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ABSTRACT

Ground water decline has become aserious problem in may semi-
arid areas of the western United States. Idaho has designated five
areas in which ground water decline has become critical. This study
examined the effects of a declining ground water level in the Raft
River Basin, the largest of the critical ground water areas. Dis-
similar crop possibilities to climate differences in the basin neces-

sitated its division into a northern and a southern portion.

Linear programming analysis was applied to farm plans developed
for the two areas to estimate returns to operator labor and management
for the farm plans. The effects on returns of 1,2,3,4,5, and 10 feet
of yearly decline for a 20 year period were examined to evaluate the
seriousness of decline in the study area.

Decline does affect %arm'returns, but not as seriously as had been
anticipated. The location of the farm within the study area and the
crop mix chosen for production on a farm have far more serious effects
on returns than decline or depth to water. Administration of the ground
water resource by examining the rate of ground water decline along 1ig—

nores more important factors affecting farm returns.



CHAPTER 1
Ground Water Irrigation In Idaho

Introduction

Agriculture has historically held an important position in the
development of the American West. Early agricultural development
occurred in the areas, usually the fertile valley bottoms, where

adequate rainfall or surface water was available to produce crops.

The diversion of surface water was the only method of irrigation
available to early farmers. Irrigated land was limited to level or
nearly level land near streams and rivers which could be flooded by
diverting water from the streams or river channels onto the land.

In Idaho only small tracts of land in several river valleys were
initially irrigated. As’the'demand for agricultural products in-
creased and the technology of irrigation systems grew, more acreages
of land were brought into production. The irrigation water used to
obtain this increased production was obtained primarily from surface

water diversions, but pumping from shallow ground water aquifers also

began to provide significant amounts of irrigation water.

Since the early 1950's ground water pumping has played an in-
creasingly important role in irrigated agriculture and other water

uses in Idaho. The introduction of deep well turbine pumps which
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1ift water from hundreds of feet below the land surface has made it

possible to irrigate additional farmland in the state.

The total acreage of land in Idaho irrigated by ground water was
estimated in 1966 to be approximately one million acres. The impor-
tance of ground water in irrigation is easily seen when this one mil-
lion acre figure is compared to the estimated total of irrigated crop-
land in Idaho, 3,750,000 acres (1). In addition to providing over %
of the irrigation water in the state, ground water also provides much
of the water used for domestic purposes. This increased use of ground

water, however, has not been without accompanying problems for manage-

ment and administration of the resource.

Administration

Ground water in Idaho is administered along with surface water

under the appropriation doctrine of water law. Three important and

g

basic portions of the Idaho Code relating to ground water are:

..., while the doctrine of "first in time is
first in right'" is recognized, a reasonable
exercise of this right shall not block full
economic development of underground resources,
but early appropriators of underground water
shall be protected in the maintenance of
reasonable ground water pumping levels as may
be established by the Director of the Depart-
ment of Water Administration as herein provided.
(Section 42-226)

"Critical ground water area' is defined as any
ground water basin or designated part thereof,
not having sufficient ground water to provide



a reasonably safe supply for irrigation of
cultivated lands, or other uses in the basin
at the then current rates of withdrawal, or
rates of withdrawal projected by consideration
of valid and outstanding application and per-
mits....(Section 42-233a).

.... Water in a well shall not be deemed
available to fill a water right therein if
withdrawal therefrom of the amount called
for by such right would affect, contrary to
the declared policy of this act, the present
or future use of any prior surface or ground
water right or result in the withdrawing of

" the ground water supply at a rate beyond the

reasonably anticipated average rate of fu-
ture natural recharge....(Section 42-237a-g).

To date, administration of ground water has been limited, with
one exception, to the designation of five critical ground water areas
in the state. All five closure decisions have been based on the be-
lief that unappropriated ground water was no longer available within
the areas.

The administrative case which is an exception to the simple desig-
nation of a critical ground water area is the Cottonwood critical ground
water area. This critical ground water area in western Cassia County
(northwest of Oakley) has been closed to additional development as the
other areas have, but in addition, pumping from several wells in the

area have been curtailed by court order. A recent Idaho Supreme Court

decision, Baker vs Ore-Ida Foods, Inc., upheld the critical ground

water designation and curtailment of pumping order on the grounds that
Idaho does not allow mining (permanent depletion of the resource) of

ground water and that mining had been occurring in the area.
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Two important points of the Idaho Code concerning ground water
administration, which were not considered when the critical ground
water areas were designated, were 'full economic development" of
the resource and "maintenance of reasonable ground water pumping
jevels". Both of these phrases are difficult to define. The in-
tent of the language was to protect individual rights and provide
full development of the resource. However, the two phrases are in
conflict. "Full economic development' of the resource could take
on many meanings for various groups interested in ground water ad-
ministration. The Idaho Department of Water Administration defines
reasonable pumping lift to be the "distance water can be lifted by
a typical irrigator for an economically-sized cropping unit. The
quantity of water pumped, the payment capacity, and cost per unit
of water are those assumed to be typical of the area" (2). In at-
tempted to clearly define the point of "reasonable pumping lift",
the vagueness of the phrase is compounded by the intreduction of

"a typical irrigator" and "an economically-sized cropping unit'.

i

When the above two points are considered, administration of the

ground water resources is not an easy task, but it is a problem which

“must be met. The resource management problems in Idaho are not uni-

que, but are faced by most arid-land states.

The options of ground water resource management can be described
by the following alternative strategies put forth by Butcher, et al..

1971, (3):



- preserve the resource in its entirety for
future use

- restrict withdrawal to no more than recharge

- 1limit depletion of the resource to a pre-
determined rate or amount

- allow uncontrolled depletion of the resource

These alternatives involve serious issues which must be examined in
the determination of a management plan for the ground water resources

in Idaho.

In 1971 Dale Ralston of the Idaho Bureau of Mines and Geology pro-—
posed a study to analyze the impact of legal comstraints on ground
water resource development in Idaho. Thg study included the construc-
tion of a mathematical model of a ground water system, legal analysis
of ground water administration and application of legal constraints to
the mathematical model. The Raft River Basin was chosen as the study
area because it is the largest of the five critical ground water areas
in Idaho and the only one that méy be considered as a hydrologic unit.
An economic analysis was deemed necessary in the study to determine
the value of irrigation water in the basin. This paper presents an
examination and interpretation of the economic impacts on various types
of agricultural enterprises in the Raft River Basin from various water

management alternatives.



Objectives

Numerous alternatives exist for possible management of the basin.
These alternatives and their associated consequences should be ex-
amined if wise management decisions are to be made. This economic
analysis of the alternatives is presented as an input to that examina-

tion.

The objectives of this study are as follows:
1. To find, refine and apply a suitable method for esti-
mating the economic value of water pumped from the aqui-

fer system in the Raft River Basin.

2. To estimate the benefits and costs associated with
varying rates of ground water decline in the basin.

3. To estimate the opportunity cost or value foregone
by not pumping the ground water.

Area Description

The Raft River Basin, approximately 1,510 square miles in size,
is located primarily in southcentral Idaho (Figure 1) in the eastern
half of Cassia County. The southern most portion of the basin is in

Utah.

The basin when studied by Walker and others (1970) was divided
into the three subdivisions of the Raft River Valley, Yost-Almo and
Elba. This study is limited to the Raft River Valley portion of the

basin, the area where the greatest ground water decline has occurred
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(Figure 2). Ground water decline has been of little or no importance

in the Yost-Almo and Elba areas to date.

The floor of the Raft River Valley is an alluvial plain 10 to 15
miles wide and 40 to 50 miles long. The land surface rises gently
from the Raft River in the central part of the valley with steepening
slopes near the mountains. The altitude of the valley floor is about
4,200 feet at Malta, and between 5,000 and 5,200 feet along the south

end of the valley (4).

The rugged mountains surrounding three sides of the Raft River
Basin form the hydrologic boundary of the basin. The Albion Range
forms the western boundary of the basin. Another range in the western
portion of the basin, the Cotterell Range, separates the Raft River
Valley sub-basin from the Yost-Almo and Elba sub-basins. The Goose
Creek Range and the Raft River Mountains form the southern boundary
of the basin. The eastern boundary of the basin is formed by the .
Black Pine and Sublett Mountain Ranges. (Hereinafter the word "basin"

will be used in reference to the Raft River Basin as a whole and the

word "valley" will be used in reference to the main Raft River Valley.)

Average annual precipitation in the basin varies from less than
10 inches on the valley floor to more than 30 inches in the surrounding
mountains. The majority of this precipitation falls during the winter

with only small amounts falling during infrequent summer storms (4).
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In 1966 the irrigated land in the Idaho portion of the Raft River
Basin totaled about 83,000 acres. Total irrigated area in both Idaho
and Utah was about 87,000 acres. At that time approximately 807%, or
69,000 acres, was irrigated partially or wholly with ground water (4).
The location of land presently irrigated closely correlates with the
land designated by the Idaho Water Resources Board as Class 1 potential
for irrigation. Class 1 lands are defined as soils with slight irri-
gation limitations where gravity type systems are feasible (5). The
board further defines the eastern portion of the valley as having only
a slightly restricted potential for irrigation (Class 2) if water were
available. Gravity type irrigation is deemed feasible (55. With the
majority of the valley having a slope of 12% or less, much of the re-
maining undeveloped lowland area of the valley, about 345,000 acres,

could probably be irrigated if water were available.

Pertinent Literature

Since the problems associated with a declining ground water level
are not unique to Idaho, there is a considerable volume of literature
available relating to the problems. Examination of this literature
provides insight into the specific problems found in other areas which
have experienced declining ground water levels, presents various alter-
natives which have or can be applied to Idaho's problems, and points

out weaknesses in many studies undertaken.
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States in the south and southwest have experienced ground water
decline problems for a number of years because of the relatively small
available surface water subplies. Their problems are in many cases
more serious than Idaho's, but often their research does not examine
all the elements associated with the problem of a declining ground water
level. Few studies involving ground water have been undertaken using
an interdisciplinary approach. Reports dealing with ground water prob-
lems are usualy quite thorough in one area, usually economics, geology,

hydrology, or engineering, but most fail to examine all facets of the

problem.

A 1966 study by Harold M. Stults in Pinal County, Arizona, attempted
to predict the farmer response to a falling ground water level. The
summary of the results of the study suggest that:

Pinal County farmers...will continue to face
declining net returns as the cost of tapping
the stock of water increases. Various ad-
justments will have to be made as the stock of
water decreases. Some of these adjustments

will occur in land values, net income to
farmers, and the number of farmers.

The study does a thorough job of ex ;amining the economics of ground
water decline, but doesn't relate the economics of ground water decline
to other factors , i.e., geology, hydrology, law, etc., that affect
the rate of decline. Stults reaches obvious conclusions and makes

slight mention of how the problems of decline may be overcome or at

least minimized.
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A State of Washington Water Research Center publication, "Long-
Run Costs and Policy Implications of Adjusting to a Declining Water
Supply in Eastern Washington" (3) was one of the first publications
in the water resource field covering a study dealing with the problems
of ground water decline from an interdisciplinary approach. The
study examined the geohydrology of the area, the engineering aspects
of deep well pumping in a declining water level situation, the economics
of various underground water supply conditions, and the consequences

of various ground water policies.

Conclusions of the study state that:

If pumping depths reach 700-1000 feet...irrigation

will be unprofitable. However, depth to water is

not the only concern as rate of decline in water

level has at least as serious an impact on returns.

A rapid drawdown more than 20 feet per year, causes

rapid obsolesence of well and pump equipment....

A preferred approach (of management)...provides

for early protection (of appropriators) so that

maximum economic returns can be gained....
Lindeborg (1970) used linear programming techniques in his study to
determine the economic values of irrigation water in four areas of
Idaho. The study's main objective was to determine the MVP (Marginal
Value Product) of water as a factor of production on irrigated farms.
(MVP of water was defined as the value of the increase in output ob-
tained by adding an additional acre-foot of water to a fixed amount of
other production factors.) The study dealt with surface water irri-
gation and a fixed water supply to determine what the value (price a

farmer would be willing to pay) was for the last acre-foot of water

used on the farm. Lindeborg concluded that the value of water was de-



13

pendent on the crops irrigated on the farm. His results also showed

an increased ability to pay for water with increased farm size.

Previous studies in the Raft River Basin have been basically geo-
logical or hydrological in nature. R.L. Nace in his 1961 study for
the United States Geological Survey compiled the first comprehensive
overview of the water resources of the Raft River Basin. The purpose
of the study
was to estimate the total water yield of the basin,
the parts of that yield that are available as surface
water and ground water, the amount of ground water that
might be recovered for beneficial use and the effects
of such use on downstream water supplies.

The study examined the geography, geology, and water resources of the

basin to provide a basis for formulation of the water budget for the

basin.

In August, 1970, the Idaho Department of Water Administration is-
sued Water Information Bulletin No. 19, "The Raft River Basin, Idaho-
Utah, as of 1966: A Reappraisal of the Water Resources and Effects of
Ground Water Development' (4). New and additional information on well
drilling, mapping of irrigated acréage, precipitation, streamflow, pump-
age and ground water levels of the basin was used in the study to re-
evaluate the elements of the basin's hydrologic budget and refine quanti-

tative estimates made during earlier studies (4).

Information in Walker's study referring to the hydrologic budget
and other ground water associated activities in the basin provided the

information base for this study.



CHAPTER II

Development in the Raft River Basin

The Move to Irrigated Agriculture

The Raft River Valley was settled by stockmen before 1870. Early
settlement occurred in the meadowland adjacent to the river and streams
in the valley. Summer range for the cattle herds was available in the
mountain ranges surrounding the Raft River Basin, however, herds were
wintered in the valley bottom near the meadowland areas. Development
and change from "cattle country" to farmland came slowly in the valley.
Early crop farming in the valley mainly provided feed for the cattle
in the area. The greatest surge of agricultural development in the
basin began during the period following World War II. From 1948 through
1955 ground water pumpage for the irrigation of crops increased in
the valley from about 8,760 acre-feet per season to 64,000 acre-feet
per season (6). Development continued, into the early 60's, but at a
slower rate. |

The early development of agriculture was largely the result of
people taking advantage of the Desert Land Act of 1877. The original
intention of the act was to make semi-arid lands in the West avail-
able at little cost to individuals who were willing to irrigate and
farm the land. The act as it was originally written, however, was

greatly abused by land developers and speculators. Complaints con-

cerning fraudulant entries made under the act prompted Congrees in
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1891 to pass the General Revision Act, an act designed to minimize the

misuse of the Desert Land Act of 1877 (7).

Persons filing entries were, after 1891, required to show their
plans for irrigating the land, including the canals and ditches pro-
jected and source of water. They were required to expend $1 per acre
in each of the first 3 years constructing ifrigation works and leveling
the land. They were permitted to associate together in planning the
construction of irrigation works, but had to affirm that they were not
making the entries for others, either corporate or individual. The
acreage that could be entered was reduced from 640 acres to 320 acres.
Entrymen were required to ?e residents of the state in which they were

filing and were allowed &4 years to prove up and pay their dollar an

acre (7).

The Desert Land Act made it possible for many people to obtain
inexpensive farmland in the Raft River Basin. The initial investment
costs of farming, however, were more than many individuals could cope
with. Much of the land in the area has changed ownerships many times
since it was originally settled. Today, large tracts of land in the
valley are owned by corporate-type enterprises, several of which are

controlled by out-of-state interests.
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Problems Accompanying Development

After 1948 much of the development in the Raft River Basin oc-
curred in the northern portion of the Raft River Valley on the west
side of the river and along a narrow strip on either side of the river
in the southern portion of the valley.- Well construction on these
new acreages resulted in a heavy concentration of wells along the
Raft River in the south and in several areas in the north (Figure 3).
Between 1952 and 1965, several areas in the valley experienced ground

water declines of up to 50 feet (4).

In addition to the problem of ground water decline, development
of new farm lands under the Desert Land Act brought about another im-
portant problem in the basin -- the feeling early settlers, primarily
cattlemen, held toward new development in the basin. Individuals in
the valley who feared continued developmeht and/or depletion of the
ground water resource souéht ¢élosure of the valley to further develop-

ment. )

Regardless of whether closure was sought for personal feelings
against development or legitimate fears of continued depletion of the
ground water resource, Carl E. Tappin, State Reclamation Engineer,
on July 23, 1963, issued the "Raft River Critical Ground Water Area
Order". The order prohibited approval of new permits for ground water
rights in the area. But it did not stop the decline of the ground
water level. From 1965 to 1972, several areas in the valley still

experienced up to 20 feet of decline (10); although, some wells close
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to the Raft River showed increases in water level for the time period,

which may be attributable to the above average runoff in the Raft River

Basin during that time.



CHAPTER III

Examining Farm Enterprises in the Raft River Basin

The first objective of this study was to find, refine and apply a
suitable method for estimating the economic value of water pumped from
the Raft River Basin aquifer. In this study the value of irrigation
water on a farm is the value of the crops grown and irrigated with
water pumped from the aquifer. This was assumed to be an appropriate
method of valuation since land without irrigation water could only be
used as a desert grazing area of little value. To find the irrigation
water value, an examination of each farm in the area might have been
conducted to determine the value of the farm's outputs, but realizing
that time and money would not allow such an intensive study another

suitable method was found.

The method chosen for use in this study was Linear Programming
(LP) analysis. When LP is used in a study such as this, information
collected from a sample of farm enterprises can be examined and ex-
trapolated to determine the poténtial incomes to other similaf farms.
Linear programming is an empirical tool used by agricultural economists
and others to specify the optimum organization of resources and enter-
prises. This optimum may be either a profit maximization or cost mini-
mization soulution. Linear programming can be applied to any problem
for which an objective can be expressed in quantitative terms. To ap-

ply LP analysis to a farming enterprise, certain information regarding
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resources available, i.e., land, labor, water for irrigation, etc., costs
of production and returns from farm products produced must be available.
Once this information is gathered and brought together to form activity

budgets for farms, LP analysis can be applied.

Data Collection

Data collection for this study began in the Raft River Basin with
personal interviews with the local Rural Electric Association represent-
atives who provided a brief history of thé area and pointed out changes
which had taken place in the basin over the past 20 years. They pro;
vided initial information concerning farmers and farm practices, wells
and pumping, and in general provided an information base from which to
work. During the months éf July and August, 1972, interviews with local
farm operators, farm supply co-ops, well drillers, pumping equipment
suppliers, SCS and ASCS officials and various financial institutions
were undertaken to gather information on agricultural activities in

the Raft River Basin.

The local ASCS office was helpful in providing information con-
cerning crop yields and acreages of various farms in the study area.
The SCS office in Burley, Idaho, provided information concerning irri-
gation practices in the Raft River Valley. In addition, they furnished
the names of farmers who were cooperating with their agency. Co-ops

in the area provided information concerning farm input costs and

practices.
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Financial institutions in the area were contacted to determine
lending practices in the area and to determine land values for the

study area. The Federal Land Bank was very helpful in this respect.

Several well drillers in the area were contacted, but the infor-
mation presented in this study is primarily from one driller who has
been operating in the area for the past 20 years. His only job is
well drilling, whereas others contacted were periodically in and out
of the business. Information was gathered on the size of wells drillgd
in the area, costs of drilling and problems found in the study area,
i.e., water level decline, water quality differences of wells, and

sand problems in wells.

Pumping equipment suppliers provided information concerning system
design, complexity of that design for any given well, and cost esti-

mates of various pumping equipment.

Interviews with farm operators were conducted using a question-—
naire developed to obtain an overview of the entire farm operation.
Farm operator cooperation in completing the questionnaire was low.

The number of interviews and questionnaires completed concerning farm
practices in the basin was of inadequate size to be of statistical
value in this study. Therefore, the farm budgets used in this study
are a mixture of actual primary data gathered from farmers and second-
ary information from various other sources which was assumed to be
reasonably representative of the costs and returns experienced by farmers

in the study area.
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Studv Area Division

It was noted early in the study that the agricultural activities
in the Raft River Basin varied greatly from the northern end of the
study area to the southern end. The basin was thus divided into two
portions for study purposes. The line chosen to divide these two areas
is drawn east-west across the Raft River valley floor. It is located
two miles south of the township line between townships 11 and 12 south

(Figure 4).

From this line south, early fall frosts prohibit the growing of
sugar beets and potatoes. The growth of these crops has been attempted,
but with unsatisfactory results. Field crops found in the southern area
of the valley are alfalfa hay, pasture, silage corn, and various
grain crops. The northern portion of the valley with its longer grow-
ing season has these crop possibilities,plus the additional high cash

-

value crops of potatoes and sugar beets.

The division of the valley into two areas is also based on dif-
ferences in pump sizes found in the basin. Pumps are, on the average,
of greater horsepower and yield in the northern section than those found
in the southern portion of the basin. A distribution of the pumps in
the northern and southern sections of valley, presented in a later
section, clearly shows the difference in pump sizes in the two areas.
The major reasons for the larger pumps in the northern section of the
study arca are (1) greater average depths to water in that area; (2) in-

creased yields required from these pumps to provide the necessary irri-
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gation water for the growing of potatoes and sugar beets (high water
using crops); and (3) wells in the northern section are capable of

greater water yield than those in the south.

Budget Formulation

There is a wide range of agricultural activities within each
section of the study area. Both sections contain cattle feeding
operations, but information supplied for these enterprises was in-
sufficient for inclusion and examination here. Field crop farms
in the basin vary from 160 acre farms to others over 1000 acres in
size. Farm sizes in the south are generally smaller than those in

the north.

It was necessary to designate what sizes and types of agricul-
tural enterﬁrises to examine in this study. Once the representative
farming enterprises were’defined, activity budgets for these farms
were developed. The activity budgets used in this study are presénted
in Appendix A. Farm sizes examined Were 320 and 640 acre field crop
farms in the southern portion of the valley and 640 and 960 acre field
crop farms in the northern portion. In addition, 320 and 640 acre
dairy operations were examined in the soutﬁ. For each size field crop
farm, several crop possibilities were examined to provide various total

revenues possible from the same farm.
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A sample farm budget, Table 1 (an activity budget for irri-
gated barley on a 320 acre field crop farm in the south), presents
most of the estimated costs and returns for producing one acre of
irrigated barley. Costs not presented in this or other budgets in-
cluded in the appendix are those associated with the irrigation
systems on the farms. Depreciation of the irrigation system, interest
on the irrigation system investment and power costs were determined
in the linear programming analysis of the farm. The analysis selected
which wells were needed on a farm to provide the irrigation water re-
quired by the crop mix chosen to be optimum. How this choice was

made will be further explained in a later section.

The budget in Table 1 is a mixture of primary and secondary
data - primary data being data gathered directly from farmers and
suppliers; éecondary data being data gathered from other sources and
applied to the budgets, i.e.; the method used to calculate depreciation

and repairs on farm equipment.

Machinery operating expenses were synthesized from actual
costs reported by farm operators, performance figures derived from
"Agricultural Machinery Management Data'" in the 1971 Agricultural
Engineers Yearbook, and information reported in various other farm
studies. The svnthesis of this information was necessary in order
to standardize performances and costs of equipment useage in the
study area. Information provided by farm operators often consisted

of estimates or guesses concerning the use of equipment to do a par-
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Sample Farm Budget Presenting Estimated Costs and Returns

Gross Returns

50 Bu 60 Bu

Table 1:
for Irrigated Grain on a 320 Acre Farm, Southern End of
Raft River Valley, 1972. A
Variable Costs
Seed, barley (100#/acre) $ 5.00
Custom harvest 7.00
Machinery
Repairs 5.36
Fuel & lubricants 1.14
Labor
Irrigation (1.5 hrs. @ $2.25/hr) 3.38
All other (1.15 hrs. @ $2.25/hr) 2.59
Interest on working capitol .89
Fixed Costs
Depreciation on machinery 4.07
Interest on land 18.12
Taxes 3.06

70 Bu 75 Bu 80 Bu 90 Bu

Feed barley
@ $.98/Bu $49.00 58.80
Malting barley

@ $1.73/Bu 86.50 103.80

68.60 73.50 78.40  88.20

121.10 129.75 138.40 155.70
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ticular job on a farm. The Agricultural Engineers Yearbook provided
estimated rates for various types of equipment as well as data upon

which to base depreciation and repair expenses.

Labor requirements found in the budgets were divided into labor
expended in machinery operation and labor required to irrigate the

crops selected in the LP analysis.

Gravity flow irrigation using both flood and corrigation or fur-
row methods is the most common method of irrigation in the study area;
Sprinkler irrigation, however, is gaining in popularity. Hand lines,
side rolls systems and center pivot systems are all found in the basin.
Most farm operators contacted indicated that they had either considered
or had already changed to sprinkler irrigation to better utilize their
irrigation water. The changé to sprinkler systems has been slow in
the area due to the high investment costs of installing the irriga-

tion equipment.

The interest charge against land was calculated by using a 7%%
interest rate on the estimated value of land. This was appropriate
since the money invested in land could have been alternatively in-
vested elsewhere to obtain a return. (The 7%% rate was chosen be-
cause it was the interest rate charged to borrowers in 1972 by finan-
cial institutions in the study area.) Land value in the south of
the basin was estimated ét $250 per acre. In the north, it was es-
timated at $350 per acre. Both land value estimates were provided

by the Burley, Idaho, Federal Land Bank.
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Interest on capitol investment was calculated on the total of seed,
repair, fuel and lubricants, labor, spray, fertilizer, and custom har-

vest costs. A 7%% interest rate was charged for a 6 month time period.

The total of costs presented in the budgets is the total cost (TC)
of producing an acre of the crop in question except for the expenses of
depreciation of the irrigation system, power costs for the water pumped
for the crop, and the interest expense of the machinery and irrigation
inventory on the farm. These items are deleted and calculated later be-
cause their values change when various constraints are examined in the

linear programming analysis.

The returns presented in the sample budget are those for feed bar-
ley and maltingbarley. The $.98 per bushel selling price for feed
barley is the 10 year (1963-1972) average selling price for the crop
in Idaho. The $1.73 per Bushel selling price for malting barley was
the 1972 buying price, less shipping charges, quoted by the Adolph Coors
Co. elevator manager in Burley, Idaho. An average price for malting

barley is not available because it is a relatively new crop in the area.

Yields for malting barley were less than those for feed barley, but
this was more than offset by the difference in selling prices. Seventy-
five bushels per acre was a common yield figure in the south end of
the basin for irrigated feed barley. Sixty bushels per acre was a

common yield figure for malting barley in the southern end of the area.
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A wide range of possible returns for each crop is presented on
the budgets to show the different returns possible from the same
crop. Yield differences are the result of soil difference, farming
and irrigation practices, and management capability. The programming
analysis examines the net returns for only one yield level. This

was done to simplify programming and standarize returns at an average

level.

Pumping Units in the Study

There are an estimated 330 existing irrigation wells in the
Raft River Basin. Some of these wells are not used each season.
The majority of the welis in the basin were drilled in the 1950's
and early 1960's. The local Rural Electric Association provided
specific information on when each well in the basin was first pumped.
From this information thé mean age of the wells in the two sections
of the study area was determined. ngls in the south have a mean
installation date of 1958. Those inbthe north are slightly newer with

a mean installation date of 1960.

The estimated costs of drilling wells in the study area were as-—
sumed to increase between the southern and the northern end of the
basin. The main reason for this increase is the intrusion of Snake
River Plain basalts into the northern portion of the valley. The
average cost for drilling a 16 inch diameter well in the south is $11

per foot. In the north this cost increases to an average of $13 per
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foot. The cost of drilling a 20 inch diameter well varies from $13
per foot in the south to $15 per foot in the north. (Estimates pro-

vided by an established well driller in the area.)

Casing costs average $5.50 per foot for 16 inch casing and
$6.50 per foot for 20 inch casing. A common procedure in many wells
in the basin is to case only a portion of the depth of the well, a
procedure which often leads to added problems during the pumping life
of the well. More productivé wells with longer life expectancies
might be obtained in the basin if entire wells were cased, and if the

perforations of casings were more carefully planned.

Well depths in the basin, as shown in Figure 5, range from 70 feet
deep near the Raft River to omne well over 2,200 feet deep. More than
25 percent of the wells fall in the 200 to 299 feet deep range. Sixty-

four percent of the wells in the basin are less than 400 feet deep.

The static depth to water in over one-half (157) of the wells
was less than 50 feet (Figure 6). Drawdown at up to 100 feet occurs in

some wells during the pumping season.

The sizes of pumps in operation in the basin vary greatly. This

variation is primarily due to the variation in depths to water in the

basin and the variation in yield capabilities of the wells. Since it was

not feasible to examine all pump sizes in the study area, representa-
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tive pumps and wells were chosen for examination in this study. Data
for determining the representative pumps and wells were compiled from
interviews with individual farm operators, data from well drillers,
an inventory of wells in the Raft River Valley, and manufacturer's

pump information.

Tables 2 and 3 were compiled from an ‘inventory of wells in the
Raft River Basin. Pumps presented are those of various horsepower
present which had had their output measured. The number of pumps in
each size class and their average output in gallons per minute are
presented for both portions of the study area. The distribution
of pump sizes, as mentioned earlier, was significantly different
in the two portions of thé study area. Pumps in the southern portion
of the valley were of smaller horsepower and yield than those found

in the northern section of the study area.

»

A worksheet which presents horsepower (HP) and bowl requirements
necessary to provide a given output éf water from a given depth was
next developed from information provided by Layne and Bowler, Inc.

An example of how the worksheet was developed follows:

Problem: Provide an output of 950 GPM (gallons
per mintue) from a well with 80 feet
of lift.

Solution: Bowls designated by Layne and Bowler,
Inc., as 12" THC are at near maximum
efficiency when providing 950 GPM.
Since each bowl stage will 1ift 950
GPM a distance of approximately 27
feet, three bowls are necessary to lift
950 GPM a distance of 80 feet. Each



6/9°C 6¢0°C 864°T 98€°T 8LT°T 99¢‘1T 8ZI‘T GIO‘T LOT°T 80§ PI9TA
*3ay
01 0¢ 6 8 8 6 L 9 € S *sBap
.o
006°T
G6E ‘T
G991
00€°C
0502 R =
ov6°1 &
062°T £
0€£S°‘C o
GE6 T ~
02L°1T OIL‘T  GOE‘T LA =
01L°C 018°C 068°T 0S0°C  09%‘T  008°‘1 . -
028°€ 066°T 000‘C 8¢ OLT‘T  069°T YA w
088°C 009°‘T 09/°T 09G°‘T S8%‘T  0OLI°‘T 0S%‘T GL9 =
00v‘z 0S1°C  0T9°T  068°T 08T°T 060°T SG8 AR 3
096°T 00L°CT 008°T GLG‘T 0CI‘C 00OT°1 988 ovy 1 068 =
0GLC 0SZ°C  O%6‘T  090°T  O%S 09Z°1 ov%‘1T 006 0S0°C 052
088°C 0S1°C  OLI‘T  06¢L OLT‘T  O%%°I 02Z°1T 088 0L€ 081
000°% 008°T 00L°‘CT GLS 00T°‘T GLE°T 0zL 0TI0°1 006 08¢
0S¢ 002 061 4 00T cf 09 0§ oY 0¢ [ 0¢ ST dH

UO0T3II0J UI9UIION “AO9TTBA IASATY ey 92Uyl Uurt
sdung uor3e3riai] 103 (WdD) SPTPTX Pue (JH) s9zT§ dung :z °91qel



N OETZ 009°1 808°1 ¢tc'c  €v9'l  GLc'1 L8T°T LOC'T 9L0°1  8%6 L9L LS9 806G @HMH%
‘gAY
1 Y z S L 5 Z1 11 LT 44 9 L ) *seal
-oN
GE0'T
VAR
09¢
0.2
08T1°T  ow%‘1
006 0SY e
0L%‘T  0SZ°T 5
0€6 01L 0.8 c
' 0€Z°T SL%°1T  0£9 @
0v8°‘T  0SE°T 080°T  090°T w
081°T S6T°T  0€8 086 . 076 .
056 006 018°T 006 0SY o
0LT‘T &1L 0981  0¢8 G96 &
GL7‘T 068 0%6 0Ev‘T  0zT'l -
0€S‘T  0I%‘T  0SS°T 088 0621 099 LEE =
008°T 086°T 008°‘T 0O%9 08L 081°C 096°T 088 =
090°€ 006 0T%‘T  SL6°T O%y‘T  0€8°T 0TI‘T  08% %8T
0LL T 08%‘C 069 ()49 0L2‘C 091°T  09¢ o%s 0¢L 692 G1¢
0E%e 09€‘€  09L°T  080°T O%w%‘T OTIT‘T OGI‘T  06¢ 0SE‘T  S6%
09€°C 066 091°1 o€z  S6E°‘T 0TS 080°1 066 002t 0%S 059 0.6
0£1°C 0%0°‘C 629°C 001°T 08%‘Cz  08Z‘T 08L 0€S°T  091°1 0SE‘T 00T ove 059
067¢ 002 061 ¢zl 001 Gl 09 06 oY 0¢ (%4 0¢ Gl dil
.COHU.HO& EM@SUDOW a%m,_.:mm\w IOATYH uwdm wSu utT
sdung ﬁowumwﬂuuﬁ 107 Azmov SPIoTX pue Ammv s9zT1g dung :¢ STqeRL




36

bowl requires 10 HP to operate
it. Therefore. to provide an
output of 950 GPM from 80 feet,
a 30 HP pump motor and three 12"
THC bowls are necessary.

This process was repeated for various combinations of GPM yield and 1ift

to complete the worksheet (Appendix B).

From the distributions in Tables 2 and 3, pumps in the south pro-
viding 950, 1100, 1250 and 1900 GPM and pumps in the north providing
1100, 1300, 1800, 2000, and 2700 GPM were chosen as representative for
the areas. Matching these yield requirements with the associated horse-
powers in the northern and southern areas and comparing the two, HP and
yield, with figures from the worksheet, the representative pumping units

(including wells) presented in Table 4 were chosen.

The various characteristics presentéd on the eleven representative
pumping units, 5 in the south and 6 in the north, form the basis for
the examination of the effects of a decreasing ground water level. An

explanation of these characteristics follows.

Yields of the representative pumping units are expressed in three
forms of measurement to facilitate reader recognition. A miners inch
of water equals approximately 9 GPM. An acre-foot (AF) of water equals

approximately 325,900 gallons of water.
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Kilowatt-hours per acre-foot (KWH/AF) is an expression denoting
the number of KWi nceded to pump one AF of water from the particular

well. The equation used to derive the figure is (8):

Field head X .00314
Wire to water efficiency

KWH/AF = 325.9

(The .00314 and 325.9 figures are constants

in the formula.)
Field head is the well 1lift (depth to water) plus the above ground
head (pressure desired at the point of discharge expressed in feet
of 1ift). In this study field head is only well 1lift. Pressure at
point of discharge is not necessary for a gravity irrigation system.
Wire to water efficiency was chosen to be 50 percent (.5) for this
study. The figure conforms to the average efficiency found in a
1968 Texas Technological College Agricultural Engineering study dealing

with "Power Requirements and Efficiency Studies of Irrigation Pumps

”

and Power Units".

The figures for well depths were selected to approximate the

depths of actual wells in the study area.

Power cost per AF of water pumped was a combination of the $6 per
KW seasonal demand charge (demand being ncarly equal to the HP of most
pumps), $.0085 per KW for the first 250 KW used per month, and $.0045
per KW for all additional power used (Raft River Electric Schedule,

1972). The figure presented was the cost per acre foot of water
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if the pumping unit operated at full capacity for the entire irrigation

season.

Well costs and pumping equipment costs were estimated costs of
drilling and fully casing the unit wells (provided by an area well
driller) and estimated costs of pumping equipment necessary to pro-
vide the output of the well in question (prévided by a Spokane, Wash-

ington, pump supplier.) The price of equipment from one area to

another varies only in freight charges.

Total yearly depreciation on the pumping unit was calculated using
the straight line depreciation method. The time period selected for
t

depreciation was 15 years. At the end of the time pericd the equipmen
r

was assumed to have no salvage value.

Linear Programming Analysis

i

Linear programming analysis is a mathematical technique used in
agricultural and other types of analysis to best allocate scarce re-

sources among various alternative uses.

A linear programming problem has three quantitative components:
an objective, alternative methods or processes for obtaining the ob-
jectives, and resource or other restrictions (9). In the general use
of linear programming analysis, the objective is either to minimize

costs or, as in this study, to maximize returns.
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The profit maximizing LP sclution is the most desirable when at-
tempting to determine incomes from farming enterprises. A farmer at-
tempts to minimize his costs, but his primary interest is in maximizing
his return. A cost minimizing LP problem is more appropriate when the
least cost of doing a job is desired, i.e., the least cost feedmix
for a dairy, the least cost transportation route, etc.

A typical linear programming problem can be expressed be a set of

equations taking the following form:

allx1 + a12x2 + a13x3 + i o . . alnxn = b1
a21x1 + a5,%y + a23x2 s aZan = b2
a 1% + am?_x2 + a 3¥4 + .0 . . a X, = bm
= + + ..+
Z Cl\l + CZXZ C3X3 CrXr
Mathematically the problem is stated:
n
Z = L C.X,. (i = 1,2,...n)
i=1 N ,
Subject to restraints in the form:
L, <
z { = = "
& alej (>) bi (i 1,2,...m)
j=1 =
and X. 20
J
where
X, = the quantity of the jth variable of inter-

J est to the decision-maker, where there are
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n variables being considered;
C = the per unit contribution to the
objective function (profit or cost)
of the jth variable, where there

are n variables;

Z = the objective function to be maxi-
mized or minimized;

a, = the exchange coefficient of the jth
variable in the ith restraint where

there are m restraints and n variables;

b = the ith requirement where there are
m requirements in all.

The programming routine selected for use in this study was the IBM
MPS-360 Linear Programming Routine. One of the major reasons for its

selection over other linear programming routines was the relative ease

with which a basic program may be revised and modified to reflect selected

changes.

”

Figure 7 presents the basic matrix format developed in this study.
The format of the matrix is that foundfon the computer output. The
same matrix when presented in numerical format takes on the more easily
understood form of Figure 8. The symbols on the printout matrix, A,
T, U, etc., with the exception of the negative and positive ones which
are actually ones, merely symbolize the range within which the numbers
in the numerical format fall. A separate page on the printout (Figure
9) provides anexplanationof these ranges and lists the number of ele-
ments within each range. An A when presented in the printout matrix

symbolizes a real number between 1.000001 and 10.00000, a T symbolizes

a number between 10000 and .99999, etc.
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Figure 7: Example of Typical Linear Programming lMatrix Used

in This

Analysis (Printout form)
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SYMBOL

SUMMARY OF MATRIX

Less Than

.000001 THRU

.000010
.000100
.001000
.010000

. 100000
1.000000
1.000001
10.000001
100.000001
1,000.000001
10,000.000001

100,000.000001

.000001
.000009
.000099
.000999
.009999
.099999

+ 999999
1.000000
10.000000
100.000000
1,000.000000
10,000.000000

100,000.000000

1,000,000.000000

Greater Than 1,000,000.000000

COUNT (INCL.RHS)

29
97

65

49

Figure 9:. Example of a Typical Printout
Matrix Summary
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Since this matrix forms the basis for the analysis in this study,

it is important to understand what the elements forming the matrix
represent. The columnar section of the programming matrix represents
the activities involved in the programming problem. The rows section
represents the resources and restrictions involved in the problem.
Negatives (-) within the matrix represent soﬁrces of a resource and
postitives (+) represent uses of the resource. In the objective func-
tion of the matrix, negatives represent costs and positives represent

returns.

The rows of the matrix represent equalities and/or inequalities
which express the problem in equation form. Thus, the first row of
Figure 10 becomes: 1 Xl (feed barley) + 1 X2 (malting barley) + 1 X3
(alfalfa) + 1 X4 (corn) = 640 (total acres). What the equation ex-
presses is that each unit (acre) of feed barley requires one unit
(acre) of land, each unit pf malting barley requires one unit of land,
etc., and that the total land Ehat can be used for the crops is less

H

than or equal to 640 acres.

The rows designated APR.MAY, JUN.JULY, and AUG.SEPT express labor
requirements and availabilities in the respective time periods. The
uses of the labor for the four crops listed in the column (activity)
section of the matrix are expressed in the same manner as the land re-
quirements for crops. An example is that alfalfa requires .94 hours
of April and May labor. This requirement is a total of the labor re-

quired for tillage, planting, irrigation, etc., for one unit of alfalfa
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during the time period in question. These requirements are derived from

the representative farm budgets for the size of the farm being examined.

A new element which enters into these three rows is the negative -
one (-1) found in the columns marked BUY AM, BUY JJ, and BUY AS. This
negative shows an availability of labor to_fill the requirements in the
time period. The availability is from the activity of "buying' labor

to supplement the operator labor available in the time period.

The equation which expresses the labor conditions in the problem
was initially in the general form: wuse of labor for crops £ operator
labor + buying labor. In linear programming analysis only a single
right hand member is permitted. Therefore the equation for labor is
rearranged to take the form shown in the matrix: use of labor for crops -
buying labor < operator labor.

The rows designated APR.WATR through OCT.WATR are the irrigation
requirements expressed in acre feet for the four crops in the various
time periods. These requirements are the consumptive use requirements
(consumptive use being the amount of water transpired in the process of
plant growth plus the water evaporated from soil and foliage in the area
occupied by the growing plant) for crops grown in the Rupert, Idaho,
area. These requirecments, as derived by Sutter and Corey (1970) in
"Consumptive Irrigation Requirements for Crops in Idaho', were adjusted
to reflect a 60 percent efficiency of irrigation. The equation for

obtaining this adjusted consumptive use figure is:
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Consumptive Use
.60 (efficiency factor)

Adjusted C.U. =

In each time period (rows section) there are five different
sourccs of water to meet the consumptive use requirements of the
crops. Each of these sources represents one of the five representa-
tive wells in the southern portion of the study area. These are "buy"
activities of the same type as the "buy'" labor activities explained
earlier. There are five "buy" activities instead of one in any single
time period because each well can only produce a certain maximum amount
of water in a single given time period. The diagonal row of 1's across
the bottom portion of the matrix expresses the maximum-bounds of each
well's production in a given time period. Well I can producé at most
146 acre-feet of water in one month; Well II can produce at most 146
acre-feet per month; Well III, 252 acre-feet per monthj; Well IV, 166

acre-feet per month; and Well V, 252 acre-feet per month.

»

Which wells operate in a time period is dependent on the water
requirement of the crop mix selectedfby the computer in the linear
programming analysis and the cost per acre-fecot for pumping from a
particular well. The least expensive water is used first, then the
next most expensive, etc., until the water requirement is met or there
is no more water available to buy. (The term '"use" actually refers
to the buying process in the programming analysis. The least expensive
water is in reference to the least costly well being pumped first, then

the next most expensive, etc.) If there is not enough water available

to meet the irrigation requirement for utilization of all 640 acres of
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land, the number of acres of crops entering into the solution would
be restricted by the availability of water for irrigation. (An as-
sumption basic to the analysis at this point is that the irrigation
system on a farm was such that any well selected to pump water in a
given time period could provide water to any point on the farm. 1In
reality this is seldom, if ever, the case, but the assumption was

necessary to simplify the programming model for analysis.)

Water availability could have been examined on a seasonal basis,
but it would have given a distorted view of what actually happens in
a farm situation. Studies using the seasonal approach would reach
significantly different results than a study using a monthly water re-
quirement approach. If a seasonal approach was used in this study,
Wells I and II could provide the necessary amount of irrigation water
during the season to raise the crops on a 640 acre farm. The key word
here is season. If crops_required equal amounts of water throughout
the season, this approach wouid be valid. However, there are peak
water requirement periods within the season. An irrigation system must
be large enough to provide enough water during the peak use periods
rather than enough to meet average seasonal requirements. An examina-
tion on a monthly time period basis shows that three wells were neces-
sary during peak water requirement periods rather than the two found

necessary using a seasonal basis for examination.

The final row of the printout matrix, labled COST.REV, is the ob-

jective function of the problem examined. The values of the first four
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characters (columns 1 - 4) are the returns to fixed factors for the

four crops which can be grown on the farm. The return to fixed

factors in this analysis is the return to management, operator labor,
interest on land, interest on machinery and irrigation inventory,

taxes, and depreciation of the irrigation systém selected by the lin-

ear programming analysis. Depreciatipn of the equipment inventory is
usually handled as a fixed factor for the entire farm, but in this analy-
sis it was handled as a quasi-variable cost. With depreciation of equip-
ment handled as a fixed cost, the LP model maximized the net farm in-
come rather than the net return. By handling equipment depreciation

as a variable cost, the program maximized net returns. The variable
equipment depreciation costs used in the activity budgets were based

on the equipment mix found on actual farms in the study area and the
average acreages of various crops grown on the various size farms ex-

amined.

All remaining characters in the objective function row are the
costs associated with using one unit of the columnar activities.

"Buying" one hour of April labor costs $2.25, "buying" one acre foot

of water from W I APRIL (Well I in April) costs $.95, etc.



CHAPTER IV

Application of Linear Programming Techniques
to Estimate Expected Farm Incomes

The basic linear programming model used throughout the analysis
changed for each size and type of farm planyexamined. The changes
dealt with the resources available on the farm, the labor require-
ments for various crops, objective function values, and restrictions
placed on the individual models. Most differences in the models were
minor and were primarily concerned with the magnitude of the variables
under consideration. The main structural differences in the models
were related to the differences in the representative wells in the

two areas studied.

Programming Results .

When all the elements involved in a model farm plan examination
(resources, restrictions, requirements, etc.) were compiled and expresed
in equation and matrix form, the model was programmed using the IBM MPS
360 Lincar Programming Routine on an IBM 360-40 computer. The results
of the programming runs generated profit maximizing combinations of crops
for the farm plans developed in the study. Figures 10 and 11 show the
row and column sections of a typical computer printout. The numbers
under the activity heading of Figure 10 indicate the quantities (in

units) of each resource and restriction which entered into the final
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0o sACTIVITY o s

.

50.00000
150.00000

22.13000

125.47000

.

0
126.60000

114.110C0

126.000C0

113.15000

126.000G0

2.100C0

64.25000

11.70000

SLACK ACTIVITY

1500.00000
1500.06000
1500.00CC0
103.87000
146.00000
252.00000
166.00200
152.000C0
.53000
145.00C00
252.00000
16€.00020
252.00060

146.00000
137.85070
165.00030
252,06000

252.C0000

146.00000
249.93000
166.050C
252.00000
61.63200
146.00000
252.600C0
166.032C0
252.00000

114.32300

146.0C030

..LOWER LIMIT.

NCONE
NCNE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NOXE
NONE
NOXNE
NOXE
NONE
NONE
NONE
NONE
NONE
NCNE
NOXE
NOXNZ
NONE
NONE
NONE
NOXE
NONE
NONE
NOXE
NONE
NONE
NONE
WCLE
NONE
NONE
NOXNE
NONE
WONE
NONF

«.UPPER LIMI

-

50.00000
150.00000
1520.00000
150G.00000
1500.0C000
126.00000
146.00000
252.00000
166.00000
152.00000
126.C0000
146.0C300
252.G00C0
166.00C00
252.00000
126.00000
146.06000
252.002C0
166.0CC00
252.00000
126.00000
146.CC000
252.00C000
166.023C0
252.00000
126.C0020C0
146.00300
252.00C00
166.00000
252.00000
126.00000
146.0G0000
252.00C00
166.00C00
252.000C0
126.00000
146.00500
252.00000
166.00000
252.02200
NONE

.DUAL ACTIVITY

42.70191-

.

1.16000-
1.16000-
1.33000-
1.33000-
1.33000-
1.16000-
1.16C00-
30.30020-
20.08244-

17000~

1.00000

Example of Typical Results for the Linear Programming
Model Used, Rows Section
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solution. The slack activity column of the same figure indicates the quan-
tities of each resource and restriction which were unused in the final
solution. The upper limit column indicates the upper limit amounts of

each resource that were available for use in the farm plan program. The
dual activity column indicates the value of an additional unit of an ac-
tivity to the final solution. Thus, row number 2, APR.MAY (April and

May operator labor), indicates that the final solution utilized 406.5

units (hours) of labor, that 193.5 units were unused, that 600 were
available, and that an additional unit of labor has no value in the final

solution of the farm plan.

The columns section of the printout, Figure 11, presents the amount
of each columnar activity which entered into the final solution. The
input cost column indicates the cost of using one unit of the activity.
The reduced cost is the amount by which the input cost of an activity would
have to change before the activity would enter the final solution. Thus,
row 55, ALFALFA, indicates that 150 units (acres) of alfalfa entered
into the final solution and that the input cost for each unit of alfal-
fa was $67.34. An example of the reduced cost column is row 65, W-2-MAY
(well 2 in May), which did not enter into the final solution at its cost
of $1.39 per unit (acre-foot of water). It would have entered the final

solution if its cost decreased $.23 per unit.

Analysis of Results to Detcrmine Farm Plan Returns

The next step in the analysis of the farm plans was to determine
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SECTION 2 = CCLLMNS

++LOWER LIMIT. «.UPPER LIMIT. .REDUCED COST.

NUMEES AT ...ACTIV < INPUT

53 B3 123. 64,9 . NONE .

S4 53 32 75. . NONE .

55 83 152.CC520 57. . NONE .

56 LL . 2. . NONE 2.25000-

57 189 . 2. . NONE 2.250C0-

58 LL . 2. . NOXE 2.25000~

59 BS 22.13070 Le . NONE .

60 il . 1. . NONE .23C00-

61 L . 1. . NONE .170C0-

€2 i . 2. . NONE .8400C~

63 LL . 2. . NONE .91000-

64 Bs 125.47000 1. . KNONE .

65 LL . 1. . NONE .23000-

66 LL . 1. . NONE .17000-

67 LL . 2. . ®ONE . 84000~

68 LL . 2. . NCNE .91000-

69 BS 126.00020 i. . KONE .

70 i . 1. . NONE .06000-

71 BS 114.11000 1. . NONE .

12 LL . - . NCONE .67000-

73 LL . 2. . NONE .740C0-

74  W-1-JULY BS 126.C0C000 1. . NONE .

75  Ww-2-JULY L . 1. . KONE .06000-

76 wW-3-JULY IS 113.15C00 1. . NONE .

77 W-4-JULY LL s 2. . .€7000-

78 w-5-JULY LL . 2. . . 74000~

79 uW-l-ATIR BS 126.0G000 1. . .

80 TL . 1. .060CC~

81 BS 2.10009 1. . .

82 L . 2. . .67000~

83 LL . 2. .74000-
4 BS 64.35000 1. . .

85 LL 1. .23000-

&b | 29 . 1. . .17000-

§7 LL 2. . .84000~-

23 L " 2. . .91000-

89 55 11.70000 La . .

90 LL . 1.35000- . .23000-

91 LL . 1.33C30- . .17000-

92 LL . 2.000C0- . .84000-

93 LL . 2.07030- . .91000-

Figure 11: Example of Typical Results for the Linear Programming
Model Used, Columns Section



53

the total revenues and total costs of operating the farm plans. The
total revenue for a farm plan was calculated by multiplying the acreages
specified in the programming results by the gross return per acre re-
ceived for growing a particular crop. The gross returns per acre were
based on an expected yield for a crop and an expected selling price for

the crop (Appendix C).

The total cost calculations for a farm plan were determined by mul-
tiplying the variable costs per acre of producing a crop by the number
of acres of each crop selected in the optimum combination of crops in
the farm plan. The next step was to evaluate the use of irrigation
water. The program results showed which wells produced water, the
quantity they produced, and cost per unit. These figures made it pos-
gible to determine the power cost of pumping irrigation water used
by the selected crop mix. At the same t;me, the wells necessary to
provide the water at least cost were designated.

Calculations for the fixed cost éortion of total cost began with
an examination of depreciation and interest expenses for the wells and
pumping equipment designated in the program. Depreciation for the
wells came directly from Table 4. Interest charged for investment
in wells and pumping equipment was calculated using a 7%% rate charged

against half the total value of the wells and equipment.

Interest on farm machinery and equipment was also calculated by

charging a 7%% rate against half the total value of machinery and equip-
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ment necessary for operation of the farm plan. Interest on land was also
charged at the 7%% rate. The fixed cost of taxes paid by the farm was

also included in the calculation of total cost.

The sum of all the fixed and variable costs is the total cost of
the farm plan. Subtracting this figure from the total revenue provides

the net return to operator labor and managément for the farm plan.

The crop constraints (bounds) on the model involved in the pro-
gramming of each farm plan were set at three different levels to give
three possible crop combinations for each farm plan. Crop combinations
grown in the Raft River Basin vary over a wide range. Cash crops grown
in the southern section are primarily feed barley, malting barley and
alfalfa hay. The choice of crop mix produced by a farm operator is
critical to a farm's return. The choice of crop mixes in the northern
section of the study area is not as critical as in the southern portion,
but will have a significant effect on a farm's return. Setting crop
constraints at three levels for each farm plan shows the effects of
the crop choice on return levels. Return levels will be referred to
as Return I, II, and III. An exﬁlanation of the crops produced to
arrive at each return level is presented in Tables 5 and 6. Appendix
D presents the crop bound levels applied to each farm plan and the re-
turns (TRI, TR II, and TR III) from a plan satisfying the bounds. It
was assumed that capitol was unlimited and that adequate labor was
available at the $2.25 per hour rate to produce any of the crop combina-

tions selected by programming the farm plan. The three levels of con-
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straints on the farm plans made it possible to examine three different
levels of return to operator labor and management for each of the farm
plans. Each programming output was the profit maximizing crop combina-
tion which satisfied the restraints put on the model. The manager, when
faced with these restraints, should produce that crop combination selected

to optimize his return.

Another set of constraints which forced the shallow wells out of
the final solutions were applied to simulate the cost changes faced
when a farm must pump its irrigation water from a greater depth. Wellé
1, 2, and 4 were blocked out of the final solutions in the north end
analysis. Wells 1, 2, and 3 were blocked out during the south end

analysis.

In a linear programming analysis, the returns and costs for farm
plans are fixed. Examination of a stream of future incomes from a farm
operation can use either a linear analysis or account for all the increases
and decreases in returns and costs in'the future. Predictions of future
situations have improved, but not to the point where analysis can be
based on them. An alternative is to assume that a linear relationship
will exist into the future. In doing this, returns can be calculated
for any time period desired. A point to remember is that the further
out in time calculations are carried, the less confidence can be placed

in them. As the analysis is extended into the future, the chance of

making an error in predictions increases.
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To take into account the possibility of making an error, future
returns are discounted to reflect the interest which could be received
by invasting elsewhere and to reflect the risk of the long term invest-
ment of the assets. Basically this means that a dollar received in 5
years does not have the same value as a dollar received today. To find
what the present value of the dollar to be received in 5 years is, a dis-
count (interest) rate is applied to it for the time period. The present

value (PV) equation is:

F
PV=—————H
(1+1)
Where F is the future value, i is the interest rate, and n is the number

of time periods considered.

Expected farm incomes in this study were examined for a 20 year
time period. Present value analysis was'applied to the streams of
total revenues and total costs to determine the cumulative PV of the
returns and costs. The net cumulative present value for the 20 year
time period is found by subtracting the cumulative PV of the total
cost from the cumulative PV of the total revenue. The planner and/or
manager can use this figure to aid in his decisions in evaluating his
returns from investing in the farm with returns from other investment

opportunities open to him. This figure can also be helpful in evalu-

ating changes and improvements which can be made on the farm.
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Next an examination of the return to operator labor and management
was made to calculate the annual annuit§ value of the cumulative PV
nct return. This was done to express the return as a series of equal
payments due at regular intervals. In this study the payments are
yearly for a 20 year period. The equation used in calculating the an-

nuity value was:

- —L
(1+1)"
i

PV = R

Where R equals the annuity value, i is the interest rate, and n is the

number of time periods.

Returns to Representative Farming Enterprises

Present values and annual annuity values for each farm plan ex-
amined in this study were determined for four discout rates - 4%, 6%, T%%
and 9%. Appendix D presents these values for all four rates. The
discount rate used for fiscal year 1§74 by the Water Resources Council
for evaluation of plans was 6 7/8%. Of the four rates examined in
this study, 7%% is the closest to this figure. The 7%7% rate was also
the intarest rate charged by various financial institutions when the
initial data for this study was gathered. It was also found during the
examination of farm returns that the various discount rates changed the
present values and annuity values only slightly. The following dis-

cussions will therefore deal with only the %% rate.
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Northern Area of Basin

Table 5 presents a summary of the present values of the net returns
and the annual annuity values for farm plans examined in the northern
portion of the Raft River Basin. The three net return levels presented
are the returns to the farm plan associated with the crop combinations

produced as a result of the three sets of crop constraints applied to

the farm plan.

The present values of the net returns to the 640 acre farm plan
with shallow wells varied from a high of $715,890 to a low of $336,151.
The range for the same farm plan with deep wells supplying the water for
irrigation was from $700,169 to $319,444. The highest return in both
cases is associated with a farm producing 408 acres of potatoes, 150
acres of alfalfa hay, and 82 acres of malting barley. The alfalfa and
barley are assumed to be grown primarily for rotation purposes in the
farm plan. The lowest return for this farm plan was associated with a
crop mix including all five crop possibilities in the northern section

of the basin.

The 960 acre farm plan had net returns whose accumulated present
values ranged from $1,497,252 to $641,743. The present values of the
net returns for the same farm plan with deep wells ranged from $993,823
to $626,115. The greatest return to the farm plan was realized with the

production of 200 acres of alfalfa hay and 716 acres of potatoes. The
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Table 5: 20 Year Accumulated Present Values and
Annual Annuity Values for Farms in the
Northern End of the Raft River Basin.
(7%% Interest)
640 Acre Farm 960 Acre Farm
Shallow Deep Shallow Deep
Wells Wells Wells Wells
P.V. of NR I 715,890 700,169 1,497,252 993,823
Annuity Value 68,835 67,324 143,967 95,560
P.V. of NR II 375,315 358,125 650,473 634,742
Annuity Value 36,088 34,435 62,545 61,033
P.V. of NR III 336,151 319,444 641,743 626,115
Annuity Value 32,322 30,716 61,706 60,203

640 Acre Farm (Shallow & Deep Wells)

Return I

Return II -

Return III -

82 ac. Malting barley, 150 ac. Alfalfa hay, 408
ac. Potatoes

150 ac. Malting barley, 207 ac. Alfalfa hay, 150
ac. Potatoes, 133 ac. Sugar beets

100 ac. Feed barley, 102 ac. Malting barley, 150
ac. Alfalfa hay, 150 ac. Potatoes, 138 ac. Sugar
beets

960 Acre Farm (Shallow Wells)

Return I
Return II -

Return III -

(Deep Wells)
Return I
Return II -

Return III -

200 ac. Alfalfa hay, 716 ac. Potatoes

360 ac. feed barley, 150 ac. Malting barley, 150

ac Alfalfa hay, 225 ac. Potatoes, 75 ac. Sugar beets
310 ac. TFeed barley, 225 ac. Malting barley, 200

ac Alfalfa hay, 225 ac. Potatoes

200 ac. Alfalfa hay, 517 ac. Potatoes

360 ac. Feed barley, 150 ac. Malting barley, 150

ac. Alfalfa hay, 225 ac. Potatoes, 75 ac. Sugar beets
310 ac. Feed barley, 225 ac. Malting barley, 200

ac. Alfalfa hay, 225 ac. Potatoes



60

number of acres entering into the final solution was limited at 916 by
the statutory limitation on the amount of water legally available for
irrigation on 960 acres. When bounds placed on the farm model were
altered to limit the number of acres of potatoes entering the final solu-
tion, the full 960 acres of available land was utilized, but the re-
turns were reduced to $650,473 and $641,743 for the two alternate crop

mixes.

When shallow wells were bounded out of the 960 acre farm plan
solution, return levels varied from $993,823 to $626,115. Production
of 517 acres of potatoes and 200 acres of alfalfa hay provided the net
return with the greatest accumulated present value. Acreage entering
into this final solution was limited by the production capabilities of
the deep wells available to produce the irrigation water for the farm
plan. Wells available could produce the legal limit for the farm plan,
but peak water useage periods required more water than was available 1f

the entire 960 acres entered into production.

Southern Area of Basin

A summary of the present values of the net returns to farm plans
in the southern portion of the Raft River Basin appears in Table 6.
Returns for the 320 acre farm plan range from a high of $134,495 to a
low of $80,969. These two values show the impact on returns if feed
barley is grown instead of higher value malting barley. Annual annuity

values for the farm plan range from $12,932 to $7,785. When deep wells
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Table 6: 20 Year Accumulated Present Values and
Annual Annuity Values for Farms in the
Southern End of the Raft River Basin.
(7%% Interest)
320 Acre Farm 640 Acre Farm
Shallow Deep Shallow Deep
Wells Wells Wells Wells
P.V. of NR I 134,495 113,432 182,420 115,104
Annuity Value 12,932 10,907 17,540 11,068
P.V. of NR II 96,712 75,649 91,111 50,564
Annuity Value 9,299 7,274 8,761 4,862
P.V. of NR III 80,969 59,906 59,625 19,078
Annuity Value 7,785 5,760 5,733 1,834

320 Acre Farm (Shallow and Deep Wells)

Return I
Return II

Return III

170
120
150
170

at.
ac.
ac.
ac.

Malting barley, 150
Feed barley, 50 ac.
Alfalfa hay

Feed barley, 150 ac.

640 Acre Farm (Shallow Wells)

Return I
Return II

Return III
(Deep Wells)
Return I

Return 11

Return III

390
100
290
390

305
100
205
305

ace.
ace.
ac.
ac.

ac.
ac.
ac.
ac.

Malting barley, 250
Malting barley, 250
Feed barley

Feed barley, 250 ac.

Malting barley, 250
Malting barley, 250
Feed barley

Feed barley, 250 ac.

ac. Alfalfa hay
Malting barley,

Alfalfa hay

ac. Alfalfa hay
ac. Alfalfa hay,

Alfalfa hay
ac. Alfalfa hay
ac. Alfalfa hay,

Alfalfa hay.
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were forced into the solution, the range in annuity values was from

$10,907 to $5,760 for the same crop mix.

Shallow well analysis on the 640 acre farm plan resulted in net
returns with accumulated present values from $182,420 to $59,625. A
total of only 555 acres entered the final solution of the deep wells
analysis of the same farm. Irrigation water available from wells in
the farm model was the limiting factor of production. The restricted
acreage limited the accumulated present values of net returns to a
range of $115,104 to $19,078. The effect of an inadequate water supply
is evident in the low 20 year accumulated present value of $19,078. The
85 acres of unused land in the final solution are those which would
mzke the farm plan either profitable or unprofitable to operate. A
change from the production of feed barley and alfalfa hay to the pro-
duction of malting barley and alfalfa hay would increase the annual
annuity value for this farm plan from the low of $1,834 to $11,068, even

when 85 acres of land are idle.

The potential returns for farms in the southern portion of the
study area are much greater when'malting barley is produced instead
of feed barley. A sixfold increase in the annual annuity value for
the 640 acre farm plan with restricted acreage dramatized two very

different return possibilities for the same farm plan.

Another return possibility examined for farms in the southern

portion of the Raft River Basin was the dairy option. Table 7 pre-
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sents a summary of the returns from the dairy farm plans operation.
The accunulated present value net return for the 320 acre farm plan
in the south doubles to $268,708 when it is operated as a dairy farm.
The return for the 640 acre dairy is three timas the largest return

for a non-dairy farm plan of the same size.

Table 7: 20 Year Accumulated Present Values and
Annual Annuity Values for Dairy Farms
in the Southern End of the Raft River
Basin. (7%% Interest)
320 Acre Dairy 640 Acre Dairy
Shallow Deep Shallow Deep
Wells Wells Wells Wells
f P.V. of NR 268,708 256,374 630,320 462,805
Annuity Value 25,837 24,651 60,608 44,500

320 Acre Dairy (Shallow & Deep Wells)

85 Cow Herd

640 Acre Dairy (Shallow Wells)

198 Cow Herd
(Deep Wells)
164 Cow Herd

The 320 acre dairy solutions were based on an 85 cow herd for

both shallow and deep well analysis. The 640 acre dairy solutions

were based on a 198 cow herd for the shallow well analysis and a

164 cow herd for the deep well analysis.
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Several dairy operations are now present in the southern portion
of the basin. Results of this analysis show that the dairy operation
would be more profitable for the farmers in the south than the produc-

tion of alfalfa hav and either feed or malting barley as cash crops.

The effect of land not being used on a farm due to a lack of
irrigation water is evident in the low annuity values and accumulated
net returns for farms in that situation. If the problem is not remedied,

such farms could, and probably would, go out of business.

Value of Restricted Land Useage

An important and useful item of the LP results is the marginal
value attached to various activities. The dual activity column fur-
nishes these values. When water limits the number of acres entering
the final solution, it takes on a marginal value. With this value,
it is possible to estimate the amount a farm operator should be willing

to spend on improvements for his wells and pumping equipment.

Due to the way the basic LP model used in this study was constructed,
a direct estimate cannot be made from dual activity values from the
printout. The objective function in the model is designed to be a re-
turn to certain fixed factors in the analysis. The actual calculated
return to operator labor and management is approximately 757 of the
objective function return of the printout. To demonstrate the method

for determining the amount which a farmer should be willing to spend



65

for improvements, it was assumed that dual activity values present on the
printouts should be reduced by 25% to approximate their true values. The
following is an oversimplification of the method for estimating the amount

a farm operator should be willing to pay for well improvements.

The 960 acre farm plan producing potatoes and alfalfa hay utilized
916 acres in the shallow well analysis and 717 acres in the deep well analy-
sis. The factor limiting land usage in the shallow analysis was total water
available for irrigation on the farm. The limiting factor in the deep
well analysis was irrigation water available in July. The marginal value
of water at the 717 acre solution point was $202. The value at the 916
acre solution point was $74. A 25% reduction lowers these values to
$152 and $56 respectively. (These marginal values hold only near the
solution points. If an adequate amount of water had been available to
irrigate the entire 960 acres, the margiqal value of water would have
been zero.) If a linear decline in the marginal value of water from 717
acres to 916 acres and from 916 acres to 960 acres is assumed, the loss

in income from the idle land may be estimated in the following manner:

556 o $28 (average marginal value per AF of water
2 B P
from 916 acres to 960 acres)
960 - 916 = 44 (acres of idle land)
$28 x 44 = $1232 (loss in income with acreage restricted

to 916 acres)
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§l§2_%%§§§ $104 (average marginal value per AF
of water from 717 acres to 916
acres)
916 - 717 = 199 (acres of idle land)
$104 x 199 = $20,696 (additional loss in income
when acreage is restricted
to 717 acres)
$20,696 + $1,232 = $21,928 (total income loss from restricted

acreage)

A graphical presentation of the situation takes the form of Graph 1.

The marginal value for additional water would reach zero if adequate
water was available to irrigate the entire 960 acres. The marginal value
line does not intersect the vertical axis because the marginal value for
water is not determined at a production level of zero. (The line froﬁ
Point A leftward shows what the marginal value might be for this farm
plan at lower solution levels.) The shaded area of the graph designates
the farm income lost by not utilizing‘all available land in the farm
plan, $21,928. The operator should be willing to spend up to that amount
to improve his wells and pumping equipment to guarantee an adequate water
supply. The $21,928 loss is for only one year which makes it evident that
a farmer could make many improvements in the 20 years considered in this

analysis.
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CHAPTER V

Effects of Ground Water Decline on the Returns
To Representative Farming Enterprises

The second objective of this study was to estimate the benefits
and costs associated with varying rates of ground water decline in the
Raft River Basin. The decline rates examined were 1, 2, 3, 4, 5 and 10
feet per year. Declines of 5 feet per year have occurred in parts of
the basin.- The 10 foot rate was examined to estimate the effect of

a decline rate greater than that already experienced.

Several calculations must be made in order to examine various
rates of ground water decline. As decline occurs, the power cost for
pumping an acre-foot of water form a well increases. Increased power
cost is, however, only a portion of the overall cost of the ground
water decline. As decline occurs, and as the rate increases, the
pumping equipment and wells become obsolete in a shorter than normal
period of time. This obsolescence increases the depreciation and re-
placement costs for wells and pumping equipment. The eleven representa-
tive wells in this study were examined and cost calculations made for
the improvements and changes necessary to maintain their yields at their
current levels for 20 years (Appendix F). The power cost at the maximum
depth a system would be pumping from at the end of the period was averaged

with the cost when no decline occurred for each representative well.

This was done for each of the wells for each rate of decline (Appendix G).
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The increased power costs of pumping associated with the rates
of decline were examined in the linear programming models. This was
done by substituting the increased costs of pumping from each well for
the originally programmed costs in the objective functions of the farm
plan models. This involved examining 7 objective functions with dif-
fering pumping costs for both shallow and deep well analysis. The
examination of the different returns for the various rates of decline
was handled in the same manner as previously explained. The only dif-
ference in the calculations was that the total cost of depreciation
of the wells and pumping equipment of a farm plan varied over the time
period. This was caused by the improvements and changes which had to
be made in wells and pumping equipment during the 20 year period. The

program provided by Professor Joel Hamilton, Department of Agricultural

Economics, University of Idaho, to determine the cumulative present values

was used to handle these changes, so it was not a serious problem to

examine varying depreciations costs.

Tables 8 through 12 present a summary of effects various rates
of ground water decline have on farm plans in the Raft River Basin.
An examination of each plan at féur discount (interest) rates appears
in Appendix H. Decline reduced the present values of net returns and
annual annuity values as expected, but not in the amounts which had

been anticipated.



PO e (e
{

70

Northern Area of Basin

Tables 8 and 9 are a presentation of the effects of a decline on
farm plans in the northern portion of the Raft River Basin. The 640
acre farm plan with shallow wells has én accumulated present value
of $715,890 for net return I (the return for the production of 82
acres of malting barley, 150 acres of alfalfa hay, and 408 acres of
potatoes [Table 5]). The annual annuity value for the return was
$68,835. One foot of decline per year decreased these values to
$706,746 and $67,959 respectively. Five feet of yearly decline re-
duced the values to $684,404 and $65,808. The decrease in the annuity
value from $68,835 to $65,808 is a 4% decrease. Ten feet of decline

reduces the annuity value to $63,103, an overall 8% decrease.

Southern Area of Basin

Decline of the ground water level in the southern portion of the
basin is more critical than decline in the northern section. Net re-
turns and annuity values are much lowér in the southern portion of the
study area than in the northern portion. The 320 acre farm plan with
shallow wells provides an accumulated present value net return of
$134,495 with production of 170 acres of malting barley and 150 acres
of alfalfa hay (return I, Table 6). The annual annuity value of the
return is $12,932. One foot of decline per year reduces the return
and annuity value to $127,591 and $12,268 respectively. The decrease
of the annuity value is a decrease of 13%. Ten feet of decline per

year decreases the annuity value to $9,270, an overall 287 decrease.
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Decreases by this amount are a serious problem for a farm. The sever-
ity of the effects of decline in the southern portion of the study area
is even more evident when the returns for farms producing only feed
barley and alfalfa hay are examined (NR III). Annuity values for the
320 acre farm plan drop to $6,102 for shallow wells and $4,282 for

deep wells when decline of 5 feet per year occurs.

The 640 acre farm in the south with deep wells and restricted
acreage has a net return with an accumulated present value of $19,078
and an annual annuity value of $1,834 (Table 11) for net return IIL
(production of 305 acres of feed barley and 250 acres of alfalfa hay
[Table 6]). Five feet of decline per year decreases the annuity value
to $27. Decline of ten feet per year causes an accumulated present
value net loss of $20,259. Even without decline, the annuity value
of $1,834 is an unacceptable return for the farm plan for 640 acres.

The dairy operations in the southern portion of the basin corm-
tinued to show the best returns for farms in that area (Table 12).
Five feet of decline per year decreased the annuity value for the 320
acre dairy with shallow wells by‘$2,898 or 11%. The annuity value with
this reduction was still $22,939 which was greater than the highest
annuity value for a 320 acre non-dairy farm with 5 feet of yearly

decline ($11,249).

Farms in the northern section of the basin should be able to

make the necessary well and pumping equipment changes with only a
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a slight reduction in their returns. When the acreage of land utilized
on a farm is restricted, the ability of a farmer to make the necessary
changes is reduced. This is also the case when low value cash crops

are grown on a farm.

Returns for farms in the southern portion of the Raft River Basin
restrict the ability to make improvements and changes in wells and
pumping equipment. Returns for all farm plans, excluding dairy, are
low with no ground water decline. Ten feet of decline per year re-
sulted in a net loss for the 640 acre farm plan producing feed barley

and alfalfa hay as cash crops.

Oppurtunity Cost of Not Pumping the Ground Water

The opportunity cost or value foregone by not pumping the ground
water in the Raft River Basin is best expressed by the accumulated pre-
sent value net returns and annual ann;ity values of the farm plans.
Without the irrigation water pumped from the aquifer, agricultural use
for land in the basin would be limited to desert grazing range. An
extremely limited amount of land in the study area is wholly irrigated
with surface water from the Raft River and Cassia Creek. An improved
Bureau of Land Management grazing area in the eastern portion of the
valley containing approximately 5,000 acres produced only 5,404 A.U.M. s
(animal unit months) of grazing in 1971 (interview with a representative

of the Burley BLM office). The value of one A.U.M. of grazing per acre
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($.80 for federal lands for 1972)(11) when compared to the potential
returns from irrigation of the land is minimal. The opportunity cost
of not irrigating would be nearly identical to the present value net

return to a farm plan.

Relative Importance of Ground Water Decline

Data have been presented which show the impacts of various yearly
rates of ground water deline on estimated returns for various farm plans
in the Raft River Basin. It is also important to discuss the importance
of water level decliﬁe and depth to ground water in relation to other |
variables affecting farm plan returns. The location and size of the farm,
the management capabilities of the operator, crops produced and charac-

teristics of wells also affect returns from the farm operation.

The location of the farm, in either the northern or southern portion
of the study area, has a large impact on farm income. The dissimilar crop
possibilities for the two areas is of major importance to farm income. The
size of the farm and the management capabilities of the farm operator also
influence farm income. As farm size increases, efficiencies of equipment
and labor usage tend to increase; These increased efficiencies when accom-
panied by a high level of management capability can affect returns signifi-
cantly. The crop mix also has a major impact on return levels for the farm
plans. The three crop combinations examined for each farm plan in the
southern portion of the Raft River Basin can be produced with the same equip-

ment inventory and amount of irrigation water. The 640 acre field crop
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plan has 20 year accumulated present value net return possibilities of
$182,420, $91,111 and $59,625. This range of return possibilities, which
is typical for all farm plans in the study area, shows the importance of

the crop mix chosen for production on a farm.

The characteristics of wells on a farm and depth to water, although
important factors influencing farm returns, are not as important as crops
produced, farm size, management capabilities, and farm location. Farms
located some distance from the river typically have deeper wells and
greater depths to water. Power costs per unit of water pumped increase
as the depth to water increases. Investment coOSts and depreciation ex-
penses also increase for deep wells and associated pumping equipment.
These changes in costs are relatively minor. For example, the 20 year
accumulated present value net returns for the 320 acre farm plan in the
southern portion of the study area is decreased by only $21,000, $234,495
to $113,432 when deep wells provide irrigation water. Similar relation-

ships exist for other farm plans examined in this study.

H

The rate of ground water decline affects farm returns by affecting
the power cost of pumping a unit of water (increased depth to water in-
creases power cost), investment costs and depreciation expenses of wells
and pumping equipment. Decline causes earlier obsolescence of pumping
equipment and wells. Pump motors must be replaced with bigger units,
wells must be deepened, and other changes must be made as the water level

declines. The 20 year accumulated present value net return to the 640
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acre farm plan in the southern portion of the study area decreased
from $182,420 when no decline occurred to $153,248 when 5 feet of yearly
decline occurred, Table 10. Ten feet of yearly decline decreased the
return to $121,076. However, this return level for the most profitable
crop mix was still greater than the return from the production of the

next most profitable crop mix with no decline, $91,111.

As evidenced by the above, ground water decline and depth to ground
water do affect farm returns, but in relatively minor amounts when com-
pared to the importance of farm location, farm size, management capability,
and crop mix produced. Administration of the ground water resource based
on depth to water or rate of ground water decline alone ignores the more

important factors affecting a farm's return.



CHAPTER VI

Summary and Conclusions

Sunmary

An economic analysis of farm plans in the Raft River Basin was
performed to 1) estimate the value of water pumped from the aquifer
system, 2) examine the effects of a declining ground water level on
returns to farms, and 3) estimate the opportunity cost of not pump-
ing the ground water. An examination of agricultural activities in
the basin showed dissimilar crop opportunities in the northern and
southern portions of the area. Therefore, the basin was divided in-

to two areas for consideration in this analysis.

Data pertaining to costs of production, returns for crops, agri-
cultural practices and cropping patterns in the study area were ga-
thered in 1972 to provide the information base for this study. Ac-
tivity budgets for producing crops were formulated from this data.
Linear programming analysis using thefinformation from the budgets
was then applied to estimate the returns to operator labor and manage-
ment from representative farm plans examined in the two divisions of
the study area. This analysis was then extended to examine the effects
of 6 rates of decline on the returns to operator labor and management.
The added costs which a farm would experience in changing its irriga-
tion wells and pumping equipment to maintain its irrigation water sup-
ply were examined to determine the impact from various rates of water
level decline on the 20 year accumulated present value of net returns

and annual annuity values for a farm.
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As the rate of decline increased, the returns and annuity values
decreased as expected, but not by the amounts that had been anticipated.
The rate of water level decline on a farm had less impact on the returns
than did the various possible crop mixes for a farm plan. Farms in the

northern portion of the Raft River Basin should be able to operate with

up to five feet of yearly decline and experience only slightly lower returns.

Farms in the southern portion of the study area which produce the lower
value crop mix of feed barley and alfalfa hay have low returns even with-
out decline. The most profitable enterprises examined for the southern
area were the 320 and 640Aacre dairy farm plans. Accumulated present
value net returns and annual annuity values were at a minimum three times
the returns from the same size farm without dairy. Ground water decline
in the southern portion of the Raft River Basin is far more serious a
problem than decline in the northern portion. Income levels for farms

in the southern portion are at or below subsistance levels without a
decline in the ground water level. Returns in the northern portion of

the study area are at a considerably higher level.

The value of irrigation water is the value of the return to opera-
tor labor and management for the crops produced in a farm plan. If the
water was not pumped for use at this time, the loss would be nearly equal
to this value. The alternative to irricated agriculture for the lands
currently irrigated with ground water is desert grazing. The opportunity
cost of not irrigating the land is, considering a value of one A.U.M. per
acre for grazing ($.80 in 1972), closely approximated by the returns

per acre for irrigated farm plans.
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Ground water decline affects farm returns, but by relatively minor
amounts when compared to other factors. In the Raft River Basin the
major factors affecting the returns to farms are the location of the farm
(northern or southern portion of the basin) and crop mix produced. Char-
acteristics of the wells on a farm, depth to water, and farm size and

management capabilities also affect returns, but to a lesser degree.

Administration of the ground water resource should consider all
factors affecting farm returns. The effect of ground water decline is

only one measure of the economic position of a farm enterprise.

Conclusions

This analysis has shown the effects of a declining ground water level
on the returns to various farm plans. The rate of decline that can be
tolerated on a farm varies for different farms and different cropping
patterns. The returns to farm operations in the Raft River Basin are in-
fluenced more by farm location and crop mix produced than ground water de-

i

cline and depth to water.

The value of a water right is the certainty it provides the holder.
When applied to ground water, the certainty concerns the level of the water
and the rate of decline, if any, which can be expected. If the rate of
yearly decline can be anticipated, wells and pumping equipment can be
designed to minimize costs as decline occurs. The added costs incurred
from ground water decline are influenced more by the time period over

which the decline occurs than the depth to water.
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It has been demonstrated that the depth to water and the rate of
ground water decline are not the major factors affecting farm returns in
the study area. These results indicate that administration of the ground
water resource in the Raft River Basin to achieve the goal of '"full economic
development' of the resource would be more appropriate than administration

to maintain '"'reasonable pumping levels'.
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Table 1: Estimated Costs and Returns for Irrigated Grain on a 640 Acre
Farm, Northern End of Raft River Basin, 1972.

Variable Costs

Seed, barley (100#/acre) $ 5.00
or wheat (100f#/acre) ( 5.50)%
Spray, 2,4-D (custom aerial application) 2.60
Machinery
Repairs 14.34
Fuel and lubricant 1.72
Labor
Irrigation (2 hrs. @ $2.25/hr) 4.50
All other (1.74 hrs @ $2.25/hr) 3.92
Interest on working capitol 1.16

Fixed Costs

Depreciation 15.41
Interest on land 25438
Taxes 4.21

Gross Returns

50 Bu 60 Bu 70 Bu 75 Bu 80 Bu 90 Bu

Feed Barley

@ $.98/Bu $49.00 58.80 68.60  73.50 78.40 88.20
Malting Barley

@ $1.73/Bu 86.50 103.80 121.10 129.75 138.40 155.70
Wheat

@ $1.40/Bu 70.00 84.00 98.00 105.00 112.00 126.00

%Substitute seed cost
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Table 2: Estimated Costs and Returns for Irrigated Alfalfa Hay on a
640 Acre Farm, Northern End of Raft River Basin, 1972.

Variable Costs

Spray, Weevil (custom aerial application) $ 4.75
Machinery
Repairs 11.64
Fuel and lubricant 3.72
Labor .
Irrigation (3 hrs. @ $2.25/hr) 6.75
All other (3.27 hrs. @ $2.25/hr) 7.36
Interest on working capitol 1.24

Fixed Costs

Depreciation on machinery ‘ 10.33
Interest.on land 25.38
Taxes 4.21

Gross Returns

3 Ton 4 Ton 5 Ton 6 Ton

A

Alfalfa Hay
@ $25/ton §75 $100 §125 $150
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Table 3: Estimated Costs and Returns for Irrigated Sugar Beets on a
640 Acre Farm, Northern End of Raft River Basin, 1972.

Variable Costs

Seed (3#/acre)
Fertilizer
Spray
Machinery
Repairs

Fuel and lubricants

Labor

Irrigation (14 hrs. @ $2.25/hr)

All other (10 hrs. @ $2.25/hr)

Interest on working capitol

Fixed Costs

Depreciation on machinery
Interest on land

Taxes

Gross Returns

10 Ton 12 Ton

14 Ton

15 Ton

$ 3.00

35.00

1.50

19.60
4.16

31.50
22.50

4.25

17.04

25.38

4.21

16 Ton 18 Ton

Sugar Beets
@ $14/ton §140 $168

$196

$210

$224 $252
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- Table 4: Estimated Costs and Returns for Irrigated Potatoes on a 640
Acre Farm, Northern End of Raft River Basin, 1972.

] Variable Costs
Seed (20 sacks/acre) $57.00
Seed treatment 3.60
Spray 7.25
Machinery .
Repairs 42.72
Fuel and lubricants 4.15
Labor
Irrigation (12 hrs. @ $2.25/hr) 27.00
All other (4.29 hrs. @ $2.25/hr) 9.65
Interest on working capitol 5.49

Fixed Costs

Depreciation on machinery 37.76
Interest on land 25.38
Taxes 4.21

‘Y
Gross Returns

200 Sacks 225 Sacks 250 Sacks 275 Sacks

Potatoes
@ $2.00/cwt $400 $450 $500 $550
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Table 5: Estimated Costs and Returns for Irrigated Grain on a 960 Acre
Farm, Northern End of Raft River Basin, 1972.

Variable Costs

Seed, barley (100#/acre) $ 5.00
or wheat (100{#/acre) ( 5.50)*
Machinery
Repairs 9.06
Fuel and lubricants 1.49
Labor
Irrigation (.89 hrs. @ $2.25/hr) 2.00
All other (1.46 hrs. @ $2.25/hr) 3.29
Interest on working capitol .75
Fixed Costs
Depreciation on machinery 9.22
Interest on land 25.38
Taxes 4.21

Gross Returns

50 Bu 60 Bu 70 Bu 75 Bu 80 Bu 30 Bu

Feed Barley

@ $.98/Bu , $49.00 58.80 68.60 73.50 78.40 88.20
Malting Barley

@ $1.73/Bu 86.50 103.80 121.10 129.75 138.40 155.70
Wheat

@ $1.40/Bu 70.00 84.00 68.00 105.00 112.00 126.00

*Substitute seed cost



Table 6: Estimated Costs and Returns for Irrigated Alfalfa Hay on a
960 Acre Farm, Northern Eund of Raft River Basin, 1972.

Variable Costs

Spray, Weevil (custom aerial application) $ 3.50
Machinery
Repairs 17.49
Fuel and lubricants 2.64
Labor
Irrigation (2.67 hrs. @ $2.25/hr) 6.00
All other (2.61 hrs. @ $2.25/hr) 5.87
Interest on working capitol 1.29

Fixed Costs

Depreciation on machinery 15.89
Interest on land 25.38
Taxes 4.21

Gross Returns
L

3 Ton 4 Ton 5 Ton 6 Ton

Alfalfa Hay
@ $25/ton $75 $100 $125 $150
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Table 7: Estimated Costs and Returns for Irrigated Sugar Beets on a
960 Acre Farm, Northern End of Raft River Basin, 1972.

Variable Costs

Seed (3#/acre) $ 3.00
Fertilizer 30.00
Machinery
Repairs 11.20
Fuel and lubricants 4.16
Labor
Irrigation (5.16 hrs. @ $2.25/hr) 11.60
All other (20 hrs. @ $2.25/hr) 45.00
Interest on working capitol 3.80

Fixed Costs

Depreciction on machinery 9.78
Interest on land 25.38
Taxes 4.21

Gross Returns

10 Ton 12 Ton 14 Ton 15 Ton 16 Ton 18 Ton

Sugar Beets

@ $14/ton $140 $168 $196 $210 $224 $252
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Table 8: Estimated Costs and Returns for Irrigated Potatoes on a
960 Acre Farm, Northern End of Raft River Basin, 1972.

Variable Costs

Seed (20 sacks/acre) $57.00
Seed treatment 3.60
Spray 4.00
Fertilizer , 35.00
Machinery

Repairs 13.74

Fuel and lubricants 4.15
Labor

Irrigation (4.45 hrs. @ $2.25/hr) 10.00

All other (4 hrs. G $2.25/hr) 9.00
Interest on working capitol 4.95

Fixed Costs

Depreciation on machinery 13.03
Interest on land 25.38
Taxes 4.21

Gross Returms

200 Sacks 225 Sacks 250 Sacks 275 Sacks

Potatoes

@ $2.00/cwt $400 $450 $500 $550




Table 9: Estimated Costs and Returns for Irrigated Grain on a 320
Acre Farm, Southern End of Raft River Valley, 1972.

Variable Costs

Seed, barley (100#/acre) S 5.00
Custom harvest 7.00
Machinery
Repairs 5.36
Fuel and lubricants 1.14
Labor
Irrigation (1.5 hrs. @ $2.25/hr) 3.38
All other (l1.15 hrs. @ $2.25/hr) 2.59
Interest on working capitol .89

Fixed Costs

Depreciation on machinery 4.07
Interest on land 18.12
Taxes 3.06

Gross Returns

50 Bu 60 Bu 70 Bu 75 Bu 80 Bu 90 Bu

Feed barley
@ $.98/Bu $49.00 58.80 68.60 73.50 78.40 88.20

Malting barley
@ $1.73/Bu 86.50 103.80 121.10 129.75 138.40 155.70
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Table 10: Estimated Costs and Returns for Irrigated Alfalfa Hay on a
320 Acre Farm, Southern End of Raft River Basin, 1972.

Variable Costs

Machinery
Repairs $ 8.61
Fuel and lubricants 2.64
Labor
Irrigation (2.5 hrs. @ $2.25/hr) 5.62
All other (3.61 hrs. @ $2.25/hr) 8.12
Interest .on working capitol .91
Fixed Costs
Depreciation on machinery 7.67
Interest on land 18.12
Taxes 3.06

Gross Returns

3 Ton 4 Ton 5 Ton

Alfglfa Hay
@ $25/ton $75 $100 $125




Table 11: Estimated Costs and Returns for Irrigated Grain on a
640 Acre Farm, Southern End of Raft River Basin, 1972.

Variable Costs

Seed, barley (100i/acre) $ 5.00
Spray, 2,4-D (custom aerial application) 2.60
Machidery
Repairs s 10.45
Fuel and lubricants 1.49
Labor
Irrigation (1.5 hrs. @ $2.25/hr) 3.38
All other (1.46 hrs. @ $?.25/hr) 3.28
Interest on working capitol .95
l Fixed Costs
] Depreciation on machinery 12.18
Interest on land 18.12
|
j Taxes 3.06

Gross Returns

50 Bu 60 Bu 70 Bu 75 Bu 80 Bu 90 Bu

Feed barley
@ $.98/Bu $49.00 58.80 68.60 73.50 78.40 88.20

Malting barley
@ $1.73/Bu 86.50 103.80 121.10 129.75 138.40 155.70
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Table 12: Estimated Costs and Returns for Irrigated Alfalfa Hay on a
640 Acre Farm, Southern End of Raft River Basin, 1972.

Variable Costs

Spray (custom) $ 5.60
Machinery
Repairs 13.71
Fuel and lubricants 2.87
Labor .
Irrigation (2.5 hrs. @ $2.25/hr) 5.62
All other (2.84 hrs. @ $2.25/hr) 6.39
Interest on working capitol 1.24

Fixed Costs

Depreciation on machinery 12.11
Interest on land . 18.12
Taxes 3.06

Gross Returns

% 3 Ton 4 Ton 5 Ton
Alfalfa Hay
@ $25/ton $75 $100 $125




Table 13: Estimated Costs and Returns for Irrigated Silage Corn on a

Gross Returns

15 Ton

20 Ton 25 Ton

Corn silage

@ $8.33/ton $125

$166.60 $208

640 Acre Farm, Southern End of Raft River Basin, 1972.
Variable Costs
Seed, corn (20#/acre) $§12.00
Fertilizer (100 units nitrogen) 8.44
Machinery
Repairs 10.86
Fuel and lubricants 2.75
Labor
Irrigation (2.5 hrs. @ $2.25/hr) 5.62
All other (4 hrs. @ $2.24/hr) 9.00
Interest on working capitol 1.76
Fixed Costs
Depreciation on machinery g.31
Interest on land 18.12
Taxes 3.06
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Table 14 Worksheet for Estimating Returns for Dairy
Farms in the Southern End of the Raft River
Basin, 1972.

This worksheet is an estimate of the requirements and returns to be
expected for a dairy operation in the study area. The purpose of
the dairy examination was to provide an estimate of an alternative
income possibility for farms in the southern portion of the study
area.
Crops grown for use on the dairy farm were assumed to be grown at the
same cost as on other similar sized farms.
Feed Requirments for Dairy Cow and Replacement:

Hay Equivalent® 10.69 Tons

Feed Barley 80.36 Bushels

Parlor and Equipment Costs are assumed to average $500 per cow

Estimated value for a dairy cow is assumed to be $600

Gross Return from milk produced:

10,104 1b. milk @ $4,77/hd $481,96
367.79 1b milkfat @ $1.38/1b 507.54
$989.50

* 3 tons of silage equals 1 ton of hay
%% Idaho Agricultural Statistics, 1971 average production and prices

101
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APPENDIX C

Yield Levels and Returns for Crops
Produced in the Raft River Basin
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Table 1: Expected Crop Yield Levels (Per Acre) Examined
in Programming Analysis

Farm Size

Feed Malting

Sugar

N S Corn Alfalfa Wheat Barley Barley Potatoes Beets
640 4 Ton 60 Bu 75 Bu 60 Bu 200 Sacks 16 Ton
960 4 Ton 60 Bu 90 Bu 70 Bu 200 Sacks 16 Ton

320 4 Ton 75 Bu 60 Bu
640 20 Ton 4 Ton 75 Bu 60 Bu

Gross Dollar Return Per Unit for Crops Produced:

Corn Silage $8.
Alfalfa Hay $25.
Wheat S1.
Feed Barley S.
Malting Barley $l.
Potatoes S2.
Sugar Beets $14.

33/Ton
00/Ton
40/Bu
98/Bu
73/Bu
00/Sack
00/Ton



APPENDIX D

Crop Bounds Applied During the LP Analysis
of Representative Farms in the
Raft River Basin
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Table 1: Crop Bounds Applied During LP Analysis of
Representative Farms in the Northern Por-
tion of the Raft River Basin.

640 Acre Farm
Resulting Total Revenue
TR I
TR II

TR III

960 Acre Farm

Resulting Total Revenu

TR I
TR II

TR III

Bounds
Alfalfa 150 ac.
Alfalfa 150 ac., Potatoes
150 ac., Sugar beets
150 ac., Malting barley
150 ac.

100 ac. Alfalfa 150 ac.,
Potatoes 150 ac., 50 ac.
Sugar beets 150 ac.,

Feed barley 100 ac.

Bounds
Alfalfa = 200 ac.

150 ac. Alfalfa 225 ac.,
Potatoes 225 ac., 75 ac.
Sugar beets 225 ac.,
Feed barley 150 ac., Malting

barley 150 ac.

Alfalfa 200 ac., Potatoes
225 ac., Sugar beets

225 ac., Matling barley

225 ac.
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Table 2: Crop Bounds Applied during LP Analaysis of
Representative Farms in the Southern Por-
tion of the Raft River Basin.

320 Acre Farm
Resulting Total Revenue
TR I
TR II

TR III

640 Acre Farm
Resulting Total Revenue
TR I
TR II

TR III

Bounds
Alfalfa 150 ac.
Alfalfa 150 ac., Malting
barley 50 ac.
Alfalfa 150 ac., Malting
barley = 0 ac.

Bounds
Alfalfa 250 ac.
Alfalfa 250 ac., Malting
barley 100 ac.
Alfalfa 250 ac., Malting
barley = 0 ac.




APPENDIX E

20 Year Accumulated Present Values and
Annual Annuity Values for Representative
Farm Plans in the Raft River Basin
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Table 1:

20 Year Accumulated Present Values and Annual Annuity

Values for a 640 Acre Farm, Northern End of Raft
Shallow Wells

River Basin,

110

Interest Rate 47 67 757 97
2
P.V} of T.R: I 2,537,769 2,141,575 1,940,174 1,704,411
P.V. of T.C; I 1,599,506 1,350,816 1,224,284 1,075,146
P.V. of N.RY 1 937,963 790,759 715,890 628,265
Annuity Value 69,019 68,381 68,835 68,813
P.V. of T.R. II 1,713,218 1,445,923~ 1,309,944 1,150,766
P.V. of T.C. II 1,220,678 1,031,094 934,629 821,687
P.V. of N.R. II 492,450 414,829 375,315 329,079
Annuity Value 36,243 36,195 36,088 36,044
P.V. of T.R. III 1,683,157 © 1,420,551 1,286,960 1,130,573
P.V. of T.C. III 1,241,837 1,048,952 950,809 835,900
P.V. of N.R. III 441,320 371,591 336,151 294,673
Annuity Value 32,474 32,369 32,322 32,275
TR I = 182 Ac Malting barley, 150 Ac Alfalfa hay, 408 Ac Potatoes
TR II = 150 Ac Malting barley, 207 Ac Alfalfa hay, 150 Ac Potatoes,
133 Ac Sugar beets
TR III = 100 Ac Feed barley, 102 Ac Malting barley, 150 Ac Alfalfa
hay, 150 Ac Potatoes, 138 Ac Sugar beets
1
P.V. = Present Value
2
“"T.R. = Total Revenue
’p.c. = Total Cost
4N.R. = Net Return
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Table. 2: 20 Year Accumulated Present Values and Annual Annuity

Values for a 640 Acre Farm, Northern End of Raft
River Basin, Deep Wells

111

Intercst Rate YA 67, 747 9%
P.V. of T.R. I 2,537,469 2,141,575 1,940,174 1,704,411
P.V. of T.C. I 1,619,941 1,358,124 1,240,005 1,090,003
P.V. of N.R. I 917,528 773,451 700,169 614,403
Annuity Value 67,515 67,374 67,324 67,296
P.V. of T.R. II 1,713,218 1,445,923 1,309,940 1,150,766
P.V. of T.C. II 1,243,027 1.050,020 951,815 836,832
P.V. of N.R. II 470,191 395,903 358,125 313,934
Annuity Value 34,598 34,486 34,435 34,385
P.V. of T.R. III 1,683,157 1,420,551 1,286,960 1,130,573
P.V. of T.C. III 1,263,462 1,067,361 967,516 850,625
P.V. of N.R. III 419,595 353,200 319,444 279,948
Annuity Value 30,875 30,767 30,716 30,662
TR I 182 Ac Malting barley, 150 Ac Alfalfa hay, 408 Ac Potatoes
TR II = 150 Ac Malting barley, 207 Ac Alfalfa hay, 150 Ac Potatoes,
133 Ac Sugar beets
TR III = 100 Ac Feed barley, 102 Ac Malting barley, 150 Ac Alfalfa

hay,

150 Ac Potatoes, 138 Ac Sugar beets
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Table 3: 20 Year Accurulatcd Present Values and Annual Annuity

Values for a 960 Acre Farm, Northern End of Raft
River Basin, Shallow Wells

Interest Rate 4% 6% 757, %
P.V. of T.R. I 4,198,045 3,543,055 3,209,865 2,819,815
P.V. of T.C. I 2,236,365 1,889,240 1,712,613 1,505,811
P.V. of N.R. I 1,961,680 1,653,825 1,497,252 1,314,004
Annuity Value 144,347 144,061 143,967 143,922
P.V. of T.R. TI 2,359,139 1,991,066 1,803,819 1,584,626
P.V. of T.C. II 1,505,779 1,272,200 1,153,346 1,014,184
P.V. of N.R.II 853,360 718,866 650,473 570,442
Annuity Value 62,793 62,619 62,545 62,480
P.V. of T.R. III 2,270,801 1,916,509 1,736,275 1,525,291
P.V. of T.C. III 1,428,839 1,207,273 1,094,532 962,523
P.V. of N.R. III 841,962 709,236 641,743 562,768
Annuity Value 61,955 61,780 61,706 61,639
TR I = 200 Ac Alfalfa hay, 716 Ac Potatoes
TR 1I = 360 Ac Fced barley, 150 Ac Malting barley, 150 Ac Alfalfa
hay, 225 Ac Potatoes, 75 Ac Beets
TR III = 310 Ac Feed barley, 225 Ac Malting barley, 200 Ac Alfalfa

hay, 225 Ac Potatoes



Table 4: 20 Year Accumulated Present Values and Annual Annuity

Values for a 960 Acre Farm, Northern End of Raft
River Basin, Deep Wells

11

Interest Rote 4% 67% 757 9%
P.V. of T.R. I 3,116,255 2,630,056 2,382,717 2,093,178
P.V. of T.C. I 1,813,395 1,532,215 1,388,894 1,221,087
P.V. of N.R. I 1,302,360 1,097,841 993,823 872,091
Annuity Value 95,832 95,631 95,560 95,419
P.V. of T.R. II 2,359,139 1,991,066 1,803,819 1,584,626
P.V. of T.C. II 1,526,401 1,289,579 1,169,077 1,027,984
P.V. of N.R. II 832,738 701,487 634,742 556,642
Annuity Value 61,276 61,105 61,033 60,968
P.V. of T.R. III 2,270,801 1,916,509 1,736,275 1,525,291
P.V. of T.C. III 1,449,348 1,224,547 1,110,160 976,226
P.V. of N.R. III 321,453 691,962 626,115 549,065
Annuity Value 60,445 60,275 60,203 60,139
TR T = 200 Ac Alfalfa hay, 517 Ac Potatoes
TR II = 360 Ac Feed barley, 150 Ac Malting barley, 150 Ac Alfalfa
hay, 225 Ac Potatoes, 74 Ac Beets
= 310 Ac Feed barley, 225 Ac Malting barley, 200 Ac Alfalfa

TR III
% hay, 225 Ac Potatoes



Table 5: 20 Year Accumulated Present Values and Annual Annuity

Values for a 320 Acre Farm, Southern End of Raft
‘ Shallow Wells

River Basin,

114

Interest Rate 47 6% 747 9%
P.V. of T.R. I 443,669 374,448 339,234 298,012
P.V. of T.C. I 267,770 225,992 204,739 179,860
P.V. of N.R. I 175,899 148,456 134,495 118,152
Annuity Value 12,943 12,932 125932 12,941
P.V. of T.R. II 394,255 332,743 301,451 264,820
P.V. of T.C. II 267,770 225,992 204,739 179,860
P.V. of N.R. II 126,485 © 106,751 96,712 84,960
Annuity Value 9,307 9,299 9,299 9,306
P.V. of T.R. III 373,665 315,366 285,708 250,990
P.V. of T.C. III 267,770 225,992 204,739 179,860
P.V. of N.R. III 105,895 89,374 80,969 71,130
Annuity Value 7,792 7,785 7,785 7,791
TR I = 170 Ac Malting barley, 150 Ac Alfalfa hay

TR II 120 Ac Feed barley, 50 Ac Malting barley, 150 Ac Hay
TR III = 170 Ac Feed barley, 150 Ac Hay



Table G: 20 Year Accumulated Present Values and Annual Annuity
Values for a 320 Acre Farm, Southern End of Raft
River Basin, Deep Wells

Inter«st Rate 4% 6% 747 9%
P.V. of T.R. I 443,669 374,448 339,234 298,012
P.V. of T.C. I 295,317 249,242 225,802 198,364
P.V. of N.R. I 148,352 125,206 113,432 99,648
Annuity Value 10,916 10,906 10,907 10,914
P.V. of T.R. II 394,225 332,743 301,451 264,820
P.V. of T.C. II 295,317 249,242 225,802 198,364
P.V. of N.R. II 98,908 83,501 75,649 66,456
Annuity Value 7,278 7,294 7,274 7,279
P.V. of T.R. III 373,665 315,366 285,708 250,990
P.V. of T.C. III 295,317 349,242 225,802 198,364
P.V. of N.R. III 78,348 66,124 59,906 52,626
Annuity Value 5,765 5,760 5,760 5,764
TR I 170 Ac Malting barley, 150 Ac Alfalfa hay
TR II = 120 Ac Feed barley, 50 Ac lMalting barley, 150 Ac Hay
TR III = 170 Ac Feed barley, 150 Ac Hay



Table 7 20 Year Accumulated Present Values and Annual Annuity
Values for a 640 Acre Farm, Southern End of Raft

River Basin,

Shallow Wells

116

Interest Rate 4 6% 7%% 9%

P.V. of T.R. 1 889,921 751,076 680,443 597,758
P.V. of T.C. 1 651,343 549,720 498,023 437,505
P.V. of N.R. I 238,578 201,356 182,420 160,253
Annuity Value 17,555 17,540 17,540 17,552
P.V. of T.R. 1II 770,503 650,289 589,134 517,545
P.V. of T.C. II 651,343 549,720 498,023 437,505
P.V. of N.R. II 119,160 100,569 91,111 80,040
Annuity Value 8,768 8,760 8,761 8,767
P.V. of T.R. III 729,324 615,535 557,648 489,885
P.V. of T.C. III 651,343 549,720 498,023 437,505
P.V. of N.R. III 77,981 65,815 59,625 52,380
Annuity Value 5,738 5,733 5,733 5,737

TR I = 390
TR 1T = 100

250
TR ITI = 390

Ac
Ac
Ac
Ac

Malting barley, 250 Ac Alfalfa hay

Malting barley, 250 Ac Alfalfa hay,

Feed barley

Feed barley, 250 Ac Alfalfa hay



Table 8: 20 Year Accumulated Present Values apd Annual Annuity
Values for a 640 Acre Farm, Southern End of Raft
River Basin, Deep Wells

117

T -4

Interest Rate 4% A s 9%
P.V. of T.R. L 770,014 649,876 588,760 517,216
P.V. of T.C. I 61C.474 522,823 473,656 416,099
P.V. of N.R. I 150,540 127,053 115,104 101,117
Annuity Value 11,077 11,067 11,068 11,074
P.V. of T.R. II 685,604 578,636 524,220 460,519
P.V. of T.C. II 619,474 522,823 473,656 416,099
P.V. of N.R. II 66,130 55,813 50,564 44,420
Annuity Value 4,866 4,862 4,862 4,865
P.V. of T.R. III 644,426 543,882 492,734 432,859
P.V. of T.C. III 619,474 522,823 473,656 416,099
P.V. of N.R. III 24,952 21,059 19,078 16,760
Annuity Value 1,836 1,834 1,834 1,836
TR I 305 Ac Malting barley, 250 Ac Alfalfa hay

TR II = 100 Ac Malting barley, 250 Ac Alfalfa hay,

N 205 Ac Feced barley

TR III = 305 Ac Feed barley, 250 Ac Alfalfa hay
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Table 9: 20 Year Accumulated Present Values and Annual Annuity
Values for a 320 Acre Dairy, Southern End of Raft
River Basin, Shallow Wells

Interest Rate 4% 67 747 97

P.V. of T.R. 806,246 680,455 616,463 541,553
P.V. of T.C. 454,813 383,853 347,755 305,497
P.V. of N.R. 351,433 266,602 268,708 236,056
Annuity Value 25,806 25,836 . 25,837 25,855

Table 10: 20 Year Accumulated Present Values and Annual Annuity
Values for a 320 Acrc Dairy, Southern End of Raft
River Basin, Deep Wells

Interest Rate L7, 6% VA 9%

P.V. of T.R. 806,246 680,455 616,463 541,553
P.V. of T.C. 470,945 397,468 360,089 316,333
P.V. of N.R. 335,301 282,987 256,374 225,220
Annuity Value 24,673 24,650 24,651 24,668

TR = 85 Dairy cows in herd



Table 11:

20 Year Accumulated Present Values and Annual Annuity

Values for a 640 Acre Dairy, Southern End of Raft

River Basin,

Shallew Wells

120

Interest Rates 47, 67 7 L% 9%

P.V. of T.R. 1,938,098 1,635,718 1,481,886 1,301,815
P.V. of T.C. 1,113,725 939,963 851,566 748,087
P.V. of N.R. 824,373 695,752. 630,320 553,728
Annuity Value 60,660 60,606 60,608 60,649

TR =

Table

198 Dairy cow herd

20 Year Accumulated Present Values and Annual Annuity

Values for a 640 Acre Dairy, Southern End of Raft

River Basin, Decp Wells

Interest Rates 4% 67 7%% 9%

P.V. of T.R. 1,555,569 1,312,872 1,189,406 1,044,876
P.V. of T.C. 950,289 802,025 726,601 638,307
P.V. of N.R. 605,280 510,847 462,805 406,569
Annuity Value 44,439 44,499 44,500 44,531

TR =

164 Dairy cow herd
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APPENDIX F

Estimated Added Costs Required to Maintain
Well Yield for the Representative Wells
in the Raft River Basin
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Table 1: North End Representative Well I
Worksheet
1 Foot decline 50 HP pump $1725
30 ft. column 900
one 12" bowl 200
labor 600
$3425 Year 6
power cost at 120" = $1.41/AF
2 Feet decline 60 HP pump $2000
50 ft. column 1500
two 12" bowls 400
100 HP panel . , 2200
labor 600
$6700 Year 6
power cost at 140" = $1.65/AF

3 Feet decline

power

4 Feet decline

power

5 Feet decline

power

10 Feet decline

power

cost at 180' =

same as 2 feet of decline.

to be at maximum efficiency at 150°'.

cost at 160" = $1.83/AF

same as 3 feet $6700
deepen well 200' 3100
75 HP pump 2415
50" column ! 1500
two 12" bowls 400
labor 600

$8015

$2.11/AF

The 60 HP is designed

Year 2

Year 2

Year 14

gsame as 4 feet decline with the second change in

year 11.
cost at 200' = $2.29/AF
$6700
8015
125 HP pump 3850
150 HP panel 2300
four 12" bowls 800
100 ft. colunn 3000
labor 600
$10550
cost at 300' - $3.51/AF

Year 2
Year 6

Year 12
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Power

5 Feet decline

Power

10 Feet decline

Power cost at 350' =

cost at 230' =

cost at 250' =

$2.62/AF

Table 2: North End Representative Well II
Worksheet
1 Foot decline - 100 HP pump $3100
50 ft. column 1500
= two 12" bowls 400
labor 600
$5600 Year 6
Power cost at 170" = $2.07/AF
2 Feet decline - same as 1 foot decline Year 2
, Power cost at 190' = $2.25/AF
3 Feet decline - same as 1 foot decline Year 2
Power cost at 210' = $2.44/AF
4 Feet decline - same as 1 foot decline $5600 Year 2
50 ft. column 1500
two 12" bowls 400
labor 600
$2500 Year 14

same as 4 feet decline, but with the second

change in Year 11.
$2.81/AF

same as 4 feet decline, but with second

change in Year 6.

deepen well 200' - $3700
150 HP pump 4600
150 HP panel 2300
100 ft. column 3000
four 12" bowls 800
labor 600

$15000

$3.97/AF

Year 13
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Table 3:

Worksheet

North End Representative Well III

1 Foot decline

Power

2 Feet decline

Power

3 Feet decline
Power

4 Feet decline

Power

5 Feet decline

Power

10 Feet decline

Power

- 125 HP pump
150 HP panel

30 ft. column
two 12" bowls
labor

cost at 270" = $3.12/AF

- same as 1 foot decline

20 ft. column

cost at 290" = $3.30/AF

- same as 2 feet decline
cost at 310" = $3.48/AF

- same as 2 feet decline

150 HP pump
50 ft. column
two 12" bowls
labor

cost at 330" = $3.79/AF

- same as 4 feet decline
in Year 11

cost at 350' = $3.97/AF

- deepen well 200"
150 HP pump
150 HP panel
four 12" bowls
100 ft. column

250 HP pump
250 HP panel

four 12" bowls
100 ft. column
labor

cost at 450' = $5.39/AF

$3850
2300
800
400
600
$8050

-

$8050

600
$8650

$8650

$4600
1500
400
600
$7100

Year 6

Year 2

Year 2

Year 2

Year 13

with second change

$3700
4600
2300
800
3000

$14400

$ 8000
5000
800
3000

$17400

Year 2

Year 12

127
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Table

4: North End Representative Well IV

o Lois a2 -
Worksheet

1 Foot decline

Power

2 Feet decline

Power

3 Feet decline

Power

4 Feet decline

Power

5 Feet decline

Power

10 Feet decline

Power

- 150 HP pump
20 ft. column
one 14" bowl
labor

cost at 220' = $2.57/AF

— gsame as 1 foot decline
20 ft. column

cost at 240" = $2.75/AF

~ same as 2 feet decline

10 ft. column

cost at 260' = $2.94/AF

- same as 3 feet decline

200 HP pump
200 HP panel
one 14" bowl
50 ft. column
labor

cost at 280' = $3.12/AF

~ same as 4 feet decline
change in Year 11
cost at 300' = $3.31/AF

- deepen well 200'
200 HP pump
200 HP panel
150 ft. column
four 14" bowls
labor

250 HP pump
250 HP panel
one 14" bowl
80 ft. column
labor

cost at 400' = $4.59/AF

$4600
600
300
600

$6100

) $6100

$ 600
$6700

$6700

300
$7000

$7000

$620C
2300
300
1500
__600
$10900

with second

$4300
6200
2300
4500
1200
600
$19300

8000
5009
300
2400
600
$16300

Year 6

Year 2

Year 2

Year 2

Year 2

Year 2

Year 14

Year 2

Year 16
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Table 5:

North End Representative Well V
Worksheet

1 Foot decline

Power

2 Feet decline

Power

3 Feet decline

Power

4 Feet decline

Power

5 Feet decline
Power

10 Feet decline

Power

no changes, but efficiency would
be low at end of period

cost at 220" = $2.51/AF
- 200 HP pump $6200
200 HP panel 2300
one 17" bowl 400
50 ft. column 1500
labor 600
$11000

cost at 240' = $2.86/AF

same as 2 feet decline with change
in Year 8

cost at 260" = $3.04/AF
- same as 2 feet decline $11000
one 17" bowl 400
50 ft. column 1500
labor 600
' $13500

cost at 280' = $3.23/AF

same as 4 feet decline

cost at 300' = $3.41/Af
— same as 4 feet decline $13500
300 HP pump $10350
300 HP panel 5500
100 ft. column 3000
two 17" bowls 800
labor 600
$20250

cost at 400' = S$4.66/AF

Year 11

Year 6

Year 2

Year 13
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Table

6: North End Representative Well VI
Worksheet

1 Foot decline
Power

2 Feet decline

Power
3 Feet decline
Power
4 Feet decline
Power

5 Feet decline

Power

10 Feet decline

- mno change

cost at 220' = $2.51/AF
- 250 HP pump $ 8000
250 HP panel 5000
50 ft. column 1500
one 18" bowl 400
labor 600
$15500

cost at 240' = $2.81/AF

- same as 2 feet decline with change

in Year 8
cost at 260' = $3.00/AF

- same as 2 feet decline with change
in Year 6

cost in 280" = $3.18/AF
— same as 2 feet decline $15500
300 HP pump 10300
one 18" bowl 400
50 ft. column . 1500
labor 600
$12800

cost at 300' = $3.48/AF
- 300 HP pump $10350
300 HP panel 5500
two 18" bowls 800
100 ft. column 3000
labor 600
$20250

$15,000 estimate to carry the system

through 400 foot of lift.

Power cost at 400' estimated to be approximately

$4.41/AF

Year 11

Year 5

Year 16

Year 2

Year 12

13
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Table 7:

South End Representative Well 1
Worksheet
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1 Foot dazcline

Power

2 Feet decline

Power

3 Feet decline

Power

4 Feet decline

Power

5 Feet decline

- 40 HP pump $§1725
20 ft. column 600
one 12" bowl 200
deepen well 200' 3100
labor 600

$6225

cost at 100' = $1.20/AF °

- 50 HP pump $1725
40 ft. column 1200
two 12" bowls 400
deepen well 200' 3100
labor 600

$7025
cost at 120' = $1.45/AF

~ 50 HP pump $1725
40 ft. -column 1200
two 12" bowls 400
deepen well 200' 3100
labor 600

$7025

- 60 HP pump $2000
20 ft. column 600
100 HP electric panel 2200
one 12" bowl 200
labor 600

$5600
cost at 140" = S$1.70/AF

co

same as 3 feet decline on changes.
just over the lift range of 150 ft.
end of the time period.

st at 160" = S1.89/AF
50 HP pump $§1725
40 ft. column 1200
two 12" bowls 400
deepen well 200' 3100
labor 600

$7025

Year 6

Year 6

Year 6

Year 16

You are
at the

Year 2
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Table 7 (cont.)

5 Feet decline (cont.)

- 75 HP pump $2415
60 ft. column 1800
three 12" bowls 600
labor 600
100 HP panel 2200
$§7615 Year 11
Power cost at 180' = $2.18/AF
10 Feet decline - same as five feet decline §7025 Year 2
7615 Year 6
125 HP pump 3850
150 HP panel 2300
four 12" bowls 800
100 ft. column 3000
labor 600
$10550 Year 15

Power cost at 280" = $3.44/AF
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Table 8: South End Representative Well II
Worksheet
1 Foot decline = 50 HP pump $1725
30 ft. column 900
one 12" bowl 200
labor 600
$3425 Year 6
Power cost at 120" = $1.41/AF
2 Feet decline - 60 HP pump $2000
50 ft. column 1500
two 12" bowls 400
100 HP panel 2200
labor 600
$6700 Year 6
Power cost at 140" = $1.65/AF
3 Feet decline - same as 2 feet decline. The 60 HP is
designed to be at maximum efficiency
at 150'. Year 2
Power cost at 160' = $1.83/AF
4 Feet decline - same as 3 feet decline $6700 Year 2
deepen well 200' 3100
75 HP pump 2415
50 ft. column 1500
two 12" bowls 400
labor 600
$8015 Year 14
Power cost at 180" = $2.11/AF
5 Feet decline - same as 4 feet decline with the second
change in Year 11.
Power cost at 200' - $2.29/AF
10 Feet decline - $6700 Year 2
8015 Year 6
125 HP pump 3850
150 HP panel 2300
four 12" bowls 800
100 ft. column 3000
labor 600
$10550 Year 12

Power cost at 300' =

$3.51/AF

139
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Table 9:

South End Representative Well III

Worksheet

1 Foot decline

Power

2 Feet decline
Power

3 Feet decline
Power

4 Feet decline

Power

5 Feet decline
Power

10 Feet decline

Power cost at 300' =

100 HP pump
50 ft. column
one 17" bowl
labor

cost at 120" = S$1.45/AF

same as 1 foot decline

cost at 140" = S$1.64/AF

cost at 160' =

same as 1 foot decline
$1.82/AF

same as 1 foot decline
125 HP pump

50 ft. column

one 17" bowl

150 HP panel

labor

cost at 180' = $2.09/AF

cost at 200' =

same as 4 feet decline
$2.27/AF

same as 4 feet

150 HP pump
150 HP panel
50 ft. column
one 17" bowl
labor

200 HP pump

200 HP panel
one 17" bowl

70 ft. column
decpen well 200'
labor

$3.45/AF

$3100
1500
400
600
$5600

$5600
3850
1500
400
2300

$5600
8650
4600
2300
1500
400
600
$9400

6200
2300
400
2100
3900
600
$15500

Year

Year

Year

Year

Year

Year
Year

Year

Year

14

~N N

11

16

141



142

1994 utr 1247 Surdung °3BIDAVy
0098T1$ 00S.$ 00S.$ 0096$ 009¢5$ G18€S 3s0) Te30]

(05¢€) (0S2) (0€2) (012) (061) (0L1) 12

0z

61

81

L1

(00€) (sz2) (012) (s61) (081) (s91) 91

&1

VAl

€1

00TTT1S |

(052) (002) (061) (081) oL1) (091) T1

01

6

8

L

(002) (GL1) (oL1) (691) (091) | S18€$ (SST) 9

g

i

€

00SLS 006.$ 006L$ 0096$ 0096$ z

(0S1) (0ST) (0ST1) (0ST1) (0S1) % (061 I

31s0) 31509 1s0) 1s09) 31s0) 1509

31994 01 J99] ¢ 1993 % 199 ¢ 39940 ¢ jo000 I B9

aeax 194 S93vY QUTTO2(Q

pPOTI®d IB9X (7 ®B J10J DUTTO9(Q JO S93BY Po3®IS 107

PTOTX TT®M UTBIUTER O3 PoITnbay $3S0) Poppy pojewrisy
AT TTEM FATIVINISTYAIN AN HINOS

‘0T °T9®BL




Table

10:  South End Representative Well IV

Worksheet

1 Foot decline

Power

2 Feet decline

Power

3 Feet decline
Power

4 Feet decline

Power

5 Feet decline
Power

J ; 10 Feet decline

Power

75 HP pump

20 ft. column
one 12" bowl
labor

cost at 170' = S$1.96/AF
- 100 HP pump

50 ft. column

two 12" bowls

labor

cost at 190" = $2,.27/AF
— same as 2 feet decline
cost at 210" = $2.46/AF

- 100 HP pump
100 ft. column
four 12" bowls
labor

cost at 230" = $2.64/AF

- same as 4 feet decline
cost at 250' = $2.83/AF

—- same as 4 feet

150 HP pump

150 HP panel
three 12" bowls
100 ft. column
labor

cost at 350' = $4.00/AF

$2415
600
200
600
$3815

$3100
1500
400
600
$5600

$3100
3000
800
600
$7500

$7500

$4600
2300
600
3000
600

$11100

Year

Year

Year

Year

Year

Year

Year

143
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Table 11:

South End Representative Well V

Worksheet

1 Foot decline -

125 HP pump
150 HP panel
one 17" bowl
50 ft. column
labor

Power cost at 170" = $2.00/AF

2 Feet decline -

same as 1 foot decline

Power cost at 190' = $2.18/AF

3 Feet decline -

same as 1 foot decline

Power cost at 210' = $2.36/AF

4 Feet decline -

150 HP pump
150 HP panel
100 ft. column
two 17" bowls
labor

Power cost at 230" = $2.63/AF

5 Feet decline -

same as 4 feet decline

Power cost at 250' = $2.82/AF

10 Feet decline -

same as 4 feet decline

200 HP pump
200 HP panel
two 17" bowls
100 ft. column
labor

Power cost at 350' = $3.71/AF

$3850
2300
400
1500
600
$8650

$4600
2300
3000
800
600
$11300

$11300

6200
2300
800
3000
600
$12900

Year

Year

Year

Year

Year

Year

Year

13
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APPENDIX G

20 Year Average Power Costs for Represéntative
Wells in the Raft River Basin



Table 1:

20 Year Average Power Cost (in dollars) Per Acre Foot
of Water Pumped for Indicated Yearly Rates of Decline

North End Representative Wells

147

Well Well Well Well Well Well
I I1 III Iv \ VI

(100") (150") (250") (200") (200") (200")

no decline 1.16 1.76 2.81 2.29 2.33 2.32

1' decline 1.28 1.92 2.96 2.43 2.42 2.42

2' decline 1.40 2.01 3.06 2.52 2.60 2.56

3' decline 1.50 2.10 3.15 2.62 2.68 2.66

4' decline 1.64 2.19 3. 30 2.70 2.78 2.75

5' decline 1.72 2.28 3.58 2.80 2.87 2.90

10' decline 2.34 2.86 4.10 3.44 3.50 3.36




Table 2 South End Representative Wells

20 Year Average Power Cost (in dollars) Per Acre Foot
of Water Pumped for Indicated Yearly Rates of Decline

149

Well Well Well Well Well
I IT ITI IV v

(80") (1c0") (100") (150") (150")
no decline .95 1.16 1.13 1.69 1.74
1' decline 1.08 1.28 1.29 1.83 1.86
2' decline 1.20 1.40 1.38 1.98 1.96
3' decline 1. 32 1.50 1.48 2.08 2.05
4' decline 1.42 1.64 1.61 2.17 2.18
5' decline 1.57 1.72 1.70 2.26 2.28
10' decline 2.20 2.34 2,29 2.84 2.82




s

APPENDIX H

Effects of Ground Water Decline on.
the Accumulated Present Value Net Returns
and Annual Annuity Values for Farm Plans
in the Raft River Basin
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