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INTRODUCTION

Energy usage in agriculture has become a topic deserving attention,
study, and research. With the relatively rapid depletion of fossil fuel
resources in the United States, energy conservation measures have become
increasingly important, as well as energy source alternatives. The fuel
used on the farm for agricultural production was only approximately 3
per cent of the total fuel usage in the United States in 1974 (Gunkel,
et. al., 1974). However, it is still important for the agricultural
industry to minimize its energy usage. As energy becomes less available,
its cost rises. Energy saving technigues will bring production costs
down, as well as help extend the avaiTabinty of fossil fuels.

Irrigation is an energy intensive agricultural process. It is
estimated that two to three times the energy is required to grow a
crop on irrigated land as opposed to dry land (Dvoskin, et. al., 1975).
Approximately 11 per cent of the crops grown in Kansas in 1974 were
Cirrigated, while irrigation pumping consumed approximately 25 per cent
of the total energy used in agriculture in Kansas (Federal Energy
Admisistration, 1974). Irrigation pumping is estimated to have used
40 per cent of the total energy usage in crop production in Kansas in
1974 (excluding energy required to produce and transport fertilizers}.

An average of 10 x 106

BTU per acre irrigated was required. for pumping
irrigation water in 1974.
There are other inputs of energy required .to irrigate crops, in

addition to energy required to deliver water to the crops. Energy



above and beyond the amount required for dryland crops is used for:

1. Building, transporting, installing, and maintaining irrigation
- -systems.

2. Additional tillage and harvest requirements.

3. Additional fertilizer and pesticide requirements.

The intent of this paper is to examine anly the pumping energy
requirements. The analysis includes the development of an analytical
procedure for calculating energy usage on a county by county basis in
Kansas. With the digital computer, the model develioped was utilized
to estimate energy usage while using the latest available data. In
addition, several case studies were made while assuming various input

conditions.



REVIEW OF LITERATURE

Estimating energy usage in irrigation is not new to engineers, as
several state and federal agencies request this information, as well as
agencies in the private business seétcr. Energy estimates for all farm-
ing practiceS'are.1isted by state by the Federal Energy Administration (FEA).
This data was developed by the Economic Research Service. The FEA report
is a national report, and the estimates pertaining to irrigation for
each state can probably be traced back to the irrigation engineering
specialists in the extension departments of that state's agricultural
college.

A study by Dvoskin and others (1975) focused on energy usage by
irrigation pumping in the 17 western states, where 88 per cent of the
irrigated cropland and an even larger percentage of energy usage for
irrigation was concentrated. The 17 states were further broken down
into 57 producing regions for the purposes of that study. It was
stated in the paper "The major objective of this study is to develop an
analytical procedure which will determine the energy use on irrigated
cropland.” The analytical procedure developed by Dvoskin was designed
to be applicable to analyzing changes in assumptions regarding water
source, irrigation method, energy conversion efficiency, and fuel sub-
stitutions. The study did not, however, analyze any of these situations.

Gordon Sloggett (1974) has used the same approach in estimating
energy usage for all 50 states. In addition, several individual states

have conducted studies on energy used in irrigation as a part of studies



on energy use in agriculture as a whole. Among these are California
(Cervinka, et. al., 1974) and MNebraska (Lane, et, al., 1973).
Projected fuel savings due to energy savings techniques have been
made for Kansas. However, an extensive analysis of energy use in irr-
igation in Kansas, using a flexible model fhat could estimate previous
energy usage as well as make case studies based on predicted variables

and current data had not been developed.



PROCEDURE
General Procedure

Following is a description of the procedure used to determine the
energy usage by irrigation pumping in Kansas. The energy usage was
calculated for 1975, the latest year for which all data were available.
The energy use was calculated on a county by county basis. The state of
Kansas was broken down into 9 districts, as shown in Figure 1. The
total energy use, in BTU, was calculated for each county, as well as
the usage of natural gas, diesel fuel, liquid propane gas, and elec~
tricity. Calculations made for various case studies are shown in the
results section.

An alphabetical listing of counties showing the county number and

the district in which the county is located is shown in Table 1.
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District District No.

Northwest I
West central 2
Southwest 3
North central 4
Central 5
South central 6
Mortheast 7
East central 3

Southeast 9

*
Figure 1. Map of Kansas Showing Districts Used.

%*
Map reproduced from 1975-76 Kansas Farm Facts {Kansas State Board
of Agriculture, 1976).



Table 1. County Numbers and Locations.

County County District County County District County County District

No. S o No. No.
1 Allen SE 36 Greeley SW 71 Osborne NC
2 Anderson NE ai Greenwood SE 72 Ottawa NC
3 Atchison NE 38 Hamilton SW 73 Pawnee SC
4 Barber SC 39 Harper SC 74 Phillips NiW
5 Barton SC 40 Harvey SC 75 Pottewatomie  NE
6 Bourbon SE 41 Haskell SW 76 Pratt SC
7 Brown NE 42 Hodgeman  SW 77 Rawlins NW
8 Butler SC 43 Jackson NE 78 Reno SC
g Chase NE 44 Jefferson NE 79 Republic NC
10 Chautauqua SE 45 Jewell NC 80 Rice SC
11 Cherokee  SE 46 Johnson NE 81 Riley NE
12 Cheyenne  NW 47 Kearny SW 82 Rooks MK
13 Clark SW 43 Kingman SC 83 Rush SC
14 Clay NC 49 Kiowa SC 84 Russell NC
15 Cloud NC 50 Labette SE 85 Saline NC
16 Coffey NE 51 Lane SW 86 Scott SW
17 Comanche SC SF Leavenworth NE 87 Sedgwick SC
18 Cowley 5C 53 Lincoln NC 83 Seward Sk
19 Crawford SE 54 Linn NE 89 Shawnee NE
20 Decatur NW 55 Logan NE 90 Sheridan Nt
21 Dickinson NC 56 Lyon NE 91 Sherman NW
22 Doniphan NE 5/ McPherson SC 92 Smith NC
23 Douglas NE 58 Marion NE 93 Stafford SC
24 Edwards SC 59 Marshall 5C 94 Stanton SW
25 ETlk SE 60 Meade SW 95 Stevens Sk
26 E1lis N 61 Miami NE 96 Sumner SC
27 Ellsworth SC 62 Mitchell NC 97 Thomas NU
28 Finney SH 63 Montaomery SE 98 Trego N
29 Ford SW 64 Morris NE 99 Wabaunsee NE
30 Franklin NE 65 Morton Sk 100 Wallace NW
31 Geary NE 66 Nemaha NE 101 Washington NC
32 Fove NW 67 Neosho SE 102 Wichita SW
33 Fraham NW 68 Ness SH 103 Wilson SE
34 Grant Su 69 Norton HW 104 Woodson SE

35 Gray SH 70 Osage NE 105 Wyandotte NE




Energy Use Equations

The amount of energy used for pumping irrigation water is a function
of many variables. These variables include thegdepth the water is pumped
out of the ground, the pressure required at the pump, the efficiency of
the pumping unit, and the quantity of water pumped. In turn, there are
many variables which affect each of these conditions. The depth the water
is pumped is a function of the depth to water in.the static condition
and the drawdown, or the distance the water table is lowered due to
pumping. The pressure required at the pump is dependent upon the pressure
required at the discharge point, and the amount of pressure Tast between
the pump and discharge point. The efficiency of the pumping unit is a
function of the efficiency of conversion of fuel energy to mechanical
energy and the pumping efficiency, which is defined as the amount of
mechanical work done in pumping the water divided by the amount of mech-
anical work input. The quantity of water pumped depends upon the number
of acres irrigated, and the quantity of water applied per acre (which is
in turn dependent upon the crop irrigated, the weather, and the irrigation
efficiency). A further breakdown of variables could be made, depending
upon the degree of accuracy desired.

The energy use for irrigation in Kansas was calculated from the

following equation.

(PD + PR) X (A )} x WR x K

ER = (1)
z (EFFpump’i) x (EFF;..)

where:

ER = the total energy requirement for the area under consideration,
BTU



n = the number of fuel sources considered (natural gas, electricity,
liquid propane, and diesel fuel in this study)

PDN = the net pumping depth; the depth to water plus the drawdown, ft.

PR = the average additional pressure requirement for the water dis-
tribution systems, ft. of water

:EI PR, x A

PR = k=1 kK k (2)

S
> A
k=1

where:
s = the number of irrigation distribution types considered
PRk = the pressure requirement of irrigation distribution
type k (center pivot, gated pipe, big gun, etc.),
ft. of water
Ak = acres irrigated by irrigation distribution type k
A. = the number of acres irrigated by systems using energy source i

WR

the average net water requirements for crops in the area, ft.

m
= Aj X WRj
WR = —L=
= .
A.
=
where:

m = the number of crops irrigated
Aj = the number of acres of crop j irrigated
NRJ = the net water requirement of crop j
K = a constant, 62.4 1b./sq. ft. x 43,560 sq. ft./acre x 1 BTU/778 ft. 1b.

EFF = the overall average pumping efficiency for energy source i

pump, i

EFFirr = the irrigation efficiency for the area (application efficiency)
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ire
A
where:
EFFirr sp = sprinkler irrigation application efficiency
EFFirr gr = gravity system irrigation application efficiency
Asp = acres irrigated by sprinkler systems
Agr = acres irrigated by gravity systems

A = total acres irrigated for the area
Pumping Depth

The net pumping depth is defined as the distance irrigation
water must be lifted during pumping. The net pumping depth is a function
of the static water level of the aquifer, and the drawdown. The static
water Tlevel will vary during the year due to rainfall, recharge and
depletion by influent and effluent streams, and pumping of water.

The drawdown, or depth that the water recedes during pumping, also
varies. The drawdown is a function of the permeability of the aquifer,
the pumping rate, and length of time elapsed since the start of pumping.
Linsley (1975) states "true equilibrium conditions occur only after a
very long period of pumping at constant rate". Other wells which pump
in the same vicinity will affect the drawdown at the well in question,

| as will nearby streams.

A method to determine the drawdown of a well, which assumes equ-
ilibrium conditions exist, is obtained by defining what is called the
specific capacity of the aquifer. The specific capacity is defined as
the pumping rate that would give one unit length of drawdown, typical

units for specific capacity being gatlons per minute per foot of drawdown.



11

If the pumping rate is then divided by the specific capacity, the gquotient
is the drawdown. The specific capacity would be determined experimentally.
The Theis method (Linsley, et. al., 1975) can be used to determine

the drawdown of a well at a given time t (days since pumping began).
This method requires a constant pumping rate, q (gaflons per minute), a
known transmissibility T {cubic feet per day per foot), a known storage
constant S, (dimensionless), and the distance r from the pumped well

(r is equal to the radius of the well unless the calculation is made
for an observation well, where r would be the distance from the pumped

well to the observation well). The drawdown, Zr‘ is given by the relation:

q -l
zr=———xSe du (5)
4 xmxT u
u
rz x S
where u= —=—=L—  and is dimensionless. (6)
4 xTxt

The integral in equa£ion 5 is designated as W(u), and values of W(u)
are generally given for various values of u. However, T and SC values
are generally not readily available, and are typically determined by
test wells, using measured drawdowns at known time intervals.

As data on the specific capacity and pumping rates, or on the
transmissibility, storage coefficient, and well radius were not avail-
able for areas other than a few selected counties, another method of
estimating pumping depths had to be found.

No matter what method of calculation would be used to determine
drawdown, the depth to water would also be required. The most extensive

data on depths to water in Kansas was found to be contained in the water
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level reports prepared by the Kansas Geological Survey (Pabst and
Jenkins, 1974, 1976). These reports cover only the western third of
the state. However, the 1975 Kansas Irrigation Survey (Hay, 1975)
showed 78 per cent of the irrigation in Kansas was practiced in the
counties listed in the water depth reports.

The water levels listed in these reports were measured in January,
when the pumping was minimal and when the effects of the irrigation
season had receded. Municipai, industrial, and domestic uses were
continuous but contributed in a minor way to the total withdrawl.
Therefore, the depth to water as given in the Kansas Geological Survey
Journals represented the static water level. For purposes of this study,
the drawdown due to pumping as well as the static water level was desired.
From presonal contact with DeLynn Hay, John Kramer, and E. D. Jenkins,
the consencus was that, as a rule of thumb, the drawdown could typ-
ically be calculated as being one-half of the saturated thickness. As
the depth to bedrock was also listed in the water level reports, a
saturated thickness could be calculated as the difference in depth to
water and the depth to bedrock. As a check on this method of calculation
of the drawdown, it was compared with the value obtained by dividing
the pumping rate by the specific capacity for those areas where the
specific capacity was known.

As reported by Gutentag (1976), the average specific capacity of
30 wells in Scott and Lane counties in 1971-1972 was found to be 18
gpm per ft. of drawdown. Hay (1977) and Bossert (1977) have estimated
the average pumping rate for this area at 600 gpm. This would result
in a drawdown of 33.3 ft. The water level records for 1973 show an

average saturated thickness of 67.3 ft. for Scott county and 44.7 ft.
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for Lane county (see Appendix A). A drawdown of one-half the saturated
thickness would be 33.7 ft. for Scott county and 22.4 ft. for Lane
county.

Findings reported by Hanson (1955) show drawdown as being 27 per
cent of the saturated thickness (depth of well minus static water level).
This was an average for 44 wells in 8 southwest Kansas counties. He
does not give the length of time since the start of pumping that the
drawdown was measured.

In calculating the pumping depth in western Kansas, it was assumed
the drawdown was equal to one-half the saturated thickness of the
aquifer. In view of the fact that aquifer properties were not available
across the state, the assumption that drawdown is equal to one-half
of the saturated thickness appears to be valid for purposes of this
study. The 1975 values for net pumping depth as calculated in Appendix

A were used for calculating 1975 energy use estimates.

Water Levels and Saturated Thicknesses in lestern Kansas

The reports on water level changes in western Kansas indicate
that water is being mined from the Cgallala formation; that is more
water is being removed than is replaced. The decline of the water
level increases the depth the water needs to be pumped for irrigation,
therfore the energy requirements for irrigation are increased. A
change in water level also affects the properties of the aguifer to
some extent.

A declining water table is of greatest concern in those areas
where the saturated thickness is small. This is the case in west

central Kansas, where the saturated thickness has declined as much as
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50 per cent from 1950 to 1974 (Pabst and Jenkins, 1974). Decreased
well yields have been observed in these areas. The areas with the
greatest decline in the water table generally coincide with the areas
of greatest pumping (Pabst and Jenkins, 1974). The water table had
risen in a few places, presumably where 1ittle or no pumping had
taken place. The decline in the water table was not uniform over
western Kansas, just as the base year depth to water was not uniform for
western Kansas. The base year was listed in the water level reports
as being the year when the water table had not yet been significantly
affected by irrigation pumping. The base year was listed as being
1940 in southwest Kanéas and 1950 in northwest and west central Kansas.
After a visit with Jesse McNellis, a hydrologist with the United
States Geological Survey, it was decided that obtaining the water level
records for computer analysis would be beneficial to this study. These
records were contained on cards, there being two cards per well record.
There were 24 counties for which well records were obtained, with a
range of 7 to 103 records per county, and an average of 50 records
per county. There were 1201 records in all. These records were trans-
fered to disk drive for ease in handling. The pertinent data contained
in the well records were the well location, the depth to bedrock, and
the depth to water for the base year, the year 1966, and the years 1973
through 1977. The records for northwest Kansas also listed the depth
to wéter in 1972. The records were analyzed on a county by county basis,
as nearly all other data pertinent to this study were listed on a county

by county basis.
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~Not all well records contained an entry for the depth to water for
every year, and not all records showed an entry for the depth to bed-
rock. Because of this incompleteness, the data were analyzed in two
different ways. In one method, all well records were read that con-
tained the essential information for the calculation being made at that
time. For example, if the average depth to water in 1975 was being
calculated for Finney county, all records that listed a depth to water
in Finney county in 1975 were used. The second method of analyzing
the data was to read only those records that were complete. Complete
records listed a depth to bedrock plus a depth to water for 1940 (or
1950), 1966, 1973, 1974, 1975, 1976, and 1977. Six hundred fifty nine
out of the 1201 records were complete.

The most representative water level and saturated thickness for
any one county at any one particular year would be the average of
these values obtained from as many samples as possible. Therefore,
values obtained from the first of the aforementioned methods should
be used when analyzing any one particular year. However, when com-
paring the water level for one year with that of another year, it
would be essential that the same wells be used in the analysis. In
calculations of this type, values obtained by the second method
should be used.

The following values were calculated for each of 7 years, for
each county that data were available for, and by both methods.

1. The average depth to water. ey

2. The maximum depth to water.
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3. The minimum depth to water.

4. The coefficient of variation (the standard deviation as a per
cent of the mean).

The average saturated thickness.
. The maximum saturated thickness.

5

6

7. The minimum saturated thickness.

8. The coefficient of variation of the saturated thickness.
9

The net pumping depth, which was calculated as the average
depth to water plus one-half the average saturated thickness.

The coefficient of variation for both the depth to water and the
saturated thickness indicated the nonuniformity of the data. The depth
to water within any one county varied considerably, as did the saturated
thickness. The coefficient of variation of the depth to water in Ham-
ilton county was greater than 100 per cent for some years, which meant
the standard deviation was greater than the mean. As no depth to water
could have a negative value, it also indicated the distribution did
not approach a Gaussian distribution. Reference to individual well
depths and their locations verified the fact that some of the test wells
were along the Arkansas River and had a shallow depth, while others not
affected by the River had a much greater depth to water, as well as a
much greater saturated thickness.

The results of the computer analysis of the well records are

shown in Appendices A and B.
Pumping Depths in Central and Eastern Kansas

Information on pumping depths for districts other than the three

western districts was obtained from Groundwater Management District
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managers, and Kansas State University experiment field personnel and
extension personnel.

The greatest development of irrigation in Kansas outside of the
western third of Kansas has occurred in the region surrounding the
Sandyland Experiment Field at St. John in Stafford county. With the
exception of the western three districts and Republic county, the Kansas
Irrigation'5urvey (Hay, 1975) 1ists only Stafford and its surrounding
counties of Barton, Pawnee, Edwards, and Pratt as having greater than
23,000 acres of irrigation. Two methods of determining the pumping
depth for this area are shown below.

Theis non-equilibrium method (Sloan, 1977).

Depth to water = 20 ft.

i

Transmissibility = T = 1.0 x 10° gal/day/ft.

Storage constant = Sc = 0.15

Time since pumping began = t = 60 days (average irrigation season)
Distance from well = r = 0.5 ft. (12 in. well casing)

Pumping rate = g = 1000 gpm

1.87 x rz X Sc _
u = =1.17 x 10
Txt

With this convention of units, 8

W(u) = 17.96 (read from table in Linsley, 1975)
.= drawdown = 114.6 x q x W(u) / T = 20.6 ft.

The net pumping depth would then be 20 ft. + 20.6 ft. = 40.6 ft.
This assumed there was no interference from neighboring wells.

Using the specific capacity method, the following values were
obtained. The specific capacity of wells in this area was found to be
approximately 44 gallons per minute per foot of drawdown (TenEyck, 1968).

At a pumping rate of 1000 gpm, the drawdown would be 22.7 ft. If the
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same 20 ft. depth to water is assumed, the net pumping depth would
be 42.7 ft.

From personal communication with county agents and other extension
personnel, the general feeling was that the average pumping depth for
this area was greater than calculated. It was desirable to use an
average pumping depth for all Eounties in a district for all districts
where the water level records were not available. The depth to water
in irrigated areas located in the northern part of the Equus Beds
(McPherson county) would be greater than 50 feet and would increase
the average depth for its district. Therefore, an average depth of
50 feet was assumed for the net pumping depfh in the central and
south central districts.

Surface water is an important source of irrigation water in north
central Kansas, where several irrigation districts operate. There were
five districts aperating in Kansas in 1977, and two others were in the
planning stages. From 1976 reports by the operating districts, Table
2 was constructed.

The water source for irrigation in the north central district, other
than surface water, was from wells located along the Republican River,
where the pumping depth was estimated at 60 feet. As a substantial
amount of water used for irrigation in this district was supplied by
surface water, the average pumping depth for this district was set at
40 feet.

The water source for pumping in the eastern third of the state
was mainly from wells along rivers, or pumping from the rivers them-

selves (surface water). The average pumping depth for this part of



the state was set at 50 feet.

19

According to the Kansas Irrigation

Survey (Hay, 1975), only 1.2 per cent of the irrigation in Kansas

occured in the eastern third of the state in 1975.

Table 2. Summary for Five Kansas Irrigation Districts.
Irrigation County Acres Power
District Irrigated Source
E1lis 5,953
Cedar Bluff Gravity
Trego
Republic 32,310 Primarily gravity; 5 electric
Kansas Bostwick pumps with an average net
Jewell 8,897 pumping depth of 22 ft.
Phillips 3,244
Almena Gravity and pumps
Norton 2,210
Osborne 7,992
Webster Gravity
Rooks 547
Smith 9,063
Kirwin Osborne 1,853 Gravity
Phillips 553
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Overall Pumping Efficiency

The overall pumping efficiency has been défined as the work done by

a pumping unit divided by the energy required to perform that work.

” B4 o 1 —;‘a:)— (7)
where:
Effpump,i = the overall pumping efficiency as defined in egquation 1
W = the work done, and is calculated by multiplying the gross

P pumping depth (pumping 1ift plus the pressure requirement,
in ft.) by the quantity of water pumped (cubic ft.), and
by the density of water (62.4 1b. per cubic ft.)

E the energy content per unit of fuel used multiplied by

P the quantity of fuel used
The overall pumping efficiency can be further broken down into
the efficiency of the power unit (be it diesel, gas, etc.) in con-
verting chemical (or electrical in the case of an electric motor)
energy to mechanical energy, and the pump efficiency (the work done,

wp, divided by the mechanical energy input to the pump).

. = 8
Effpump,1 Nou X Mp (8)
where:

"pu = efficiency of thé power unit

np = pump efficiency

TN —

Results of a study by Hanson (1955) indicated that.there was
a wide variation in overall efficiencies for all energy sources. He
attributed the range of efficiencies to mismatching of the pump to
the well (oversizing of equipment), wear of the pump bowls, improper

adjustment of the pump impellers, mismatching of the pump bowls to
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the well conditions, improper carburetor settings on the internal
combustion units, and improper regulation of the speed of the engine
with respect to the pumping conditions. Average values for 17
electric, 10 natural gas, 7 diesel, and 12 LP gas units are listed in
Table 3.

Other studies have been done which agree very closely with the
overall pumping efficiencies listed by Hanson. These values are com-
pared in Table 3. The Nebraska Pumping Plant Standards (Gilley and
Watts, 1976) are also given in Table 3. These Standards represent
a performance level that properly designed, selected, installed,
adjusted, and operated units can be expected to obtain if pumps, en-
gines or motors, and drives have average or above average efficiency.
The Pumping Plant Standards can be exceeded if all components are
above average in efficiency. The performance of 209 units was measured
at an average of 75 per cent of the Nebraska Standards by Schluesener
and Sulek (as reported in Gilley and Watts, 1976).

Since the results given in Hanson's thesis correlated so closely
with the other test values listed, and were results from a test made
in Kansas, it was assumed that the average pumping plant in Kansas

operated at these efficiencies.
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Irrigation Efficiency

Irrigation efficiency is defined as the percentage of irrigation
water applied that is available for consumptive use by the crop. Con-
sumptive use includes water used by the crop and water evaporated from
crop foliage and from adjacent soil (Soil Conservation Service, 1970).

If the applied water is measured at the field, the efficiency is called

field irrigation efficiency. If the applied water is measured at the

farm headgate, the efficiency is termed farm irrigation efficiency. Farm
irrigation efficiencies vary betweén installations with the condition of

the land and water transmission lines, the type of system used, the condition
of the irrigation system, and the amount and rate of application.

Typical farm irrigation efficiencies are listed in the Kansas Irr-
igation Guide (Soil Conservation Service, 1975). The range of farm
irrigation efficiencies is shown in Table 4. The range for gravity systems
was listed as being from 50 per cent for an average system with no treat-
ment to 85 per cent for a system with tailwater recovery, proper land level-
ing, delivery pipeline, and proper drainage system. An average of 60 per
cent was used for gravity systems (Gilley and Watts, 1976).

Sprinkler irrigation systems vary in irrigation efficiency due to
variations in evaporation of the spray, evaporation from soil and plant
surfaces, and various degrees of non-uniform distribution. If application
rates exceed soil intake rates, surface runoff becomes a factor in reducing
the irrigation efficiency. An average farm irrigation efficiency for

sprinkler systems was assumed to be 75 per cent (Gilley and Watts, 1976).
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" *
Table 4. Farm Irrigation Efficiencies for Gravity Systems

Efficiency Condition of Irrigation System

50 per cent The average efficiency for a system with no treatment.

- G S . . T G M D S S S A N D G G O e S S D N S S N W U D D AN S A S S e

70 per cent Land leveling, delivery pipeline, and drainage system to design
standards.

B L e e e L L T R R T

85 per cent Tailwater recovery, system with proper land leveling, delivery
pipeline, and drainage system.

*
Reproduced from Kansas Irrigation Guide (Soil Conservation Service, 1975)
Water Requirements

The irrigation water requirements for a crop differ with locality and
fluctuate from time to time. The temperature, precipitation, growing
season, latitude, sunlight, and soil conditions, as well as other climatic
variables, all affect the water requirements. The SCS (Soil Conservation
Service) used the Blaney-Criddle formula to calculate water requirements for
various crops. The Blaney-Criddle formula states the mean monthly temper-
ature, the number of daylight hours, and a crop consumptive use coefficient
determine the amount of water consumptively used by growing crops. The
amount of water required for irrigation is the difference between the con-
sumptive use during the growing season and the amount of water supplied

by precipitation and moisture utilized that had previously been stored in
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the crop's root zone. In order to predict the short term water requirements
for a crop, the SCS related the crop consumptive use coefficient to two
additional coefficients; a climatic coefficient that was directly related
to the mean air temperature of the period of the growing season being
analyzed, and a coefficient that reflected the growth stage of the crop
(Soil1 Conservation Service, 1970). |

The Kansas Irrigation Guide lists irrigation water requirements for
various crops for six locations in Kansas. These values have been obtained
by applying the modified Blaney-Criddle formula and incorporating weather
data from the corresponding location. The irrigation requirements are
listed as the net irrigation water requirement; the water need of the specified
crop over and above rainfall if inadequate water is not to limit crop growth
and yields at any time during the growing season. Of course, the amount
of precipitation will directly affect the irrigation water requirements.
Therefore, the Guide lists net irrigation water requirements for average
years (these net water applications would be sufficient or overly sufficient
five years out of ten) and for dry years (these net water applications would
be sufficient or overly sufficient eight years out of ten).

For this study, the state of Kansas was divided into nine districts
while the Guide gives water requirements for six locations. Therefore,
some judgement had to be made as to what water requirements should pertain
to each district. The arrangement shown in Figure 2 seemed the most
appropriate.

Not all nine crops used in this study were listed in the Guide.
Again, a judgement had to be made. The values given for corn were used for

both corn grain and corn silage. The values for sorghum were used for both



Values lsed

District No. District
1 Northwest
2 West central
3 Southwest
4 Horth central
5 Central
6 South central
7 Northeast
8 East central
9 Southeast

Water requirements listed for Colby

Average of Colby and Garden City water
requirements

Garden City water requirements
Concordia water requirements

Average of Concordia and Hutchinson
water requirements

Hutchinson water requirements
Topeka water requirements
Topeka water requirements

Columbus water requirements

Figure 2. The SCS Water Requirement Locations Used to Represent
District Water Requirements.

26
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sorghum grain and sorghum silage. Where they were not listed, irrigation
water requirements for soybeans and dry beans were assumed to be the same
as the water requirements for sorghum. The normal year water requirements

are shown in Table 5.
Acres Irrigated

Perhaps the most uncertain of all variables involved in the calculation
of energy use in irrigation was the number of acres irrigated. This was
brought out in the contrasting values obtained from two independent sources
of data on irrigated acres. The first source for irrigated acreage was
the 1975 Kansas Irrigation Survey (Hay, 1975). This survey indicated a
total of 3,033,101 acres of land were available for irrigation in Kansas.

A survey by the Agricultural Stabilization and Conservation Service (ASCS)
conducted during the same time period (January, 1976) indicated that
2,954,904 acres were under irrigation. The United States Department of
Agriculture Statistical Reporting Service (SRS) estimated there were
2,912,400 acres available for irrigation in January, 1976. However, these
are actually not three individual studies. From personal communication
with the ASCS state office and with DeLynn Hay, who put out the 1975 Kansas
Irrigation Survey, it was apparent that many of the county agents colaborated
with the county ASCS offices in getting the number of acres irrigated in
their county. The SRS stated in their report "This estimate is based on
surveys conducted by this office and by the Kansas Extension Service".

The survey mentioned would be the 1975 Kansas Irrigation Survey, which is

shown in Appendix J.
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The second independent source for the number of acres irrigated was
the Statistical Reporting Service Crop Reports (Kansas State Board of
Agriculture, 1976). For the purposes of this study, it was desirable to have
the acres irrigated divided into acres of specific crops irrigated. The
SRS publishes crop reports for the individual crops throughout the year as
.they obtain their data. The yearly summary for all crops is then published
in the Farm Facts booklet. Irrigated acreages are given for each of three
crops; corn grain, grain sorghum, and wheat. These acreages are divided into
acres irrigated per county. Counties are Tumped together to form nine
districts in Kansas. These are the districts that have been used in this
report. The SRS does not 1ist the number of acres irrigated for crops
other than the three mentioned earlier. A quick check from the 1975-76
Farm Facts booklet indicated the three crops accounted for 1,915,700 acres
of irrigation, or only 63 per cent of the acreage available for irrigation
as given by the Kansas Irrigation Survey. Part of the discrepancy was due
to the fact that the Survey includes some land available for irrigation
that is not irrigated every year. However, that type of land would not
account for the 37 per cent discrepancy.

If all crops were included in the estimates of acres irrigated, the
acreage would undoubtedly more nearly approach the Survey results. The
five Crops and Soils Area Extension Specialists of Kansas State University
were contacted and asked to make estimates for additional crops irrigated
in their areas. Not all personnel felt comfortable in giving estimates
for all counties in their area. Therefore, many county agents were also

contacted.
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It was safe to assume that all corn silage, sugar beets, edible
dry beans, and soybeans grown in the western third of the state were
irrigated. Other estimates for other crops were taken from the extension
personnel (area and county extension). The final estimates based on
1975 data, considering nine crops, yielded a total of 2,328,775 acres
under irrigation in Kansas, or 77 per cent of the Survey total.

As the SRS typically does not 1ist acreage irrigated unless that
acreage is 2000 acres per county, the irrigated acres grown for sorghum
grain and corn grain did not show for some counties where undoubtedly
some of these crops were irrigated (less than 2000 acres irrigated).

Also, district totals shown in this report may not correspond to district
totals shown in the SRS data for the three major irrigated crops, even
though the SRS data were used exclusively in obtaining these numbers. This
is due to the fact that the SRS included acreage for counties with less
than 2000 acres irrigated in their district total, while this study did

not include county data for the three major crops if it was not broken

down by county in the 3RS data.

It was felt that the true number of acres irrigated 1ies somewhere
between the total obtained by adding up crops irrigated and the total reported
in the Kansas Irrigation Survey. The SRS reports seem to be low particularly
on the figures given for corn grain acreage under irrigation. In Edwards
county, the SRS reported 17,300 acres of corn grain irrigated in 1976, while
the county agent estimated 52,000 acres of that crop were irrigated. The
county agent's estimate was for the 1977 crop, and indicated that irrigation
was developing rapidly, but he was surprised at the Tow SRS figure. The

SRS made its estimates from returns of gquestionnaires sent out to farmers.
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It typically has sent out approximately 20,000 questionnaires {one to every
four or five farmers) and has received 6000 to 8000 in return (Johnson, 1977).

The SRS irrigated acres listed for the three major crops were used for
all counties; they were not modified in any way. Figures listed for other
crops are estimates from the extension sources. The estimated acreage of
nine crops irrigated is shown by districts in Table 6. The total of these
nine crops is shown next to the 1975 Kansas Irrigation Survey total for

irrigable acres. County by county figures are shown in Appendix D.
Breakdown of Energy Sources

In order to estimate the energy usage of the various fuels, the number
of acres irrigated by each type of power source was needed. The most com-
plete breakdown of this information was found in the 1975 Kansas Irrigation
Survey shown in Appendix J. The number of units that operated on natural
gas, diesel fuel, liquid propane (LP) gas, and electricity are given by county.
Units powered by gasoline were not listed in the Survey. Sloggett (1976)
estimated 22,400 acres were irrigated by gasoline pumps in Kansas in 1974,
This was less than one per cent of his total estimation of irrigated acreage
in Kansas.

As gasoline was found to be a relatively unimportant power source
for irrigation in Kansas and a breakdown of gasoline units per county
was not available, gasoline estimates have been omitted from this study.

It has been assumed that each pumping unit listed in the Survey
irrigated the same number of acres. It has further been assumed that

each unit pumped water from the average gross pumping depth of its county.
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Breakdown of Distribution Units

In order to determine the average pressure requirement for each
county, and the average irrigation efficiency for each county, the
breakdown into the number of acres irrigated by various distribution
systems was desired. Again, the 1975 Kansas Irrigation Survey (Hay,
1975) was found to contain the most thorough data. The distribution
systems were broken down into the following types: open ditch, gated
pipe, center pivot, tow 1ine and side roll, traveling big gun, and
other sprinkler. The number of acres irrigated by each system was
Tisted for each county. The open ditch and gated pipe were considered
as gravity systems, while the remainder were classified as sprinkler

systems.
Pressure Requirements

The average pressure requirement for a county was found by mul-
tiplying the pressure requirement for each system by the number of
acres irrigated by that system, adding the results of the multiplications,
and then dividing by the total number of acres irrigated in the county
(equation 2). The pressure requirements shown in Table 7 were used.
No additional pressure requirements were added to account for line

losses in conveying the water from the pump to the distribution unit.
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Table 7. Pressure Requirements for Various Distribution Systems*

System Type Pressure Required, Pressure Required,
ft. of water : psi

Open Ditch 0 0

Gated Pipe 20 9

Center Pivot 196 | 85

Tow Line and Side Roll 175 76

Traveling Big Gun 312 135

Other Sprinkler 160 69

*Source: Dvoskin, et. al., 1975
Promising Future Data Sources
Water Rights Data

The Division of Water Resources, Kansas State Board of Agriculture
requires all water users (other than for domestic purposes) to acquire
a water right. Questionaires have been sent by the Division to these
water right holders on an annual basis since 1965. The records made
from the returned questionaires included the annual volume and rates
pumped, the number of acres irrigated, the depth to water for wells, the
depth of the well and the acres harvested and yield for up to five crops.

These records would have been very useful had_they been accurate
and complete. "There is a great deal of variance in the completeness
and accuracy of the data sent back by the respondents" (Kansas State

Board of Agriculture, undated). Not all questionaires are returned.
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In the future, these data should become more reliable, as those not
reporting on their water use may lose their water right. At the time

of this study, the rights were in numerical order on the computer tape,
and were in the process of being softed into county sets. With the

number of rights in existance, the county format would have been essential

in order for the rights to have been useful in a county by county study.
Remote Crop Sensing

As mentioned earlier, the acreage irrigated for all crops grown in
Kansas was rather uncertain. One method of improving these estimates in
the future may be by utilizing remote sensing data provided by the National
Aeronautics and Space Administration. The Large Area Crop Inventory
Experiment (LACIE) project was designed to estimate acreage for crops
grown worldwide (MacDonald, 1976). Land Satellite (Landsat) imagery has
been used successfully to identify crop types and to determine if these
crops are irrigated. A study utilizing this imagery (Hoffman, et. al.,
1976) found irrigated row crops easily distinguishable from dryland crops
because the meisture stress and growing patterns were different. However,
it was not found reliable to seperate the irrigated row crops into corn,
beets, grain sorghum, etc. The study also found alfalfa hard to dis-
tinguish as irrigated or not irrigated due to the amount of rain received

early in the growing season.
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RESULTS AND DISCUSSION OF RESULTS
Estimates for 1975

Using 1975 crop estimates, the 1975 Kansas Irrigation Survey, 1975
net pumping depths,.and normal year water requirements (after checking
weather records, it was decided the normal year water requirements would
represent the actual water requirements reasonably well), the estimate
of the actual 1975 energy use in Kansas irrigation was calculated. It
was estimated that 2,318,000 acres were irrigated, consuming 26,727 % 109

BTU. This was an average of 1.15 x 107

BTU per acre. The calculated
district summaries of the 1975 usage are shown in Table 8. County by
county results are given in Appendix D.

Energy and U.S. Agriculture, 1974 Data Base (Federal Energy Admin-
istration, 1976) reported 23,825 x 109 BTU were used for frrigation in
Kansas in 1974. This number was generated by Sloggett (1976). The
Kansas State Corporation Commission (1976) requires all rural electric
companies to report the electrical use for irrigation by their customers.
For the year 1975, this use was reported at 134,065,687 KWH. The es-
timated use reported for 1976 was found to be 225,836,363 KWH (Anschutz,
1977). The 1975 electrical use has been estimated at 232,000,000 KWH
in this study. The numbers reported by the electric cooperatives should
be the most accurate available. The estimate produced in this paper is
very close to the 1976 Kansas Electrical Irrigation Survey number for .
statewide use. However, the usage does not agree very well between the

two studies on a county by county basis.
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The numbers produced by the computational technique used in this
paper are only as good as the data provided, and the assumptions made.
The 1975 electrical use figures produced in this study may have been
-higher than those reported in the Electrical Irrigation Survey for sev-
eral reasons. It was assumed that each pump Tisted in the Kansas Irriga-
tion Survey pumped the same quantity of water, from the same depth. In
reality, the electric power units may have been uﬁed on more shallow
wells, or pumps which did not irrigate as large an area as pumps powered
by other sources. There also was some discrepancy between the Electrical
Irrigation Survey and Kansas Irrigation Survey on the number of pumps.

An example would be Steven's county, where the Kansas Irrigation Survey
reported 46 electrical pumps, and the Electrical Irrigation Survey one

pump. The computer analysis yielded an estimate of 11,915,000 KWH used,
while the 1976 Electrical Irrigation Survey reported 24,400 KWH used in

that county.
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Explanation of the Column Headings in Table 8.

Column  Column Heading

1 District and County

2 Net Pumping Depth, Ft.

3 Pressure Head, Ft.

4 Gross Pumping Depth,
Ft.

5 Net Water Used, 100
Acre-Ft.

6 Irrigation Efficiency,
%

7 Gross Water Used, 100
ACY‘E-Ft'

8  Net Energy Used, 1x 10°
BTU

9 Gross 5nergy Used
1 x 107 BTU

10 Nat. Gas Used, 1x 10
BTU

11 Diese19Fue1 Used,
1 x 10” BTU

12 LP Gas Used, 1 x 10
BTU

13 E1ectr§city Used,
1 x 107 BTU

14 Nat. Gas Used, 1000 MCF

15 Diesel Fuel Used, 1000
Gal.

16 LP Gas Used, 1000 Gal.

17 Electricity Used,

9

9

1000 KWH

Explanation

The area that the values in columns 2
through 17 pertain to.

The estimated average depth to water
plus the drawdown.

The average pressure required at the
pump, ft. of water.

The net pumping depth plus the pressure
head.

The amount of water that would have been
required by the irrigated crops to meet
their net water requirements.

The average irrigation efficiency for
all systems.

The net water used divided by the
irrigation efficiency.

The amount of energy required to 1ift the
gross water used the net pumping depth and
supply it at the required pressure head
(assuming 100 per cent work efficiency).

The net energy used divided by the average
work efficiency.

The amount of energy contained in the
estimated natural gas used.

The amount of energy contained in the
estimated diesel fuel used.

The amount of energy contained in the
estimated LP gas used.

The amount of energy contained in the
estimated electricity used.

The estimated quantity of natural gas used.

The estimated gquantity of diesel fuel
used.

The estimated quantity of LP gas used.

The estimated quantity of electricity used.
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Aralysis of Water Level Data
Depth to Water Data

The decline of the water table can Be seen in the plots shown in
Figures 3 and 4. The average depth to water for each of 24 western
Kansas counties has been plotted for the base year, 1966, and 1973
through 1977. The values have been read from the computer printout as
shown in Appendix B.

The numbers in parenthesis directly beneath the county names in-
dicate the average remaining saturated thickness for that county, as
of 1977. The water levels are averages obtained from analyzing records
obtained from the United States Geological Survey. Only those records
which were complete were included when calculating the averages. The
USGS made water level measurements in January, when the effects of
irrigation pumping should be minimal.

The results as shown for Logan and Gove counties in west central
Kansas should be viewed cautiously as only one record was complete in
each of those counties. Lane and Morton counties had only three and
six complete records, respectively. The number of complete records
ranged from 14 to 59 for the other counties. For a further analysis

of the USGS records refer to Appendices A and B.
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Increasing Energy Use Due to the Declining Water Table

The declining water table leads to an increase in the pumping
depth and therefore an increase in energy usage. To determine the degree
of effect the decline in the water table has had on the amount of energy
used in irrigation in western Kansas, one program was run using the net
pumping depth for the base year (1940 or 1950), and another program
waé run using the net pumping depth for the year 1977. All other data
remained constant for the two runs. The net pumping depths were taken
from the program where only complete records were read (Appendix B).
This insured that the same wells were used in determining the water
level for all years. It would be worth noting that since the net pump-
ing depth was calculated as the depth to water plus one-half the sat-
urated thickness, a one foot increase in the depth to water (a decline
of one foot of the water table) would result in an increase of only one-
half foot in the net pumping depth. Water level records were not
available for Graham and Norton counties in the northwest district,
Trego and Ness counties in the west central district, and Hodgeman,
Ford, and Clark counties in the southwest district. It was assumed that
the pumping depth for any one year for these counties was the same as the
average pumping depth of the other counties in its district for that
year. A district by district comparison of energy usage using the base
year water levels and 1977 water levels is shown in Table 9. County
results are shown in Appendices E and F.

The increase in energy usage due to the decline of the water table

does not appear to have been significant on a yearly basis in the past.
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However, the water level records show the water table has been declining
more each year. The energy usage may increase several per cent each year
in some areas due to the decline of the water table.

The energy use calculated as shown in Appendices E and F should
not be compared with the 1975 estimates shown in Appendix D, as the
pumping depths used in the 1975 estimates may not have been averages
of the same wells.

Table 9. Comparison of Energy Usage Using the Base
Year Water Levels and 1977 Water Levels.

District Gross Energy Usage Gross Energy Usage Per cent
Using Base YeargPumping Using 1977 Pumping Increase
Depth, 1 x 107 BTU Depth, 1 x 109 BTU
Northwest 3,021 3,109 2.9
West Central 2,935 3,192 8.8
Southwest 17,779 18,881 6.2

Energy Savings Possible by Improving the Irrigation Efficiency

Irrigation efficiency has been defined as the percentage of -irrigation
water applied that is available for comsumptive use by the crop. The
average farm irrigation efficiency was estimated at 60 per cent for the
state for gravity systems. Some systems would operate at less than the
average, while others that had improvements such as land leveling,
delivery pipelines, and a drainage system with a tailwater recovery
system would operate at an efficiency higher than the average. The achiev-
able maximum efficiency was assumed to be 85 per cent for gravity systems

with a1l of the improvements mentioned.
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Increasing the gravity system (open ditch and gated pipe systems)
farm irrigation efficiency from 60 per cent to 85 per cent on a state-
wide basis would save a considerable amount of the energy required to
pump irrigation water, as well as a considerable amount of irrigation
- water, as Table 10 indicates.

Table 10. Comparison of Energy and Water Usage Using 60

per cent and 85 per gent Farm Irrigation Efficiency
for Gravity Systems.

Gross BTU Used, 60 per cent Efficiency 26,727 x 109
Gross BTU Used, 85 per cent Efficiency 20,500 x 109
Per cent Savings 233
Gross Water Used (acre-ft.), 60 per cent Efficiency 4,182,900
Gross Water Used (acre-ft.), 85 per cent Efficiency 3,218,700
Per cent Savings 23.3

*County by county results for 85 per cent efficiency shown in Appendix G.
County by county results for 60 per cent efficiency shown in Appendix D.

In order to obtain a high irrigation efficiency, it would also be
essential to 1imit the application of water to the amount that can be
stored in the root zone of the soil. Any additional water would be
lost through deep/ﬁé;colation. Procedures which determine the time of
irrigation and tﬁe amount of application are known as Irrigation Sched-
uling. This wouid require monitoring of the soil moisture at least once
every week, and a%;er every rainfall. This monitoring could be accom-

plished with the use of a soil probe or electrical resistance blocks
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which determine soil moisture. A water balance would then be made.

The amount of water removed from the root zone by evapotranspiration
would be replenished by irrigation. Commercial scheduling services

have developed computer programs to specify irrigation rates, using

data provided by the soil monitoring. A study of 32 systems in south-
west Nebraska revealed a savings of 12 per cent of the water pumped

(and therefore energy used) would have been accomplished with irrigation
scheduling (Watts, undated). It was found that some fields were under-
jrrigated, and would have received more water had they been scheduled,
while some were greatly OVer-irrigated.

Most methods of irrigation scheduling rely on completely refilling
the root zone each irrigation. This would not leave room for moisture
should rainfall occur. A more efficient method than the ordinary irrigation
scheduling has been developed for areas where several inches of pre-
cipitation faljs during the growing season. This method has been termed
Programmed Soil Moisture Depletion. The root zone is not completely
refilled with each irrigation, allowing room for potential rainfall.
Enough moisture is stored for the crop to draw upon when peak consumptive
use exceeds the irrigation. The root zone is partially refilled by
irrigation after the peak consumptive use period. Fischback (1975)
listed the necessary requirements for this procedure to be effective.

1. The soil must be 5 ft. deep and hold 1.5 in. of water per ft.
of depth.

2. A continuous water supply must be available.

3. The soil must be at field capacity to a 5 ft. depth at the
start of the growing season.
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4. Irrigation must be applied before the soil moisture deficit
exceeds 2 in. in the root zone.

5. Soil moisture must be monitored.

6. A water meter and rain gauge are required to measure the amount
of water applied.

An additional benefit of the Programmed Soil Moisture Depletion
technique is the reduction in the amount of nitrate leaching. If the
fertilizer isn't applied until late May or early June (corn crop), the
nitrogen will be stored in the upper foot of soil, where the plant roots
are located. The irrigation water won't percolate deeper than two feet
until Tlate in the irrigation season, when the crop will have utilized
nearly all of the nitrogen. When over-irrigation occurs, water carries
nitrogen with it below the root zone. For each inch of water that
penetrates below the root zone, from five to 60 pounds of nitrogen per
acre are lost. To produce one pound of nitrogen, 24.3 cubic feet of
natural gas and 0.46 XWH of electricity are required. Heerman (as given
in Gilley and Watts, 1976) reported an average deep percolation of 3.6
inches in eastern Colorado. If each inch carried an average of 15 pounds
of nitrogen per acre, 1215 cubic feet of natural gas and 23 KWH of
electricity would be lost per acre (Gi]ley‘and Watts, 1976). Nearly
a1l of this energy could be saved by the Programmed Soil Moisture
Depletion method. Data taken in Nebraska for the years 1971 through
1974 showed no reduction in yield when using this method (Fischback,
1975).

Automatic irrigation systems which can be set to deliver a constant

flow of water for a specified time to an irrigation set have the
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advantage of being able to deliver accurate quantities of water to a
field. An automatic gated pipe system developed by Haise and Kruse
(Fischback, 19?5) obtained an application efficiency of 91 per cent.
This system utilized a runoff reuse pond. The uniformity coefficient
was 92 for the system. The uniformity coefficient, Cu’ will be high
(near 100 per cent) for effective, well designed irrigation systems
with a high farm irrigation efficiency.

c, = (1- y/d) x 100 (9)

where:

Cu = yniformity coefficient, per cent

y = the average of the absolute values of the deviations in depth
of water stored

d = the average depth of water stored

The irrigation efficiency will not reach 100 per cent.due to the
fact that some water will be lost to evaporation and seepage, and due
to the fact that a 100 per cent uniformity coefficient is not attainable.
Although a runoff reuse system can significantly increase the irrigation
efficiency, Schneider (1976) reported losses of up to 40 per cent of the
runoff in the recovery process due to seepage and evaporation.

Increasding the irrigation efficiency conserves both water and
energy. As these natural rescources become in short supply, it will
become increasingly attractive to the irrigator to improve his irrigation

efficiency. District summaries of energy usage in irrigation in Kansas

assuming 85 per cent irrigation efficiency for gravity systems are shown

in Table 11. A1l other data remained the same as the 1975 estimates

shown in Appendix D.
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Energy Savings Possible By Improving the Qverall Pumping Efficiency

If all pumps were brought up to the Nebraska Pumping Standards,

9

the energy use would have been reduced from 26,727 x 10 BTU to 19,648

X 109 BTU in 1975, a savings of 26.5 per cent. District summaries for
energy usage assuming Nebraska Standards are shown in Table 12. Complete
results are shown in Appendix G.

The Nebraska Pumping Standards have generally been accepted through-
out the United States. These Standards represent a practical perfor-
mance level which can be obtained by a pumping unit in good condition
and properly adjusted. The Nebraska Standards were obtained by mul-
tiplying the efficiency of the power source by a standard pump efficiency
of 75 per cent.

The values listed by Hanson (1955) and used as the typical per-
formance levels of pumps in Kansas are 78 per cent of the Nebraska
Standards for diesel fuel, 74 per cent for propane, 73 per cent for
natural gas, and 77 per cent for electricity.

Pumping plants require periodic adjustments and maintenance to
perform at peak performance. Many irrigators will not hesitate to
expect 10 years of performance from a pump without maintenance. Less
than $100 will normally bring a power plant to the desired performance

level when adjusted by a trained technician (Watts, undated).
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Additional Energy Use in a Dry Year

The weather conditions have a great effect on the amount of water,
and energy, used for irrigation. If the dry years water requirements
(these net water applications would be sufficient or overly sufficient
eight years out of ten) are used as opposed to normal year water require-
ments, the energy usage would increase from 26,727 X 109 BTU to 30,810
X 10g BTU. This increase would be 15.3 per cent. District summaries
of energy usage usage assuming dry years water requirements are shown
in Table 13. County by county results are shown in Appendix [. All

other data remained the same as in the 1975 estimates.

Energy Savings Possible by Installing Reduced Pressure Systems

Calculation of energy savings due to introduction of reduced pressure
center pivot sprinkler systems would require the number of acres irrigated
by each of the different pressure levels of sprinklers for each county
if a county by county analysis was desired. Not all systems in all
counties would be adaptable to reduced pressure or low pressure sprinkler
systems. While conventional systems operate at around 75 psi at the pivot,
reduced pressure systems operate at approximately 60 psi, and low pressure
systems operate at under 35 psi (Kramer, et. al., 1977). The lower the
pressure, the less area is wetted by the sprinkler. Therefore, the applica-
tion rate becomes greater. If this type of system is not used on soils
with a high intake rate, runoff can become a problem.

The topography of the land also becomes crucial when considering low
pressure systems. The relative difference in pressure in a system due to

differences in elevation resuits in a nonuniform application rate.
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Nonuniformity is present in all systems, but is magnified in low pressure
systems. Kramer (1977) estimated reduced pressure nozzles could be in-
stalled on 41 per cent of the center pivot systems for a savings of 5.77
X 109 BTU, and Tow pressure nozzles would be applicable to 16 per cent of
the center pivots in Kansas for a savings of 626 x 169 BTU. The combined

savings possible would be 4.5 per cent of the 1975 estimated energy use.
Combined Energy Savings Techniques

In order to estimate the combined savings due to both improving the
irrigation efficiency;(gravity systems) froﬁ 60 per cent to 85 per cent
and improving the pumping efficiency to meet Nebraska standards, the
energy savings cannot merely be added. Increasing the irrigation effec-
iency alone would save 6,227 x 10g BTU and improving pumping efficiency
alone would save 7,083 x 10° BTU, while together they would save 11,659
x 10° BTU.

Energy use would have 76.7 per cent of the 1975 estimated use if
systems had had an irrigation efficiency of 85 per cent (gravity systems).
Energy use would have been 73.5 per cent of the 1975 estimated use if
Nebraska Pumping Standards had been met. If both criteria had been
met, the estimated use would have been 0.767 x 0.735 x 100 = 56.4 per
cent of the 1975 estimated use.

If the reduced pressure savings would have been included, the
energy use would have been lowered to 0.973 x 0.564 x 100 = 54.9 per
cent of the 1975 estimated usage for the state of Kansas. This means that
if currently available technology were applied to all irrigation systems,

an energy savings of approximately 45 per cent could be achieved for the
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pumping of irrigation water. The amount of this savings which would be

economically feasible to obtain has not been determined in this study.
Additional Calculations

Other calculations can be made using figures listed in the results.
For example, the amount of electricity required should it be the only
source of energy available could be calculated. Assuming 1975 conditions
for all other data, the net energy use was estimated at 3726 x 109 BTU
for the state (taken from Appendix D). This estimate would have been the
energy use required had all pumping units been 100 per cent efficient.
Electric pumping units were assumed to be 52.3 per cent efficient.
The electric use would then have been:

9
3726 x 10" BTU , LXUH __ 5 59 x 10% guH. (10)
0.523 (efficiency) 3413 BTU

Calculations of this could be made for any fuel, any county, or any

district.
Estimated Energy Usage Assuming all Acreage is Irrigated

It was mentioned previously that the total acreage of crops irrigated
obtained by adding the individual Statistical Reporting Service estimates
for corn, wheat, and grain sorghum, and the extension personnel's es-
timates for six other crops did not equal the total acreage available for
irrigation as listed in the Kansas Irrigation Survey. A computer run
was made assuming a1 the acreage listed in the Survey was under irrigation.
It was assumed that the ratio of each crop irrigated to the total acres

irrigated for each county remained the same as in the SRS and extension
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estimates. All other data remained the same as the 1975 estimates as
shown in Appendix D. The estimated gross energy use was calculated

at 35,563 x 10g BTU should all acres available for irrigation be irrigated.
Energy Use by Month

Water requirements were given on a month by month basis in the
Kansas 1975 Irrigation Guide. Therefore, the monthly energy rEquirément
by irrigation pumping could be calculated just as the yearly regquirement
was, only substituting monthly water requirement data for year]y water
requirement data. A1l other data remained the same as the 1975 estimates
as shown in Appendix D. The state totals of the results of these computer
outputs are shown in graphical form in Figure 5. District and county
values are not shown in this report.

Pre-irrigation (irrigation before planting) has not been considered
by the Soil Conservation Service (1975) when calculating monthly water
requirements for corn. Where this practice is common, the monthly water
use and energy use would be altered to some extent. The total water use
would not necessarily increase, as the net water requirement as calculated
was equal to the water requirement of the crop minus any rainfall minus
any moisture drawn out of the soil. In the western part of the state no
stored soil moisture was assumed to be present at the start of the growing
season. If a pre-irrigation were applied, the water use would be in-
creased in the month of that irrigation, but would be decreased during

the time the crop utilized that soil moisture.
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Guide to Using the Computer Program

As more current data become available, new estimates can be made
for energy use by irrigation pumping. Other individuals may want to
make additional case studies utilizing the program. For these reasons,
a guide to using the computer program has been provided. The computer
program itself is shown in Appendix C. Comment statements have been
inserted in the program to aid in its use. The programming has been
done in Watfiv.

I.. Data cards. The following data were read into the program from data
cards, in the following order.

A. The 1975 Kansas Irrigation Survey. Read by an unformatted READ.
1. One county per card. Enter the county number as an INTEGER
(counties are numbered as shown in Table 1), followed by the
county name (CHARACTER type), district number (districts are
numbered as shown in Figure 1), and the 13 values reported in
the Survey (entered in REAL type).
2. Enter 105 cards, one for each of the 105 counties in Kansas.
B. Crop acreage data. Unformatted READ. Read in subroutine CROPSS.

1. The first card contains the crop identification which consists

of five words of CHARACTER tvpe of up to eight letters per word.

Example: 'IRR' 'SORGHUM' 'GRAIN' '1975' 'ACRES'

2. The second card contains the number of acres of that crop
grown for each county in district one (the values are given in
order of the county with the lowest county number to the county
with the highest county number). REAL type.

3. The third card contains an entry for the number of acres grown
for each county in district two, . . ., the tenth card contains
an entry for the number of acres grown for each county in
district nine. These acreages can be very readily entered
from SRS crop data.

4. The eleventh card contains an entry for the acreage of the
crop grown for each district, in the order of districts one
through nine. The district totals will be generated in the
program and will be written over the totals entered on the
data cards, so it effectively does not matter what is entered
on the eleventh card.
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5. If N crops are read, enter N x 11 cards.

Crop water equirement data. Unformatted READ. Read in subroutine
WATREQ.

1. The first card contains the names (CHARACTER type) of the N
number of crops that you are listing water requirements for
(up to eight characters per word, one word per name). The
name of the crop must be exactly the same as the second word
of the crop identification under part B, number one, if the
values for acreage and water requirements are to be matched.
However, the order of crops for which acreages are listed
need not be the same as the order of crops for which water
requirements are listed.

2. The next six cards contain the water requirements {REAL type)
for districts one, three, four, six, seven, and nine, respect-
ively. The water requirement values (in inches) for the
crops must be in the same order as the crop names in part one.
Each card will contain N number of entries. This number (N}
must be equal to the number (N} of crops acreages were listed
for under part B.

1. Other variables. Wherever stars appear on a comment card in the program,
essential data values follow. These data values can be changed for
purposes of case stud1es The following data are listed in the program
in that manner. :

- I11

A.
B.

m

Overall pumping efficiencies.

Pumping depths for districts one through nine.

Pressure requirements for the different distribution systems.

Irrigation efficiencies for gravity and sprinkler systems.

Individual county pumping depths.

N, the number of crops listed under part I, B and C.

1. To change N, the number of crops read, the dimensions of the
following arrays will also have to be changed. If N crops
are read, dimension as follows. CROPS(N), CROP(5,N+2),
NATER(Q,N). A(105,N+1), DIS(10,N+1).

2. Also change the data statements as follows.

DATA (CROP(I,N+1),I=1,5)/'TOTAL','IRR','ACRES',' ',' '/
DATA (CROP({I,N+2),I=1,5)/'TOTAL','IRR','ACRES', *1975 KS','IRR SUR'/

.. Printing options. The subroutine CROPSS prints the crop data that it

reads, unless its print section is removed. The subroutine WATREQ prints
the water requirement data that it reads, unless its print section is
removed. Refer to these subroutines for additional comments and locations
of print routines.
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SUMMARY

A computer model has been developed that will calculate energy
use for ifrigation in Kansas on a county by county basis. The model
has been utilized to estimate energy use by four fuels Tor 1975.
In addition, case studies have been made to determine the affect of
various changes in the factors determining energy use. Energy savings
possible by improving irrigation and pumping efficiencies have been
calculated. Additional energy use due to a dry year has been cal-
culated. The statewide energy use has been plotted on a monthly
basis. The water levels for 24 western Kansas counties were plotted
versus-the years 1940 (or 1950), 1966, and 1973 through 1677. The
affect of the decline of the water table on energy use was investigated.

Others may have additional case studies they would 1ike to make
in order to investigate the effects of an energy savings technique,
or the effects of other changes in the factors determing energy use
in irrigation. As more accurate and current data become available,
more accurate and current estimates may be desired. For these
reasons, the computer program has been 1isted in Appendix C, and a
guide to using the program is contained in the body of the theses.

A summary of the 1975 estimated energy use for irrigation in
Kansas is shown in Table 14, along with possible energy savings for

various practices.
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Table 14. Statewide Summary

1975 Estimated Use

Water . . ¢« ¢ & v ¢ &« « « « + « o o+ . 4,183,000 acre-ft.

ENEIFGY » « « + « o e e e e e e . . 26,727 x 10° BTU
Natural gas . . . « . . . « .« « . 22,364 x 109 BTU
Diesel fuel . . » o v v v o o . . 2,081 x 10° BTU
LP Q&S « « v e e e e e e 1,489 x 10° BTU
Electrici®y o« o~ = 5 5 & : % s % = 793 x 109 BTU

Jesireer

Estimated Savings Corresponding to Various Practices

Increase Gravity System Efficiency to 85.percent. 23 per cent
Bring Pumping Plants up to Nebraska Standards . 27 per cent

Install Low Pressure or Reduced Pressure
Sprinkler Systems Where Applicable . ... . . . 4.5 per cent

Implement A11 of the Above Practices . . . . . 46 per cent
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Computer Qutput, Estimates for 1975
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Appendix E: Computer Output, Energy Use Using the
Base Year Water Levels as Input Data
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Appendix F: Computer Output, Eneraqy Use Using 1977
Water Levels as Input Data
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Appendix G: Computer Output, Energy Use Assuming 85 per cent
Irrigation Efficiency for Gravity Systems
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Appendix H: Computer Output, Energy Use Assuming Nebraska
> Standards for Pumping Efficiencies
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Appendix I: Computer Output, Enerqgy Use Assuming
' Dry Years llater Requirements
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Appendix J: 1975 Kansas Irrigation Survey (Hay, 1975)
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ABSTRACT

Irrigation is an energy intensive activity, using approximately 40
per cent of the total energy consumed in crop production in Kansas while
being practiced on only 11 per cent of the total crop acreage. The
amount of energy used in irrigation is desired when planning enerqgy
policy, and when looking at energy alternatives. The amount of energy
savings due to various practices helps establish the credibility of these
practices.

A computer program was developed that estimated the amount of natural
gas, diesel fuel, LP gas, and electricity used by irrigation pumping on
a county by county basis in Kansas. The following data for each county
were incorporated into the program: irrigated acreages of nine crops,
water requireﬁents of these crops, the breakdown (n wber per county)
and pressure requirements of distribution types (center pivot, gated
pipe, open ditch, traveling big gqun, tow line and side roll, and other
sprinkler), the breakdown of fuel sources, the static water level, the
drawdown, the overall pumping efficiencies of the four differeht types
of fuel sources, and the irrigation efficiencies of gravity and sprinkler
systems.

The United States Geological Survey well records for 24 western
Kansas counties were obtained. The average depth to water by county
was calculated and plotted versus the years 1950 (1940 for southwest
Kansas), 1966, 1973, 1974, 1975, 1976, and 1977. The data given by
these records were also used in estimating the pumping depths in western

Kansas.



Energy use estimates were made for 1975, the most current year that
sufficient data were available for. Statewide estimates were graphed
on a monthly basis for 1975. Yearly statewide usage was calculated at

4,182,900 acre-feet of water, and 26,727 x 109

BTU; 84 per cent of which
was natural gas usage, ? per cent diesel fuel usage, 5 per cent LP gas
usage, and 3 per cent e1e¢trica1 usage.

Investigating the effect of the declining water table on energy use
showed the energy use would have been approximately 6 per cent lower in
1975 had the water table always remained stable. Calculations showed
approximately 23 per cent of the water and energy used in 1975 could
have been saved by improving the gravity irrigation efficiency from 60
per cent to 85 per cent, and an additional 20 per cent of the eneray
could have been saved by bringing pumping plants up to Nebraska standards
for efficiency. The energy use was estimated at 35,563 x 109 BTU should
all acres irrigable in 1975 be irrigated, while all other data remained
at the 1975 level. The additional energy and water requirements due to
a "dry" year were calculated. All case studies made calculations on a
county by county basis.

Additional calculations which could be made by hand were referred

to. A guide to using the program was provided should more current data

become available or should it be desireable to run additional case studies.



