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INTRODUCTION
O ANALYSIS OF THE PROBLEM

Pumpmg of ground water for - ungation has resulted in a number of water
administration problems‘in Idaho. A recent: ‘estimate placed the annual irrigation pumpage
‘of ground" water from Idaho aqulfers at 3.7 million acre-feet, a quantity approximately
“equal ‘to the combmed storage: capacrty 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 contmumg decline of water levels as the excesswe thhdrawals are satisfied
frorn water in storage in- the underground reservmrs.

The responsxblhty for admxmstratlve control of problem areas such.as these has been

e glven to ‘the Director of the Idaho Department of Water Administration (IDWA) Under this
R authonty, four areas  in southemn - Idaho ‘have ‘been - declared critical to restrict future
. development of the: ground-water resource In several of these areas, thé present stage of

- development is excessive and water levels are contmumg to decline, A number of water sight - -

.- 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 farmmg operataons They
- have asked the Director of the IDWA to denote the “reasonable pumping lift” for their area,
R and 1o hmxt pumpmg by j Jumor nght holders to maintain this lift. o

o _ The respons:bxhty of the IDWA is to utilize each of the legal tools provxded by the
" State Legislature to effectwely and faxrly distribute water to its users. Thus, the Director of
* the IDWA has' authorlzed this study of the feasxblhty 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 L)
“that the water. law. s'passed by the Legxslature can be fully :mplemented S

:‘OR OF THE 1 AH ; DEPARTMENT OF WATI:'.R ADMIN]STRAT!ON

: Th Dlrector of the lDWA has been given. the responsxb:hty for admlmstermg ground :
,ater by the Leglslature The. followmg excerpts from the Idaho Code outline these duties
- with' respect to protectmg the nghts of appropnators from depletxon of the ground-water o

Supply "

. :42»226 Ground waters are pubhc water —It is hereby declared that the

"tradmonal policy of the state of Idaho, requiring the water resources of this state

~ 1o be devoted- to\benef icial use in reasonable amounts through appropriation is
affi rmed 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” i
recognized, a. reasonable exercise of this right shall not block full economic
development of underground water resources, but early “appropriators of
underground water shaII be protected in the maintenance of reasonable ground
water pumping levels as may be established by the state reclamation engineer
(Du'ector of. the !DWA) as herein. provxded 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)....—It
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 to 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 (Director of the
IDWA) in the administration and enforcement of this act, and in making
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 affecr contrary to the declared policy of
this act, the present or future use of any pnor surface or ground water right or
result in the withdrawing the ground water supply at a rate beyond the reasonably
anticipated average rate of future natural recharge....

The above statutes abpear to provide two methpds‘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 limitang withdrawals. to the estimated average annual recharge .
should . be used to determine if an area should ‘be closed to- further ground-water
appropnatlon 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 watef 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 cach

~ ground-water basin in Idaho in whlch 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 necesslty of detailed studies in basins in which the pumping levels
‘are approaching the range indicated by-this study.

'METHOD

. The determmatlon of reasonable pumping lif ts is divided into its several mterrelated
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 solut:ons to each of thc tollowing SELthﬂS of the reasonable pumping lift

_ problem

. L To dellneate the hydrolognc boundaries of the principal ground-water basins in
.the state, and to delmeate areas wnthm these ground-water basins havmg similar
croppmg practlces and yaelds '

w»To estimate the capauty to pay for 1mgdt10n water ol typical agncultural
enterpnses in each ground-water basm unit.’

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

4. To evaluate average irrigation water requirements under typical cropping
~ practices for each groUnd-w.ater basin unit.

The evaluation of each of these four objectxves 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 umt of water is calculated

by dwxdmg the ‘capacity of the land to ‘pay for water in dollars per acre by the .irrigation
requirement in acre-feet per acre. The payment capacny per unit of water (dollars per

]acre-foot) is ‘compared to the cost of pumping an acre-foot’ of water as a tunctlon of
pumpmg llft to determme a reasonable pumpmg lift for each basm :

ASSUMPTIONS

~' A numbéer of assumptlon‘s were made to facilitate estimation of reasonable pumping
lifts and to. restnct 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 i in

vthe solutlon of. partlcular problems are noted m the appropnate sections of the report,

: 'The followmg assumptions apply to each section of thé 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
h mdustnal and domest:c can alford to pay more for each unit of water used.

|35

The teasonable pumpmg llft is based upon cost per unit of water bemg 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 yields, applies irrigation water in a reasonably efficient
manner, and pays an average price for-each unit of water he pumps.

Administration of the use 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, geoiogic,‘ and water quality aspécts 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

1

6.

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.

o

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 pumpmg 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 Capacnty The return after account has been made for all producnon

costs except the cost of water at the farm headgate

‘Gross Income Ratio — The ratlo of wcnghted average grdss income per acre of a

county or basin to the weighted average gross income per acre of Canyon
County e

. Regression Coefﬁcient — The rate of chanée of the denendent variable with

respect to a umt change in the mdependent variable.

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

Coefficient of‘ Determination — The fraction nf 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
:mdependent vanable :

: -_.l‘_O. Consumptlve Use (or Evapotranspiration) — The total quantity of water used
" by a crop and. evapomted from adjdcent soil with an adequate water supply at
all times,

I'l. - Consumptive Irrigation Requirement — The consumptive use of the crop less
' any water supplied from precipitation during the growing season.

12. - Irrigation Réqii’ireméht'(or Headgate Requirement) — That amount of water
° which must bé supplied at the farm headgate to provide for the consumptive
irrigation” requirement plus the application losses, It is evaluated as the
consumptive lrng.itlon requircment’ divided by an assumed field application -
efficiency, .

-13.. . Field v'Application'Z‘Efﬁciellcy"‘ ~ The ratio of irrigation water consumptively
used by the crop to the total quantity applied through irrigation.

14,  Weighted Average lrfigétion 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 CAPAC]TIES
ASSUMPTIONS FOR CALCULAT!ON OF PAYMENT CAPACITIES

The price that an ayuultural enterprlse can aftord to pay for the watu 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 .malyzmg
* data with this-degree of variability, at least from the administrator’s point of-view, is'to
- analyze' the’ budgets of ¢nough- existing farms.in‘a basin to calculate a statistical dlsmbuuon
of payment Lapacmes This method would: allow an administrator to know the percentage
of farming operations affected by choosing, as typical a particular value of payment
capauty 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 variability
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 dssumptlons were made to limit the range of the result 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
ommon to: the area, w1th averagc yields, and average production costs.

)
.

Payment upautn.s arL based upon economically self-supporting units hdvmg
enough cropped acreage or animal production 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 u 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
income possible without irrigation.

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

6. Increased ‘profits resulting ‘fr_om pumping from levels above the reasonable
pumping lift are not available in succeeding years. '

7. Paym'crnt capagities}ire' those for the better land classifications‘in cach basin. It
©js assumed that the poorer lands will not support an economic farming unit
thhout a substantial nnc.rmse in farm size.

FARM BUDGETS

The capacity of each basin to pay for irrigation water was estimated using recently
publi‘shedi estimates of the payment 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’ payment . capacity to be related to the over-all
'vproductlvxty 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 to 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 it adequate




irrigation water were available. The payment Lapdcmes were Ldlbuldted using a standard
‘farm ‘budget analysis that included  allowances for family labor return. interest on
investment, and in most studies, a return to management, Data for the studies were obtained
by interviewing operators of existing farms in the area and operators of irrigated farms in
similar irrigated areas. A payment capacity meeting the requirements outlined in the
assumpttons of this report was seletted 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 result 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 such as interest rates, family income, farm size,
and return to management are not standardlzed 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 managément allowed are extremely
vanab!e between the budgets and is, in fact, omitted from several of the analyses. A
standard rate for management charges is difficult to 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 1daho at a rate of approximately 5
percent of the gross farm receipts. Therefore, to make the payment capacities as nearly
comparable as possible, the return to management was adjusted to a standard S percent of
the gross farm income. This adjustment results in the adjusted payment capacity listed in
column 10 of table 1 for each project. These -payment capacities are used as a basis for
estimating" payment capacities for thcse and other irrig‘éted areas in Idaho.

The Agmultural 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 (Chehne 1968). Computer methods were used to optimize crop
rotations for maximum returns using a lmear _programming technique. Data were obtained
from personal interviews with farmers in the area; The results of this study are listed in table

2 including detaxls on type of « enterprise, farm size, and return to management. The payment
capacity of the larger fanns (600 acres) was fotnd’ to be approximately doubk that- of -
smaller units ( 200 acres).

The Agncultur’tl Euonomm Department of the Umversxty 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 (‘anyon County, the Minidoka area near Rupert, an area near Twin Falls, and the
Oakley 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 resuits
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, Payment 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 for the larger farm sizes were the only
values listed for MlnldOkd and Twm Falls areas and -are not comparable to those for the
smaller acreage tarms




TABLE 1 _
SUMMARY OF U.S.B.R. PAYMENT CAPACITIES APPLICABLE TO THE
'REASONABLE PUMPING LIFT STUDY

;

65} 2 - (&) T O N O (6} o (8 ® (10)
' . : ' Standardized Return to
Year - Gross | Return to Water and Return to
Project Report Type of Size of Uu.s.B.R. - Farm Income Management Management Water
Name County Published Ent‘erpz"ise Enterprise Land Class (Rounded) (Rounded) (Rounded) (Payment Capacity)
- - - - - - $/Acre $/Acre $/Acre $/Acre
East Green- . .
fec) acres Kootenai 1966 . Daizy | _.120 Acres 3 . 160.00 - 8.00 19.00 11.00
o 36 Cows . . ,
Salmon Falls Twin Falls 1966 Cash Crbp 140 Acrés 1 140.00 7.00 36.00 29.00
Challis Cus ter : 1964 Dairy 104 Acres 2 95.00 5.00 10.50. 5.50
. 25 Cows .
l Lower Teton Fremont-~ :
Madison 1964 Cash Crop 150 Acres 1 140.00 7.00 23.50 16.50
Bear Lake Bear Lake 1969 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

{THE OAKLEY FAN AND DRY LAKE AREAS OF SOUTHERN IDAHO

(¢9)] (€3] (3) (4) (5) - (8) (7 ‘ 8 (9} (10) an (12)
. . ‘ Return to . )
.. o . Standardized UeofI _Ave. Irri. ~ Uof I Management Return to Return to
: Source Size of " BGross . ' Management Calculated “Req. for. Payment Allowed by Water and Water
Area and and Date Type of Enterprise Farm Income .. ° Return Pymt. Capacity Rotation Capacity Uof I Management Pymt. Cap.
County Published = Enterprise (Acres) $/Acre. .. §/Acre $/A-F A-F/A $/Acre $/Acre $/Acre $/Acre
. 200 - o0 180 o 9 - - 30.50 0 30.50 21.50
Oakley Cheline Cash DR s . : :
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 .8 6.37 248 16.00 20 36.00 27.00
Oakley Lindeborg Cash . ) .
Fan 1870 Crop 400 200 10 ©13.79 2.51 24.50 20 54.50 44.50
(Cassia) : o
600 200 10 16.22 2.51 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 59.00
82.00 69.00

640 265 13 20.22 3.07 62.00 20




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.
“Marginal vatue 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. Becaiise 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 at 60 percent field application efficiency. The value thus reported can be taken as
the ‘payment capacity for an optimal crop rotation. He repeated the calculation for several
farm sizes to estimate the effect of farm size upon payment capacity (average marginal value
product). The sesults for Dry- Lake area and Oakley Fan are listed in table 2. The payment
capacity for the. 200-ucre farm in Dry Lake was estimated from the values presented by
Lindeborg for the 320 and 640-acre furms, assuming economices of size to be the samwe as for
the Oakley Fan. Also listed in table 2 are average. irrigation requirement and return to
management for each farm budget. The payment capac’ities were published in terms of
dollars per acre-foot of water used, and were converted to dollars per acre as shown in table
2. The adjusted payment capacity listed in column 8 was obtained. by altering the return to
management to the standard S 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 Idaho
is different than the method used by the Bureau of Reclamation. the results appear to be
similar when compared on a standardized basis. Estimates of payment capacity for similar
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 Ouakley Fan as calculated by
Lindeborg (table 2)is $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 capacities as calculated by the Bureau of Reclamation for the Challis.
Bear Luke. und East. ‘Greenacres projects were for 75 to 120-acre fdrms (table H. 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
compuring the payment capacities of the smaller farms to that of the larger farms
unreasonable. However, the budgets of the smaller farms include livestock enterprises: white
the budgets of the larger farms include only crop enterprises. The livestock operation allows
full employment of the farm family to increase the gross income for the farm. This makes
the payment capacities more directly comparable than an acreage comparison suggests.

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

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

10




rotations. Each of these factors has. an effect on payment 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 detenmmm, gross farm income are available from several published sources.
Crop yield data are available by county on a yearly basis for potatoes, wheat, and barley

from the Statisticul Reporting Service, USDA. The data reported included acreage planted,

acreage harvested, and harvested yield. Information is not available on a county-wide scale
for either 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 Agriculture, taken at S-year
intervals, has acrcages and total yields by counties for each principal irrigated crop. The
most recent"re’pmts 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. Data are
dvmlable 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 yield 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 avallable from thls source and were estimated from the other data
sqQurces. CE f

Calculation_of Gross Income Ratio — The average gross income per acre for each.
Lounty with 1rr15,ated 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. batley, 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-uverage gross income per acre, The resulting value was placed in ratio form
- by dwuhng, it by the gross muome per acre of C\myon County -

A gmph of payment capacxty Versus gross income per acre ratio (hg 1) was obtained
by plotting the -adjusted payment capacities listed in tables ! and 2, versus the calculated
gross income ratio for an apprdpriate 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 Lounty 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. a!ong, with the ground-water basm of whu.h the county
is considered: to be typical. E
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TABLE 3

SUMMARY OF PAYMENT CAPACITY ESTIMATES

* Basin nusbers refer to those shown in figure 8.

13

Ave. 1964
Cross Gross Estimated
Basin Income Income Payment
No.* Basin Name County Per Acre Ratio Capacity
- - - $/Acre - $/Acre
1 Rathdrum Kootenat 60. 0.36 8.
2 Weiser Adams - 44. 0.27 7.
3 Weiser River Washington 128. 0.77 25.
4 N.F. Payette. Valley $6. 0.34 8.
5§56 Garden Valley, Stanloy Basin Boise 41, 0.25 7.
7 Payette Payotte 92. 0.585 14.
8 P;iyettc Gem 86. 0.52 12.
9 Boise Canyon 166. 1.00 45.
10 Boise ) Ada 96. 0.58 15.
i1 Bruneau, Homedale, Murphy,
Grand View Owyhee 118. 0.71 22.
12 Mountain Home Elmore 158. 0.95 40.
13 & 1'1 Salmon Falls, Sailor Creek Twin Palls 126. 0.76 25.
15 ‘ Camas Camas 29. 0.18 6.
6 Big Wood, Silver Creek,
Little Wood Blaine 59. 0.36 8.
17 Snake Plain Gocd‘ing 94, 0.57 1s.
18‘ Snake Plain Lincoln 73. 0.44 10.
1. Snake Plain Jezomc 127. 0.77 2.
") Snake Plain Minidoka 146. 0.88 34.
: S AN ‘m&‘;_éud Flat - Power 154 0.93 37.
22,.23 § 24" Roek Creek-Goose Creek ;" : .
o e le_fxft; ‘Ro' ;@"d Valley‘ _ Ca‘ssin 130 0.78 26.
25, 26, 27 § 28 Malad, Arbon, Curlew-Black .
sk P UL N Pine S Pocatel lo A . <~ Oncida . - 65. .. 0.39 L8
2 " Cache, Valléy Frank lin 78. 0.47 11.
30‘;- o Beur Lak‘e ‘ . Bear L?;ke. . . 47. 0.28 7.
31§32 ‘Portnouf, Gem-Gentile Valloy Caribou 77. 0.46 10.
‘- 33 o Snak.e. P‘:l‘ain » Bingham, Madison,
s R Bonneville 127 0.77 25.
34635 Lower Teton, Willow Creek  Fremont 107. 0.65 18:
s Uppe¥ Teton- Teton s 0.32 7.
37 Mud Lake Jefferson T 0.59 15.
38 Birch Creek Claf‘k 53. .32 7.
39 § 40 Big Lost River, Little Lost River Bur.te“ 73. 0.44 1¢.
41, 42 § 43 Challis, Pahsimcro:].; :
Lemhi River Lemhi 53. 0.32 7.




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 not be the
same as.that for a basin within the county. For example, Custer County includes several
different ground-water basins, It includes part of the Big Lost River Basin which grows some
crops adaptable to lower elevations, and the Stanley Basin area which grows crops adaptable
to higher elevations. It would not be valid to utilize the payment 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 do not support the necessary specialized
equipment for the higher value crops. An additional factor is that the gross income ratio
does not reflect income from animal enterprises or pasture land. If the data were available so
that these could 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 units rather than county units, the judgment factor required in
selecting a county which. is representative of a given basin would be eliminated. If 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 getting reliable estimates 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 data for yields were for 1964. 1t should be realized that changes
in . crop rotations and introduction of new crop varieties may have caused changes in
payment capacities for various counties. For instance, new varieties of wheat and alfaifa
have increased the expected yields, Counties.in Wthh feed crops are grown may thus be
more competitive with those growing cash crops than the gross income ratio indicates. The
estimates should be updated periodically as new data become available.

. Additional refinement could be obtained in the estimates of payment capacity by
calculating additional base payment capacities to increase the reliability of the curve in
figure 1. Payment capacxtxes calculated especially to establish this curve using consistent
assumptions and methods on current 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.

. Payment capacities for each basin were estimated to the nearest dollar from the curve

of figure 1. Although the reliability of the data used to develop figure 1 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

Durmg 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 contracts between the University of ldaho and the Idaho
Department of Water Administration. Those studies which have results that are directiy
applicable to the reasonable pumping lift study are summarized below.

ANALYSIS OF COST BY ITEMIZING

The cost of pumping water in the QOakley Fan area near Burley was studied by Haynes
in a companion thesis to that ‘of Cheline’s on payment capacities (Haynes, 1969). He
collected 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-acre 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
electrically-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 Carm. 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 payment capacities presented by Cheline to determine the range of
economic lifts 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 results for a 600-acre farm indicated a range from 767 to 1,081 feet depending again
“upon efficiency and'the number of wells used: 7‘

Dickerson, Larsen, and Funk evaluated pumping costs from wells in Kansas (Dickerson,
- Larsen, Funk, 1964)..Their data, obtained from well driliers, retail pump companies. and
irrigators, were for systéms of less'than 300 feet total 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 total annual costs per acre-foot pumped versus total
. pumping’lift and annual hours of operation are presented for each: fuel type. These costs are-
~ related to expected increases in crop returns due to irrigation to obtain reasonable pumping
“lifts. Although the unit pumping_ .costs given on the charts are not strictly dpplmdble to
. Idaho, the results’ do-emphasize the 1mportance of “maximizing arinual pumping hours,
Although cach‘added incrementof 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 type of power used or-the magnitude of lift; however, their study included only a
narrow ringe of lifts (64 to 102 feet). Data were obtained by interviews with the irrigators
of 31 farms who operated 52 wells. Their results indicated that the cost of pumping water
mnged from $33.92 per acre-foot for wells pumping less than 50 acre-feet per year to $4.13
per acre-foot for weils pumpmg more than 200 acre-feet per year for the wells studied (Chen
and Long. 1965).
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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. Data were gathered for wells with
pumps powered by both electricity 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 effect of
each’ independent variable on each dependent variable was determined. Data for the
electrically-powered wells were analyzed separately from that for the naturai-gas powered
pumps. Regression equations were developed to estimate each of the dependent variables
using selected combinations of the independent variables,

~ Von Bernuth developed five equations for determining total annual costs of pumping
from" wells using electricity. The coefficient of determination for these equations varied
from .87 10 .89, indicating that the equations accounted 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 complex equations. Thus,
these equations have the advantage of allowing costs to be determined without collecting
data for each item involved in the total cost. ‘

Von-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 correlation coefficients, the following variables, listed with their simple
correlation coefficients, were most interrelated to total pumping cost: investment divided
by yield (0.918), operating time (0.495), lift (0.458), and volume pumped (-0.452). il¢
concluded that his equations should be useful for estimating costs..

ASSUMPTIONS FOR DETERMINING THE COST OF PUMPING WATER

The cost of bumping 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 lift on total pumping costs is
the goal of this portion of the study, it is necessary to make some initial assumptions to
- limit the results to a range usable for administration of water rights. The following
assumptions are intended to be related to and complementary to those made in calculating
payment capacity.

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
large variability in unit pumping costs due to volume pumped.

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

(after Von Bernuth, 1969)

Standard Error

Eqn. . ‘ N Coefficient of - of Estimate
No. : Equation B . Determination (3]
1 Y[=0.932L + 11.261 - 0.035E — 0.004F + 227 0.88 135
2 Y{=0872L + 11.651 — 0.063P — 0.036E + 225 0.88 136
3 Y)=0.793L — 0.036Q + 0.429H — 0,083T + 0.0071Y +
I1.01L ~ 0.216P — 0.016E + 0.006F + 394 089 - 134
3* Y;=0.753L - 0.057T + 11.091 + 263 0.88 134
4 Y;=0.666L + 12.741 + 129 | 0.87 138
5 Y[ =0.779L + 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 divi'ded’ by well yield (¢/A-F) ‘

E = Prqduct of lift and discharge divided by nameplate horsepower
¥ F = Product of lift, discharge, and operating time

Y = Total water yield in ac,re-feét per season

P = Product of lift and discharge

Q = Dischérge rate in gallons per minute .

T = Anmiail"dperating hours

H = Nameplate éngine 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
beyond the main headgate are not included in the pumping cost value because
they are included in the farm budgets 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 sprinklers 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 between 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 calculated in this report for the various areas of the state
supports this assumption,

METHOD OF COST ANALYSIS 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 (table 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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