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SUMMARY
1. The total cost of an acre -foot of water pumped during 1951

in Final County varied from about $7.50 for a 150 foot lift to
$16.50 for 300 feet for electric wells. This is an increase of
approximately $6 per acre -foot for each 100 feet increase in
lift. For the natural gas wells the cost per acre -foot varied
from about $6 at 150 feet to $12.75 at 300 feet. This repre-
sents an increase in cost of $4.50 per acre -foot for each addi-
tional 100 feet of lift.

2. The operating cost per acre -foot of water ranged from about
$4.50 at 150 foot lift to $9.50 for a 300 foot lift for the electric
wells. This represents an increase of approximately $3.25 for
each additional 100 feet of lift. For natural gas wells, a com-
parison of lifts of 150 to 300 feet showed that an increase in
operating costs from $3.25 to $5.25, or $1.33 per additional
100 feet of lift, resulted from the increased depth.

3. Power constituted the largest item of cash expense in
pumping water for irrigation.

a. The average 1951 total power bill for electrically -
operated pumps was $3,623. This was 73 per cent of
the cash costs and 45 per cent of the total cost of oper-
ating such pumps.

b. The average 1951 total power bill for gas- operated wells
was $2,178. This was 49 per cent of the cash costs and
23 per cent of the total cost of operating such pumps.

4. Next to power, repairs were the largest item of expense,
averaging $1,058 per year for electrically -operated wells and
$1,225 for natural gas- operated wells.

5. Taxes averaged $298 per year for electrically- operated wells
and $393 per year for gas- operated wells.

6. Lubricants amounted to $40 per year for electrically-
operated wells and $370 per year for gas- operated wells.

7. Attendance, that is, maintenance labor, was negligible for
electrically- operated wells but averaged $193 for gas- operated
installations.

8. Replacement cost, the cost of a new well and pump, aver-
aged $16,140 for electrically- operated wells and $27,410 for
gas- operated wells.

9. The average water lift for the twenty electrically- operated
wells studied was 209 feet. The average lift for the twenty
gas- operated installations was 250 feet.

10. The cost advantage of natural gas over electric wells was
much less at the shallower lifts. At the deeper lifts, the cost
advantage of gas over electricity increased. This relationship
was a result of the high initial installation cost for a natural
gas unit coupled with a steeply graduated natural gas cost-
rate. As the amount of gas used per month increased, the
average cost per unit of gas decreased rapidly.

3



4 EXPERIMENT STATION BULLETIN 246

Other factors such as dependability, convenience and ini-
tial cost should, and do, influence the type of power to be
selected.

Under conditions as they existed during 1951 in Pinal
County, natural gas appears to be a cheaper source of power
than electricity, assuming a five -year write off on the equip-
ment.

11. While in the long run, in the deep lift areas, natural gas
has the advantage over electricity, it should be remembered
that where the water outlook in an area is uncertain and it
is at all probable that the well may be abandoned after a
relatively short period, in such cases electricity, because of
the lower initial investment, may be the less expensive
source of power.
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THE COST OF PUMPING IRRIGATION WATER
PINAL COUNTY -1951

BY REX D. RENNBERG*

INTRODUCTION

Two- thirds of Arizona's irrigation water is pumped from under-
ground sources. As volume of pumpage has increased in recent
years, the use of such water has exceeded natural recharge with
the result that water -table levels in many parts of the state have
fallen rapidly. Such is the case in Pinal County. Cost of pump-
ing increases directly but not in proportion to the depth from
which the water must be pumped. The cost of this water con-
stitutes a major item in the cost of production of our crops.

The cost of pumping water for irrigation is not a new topic in
Arizona. Publications of the Arizona Agricultural Experiment
Station have contained sections on pumping costs as far back as
1891. In this first study, which was based on records made avail-
able by the Phoenix Water Works, the cost of water secured by
pumping was compared with the cost of gravity -flow water in
that area. Under conditions existing at that time, water could
be pumped more cheaply than it could be purchased from the
gravity -flow system. (fl f

In 1893 a bulletin appeared which was devoted exclusively to
the topic of pumping water for irrigation. The Yuma Water and
Light Company had installed a pump in the river bed to pump
water onto the Yuma mesa where the company controlled about
3,000 acres of land. This study was a report of the cost incurred
by this company in lifting the water a total of 80 feet.(2)

At the time these two studies were made, steam was the prin-
cipal source of power. The cost of a cord of good mesquite wood
was included in the cost items reported. As a result of these and
other studies investigating the cost of pumping, it was concluded
that 50 feet represented about the maximum level from which
water could be pumped for irrigation purposes.(3)

During the next fifteen years there were many changes in the
methods of pumping water. The gasoline engine was greatly
improved and soon became the major source of power. By 1915
the use of low -grade distillates in place of gasoline for internal -
combustion engines was being rapidly adopted. (4) This decreased
the cost of pumping, and therefore, increased the depth from
which water could be economically pumped.

Following this time numerous other studies were conducted
as the science of pumping advanced. The most recent of these
was conducted in Pinal County in 1937 -38 and was reported in
an Extension publication in 1939.(5) Since that time additional
*Formerly a member of the Department of Agricultural Economics, Ari-
zona Agricultural Experiment Station.

tNumbers in ( ), refer to literature cited, page 27.
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progress has been made in the techniques used by pump irriga-
tors. There has been continued improvement in the design and
construction of irrigation pumps and power units and recently
natural gas has become available as a source of power.

The present study was initiated to determine the cost of pump-
ing an acre -foot of water from various lifts under conditions
which existed in Pinal County during 1951. To accomplish this
objective, it was necessary to employ engineering as well as
economic analyses. Basically, the problem was a comparative
study of economic efficiency between electrically- operated and
gas- operated wells. All calculations are on a dollars- and -cents
basis and no attention has been given to extra -economic factors
such as personal preferences, convenience, etc.

METHOD OF STUDY
At the present time nearly all the wells in Pinal County are

powered by electricity or natural gas. To make a cost comparison
between these two sources of power, forty wells were selected
to be studied in detail. These forty wells were composed of
twenty electrically- operated wells and twenty natural gas -oper-
ated wells. During the spring of 1951, the owners were con-
tacted and their cooperation solicited. They were informed of
the type of information that would be required from them at
the end of the year. During June, July, and August, 1951, an
engineer was employed to conduct efficiency tests on each of the
wells. An average of three tests was conducted on each well.
During each test the discharge of the pump, power consumption,
and total lift were measured. From these tests it was possible
to compute the total acre feet pumped and the hours operated
by applying the input- output ratios to the monthly power bill.
The information on power bills was secured from the individual
or organization supplying the power. In the months following,
each farmer was contacted individually and a complete descrip-
tion of the well, together with the expenses incurred during 1951,
was obtained. From this information it was possible to compute
the cost of water per acre -foot by lift groups using electricity
or natural gas as power.

Although this study was made under conditions that prevailed
during the 1951 -52 fiscal year, it is believed that the cost figures
shown are fairly representative of present conditions. This belief
is based on the fact that the major cost items involved (electric
rates, gas rates, machinery costs) vary but slowly over time.

SAMPLING TECHNIQUES
In selecting the wells for this study a list -sampling technique

was employed. The companies supplying the power were con-
tacted and a list of their current subscribers was obtained. Wells
that were less than 8 inches in diameter and those on which two
or more pumps were operated from one meter were eliminated.
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The remaining number of wells was divided by 20 to determine
the proportionate sample desired. The result was a sample of
about one out of every twenty electrically -powered wells and
one out of every fourteen natural gas -powered wells. By using
the ledger of the electrical power company and selecting every
twentieth well, a cross section of the subscribers was obtained.
In each case the name of the first choice and an alternate was
taken. When the first choice was not available or was not will-
ing to cooperate, the alternate was contacted.

The arrangement of the subscribers' names in the ledger of
the gas company had a tendency to give an area distribution
since the subscribers' names were listed by the gas company
tap number and not alphabetically. In most cases the electrical
power company subscribers were listed alphabetically.

WELL TESTING PROCEDURE
During June, July, and August, a full time engineer was em-

ployed to conduct an efficiency analysis on each well. A test was
made on each well during each of the months of June, July, and
August. These months represent the period of heaviest pumping
in the county and, although the results may not be representative
of a similar -length period throughout the year, they are typical
of that portion of the year when most of the pumping is done.

The wells were analyzed to determine three factors.
1. Discharge in gallons per minute.
2. Power consumption.
3. Total lift.

In planning the study it appeared that any measuring device
used would have to possess the following characteristics: (1) a
high degree of portability so that transportation and installation
costs would not be prohibitive; (2) flexibility in order to be
adaptable to any discharge setup that would be found on the
forty wells being studied; and (3) as high a degree of accuracy
as can be obtained under field conditions. After investigating a
number of field measuring devices the Petot -type flow meter was
selected. This necessitated the drilling of a hole in the discharge
pipe of all pumps to be tested. It had the advantage, however,
of using the same instrument on all wells.

For determining power consumption a stop watch was used
to measure the amount of natural gas or electricity being used
by timing the revolutions of the hands on the meter. From an
engineering standpoint, such measurements may not be suffi-
ciently accurate to compute efficiency. From the standpoint of
cost analysis, it is satisfactory because the reading of the meter
is the basis on which the farmer pays his power bill.

An electrical sounder was used to measure the total lift while
the pump was being operated. On a few wells it was not possible
to get the sounder inside the casing. In these cases the operator
was contacted and the lift estimated on the basis of the depth
at which the bowls were sitting in the well.
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COMPUTATION OF COSTS
The costs incurred in pumping water for irrigation are readily

listed and segregated. The methods of computing the cost, how-
ever, vary from individual to individual and from time to time.
The cost data which follow will, therefore, become more mean-
ingful if the method of computation is outlined and the reason
for using this method is presented.

The costs involved in pumping are: interest on investment,
depreciation on equipment, taxes, repairs, power, lubricants, and
attendance. These costs can be combined in various ways for
the purpose of analysis. Interest, depreciation and taxes are
commonly classified as fixed costs and grouped together. The
reason for doing that, is that in general, these costs do not vary
in proportion to output. For example, interest, depreciation, and
taxes on a pump operated 200 hours will be relatively the same
as on a pump operated 2,000 hours. On the other hand, costs such
as repairs, lubricants, attendance, and power usually vary almost
directly with the amount that the pump is used. These will be
referred to as variable costs.

For the purpose of this publication a slightly different classifi-
cation of costs will be used. Interest and depreciation will be
classified as sunk costs because they are determined at the time
the operator makes the decision to install a well. By the time
the well has been installed, interest and depreciation costs have
been determined. Even if the well is never operated, these costs
cannot be reduced except by the salvage value of the equipment
if the well is abandoned.

The other costs -taxes, repairs, lubricants, attendance, power
-are items that usually are paid month by month and year by
year. These will be referred to as cash costs.

By grouping all costs in the above manner the cost of pumping
can be referred to as the total cost; this includes both cash costs
and sunk costs. If an operator already has a well, he will be
interested primarily in the cash costs of operation. He may con-
tinue to operate the pump as long as the returns more than cover
the cash costs of operation. On the other hand, if an operator
does not have a well and is contemplating installing one, he is
more interested in the total cost of operation. The returns from
the operation of the well must cover not only the cash costs but
also the interest and depreciation on the investment which he
is about to make.

This type of analysis also calls for a slightly different method
of handling the investment. During a period of rising prices,
such as we have experienced during the last twenty years, the
largest single factor influencing the actual investment that an
operator has in a well is the time at which it was installed.
Generally speaking, the older the well the lower the dollar
investment upon which interest must be paid.

Today there is no way in which an operator can install a well
at the prices existing five, ten, or fifteen years ago. For this
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reason all of the wells included in the study were valued at
present replacement costs.

An attempt was made to compute depreciation on a basis that
would be more realistic under present conditions. A given pump-
ing plant which logically could be expected to operate for twenty
years under conditions existing at the time it was installed, in
1935, would not necessarily be expected to operate for twenty
years if it were installed in 1952. This shortening of the expected
useful life is brought about primarily by the rapid fall in the
water table in the area studied and the uncertainty concerning
future operations.

CASH COSTS
POWER

Power - electricity and natural gas - constituted the largest
item of cash expense in pumping water for irrigation. About 73
per cent of the cash costs and 45 per cent of the total cost of water
was powered on electrically- operated pumps. The annual power
bill for the wells studied ranged from less than $1,000 to over
$8,000 per year per well for the electrically- operated pumps. The
average for the twenty electrically- operated pumps was $3,623.

From both the dollar standpoint and from the percentage stand-
point, power constituted a smaller expense for pumps operated
by natural gas than for those operated by electricity. The annual
gas bills for the twenty gas- operated wells ranged from less than
$650 to more than $3,000 with an average of $2,178. Natural gas
constituted only 49 per cent of the cash costs and 23 per cent of
the total cost of pumping water.

There was also a significant difference in the rate structures
between the electric and gas companies. Most of the natural gas
was provided by one company. The rate was graduated by month-
ly consumption ranging from 30 cents per 1,000 cubic feet for
the first 500,000 cubic feet to 23 cents per 1,000 cubic feet for all
monthly consumption in excess of 1,500,000 cubic feet. This rate
structure gave a rate advantage to those who had a large gas
consumption per month but gave little rate advantage to the
operator who operated twelve months over the one who operated
six months.

The rate structure for electricity varied between electrical dis-
tricts. Although some electrical districts had a graduated rate,
most used a straight rate per kilowatt hour with a small monthly
minimum. This resulted in all pumps having nearly the same
power rate regardless of pump size, lift, or hours operated. To
make the electric wells comparable in this study, all electricity
was charged at 1 cent per kilowatt hour. The average rate actu-
ally paid averaged 1.024 cents per kilowatt hour.

REPAIRS
Next to power, repairs were the largest item of expense, aver-

aging $1,225 per year for the natural gas- operated wells and
$1,058 for the electrically- operated wells. The maintenance cost
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TABLE 1. - COST OF REPAIRS, TWENTY ELECTRIC AND TWENTY
NATURAL- GAS -OPERATED IRRIGATION WELLS,

PINAL COUNTY, ARIZONA - 1951
Natural Gas

Range Average
Electricity

Range Average
Engine or Motor $196 -$ 959 $ 543 $15 -$ 411 $ 144
Pump 228- 1,098 590 81- 2,277 797
Well 33- 162 92 12- 329 117

Total $1,225 $1,058

on a gas engine was much higher than on an electric motor.
(Table 1)

Most of the expense on the pump was for bowl overhaul and
for column pipe extension. The forty wells averaged about 18
feet of extension added per well during 1951.

The expense on the casing was relatively low. In most cases
these expenses consisted of sanding or dry icing the well. A
number of wells were deepened during 1951. This was not con-
sidered as a repair cost, but the cost was considered as a capital
investment and added to the installation cost of the well.

TAXES
Taxes were assessed on the basis of the rated horsepower of

the power unit. For tax purposes the well was valued at $40 per
horsepower with a maximum of 250 horsepower or $10,000 per
well. The mill levy varies from district to district depending upon
schools, fire protection, etc. For the purpose of this study a levy
of 5.5 cents per $1 valuation was used on all wells. This levy was
typical of that paid by many operators.

Taxes ranged from $165 to $550 per installation for the natural
gas wells with an average of $393. For the electrically- operated
wells the range was $110 to $495 with an average of $298. This
indicated that, as a group, the gas -operated wells had larger
power units than the electrically- operated wells.

LUBRICANTS
Lubricants were a minor expense for electric wells. Lubrica-

tion costs averaged less than $40 per season. Most of this expense
was incurred on oil lubricated pumps. The cost of lubricants for
the gas wells was much higher, averaging $370 per year. The
difference was accounted for by the oil used in the gas engine.

ATTENDANCE
No charge was made for attendance on the electrically- operated

wells. Normally the small amount of time required in attending
to such a well is negligible. A gas engine requires more atten-
tion. Some operators hired a trained mechanic to check the
engine and make minor adjustments during the operating season.
Other operators performed their own minor maintenance work
and estimated the time and expense involved. The annual at-
tendance charge ranged from $102 to $400 and averaged $193 per
installation.
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SUNK COSTS
Two costs, interest on investment and depreciation, were largely

determined when the well was installed. The money invested in
an irrigation well was a "sunk cost" in the sense that it could
be returned only through the value of the water pumped from
the well. If for some unforeseen reason the well were abandoned,
only a small part of the capital invested could be recovered by
salvaging the pumping equipment. In most cases the salvage
value of the well and casing would be zero.

DEPRECIATION

Depreciation has been defined as "the slow using up of a long-
lived asset." If it were possible to know the total acre feet of
water pumped from a $20,000 well during its useful lifetime, the
computation of depreciation would be an easy task. In reality,
depreciation was influenced by the amount of water pumped, the
amount of care given the installation, the condition of the water-
bearing strata, the design of newer pumps, the price of crops,
luck, and many other factors. In view of these variables, a de-
preciation charge was an estimate based on certain assumptions.
In this study the . following assumptions were made.

1. An estimated life of five years for the pump and power
unit.

2. An estimated life of ten years for the well and casing.
3. A straight line decline in value from the replacement

cost to zero.
Other investigators have depreciated pumping equipment over

a much longer period of time than five years. The shorter esti-
mated life used in this study did not indicate that the equipment
used was of inferior quality nor that it would be worn out in
this period. It was used because of the risk and uncertainty con-
cerning future operations in this area. Most of the repairs cov-
ered in the previous section would not have occurred in an area
with a stable water table. In view of the uncertainty concerning
future operations in this area, a five -year write off on the pump
and power unit and a ten -year write off on the well seemed
advisable.

A straight line depreciation assumed that the decline in value
of the installation was the same during each year of its useful
life. Depreciation was computed in this study by taking one -fifth
of the replacement cost of the pump and power unit and one-
tenth of the cost of the well as the annual depreciation charge.

The replacement cost of the natural -gas installations ranged
from $8,600 to over $39,000 and averaged $27,410. The range for
electric installations was from $7,800 to over $34,700 and averaged
$16,140. A natural gas engine was more expensive than an elec-
tric motor of comparable size. Therefore, a part of the savings in
power bills attributed to gas -operated pumps in the previous
section was offset by a greater depreciation and interest charge.
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INTEREST ON INVESTMENT
An interest charge was an estimate of the cost of the capital

invested in the well. If the operator invested his own capital in
the well, it would earn a return comparable to that which it
would earn had it been invested in some other manner. If the
operator borrowed the money to install the well, the interest
charge would be very real and easily determined.

Interest was charged at 5 per cent of the average investment
in the well during its estimated life. In any equipment depre-
ciated by the straight -line method, the average investment dur-
ing the useful life was equal to one -half the original cost. The
interest charge for this study was computed by taking 5 per cent
of the average investment which was the same as 21/2 per cent of
the replacement cost.

CAUSES OF VARIATION IN WATER COST
TOTAL COST

The cost of pumping an acre -foot of water, where interest and
depreciation were included in the cost, varied from $5.65 per
acre -foot to $17.10 for the gas -operated wells and from $5.76 to
$22.30 for the electrically- operated wells. Three factors were
found to be closely associated with these variations. In order of
importance they were the total distance that the water was lifted,
the efficiency of the pumping unit, and the number of hours the
unit was operated during the year.

By use of a statistical technique called graphic- multiple corre-
lation, it was possible to isolate the effect of each of the variables
on cost with the other two variables held constant. After isolat-
ing the effect of each variable it was possible to calculate the
cost per acre -foot under any known, or assumed, combinations
of lift, efficiency and hours operated.

LIFT
In the area studied there was a tendency for the natural gas-

operated wells to be located in the higher lift areas. Thirteen of
the gas- operated wells were lifting water from between 200 and
300 feet (Fig. 1) . The average lift on all gas- operated wells was
250 feet.

The effect of an increase in lift on pumping costs depended on
the efficiency of the well and the number of hours it was oper-
ated. A 50 -foot increase in lift on a well with an over -all efficiency
of 8.2 per cent and operated 2,500 hours increased pumping costs
by $3.80 per acre -foot (Table 2) . A 50 -foot increase in lift on a
well with an over -all efficiency of 12.7 per cent and operated 4,500
hours increased pumping costs by $1.65 per acre -foot. The first
case represented an inefficient pump operated a small number of
hours and the second case represented an efficient pump oper-
ated a large number of hours.

Using as an example a set of conditions that more nearly repre-
sented the average of all gas - powered wells, efficiency of 10.4 per
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o
150 200 250 300 350
199 249 299 349 400

TOTAL LIFT (FEET)
Figure 1.- Distribution of gas- operated wells, by lift groups.

cent operated 3,500 hours, a 50 -foot increase in lift increased
pumping costs by about $2.30 per acre -foot. A 50 per cent increase
in lift (from 200 to 300 feet) increased pumping costs by 54 per
cent (from $8.45 to $13.05 per acre -foot) . Under every set of con-
ditions illustrated in Table 2, the increase in cost was more than
proportional to the increase in lift.

Eleven of the twenty electrically- operated wells were lifting
the water less than 200 feet (Fig. 2) . Of the natural gas- operated
wells only four had a lift of less than 200 feet (Fig. 1). Because
of this difference in lift the analysis of costs of gas -operated wells
covered the range from 200 to 350 feet (Table 2), but for elec-
trically- operated wells the range from 150 to 300 feet was covered
(Table 3) .

An increase in lift of 50 feet on electrically- operated wells oper-
ated 2,500 hours with an efficiency of 39 per cent increased the
cost per acre -foot of water by $4.20 (Table 3) . At the other ex-
TABLE 2.- TOTAL COST OF NATURAL GAS- OPERATED WFLT,S,

PER ACRE -FOOT, PINAL COUNTY, 1951
Hours operated

annually
Water
Lift
Ft.

Over -all efficiency of pump
Low -8.2%

$ per acre -ft.
Aver. -10.4%
$ per acre -ft.

High- 12.7%
$ per acre -ft.

2,500 200 13.70 10.50 8.25
250 17.50 13.40 10.50
300 21.20 16.30 12.80
350 25.00 19.20 15.00

3,500 200 11.00 8.45 6.60
250 14.00 10.75 8.45
300 17.00 13.05 10.25
350 20.00 15.35 12.05

4,500 200 10.05 7.70 6.05
250 12.75 9.80 7.70
300 15.50 11.90 9.35
350 18.25 14.00 11.00
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149 199 249 299
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Figure 2.- Distribution of electrically- operated wells, by lift groups.

300
349

treme a 50 -foot increase in lift on an electrically- operated well
operated 4,500 hours at an efficiency of 54 per cent increased the
cost per acre -foot by only $2.10 per acre -foot. Under average con-
ditions, efficiency of 46 per cent operated 3,500 hours, the increase
was about $3.05.

Under all combinations of conditions presented in Table 3, the
increase in cost was more than proportional to the increase in
lift. For a pump operated 3,500 hours at an efficiency of 46 per
cent, doubling the lift (from 150 feet to 300 feet) more than
doubled the cost (from $7.65 to $16.80 per acre -foot) . A 100 per
cent increase in lift resulted in a 120 per cent increase in cost.

EFFICIENCY
Efficiency of the pumping unit was the second most important

factor affecting the pumping costs. In this study it was not pos-

TABLE 3. - TOTAL COST OF ELECTRICALLY - OPERATED WELLS,
PER ACRE -FOOT, PINAL COUNTY, 1951

Hours operated
annually

Water
Lift
Ft.

Over -all efficiency of pump
Low -39%

$ per acre -ft.
Aver. -46%
$ per acre -ft.

High -54%
$ per acre -ft.

2,500 150 10.50 9.00 6.85
200 14.70 12.60 9.60
250 18.90 16.25 12.35
300 23.10 19.85 15.10

3,500 150 8.90 7.65 5.80
200 12.40 10.70 8.10
250 16.00 13.75 10.45
300 19.50 16.80 12.80

4,500 150 7.80 6.75 5.10
200 11.00 9.45 7.20
250 14.10 12.10 9.20
300 17.20 14.80 11.30
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sible to separate pump efficiency from engine or motor efficiency.
All efficiency figures were over -all efficiency which was the motor
or engine efficiency multipled by the pump efficiency.

The efficiency of an electric motor usually varied from 88 to
90 per cent and seldom departed more than 1 or 2 per cent
from this range. The efficiency of a gas engine was as low as
10 per cent and seldom exceeded 30 per cent. Under field con-
ditions the efficiency was usually about 20 per cent but fluctuated
widely from this average figure.

For purposes of comparison the cost was computed for each
group of wells at three different levels of efficiency: (1) the
average of the seven lowest wells, (2) the average of all twenty
wells, and (3) the average of the seven highest wells. The re-
spective efficiencies were 8.2, 10.4, and 12.7 per cent for the gas -
operated wells, and 39, 46, and 54 per cent for the electrically -
operated wells. Assuming a gas- engine efficiency of 20 per cent
and an electric motor efficiency of 80 per cent the pump efficiency
for the gas- operated wells in these respective groups would be
41, 52, and 63 per cent, and for the electrically- operated wells,
44, 52, and 61 per cent. If these assumptions as to engine and
motor efficiencies were correct, the average pump efficiency of
electric and gas wells was comparable. However, there was a
wider variation in pump efficiency on gas installations than on
electrically- operated installations.

Field observations indicate that the above efficiency estimates
were realistic assumptions. The speed of an electric motor can-
not be varied. If during the pumping season an electric well was
surging, there was little an operator could do except to make
minor adjustments in the setting of the runners on the pump. If
this did not stop the surging, the pump was usually lowered as -
soon as possible.

With a gas engine it was possible to stop the surging by slow-
ing down the engine speed. This resulted in both the engine and
the pump being operated at less than optimum speed for max-
imum efficiency. However, under field conditions this was often
done as many operators were willing to sacrifice efficiency to
delay a shutdown until the end of the pumping season.

Efficiency of the natural gas- operated units ranged from 5.7
per cent to 14.6 per cent. Ten of the twenty wells were operat-
ing at an efficiency of between 7 per cent and 11 per cent (Fig.
3) . An increase in efficiency from 10.4 per cent (the average of
all gas- operated wells) to 12.7 per cent (the average of the seven
most efficient wells) decreased the cost per acre -foot of water
by one -fifth (Table 2). A decrease in efficiency from 10.4 per
cent to 8.2 per cent (the average of the seven least efficient
wells) increased the cost per acre -foot by about one -third. The
cost per acre -foot of water lifted 300 feet by a pump operated
3,500 hours per year was about $17 for pumps with an efficiency
of 8.2 per cent. On pumps operating under the same conditions
but with an efficiency of 12.7 per cent the cost was $10.25 per acre-
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Figure 3.- Distribution of gas- operated wells, by over -all efficiency.

foot. For wells operating at average efficiency (10.4 per cent)
the cost was $13.05 per acre -foot.

The efficiency of the electric units varied from 30 per cent to
61 per cent. Thirteen of the twenty electrically- powered wells
were operating at efficiencies between 40 per cent and 50 per
cent (Fig. 4) . An increase in efficiency from 46 per cent (the
average of all twenty electrically- operated wells) to 54 per cent
(the average of the seven most efficient electrically- operated
wells) decreased the cost per acre -foot by about one -fourth. A
decrease in efficiency from 46 per cent to 39 per cent (the average
of .the seven least efficient wells) increased the cost by about
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Figure 4.- Distribution of electrically- operated wells, by over -all efficiency.
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Figure 5.- Distribution of gas- operated wells, by hours operated annually.

one -sixth. For electrically- powered wells operated 3,500 hours
the cost per acre -foot was $19.50, $16.80, and $12.80 at the three
levels of efficiency listed above (Table 3) .

HOURS OPERATED ANNUALLY
When amortizing a fixed investment over a given number of

years, the annual hours of use becomes an important factor in
determining the fixed cost per unit of product. In the case of
an irrigation well the depreciation cost per acre -foot of water
will decrease as the annual hours of use increase. This decrease
in depreciation cost is reflected in the total cost per acre -foot of
water.

The hours of annual use for the gas- operated wells varied from
2,222 to 4,809 and averaged 3,674. Eleven of the twenty wells were
operated between 3,500 and 4,500 hours (Fig. 5) . The electrically -
powered wells were operated from 1,813 hours to 5,888 hours and
averaged 3,600 hours. Seven of the twenty wells were operated
between 2,500 and 3,500 hours and six wells between 3,500 and
4,500 hours (Fig. 6) . The average for the two types of wells was
nearly the same but there was much more variation in the annual
use of electric units than in the gas units.

The water from units operated 2,500 hours was the most ex-
pensive. For gas -operated wells the cost ranged from 5 cents to
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Figure 6.- Distribution of electrically- operated wells, by hours operated
annually.

5% cents per acre -foot per foot of lift on those wells operated at
average efficiency (Table 2) . Increasing the hours operated from
2,500 to 3,500 decreased the cost by about 20 per cent, the cost
then averaging from 4 to 4% cents per acre -foot per foot of lift.
Increasing the hours operated annually from 3,500 to 4,500 de-
creased the cost by about an additional 9 per cent to less than
4 cents per acre -foot per foot of lift.

For electrically -operated wells the cost ranged from 6 to 61/2
cents per acre -foot per foot of lift for those wells operated at
average efficiency for 2,500 hours annually (Table 3) . Increasing
the hours operated to 3,500, the cost decreased about 15 per cent
to 5 to 5% cents per acre -foot per foot of lift. At 4,500 hours the
cost ranged from 4% to 5 cents about 12 per cent lower than for
those operated 3,500 hours.

The smaller decrease in cost with increased usage of electrically -
operated wells as compared with gas- operated wells, was ac-
counted for by the greater investment required for a gas installa-
tion. Spreading this larger investment over more acre -feet of
water greatly reduced the well depreciation cost per acre -foot of
water.

CASH COSTS

The previous section dealt with the total cost of pumping
water, which included, in addition to the normal operating costs,
a charge for interest on the money invested in the well and a
charge for depreciation. An operator who has a well is more
interested in knowing what it will cost to continue operating a
well that is already installed. The cost figures from this study
were combined in such a way as to indicate what this cost would
be.
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TABLE 4. - CASH COSTS OF NATURAL GAS -OPERATED WELLS,
PER ACRE -FOOT, PINAL COUNTY, 1951

Hours operated
annually

Water
Lift
Ft.

Over -all efficiency of pump
Low -8.2%

$ per acre -ft.
Aver. -10.4%
$ per acre -ft.

High -12.7%
$ per acre -ft.

2,500 200 4.85 4.10 3.55
250 5.65 4.75 4.15
300 6.40 5.40 4.70
350 7.20 6.10 5.30

3,500 200 4.65 3.95 3.40
250 5.45 4.60 4.00
300 6.20 5.20 4.55
350 6.90 5.85 5.10

4,500 200 4.50 3.80 3.30
250 5.25 4.40 3.85
300 6.00 5.05 4.40
350 6.70 5.65 4.90

Cash costs include the normal operating costs -power, repairs,
lubricants and attendance -plus the taxes on the pump. These
are the costs than an operator must pay every year if he is going
to continue operating an existing plant. Considering only the
cash costs of operation; the lift, efficiency, and hours operated
annually have a different effect on pumping costs when interest
and depreciation are included as part of the cost.

LIFT
The total cash cost of lifting an acre -foot of water 200 feet

with a gas- operated well operating at average efficiency (10.4 per
cent) and operated 3,500 hours annually was $3.95 (Table 4). This
compared with a total cost of $8.45 for lifting an acre -foot under
the same conditions (Table 2) . The total cost, therefore, consisted
of about 47 per cent cash costs and 53 per cent sunk costs.

A 50 per cent increase in lift, from 200 feet to 300 feet, increased
the cash cost per acre -foot from $3.95 to $5.20 or 32 per cent. The
fact that cash costs do not increase in proportion to lift was
largely the result of the decrease in the cost per cubic foot of
natural gas as the monthly gas consumption increased.

On the electrically- operated wells an increase in lift affected
the cash cost of operation in much the same way as it affected
the total cost. For wells operated 3,500 hours at average effi-
ciency (46 per cent) an increase in lift from 150 feet to 300 feet
increased the cash cost per acre -foot from $4.50 to $9.50 (Table
5) . Thus a 100 per cent increase in lift increased cost by 111
per cent.

EFFICIENCY
The efficiency of the pumping plant is an important factor

affecting the cost of water. On the gas- operated wells a decrease
in efficiency from 10.4 per cent to 8.2 per cent increased the cost
of pumping water 18 per cent (Table 4) . An increase in effi-
ciency from 10.4 per cent to 12.7 per cent decreased pumping
costs by about 13 per cent.
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TABLE 5. CASH COSTS OF ELECTRICALLY- OPERATED WELLS,
PER ACRE -FOOT, PINAL COUNTY, 1951

Hours operated
annually

Water
Lift
Ft.

Over -all efficiency of pump
Low -39%

$ per acre -ft.
Aver. -46%

$ per acre -ft.
High -54%

$ per acre -ft.
2,500 150 5.35 4.60 3.75

200 7.30 6.30 5.15
250 9.30 8.00 6.55
300 11.30 9.70 7.90

3,500 150 5.25 4.50 3.70
200 7.20 6.20 5.00
250 9.10 7.85 6.40
300 11.05 9.50 7.75

4,500 150 5.10 4.40 3.60
200 7.00 6.05 4.95
250 8.95 7.70 6.30
300 10.85 9.35 7.60

A similar relationship existed in the case of electrically- operated
wells. Decreasing the efficiency from 46 per cent to 39 per cent
increased the cost by about 16 per cent (Table 5) . Increasing the
efficiency from 46 per cent to 54 per cent decreased the cost by
18 or 19 per cent.

HOURS OPERATED ANNUALLY
The number of hours that a pump is operated annually is an

important factor influencing the total cost of pumping water.
The amount of use per year determines the number of units over
which the annual interest and depreciation charges will be spread.
When the annual interest and depreciation charges are omitted
and only the cash costs considered, the amount of annual use
has little effect on pumping costs.

For the natural gas -operated wells there was less than an 8 per
cent difference in cost between the wells operated 2,500 hours
annually and those operated 4,500 hours annually (Table 4) . For
the electrically- operated wells the difference was even smaller,
less than 5 per cent.

Most of the cash costs with the exception of taxes varied almost
directly with the amount of use. The cash costs of operation
therefore decreased little with an increase in annual use.

CASH COSTS AND TOTAL COST COMPARED
In the previous sections cash costs and total cost were consid-

ered separately. The relationship between the cash costs and
total cost varied with the lift, efficiency and hours operated
annually.

The cash costs for a natural gas- operated well operating at
average efficiency for 2,500 hours annually constituted only 32
to 39 per cent of the total cost (Table 6) . The remaining 61 to
68 per cent consisted of interest on the money invested in the
well and depreciation on the pumping plant. When these wells
were operated 4,500 hours annually, the cash costs constituted
40 to 49 per cent of the total cost. Under these conditions interest
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on the investment and depreciation made up from 51 to 60 per
cent of the total cost.

TABLE 6. - CASH COSTS AS A PERCENTAGE OF TOTAL COST OF
NATURAL GAS - OPERATED WELLS, PINAL COUNTY, 1951

Hours operated
annually

Water
Lift
Ft.

Over -all efficiency of pump
Low -8.2%
per cent

Aver.- 10.4%
per cent

High- 12.7%
per cent

2,500 200 35 39 43
250 32 35 40
300 30 33 37
350 29 32 35

3,500 200 42 47 51
250 39 43 47
300 36 40 44
350 34 38 42

4,500 200 45 49 54
250 41 45 50
300 39 42 47
350 37 40 44

On the electrically- operated wells a higher percentage of the
total cost was made up of cash costs (Table 7) . On a well oper-
ated at an average efficiency of 46 per cent and operated 2,500
hours annually, about half of the total cost was cash costs, the
other half being interest and depreciation. On electrically -oper-
ated wells operated 4,500 hours at average efficiency, the cash
costs made up from 63 to 65 per cent of the total cost. Interest
and depreciation were reduced to 35 to 38 per cent of the total
cost.

This relationship is very significant in an area with an uncer-
tain future. Under the conditions assumed in this study, a five -
year estimated life on the power unit and pump, and a ten -year
life on the well, natural gas was the cheaper source of power.
However, a natural gas well requires a large initial investment
which is recovered through lower operating costs during the life
of the plant. Five years appeared to be more than sufficient time
in which to recover the investment.

An electrically -operated well requires a smaller initial invest-
ment but the annual operating expenses were higher primarily
because of the higher rate for electricity. A lower fixed cost com-
bined with a higher annual operating cost can prove advantage-
ous in an area with an uncertain water future. If for some reason
the well should be abandoned at the end of three years the
saving on initial cost would more than pay the higher operating
cost for three years. Therefore, the water outlook in an area is
an important factor influencing the choice between electricity
and natural gas as a source of power.
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TABLE 7. - CAST COSTS AS A PERCENTAGE OF TOTAL COST OF
ELECTRICALLY - OPERATED WELLS, PINAL COUNTY, 1951

Hours operated
annually

Water Over -all efficiency of pump
Lift
Ft.

Low -39%
per cent

Aver. -46%
per cent

High -54%
per cent

2,500 150 51 51 55
200 50 50 54
250 49 49 53
300 49 49 52

3,500 150 59 59 64
200 58 58 62
250 57 57 61
300 57 56 61

4,500 150 65 65 71
200 64 64 69
250 64 64 68
300 63 63 67

APPENDIX
Graphic Multiple Correlation

Net Relationship between Costs and
a. Lift
b. Hours Operated Annually
c. Efficiency
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