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INTRODUCTION
ANALYSIS OF THE PROBLEM

Pumping of ground water for irrgation has resuited in a number of water
administration problems in Idaho. A recent estimate placed the annual irrigation pumpage
of ground water from Idaho aquifers at 3.7 million acre-feet, a quantity approximately
equal to the combined storage capacity of American Falls Reservoir, Palisades Reservoir,
and all the other reservoirs on the upper Snake River (Ralston, 1968). Most of this
development is located in the arid valleys of southern Idaho. In several of the basins
combined artificial and natural discharge has exceeded recharge to the aquifer systems. The
result has been a continuing decline of water levels as the excessive withdrawals are satisfied
from water in storage in the underground reservoirs.

The responsibility for administrative control of problem areas such as these has been
given to the Director of the Idaho Department of Water Administration (IDWA). Under this
authority, four areas in southern Idaho have been declared critical to restrict future
development of the ground-water resource. In several of these areas, the present stage of
development is excessive and water levels are continuing to decline, A number of water right
holders from these areas have indicated that water levels are reaching a depth from which
they feel it is economically impractical to pump water for their farming operations, They
have asked the Director of the IDWA to denote the “reasonable pumping lift” for their area,
and to limit pumping by junior right holders {0 maintain this liff.

The responsibility of the IDWA is to utilize each of the legal tools provided by the
State Legislature to effectively and fairly distribute water to its users. Thus, the Director of
the IDWA has authorized this study of the feasibility of administering ground-water basins
on the basis of reasonable pumping lift. He has also directed that, if possible, reliable
estimates of the reasonable pumping lift for each ground-water basin should be calculated so
that the water law as passed by the Legislature can be fully implemented.

DUTIES OF THE DIRECTOR OF THE IDAHO DEPARTMENT OF WATER ADMINISTRATION

The Director of the IDWA has been given the responsibility for administering ground
water by the Legislature, The following excerpts from the Idaho Code outline these duties
with respect to protecting the rights of appropriators from depletion of the ground-water

supply.

42-226. Ground waters are public water.— It is hereby declared that the
traditional policy of the state of Idaho, requiring the water resources of this state
to be devoted to beneficial use in reasonable amounts through appropriation is
affirmed with respect to the ground water resources of this state as said term Is
hereinafter defined: and, 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 water 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 state reclamation engineer
(Director of the IDWA) as herein provided. All ground waters in this state are



declared to be the property of the state, whose duty it shall be to supervise their
appropriation and allotment to those diverting the same for beneficial use. All
rights to the use of ground water in this state however acquired before the
effective date of this act are hereby in all respects validated and confirmed,

42-231 Duties of the state reclamation engineer {Director of the IDWA)... -/t
shall likewise be the duty of the state reclamation engineer (Director of the
IDWA) to control the appropriation and use of the ground water of this state as in
this act provided and io do all things reasonably necessary or appropriate to
protect the people of the state from the depletion of ground water resources
contrary to the public policy expressed in this act.

42-237a. Powers of the state reclamation engineer (Director of the
IDWA). -g. To supervise and control the exercise and administration of all rights
hereafter acquired to the use of ground waters and in the exercise of this power
he may by summary order, prohibit or limit the withdrawal of water from any
well during any period that he determines that water to fill any water right in said
well is not there available. To assist the state reclamation engineer (Dirvector of the
IDWA) in the administration and enforcement of this act, and in muaking
determinations upon which said orders shall be based, he may establish a ground
water pumping level or levels in an area or areas having a common ground water
supply as determined by him as hereinafter provided. 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 the ground water supply at a rate bevond the reasonably
anticipated average rate of future natural recharge....

The above statutes appear to provide two methods of determining whether a basin is
fully developed: (1} by limiting withdrawals to the estimated average annual recharge, and
{2) by maintaining reasonable pumping lifts. However, the two methods are not
independent. The method of limiting withdrawals to the estimated average annual recharge
should be used to determine if an area should be closed to further ground-water
appropriation. The method of reasonable pumping lift should then be used to determine the
point at which mining of the water resource in the critical area must be stopped and the use
of water by the junior right holders restricted. Thus, the two methods should be used in
combination to effectively administer a ground-water basin.

PURPOSE

Although statutes pertaining to ground-water administration were adopted by the State
Legislature in 1951 and 1953, the sections regarding reasonable pumping lifts have not been
used as of this date for administering ground water. Neither the feasibility of determining
reasonable pumping lifts nor the method of administrating a ground-water basin using a
reasonable pumping lift have been evaluated in detail. However, reference to the statutes has
been made in a number of recent court cases, and the continuing decline of the water level
in some areas indicates that a method of controlling withdrawals in over-developed areas is
now mandatory to maintain the rights of the prior right holders.



The purpose of this study is to determine values of reasonable pumping lift for euach
ground-water basin in Tdaho in which significant ground-water development has occurred or
is likely to occur. The values determined in this study are to be preliminary and serve as a
guide for determining the necessity of detailed studies in basins in which the pumping levels
are approaching the range indicated by this study.

METHOD

The determination of reasonable pumping lifts is divided into its several interrelated
problems. The problems are solved independently and the results are combined to estimate
the reasonable pumping lift for each basin. The objectives of this study are to obtain
reasonable solutions to each of the following sections of the reasonable pumping lift
problem:

1. To delineate the hydrologic boundaries of the principal ground-water basins in
the state, and to delineate areas within these ground-water basins having similar
cropping practices and yields.

j )

To estimate the capacity to pay for irrigation water of typical agricultural
enterprises in each ground-water basin unit. '

3. To estimate the cost of pumping a unit of water as ¢ function of pumping lift.

4. To evaluate average irrigation water requirements under typical cropping
practices for each ground-water basin unit.

The evaluation of each of these four objectives are presented in detail in the following
sections of the report. The results obtained for each are combined to produce an estimate of
reasonable pumping lift for each basin. The payment capacity per unit of water is calculated
by dividing the capacity of the tand to pay for water in dollars per acre by the irrigation
requirement in acre-feet per acre. The payvment capacity per unit of water (dollars per
acre-foot} is compared to the cost of pumping an acre-foot of water as a tunction of
pumping lift to determine a reasonable pumping lift for each basin.

ASSUMPTIONS

A number of assumptions were made to facilitate estimation of reasonable pumping
lifts and to restrict the results to a usable range. These assumptions are basic to the solution
of each of the separate problems delineated in the objectives. Other assumptions required in
the salution of particular problems are noted in the appropriate sections of the report.

The following assumptions apply to each section of the study:
1. The calculation of reasonable pumping lifts is based upon irrigation usage of

water. It is assumed that persons using water for other purposes, such as
industrial and domestic, can afford to pay more for each unit of water used.

-

The reasonable pumping lift is based upon cost per unit of water being the



limiting economic factor for an average or “typical” irrigator in each basin. The
irrigator can be considered typical in that he grows the types of crops ordinary
to his area, has average vields, applies irrigation water in a reasonably efficient
manner, and pays an average price for each unit of water he pumps.

Administration of the usc of ground water based upon reasonable pumping lifts
is for the purpose of maintaining the water rights of the individual rather than
maximizing profits on a community-wide scale (the general public).

Hydrologic, geologic, and water quality aspects are not the limiting factors in
well yield or water usage. Among other considerations, this assumes that the
aquifer thickness is sufficient to allow wells to obtain water at the reasonable
pumping level for the area.

DEFINITIONS

0.

Pumping Lift — The pressure, expressed in feet of water, against which the
pump must operate. This is the sum of the lift from the well and any lift
between the pump and the point of use. The pressure necessary to operate a
sprinkler system is not included.

Maximum Economic Lift — The maximum distance water can be lifted by an
irrigator using his full capacity to pay. Maximum economic lift is variable
within a basin depending upon the payment capacity, total pumping cost, and
quantity of water used for each farming unit,

Reasonable Pumping Lift — 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 for an
irrigator assumed to be typical of the area.

Payment Capacity — The return after account has been made for all production
costs except the cost of water at the farm headgate.

Gross Income Ratio — The ratio of weighted average gross income per acre of a
county or basin to the weighted average gross income per acre of Canyon
County.

Regression Coefficient — The rate of change of the dependent variable with
respect to a unit change in the independent variable.

Y-intercept — The value of the dependent variable when the independent
variable has a value of zero.

Coefficient of Determination — The fraction of the variation in the dependent
variable attributable to regression of the dependent variable on the independent
variable or variables.



9. Standard Error of Estimate — The variance of the dependent variable given the
independent variable.

[0.  Consumptive Use (or Evapotranspiration) — The total quantity of water used
by a crop and evaporated from adjacent soil with an adequate water supply at
all times.

11, Consumptive Irrigation Requirement — The consumptive use of the crop less
any water supplied from precipitation during the growing season.

12.  Irrigation Requirement (or Headgate Requirement) — That amount of water
which must be supplied at the farm headgate to provide for the consumptive
irrigation requirement plus the application losses, 1t is evaluated as the
consumptive irrigation requirement divided by an assumed field application
efficiency,

13. Field Application Efficiency — The ratio of irrigation water consumptively
used by the crop to the total quantity applied through irrigation,

14, Weighted Average lrrigation Requirement — The amount of water required per
acre, assuming that the land is planted to various crops in the same proportion
as those crops occur over the basin as a whole.

PAYMENT CAPACITIES
ASSUMPTIONS FOR CALCULATION OF PAYMENT CAPACITIES

The price that an agricultural enterprise can afford to pay for the water it requires is
highly variable. The payment capacity is variable among basins, from farm to farm within a
basin, and even from year to year for an individual farm. An optimum method of analyzing
data with this degree of variability, at least from the administrator’s point of view, is to
analyze the budgets of enough existing farms in a basin {o calculate a statistical distribution
of payment capacities. This method would allow an administrator to know the percentage
of farming operations affected by choosing as typical a particular value of payment
capacity. However, this method requires a great deal of data, most of which is not readily
available. An alternative method of analyzing payment capacities is to remove the varability
by making assumptions that limit the range of the result and by using average or typical
values for the basin, This latter method was chosen for this study because of limited data
availability. The following assumptions were made to limit the range of the resuit and
provide a common basis for evaluating payment capacities:

1. Payment capacities should be related to the ability to pay for water of a class
of typical water users in each basin. The typical irrigator grows the crops most
common to the area, with average vields, and average production cosis.

2. Payment capacities are based upon economically self-supporting units having
enough cropped acreage or animal preduction enterprises to provide full



employment for the family. This assumption is necessary to avoid confusing
the results with data for pleasure and hobby farms too small to be considered
economic by themselves,

3. Payment capacities are based upon costs of providing a tull water supply. This
assumption is necessary because some farms use ground water as a source of
supplemental water. The value of the supplemental water can not be
adequately determined using the same methods as those used for determining
the value of a full water supply.

4. Payment capacities are calculated assuming that crop production is not possible
without irrigation. No deductions are made from the gross farm income for
mcome possible without irrigation.

5. Money invested should receive a reasonable interest return commensurate with
the risk involved. Interest on investment 15 a valid charge against any enterprise
because capital, if invested elsewhere, could be drawing interest. A return to
management and compensation for family fabor are also valid charges against a
farm enterprise,

6. Increased profits resulting from pumping from jevels above the reasonable
pumpting lift are not available in succeeding years.

7.  Payment capacities are those for the better land classifications in each basin. It
is assumed that the poorar lands wili not support an economic farming unit
without a substantial increase in farm size.

FARM BUDGETS

The capacity of ecach basin to pay for irrigation water was estimated using recently
published estimates of the pavment capacities for farming operations in seven areas of
Idaho. These estimates were adapted to other basins for which payment capacities have not
been recently estimated by assuming paymenl capacity to be related to the over-all
productivity of the basin. This short-cut method was used instead of a detailed farm budget
economic analysis for each basin because: (1) the data necessary for a farm budget analysis
for each basin is not readily available, and time and expense make gathering of sufficient
data for an adequate analysis of each basin impractical, {2) payment capacities determined
by budget analysis methods are variable for an area depending upon subjective input values
such as farm land values, interest rates, crop rotations and yields, machinery expenses, and
return t¢ management. This variability prohibits a precise determination of payment
capacity by any method for even one farm size.

Payment capacity estimates were taken from U, S, Bureau of Reclamation (USBR)
project reports for the following five areas of Idaho: East Greenacres (Kootenai County),
Salmon Falls (Twin Falls County), Challis (Custer County}, Lower Teton (Fremont and
Madison counties), and Bear River (Bear Lak+ and Franklin counties). These reports include
payment capacities calculated for family-sized irrigation operations typical of those that
exist in each arca or typical of those that would be developed in each area if adequate



irrigation water were available. The payment capacities were calculated using a standard
farm budget analysis that included allowances for family labor return, interest on
investment, and in most studies, a return o management. Data for the studies were obtained
by interviewing operators of existing farms in the area and operators of trrigated farms in
similar irrigated areas. A payment capacity meeting the requirements outlined in the
assumptions of this report was selected from each study,

The selected payment capacities are listed in table 1. it should be emphasized that each
of these payment capacities are the end resull of a farm budget analysis performed by
various individuals. Each budget was developed for a hypothetical enterprise that the USBR
investigator felt would be reasonable and typical of those that would exist if the reclamation
project came into being. Thus, many factors siech as interest rates, family income, farm size,
and return to management are not standardized in the various analyses. The fact that most
of these items are not standardized can be rationalized by assuming that the investigator
used values typical for the area, However, the returns to management allowed are extremely
variable between the budgets and is, in fact, omitted from several of the analyses. A
standard rate for management charges is difficuit 10 establish because farm managers are
usually the farm operators and do not allow themselves a fixed management salary
(Lindeborg, 1970). Management services are available in ldaho at a rate of approximately 5
percent of the gross farm receipts. Therefore, to make the payvment capacities as nearly
comparable as possible, the return to management was adjusted to a standard 5 percent of
the gross farm income. This adjustment results in the adjusted payment capacity listed in
column 10 of table | for each project, These payment capacities are used as a hasis for
estimating payment capacities for these and other irrigated areas in Idaho,

The Agricultural Economics Department of the University of Idaho has conducted a
number of studies concerning the capacity of farming operations to pay for irrigation water,
The payment capacities of three sizes of farming operations were calculated for the Oakley
Fan area of Cassia County (Cheline, 1968). Computer methods were used {o optimize crop
rotations for maximum retums using a linear programming fechnique. Data were obtained
from personal inferviews with farmers in the area. The results of this study are listed in table
2 including details on type of enterprise, farm size, and return fo management. The payment
capacity of the larger farms (600 acres) was found to be approximately double that of
smaller units {200 acres).

The Agricultural Economics Department of the University of Idaho also studied the
payment capacity of four areas in southern idaho {Lindeborg, 1970). Each of the studies
were for recently developed areas located along the Snake River. The areas studied were Dry
Lake in Canyon County, the Minidoka area near Rupert, an area near Twin Falis, and the
QOakley Fan area south of Burley. Data for the studies were obtained from interviews with
the farm operators in each of the areas during the period 1962-1967. Most of the results
reported in the study are for larger farming operations (320-640 acres): however, payment
capacities for 200-acre farms were reported for the Oakley Fan area, Pavment capacities for
200-acre farms in the Dry Lake area can be estimated from those listed for the larger farm
sizes in the Dry Lake area, The payment capacities {or the larger {farm sizes were the only
values listed for Minidoka and Twin Falls areas and are not comparable to those for the
smaller acreage farms.



TAELE 1
SUMMARY OF U.S.B.R. PAYMENT CAPACITIES APPLICABLE TO THE

REASONABLE PUMPING LIFT STUDY

(1 (2} (3} 4 (5) (6} (7} {8) () (10)
Standardized Return to
Year Gross Return to Water and Return to
Project Report Type of Size of U.5.B.R. Farm Income Management Management Water
Name County Published Enterprise Enterprise Land Class {Rounded) {Rounded) {Rounded) (Payment Capacity)
- - - - - - $/Acre $/Acre $/Acre $/Acre

East Green-

acres Kootenai 1966 Dairy 120 Acres 3 160.00 8.00 19.00 11.00

36 Cows
Salmon Falls  Twin Falls 1966 Cash Crop 140 Acres 1 140.400 7.00 36.00 29.00
Chaliis Cus ter 1564 Dairy 104 Acres 2 95.00 5.00 10.50 5.50

25 Cows

Lower Teton fremont~

Madison 1964 Cash Crop 150 Acres 1 140.00 7.00 23.50 16.50
Bear Lake Bear Lake 1968 Dairy 75 Acres 1 160.00 8.00 14.50 6.50

(Preliminary) 20 Cows




TABLE 2

SUMMARY OF THE PAYMENT CAPACITIES CALCULATED AT THE UNIVERSITY

OF IDAHC FOR THE DAKLEY FAN AND DRY LAKE AREAS OF SOQUTHERN IDAHO

1) (2) (3} (4 (53 (63 (7} (8) (93 (10) (11) 123
Return to
Standardized U of I Ave. Irri, Uof I tanagement Return to Return to
Source Size of Gross Management Calculated Req. for Payment Allowed by Water and Water
Area and and Date Type of Enterprise Farm Income Return Pymt. Capacity Rotation Capacity UofI Management Pymt. Cap.
County  Published Enterprise {Acres) $/Acre §/Acre $/A-F A-F/A $/AcTe $/Acre $/Acre $/Acre
200 180 9 30,50 0 30.50 21.50
Qakley Cheline Cash
Fan 1968 Crop 400 200 10 50.00 0 50.00 40.00
[Cassia)
600 180 9 56.00 0 56.00 47.00
200 180 9 6.37 2.48 16,00 20 36.00 27.00
Qakley Lindeborg Cash
Fan 1970 Crop 400 200 10 13.79 2.51 34.50 20 54.50 44,50
fCassia}
600 200 10 16.22 Z.51 40.50 20 60.50 50.50
200 265 (est.) 13 12.45 {est.) 3,07 38.00 20 58.00 45.00
Dry Lake  Lindeborg Cash
(Canyon) 1970 Crop 320 265 13 16.90 3.07 52.00 20 72.00 39.00
640 265 13 20.22 3.07 62.00 20 82.00 69.00




Lindeborg’s method was to calculate the “marginal value product™ for each added
increment of water used during the production of an optimal crop rotation for each arca.
“Muarginal value product”™ was defined by Lindeborg as “the value of the increase in output
obtained by adding an additional acre-foot of water to a fixed amount of other production
factors” (Lindeborg. 1970, p. 4). This was assumed to be the price that could be paid for
that increment of water. Because a finite quantity of water is required for production and a
narrow range of values for the price of water is needed for administration, Lindeborg
averaged the marginal value products up to the quantity of water required to grow the crop
rotation al 60 percent field application efficiency. The value thus reported can be taken as
the payment capacity for an optimal crep rotation. He repeated the calculation for several
farm sizes to estimate the effect of farm size upon payment capacity (average marginal value
product). The results for Dry Lake area and Oakley Fan are listed in table 1. The payment
capacity for the 200-ucre Tarm in Dry Luke was estimated from the values presented by
Lindeborg for the 320 and 640-acre furms, assuming economies of size to be the same as {or
the Oukley Fan. Also listed in table 2 are average trrigation reguirement and return fo
management tor ecach farm budget. The payment capacities were published in terms of
dollars per acre-foot of water used, and were converted to dollars per acre as shown in tuble
2. The adjusted payment capacity listed in column 8 was ebtained by altering the veturn to
management {o the standard 5 percent of the gross farm income used in this report.

DISCUSSION OF PAYMENT CAPACITIES

Although the methods of calculating payment capacity used by the University of Idiaho
is different than the method used by the Bureau of Reclamation. the results appear to be
similar when vompared on o standardized basis. Estimates of payment capacity for simitar
Farm sizes allowing similar rates of return to management should be comparable, The only
duplication by the two agencies are the Oakley Fan-Salmon Falls arcas. Because the crops,
climate, and soils of these areas are similar, payment capacities should be comparable. The
adjusted payment capacity for the 200-acre farm in the Qakley Fan as calculated by
Lindeborg (fable 23 15 $27.00 per acre. The adjusted payment capacity for the 200-acre furm
in the Salmon Falls area as calculated by the Burcau of Reclamation (table 1) is $29.00 per
acre. Thus, the results obtained by the two agencies do appear to be comparable,

The payment capacitics as calculated by the Bureau of Reclamation for the Chullis,
Bear Lake, and Bast Greenacres projects were for 75 to 120-acre farms (table D, The
payment capacities for the other areas are for 150 to 200-acre farms. The increased payment
capacity of larger acreages noted by Cheline and Lindeborg would appear to make
comparing the payment capacitics of the smaller farms to that of the larger tarms
unreasonable, However, the budgets of the smaller farms include livestock enterprises; wlile
the budgets of the larger farms include only crop entemprises. The livestock operation allows
full employment of the farm fumily to increase the gross income for the farm. This makes
the payment capacities more direct]y comparable than an acreage comparison suggests.

ESTIMATION OF PAYMENT CAPACITIES
Data Availability — Payment capacities for the arcas described above varied from $5.50

to $45.00 per acre. A review of the charuacteristics which influence productivity of these
basing reveal variations in climate, elevations, lengths of growing scasons, soils, and crop

10



rotations. Each of these factors has an effect on puyment capacity and might be used to
estimate payment capacities, However, gross income per acre reflects each of these factors
and is a better estimator than any single characteristic. This relationship is used in this study
to estimate payment capacities for those basins for which payment capacities have not been
recently calculated. This approach simplifies data collection because data for the income
side of a farm budget analysis is less detailed and more readily available than data for the
cost side of the budget.

Data for determining gross farm income are available from several pubtished sources.
Crop vyield data are available by county on a yearly basis for potatoes, wheat, and barley
from the Statistical Reporting Service, USDA. The data reported included acreage planted,
acreage harvested, and harvested yield. Informmation is not availablc on a county-wide scale
for cither distribution and range of yield or average prices received. Average yields for other
crops are reported on a state-wide basis by the Statistical Reporting Service. Prices for all
crops are reported as state-wide averages. The Census of Apgriculture, taken at S-year
intervals, has acreages and total vields by counties for each principal irrigated crop. The
most recent teports are for the 1959 and 1964 crop years. The average prices received for
products arc not presented. The USBR reports the average yields and prices received for
agricultural products on each of its irrigation project developments annually. Duta are
available for eleven project areas in Idaho. Also included in the USBR data are estimates of
average gross income per acre for the project areas.

The data used in calculation of the gross income per acre was chosen to provide
consistent estimates from county to county. Of the data sources available, the average yield
data provided by the Census of Agriculture is most complete. Yield averages are obtainable
for every important irrigated crop except pasture for each county in Idaho for the years
1959 and 1964. The average vield data from the 1964 census were used in conjunction with
average prices received per unit of crop as obtained from averaging the state-wide annual
crop prices reported by the Statistical Reporting Service for the years 1964-69. Prices for
several crops were not available from this source and were estimated from the other data
SQUTCES.

Calculation of Gross Income Ratio — The average gross income per acre for each
county with irrigated acreage in Idaho was calculated by obtaining the total dollar value
resulting from the production of principal irrigated crops. The crops used were silage corn,
grain corn, wheat, oats, barley, alfalfa, potatoes, dry beans, dry peas, and sugar beets. The
total dollar value of these crops for the county was divided by the county acreage in these
crops to give an average gross income per acre. The resulting value was placed in ratio form
by dividing it by the gross income per acre of Canyon County,

A graph of payment capacity versus gross income per acre ratio (fig. 1} was obtained
by piotting the adjusfed payment capacities listed in tables 1 and 2, versus the calculated
gross income ratio for an appropriate county, The resulting curve was used to estimate
payment capacities for other counties for which the gross income ratio was known, The
payment capacity for a county was then used as a basis for estimating the payment capacity
for a similar ground-water basin. The gross income ratio and payment capacity for each
irrigated county are listed in table 3, along with the ground-water basin of which the county
is considered to be typical.

i1
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TABLE 3

SUMMARY OF PAYMENT CAPACITY ESTIMATES

Ave. 1964
) Cross Gross Estimated
Basin Income Income Payment
No.* Basin Name County Per Acre Ratic Capacity
- - - §/Acre - b/AcTe
1 Rathdyum Kootenai 60. 0.36 8.
2 Weiser Adans 44, 0.27 7.
3 Weiser River Washington 128. 0.77 25.
4 N.F., Payette Valley 56. .34 8.
S &0 Garden Valley, Stanley Basin Boise 41. 4.45 7.
7 Payette Payotte 92. 4.55 14.
8 Payette Gem 86. 0.52 12,
9 Boise Canyon 166, 1.00 45,
10 Boise Ada 96, 0.58 15.
11 Brineaw, Homedale, Murphy,
Grand Yicw Owyhee 118. 0.71 22,
12 Mountakn Home Llmore 158, .85 40.
13 & &4 Salmon ¥Falls, Sailer Creek Twin Falls 126. G.76 25.
15 Camas Camas 29, 0.18 6.
13 Big Wood, Silver {reek, :
Little Wood Blaine 59, 0. 36 8.
17 Snake Plain Gooding 94, 4.57 15.
18 Snake Plain Linceln 73, .44 10.
19 Snake Plain Jerome 127. G.77 25,
24 Snake Plain Minidoka 146. .88 34.
21 Michaud Flat Power 154 0.93 37,
22, 23 0§ 24 Rock Creek-Goose Creel,
Raft, Rockland Valley Cassia 130 0.78 26,
25, 26, 27 § 28 Malad, Arbon, Curlew-Black
Pine, Pocatello Oneida 65, 0.39 9.
29 Cache Valley Franklin 78. 0.47 11.
30 Bear Lake Bear Lake 47 . .28 7.
314 32 Portneuf, Gem-Gentile Valley Caribou 7. Q.40 10,
33 Snake Plain Bingham, Madison,
Bonpeville 127 0.77 25.
34 & 35 Lower Teton, Wiliow Creck Fromont 157, (.65 18,
36 Upper Teton Teton 52, .32 7.
37 Mud Lake Jefferson 98. .59 i5.
38 Birch Creek Clark 53. 0.32 7.
39 § 40 Big Lost River, Little Lost River Butte 73. .44 iR
41, 42 & 43 Challis, Pahsimerol,
Lemhi River Lemhi 53. 0.32 7.

* Basin numbers refer to those shown in figure 8.
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It is recognized that some care is necessary in applying the payment capacities as
calculated. The payment capacity or the gross income ratio for a county may noif be the
same as that for a basin within the county. For example, Custer County includes several
different ground-water basins, It inciudes part of the Big Lost River Basin which grows some
crops adaptiable to lower elevations, and the Stanley Basin area which grows crops adaptable
to higher elevations. It would not be valid to utilize the pavment capacity for Custer County
for Stanley Basin because it would include the effects of part of the Big Lost River Basin,
Therefore, it was necessary to use judgment in selecting gross income ratios that are
representative of the basins to which they apply. Conversely, there are counties which have
only one basin, For these, the payment capacity and the gross income ratio as calculated for
the county are a good average for the basin,

There are a number of instances in which payment capacities or gross income ratios for
adjacent counties differ greatly., For instance, the large variation between the payment
capacity for Canyon County as compared to Ada County can be explained in part by
differences in soils; however, part of the difference must be due to differing farm sizes and
farming practices, The smaller farms in Ada County 40 not support the necessary specialized
equipment for the higher value crops. An additional facior is that the gross income ratio
does not reflect income from animal enterprises or pasture land. If the data were available so
that these conld be included, the payment capacities might be altered.

Estimates of payment capacities could be improved by additional sources of data, If
data were available for basin uniis rather than county units, the judgment factor required in
selecting a county which is representative of a given basin would be eliminated. 1 values for
prices of crops were available for counties instead of on a state-wide basis, the gross income
might be different. There is no way at the present time of geiting reliable estimaies of
average prices paid for each of these ten crops during the year for a county or basin. The
only price variation data readily available are for the differences in shipping costs to major
terminals. The most recent daia for yields were for 1964, [t should be realized that changes
in crop rotations and introduction of new crop varieties may have caused changes in
payment capacities for varicus counties. For instance, new varieties of wheat and alfaifa
have increased the expected vyields. Counties in which feed crops are grown may thus be
more competitive with those growing cash crops than the gross income ratic indicates, The
estimates should be updated periodically as new data become available.

Additional refinement could be obtained in the estimates of payment capacity by
cajculating additional base payment capacities to increase the reliability of the curve in
figure i. Payment capacities calculated especially to establish this curve using consistent
assumptions and methods on curreni data could provide a better basis than those now
available. Ideally, the base payment capacities would be for a single farm size, and livestock
operations would not be considered, The unstable economic conditions under which the
available payment capacities were made reduces the reliability of making comparisons such
as that made in figure 1.

Pavment capacities for each basin were estimated to the nearest dollar from the curve
of figure 1. Although the reliability of the dats used to develop figure | does not warrant
this degree of accuracy, it was felt that rounding should be delayed until the final result to
avoid multiple rounding errors,
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COST OF PUMPING WATER

During the past decade, a number of studies have been conducted to determine the
cost of pumping irrigation water, Several articles have been written especially for idaho
conditions as a result of research contracis between the University of ldaho and the ldaho
Department of Water Administration. Those studies which have results that are directly
applicable to the reasonable pumping lift study are summarized below,

ANALYSES OF COST BY ITEMIZING

The cost of pumping water in the Oakley Fan area near Burfey was studied by Haynes
in a companion thesis to that of Cheline’s on payment capacities (Haynes, 1969), He
collecied field data on pumping system costs and irrigation practices from twenty-two farms
in the area. Using a computer program, Haynes determined the cost of pumping water for
200, 400 and 600-ucre model farms for a number of irrigation efficiencies. The number of
wells on each size of farm was also a variable. The pumping costs were based upon
elecirically-powered systems and included both fixed and variable costs. His resuits
indicated that the cost of pumping increased with the number of wells used per {arm. The
results also showed that a change from 50 percent to 65 percent in field application
efficiency can result in a large change in the cost of pumping. Haynes combined his cost
results with the paymen! capacities presented by Cheline to determine the range of
economic lifis for cach farm size. These varied from 389 feet to 437 feet for the 200-acre
farm, depending upon field application efficiency; the range in lift varied from 670 feet to
894 feet for the 400-acre farm, depending upon efficiency and the number of wells used.
His resuits for a 600-acre farm indicated a range from 767 to 1,081 feet depending again
upon efficiency and the number of wells used.

Pickerson, Larsen, and Funk evaluated pumping costs from wells in Kansas {Dickerson,
Larsen, Funk, 1964). Their data, obtained from well drillers, retail pump companies, and
irrigators, were for systems of less than 300 feet totfal lift used for supplemental water
supplies. The pump systems studied were powered by either natural gas, liquified petroleum
{L.P) gas, or diesel fuel, Charts giving fotal annual costs per acre-foot pumped versus total
pumping 1ift and annual hours of operation are presented for each fuel type. These costs are
refated to expected increases in crop returns due to irrigation to obtain reasonable pumping
lifts. Although the unit pumping costs given on the charis are not sirictly applicable o
ldaho, the results do emphasize the importance of maximizing annual pumping hours.
Although cuch added increment of operating time has successively less effect, the number of
pumping hours is shown to be one of the most significant factors determining unit pumping
cost. Their results also indicate considerable difference in cost depending upon fuel type.

A study by Chen and Long of the cost of pumping irrigation water in New Mexico
indicated that the volume of water pumped influenced the cost per unit of water more than
the tvpe of power used or the magnitude of lift; however, their study included only 2
narrow range of lifts (64 to 102 feet). Data were obtained by interviews with the irvigators
of 31 farms who operated 52 wells. Their results indicated that the cost of pumping water
ranged from $33.92 per acre-foot for wells pumping less than 50 acre-feetl per year to $4.13
per acre-foot for wells pumping more than 200 acre-feet per year for the wells studied (Chen
and Long, 1963).
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ANALYSIS OF COST BY STATISTICAL METHODS

Von Bernuth studied pumping costs for irrigation water, using a statistical correlation
procedure {Von Bernuth, 1969). Data for his study were obtained from publications and
previous surveys of wells located in five western states. Dafa were gathered for wells with
pumps powered by hoth clectricity and natural gas, The total pumping lift for these wells
varied from 15 feet to nearly 600 feet. Data gathered included lift, discharge, pump
horsepower, annual operating hours, volume pumped, and total investment as independent
variables, and total annual costs per acre-foot and annual variable costs per acre-foot as
dependent variables. Using a step-wise multiple regression technique. the relative cffect of
each independent variable on each dependent variable was determined. Data for the
electrically-powered wells were analyzed separately from that for the natural-gus powered
pumps, Regression equations were developed 1o estimate cach of the dependent variables
using selected combinations of the independent variables,

Yon Bernuth developed five equations for determining total annual costs of pumping
from wells using electricity. The coefficient of delerminalion for these equations varied
from .87 to .89, indicating that the squations sccounted for 87 to 89 percent of variation in
costs. These equations, along with the coefficient of determination and standard error of
estimate for each, are shown in table 4. It should be noted that several of the equations
having only a few variables are nearly as accurate as the more compiex equations. Thus,
these equations have the advantage of allowing costs to be determined without collecting
data for cach item nvolved in the total cost,

Yon Bernuth’s correlations indicated that the most significant factor determining total
annual cost was investment divided by volume pumped, or dollars invested per acre-foot;
and that the most significant factor affecting variable {or operating) costs was lift, Judged
by simple correlution coefficients, the following variables, listed with their simple
correlation coefficients, were most interrelated to total pumping cost: invesiment divided
by yield (0.918), operating time {0.495), Hft (0.458), and volume pumped (-0.452). il
concluded thai his equations should be useful for estimating costs.

ASSUMPTIONS FOR DETERMINING THE COST OF PUMPING WATER

The cost of pumping water can take a wide range of values for any given value of lift
because of the effect of other variables, Because the effect of Uff on total pumping costs is
the goal of this portion of the study, it is necessary to make some initial assumptions to
Himit the resulis to & renge usable for administration of water rights, The following
assumptions are intended to be related to and complementary to those made in calculating
payment capacily,

1. Pumping costs should be representative of those for wells supplying
economic-sized farming units. Cost for wells on small acreages or wells used
supplementally should not be used, This assumption is necessary because of the
targe variability in unit pumping costs due to volume pumped.

[

Pumping costs should be based upon supplying the full irnigation requirement
of typical crops grown in the basin al some reasonable lrrigation efficiency.
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TABLE 4
EQUATIONS TO PREDICT TOTAL IRRIGATION PUMPING COSTS
AS DEVELOPED BY VON BERNUTH

{after Yon Bernuth, 1969)

Standard Error

Eqn. Coefficient of of Estimate
No. Equation Determination (¢)
1 Y =0.932L+ 11.26] — 0.035E — 0.004F + 227 0.88 135
2 Y =0872L + 11,651 — 0.063P — 0.036E + 225 0.88 136
3 Y3 =0.793L - 0.036Q + 0.429H ~ 0.083T + 0.0071Y +
11.01L — 0.216P — 0.016E + 0.006F + 394 0.89 134
3* Yy =0.753L - 0.057T + 11.091 + 263 0.88 134
4 Yy =0.666L+ 12.741 + 129 0.87 138
5 Yy=0779L+ 11.781 — .044E + 244 0.88 136

Symbols

Y] = Total annual water cost divided by well yield {¢/A-F)

L = Total lift in feet

I = Investment cost divided by well yield (¢/A-F)

= Product of lift and discharge divided by nameplate horsepower
= Product of lift, discharge, and operating time

= Total water yield in acre-feet per season

= Product of lift and discharge

H

Discharge rate in gallons per minute

Annual operating hours

T o= O Y = T M

= Nameplate engine horsepower
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This assumption is also necessary because of the variation in costs due to
volume pumped.

3.  Pumping costs should be based upon a single well supplying water to a main
headgate for surface irrigation. Costs arising from distribution of the water
bevond the main headgate are not included in the pumping cost value because
they are included in the farm budgeis used to estimate payment capacity.
Surface irrigation was chosen because most of the payment capacities were
based on this method of application. Also, the increased application efficiency
of sprinkiers tends to offset the increased investment and operating costs.

4. Pumping costs should be based upon electrically-powered pumps. Although
there are other types of power used to pump water in Idaho,
electrically-powered pumps predominate.

5. Pumping costs should be based upon the total water costs, not merely the
operating or variable costs. The total cost will include depreciation and interest
charges that are not always considered by owners but are necessary for a
continuing operation,

6. The relationship beiwsen pumping costs and lift is not dependent upon the
location of the well within the state, This assumption is necessary to allow data
collection on a state-wide scale rather than a basin scale. A comparison of the
unit pumping costs caleulated in this report for the various areas of the state
supports this assumption,

METHOD OF COST AMALYSIS UTILIZED

The short-cui method of estimating costs using key variables developed by Von
Bernuth was selected for use in this study because of data collection difficulties and the
desirability of calculating a statistically-sized sample, Utilization of any of Von Bernuth’s
regression equations requires the use of data similar to that from which the original equation
was derived. Differences indicated by any of several statistical measures could cause the cost
estimates to be in error. Several groups of data were collected to test the validity of using
Von Bernuth’s equations on data other than those used in deriving the equations. Data for
five wells were obtained from the Boise District Office of the Bureau of Land Management
(BLM). These data included all of the information required to estimate costs using Von
Bernuth’s equations No’s. 3* and 4 for electrically-powered wells (fable 4). Estimated
annual pumping costs as calculated by a standard BLM procedure were also included in the
data gathered. The BLM procedure for estimating pumping costs is similar to the itemizing
procedure described by Dickerson, Larsen, and Funk, 1964, Von Bernuth’s equation No. 4
was used to estimate pumping costs, and the resulting estimate was compared to the BLM
estimate for the same well. Agreement within 10 percent was noted for each of the
comparisons (fig. 2). It should be emphasized that the BLM cost values required assuming
pumping time, power rates, and efficiency, and were only estimates of the true costs paid by
the well owners.
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As a second check on the validity of using Von Bernuth’s statistically-derived
equations, the pumping cost values obtained by Haynes for the Oakley Fan (Haynes, 1969)
were recomputed using his data in Von Bernuth’s equation No. 4. The annual costs obtained
by Haynes from itemizing costs for various systems ranged up to 14 percent higher than
costs for the same system calculated using equation No. 4 (fig. 3). Part of this variation is
due to the inclusion of annual costs for concrete head ditches, siphon tubes, and land
leveling in the values calculated by Haynes while these costs were not included in the
estimate obtained using equation No. 4. The greatest variution between the costs obtained
by the two methods were for very high lift systems (800 to 1,081 feet). Better agreement
was indicated for the lower lif'ts which are more commonly encountered.

Because power rates, interest rates, depreciation rites, and other cost influencing
factors are variable, a better agreement between the estimates abtained using Von Bernuth's
equation No. 4 and those obtained by an itemizing procedure could not be expected when
using a single equation to calculate costs for pumping in all areas of the state. Therefore.
Von Bernuth’s equation No. 4 was used to estimate total annual water costs in this study.

DATA ACQUISITION

Data for well and pump characteristics are available from several sources:  pump retail
compantes. well drillers, departmental records, and well owners; however. the well owner is
the only source of data on the actual details of well operation. Because operating hours and
volume pumped are such key factors in determining costs, a method of collecting data
directly from the well owner was used, Questionnaires requesting the data necded for
calculating  pumping costs using Von Bernuth’s equation No. 4 were mailed to
approximately 500 well owners, Names were obtained from well driller’s logs on file with
the IDWA for wells drilled since 1965, Corrected addresses were obtained from licensing
applications on these sume wells, Data for recently drilled wells were requested so that the
investment values would represent current replacement costs. A total of 165 usable
questionnaires were returned, Many others were returned, but lacked some of the necessary
information. Follow-up letters were sent to clurify doubtful infermation.

Several methods were used to estimate the accuracy of the reported duta, The volume
in acre-feet per acre that would be applied to the farmiand using the data reported was
compared to the irrigation requirement for alfalfa for the area (fig. 4). Many of the reported
use values were lower than the expected requirement. This is possible either because of
application efficiencies being better than assumed, all crops not being alfalfa, or the well was,
being used as a supplemental supply. Many of the points for which the reported acre-feet
per acre use was higher than the expected irrigation requirement were for areas of coarse soil
and may actually be necessary, However, it is likely that part of the variation of the
reported water use from the expected water use is due to inconsistencies in the reported
thita. The reported water use was calculated using data for pump discharge, hours pumped
annually, and itrrigated acreage. The acreage values are probably accurate; however, the
irrigator probably tends to overestimate the pump discharge and the annual hours of use.
This overestimate of® she yield of the system biases the result by making the cost per
acre-foot pumped as calcufuted by the Voan Bernuth equation tower than actually exists.
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Another method used to check the accuracy of the dats was the comparison of the
reported horsepower of the pump to that required to lift the reported discharge through the
reported Hit, assuming a reasonable efficiency (fig. 5). Again, considerable variation exists
between expected values and calculated values. Part of the variation is due to the use of the
single efficiency of 60 percent and the use of the same increase in lift for every sprinkler
system. Part of the variation is undoubtedly due to inconsistencies in the reported data,

As a final check, the reported investment costs were compared to expected prices
obtained from retail pump companies and well drillers. Although these checks are only
general they indicate that the data, as a2 whole, are reasonable. The questionnaire data was
used ag reported in ufl cases,

CALCULATION OF PUMPING COSTS

A cost per acre-foot was calculated for pumping from each of the wells covered by the
questionnaires using Von Bernuth’s equation No. 4 for electrically-powered wells (fig. 6). At
any given Hft, a wide range of costs may be noted. Cost resulis 23 presented in figure 6 have
been divided into groups on the basis of acre-fest pumped annually. [t can be seen from this
figure that costs per acre-foot decrease with volume pumped.

if it assumed that the returns represent a random sample of data for wells in 1daho, the
costs should be good estimates of the cost of pumping irrigation water in [daho.

ANALYSIS OF COST INFORMATION

The large range of costs thaf appear in figure 6 for each Lft is the result of variation in
two major factors: pumping time per season, and initial investment., Yon Bernuth, in the
development of his equation No. 4, divided the cost factors into iwo main groups: fixed or
overhead costs and variable or operating costs. The variability of these costs with pumping
time per season is important in explaining the range in resulis. As pumping volume per
season incieases, the fixed (overhead) costs tend to decrease per unit of waler pumped
because the costs are spread over more units of water, The variable (operating) costs remain
approximately the same for each unit. The result is an over-all decrease in the total unit
pumping costs as the volume pumped increases. This trend is intensified by power company
contracts which specify a2 minimum yearly power cost up fo a specified minimum number of
hours and by rate schedules which reduce power rates as more electricity is used,

A well and pump system that is properly designed to produce the required volume of
water for a farm will have a maximum npmber of operating hours per season. The number
of operating hours per season will depend upon the length of the growing season, the
availability of reservoir storage, the maximum irrigation demand rate, and the excess
capacity desired for insurance in case of pumyp Tailure.

The other major factor which causes the variability in costs at a given lift is initial
investment. A statistical correlation analysis of the well and pump data obtained from the
questionnaires indicates a coefficient of determination between Hft and initial investment
divided by quantity of water pumped of only 0.019; that is, only 1.9 percent of the vanation
in the factor initial investment divided by guantity pumped is atiributable to regression on
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lift. Part of this lack of correlation is caused by pumping time differences and discharge
rates, and part by variations in initial investment. Wells do not have identical depths for the
same pumping lifts. Differences in pumping drawdown, artesian 1ift, and the owner's
decisions concerning extra depth for insurance against water-level decline can result in a
large variation in well depth and drilling costs. Differences in well diameter can have a
simtlar effect on costs, Von Bernuth’s equations do not account for these variables directly;
however, it can be assumed that on the average these differences are accounted for by the
regression analysis used,

A cost calculated for a single set of well characteristics can be inaccurate because of
variations in investment costs and operating conditions from farm to farm. This variation is
shown by the scatter of costs for pumping water at any given lift shown in figure 6.
Therefore, it is more accurate to calculate costs for u large number of wells and analyze the
resulting data to determine more representative costs. This was accomplished statistically by
calculating regression curves of calculated costs versus lift, The calculations were made using
an 1BM 360 Model 40 computer at the University of fdaho. Both a linear regression line and
a second order curve were calculated for the data (table 5). The coefficients of
determination indicate that very little of the variation in cost are attributable to lift (11.9
and 14.4 percent for the line and curve, respectively). 1t also indicated that the degree of
improvement using curvilinear regression as opposed to a straight line regression was not
significant.

TABLE 5
RESULTS OF REGRESSION ANALYSIS OF CALCULATED
PUMPING COST AS A FUNCTION OF LIFT

(Unit pumping costs estimated using questionnaire data
in Yon Bernuth’s equation No. 4)

Description of Well Regression Regression
Data Included in Re- Type of Y Coefficient  Coefficient ~ Coefficient of
gression Analysis Analysis Intercept for Lift (L) for L2 Determination (r2)
Linear $4.51 0.0108 0.119
41 Data
Curvi-
Linear $5.97 —1.00405 0.0002643 0.144
Datu for Linear $3.61 0.0128 — (0.250
Wells on
16 Acres Curvi-
and More Linear £4.84 0.0004346 0.0000217 (1,275
Data for Wells
Pumping 500 Linear $1.97 0.0137 0.82
Acre-Feet
and More
Annually — - -
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It was determined trom un analysis of the data that the cost per acre-foot for wells
used on small acreages were the highest values shown in figure 6, Regression equations, both
linear and curvilinear, were calcutated for data remaining after cost data for wells on
agureages of 10 acres and less were climinated (table 5). The coefficients of determinations
were 25,0 and 27.5 percent for the Hnear and curvilinear equations, respectively, This was a
considerable improvement because data tor only 4 wells were eliminated.

It was felt, however, that to keep the pumping costs determination coordinated with
the payment capacity calculation, 1t was necessary o base the cost only on wells pumping
for cconomic-sized units, A [50-ucre farm using water at 3.5 acre-feet per acre requires 525
acre-feet of water per year, Arbitrorily, data for wells producing less than 500 acre-feet per
vear were excluded. The lincar regression hine (fig. 7) for the data for the remaining 97 large
wells had a coetticient of determination of 0.8); that is 82 percent of the variation in
calculated cost was attributable to lift for these wells. The large degree of improvement in
the correlation coetficient is somewhat inherent in the method of analysis used because only
three independent variables, lift, volume pumped. and initial investment are included in Von
Bernuth's equation No. 4, Restricting one of the variables, volume pumped in this case, is
certain to help the correlation of the other variables with respect to the calculated
dependent varighle, cost. However, it is telt that this approach is reasonable and necessary
because of the limiting assumption on farm size. The regression line shown in figure 7 is
used to estimate pumping costs as a function of litt in this study.

The regresston coetficient or Slopes are small tor all of the regression Hnes caleulated.,
Total costs, thus, do not increase rapidly with Hft Since the slopes are little more than
would be expected due to increased power costs, g compensating effect must also be in
force. A compensating increase in efficiency with increased lift is believed to exist. This
Inerease s obtained as a result of matching the well and pump system to the furm and by
better operating etticiency, Farmers Lifting water 500 feet are more likely to be conscious of
the necessity for good design and efficient operation than farmers lifting water only 50 fect,
assuming similar payment capacities.

A minimum pumping cost line is apparent trom the plet in Higure 6. A line drawn
approximately puarallel to the regression line for cost on Jift and tust below the fowest data
paints (this line s strown dushed), represents o mmimum cost relationship which only
cHiciently designed and operated svstems attian, By efficiently designed it s meant that the
stzes depths and poce of the well and size. capacity s and price ot the pump wore iz
toresult s o minmmorm g mvestiment and mgximum operating time o produce the
required volume ol waters Such o well moght be termed an ideal weldl The only wav 1o get o
cost Jower than the minmien cost Hne would he to get o bargaim on the price of the well or
samping systernn T refanionshgy were Diomiy establistiod by actually designing wdeal wetds
for a given Dt tor o number of sets of required volumes tfarm sizes), it would he avaiuabie
tooel for ovaluating efftcienctes of desien and aperution of aclual systems.

QUANTITY OF WATER REQUIRED

A monter of souroes of date are avinlaible Tor estimat,y g the guantity of wuler required
Far vartois Ciops for many parts of the state, Bstimates of water reguirements are available
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for particular areus in reports published by the U. 5. Geological Survey. USBR., IDWA,
University of Idaho. and other agencies. These data were developed using various equations
and methods for estimating consumptive use, A bulletin published in 1952 by Jensen and
Criddle, “Estimated lrrigation Water Requirements for Idaho™, has been a standard guide
for estimating water requirements by crop and area. These estimates are based upon the
Blaney-Criddle consumptive use equation and climatic data for the area. Rescarchers at the
University of Idaho, Department of Agricultural Engineering, have updated and extended
the Jensen and Criddle bulietin by providing estimates of crop water requirement for cach
major agricuttural area (Sutter and Corey. 1970). The water requirements were calculated
tor each crop using the moditied Blaney-Criddle equation and climatic data from sclected
local weather stations. Consumptive use was calculated for each crop for each month of
record at each station. Rainfali during the growing season was subtracted from consumptive
use to give consumptive irrigation requirements. The resulting values were then reported in
terins of percentiles for months requiring less than a certain value. This bulletin provides the
most comprehensive source of data on irrigation water requirements available and is the
basis for determining irrigation requirements used in this report,

DETERMINATION OF WEIGHTED AVERAGE IRRIGATION REQUIREMENT FOR EACH BASIN

A weighted average irrigation requirement was determined for each ground-water basin
on the basis of the total water use by ten trrigated crops in a county representative of the
basin. The total water use was calculated by sumiming the product of the number of acres of
cach crop grown in the county as reported in the 1964 Census of Agriculture and the
corresponding 80 percentile consumptive irrigation requirement of the respective crops for a
nearby weather station (Sutter and Corey, 1970). The 80 percentile requirement was chosen
rather than the 50 percentile value because it is believed thaf reasonable pumping lifts
should be based upon an adequate water supply. The 100 percentde value (the water
capacity necessary to supply the crop requiremenis during the highest water use year on
recordy was not used becuuse this value is affected by extreme years which do not oceur
frequently.

The wetghted average ireigation requirement wus abtained by dividing the total waler
dse by the combined acreage of the ten crops in the couniy. The ten crops used in
determining the average water use were the same ones as used in determining the gross
income ratio for estimating payment capacity. The headgate irrigation requirement was
obtained, assuming 60 percent field application efficiency, by dividing the weighted
consumptive irrigation requirement by 60 perceni. The field application efficiency used has
been found to be reasonable for carefully applied surface irrigation. lrrigation requirements
for basins were estimated by assuming the requirement to be similar to that for the county
in which the basin is located or a county simitar in climate and cropping patterns. The
weighted average headgate irrigation requirement is histed in table & for each county used in
this analysis and is shown by ared in figure 8.

DISCUSSION OF CALCULATED WATER REQUIREMENTS
The actual water requirement is variuble trom furm to farey and from year to vear, This

variability requires making an administrative choice as to the water requirement that can be
reasonably expected. Therefore, the 80 percentile values were used in order to insure an
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TABLE 6

SUMMARY OF CALCULATION OF REASONABLE PUMPING LIFT ESTIMATES

{13 (2} (3 (4 (5} (63 (7} (8}
County Used in Weighted Ave. Reasonable
Basin Determining Payment Irrigation Weather Payment Pumping Lift
No.* Bagin Nane Payment Capacity Capacity Requirement Station Capacity Estimate
- - - $/a A-F/A - $/A-F zet
1 fathdrum Kootenai 8 2.73 Coeur d'Alene 2,85 75
2 Weiser Adams 7 3.42 Council .05 D
3 Weiser River Washington 25 3.48 Weiser 7.20 380
4 N_F. Payette Yalley g 1.98 Cascade 4.05 150
5& 6 Garden Valley,
Stanley Basin Boise 7 2.03 Cascade 3.45 110
7 Payette Payette 14 3.27 Weiser 4.30 170
3 Fayette Gem 12 3.53 Caldwell 3.40 100
9 Roise Canyon 45 3.45 Caldwell 13.05 800
1 Bolse Ada 15 3.49 Caldwell 4.30 170
11 Brunesu, Homedale,
Murphy, Grand View Owyhee 22 4.08 Grand View 5.40 250
12 Mountain Home tilwore 40 3.60 Mountain Home 11.10 670
13 & 14 Sailmen Falls, Sailor
Creek Twin Falls 25 2,87 Twin Falls §8.70 500
15 Camas Canas & 2.20 Fairfield 2,75 60
16 Big Wood, Silver
Ureek, Little Wood Blaine g 2.53 Hailey 3.15 a0
7 Snake Plain Gooding 15 3.14 Twin Falls 4.80 210
18 Snake Plain Lincoln i0 3.07 Shoshone 3.25 90
19 Snake Plain Jerome 25 2.94 Twin Falls 8.50 475
20 Snake Plain Minidoka 34 3.08 Rupert 11.00 65¢
21 Michaud Flat Pover 37 3.05 Pocatello 12,15 740
22, 23 Rock Creek-Goose
Creek, Raft, Rockland
Valley Cassia 26 3.12 Rupert 5.35 470
25, 26, Malad, Arbon, Curlew-
Black Ping, Pocatelle Oneida 9 2.80 Malad 3.10 80
29 Cache Valley Frarklin 11 2.77 Preston 4.00 150
30 Bear Lake Bear Lake 7 2.12 Montpelier 3.30 100
31 & 32 Portneuf, Gem-Gentile
Valley Caribou 10 2.02 Grace 4.95 220
33 Snake Plain Bingham, Madison,
Bonpeville 25 2,64 Idaho Falls 9.45 550
34 & 35 Lower Teton, Willow
Creek Fremont 18 2.00 Ashton 9.00 310
36 Upper Teton Teton 7 1.91 Driggs 3.65 120
37 Mud Lake Jaffexson is 2.54 tubois 5.90 280
8 Birch Creek Clark 7 2.43 Mackay 2.80 70
39 & 40 Big Lost River,
Littie Lost River Butte 10 2.42 Mackay 4.15 160
41 & 42 Challis, Pahsimeroi Lemhi 7 2.91 Challis 2.40 50
43 Lemhi River Lemhi, 7 2.6% Salmon 2.70 70

*Basin numbers refer to those shown in figure 8.




IRRIGATION REQUIREMENT BASED UPON!
A} CONSUMPTIVE IRRIGATION VALUES FROM
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FIGURE 8. Weighted average irrigation requirement for ground-water basins in Idaho
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adequate supply except on exireme years.

A potential source of error is apparent in deciding which county average should apply
to which basin, The irrigation requirementis as calculated are reasonably accurate for the
station at which the data were collected; however, the station averages do not exactly fit
each county or basin. The same problems were encountered here as in fransferring the
calculated gross income ratios {or a representative county 10 a basin. The estimates are good
when a county contains only the basin in question. However, a judgment factor is required
when the county contains more than one basin or the basin extends over more than one
county. Care was taken to insure that this judgment factor was as sound as possible by
comparing basin and county elevations, climates, and cropping patterns.

On an individual farm basis the calculated weighted-average irrigation requirement will
not always apply. it is doubtful that any farmer grows the rotation exactly average for the
county. Consequently, a farmer growing crops with high water requiremenis (alfalfa,
potatoes, sugar beets) will have a higher average farm water requirement than that listed for
the basin. Such a farmer would be penalized with respect to a farmer growing low water
requirement crops {grain, vegetables),

DELINEATION OF GROUND-WATER ADMINISTRATIVE BASINS

It is not possible to denote a single value of reasonable pumping lift for the state
because of the wide variations in payment capacities and water requirements. A review of
Section 42-237a of the 1daho Code makes it apparent that the Legislature intended for the
reasonabie pumping lift estimates foc be determined for each individual hydrologic
ground-water basin.

. he may establish a ground-water pumping level or levels in an area or arcas
having .« common ground-water supply as determined by him as hereinafter
provided. ..

Areas of common ground-water supply were determined by reviewing reports of
previous hydrologic and geologic studies of ground watesr in idaho. Ground-water basin
boundaries in areas not previously studied in detail were estimated using geologic and
fopographic maps. Many of the hydrelogic ground-waler basins encompass areas of
significantly varying elevations, climates, soil types, crop rotations, and crop vields. The
reasonable pumping Nt thus changes over the basin, Section 42-237a of the 1daho Code,
quoted above, allows for the possibility of setting more than one reasonable pumping lift for
a basin, For this study, boundaries were determined for areas within ground-water basins
having similar payment capacities, This was necessarily accomplished only on a gross scale
because data on crop yields are available only on a2 county-wide basis. The Snake Plain
ground-water basin is buasically an area of conmon ground-water supply, but changes in
clevation, soil, and other “actors cause the p. yment capacity 1o vary considerably from one
end to the other, Therelc re, the basin was divided into a number of subbasins and data for
counties tvpical of these subbasing were used to determine re isonable pumping lifts for each
of them. 1his procedure was used to subdivide each basir vith areas of obviously varying
payment capacities. It is ruized that within cach of ‘hes subbasins the reasonabie lift
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varies widely. The process of subdivision of basing could be carried to the extent of saying
that onc field has a different reasoneble pumping lift than another field on the same farm.
Subdivisionr must be discontinued at some point, and it is felt that these subdivisions are
adequate for the present estimates of reasonuable pumping lifts. The administrative basins as
subdivided are shown in figure 9.

REASONABLE PUMPING LIFT ESTIMATES

A reasonable payment capacity has been estimated for each county having significant
irrigated acreage: a reasonable estimate of costs for pumping water from wells has been
determined; and an estimate of the volume of water required to grow crops in each county
has been made. Using these results, an estimate of the reasonable pumping litt can be made
for each of the administrative ground-water areas that have been delineated, The details of
determining reasonabie pumping lift are shown in table 6. For each administrative basin the
tollowing data are listed: the county used in determining the payment capacity, the
payment capacity in doblars per acre, the irrigation requirement. the payment capacity in
doliars per acre-foot (column 4 divided by column 5), and the reasonable pumping lift
{obtained from the pumping cost curve, fig. 7, using the payment capacity listed in column
7).

Bused upon the values obtained i column 8, table 6, seven ranges of reasonable
pumnping Lift have been delincated, Each ground-water basin hus been assigned fo the range
mdicated by the caleuiated value in column 8 of table 6. For basing having two or more
counties, reusonable pumping Hfts are assigned alse to subareas within the basins (table 7).
The reasonasble pumping lift ranges are shown by areas in figure 9, Care must be exercised in
applying the reasonable pumping lift estimates to individual farms or areas in any basin, The
productivity values utilized in determining the payment capacities are county averages and
may not apply to a particular area within a county.

The wide variations possible in each of the factors that determine an economic
pumping lift for an operation make it imperative that any estimate of reasonable pumping
lift for an arca be qualified by the assumptions made in determining it. The reasonable 1ift
values shown for cach area {{ig. 9) were estimated assuming a 150 to 200-acre farm growing
crops typical ol the basin with average vields, Ft was also assumed that the irrigation
requirement was not excessive and that the pumping costs were similar to those shown in
figure 7. As has been emphasized throughout the report, cach of these factors s vanable if o
study is atiempted on other than a gross scate. The reasonable pumping lift may be much
fvss than that from which some irrigators can economically afford to pump. A farmer could
have o lurger payment capacity because of 4 larger furm size, lower production costs, higher
vatue crops. better than aversge viclds, or more efficient use of water. The same farmer
could be paying toss per acre- oot for water then is indicated by the administrative line in
fgure 70t 1 is pump systen wre officiently des ned aid operated. The economic maximum
pumping ot for such a farm could be severi| times greater Dar the reasonable pumping lift
shown. On the other bamdl. a tu mer with a low payment cap «.t7 because of a4 small acreage.
poor soi, low vailue crops, belov-average management, or Digh pumping costs because of
metticieaty designed and oporated pumping systems cannc  atford to 1ift wuter nearly as
far as the ostimated reasor v fo pumping Gt Therefore, it 1 important to realize that the
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FIGURE 9. Ranges of reasonable pumping lifts for ground-water basins in Idaho
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TABLE 7

REASONABLE PUMPING LIFT CLASSIFICATIONS

Depth Range Basins Included

No. T (Less than 150 1) Rathdrum Prairte, Upper Weiser River, N.F. Payette, Garden
Valley, Stanley Basin, Camas, Big Wood. Silver Creek, Little
Wood, Northwestern Snake Plain (Lincoln County), Malad,
Arbon, Curlew-Black Pine, Pocatello, Cache, Bear Lake,
Upper Teton, Birch Creek, Challis, Pahsimeroi, Lemhi River
Valleys.

No., 2{150-250 [t Payette, Boise {Ada County), Western Snake Plain (Gooding
County), Portneuf, Gem, Gentile, Big and Little Lost River
Basins, Middle Weiser River,

No., 3¢250-350 1t) Bruneau. Grand View. Homedale, Murphy, Mud Lake.

No. 4 {350-450 11.) Lower Weiser River.

No. 5 (450-550 i) Saimon Falls, Sailor Creek, Snake Plain (Jerome, Madison,
Bonneville, Bingham Counties), Rock Creck-Goose Creck,
Raft, Rockland., Wiliow Creek. Lower Teton.

No. 6 {550-650 ft.) Suake Plam (Minidoka County),

No. 7 {Greater than 650 11)  Boise (Canyon County), Mountain Home, Michaud Flat,

reasonable pumping lift estimate is not necessarily reasonable for all ground-water users in a
basin, but it is representative of economic-sized furms having reasonably efficient pumping
systems.,

Application of the reasonable pumping Lft estumates will require consideration of
pumping drawdowns, seasonal water-level changes, and well construction difterence. Each of
these factors is variable and should be evaluated for each basin to allow effective application
of reusonable pumping lift values.

SUMMARY AND CONCLUSIONS
The 1daho Code chuarges the Director of the IDWA with the administration of the use

of the water resources of the state. One method of ground-water administration provided by
the code is the miciatenance of reasonable pumping lifts. The purposes of this study are to
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evaluate the methods of determining reasonable pumping Hits and designate values for cach
ground-water basin in the state. The study is divided into four parts: determination of
payment capacity, pumping costs, irrigation requirements, and ground-water administrative
busins.

Payment capacities are based upon economically-sized family farms raising crops
typical for the basin. It is assumed that o full water supply is available and necessary, and
that the resulting crop yields are typical of those to be expected on the betier fand
classifications in the basin. Payment capactly estimates for g number of areas are available
from previous studics by various governmental agencies. These estimates are adjusted so that
the rate of return to management {profits) are similar in each case. Payment capacities for
basins not previously studied are estimated by interpolation from the known payment
capacities assuming that u relationship exists between paymeni capacity and the over-all
productivity of the area.

Costs for pumping irrigation water are estimated using data from 165 wells operating in
Idubio using a statistically-derived equation (Von Bernuth’s equation Mo, 4). Because the
volume of water pumped and the initial investment often have a greater effect than does lift
on the unit pumping costs, the cost analysis is mited to sysiems producing adequate waler
for economicallyv-sized farms (500 acre-feet or more annually )y A regression line that can be
used for administration is calendated for costs versus 111t The slope of this line indicates that
water costs inerease $1.37 per 100 foot of Lt

Consumptive irrigation reguirements are based upon providing an adeguaic supply 80
percent of the years in cach area. Headgate irrigation requirements are then computed
assuming 60 percent field efficiency. An estimate of average headgate requirement is
obtained by weighting the average by the acreage of the principal crops grown in each basin
in 1964,

Hydrologic ground-water basing are delinested and arcas within these basing having
similar reasonable pumping Hfts noted. From the estimates of payment capacity, costs for
pumping water, and irrigation requirement, reasonable pumping lifts are caleulated and
presented for cach of these areas {tables 6 and 7 and iz, 9.

The varability of economic pumping It due to factors such as farm size, management
ability, soit fertility, efficiency of water use, volume of water pumped, and initial
investment makes it necessary to buase reasonable pumping 1ifts upon certain typical or
average fuctors for each basin, Although a number of assumptions are necessary 1o limit the
range of the resuit, the estimates should be wvaluable as a guide for administrating
ground-water basins.

RECOMMENDATIONS

I, Avccept the estimates of reasonable pumping Lifts presented in wbile 7 and figure
Gas o guide tor admimistration of the ground-water basins,

2. initate g detailed economic evaluation of basins in which the pumping lifts are



e

{3,

now approaching the preliminary estimate presented in this report.

Evaluate the outlined technique of pumping level determinations with respect
to new methods and data being generated by research at Washington State
University and the University of ldaho.

Develop a program of data acquisition to improve confidence in the estimated
ltts.

a.  Collect accurate data on well characteristics and costs as a part of
licensing for water rights.

b, Encourage data-reporting agencies to collect data in a manner that can
be presented as statisticat distributions,

Eocourage studies of pumping costs and pavment capacities by statistical
methods such as used by Von Bernuth to reduce the quantity of data collection
required.

Initiate a new study of reasonable pumping lifts in several years including new

data and methods developed in the intermediate period and the public
acceptance, suggestions, and general reaction to the present study.
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