona Project water when it i3 blended into the San

Carlos Project System,
190,000 ac-ft 50,000 acft 240,000 ac-ft 150,000 ac-ft 390,000 ac-it
Gila River g\;!ater Groundwater San Carlos Water C;'“t,ral "wm“a Blended Water
TDS (mg/l) TDS (mg/1) TDS (mg/l roject Water :
g /1) DS (mgfl) TDS (mg/1)
755 1500 910 7758 858
755 1500 910 900 906
155 1500 910 1000 945
755 1500 910 1100 983
755 1500 910 1200 1022
755 1500 910 1300 1060
755 1500 910 1400 1098

Ypresent salinity of Colorado River water of the Central Arizona Project diversion point above Parker Dam.

AN

Table 2-121. Number of acres avaslable forsingleand  Tuble 3.192. Selected crops and double cropping

double cropping by land class, San possibilities, San Carlos Project (Non-
Carlos Project {Non-Indian), Indian).
. PNTTTEE : §
Single Double Double Cropping Possibilities
Cropped Cropped Total Crops ]
(Acres) (Acres) (Acres) Wheat  Barley Maize Safflower
Land 1 17271 986 18,257  Alfalfa
(Well Drained) Bariey
Land 2 13,440 769 14,209  Safflower
(Moderately Drained) Wheat
Land 3 21,788 1,245 23,033  Maize X X X X
(Poorly Drained) : gptton X
ma
Total 52,499 3,000 55499 Susar Beots
Grapes

Crops under these columns are those assumed to lead
in the double cropping rotation.

Table 3-123. Yields of magjor crops in the San Carlos Irrigation Project (Non-Indian), 1968-1978 (tons/acre).

' 95 Percent
1968 1969 1970 1971 1972 1973 Confidence
Interval
Alfalfa Hay 4.59 4,62 4.14 2.97 391 5.18 4.24 £ 0.80
Barley 1.82 1.77 1.83 1.82 1.82 1.82 1.81 £ 0.03
Safflower 1.30 1.04 1.46 1.27 1.30 1.27 £ 0.19
Wheat 1.48 1.64 2.55 2.45 2.51 2.15 2.13+0.49
Maize 1.89 1.81 1.80 1.39 1.75 1.73 0.24a
Upland Cotton 2.58 2.12 2.18 2.18 2.27 2.31 2.27+£0.17
Upland Cotton Seed 1.05 0.36 0.89 0.89 0.93 0.94 093¢ 0.0'Ta
Long Staple Cotton 1.75 1.35 1.03 1.16 1.62 205 1.49 * 0.04
Long Staple Cotton Seed 1.11 0.86 2.56 0.74 1.02 1.28 1.26 = 0.70
Sugar Beets’ 19.56 16.83 11.69 18.17 16.00 20.86 17.19* 3.38
Grapes 3.33 333 3.30 3.32
2480-pound bales per acre.

Source: San Carlos Irrigation Project annual crop reports.
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Table 3-124. Effective values of soil saturation
extract conductivities (ECe in mmbhos/
cm) in three soil drainage classes, seven
TDS levels, and five irrigation manage-
ment treatments.

TDS Irrigation Drainage Classification
(me/l) Number Well Moderate  Poor
860 16 0.3 1.8 4.1
22 0.3 1.2 3.5

29 0.3 1.0 3.2

35 0.3 0.6 2.8

Sprinkler 0.0 0.0 1.7

910 16 0.4 2.0 4.4
22 0.4 1.4 38

29 0.4 1.4 3.5

35 0.4 0.7 3l

) " Sprinkler 0.0 0.0 2.2
950 16 0.6 2.2 4.7
22 0.6 1.6 4.0

29 0.6 1.3 3.7

35 0.6 0.9 3.3

Sprinkler 0.0 0.1 24

980 16 0.6 2.3 4.9
22 0.6 1.6 4.2

29 0.6 1.4 39

35 0.6 0.9 34

Sprinkler 0.0 0.1 2.6

1020 16 0.7 2.5 5.1
22 0.7 1.9 4.4

29 0.7 1.6 4.1

35 0.7 1.1 3.6

Sprinkler 0.0 0.3 2.8

1060 16 0.8 2.7 5.4
22 0.8 1.9 4.7

29 0.8 1.7 4.4

35 0.8 1.2 38

Sprinkler 0.0 0.4 3.1

1100 16 0.9 2.9 5.7
22 0.9 2.1 4.9

29 0.9 1.8 4.6

35 0.9 i.3 4.0

Sprinkier 0.0 0.5 3.3

Base yields were derived from historical data
presented in Table 3-131. These figures were used to
establish yield declination functions according to the
procedure described in preceding areas.

Once again, a computer run was made to
assimulate eonditions of 776 mg/] as well as for the
higher mg/1 situations. Table 3-132 shows the results.
A slight variation is noted in production and land use
of harley and maize but this movement is so small that
it can be safely assumed that these figures are
constant. Sub-Appendix N provides additional infor-
mation concerning allocation variations in technologies
and land classes which adequately explain the
occurrence in the table.

The relative marginal value products of the
various land classes are presented in Table 3-138. No
trends are evident except for land class 8 under the

double cropping alternative. The values decline as
TDS rises indicating that crops grown under these
conditions suffer decreases in yield due to unfavorable
economic trade offs for available yield maintaining
technologies.

An estimated 90,000 ac ft of water will be
available to irrigators upon delivery of CAP water
under the assumptions outlined earlier. This amount
would provide a little more than 4 ac fi per acre of
cropland. Table 3-184 shows the amount of water
allocated for agricultural purposes. Almost 100
percent of the total available supply is used.

It appears that within the TDS interval of 775 to
1400 mg/1 additional increments of water will not be
required in the face of rising salinity in order to
maintain yields. In Table 3-135, net profits do decline
over the interval in question, however, the magnitude
is only a total of $224 which cannot be effectively
attributed to any single source. Model biases or errors
could well account for such a small amount of damage.
Consequently, within the limits of the TDS interval
for the present study, it was considered that
increasing salinity contributed no appreciable
amounts to costs in agriculture., Moreover, sizable
damages are not anticipated to be incurred until TDS
levels above 1400 mg/] are encountered. Therefore, as
was the case in the non-Indian portion of the district, a
damage function was not constructed for this area and
losses due to salinity are considered as not to be
measurable within the confines of the analysis.

The summary statistics in Table 3-186 indicate
just how small of an effect on net profits would be
realized if a damage function had been construed.
Annual damages per mg/1 per acre of $0.0000167
represent a cost of only $0.36 to the whole area of
21,170 acres for a 1 mg/l increase in the salinity
content of the irrigation water. Even a rise of 10 mg/1

‘would be very insignificant as far as increasing costs

to agriculture are concerned. Quite appropriately
then, it is assumed that damages due to poor quality
water within the TDS interval considered in the
present study are virtually nonexistent in this ares.
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Table 3-126. Ratio of amount of water used to land
and profit all by level of TDS, San
Carlos Project (Non-Indian),

Ratio of Net

TDS Acre Feet Acre Feet Dollar Return
(mg/l) Per Acte Per Acre Foot

715 233,816 4.454 35.64

200 233,816 4.454 35.64
1000 233,816 4.454 35.64
1100 233,816 4.454 35.64
1200 233,816 4,454 35.64
1300 233,816 4.454 35.64
1400 233,816 4.454 35.64

Table 3-125. Summary statistics, San Carlos Project
(Non-Indian).

Total Acres
Double Cropped Acres
Annual Total Damages 3
Annual Per Acre Damages $ 0
- Annual Damages Per mg/l $ 0
_ Annual Damages Per mg/l Per Acre $ 0

Table 3-129. Number of acres availuble Jor gingle and
double cropping by land class, San

Table 3-127. Total and per acre net profit by TDS Carlos Project (Indian).
level, San Carlos Project (Non-Indian),
Single Double
TDS Profit Per Acre Cropped  Cropped Totat
- {mgfD {Dollars) (Dollars) (Acres) {Acres) (Acres)
775 8,332,477 158.72 Land 1 . 11,770 614 12,384
900 8,332,477 158.72 (Well Drained)
1000 8,332.477 158.72 Land 2 . 5,880 307 6,187
1100 8,332,477 158.72 (Moderately Drained)
1200 8,332,477 158.72 Land 3 2470 129 2,599
1300 8,332,477 158.72 (Poorly Drained)
1400 8,332,477 158.72 Total 20,120 1,050 21,170
Table 3-130. Selected crops and double cropping poszibilities, San Carlos Project (Indian).
Double Cropping Possibilities?
Crops
Wheat Barley Maize Safflower Watermelon
Alfalfa
Barley
Safflower
Wheat
Maize X X X X X
Cotton X
Pima
Watermelon X X
3Crops under these columns are those assumed to lead in the double cropping rotation.
Table 3-131. Yields of major crops in the San Carlos Irrigation Project (Indian), 1968-1973 {tons/acre).
95 Percent
1968 1969 1970 1971 1972 1973 Confidence
Interval
Alfalfa Hay 2.13 6.00 5.61 5.00 6.00 5.89 5.11 +1.58
Barley 1.47 1.49 1.60 1.78 1.56 1.91 1.64 £0.18
Safflower 0.64 1.04 10 1.09 1.25 094 0.99 £ 0.21
Wheat 1.88 1.89 2.20 192 2,01 2.16 2.01 +0.15
Maize 1.14 1.00 1.00 1.13 1.25 1.25 1.13£0.12
Upland Cotton 241 1.74 1.81 2.00 2.41 2.37 2.12 £ 0.33%
Upland Cotton Seed 0.94 0.84 0.82 0.96 0.91 0.89 £ 0.08
Long Staple Cotton 1.49 1.00 0.50 1.00 0.94 2,01 1.16 £0.55%
Long Staple Cotton Seed 0.64 0.84 0.50 0.33 0.87 0.64 + 0.28
Watermelons 12.00 10.00 10.00 9.00 10.25 £ 2.00
44 80-pound bales per acre.

Source: San Carlos Irrigation Project annual crop reports.
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|
[ Map 8-14. San Carlos Irrigation Project (Indian Lands).
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Table 3-123. Shadow prices of land by class and level of TDS, San Carlos Project (Indian).

715 900 1000 1100 1200 1300 1400
mg/l mg/l mg/1 mg/l mg/l mg/1 mg/l
(Dollars) (Dollars) (Dollars) (Dollars) (Dollars) (Dollars) {Daollars)

Land 1 29 29 29 29 29 29 29
Land 2 29 29 29 29 29 29 29
Land 3 29 29 29 29 29 29 29
Double Cropped 1 9 9 9 9 9 9 9
Double Cropped 2 9 9 9 9 9 9 9
Double Cropped 3 9 8 8 8 7 7 7

Table $-1%4. Ratio of amount of water used to lund
and profit all by level of TDS, San
Carles Project (Indian).

Ratio of Net

TDS Acre Feet Acre Feet Dollar Return
(mg/D) Per Acre Per Acre Foot

7158 89,245 4.216 20.83

300 89,245 4.216 20.83
1000 89,245 4.216 20.83
1100 89,245 4.216 20.83
1200 89,245 4.216 _20.83
1300 89,245 4.216 20.83
1400 89,245 4.216 20.83

Table 3-185. Total and per acre met profit by TDS
levels, San Cuarlos Project (Indian).

TDS Profit Per Acre
(mg/1) (Dollars) (Dollars)
775 1,859,193 87.82
900 1,859,089 87.82
1000 1,859,089 B87.82
1100 1,859,021 87.81
1200 1,858,969 87.81
1300 1,858,969 87.81
1400 1,858,969 87.81

Table 3-136. Summary statistics, San Carlos Project

(Indian).
Total Acres 21,170
Double Cropped Acres 1,050
Annual Total Damages $ 224
Annual Per Acre Damages $ 0.011
Annual Damages Per mg/1 $ 00358
Annual Damages Per mg/l Per Acre $0.0000169
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SUB-APPENDICES, A-N
Preface

The following appendix is intended to provide
additional information concerning distribution of
production and cropping patterns. Solutions of the LP
models for the various study areas are presented as
they pertain to these factors. A single table format is
retained throughout which lists the respective crops
along with the corresponding number of total acres
occupied; crop status in the LP model; crop rotation
sequences; and total acres by erop, technology, and
land class.

In the column labeled “Total Land Use," the
amount of acres for each crop and the total acres in
production for that region and LP model are listed.
For example, in Table A-1 the total number of
producing acres is 507,618 which is produced by
summing down the column or across the bottom row,

“Crop Status” in the model is determined on the
basis of relative overall profitability of each erop. In
addition, information is also supplied which allows a
ranking order to be caleulated, however, only the
three general descriptors of “lower” (L), “slack” (S),
and “upper” (U) are included in the present analysis.
When a crop has a model status of L or U, this
essentially means that production is at the lower or
upper limit of the production range as described in the
section dealing with the model description. The
higher-value crops generally are located at the upper
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limit while lower-value crops comply principally with
sufficient model conditions and end up at the lower
limit. A slack condition does not imply zero
production with respect to the status of a particular
crop found under this circumstance. Actually, crop
production oceurs between the lower and upper limits
and the term “slack” identifies the activity as not
being constrained by limits at one extreme or the
other. In terms of value, this is also the case, i.e,, it is
less profitable than upper limit crops but more so than
lower limit crops.

Crap rotation is accomplished by defining feasible
mixes of crops which “lead” and those which “follow."”
It is possible for one erop to be both, such as lettuce.
Rotation sequences are identified by land class and
position in the cycle. Two definitions are intended in
the table under the columns labeled “single cropped.”
First, crops which are produced only once per growing
season on a particular acre of ground are included
under this heading. Second, in the case where double.
cropping exists, this column represents those crops
which lead in the rotating cycle. The “double cropped”
column specifies the erops which “follow” in the cycle
and are slways placed across from the crop which it
succeeds on any specific land class. For example, in
Table A-1, lettuce on land class 2 is the lead crop
followed partially by carrots, lettuce, and cotton.
Total acres occupied by the “following” crops can be
equal to or less than the total number of acres of the
lead crop.

The numbers under the crop names represent the
acreage devoted to each crop under the respective
land class and technological assumptions. A dash

separates various letters from acreage totals which, as

explained in a footnote at the bottom of Table A-1,
signifies a certain type of technology selected as “most
profitable” by the model under a given set of
circumstances.

When scanning over the respective classes of land
an absence of any activity is encountered in the case of
some crops. For example, in Table A-1, totals for
sorghum production cannot be found following across
the row. Apparently an inconsistency exists in the
table at this point because total land use shows a sum
of 68,000 acres indicating that some activity has
occurred. In such instances, total production is
accomplished entirely through double cropping activi-
ties, In this case, sorghum would always be the
“following” erop. The rotation sequence shows barley
and wheat to be the “lead” crops in the cycle. Proper
justification of the figure in the land use column is
obtained by summing the sorghum activities following
each associated lead crop.

Either by direct methods such as summing rows
and columns or by the indirect method described in
the paragraph above, all crop activities are tabulated
and presented in the subsequent tables. A separate
sub-appendix is set aside for each study area of this
report,



SUB-APPENDIX A _
IMPERIAL VALLEY IRRIGATION DISTRICT

Table A-1. Total land use by crop, technology, land class, and rotation sequence —Imperial Valley— 900 mg/L

Total
land use
{acres)

2,963

14,028
4,804
160,726

2,52
3,046

27,687

81,300

66,331

59,202

5,967

67,738
41,199

*507,518

Crop

ASPARAGUS

CANTALOUPE
CARROTS
ALFALFA

TOMATO
WATERMELON

BARLEY

WHEAT

SUGAR BEETS

LETTUCE

ONIONS {MKT}

SORGHUM
COTTON

TOTAL

Crop
status!

Lond Class 1
Single Double
cropped cropped

Alfaita

33,2689-A

Lotuce Lettuce
16,583—-A  16,583-A
48,872 15,583

Land Claws 2 Land Class 3
Single  Doubls  Single  Double
oropped  cropped  crapped  cropped

Acres
Asparsgus
290987
Alfsifa Aitalts
48,755-A 68,682-0

Watermelon  Lettuce
3,046--A 3,048-C

Berley Sorghum
1,307-A 1,307-8

Cantaloupe
14,0280
Wheat Tomsto
61,300-A  2.629-D
Sorghum
40,040-8
Suger beets
0.676—-A
Carrot
4,804-D
Latwuce Lattuce
13,800-C 35,214-C
Cotson
3, 791-A
Onlon Lettuce
5,907-8 5,987-C
Cotton
37,408-A

71,577 22,822 181,636 57,91

! Crop production status in the LP model where U = upper limit, $ = slack activity, and L = tower limit.
* Latters A, B, C, and D represent irrigation frequencies at the annual rate of 18, 22, 29, and 35, respectively,

$Totals may differ due to rounding.

Land Class 4
Single Doubis
cropped cropped
Barley Sorghum

26,380-A  26,380-D

Suger beets
58,358--A

82,735 26,380



Table A-2. Totol land use by crop, technology, land class, and rotation sequence —Imperial Valley— 1,000 mg/L

Total Land Class 1 Land Class 2 Land Class 3 Land Class 4
land use Crop Crop Single Double Single Doubile Singla Double Single Double
{acres) mmsmppndmppoderoppodcmppodmmodcroppodcmppodmppod
Acres
2,963 ASPARAGUS L ' Asparagus
2,963-D
14,623 CANTALOUPE U
4,804 CARROTS U
163,972 ALFALFA L Atae ' Atfaits Alfsifa
33,289-A 48,766—8 71,9280
2,634 TOMATO U
3,048 WATERMELON U Watermelon  Carrot
. 3,048-A 3,046-0
27,687 BARLEY L Barley Tomato Barley Sorghum
1,307-A 1,307-D  26,380-A  28,330-D
‘ Cantaloups
14,623--D
58,0564 WHEAT s Wheat Tomaeto
680668  1,327-D
Sorghum
40,666--C
66,331 SUGAR BEETS L Sugar beats Suger beets
9.076-A 56,350-A
Carrots
‘ 1,768-D
69,202 LETTUCE u Lettuce Lettuce Lettuce Lettuce
15583-A  15583-A  13809-D  8,260-D
Cotton
3,791-A
6,967 ONIONS (MKT} U Onion ' Lettuce
B967-0  5,867-D
67,038 SORGHUM s
41,199 COTTON U Cotton
3?,4QB—A
607,618 TOTAL 48,872 15,583 71,677 22,822 181,635 57,913 82,735 26,380



Table A-3. Total land use by crop, technology, land class, and rotation sequence—Imperial Valley— 1,100 mg/1.

Totat Land Class 1 Land Class 2 Land Cless 3 Land Class 4
lang use Crop Crop Single Double Single Doubls Single Double Single Double
{acres) status  cropped  cropped cropped  cropped cropped  cropped cropped  cropped
Acras
3002 ASPARAGUS L Asparsgus
3002-0

16,347 CANTALOUPE
4,804 CARROTS

166,710 ALFALFA L Alfaits Alfsifa Alfalfs
3,289-A 48,765-8 74,666-D

2,752 TOMATO
3,046 WATERMELON

27,687 BARLEY L Barisy Sorghum
27,697-A  26,380-D
Cantaloupe
: 16,347-D
60,500 WHEAT s Whest Tomato
60500-C  2,762-D
. Sorghum
30.813-D
66,931 SUGAR BEETS L Sugar beats Sugar beets
' 11,282~A 65,049-8
3002-D
15,347 CANTALOUPE
4,804 CARROTS
156,710 ALFALFA L Alfuifs Alfalts Alfsita
33,2868—-A 43,765-8 74,686--D
2,752 TOMATO U
3,046 WATERMELON U
27,687 BARLEY L Barley Sorghum
27,687-A  26,380-D
Cantaloupe
. 16,347-D
60,5600 WHEAT S Wheat Tomato
80,600-C 2,762-D
Sorghum
29,813-D
66,33 SUGAR BEETS L Sugar beats Sugar beets
11,282~A - 56,0498
Watermelon
3,046-0
) Lettuce
53,934 LETTUCE U Lettuce Lettuce Lettuce 10,7175
0,616—A 8.616~A 22822-8'  Cotton
8,999--A
Sarghum
81-A
Carrot
5,967 ONIONS (MKT) U Onion 4,804~A
6,867-A Lettuce
1,163-A
66,264 SORGHUM L
41,184 COTTON V] Cotton
. 32,186-A
507,518 TOTAL 48,872 15,683 71,677 22,822 181,635 57,913 82,735 26,380



Table A-4. Totalland use by crop, technology, land class, and rotation sequence— Imperial Valley— 1,200 mg/1,

Total
land use
{acres)

3,106

16,063
4,963
160,323

2,847
3,046
27,687

66,227

43,067

5,867

66,745
41,167

607,618

Crop

ASPARAGUS

CANTALOUPE
CARROTS
ALFALFA

TOMATO
WATERMELON
BARLEY

WHEAT

SUGAR BEETS

LETTUCE

ONIONS (MKT)

‘SORGHUM

COTTON

TOTAL

Crop
status  cropped  cropped

L

[ =

r

L

Land Class 1

Single

Alfsits
33,280-A

- 9,816-A

Onion
5,067-A

48,872

Doubie

Carrot
4.983~-A
Lettuce
4,852-A

Lettuce
5,967-A

15,583

Lond Closs 2 “Land Class 3
Single Double Single Double
cropped  cropped croppad  cropped
Acres
Asparegus
3,108--D
Altaifa Alfalfes
48,785-8 78276-D
Cantaloupe
16,063-D
Wheat Tomate
88,227-D °  2847-D
Sorghum
39,003-D
Sugsr bests
11,2824
Watarmelon
3,048--C
Lettuce Cotton
22,8322-5  18415-A
Sorghum
1,362-A
Cotton
22,742-A
71,677 22,822 181,835 57,913

210

Lend Class 4
Single Double
cropped  cropped
Barley Sorghym

27,887-B 26,380-D

Sugar beets
556,049-C

82,735 28,380
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Table A-5. Total land use by crop, technology, land clase, and rotation sequence— Imperial Valley— 1,500 mg/1.

Totai Land Class 1 Land Class 2 Land Class 3 Land Class 4
land um Crop Crop Single Double Single Doubis Single Double Single Double
(acres) status cropped  cropped cropped  cropped cropped  cropped cropped cropped
Acres
3,216 ASPARAGUS L Asperagus
3ne-n
16,841 CANTALOUPE U
5,234 CARROTS U
166,721 ALFALFA L Attaits Alhits " Altaite
3,280--A 48,788—-D 83.877-D
2,949 TOMATOQ ny)
3,048 WATERMELON U
- 27687 BARLEY L Bariey Sorghum
27,6887-C  26,380-D
Cantaloupe
16,041--D
58,845 WHEAT S ' Wheat Tomato
. 58.846-D 2848-D
Sorghum
38.024-D
86,331 SUGAR BEETS L Suger beets " Sugar bests
11,282-8 66,040-D
Wltorm-lon
3,048-D
42,663 LETTUCE S Lettuce Lettuce Lettuce Sorghum
) 9,482-A 9,482-A 22,8225 3,230-A
Cotton
16,547 -A
Lettuce
6,101 ONIONS (MKT} U Cnion 887-A
8,101-A Carrots
§,234--A
87,633 SORGHUM L
41,183 COTTON U Cotton
24.610-B
507,618 TOTAL 48,872 15,5683 11,577 22822 181,635 57,914 82,735 26,380
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Table A-6. Totalland use by crop, technology, land class, and rotation sequence—Imperial Valley — 1,400 mg/1.

" Totwl
fand use
{scres)

3,368

17,817
5,402
170,331

2476
3,048
27,687

59,787

67,380

33000

4192
2476

3,048
27,687

69,787

67,356

4,192

89,810
41,157

506,060

Crop

ASPARAGUS

CANTALOUPE
CARROTS
ALFALFA

TOMATO
WATERMELON
BARLEY

WHEAT

SUGAR BEETS

ONIONS (MKT)
TOMATO

WATERMELON
BARLEY

WHEAT

SUGAR BEETS

LETTUCE

ONIONS (MKT)

SORGHUM
COTTON

TOTAL

etus

e C

c C

- C CC
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LandCll-I'_ - Land Class 2 Land Class 3 Land Class 4
Single Double Single Doubls Single Double Single Double
~cropped  cropped - cropped cropped -~ cropped  cropped cropped  cropped
Acres
Asparagus
3,358-0
Alfalta Alfalfa Alfalfa
34,730-A 48,7880 88,838-D
Bariey Sorghum Barley Sorghum
1,307=-A 1.307-p 28,380-C 26,380-0D
Cantaloups
Wheat Lettuce Wheat 178170
319--A 3181-A B0,008-D  Sorghum
38,789-D
Suger bests Suger beets
11,0008 88,3650-D
Carrot
BA02-—-A \
Tomsto
Lattuce 1,329--A Lattuoe Cotton
WAG-A  Lettuce 18,8308  18,830-A
a7-A
Sorghum
3354-A
Tomaw
Onion t47.C
Barley Sorghum Barley Sorghum
1,307-A 1,307-D 28,380-C  26,350-D
Cantaloupe
Wheat Lattuee Wheat 17.811-D
3,181-A 3,181--A B6,608-D  Sorghum
38,766-D
Suger beets Sugar basu
11,0008 68,386--D
Carron
B,402—-A
Tomato :
Lettuce 1,39-A Lettuce Cotton
10,083~A  Lettuce 18,630-8  19,630-A
BE7-A
Sorghum
3,334--A
Tomato
DOnion 1.147-C
4,102-§ Watermelon
3,048-D
Cotton
22,527-8B
48,872 14,133 71,877 22822 181,836 57913 82,736 28,380



SUB-APPENDIX B
COACHELLA VALLEY IRRIGATION DISTRICT

Table B-1. Total land use by crop, technology, land class, and rotation sequence— Coachella Valley— 900 mg/L.

Totl Land Class 1 Land Class 2 Land Class 3 Land Class 4
land use Crop Crop Single Double Single Double Single Double Single Double
{scras) statuy cropped cropped croppec cropped cropped cropped croppecd cropped
Acres
12,062 GRAPES U Grape Graps
9,760-A 2202-A
68,472 GRAPEFRUIT [ Grapefruit
8.472-A
1,792 CARROTS U Carrot
4,108-A
2,128 ALFALFA L Altsita Altsifs
1,864-A 246-8
4070 DATES - 1] Dats Dete
1.041-A 3,020-M
893 LEMON/LIME L Lam/Lim
A
6,667 ORANGE/
TANGERINES S OrafTan
B587-A
240 ONIONS (MKT) U
Carrot
5,581 SWEET CORN u Corn 3,697-A
5.681 Onion
48--A
44,774 TOTAL 35,362

3,848 2,202 3028 246

Table B-2. Totalland use by crop, technology, land class, and rotation sequence — Coachella Valley— 1,000 mg/l.

" Total Land Class 1

Land Clas 2

Land Class 3 Land Class 4
landt uss Crop Crop Single Double Single Double Single Double Single Double
{acres) status cropped cropped cropped cropped cropped cropped cropped cropped
Acres
12,062 GRAPES u Grape Grepe
9;760-A 2,202-A
6472 GRAPEFRUIT L Grepefruit
6,472-A
7,792 CARROTS u Carrot
) 3.940—-A
2,120 ALFALFA L Altaifs Alfatfa
1.884—-A 48-C
4070 DATES U o Dute
10414 3.020-A
893 LEMON/LIME L Lem/Lim
883—-A
5,567 ORANGE/
TANGERINES 5§ Ora/Tan
5.557A
240 ONIONS {MKT) U Onion
. M9--A
5,861 SWEET CORN u Corn Carrot
8.561—-A 3.846-A
44,774 TOTAL 36,362 3,046 2,202 3,020 245
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Table B-S.

. Total
lsnd uwe Crop Crop
(ncres) status
12,062 GRAPES u
8,472 GRAPEFRUIT L
7,792 CARROTS U
2,152 ALFALFA L
4,070 DATES u
803 LEMON/
LIME L
5,534 ORANGE/
TANGERINES S
248 ONIONS (MKT) U
5,561 SWEET CORN 7]
44,774 TOTAL

. Land Class 1 © Land Class 2 Land Class 3
Single Double Single Double Single Double
cropped cropped croppsd cropped cropped cropped

A_cm

Grape
12,062-A

Grapetruit
6472-A

Carrot

30482

Alfalfy
a88-A

Altalfs
t.261-C

Date
1.081-A

Dote
3.020-A

LemA.im

Ora/Ten
5,534—-A

Qnlon .

Corn
5581~A

Carrot
3p46-A

3846 2,292

302

Total land use by crop, tecimology. land class, and rotation sequence— Coachella Valley— 1,100 mg/1.

Land Class 4
Single Double
cropped  cropped

Alfslfa
246~-D

245

Table B-4. Total land use by crop, technology, land class, and rotation sequence — Coachella Valley—1,200 mg/1.

Tota
land use
{seren)

Crop

12,052 GRAPES

8472 GRAPEFRUIT

1,792 CARROTS

2,173 ALFALFA

4070 DATES

803 LEMON/

LIME

5608 ORANGE/

TANGERINES
263 ONIONS {MKT}
5,681 SWEET COAN

44,774 TOTAL

Crop
status

c

Land Class 2 Land Cless 3
Single Double Single Doubls
cropped  cropped  croppad  cropped

Acres

Land Class 1
Single Double
cropped  cropped

Graps
12.082--A

Grapefrule
G 4T1-A

Carrot
3048-A

Alteifa
676-A

Alfaita
1,281-0

1041-A

Lem/Lim
803-A

Ora/Tan
. 5,608-~A

Onion
B3-A

Com
6,581-A

Carrot
3848-A
36382 3848

2,292 3,020
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L.and Class 4

Single Double
cropped  cropped
Alfaita
45D

245



Table B-5. Total land use by crop, technology, land class, and rotation sequénce— Coachella Valley — 1,300 mg/L

Total
fand v
{wcres)

12,052

6472

1792

2,152

4,070

883

5,534

Crop Crop
status
GRAPES U
GRAPEFRUIT L
CARROTS u
ALFALFA L
DATES v
LEMON/
LIME L
ORANGE/
TANGERINES S
ONIONS (MKT) U
SWEET CORN u
TOTAL

Land Class 1

Single
cropped

Grape
12,062—-A

Grapefruit
0.472-A

Carrot
3,848-A

Alfalfy
458-A

LemALim

Ora/Tan
8,834-A

Onlon

6.681-A
35,362

Double  Single
cropped

Alfeits
1.251-0

1,.041-A

40 2,282

Land Class 2

Land Clam 3
Single Double

cropped  cropped  cropped  cropped
Acres

3,020

Land Class 4
Single Double
cropped  cropped
Alfalfy
M6-D

246

Table B-6. Total land use by crop, technology, land class, and rotation sequence — Coachella Valley— 1,400 my/1L.

Total
land use
{acres)

12,062

8,472

7,192

2,077

6,373

5,637

44,530

Crop

GRAPES
GRAPEFRUIT
CARROTS
ALFALFA
DATES

LEMON/
LIME

ORANGE/
TANGERINES

ONIONS (MKT]}
SWEET CORN

TOTAL

Crop
status

Land Clam 1

Single
cropped

Graps
12,062~-A

Grapefrult
aAT~A

Carvor
3,040-A

Alfatfa
2077-A

Lam/Lim

Ora/Tan
5373-A

Qnlon -

4,206-A
35,362

Double Single

1,041-A

3,848--A
3,848 2292

1,261-D
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Land Class 2
Double
croppsd  cropped  cropped  cropped  cropped

Acres

Land Class 3
Single Double

3029

Land Class 4
Single Double
cropped  cropped



SUB-APPENDIX C
PALO VERDE IRRIGATION DISTRICT

Table C-1. Total land use by crop, techﬁology. land class, and rotation sequence—DPalo Verde— 900 mg/1.

Towt Land Class 1 Land Class 2 Land Class 3 Land Class 4
fand use Crop Crop Single Double Single Double Single Doubis Singis Double
{acre) mmmmmmdcmppodcropmwomodcmppodwopmcmmd
' Acres
842 - GRAPEFRUIT u ‘Grapefruly
MH2-A
A
3000 LEMONS [F] Lemon
3,000-A
3,770 LETTUCE
1338 CANTALOUPE u
1,103 WATERMELON U
Lettuce
5,387 ONIONS (dry) 1] Onion Latiuse Onion t48-¢
4350-A  36M-A 9008 Sorghum
683-A
35472 ALFALFA s Aifalta Altsifa Aifaita
15 420-A W877-A 8--0
Cantaloupe
8,188 SORGHUM L Sorghum 1339-A
20404, Wawrmelon
T10-A
13,508 COTTON ] Cotwon Cotmon
B7-A 13.541-4
21,810 WHEAT u Watsrmalon  Whast Sorghum Whaat Sorghum
M-A 303-A 19048-A  2808-8 2,388-C 2,388-D
95,18¢ TOTAL 24,360 3625 23,117 3,440 18,472 2,898 16,908 2,368

Table C-2.  Total land use by crop, technology, land class, and rotation sequence—Palo Verde— 1,000 mg/l.

Towd Land Class 1 tand Class 2 Lend Class 3 Land Cless 4
land use Crop Crop Singls Double Single Double Single Doable Single Double
{mcres) mmlcropp'dﬂ‘oppod.croppodempp.dcroppodcroppodcmppodcmopod
Acres
942 GRAPEFRWUIT Y] Grapetrult
“I-A
3,600 LEMONS 1} Lamon
3,600-A
3,770 LETTUCE
1,339 CANTALOUPE
1,103 WATERMELON U
Letwucs
6,387 ONIONS {dry) u Onion Lattuce Onlon 14B-D
4300-A  3825-A 996-0 Somghum
) 863-A
35,108 ALFALFA 5 ~ilfaita Alfaita
16,420-A 10877-8
¢
8,635 RGHUM 5 Sorghum: 1,330-A
% 2410-A Watsrmelon
L WA
Coton Cotwon
13,568 COTTON 7] Gore o
H (V] Wheat Wattrmelon  Wheat Sorghum Whent Sorghum
21010 WHEAT 7-A 27-A 10415-8 28008-C 2.368-D 2.3080-0
95,189 TOTAL 24,360 3,826 23117 3440 10,472 2,808 15,900 2,368

216



Table C-3. Total land use by crop, technology, land class, and rotation sequence—Palo Verde—1,100 mg/L

Total _ Land Ciass 1 Land Class 2 Lend Class 3 Land Class 4
land use Crop Crop Single Double Singls Double Sihgle Double Single Double
{acres) status  cropped  copped  cropped  croppsd  croppad  cropped  cropped cropped
' Acres
942 GRAPEFRUIT u Grapatryls
42-A
3800 LEMONS V] Lemon
3,600-A
3,770 LETTUCE 1] Lettuce Cotton
145-D 1a5-A
1,338 CANTALOUPE L
1,103 WATERMELON
6387 ONIONS{DRY) U QOnlon Lettuce Onion Sorghuim
4,020-A 3.026-A 788D TEG-A
34,868 ALFALFA -3 Alfalfa Alfglfe
18,188-A 19071~
Cantaloupe
1,339-8
8,317 SO0RGHUM - L Sarghum Watsrmalon
T188-A T64-8B
Sarghum
oA
13,962 COTTON u Cotton Cotton
-8 15414
21,003 WHEAT U Whast Watermeion  Whest Sorghum Wheat Sorghum
AN-A 3%-8 19,108-C 2,808-0 2,280-D- 238D
85,180 TOTAL 24,360 3825 23,117 3,440 19,472 2,808 15,908 2,368

Table C-4. Total land use by crop, technology, land class, and rotation sequence— Palo Verde — 1,200 mg/1.

Total Land Class 1 Land Class 2 Land Clus 3 Land Cixs 4
fand use Crop Crop Single Double Single Double Single Double Single Oouble
{ncrez) MSWWWWMMMWM
Acrm
942 GRAPEFRUIT 8] Grapefrult
B42-A
3,600 LEMONS u Lamon
3,600-—-A
3,774 LETTUCE 1] Lathuce Coteon
-0 1404
1,330 CANTALOUPE u
1,103 WATERMELON
6,387 ONIONS (DRY} U Onlon Lattuos Ondon Sorghum
8.301-A 3.828-A [} B8-A
34,113 ALFALFA -1 Alfatte Aleifa
18 438—A 19,617-0
Cantrioups
8431 SOAGHUM t Sorghum L3-C
1318-A Watermsion
1,103-C
13,668 COTTON u Cottoa
13448—C
Cantaloupe
22,902 WHEAT L] Whast 126-C Whest Sorghum Whaat Sorgum
060-A Sorghum  6023-0 28980 8909-0  2.388-D
B43—A
96,180 TOTAL 24,3680 3,628 23119 3,440 18,472 2,808 15,908 2,368

217



Table C-5. Total land use by crop, technology, land class, and rotation sequence—Palo Verde—1,800 mg/1.

Towd Lond Class 1 Land Class 2 tand Clexs 3 Land Cless 4
land usm Crop Crop Single Double Single Double Single Doubla Single Double
{scres} status copped  cropped  cropped  cropped  cropped  cropped  cropped cropped
' Acros
942 GRAPEFRUIT U Grapetruit
42-A
3600 LEMONS 1] Lemon
3,800-A
3903 LETTUCE u
1,330 CANTALOUPE U
1,103 WATERMELON VU
5,458 ONIONS (dry) u Qnlon Lettuos
BASB-A  16W-A
30,291 ALFALFA S Altatte’ Altsity
14,300-A 18,831-0
Cantaloups
8,543 SORGHUM L Sorghum 1.33%-D
28563-A  Sorghum
TH-A
13,596 COTTON U Cotton
12800-D .
Lattuce
23407 WHEAT 7] Wheat 178D Whest Sarghum Wheet Somghum
VO24—A  Watermwion 6874-D  2898-D  15008-0 23680
1,103~-0
95,189 TOTAL 24,360 3,626 23,118 3440 10,472 2,808 15,909 2,388
Table C-6. Total land use by crop, technology, land class, and rotation sequence — Palo Verde— 1,400 mg/L
Tow Land Class 1 Land Clees 2 Land Clon 3 Land Clas 4
lond use Crop Single Double Single Double Single Double Singls Double
{wcres} was  cropped  cropped  cropped  cropped  cropped  cropped  cropped  cropped
Acres
842 GAAPEFRUIT u Grepetruit
42-A
3800 LEMONS u Lemon
3000~A
4009 LETTUCE v}
1,338 CANTALOUPE 1}
1,103 WATEAMELON U
B,700 ONIONS {dry) 1] Qnion Lettuoe
6,700-A  3826-A
32,911  ALFALFA L Alfaifa Alfalte
14,118 18,7630
Lettuce
414-0
8,606 SORGHUM L Sorghum Watermelon
2848-A  1,103-D
Sorghum
S84-A
13,010 COTTON u Cotton
13,810-D
2,060 WHEAT S Wheat Cantaloups  Wheat Sorghum When Sorghum
1470-A 13400  B582-D  2894-0 165900-D  2,368-D
95,188 TOTAL 24,380 3628 23,117 3440 19,472 2,868 16,900 2,368
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SUB-APPENDIX D

COLORADO RIVER INDIAN RESERVATION IRRIGATION DISTRICT

Table D-1. Total land use by crop, technology,

Reservation— 960 mg/1.

Total
iand use

Crop
{acres}

status

Crop

land class, and rotation sequence— Colorade River Indian

24,372

16,864

14,887

4,677

1,167
6,344

1,238

68,639

Table D-2. Total land use by crop, technology, land class,
Reservation— 1,000 mg/1

Total
{and use
{acres)

24,338
15,864

14,887

4,677

1191
8,344

1,238

ALFALFA
COTTON

WHEAT
SORGHUM
CANTALOUPE
LETTUCE

ONIONS (DRY)

TOTAL

Crop

ALFALFA
COTTON

WHEAT

SORGHUM

CANTALOUPE
LETTUCE

ONIONS (DRY)

TOTAL

] Land Class 1 Land Class 2 Land Class 3
Single Doubie Single Double Single Double
cropped cropped cropped cropped cropped cropped
Acres
Aifalfa
24,372-A
Cotton
16,6808--A
Wheat Wheet Wheat Cantaloupe
3,748-A 1.881-A 9,270—A 866-D
Cantaloupe
Serghum Lettuce Sorghum 301-A
2,801-A 2,901-A 1,776-A Lettuce
1,475-C
Lettuce Cotton
1968-A  257-A
Onion
1,238-A
34,228 3,168 18,243 1,776 8,279 858

Land Cilass 1

Single Double
cropped cropped
Amm{
24,336—-A
Cotton
3,748-A
Lettucs Sorghum
4,903-A 3,168-A
Onion

1,238-A

34,228 3,168

219

and rotation sequence- Colorado River Indian

Land Class 2 Land Class 3
Single Double Single Double
cropped cropped cropped cropped
Acras
Cotton Cotton
3,003-A B423-A
Whest Cantaloupe  Whest Cantaloups
14,031-A 257-8 8568 858--0
Cantsioupe
Sorghum 78--8
1819-A Lettuce
1,441-D
18,243 1,778 9,279 866



Table D-8. Total land use by crop, technology, land class, and rotation sequence— Colorado River Indian
Reservation— 1,100 mg/L ‘

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop . Single Double Single Double Single Double
{acres) status cropped cropped cropped cropped cropped cropped
Acres
24,226 ALFALFA s Alfaifs
24,226-A
16,884 COTTON u Cotton Coton Cotton
3,000-A 4,3561--A 8,423-A
Cantaloups
14,887 WHEAT U Wheat Lattuce Wheat 1,106—8 Whaeat Sorghum
J,168—A 3,168-A 10,873-A Lettuce 858-C 856--D
871D
4,876 SORGHUM L Sorghum
4.019--A

1,106 CANTALOUPE U

6,344 LETTUCE u Lattuce
2816-A
1,238 ONIONS (DRY) U Onion
1L228-A
88,530 TOTAL . 34,228 3,158 19,243 1,776 8,279 856

Table D-4. Total land use by crop, technology, land class, and rotation sequence— Colorado River Indian
Reservation— 1,200 mg/1.

Total Land Class 1 Land Class 2 Land Class 3
land uss Crop Crop Single Double Single Double Single Double
{acres} status cropped cropped cropped cropped cropped cropped
Acres
24,189 ALFALEA S Alfalta
24,180—A
16,864 COTTON v Cotton Cotton Catton
8,207-A 1173-A 8,423—A
: Cantaioupe
14,887 WHEAT U Wheat 1,106-C Whaeat Sorghum
' 14031-A  Lettuce 856--0 886D
871D
4,805 SORGHUM L Sorghum

4,039-A
1,106 CANTALOUPE '

6,361 LETTUCE 1] Lettuce Lettuce
2,532-A 1,920—-A

1,238 ONIONS (DRY) U Onion Lettuce
1,238-A 1,238--A

68,639 TOTAL 34,226 3168 19,243 1,776 8,279 858
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Table D-5. Total land use by crop, technology, land clags,
Reservation— 1,300 mg/1.

Total
land use
(acres}

23,985

15,864

14,878

4,919

1,106

6,639

1,260

68,539

Crop

ALFALFA
COTTON

WHEAT
SORGHUM

CANTALOUPE

LETTUCE

ONIONS (DRY)

TOTAL

Crop
status

L

[ =t

and rotation sequence— Colorado River Indian

Land Class 1

Land Class 2 Land Class 3

Single ‘Double Single Doublg Single Double

cropped  cropped  cropped  cropped cropped  cropped
Acres
Alfalta
23,085-A
Catton Cotwon
238-A 16, 180--A
Wheat Wheat " Sorghum
5,507-A 9,270-D 856-D
Cantsloupe
Sorghum 1,106-0
4,063-A Lettuce
8N-D
Cotton
Lattuce A448-A
3,168-A Lettuce
2, 710-A

Onion
1,240-A
34,226 3,168 19,243 1,776 9,279 856

Table D-6. Total land use by crop, technology, land class, and rotation sequence—Colorade River Indian
Reservation— 1,400 mg/1

Land Class 3

Totsd . Land Class 1 Land Class 2
land use Crop Crop Single Double Single Double Single Double
(acres) status  cropped  cropped  cropped  cropped  cropped  cropped
Acres
23085 ALFALFA L Anib
23,085~-A
15,864 COTTON ) Cotwon Cotton Cotton
1.048-A 5.403-A 8.423-8
Cantaloupe
14,607 WHEAT S Wheat 1,106—D Whast Sorghum
13,761—-A Lettuce 8560 856D
871-D
4844 SORGHUM L Sorghum
4,086—-A
1,106 CANTALOUPE 1)
6,768 LETTUCE ] Lattuce Lettuce
2,920-A 1,882-A
1,276 ONIONS (DRY) U Onion Lettuce
1,278-A 1,276-A
68,539 TOTAL 34,226 3,158 19,243 1,776 8,279 866
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SUB-APPENDIX E

CALIFORNIA COASTAL REGION

Table E-1. Total land use by crop, technology, land class, and rotation sequence— Coastal Area— 900 mg/1

~Yotal
fand use
{acres)

14,564

785

2,162

28

892

7,860

458

782

34,821

Crop

AVOCADOS

STRAW-
BERRIES

SUMMER
TOMATOES

FALL
TOMATOES

SPRING
TOMATOES

LEMONS
LIMES

ORANGES
(NAVEL)

ORANGES
{(VALENCIA)

TANGERINES
GRAPEFRUIT
POTATOES

TOTAL

Crop
status

'T = Trickle or drip irrigation,

Land Clase 1

Land Class 2 Land Ciass 3
Single Double Single Double Single Double
cropped cropped cropped cropped cropped cropped
Acres
Avocado Avocado
7.874-8§ 6,681-§
Strawberries
785-A
Surmmer Tom
395-A
Fall Tom
4,200-A
Spring Tom
1,640--A
Lemon '
2,382-T
Lime
81-T
Navel
992-T
Valencia Valencis
6,026-8 1,832-T
Tangerine
B6E-T
Grapefrult
AG0-T
Potto
762~A
9,054 17,739 8,028
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Table E-2. Total land use by crop, technology, land class, and rotation sequence— Coastal Area— 1,000 mg/I,

Total
land use
(acres)

14,660

785

395

4,269

1,635

2,162

281

892

7,860

866

456

762

3482

Crop

AVOCADOS

STRAW-
BERRIES

SUMMER
TOMATOES

FALL
TOMATOES

SPRING
TOMATOES

LEMONS

LIMES

ORANGES
{NAVEL)}

ORANGES
(VALENCIA)

TANGERINES

GRAPEFRUIT

POTATOES

TOTAL

Crop
status

S

Land Claes 1
Single Double
cropped  cropped

Avocado
1,443-8

Strawberries
785-A

Summer Tom
395-A

Fall Tom
4,260-A

Lemon
2,162-8

9,054

223

Land Class 2 ‘ Land Class 3
Single Double Single Double
cropped cropped cropped - ¢ropped

Acres
Avocado
13,116-8
Spring Tom
1,636—-A
Lime
81-§
Navel
802-T
Valencla Velencia
1,179-§ 6.,880-T
Tangerine
866-5
Grapefruit
456-T
Potato
762-A
17,730 8,028



Table E-3. Total land use by crop, technology, land class, and rotation sequence — Cogstal Area—1,100 mg/1.

Total : _Land Cless 1 Land Class 2 Land Class 3
land use Crop . Crop Single Double Single Double Singte Double
{acres) . saws  cropped . cropped  cropped  cropped  cropped  cropped
Acres
14,669 AVOCADOS L1 Avocado Avocado
" 4,000-5 10,5698
785 STRAW-
BERRIES U Strawberries
785-A
395 SUMMER
TOMATOES U Surmmer Tam
m—l
4209 FALL
TOMATOES u Fall Tom
4,209-A
1,635 SPRING
TOMATOES u Spring Tom
1.535-A
2,162 LEMONS L Lemon
2.182-5
281 LIMES L Lime
281-T
892 ORANGES :
(NAVEL) L Navel
992-T
7860 ORANGES
{VALENCIA) L Valencla Valencls
23265 B,534-T
868 TANGERINES L Tangerine
888-T
456 GRAPEFRUIT L Grapefrult
456-T
762 POTATOES 1) Potato
- 762--A

34,821 TOTAL 8,064 17,739 8,020
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Table E-4. Total land use by crop, technology, land class, and rotation sequence— Coastal Area— 1,200 mg/1.

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Double Single Doubie Single Double
(acres) status cropped  cropped  cropped  cropped cropped  cropped
‘ Acres
14,658 AVOCADOS s Avocado Avocado
443-3 14.117-8
785 STRAW-
BERRIES 1) Strawberries
786-§
385 SUMMER
TOMATOES 7] Summer Tom
kY
4,269 FALL
TOMATOES v Fall Tom
4,200--A
1,636 SPRING
TOMATOES u Spring Tom
1.538--A
2,182 LEMONS L Lamon
2,182-T
281 LIMES L Limes
28t-T
892 ORANGES
(NAVEL) L Navel
802-T
7860 ORANGES
{(VALENCIA) L Vaiencia Valencls
3.622-8 4,238-T
8668 TANGERINES L, Tangerine
866-5
4568 GRAPEFRWIT L Grapefruit
456-T
762 POTATOES 1) Potato
T63-A
34821 TOTAL 9,054 17,739 8,028
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Table E-5. Total land use by crop, technology, land class, and rotation sequence— Coastal Area— 1,300 mg/T.

Total _ . Land Clews 1 Land Class 2 Land Class 3
land use Crop Crop Singls Double Single Double Single Doubie
(acres} status  -cropped  cropped  cropped  cropped cropped  cropped
Acres
14,6569 AVOCADOS S Avocado Avocado
H2-3 14,1178
7856 STRAW-
BERRIES u Strawbarriss
7865
395 SUMMER
TOMATOES U Summer Tom
305--A
4,268 FALL
TOMATOES ] Fall Tom
4,260-A
1,535 SPRING
TOMATOES u Spring Tom
1.836-A
2,182 LEMONS L Lomon
2,182-T
281 LIMES L Lime
m1-T
892 ORANGES . .
(NAVEL) L ‘ : Navel
. 882-T
7.860 ORANGES :
(VALENCIA) L Valencls Valencia
3.622-5 4,238-T
8668 TANGERINES L Tangerine
0665
456 GRAPEFRUIT L Grapefruit
. 456-T
762 POTATOES u Potato
) 702-A
34,821 TOTAL 9,054 17,739 8,028
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Table E-6. Total land use by crop, technology, land class,

Total
land use
{acres)

14,589

786

308

4,269

1,635

2,162

281

892

7,860

868

762

34,821

Crop

AVOCADOS

STRAW-
BERRIES

SUMMER
TOMATOES

FALL
TOMATOES

SPRING
TOMATOQES

LEMONS
LIMES

ORANGES
(NAVEL)

ORANGES
{(VALENCiIA}

TANGERINES
GRAPEFRUIT
POTATOES

TOTAL

Land Class 1
Crop Single Double
status  cropped  cropped
5 Avocado
7,807-8
U Strawberries
700-A
58§
U
U
U
L
L
L
L
L
L
(T Potato
762-A
9,064

Al

@nd Totation sequence— Coastal Area— 1,400 mg/L.

Land Class 2 Land Class 3
Single Double Single Doubile
cropped  cropped  cropped  cropped
Acres
Avocado
7.082-T1
Summer Tom
J06-A
Fall Tom
4,200-A
Spring Tom
1,536—A
Lemon ‘
2,182-§
Lime
28%-§
~ Navel
892-T
Vatencis Valencla
2,045-5 6.815-T
Tangerine
866-T
Grapsfrult
466-T
17,739 8,028



SUB-APPENDIX F
WELLTON-MOHAWK DIVISION

Table F-1. Totalland use by crop, technotogy, land class, cmd rotatum sequences~ Wellton-Mokawl - 900 mg/L

Totaf

Lana Class

Land Ciss 2 Land Class 3
iand use “.rop Crop Single Loytie Single l2ouble Singla ‘Doubile
{acres} siatus roppen ‘roppad ~repped cropped cropped cropped
) Acres
11131 COTTON 1] Cotton
’ 1 131-A
17,604 ALFALFA ] Alfalfa Alfalfs
13,137-A 4,487-A
5324 LETTUCE U
3,007 CANTALOUPE
Lattuce -
10,481 WHEAT u Wheat 6,324-A Wheat . Wheat Sorghum
B,218-A Canteloupe  388-A 1874-A 18M4-5
2,804-A
Cantaloupe
8,837 SORGHUM u Sorghuin Sorghum 113-A
6, 784-—A 1,190-A Sorghum
. 1063-4
7837 GRASSSEED U GramSesd Grnes Send
3H¥-A 7.003-A
27 GRAPEFRUIT U Grapefruit
27-A
3,013 ORANGES AND
TANGERINES UL Ora/Tan
3013-A
219 LEMONS v Letnon
219-A
68,379 TOTAL 41,662 ang 8,062 1,188 - @477 ) 1,874

Table F.2. Total land use by crop, technology, land class, and rotation sequence— Wellton-Mohawk— 1,000

mg/L.
Totll Land Clase 1 Land Cless 2 Land Clses 3
land um Crop Crop Single  “Double Single Oouble Single Doubie
{soree) shtis  cropped  cropped  cropped  cropped  cropped  cropped
Acree
1,191 COTTON - U . Congn Cotton
3,830-A 7,603-4
17,004 . ALFALFA 8 Altalts
17,0004
6324 LETTUCE
3,007 CANTALOUPE
10,481 WHEAT Whast Cavinivupe Whest = Carieloupe  Whest Sorghum
WA 23N-A ARSA T 110 15M-8 18M-C
Letwae
6,837 SORGHUM U _Soghum  BIM-A  Soghum  Sorghem
GEIT—A  Ceotsiowps  1003-A4  1083-A
82-A
7,637 GRASS SEED u Grass Seed
7.637-A
27 GRAPEFRUIT u Grapetrult
7-A
3,013 ORANGES AND
TANGERINES U Ora/Tan
2013-A
218 LEMONS v Lemon
2719-4
68,37 TOTAL 41,5682 8218 6,052 1,198 0,477 1,874
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Table F-3. Total land use by crop, technology, land class,

mg/L

Total
tand use
{acres)

1,131
17,643

6,324
3,007

10,481

9,506
7,037
27

3,013

219

88,379

Crop

COTTON
ALFALFA

LETTUCE
CANTALOUPE

WHEAT

SORGHUM
GRASS SEED
GRAPEFRUIT

ORANGES AND
TANGERINES

LEMONS

TOTAL

Land Class 1
Crop Single Double
status cropped cropped
u
- Alfalfe
17,643-A
u
u
7] Wheat Lettuce
0,083-A 5324-A
1] Sorghum Contaloups
T.041-A 2004—A
U Grans Send
7007—A
] Grapetrult
7A
u Ova/Ton
3013-A
u Lemon
: H9-A
8,218

41,582

Table F-4. Total land use by crop, technology, land class,

mg/l

Totsl
tand use
{acres)

11,131
17,803
E324

3,007
10,481

10,038
7,837
22

3,013

219

€8,379

Land Clam 1
Crop Crop Single Double
tatus cropped cropped
COTTON u Cotton
8.308-A
ALFALFA -1 Altaifa
12,5034
LETTUCE L] Lattuoe Sorghum
5,324 53M—A
CANTALOUPE 7]
WHEAT Wheat Cantaloupe
784-A 2,804-A
SORGHUM u Sarghum
1E4-A
GRASS SEED V]
GRAPEFRUIT u Grapefruft
7-A
ORANGES AND
TANGERINES U Ora/Tan
3,013-A
LEMONS v Lemon
219-4
TOTAL 41,582 8,218
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and rotation sequence— Wellton-Mohawk — 1, 100

Land Class 2 Land Class 3
Single Double Single Double
cropped cropped cropped cropped
Acres

Cottan Cotten

3528-A 7.803-A
Cantaloupe

Whast 113-A Wheat Borghum

2624-A Sorghum 1,04-C t.874-C
1,083—A

8,082 1,108 0477 1,874

and rotation sequence — Wellton-Mohawk— 1,200

Land Class 2 tand Clams 3
Single Double Single Double
cropped  cropped  cropped  cropped
Acres
Conon
4822-A
Whant Sorghum Wheast Sorghum
1,083-A 1,083—A 1,874-D 1874-C
Sorghum Cantaloupe
113-A 13-C
Grass Seed Grans Seed
A 7,003-A
6,062 1,198 0,477 1,874



Table F-5. Total land use by crop, technology, land class, and rotation sequence - Wellton-Mohawk — 1,300

mg/1.

Total

land use

Crop

11,131
17,287

6,486
3,007

10,518
10,065

7,837 -
27

3,013

29

68,379

Table F-6. Total land use by crop, technology, land class, and rotation sequence — Wellton-Mohawk— 1,400

mg/L.

Total
farwd use
(acres}

| 11,13
17.0M
§,631
3.007

10,660

10,088
7,637
27

3,013

219

68,379

COTTON

ALFALFA

LETTUCE
CANTALOUPE

WHEAT

SORGHUM

GRASS SEED

GRAPEFRUIT

ORANGES AND
TANGERINES

LEMQONS

TOTAL

Crop
status

" Crop Crop
status
'COTTON u
ALFALFA S
LETTUCE U
CANTALOUPE U.
WHEAT u
S50RGHUM 1]
GRASS SEED y
GRAPEFRUIT 1]
ORANGES AND
TANGERINES U
LEMONS U
TOTAL

Land Class 1

Land Class 2 Land Class 3

Single Double Single Double Singlé - Double

cropped croppad cropped cropped cropped cropped
Acres
Cotton
1L171-A
Alfelfa
17.281-A
Lettuce
Whaat 6,488-A Whest Sorghum
B.642-A Cantaloupe 1,874-D 1,874..C
2,730~A
Csntaloups
Sorghum Sorghum 271-0
1,210-A 8,082-A  Sorghum
2184

Gress Soedd Grass Seed
HA-A 7.003-A
Grapstruit
20A
Ore/Ten
3.013-A
Lemon
19-A
41,562 8.8 6,062 1,196 8,477 1,874

Land Ciass 1 Land Class 2 Land Cless 3

Single Bouble Single Double Single Double

cropped cropped cropped cropped cropped cropped
Acres
Cotton Cotton
B,276~A 4,856—A
Altaifs
17,0711-A
Lattuce Sorghum
§,831-A G631-A
Cartaloupe
Wheat Canwsloups  Whaat 419-D Wheat Sorghum
7,490—A 784-A 1,196-A Socghum 18740 1,874
-8

Sorghum Cantsloupe
THM—A 1,504-A
Grass Seed Gross Seed
3a-A 7,603-A
Grapafrult
-A
Ora/Tan
3,013-A
Lemon
2t9=-A
41,502 8,218 6,062 1,166 2477 1,874
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SUB-APPENDIX G
GILA AREA

Table G-1. Total land use by crop, technology, land class, and rotation sequence— (fila Area— 900 mg/1.

Total Land Class ¢ Land Class 2 Land Class 3
iand use Crop Crop Single Double Single Double Single Double
{acres) statug cropped cropped cropped cropped cropped cropped

Acres
1,831 COTTON L Cotton
1.831-A
5,402 ALFALFA L ANalfa Alfolfs
2,603-A 2708-A
2,017 LETTUCE s Lettuce Lettuce

1LEM-A 491-A
1,409 CANTALOUPE L ‘Cantaloupe

1,316-A
1448 WHEAT L Wheat Whest Cantaloups
402--A 10474 M2-A
917 SORGHUM " L Sorghum Somghum Cantaloups
B4G-—A 12-A 72-A
2,247 GRASS SEED L Grass Send
2247-A
1,409 GRAPEFRUIT L Grapefruit
1,408-A
8,347 ORANGES AND
TANGERINES L Ora/Tan
8,347-A
6,431 LEMONS L Lemon
G.431-A
31,549 TOTAL 22,478 401 3213 72 6,126 12

Table G-2. Totol land use by crop, tecknology, land class, and rotation sequence— Gila Area—1,000 mg/1.

Total Land Class 1 . Land Cless 2 Land Class 3
jand use Crop Crop  Single Daouble Single Double Single Double
{acras) status  cropped  oropped  croppad  cropped  cropped cropped
Acres
1,831 COTTON L Cotton
1831-A
5,402 ALFALFA L Altata ANatts
4,785—-A a37-8
2,017 LETTUCE 1] Lettuce Lattuce
1,628--A 401-A
1,489 CANTALOUPE L Cantatoups
1,318-8
1,449 WHEAT L Wheat Whaat Cantaloupe
402-A t,047-8 112-D
817 SORGHUM L Sorghum Cantaloupe
N7-A 72-8
2,247 GRASS SEED L Grass Seed
2.M47-A

1408 GRAPEFAWUIT L Grapefruit
1,408-A

8,347 ORANGES AND
TANGERINES L Qre/Tan

8.347-A
6,431 LEMONS L Lemon
6421-A
31,649 TOTAL 22,476 481 3273 72 5,126 12
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Table G-8. Total land use by crop, technology, land class, and rotation sequence — Gila Area— 1,100 mg/1.

Totst
land use
[acres)

1,831
5,402
2,012
1,604
1,440

97
2,247
1,409

8,347

6,431

31,649

Table G-4.

Totsl
tand use
{acres)

1,831
5,402
2,007
1,809
1,448

97
2,247
1,409

8,347

8,431

31,640

Crop

COTTON
ALFALFA
LETTUCE
CANTALOUPE
WHEAT
SORGHUM
GRASS SEED
GRAPEFRUIT

ORANGES AND
TANGERINES

LEMONS

TOTAL

Crop

COTTON
ALFALFA .
LETTUCE
CANTALOUPE
WHEAT
SORGHUM
GRASS SEED
GRAPEFRUIT

ORANGES AND
TANGERINES

LEMONS

TOTAL

Crop
status

Crop
P

Land Class 1

] Land Class 2 wand Class 3
Single Double Single Bouble Single Gauble
cropped cropped cropped cropped cropped cropped
Acres
Cotton
1,831-A
Alaita Atfalfa
4,760--A an-c
Lettuce . Lettixe
1.821--A A91-A
Cantaloupe
1,371-8
Whaet Contaloups  Wheat Cantaloupe
402-A, 12-8 1,047-C 112-D
Sorghum
917-A
Graes Seed
LMT-A
Grapefruit
§,400--A,
Ora/Tan
8,347-A
Lemon
8,431-A
22478 491 3,273 72 5,126 112

Total land use by crop, technology, land class, and rotation sequence— Gilg Area—1,200 mg/L.

Lond Class 1 Land Class 2 Land Clasa 3
~ Single Double Single Gouble Single Doubla
cropped cropped cropped cropped cropped cropped
Acres
Cotton
1.831-A
Alaifs Aftaifa
4,774-A 420D
Lattuce Lettuce
1,818-A A=A
Cantaloupe
1336-C
Wheat Cantaloups  Whaat Cantsloupe
Q3-A 12-C 1,047-0 12-D
Sarghum
g17--A
Grass Seed
2,447-A
Grapstrukt
1,400-A
OealTen
B347-A
Lemon
8,431-A
22,478 481 3,273 72 5,125 112
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' Total
land use
{acres)

1,831
6,402
1,873
1,801
1,472

837
2,247
1,409

8,347

6,431

31,649

Total
land use
{acres)

1.8
6,408
1,946
1,489 -
1,490
962
2,247
1,409

8,347

8,431

31,549

Crop

COTTON
ALFALFA
LETTUCE
CANTALGUPE
WHEAT
SORGHUM
GRASS SEED
GRAPEFRUIT

ORANGES AND
TANGERINES

LEMONS

TOTAL

Crop

COTTON
ALFALFA
LETTUCE
CANTALOUPE
WHEAT
SORGHUM
GRASS SEED
GRAPEFRUIT

ORANGES AND
TANGERINES

LEMONS

TOTAL

Crop
status

Crop
status

L.and Class 1
Single Double
cropped cropped

AHalfa
4,808-A

Lettuce Lettuce
1,482-A 491-A

Grapetiit
1400-A

Qra/Tan
BM7I-A

Lemon
8,431--A

22,476 491

Land Class t
Singte Double
cropped cropped

Altalts
4,835—A

Latwucr Lettuce
1,485-A 491-A

Grapefruit
1,400—-A

QeafTan
B,347-A

Lemon
6.431-A

22,476 431
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Table G-5. Total land use by crop, technology, land class, and rotation sequence—Ghla Area, 1,300 mg/1

Land Class 2 Land Class 3
Single Double Single Double
cropped cropped cropped cropped
Acrey
Cotton
14831-8
Altaita
554D
Cantaloups
N7-o
Whest Canttloupe  Wheat - Cantaloups
428--A 72-D 1,047-0 112-0
Borghum
B837-A
Grans Sead
2, M7-A
3,213 72 6,126 112

Table G-6. Total land use by crop, technology, land class, and rotation sequence —Gila Area—1,400 mg/L.

Land Class 2 Land Class 3
Single Double Single Double
cropped cropped cropped cropped
Acres
Cotion
1831-8
Atfatta
573-D
Cantaloups  Cantslouge
L417-0 72-D
Whest Whast Sorghum
A443-A 1047-D 112-D
Sorghum
8408
Grass Seed
2I4T-A
3,273 72 5,126 112



SUB-APPENDIX H
YUMA VALLEY AREA

Table H-1. Total lend use by crop, technology, land class, and rotation sequence— Yuma Area— 900 mg/1.

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Double Single Double Singla Double
{acres) status cropped cropped cropped cropped cropped cropped
Acres
13,171 COTTON Cotton Cotwn Cotton
1.608-A 1,142-A 4£431-A
11,364 ALFALFA Alfalfs
11,3044
9,440 LETTUCE Lettuce
B,532-A
4,630 CANTALOUPE Cantsloups
3179-A
8,452 WHEAT Whaat Lettuoe Whest Cantaloupe
8.561-A 3,008-A 801-A 810
4434 SORGHUM Sorghum Cantaloupe
: 4434-A 569--A
3,410 GRASS SEED Grass Seed
3410--A
194 GRAPEFRUIT Grapaftuit
164--A
1,023 ORANGES AND
TANGERINES OralTan
1023-A
816 LEMONS Lemon
B816-A
s1a11  TOTAI W27 2808 5576 569 8.732 891

Table H-2. Total land use by crop, technology, land class, and rotation sequence — Yume Area— 1,000 mg/1.

Total
land use
{acres}

1711
11,394
9,440

4,703
8,462

4,434

3,345

194

1,023

818

57,973

Crop

status

COTTON

ALFALFA

LETTUCE

CANTALOUPE
WHEAT

SORGHUM

GRASS SCED

GRAPEFRUIT

ORANGES AND
TANGERINES

LEMONS

TOTAL

Land Class 1
Single Double
cropped cropped

Cotton
J.660—-A

AHals’
11,358-A

Lattuce
9,440-A

Scrghum
685-A

Wheat

+ Cantaloupa
1,002-A

3. 243-A

Sorghum
3,760—-A

Grapetrult
104-A

Ona/Ten
1,023-A

Lamon
B18~A

38,297 3,908
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Land Class 2 Land Class 3
Single . Double Single Double
cropped cropped cropped cropped
Acres
Cotton Cotton
5.007-A 4,408-A
Wheat Coantaloupe  Wheat Cantaloupe
569-A 569-A 8918 891-0
Gross Sesd
3,348—A
5676 669 8,732 8o



Totsl
Iand use
{acres}

13,171

11,304

9,440

4M

: 8,462

4,434
3,338

194

816

57,073

Crop Crop
status
COTTON 1]
ALFALFA L
LETTUCE u

CANTALOUPE L

WHEAT L

SORGHUM L
GRASSSEED S
GRAPEFRUIT L

ORANGES AND
TANGERINES U

LEMONS L

TOTAL

Land Class 1

Single
cropped

Cotton
8,668-A

Alfsifa
11,304-A
B,532-A

Cantaloupe
3,M1--A

Whest
2,905-A

Sarghum
4,434-A

Grapefruit
184-A

Ora/Tan
1,023-A

Lemon
816-A

38,297

Doulre
cropped

Lattuce
3,751-A

Lettuoe
687~A

3,908

Table H-8. Total land use by crop, technology, land class, and rotation sequence— Yuma Area— 1,100 mg/L

Land Class 2 Land Class 3
Single Double Singhe Doubtle
croppad  cropped  cropped  cropped
Aores
Coton
4,503-A
Wheat Cantaloupe  Whent Cantaloupe
§5,676~A 5688 881-C 8910
Griss Sead
3.338-A
5,578 569 8,732 B9

Table H-4. Total land use by crop, technology, land class, and rotation sequence—Yuma Area—1,200 mg/L.

Total
land use
(acres)

13,471
11,384
8,440
4,748
9,452
4,434
| 3,303
|

194

816

67,873

Crop Crop
status
COTTON u
ALFALFA, L
LETTUCE U

CANTALOUPE L
WHEAT L
SORGHUM L
GRA$S SEED 5
GRAPEFRLHT L

ORANGES AND
TANGERINES U

LEMONS L

TOTAL

Land Class 1

Single
cropped

Catton
B,834-A

Altalia
11,304-A

Lettucs
9,440-A

Cantaloups
1,843-A

Wheat
20085-A

Sorghum
2,180-A

Grapefrult
1844

Cra/Ten
1,023-A

Lemon
B818-A

38,297

Double
cropped

Sorghum
2,285—A

Cantaloupe
1,843-A

3,908
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Land Class 2 Land Class 3
Single Double Single Double
cropped cropped cropped crapped
Acres
Conten
4,538—A
Whaat Cantsloups  Wheat Camtaloups
B,E78-A 580.-C 891D 891-D
Grass Seed
3,303-A
5,576 569 8,732 891



Table H-5. Total land use by crop, technology, land class, and rotation sequence— Yuma Area—1,300 mg/I,

Total Land Class 1 Land Class 2 Land Clags 3
lond use Crop Crop Single Double Single Double Single Double
{acres) status  cropped  cropped  cropped  cropped cropped cropped
Acres
12096 COTTON - Cotton Cotron
8,143—A 4,852-8
11,394 ALFALFA L Alfaifs
11,3_94—A
9985 LETTUCE V] Luttuce Letruce
. 6,077-A 3,008-A
5,476 CANTALOUPE L Cantaloups
4,016-A
9487 WHEAT L Wheat. Whaat Cantaloupe  Wheat Cantaloupe
: 3,020-A 5576=A 640-A B81-D 891-D
3849 SORGHUM L Sorghum
3,849-A,
2,980 GRASS SEED L Grass Soed
2,980--A
184 GRAPEFRWUIT L Grapstruit
184-A
787 ORANGES AND
TANGERINES L. Ora/Tan
B7-A
818 LEMONS L Lamon
a18-A
§2,873 TOTAL M,iﬁ? 3,908 6,576 569 8,732 881

Table H-6. Total land use by crop, technology, land class, and rotation sequence— Yuma Area— 1,400 mg/L

Totsl .
land use
{acres)

13171
11,304
9,720
5,476
9,470
3,028
2,989
184

a1

57,973

Crep

COTTON

ALFALFA

LETTUCE

CANTALOUPE

WHEAT

SORGHUM

GRASS SEED

GRAPEFRUIT

ORANGES AND
TANGERINES

LEMONS

TOTAL

Crop
status

Land Class 1

Single
cropped

Cotwon
3,312-A

Attatts
11,304-A

Lettuce
9,728-A

Cantaloups
2,008--A
8,010-A

Sorghum
1,828,

Grapefruit
194—A

Ora/Tan
008-A

Lamon
a18-A

38,297

Double
cropped

1,800~-A

Cantsioups
2,008-A

3,008

236

Land Class 2 Lend Cless 3
Single Double Single Doubla
cropped cropped  cropped cropped
Acres
Cotton Cotwon
5,007-A 4,862-8
Whest Cantaloups Wheast Cantaloups
BO9-A 569--D a-0 891-D
Gross Seed
2,980-A
6,676 568 9,732 891



SUB-APPENDIX 1
SALT RIVER PROJECT

Table I-1. Total land use by ervop, technology, land class, and rotation sequence—Salt River Project — 565 mg/1.

Total . Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Doubie Single Double Single Doubla
{acres) status cropped cropped cropped cropped cropped cropped
Acres
48,054 ALFALFA S Allsifs
48,954—A
31,084 COTTON V] Cotton Cotton
20,634-A 9,226-A
18,237 BARLEY L Barley Sorghum Garley Sorghum
5,760--A 341-A 10,488-A  10,488-A
28,341 WHEAT U Wheat Sorghum Whest . Wheat Sorghum
15,085-A 15,085-A 10,397-A 2,860-A 2,856—A
30,383 SORGHUM U Sorghum Onion Sorghum Carrot
BO2-A 892-A 930~-A 930-A
1,324 LETTUCE u Lettuce Cotton !
1,324-A 1324-A -
692 ONIONS U
1,090 GRAPEFRUIT u Grapefruit
1,8900-A
3,987 ORANGES AND
TANGERINES U Ore/Tan
3,087-A
4,011 SUGAR BEETS u Sugar Beets
4,011-A
829 CARROTS u
165,942 TOTAL 73,815 17,441 48,326 11,417 12,085 2.859

Table I-2.  Totalland use by crop, technology, land class, and rotation sequence— Salt River Project— 900 mg/L

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Doubls Single Double Single Double
{acres) status cropped cropped cropped cropped cropped croppaed
Acres
48,854 ALFALFA S Altslts Altatty
43,956-A 2.008—-A
31,084 COTTON U Cotton
29,7804
16,237 BARLEY L Bariey Barley Sorghum
B, 442-A 8,798-A 9, 708—A,
28,341 WHEAT U Whaat Sorghum Whest Wheat Sorghum
18,117-A  18,117--A  4,160~A BO74—A 2,850-A
Onlon
30,393 SOAGHUM u Sarghuen B892-A
1,821-A Carrot
925-A
1,324 LETTUCE u Lottuce Cotton
1,324-A 1,324—A
602 ONIONS U
1,990 GRAPEFRUIT u Grapeirult
1,880-A
3,587 ORANGES AND
TANGERINES U Ora/Tan
3.087-A
4,011 SUGAR BEETS U Sugar Beets
4,011-A
929 CARROTS u
165,942 TOTAL 73,815 17.441 48,326 11.417 12,088 2,869
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Table I-8.

Total land use by crop, technology, land class, and rotation sequence—Sait River Project—1,100

my/L.

Total
land usa
{acres)

48,054
31,084
16,237

23,341

30,393

1,324

1,880

3,087

4,011

929
165,942

Crep Crop

status
ALFALFA 5
COTTON U
BARLEY. L
WHEAT u

SORGHUM u-
LETTUCE u
ONIONS u

GRAPEFRUIT u

ORANGES AND
TANGERINES U

SUGAR BEETS U

CARROTS U
TOTAL

_ Land Clasy 1 Land Class 2 Land Clast 3
Single Double Single Double Single Couble
cropped crapped cropped cropped cropped cropped
Agros
Alfsifa
45, 054—A
Cotton Cotton Coton
7431-A 18,010-A 4318-A
Barley Sorghum Bariey Sorghum
B,472-A 8,472-A 1.768—A 2,850-A
Wheat Sorghum Whest
17,441-A  17,441-A  10.900-A
Qnilon
Sorghum 692-A
1,8621-A Carrot
026-A
Lattuce Cotton
1.324-A 1,324—-A
Grapefnt
1.990-4
Cra/Tan
3.847-A
Sugar Beats
4,011-A
73,815 17,441 48,326 11,417 12,085 2,859

Table I4.  Total land use by crop, technology, land class, and rotation sequence —Salt River Project— 1,400

mg/L

Tatal
land use
{avresi

46,954
31,084
16,237

28,341
30,393

1,324
692
1,980

3,087

4,01

929
165,942

Crop Crop
status

ALFALFA S
COTTON V]
BARLEY L
WHEAT u
SORGHUM u
LETTUCE u
ONIONS u

GRAPEFRUIT u

ORANGES AND
TANGERINES U

SUGAR BEETS U
CARRQTS U
TOTAL

iand Ciags 1

Single Doubly
cronped cropped
Alfalfa
14,033--A
Cotton
31,084-A
Barley Lattuce
8,680-A 1,324-4
Wheat Sorghusn
14,480-A 14,496—-A

Onion
Sarghum BY2-A
1,621-A Carvgt
420-A

Grapefruit
1,8080~A
Sugar Heats
4,011-A
73,818 17,441
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Luang Ciass 2

Singie
cropped

Alfalta
32.82t-A

Barlay
9.867-A

Whaat
1,760-A

Ora/Tan
3,887-A

48,326

Land Cless 3
Daubile Single Double
ctoppaed cropped cropped
Acres

Sorghum

9.857-A

Sorghum Wheat Sarghum
1,780—A 12,085—A 2,850—A
11,417 12,085 2,880



SUB-APPENDIX J
LANDS SUPPLEMENTAL TO SALT RIVER PROJECT

Table J-1. Total land use by crop, technology, land class, and rotati -
River Drajost 3o o & ation sequence — Lands Supplemental to Sait

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Double Single Double Singte Doubie
{acres) status cropped cropped cropped cropped cropped cropped
Acres
2,304 ALFALFA Alfaifa
2,304-A
6,307 COTTON Cotton Cotton
4,046—-A 1,016-A
1,844 BARLEY Barlay Lethuce
1,944~-A 1,944~A
3,014 WHEAT Wheat Sorghum
J,014-A 405-A
Sorghum
4535 SORGHUM Sorghum 188--A Sorghum
420—A Onions 1,0711-A
461--A
4863 LETTUCE Lattuce Cotton Lettuos Sorghum
. 848-A 848-—-A 22711-A 2271-A
451  ONIONS
909 SUGAR BEETS Sugar Beats
B00—A
24,327 TOTAL 10,160 3.2n €,300 2,676 1,980

Table J-2. Total land use by crop, technology, land class, and rotation sequence — Lands Supplemental to Salt
River Project— 900 mg/1.

Total Land Class 1 Land Class 2 Lend Class 3
land use Crop Crop Single Double Single Double Singfe Double
{acres} status cropped cropped cropped cropped cropped croppad
Acres
2,304 ALFALFA Alfatfa
2,304-A
8,307 ‘COTTON Cotton Cotion
1,477-A 664--A
1,944 BARLEY Barley
1,044--A
3,014 WHEAT Wheat
3014-A
4535 SORGHUM Sorghum Onion Sorghum Sorghum
1,284-A 451-A 1,080—A 574—A
4863 LETTUCE Lattuce Cotton Lattuce Sorghum
4,178-A 4,176—-A 887-A B887—A
451 ONIONS
909 SUGAR BEETS Sugar Seets
200--A
24,327 TOTAL 10,160 4,627 6,300 687 1,880 574
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Table J-8. T?tal land use by crop, technology, land class, and rotation sequence — Lands Supplemental to Salt
River Project— 1,000 mg/1

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Double Single Double Single Double
{acres) status cropped cropped cropped cropped cropped cropped
Acres
2,304 ALFALFA L Altalfa
2,304-A
8,307 COTTON U Cotton Cotton
‘ 218-A 5,404~A
1,944 BARLEY L Barley Lettuce Barley Barley Sorghum
) 1.182—-A 1,182--A 209-A 674-A §74-A
3,014 WHEAT U Wheat Lettyce
3,014--A 3,014-A
4,535 SORGHUM S Sorghum Onlon Sorghum _
2,665—-A 451-A 1,408—-A
4863 LETTUCE U Lettuce Cotton
687-A B87-A
451 ONIONS u
908 SUGAR BEETS L Sugar Beets
200-A

24,327 TOTAL 10,1680 4,627 6,300 6a7 1,880 574

Table J-4. T?tal land use by crop, technology, land class, and rotation sequence —Lands Supplemental to Salt
River Project— 1,400 mg/1.

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Double Single Doubie Single Double
{acres} _ status cropped cropped cropped cropped cropped cropped
Acres
2,304 ALFALFA L Alfaha
2,304-A
6,307 COTTON u Cotton Cotton Cotton
2,848—-A 3824—A 36-A
1,044 BARLEY L ' Barley
1,844--A
3,014 WHEAT u Whest Sorghum Whaat Lottuce
338--A J38-A 2,670-A 2,676—-A
Sorghum
4,635 SORGHUM S Sorghum 236-A
1,774-A Onipn
451-=A
4863 LETTUCE u Lettuce Sorghum
2,187-A 2,187-A
451 ONIONS u
909 SUGAR BEETS L Sugar Beats
S09--A
24,327 TOTAL 10,160 2 6,300 2,676 1,880
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Table K-1.

SUB-APPENDIX K
ROOSEVELT WATER CONSERVATION DISTRICT

Conservation District— 775 mg/L

Total

fand use Crop

(acres}

8,250

13,194

2,569

278
810
1429

2,35

318

3323

ALFALFA

COTTON

BARLEY

WHEAT

SORGHUM

LETTUCE
WATERMELON
GRAPEFRUIT

QRANGES AND
TANGERINES

SUGAR BEETS

TOTAL

Total land use by crop, technology, land

L.and Class 1
Singla Doubie
crapped wropped
Cotton
8.312-A
Sorghum
1.686—-A
Barley Lettuoe
2,600-A 213-A
Watermalon
810-A
Whaeat Lettuce
A B--A
Grapeiruit
1,420-A
Sugar Beets
318-A
10,630 2,574

class, and rotation sequence— Roosevelt

Land tlass 2 Land Class 3
Singla Double Single Doubie
cropred cropped srapper croppec!
Acres
Altatfs
8,260-A
Catton Catton
S17-A 686-A
‘Whast Sorghun
1.372-A 1,.064—A,
Sorghum
120-A
OnTen
23614

12,610 1,054 8,265

Water

Table K-2. Total land use by evop, technology, land class, and rotation sequence —Roosevelt Water
Conservation District — 900-1,400 mg/L

Totat
fand use
tacres)

8,260

13,194

2,568

1317

2,869

278
610
1,429

2,361

Crop Crop
status

ALFALFA
COTTON

BARLEY
WHEAT

SORGHUM

LETTUCE
WATERMELON
GRAPEFRUIT

ORANGES AND
TANGERINES

SUGAR BEETS

TOTAL

Land Class 1 Lanc Class 2 Land Class 3
Single Double Single Double Single Doubte
cropped cropped cropped cropped cropped cropped
Acres
Altalin
8,250-A
Cotton Cotton
6,040-A 8,245—-A
Barley Sorghum
2.809-A 2.130-A
Watarmelon
Whaast 810--A YWhaat Sorghum
886-A Lettuce 488-A 488—A
218-A
Sorghum Sorghum
120-A 120-A
Grapafruit
1,429-A
Orna/Tan Ore/Tean
1,048-A 1.313-A
Sugar Beats
316-A
10,630 3152 12,610 2,618 6,365 120
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SUB-APPENDIX L
ROOSEVELT IRRIGATION DISTRICT

Table L-1. Total land use by crop, technology, land class, and rotation sequence — Roosevelt Irrigation
District—776 mg/l.

Total Land Class 1 Land Class 2 Land Class 3
land use Crop Crop Single Double Single Double Single Double
‘(acres) statuy cropped cropped cropped cropped cropped cropped

Acres

7030 ALFALFA S Aifolfa

7,030-A
6,935 COTTON u Gotten Cotton
"4,880-A 2076-A
3,445 BARLEY U Saly Ensilage
34456-A ar7—A
2,216  WHEAT U Wheat Lettuce
2,216-A 171-A
314 SORGHUM V) Sorghum Ensilage Sorghum Enstlnge
268-A 266—A 58-A 55—-A
1M LETTUCE V]
2,671 ALFALFA
SEED L Alfaltn Sead
26M1-A
936 ENSILAGE L Erailege Entliage
MB7-A 267-A
6,814 PASTURE L Pasture Pasture
8.583-A 21-0
937 SUGAR BEETS U Suger Beats
8374
31,388 TOTAL 208,168 784 2,130 55 231

Table 1-2. Total land use by crop, technology, land class, and rotation sequence —Roosevelt Irrigation
- District— 900 mg/1,

Total Land Class 1 Land Class 2 Land Class 8
land use Crop Crop Single Double Single Double Single Deuble
{acres) status cropped cropped cropped cropped crepped cropped
Acres
7.028 ALFALFA s Adfalfa
7,020-A
6,835 COTTON ) u Cotton
6.935-A
3,445 BARLEY U Barley Barley
1.851-A 1,484--A,
Letruce
2,216 WHEAT U Whoeat 171-A Whaat Ensilapa
2,161--A Ensilage 654 56—-A
814—A
314 SORGHUM U Sorghum
314-A
171 LETTUCE U
2,671 ALFALFA
SEED L Altaita Sesd
2,511-A
835 ENSILAGE L Ensilaga
2674
6,815 PASTURE L Pasture : - Pasture
6,684-4 z1-0
837 SUGAR BEETS ) Suger Bests
837-A
31,368 TOTAL 24,168 784 2,130 55 23
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Table L-3. Total land use by crop, technology, land class, and rotation aequeme—Roosevelt Irmigation

District— 1,000 mg/l

Totat
land use
{acres}

1.0

6,935

3,445

2,216

314

m

25N

935

8,817

837

31,368

Table L-4. Total land use by crop, techmology, land class,

Crop

ALFALFA

COTTON

BARLEY

WHEAT

SORGHUM
LETTUCE
ALFALFA
SEED
ENSILAGE
PASTURE

SUGAR BEETS

TOTAL

District — 1,100 mg/1.

Total
land use
{ncres)

7024

6,835

3448

28

34

173
2,871

8817

937

31,968

Crop

ALFALFA

COTTON

BARLEY

WHEAT

SORGHUM
LETTUCE
ALFALFA
SEED
ENSILAGE
PASTURE

SUGAR BEETS

TOTAL

Crop
status

Crop
natus

Land Class 1
Single Gouble
cropped cropped
Altaits
7,027-A
Cottan
8.036—-A
" Barley
1,051-A
Lettuce
Wheat 11-A
2,181~A  Enslisge
a13--A
Alfeits Sesd
25M-A
Pasture
0,586-A
Sugar Beens
937-A
28,168 784

Land Class 1
Single Double
cropped cropped
Attalts
2,024~
Cotton
8,835~A
Bacley
1,063-A
Lottuor
Wheat 173-A
2181-A Enaliage
si-A
Alfalfs Seed
28671-A
Pasture
4, 300-A
Sugar Beats
Kr-A
28,188 784

Land Class 2

Single Double
cropped cropped
Barley
14044
Wheat Envilage
BE-A 46--A
Sorghum
Jt4=-A
Enelisge
207-A
2,33C &5

‘and rotation sequence—Roosevelt Irrigation

Land Class 2

Single Double
cropped ceopped
fariey
1401-A
Wheat Enslisge
55-A 55-A
Sorghum
I-A
Erailage
200-A

2,130 65

Land Class 3
Single Double
cropped cropped
Acres
Pasture
-0
n

Land Class 3
Single Double
cropped cropped
Acres
Pasture
31D
231



Table L-5. Total land use by crop, technology, land class, and rotation sequence —Roosevelt Irrigation
District— 1,200 mg/1. C

Total ) Land Class 1 Land Class 2 Land Class 3
land use Crop Crop  Single Double *  Single Double Single Doubla
{acres) status  cropped cropped cropped cropped cropped  cropped
. Acres
7,022 ALFALFA S Allaifa
2,022-A
8,935 COTTON u Cotton
8.036—-A
3,448 BARLEY u Barley Burley
1853-A 1,481 -A
Lettuce
2,218  WHEAT u Whest 173-A Wheat Ensiiege
2,181-A Enslisge 6E5--A 56-A
©61-A
314 SORGHUM U Sorghum
J14-A
173 LETTUCE U
2,671 ALFALFA
SEED L Alfaltn Seed
2B611-A
8356 ENSILAGE L Ensllage
B9-A
6,820 PASTURE L Pasture Paiture
) 6,599 -0
937 SUGAR BEETS u Sugar Been
837--A
31,368 TOTAL 28,168 184 2130 55 231

Table L-6. Total land use by crop, tecknology, land class, and rotation sequence— Roosevelt Irrigation
District — 1,500 mg/L

Total Land Class t Land Class 2 Land Class 3
tand use Crop Crop Single Double Single Doubte Single Double
{ecres) . status cropped cropped cropped cropped cropped cropped
Acres
7.018  ALFALFA S Alfalta
7.018-A
6935 COTTON u Cotton
68,6354
3,445 BARLEY U Barley Barley
. . 11,8584, . 1,480-A
Lettuce
2,216 WHEAT u Wheat 1764, Whaat Ensitage
.2181-A Ensilage 56—-A 55--A
608—A
314 SORGHUM u Sorghum
314-A
176 LETTUCE ¥
2,571 ALFALFA
SEED L Alfalfa Seed
2571-A
935 ENSILAGE L ' Ensllege
. 272-A
8,821 PASTURE L Pasturs Pasture
6,690--A . a21-0
837 SUGAR BEETS u Sugat Baets
#37-A
31,368 TOTAL © 28,168 . 784 2,130 56 231
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Table L-7. Total land use by crop, technology, land class, and rotation sequence—Roosevelt Irrigation
District— 1,400 mg/1.

Total Land Ctass 1 Land Class 2 Land Ciass 3
land use Crop Crop Single Double Single Double Single Double
{acres) status cropped cropped cropped cropped cropped cropped

Atres

7,015 ALFALFA ] Alfalts

7.016-A
8,838 COTTON [¥] Cotton
0,038-A
3,445 BARLEY u Barley Bariey
1,868-A 1,480-A
Lottuce
2,218 WHEAT U Wheast 176-A Wheat Eritege
11814 Ensilege 66-A 88-A
805-A
314 SORGHUM U Sorghum
314-A
179 LETTUCE V]
2,671 ALFALFA
SEED L Altaits Seed
2571-A
835 ENSILAGE L Ensilage
275-A
6,821 PASTURE L Pasture Panturs
) 6,500-A n1-0
937 SUGARBEETS U Sugar Bests
83I7-A
31,368 TOTAL 28,168 784 2,130 55 231
SUB-APPENDIX M

SAN CARLOS IRRIGATION DISTRICT (NON-INDIAN)

Table M-1. Total land use by crop, technology, land class, and rotation sequence —San Carlos Irrigation District
(Non-Indian)— 775 mg/1

Total Land Class 1 Land Class 2 Lend Class 3
land ups Crop Crop Single Double Single Double Single Double
{acres) status cropped cropped cropped  cropped cropped croppead
Acres
5,920 ALFALFA L Aitslfa
‘ 5929
13,98 BARLEY S Barley Barley
1.331=-A 12.604--A
1,677 SAFFLOWER v Satflower
1.877-A
3554 WHEAT v Wheat
36544
4,880 MAIZE ¥] Maize
4,880-A
20,820 COTTON
{UPLAND) v Upland Uplend
AQ-A 20,7178-A
1,010 COTTON
(PIMA} [¥] Pima
1,010-A
648 SUGARBEETS U Suger Beers
648—A
86 GRAPES u Grapes
: B--A
52,499 TOTAL 17271 13,440 21,788
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Table M-2. " Total land use by crop, technology, land class, and rotation sequence—San Carlos Irrigation District
(Non-Indian) — 900 mg/1.

Total Land Class 1 Land Class 2 Land Class 3
landuse . Crop Crop Single Double Single Double Single Double
{acres) status cropped cropped cropped cropped cropped cropped
Acres
6,829 ALFALFA I Altalia
5928—A
13,895 BARLEY 5 Barley Barley
4,886—A 2111-A
1,877 SAFFLOWER U Safflowsr
1,677-A
3654 WHEAT v Wheat
3,564-A
4,880 MAIZE 1] Maize
4,880-A
.20,820 COTTON
{UPLAND) U Uplend Upiang
3.608-A 17,224—A
1,010 COTTON
[PIMA) U Pima
1.010-A
848 SUGARBEETS u Sugar Beats
a48-A
85 GRAPES V] Grapes
85—-A
52,499 TOTAL 17,271 13,440 21,788

Table M-3. Total land use by crop, technology, la'nd class, and rotation sequence — San Carlos Irrigation District

(Non-Indian) — 1,000 mg/1.
Total
- land use Crop Crop
{scres) status
5829 ALFALFA L
13,995 BARLEY S
1,677 SAFFLOWER 1]
3,664 WHEAT 7]
4,880 MAIZE u
20,820 COTTON
{UPLAND) u
1,010 COTTON
(PIMA) u
848 SUGAR BEETS ]
85 GRAPES u
52,448 TOTAL

Land Class 1
Single “Double
cropped cropped

Alfuifs
B925-A

Safflowar
1,677-A

Uptand
B,031-A

Sugsr Bests
BAB-A

Grapes
85-A

17.2Nn

246

Land Class 2

Single
cropped

Bariay
8,660-A

Maize

4,880-A

13,440

Land Class 3
Single Double
cropped cropped

Acres

Barley
5,436—A

Whaat
35647

Uplend
11,768

Pima
1.010

21,788



Table M-4. Totalland use by crop, technology, land cluss, and rotation sequence-—San Carlos Irrigation District

(Non-Indian) - 1,100 mg/1

Total
land use
(acres)

6,020

13,005

1,677

3,564

4,880

20,820

1,010

52,499

Table M-5. Total land use by crop, technology, land class, and rotation sequence —San Carlos Irrigation District

Crop

ALFALFA

BARLEY

SAFFLOWER

WHEAT

MAIZE

COTTON
{UPLAND)

COTTON
(PIMA)

SUGAR BEETS

GRA