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ABSTRACT

The development of the energy crisis has resulted in
close monitoring of depletable energy resources in the
United States. Within the agricultural sector, irrigation
is a large consumer of energy, with the potential of using
several times more energy than all other agricultural field
operations. A better understanding of how energy is used
by different irrigation systems could facilitate more efficient
use of energy by one of the largest energy consumers in
agriculture.

This study attempts to realistically evaluate the total
amount of non-renewable energy resources consumed in the
irrigation process., Five portable and permanent sprinkler
system types, plus trickle and gravity irrigation systems,
were studied. An evaluation of the energy required to manu-
facture, install, operate, and transport the equipment for
an entire irrigation season was included in the analysis.
This evaluation was conducted in a variety of operating
situations, with varying acreages, consumptive use rates,
and total irrigation requirements.

The evaluation of energy consumed by irrigation systems
presented in this study was made with the use of a simu-
lation model developed on the Oregon State University 0S-3
Computer System. The model predicted energy requirements
of an irrigation system by calculating pumping energy from
basic hydraulic equations and manufacturing energy from
the amounts of basic materials composing the irrigation
system. Energy for installation and for field transportation
were evaluated by simulating methods of operation and
management used in Oregon. Input parameters used in the
modeling process closely reproduced operating conditions
encountered in Oregon. System types, component depreciation
life, irrigation efficiencies and the range of irrigation
requirements were ones that could typically be found in Oregon.



For the situations considered, gravity irrigation re-
quired substantially less energy than other system types.
The energy needed for drip systems was about midway between
the energy requirement for gravity and sprinkler systems
in most cases considered. The relative order of energy
requirements for the various sprinkler systems was dependent
upon the prescribed operating conditions.
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I. INTRODUCTION

With the development of the energy crisis, an increasing
amount of attention has been focused on the use of our de-
pletable energy resources. When considering measures to con-
serve these energy resources, operations which are the lar-
gest energy consumers are quite naturally expected to con-
tribute the largest energy savings. While agriculture in the
United States does not compare with the transportation in-
dustry as a user of energy, it is quite energy-intensive.
Barnes (1973) estimated that agriculture accounted directly
for the use of an equivalent of 250 million barrels of crude
0il in 1970. Indirect consumption by agriculture accounted
for the equivalent of an additional 250 million barrels of
crude oil. When all the energy that goes into food production
in the United States is considered, including food processing
and preparation, the food cycle consumes about 12 percent of
the national energy budget (Hirst, 1974). The extreme dependence
of agriculture on energy, especially petroleum products,
requires that immediate action be taken to ensure that all
energy allocated to agriculture is used economically.

In the western part of the United States, one of the
largest single energy consuming agricultural operations is
irrigation. Barnes et al. (1973) indicated that over 34
million acres of land are irrigated in the 18 western "irri-
gation states." This acreage (within the states of Washington,
Oregon, California, Idaho, Nevada, Utah, Arizona, Montana,
Wyoming, Colorado, New Mexico, North Dakota, South Dakota,
Nebraska, Kansas, Oklahoma, Texas, and Louisiana) comprises
approximately ten percent of the crop land in the United
States. On much of this acreage, 50 to 100 percent of the
crop production is dependent upon proper application of irri-
gation water. A study in California (Williams and Chancellor,
1974) found that for nine crop types grown extensively in
that state, the application of irrigation water was by far the




largest single factor affecting crop production. It was
estimated that a 50 percent reduction in the amount of
irrigation water applied would result in an average yield
reduction of 49 percent for the nine crop types considered,
and a reduction in crop value of over $1 billion.

Considering no yield, or a greatly reduced yield, as
alternatives, the price of irrigation appears cheap, whatever
the cost in dollars and energy. Despite the vital nature of
its products, agriculture must not assume that it will always
have sufficient energy available to constantly increase its
output, or even to continue at present operating levels. If
energy becomes a limiting constraint upon agricultural pro-
duction, the first areas to be removed from production as a
conservation measure would probably be marginal acreages
irrigated at extremely high energy costs. One study (Barnes
et al., 1973) estimated that in some cases the energy required
for pumping irrigation water can be as much as 20 times the
energy required for all other field operations in producing a
crop. Another study in California (Cervinka et al., 1974)
estimated that the pumping of irrigation water consumed 13.2
percent of the total energy requirement for agriculture in
that state.

The vital dependence of crop production upon irrigation
water in many of the western states, and the equally vital
dependence of irrigation upon the available energy supplies,
makes it extremely important to understand the energy require-
ments of the irrigation process. An understanding of energy
consumption in irrigation could make it possible to reduce
the losses in existing irrigation systems, and the ability to
predict energy requirements of new irrigation systems would
promote the most efficient designs. Recognizing the sizable
variations in operating conditions and procedures in differing
locations, and the many different options available to an
irrigator, this study will attempt to evaluate and quantify
two total energy requirements of typical farm irrigation
systems in the state of Oregon.



According to recent estimates (Shearer, 1975), there
are approximately 1,938,000 acres of irrigated crop land in
Oregon. Gravity irrigation is the predominant type, cover-
ing 1,120,000 acres. Hand move sprinkler systems are the
second most popular type, irrigating 500,000 acres, while
side roll sprinkler systems account for 175,000 acres, center
pivot sprinkler systems for 110,000 acres, solid set sprink-
ler systems for 20,000 acres, big gun sprinkler systems for
12,000 acres, and trickle irrigation systems for 1,000 acres.
In many areas of the state the water source is surface water,
developed by government-financed irrigation projects. When
ground water is the source, or when the surface water supply
lies below the land to be irrigated, more than 99 percent of
the pumping plants used to 1lift irrigation water are powered
by electric motors.

The state of Oregon has a broad range of agricultural
crops grown under equally varied climatic conditions.

The Oregon irrigator can consider several types of systems to
satisfy his irrigation needs, with a wide variety of commercial
equipment available within each system type. The situation
could range from a center pivot sprinkler system irrigating a
quarter section of potatoes in the Columbia Basin with a
seasonal irrigation requirement of 24 inches of water and a
peak consumptive use rate of three quarters of an inch every
two days, to twenty acres of peppermint in the Willamette
Valley irrigated with a hand move sprinkler system requiring
only ten inches of water seasonally and having a peak demand
of one and one-half inches every ten days.

To provide estimates of the energy needs of a number of
different systems in a wide variety of operating conditions, a
computer model has been developed which simulates the required
energy inputs to irrigation systems. The model can simulate
hand move, side roll, center pivot, solid set, and permanent
sprinkler systems, as well as drip irrigation systems and
furrow and corrugation surface irrigation systems. To simulate



the irrigation of different crops in differing consumptive use
situations, several input parameters can be varied to deter-
mine their effects on the ultimate energy requirement of the
system under consideration.

Previous studies of irrigation energy requirements
have generally included only the energy required to pump
water. This study considers not only pumping energy, but
also includes the energy required to manufacture irrigation
equipment, to prepare the land to accept an irrigation system,
and to install the System in the field. In this way an
estimate of the total system energy requirement can be
evaluated, and comparisons of systems can determine relative
energy efficiencies,



ITI. REVIEW OF LITERATURE

Since the development of the energy shortage, many
studies addressing energy consumption have been conducted.
Agricultural use of energy has been investigated, though most
studies have been general views of the total industry. A
few, however, have considered individual areas within agri-
culture to determine the energy use patterns of specific
operations.

A study by the California Department of Food and Agri-
culture and the University of California, Davis (Cervinka
et al., 1974) recently evaluated the use of energy by agri-
culture in that state. The consumption of energy was par-
titioned into several different categories, one of which was
irrigation. Of the nearly 36 million acres of farmland in
California, 7,240,131 acres are irrigated. A total of
20,836,379 acre-feet of water was applied to these lands in
1969 (Census, 1969) at a rate of 2.88 acre-feet per acre.
For the irrigation water pumped, census figures show that
7,223,133,831 kilowatt-hours of electricity were used in
pumping. Nonelectric-powered pumping plants supplied the
balance of the pumping energy, using an estimated 6,530,000
gallons of diesel fuel, 487,000 gallons of gasoline, 3,700,000
gallons of L.P. gas, and 1,140,000,000 cubic feet of natural
gas. Assuming an efficiency of 0.30 for the generation of
electricity in a coal-fired plant, an equivalent of 8.67 x
103 kilo-joules of fossil fuel were consumed by electric
powered irrigation pumping plants. Using the heating value
of fuels listed in the C.R.C. Handbook of Chemistry and
Physics, nonelectric pumping plants consumed another 2.68 x
10'2 kilo-joules of fuel energy, for a total annual con-
sumption of 8.93 x 10'® kilo-joules for pumping irrigation
water in California. Though the report did not indicate the
number of acres irrigated with pumped water, the average




energy consumption for the entire state would be 12,340,779
kilo-joules per acre irrigated, and 4,284,993 kilo-joules per
acre-foot of water applied.' It should be emphasized that
these values only consider pumping energy, and exclude the
energy required to manufacture equipment, bury pipe or level
fields.

A more comprehensive study of energy use in irrigation
was conducted by Utah State University (Batty et al., 1974).
The approach was to calculate energy inputs required to
irrigate a given block of land with the various options in
irrigation system types available in the area. The study
included the total energy inputs necessary to manufacture and
install the required equipment, to pump the water, to prepare
the land by leveling and to meet any ﬂabor requirements, in
order to satisfy a net irrigation requirement of 36 inches on
a 160-acre field. Systems analyzed were ordinary surface
irrigation, surface irrigation with a runoff recovery system,
solid set sprinkler, permanent sprinkler, hand move sprinkler,
side roll sprinkler, center pivot sprinkler, travelling big
gun sprinkler and trickle irrigation. The study considered
the application efficiency of each system type, the energy to
manufacture materials used in system components, the expected
operating life of each of the system components, the labor
required to operate each system throughout the season and
the energy necessary to install each system in working order
in the field. Results were expressed as energy required per
season of operation. One-time-only energy expenditures, such
as equipment manufacture, were prorated over the expected
operating life of the components. Energy for land leveling
was prorated over the number of years the system could be ex-
pected to operate without releveling or changing to another
system type. In this case, a system life of 20 years was
used, Seasonal requirements such as pumping energy and labor

'The last two figures were calculated by these authors.




were totaled directly. Human labor was rated at 300 kilo-
calories per man-hour. The total energy was then calculated
for each acre irrigated for one season.

The estimates of total seasonal energy inputs required,
in kilo-calories per acre, were (in order of increasing in-
puts): surface irrigation without runoff recovery, 197,000
kcal. per acre; surface irrigation with runoff recovery,
290,000 kcal., per acre; hand move sprinklers, 968,500 kcal.
per acre; trickle irrigation, 998,600 kcal. per acre; side
roll sprinklers, 1,007,100 kcal. per acre; center pivot
sprinklers, 1,252,600 kcal. per acre; solid set sprinklers,
1,384,000 kcal. per acre; travelling big gun sprinkler,
1,858,000 kcal. per acre. These energy consumption figures
were calculated with the assumption that water was available
at the edge of the field at ground level. The systems for
which the energy consumption was calculated were designed
to meet a peak daily net irrigation requirement of 0,33
inch per day.

Batty et al., (1974) concluded that the installation
energy consumed a significant portion of the total energy
requirements of each irrigation system. For the example con-
sidered in the study, surface irrigation was the most energy
conservative. However, this conclusion was prefaced by the
statement that other systems considered were more water-
conservative. In a situation where delivering high quality
irrigation water in adequate amounts had an extremely high
energy cost, such as desalinized water, systems with a higher
irrigation efficiency might possibly have a lower total
energy requirement.

An earlier study conducted by Washington State University
(Doran and Holland, 1967) evaluated the cost of owning and
operating side roll, hand move, and center pivot sprinkler
systems in the Columbia Basin of Washington. Since this
was an economic study, its results do not apply directly to
a study of energy requirements, but some interesting re-
lationships came to light. Hand move and side roll sprinkler




systems with sprinkler spacings of 40 feet by 50 feet were
found to have the lowest cost for electric pumping energy.
The same systems with sprinkler spacings of 40 feet by 60
feet, and center pivot sprinkler systems all had approxi-
mately a 25 percent higher pumping cost. However, when total
annual costs, including labor, maintenance, transport,

and overhead were considered, the center pivot systems had
the lowest annual cost for the range of conditions studied.
The systems were designed to supply 42 acre-inches of water
per acre during the season at a maximum daily rate of 0.35
acre-inches per acre. A cost evaluation showed that labor
costs were the major reason for the hand move and side roll
systems' greater annual expenses.




ITI. MODEL DEVELOPMENT

The first step in the actual calculation of the energy
consumption of an irrigation system was the development of
a working computer model to simulate the operation of a
particular system. Since the aim of the model was not to
actually design an irrigation system, but rather to compute
system energy needs, the model was implemented on the 0S-3
conversational time sharing computer system. 0S-3 permitted
the modeller to communicate instantaneously with the model,
making design changes whenever model output indicated an
alteration was necessary. The model was conversational in
nature, asking certain questions about the irrigation system
design and feeding back preliminary answers, allowing the
modeller to make further decisions so that the final design
required a minimum of energy inputs.

To simplify the calculation procedure, the energy con-
suming features of irrigation systems were divided into four
basic areas:

1. Operating Energy,

2. Manufacturing Energy,

3. Transportation Energy, and
4, 1Installation Energy.

One particular section of the model was devoted to
quantifying the energy consumed by each of these portions of
an irrigation system.

Only the consumption of nonrenewable energy, specifically
fossil fuel sources, was considered by this model. When
reference was made to energy used by a system, the actual
energy was that required to be developed by the combustion of
a basic fuel source, such as coal, diesel fuel, or natural
gas, etc., to produce the final product. For this reason,
the efficiencies of electric power generation were also




included, However, human energy was not taken into con-
sideration in this model. The justification for this omission
was that human energy input into irrigation is relatively
small, if the power developed by a man working is the quantity
included. Israelson and Hansen (1962) rated the output of an
average man at one horsepower-hour per eight-hour day.
However, if the fuel energy required to produce the food the
man must eat to develop that energy level were considered,
human energy would probably be the largest and, by far, the
most inefficient point of energy use in irrigation or any
other process.

To determine the calculations necessary in the model,
the form of the input data must be known. Acreage to be
irrigated is one of the first basic inputs. Total amount of
water to be applied and rate of application must be known.

At this point the model operator must make some design de-
cisions, using his knowledge of the situation, to transform
the available data into inputs which the computer can use.
Knowing the crop, the climate in which it is growing, and the
type of irrigation system most compatible with land slope and
soil water intake rate, the operator can provide values for
the net irrigation requirement, the peak consumptive use and
the irrigation efficiency. Then, by specifying the con-
figuration of the system and the size of individual components,
the operator has provided the model all necessary information
to calculate the energy for each basic segment, and for the
total system,

Once system configuration and components are supplied,
the model must have certain basic data to perform necessary
calculations. To determine the energy to manufacture components,
the model must know the type and amount of material used for
each component, and the energy to make that material. The
dimensions of pipeline components are industry standards and
vary only nominally from one manufacturer to another.

However, sprinklers vary considerably throughout the industry;
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for simplification, Rain Bird Model 30 sprinklers were
considered to be used on hand move and side roll systems, and
Rain Bird Model 20 for solid set and permanent systems. A
further simplification was made by assuming the sprinklers
were entirely made of brass. The dimensions of mainlines,
laterals, wheel lines, couplers, sprinklers, and riser pipes
are listed in Table 1. The energy to make pipe and sprink-
ler components which are composed of homogeneous materials
can be easily evaluated if the energy of manufacture per
unit weight of material is known. Data on manufacturing
energy were obtained from several sources and were found

to vary considerably from source to source. The values of
manufacturing energy of several sources are listed in Table
2, along with the values used in this study. The values
eventually used for this paper were not necessarily averages
of the available data, but the available data were used as a
guide in choosing the final manufacturing energy for each
material type.

The energy values listed in Table 2 are the quantities
of energy in the form of basic fossil fuel required to pro-
duce one pound of the listed materials. Whenever electricity
was the major form of energy used, such as in the electrolysis
of aluminum, an efficiency of 0.30 was assumed for the
generation of electricity from coal. This efficiency was based
on a generation efficiency for industry of 0.328 published
by Berry and Makino (1974), and an efficiency of 0.32 pub-
lished by a congressional subcommittee (U.S. Senate, 1974).
The source for the congressional figure was Consolidated
Edison, which suggested an average transmission loss of nine
percent be incorporated, yielding a total efficiency from
generator to source of utilization of approximately 0, 30.

The computer model is a collection of several different
subprograms, each group of which was created to simulate
one particular type of irrigation system. The subprograms
exist in three different levels, consisting of a main
program in Level I which directs the operation of the total
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model, the Level II subroutines which accumulate and print
the final answers of each segment of an irrigation system,
the values of which are calculated in the subroutines in
Level III. After completing the analysis of one irrigation
system, the main program can initiate the analysis of another
system, or terminate the model as designated by the operator.
Figure 1 illustrates the movement of information between
subprograms of the model.

To further illustrate how the model functions, an ex-
planation of the steps followed in analyzing a hand move
sprinkler system will be presented. The hand move system was
chosen for this explanation because it was the first system
modeled and the subprograms for it were prototypes for the
modeling of subsequent systems.

When the operator initiates communication with the
model, he is immediately interfaced with the main program,
called IRRIGATE (Level I), via a teletype terminal. To
simplify the input process the program is conversational,
allowing the model to respond with a numbered list of the
irrigation systems it is capable of analyzing. The operator
replies with the number of the system he wishes to consider.
For example, the number 1 directed the data input by calling
subroutine STEPMAIN (Level II) to perform the next functions.
The major functions of STEPMAIN are to read the input data
and to write out the results of the analysis. In this case,
the known inputs were placed in a data file and read as soon
as STEPMAIN began functioning. After the data file is read,
the subroutine OPRATE 1 (Level III) is called to calculate the
operating energy of the system as defined on the data file.

The first step performed in OPRATE 1 is to calculate
the length of the lateral lines (TLNLT). The model assumes
that the mainline pipe runs down the center of the field,
parallel to the longest dimension of the field. Therefore,
the length of the lateral lines is equal to half the field
width (WIDE) specified in the input data. The sprinkler
spacing on the lateral (XLNLT) is specified in the input

12
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data, and the quotient of the total lateral length and the
sprinkler spacing yields the number of sprinklers per lateral
(NOSPR). The basic system pumping capacity is determined by
the equation,

QPUMP = (ACRE*DNA*453.)/(FREQ*HPD*EFIR)
as listed by Pair (1969), where,

QPUMP = system pumping capacity, (gal./min.)

ACRE = acreage to be irrigated, (acres)

DNA = net irrigation requirement, (in./application)
FREQ = application frequency, (days/application)
HPD = daily operation time, (hr./day)

EFIR
453,

irrigation efficiency
conversion factor from (acre-in./hr.) to (gal./min.)

All required information for the equation is given in the
input data file. The pumping rate is printed out, and

the model pauses to allow the operator to exercise his
judgment as to how many laterals there will be in the system.
When the number of laterals (XNLTS) is entered, it is divided
into the pumping rate to find the flow rate in each lateral
(QLT). The flow rate in each lateral is printed, and the
operator can now input the size of the lateral pipe line
(IDLT) that will carry this flow. Another data input entered
at this time is the numbér of "steps" in the mainline (NMS).
A step is a continuous section of pipe with a constant
diameter and a constant flow rate. The number of steps in
the mainline network will be dependent upon the number of
laterals and the manner in which the laterals are arranged.
The model will now ask for the values of the diameter [IDM(I)],
flow rate [QM(I)], and length [XLM(I)] of each mainline step.
All steps must be included; however, only the flow rates in
the steps leading to the lateral which will result in the
maximum total dynamic head should be entered. The flow rates
for all other steps not on this critical path should be
entered as having zero flow.




All input data necessary to calculate the operating
energy are now stored in the model. A check on whether the
system is feasible is provided by dividing the lateral flow
rate by the number of sprinklers on the lateral to obtain the
sprinkler discharge (QSPR). The size of the nozzle needed to
provide this discharge is obtained using a form of the orifice
equation (Sabersky, 1971),

DNOZ =[QSPR/(23.94*SPOH'53'5
where:
QSPR = sprinkler discharge (gal./min.)
DNOZ = nozzle diameter (in.)
SPOH = sprinkler outlet pressure (1b. in.”%)

28.94 = conversion factor accounting for units and
nozzle coefficient of 0.9711 for Rain Bird

30-W nozzles (gal.” min.”2 in.”l 1b,7°7)

with the sprinkler outlet pressure as a specified input.

If the sprinkler cannot possibly operate with an acceptable
coefficient of uniformity, and thereby hope to achieve the
irrigation efficiency initially specified, the spacing

and pressure of the sprinklers and the number of laterals
in the system can be altered until a suitable level of per-
formance is achieved.

The number of irrigation cycles per season (NIPS) is
calculated by dividing the total seasonal application (TNA)
by the application per irrigation (DNA). The total operating
time per season (TTOT) is the product of the number of
cycles, the frequency of irrigation (FREQ) and the hours of
operation per day (HPD). In order to predict the energy
required to operate the pump for this length of time, the
total dynamic head of the system must be calculated. To
calculate the friction component of the total dynamic head,
the friction loss in each segment of the mainline and the
lateral leading to the critical sprinkler must be calculated.
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To calculate the friction losses of the mainline, a form of
the Hazen-Williams equation (Morris and Wiggert, 1972) was
used as follows:

QMP*[XLM(I)]‘54 1.85
HFP = 2 63
1.318*%CHWM*m*DMF *(DMF)'
i
where:
HFP = friction head loss in the pipe segment, (ft.)

XLM(I) = length of pipe segment, I, (ft.)

DMF = diameter of pipe segment, I, (ft.)

QMF = flow rate in pipe segment, I, (ft.s/sec.)
CHWM = Hazen-Williams coefficient

This equation is executed a specified number of times, with
the value of the subscript, (I), increasing from one to

the total number of mainline steps (NMS) in the system,

and the total head loss for the entire mainline (HFM) is
accumulated. The head loss for the lateral line is cal-
culated using a similar form of the Hazen-Williams equation,
with the additional parameter of Christiansen's F factor

to account for the manifold flow in the line. The equation
for the F factor (Pair, 1969) is:

05
F = _..__1........._+1_+(M"1)

M+ 1) 2N 6N
where:

M = exponent of the velocity term in the head loss
equation (1.85 for Hazen-Williams)

N number of outlets on the line (NOSPR)

The total dynamic head (TDH) is found by totaling the cal-
culated mainline friction head loss (HFM), the calculated
lateral friction head loss (HFL), plus the specified input
values of sprinkler operating head (SPOHF), pump suction
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1lift (STL), elevation difference from pump to field (ELEVDF),
friction loss in the suction line (HFSL), and height of
the riser pipe (RIHT), all expressed in units of feet.

The power required to pump the water is given by the
equation (Pair et al., 1969),

®
WHp = LDH gPUMP

where:

WHP = water horsepower, (hp.)
TDH total dynamic head, (ft.)
QPUMP = pump discharge, (gal./min.)

3960 = conversion factor, (ft.-gal./min.-hp.)

To determine the brake horsepower of the motor required to
drive the pump (BHP), the water horsepower must be divided
by the efficiency of the pump (EFPP). If an internal com-
bustion engine is the power source, dividing the brake horse-
power by the engine efficiency (EFMO) will yield the horse-
power potential in fuel (THHP) required for pumping. If

an electric motor is the power source, then brake horse-
power must be divided by both motor efficiency and efficiency
of the electric generating plant (EFGP) to determine the
potential horsepower in fossil fuel required. The total
energy required for pumping during the season (TENPS) is
simply the product of fuel horsepower and total operating
time,

After printing values for head losses and pumping
energy, subroutine OPRATE 1 (Level III) returns control to
STEPMAIN (Level II). Calculation proceeds with the calling
of the next subroutine, MANFCT1 (Level III), in which the
energy to manufacture system components is estimated.

MANFCT1 first calculates the energy to manufacture the
mainline network. The information on each of the mainline
segments is transferred from the STEPMAIN subroutine, and
dimensional data about standard pipes of various materials

LF




and sizes are retrieved from a data file (*MAINLNS). The
size of each pipe sigment is matched with the proper size

in the data file. An indicator variable (MMTY) defined in
the input data is checked to determine the mainline material
type. For example, MMTY = 2 would indicate aluminum main-
lines, appropriate for a hand move system. With the weight
per foot of tubing, the weight of each coupler, and length of
each individual pipe section composing that segment of the
mainline, the weight of each mainline segment is calculated
(TMNWT). Multiplying this weight by the manufacturing energy
per pound for the appropriate material type yields the energy
to manufacture that segment (EMMFT). Repeating the process
for each segment in the network will yield the total energy
of manufacture for the mainlines (TEMMFT).

A procedure similar to that used on the mainlines 1is
then conducted for the energy to manufacture laterals
(ELMFT). The energy for manufacturing sprinklers (ENSPMFT)
is calculated, using the assumption that all sprinklers weigh
1.1 pounds (the weight of a Rain Bird Model 30) and are
entirely made of brass. The energy to manufacture the
pumping plant is calculated by assuming the plant horsepower
rating is the next standard size equal to or larger than the
brake horsepower requirement for the pump. This unit size
[PUMPHP(I)] is chosen from a list of available motor sizes
and is multiplied by a manufacturing energy per unit horse-
power figure to yield the energy to manufacture the pumping
plant (EPPMFT).

After printing the values of the manufacturing energy
for the mainlines, laterals, sprinklers, and pumping plant,

and the size of the pumping plant, control is returned to
STEPMAIN (Level II). The next operation, to calculate the
transport energy for the system, is performed in the sub-
routine TRNSPRT (Level III), which is called by STEPMAIN
(Level II).
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Transport energy is divided into two areas, manufacturing
energy for the pipe trailer, and fuel for the tractor to
pull the trailer. The trailer is assumed to be made of
steel and to weigh an amount specified in the input data
(TRWT). The energy to manufacture the trailer (ETRMFT) is
calculated according to a process similar to those described
above. The trailer is needed to move two laterals the length
of the field once during each irrigation cycle, requiring two
hours at three gallons of diesel fuel per hour. The trailer
manufacturing energy is prorated over the trailer's operating
life (assumed to be 20 years), so that the total transport
energy per season (ETTRP) can be given as a single figure (by
summing trailer manufacturing energy and fuel necessary to
pull the trailer). Tractor manufacturing energy is not
included, as the amount expended in moving irrigation pipes
is assumed to be of negligible magnitude when compared to its
other primary jobs.

When the transport energy is printed, control is again
returned to subroutine STEPMAIN (Level II), which calls
subroutine INSTALL1l, to calculate installation energy. For
a hand move system, installation energy is assumed to be
negligible unless some of the pipelines are buried. The
operator has the option of specifying burial of pipes. If
pipes are buried, they are assumed to be in a trench requiring
approximately one quarter of a gallon of diesel fuel per
cubic yard to excavate and back fill. Pipes are assumed to
have two feet of cover over them, and to require a width of
four inches greater than their nominal width. The product of
the total volume of excavated trench and energy per unit
volume yields the total installation energy.

After the installation energy is printed, control
returns to STEPMAIN (Level II). The total energy for sea-
sonal operation (TOTSEN) is calculated by summing the following:

1. Total seasonal pumping energy (TENPS)
2., Total seasonal transport energy (ETTRP)
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3. Energy to manufacture mainlines (EMMFT), laterals
(ELMFT), and installation energy (ENINST), all pro-
rated over their expected life (20 years)

4. Energy to manufacture pumping plant (ENPPMFT), pro-
rated over its expected life (15 years)

5. Energy to manufacture sprinklers (ENSPMFT), prorated
over their expected life (10 years).

Dividing total seasonal energy by number of irrigated acres
yields seasonal energy per acre (SENPA). Seasonal energy per
acre is divided by total seasonal application (TNA) to yield
seasonal energy per acre-inch (ENPAI).

After all energy totals are printed by STEPMAIN (Level II),
control returns to the main program, IRRIGATE (Level I). The
operator may then consider another system or terminate the
execution of the model.

All other systems are modeled in a similar fashion, with
a few alterations to allow for basic differences between
system types. For example, when a center pivot system is
being modeled, the first subroutine called is CIRCIRR (Level II).
In this system, the mainline is assumed to be of constant
size, and to run to the center of a square field. The
lateral is seven inches in diameter; with its support towers,
it is assumed to weigh 35,000 pounds, for a system used in a
160-acre field. The lateral and towers are assumed to be
made entirely of steel. The lateral for a 160-acre field is
1280 feet long, with ten support towers, each powered by a
one horsepower electric motor. Tower motors are assumed to
operate at three quarters of their rated capacity, and their
power consumption is calculated accordingly. Sprinklers on
the lateral are spaced at non-constant intervals to allow for
uniform application. There are no big gun sprinklers for
irrigating corners, and the system is assumed to irrigate
125 acres in a 160-acre field. Lateral hydraulics are
simulated using the Hazen-Williams friction head loss equation,
with a manifold flow factor for variably-spaced outlets of
0.543, as measured by Shu and Moe (1972).
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The subroutine SOLIDSET (Level II) is called by the
main program when a solid set irrigation system is being
simulated. One difference between this system and the hand
move system is that there are enough laterals to cover the
entire field, but only a portion of them operate at any one
time. The segment of the mainline where laterals are in
operation must be considered as a manifold flow situation,
Transport energy includes only that required to lay out and
pick up the pipe network at the beginning and end of each
irrigation season.

When a side roll sprinkler system is being modeled,
subroutine SIDEMOVE (Level II) is called by the main pro-
gram. The group of subroutines controlled by SIDEMOVE
functions almost exactly as that which models a hand move
system. One of the notable exceptions is that only four
and five inch diameter laterals are considered. The lateral
walls are of heavier gauge material than standard laterals,
and each section has a wheel as an integral part. Movement
of laterals in the field is different, in that a pair of
laterals, one on either side of the mainline, moves as
a single unit. Each of these pairs of laterals is propelled
by a moving device powered by a four horsepower engine. The
moving unit is assumed to require 10,000 kilowatt-hours of
energy to manufacture, and to consume one half gallon of
diesel fuel per hour of operation. It is further assumed
that 15 minutes of operation per pair of laterals per move
are required for transport.

The subroutine TRICKLE (Level II) is called by the main
program when a drip irrigation system is being simulated.
This system is simulated in much the same manner as the
solid set system. The major differences are that all laterals
operate at once, and that the system is a permanent instal-
lation with buried pipelines and no required transportation
energy. The operator may choose either a micro-tube type
emitter or an emitter with a spiral restricting path, which
are two of the more widely used emitters in Oregon.
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For modeling a permanent type sprinkler system, the
subroutine SOLIDSET (Level II) is again called by the main
program. When SOLIDSET is called through the permanent
sprinkler system branch, a '"flag'" is set which eliminates
the TRNSPRTS subroutine (Level III) since no transport
energy is required. Installation energy is calculated for
both buried lateral and mainline pipes. With these ex-
ceptions, the subroutines function exactly the same as when
modeling a solid set sprinkler system.

For the simulation of a surface irrigation system, the
subroutine FURROW (Level II) is called by the main program,
This subroutine first calculates the energy required to
level the field, where required yardage per acre and average
length of haul for leveling equipment are inputs. The
operator has the option of selecting one of three leveling
units (125 horsepower crawler with a 10 cubic yard carry-all,
200 horsepower crawler with a 14 cubic yard carry-all,

300 horsepower crawler with a 20 cubic yard carry-all).

The average hauling rates are estimated using data published
by Caterpillar Tractor Company (1955a). After determining
total time required for field leveling, the energy required

to perform the operation is calculated using fuel and lubricant
consumption estimates made by Caterpillar Tractor Company
(1955b). After calculating leveling energy, the energy to
make the distribution network in the field is estimated. Two
types of networks are considered, furrows with a three foot
spacing and corrugations with a 20-inch spacing. The estimates
of the energy required per acre to form furrows and corru-
gations were provided by local farm operators (Namba and
Teramura, 1975). In estimating the energy required to make

the field head ditch, three types of structures are con-
sidered. The available options are an unlined earthen ditch,

a concrete lined ditch, or a gated aluminum pipe. The

earthen ditch is assumed to require a minimal amount of

energy, rated at one hundredth of a kilowatt-hour per lineal

22



foot of ditch., The concrete lined ditch is assumed to have a
trapezoidal cross section with a lining two inches thick.
The gated pipe is assumed to require approximately the same
energy as aluminum mainlines of equal size, as defined in the
hand move sprinkler system model., When an open head ditch is
considered, devices for releasing water onto the field from
the ditch can be siphon tubes, or either earthen or concrete
turnouts. The siphon tubes are assumed to be aluminum, four
feet long and one inch in diameter, requiring about ten
kilowatt-hours per tube to manufacture. Earthen turnouts are
assumed to require a negligible amount of energy, since human
energy (shoveling) is the major input. Concrete turnout
devices, such as gated spiles, were assumed to require 126
kilowatt-hours per structure to manufacture., It is assumed
that one siphon tube is used for each furrow or corrugation,
but each turnout or spile is assumed to supply water for
three furrows or corrugations. The operator also has the
option of using a water source that cannot be applied to the
field by gravity flow. In this case, the pumping energy to
apply the necessary amount of water at any specified static
1ift was calculated. When a gated pipe is used, the friction
loss in the pipe is included.

The total of all calculated energy requirements per
acre irrigated and per acre-inch of water applied is printed.
Control of the model functioning is then returned to the main
program, For all systems considered, the water is assumed to
be available at the edge of the field, and any energy ex-
penditure for main canals or pipelines to deliver water to
that point is not included.
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IV. MODEL INPUTS

The completion of this computer model has created a
tool capable of simulating the total energy consumption for
several types of irrigation systems. The inputs necessary
for the model to function are fairly simple and should be
available to anyone considering installation of an irrigation
system. The area and dimensions of the field to be irrigated
must be known. This model considers only fields of simple
rectangular shape. The total amount of water to be applied,
the maximum rate of application, and the frequency of irrigation
required to meet peak consumptive use requirements are functions
of both crop and climate. Any remaining inputs are basic
information about the system type. Dimensions, type of
material, and friction coefficients of pipelines must be
known. Spacing and operating pressure of sprinklers are data
the system designer can easily provide. Static pumping lift,
minor friction losses through fittings, and pumping efficiency
can be estimated or measured.

For the purpose of this study, the model used input
values that approximate irrigation systems generally used
in Oregon today. The efficiency of irrigation for each
type of system was approximated assuming that each was
operated with good management practices. Surface systems
were rated at an efficiency of application of 50 percent,
while drip systems were rated as 90 percent efficient.

Center pivot sprinkler systems were assumed 75 percent
efficient, and all other sprinkler systems were rated at 70
percent efficiency.

Pumping units were assumed electrically powered, since
the vast majority of pumping units in Oregon are powered by
electric motors. Motors were assumed to have a conversion
efficiency of 88 percent and pumps were rated as 70 percent
efficient; this yields an over all pump and motor unit
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efficiency of approximately 62 percent. As was the case with
manufacturing energy, a generation efficiency of 30 percent
was assumed for coal-fired generating plants. Although
electricity in Oregon is primarily generated hydroelectrically,
this assumption is justified by the knowledge that any power
not consumed in Oregon can be transmitted to areas where
fossil fuel is the major power source for electric generation.
The configuration of individual systems and the practices
used in modeling them were intended to reproduce situations
that typically exist in Oregon's irrigated agriculture. The
systems modeled were designed to meet net irrigation require-
ments of 10, 20, and 30 inches of water per season. The
different applications can be thought of as representing
crops with short, medium, and long growing seasons, respectively.
They were further designed to meet consumptive use conditions
of 0.1, 0.2, and 0.3 inches per day. The amount of available
moisture to be replaced at each irrigation was assumed to be
1.8 inches. This is equivalent to maintaining 50 percent
available soil moisture for a plant with a rooting depth of
two to two and one half feet in a medium textured soil. This
would require the irrigation frequencies of the three consumptive
use conditions (0.1, 0.2, and 0.3 in./day) to be 18, 12,
and 6 days, respectively, and would be representative of a
grain crop growing in a cool humid climate, a moderate
climate, and a high desert climate, respectively.
The characteristics of each individual system will be
enumerated so that the results of the simulation can be
judged accordingly. The hand move sprinkler system, as
defined for this study, had a sprinkler spacing of 30 feet
by 50 feet, one foot long riser pipes, 40 pounds per square
inch average sprinkler pressure, aluminum mainlines and
laterals, and was operated 22 hours out of every 24 hours.
The side roll sprinkler system had a sprinkler spacing of 40
feet by 60 feet, one half foot long riser pipes, 40 pounds
per square inch average sprinkler pressure, aluminum mainlines
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and laterals, and was operated 22 hours per day. The solid
set sprinkler system had a sprinkler spacing of 30 feet by

50 feet, one foot long riser pipes, 40 pounds per square inch
average sprinkler pressure, aluminum mainlines and laterals,
and was operated 24 hours daily. The permanent sprinkler
system had a sprinkler spacing of 30 feet by 50 feet, 14-foot
long riser pipes, polyvinylchloride mainlines and laterals, a
40 pounds per square inch sprinkler pressure, and was operated
24 hours daily. The center pivot sprinkler system had
variable sprinkler spacing, no riser pipes, ten towers

powered by electric motors, 125-foot spans between towers,
12-foot pipe clearance, polyvinylchloride mainlines and a
steel lateral, 60 pounds per square inch end sprinkler pressure,
and could operate automatically for a maximum of 144 hours
continuously. The drip irrigation system had an orchard

plant spacing of 25 feet by 25 feet, multiple polyethylene
micro-tube emitters, polyvinylchloride mainlines and laterals,
an emitter pressure of 15 pounds per square inch, and operated
18 hours per day. The surface irrigation system was the
corrugation type, using aluminum siphon tubes with an

unlined earthen head ditch. Field leveling was done by a

200 horsepower crawler, with a 14 cubic yard carry-all,

moving 400 cubic yards of soil per acre, with an average

haul distance of 600 feet.

Water was available at the edge of the field at ground
level for all the systems. Therefore, there was no pumping
required for the surface system, and no static pumping 1lift
required for the pressurized systems. All pressurized
systems had a ten foot miscellaneous friction head loss
included in the total dynamic head to account for losses
in special fittings, such as pump adapters and valve-
opening elbows.
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V. MODEL OUTPUT AND INTERPRETATION

The results of the model simulation with input data

fde
=]
w

listed in the previous section are presented graphically

e
=

group of charts in this section. The data are presented
three different ways. First, the relationships between
irrigation system energy requirement and consumptive use rate
on a given acreage, for a selected seasonal application, are
presented in Figures 2-10. Next, the relationships between
system energy requirement and total seasonal application on a
given acreage, for selected consumptive use rates, are
presented in Figures 11-19. Finally, the relationships be-
tween system energy requirement and acreage irrigated

for a given seasonal application, at a selected consumptive
use rate, are presented in Figures 20-28., The center pivot
system was considered on only 160-acre fields. All other
types of systems were considered on 20-, 80-, and 160-acre
fields.,

Several points become immediately evident from the data.
First of all, surface irrigation consistently requires the
least energy in all cases. Second, drip irrigation, while
requiring approximately five to ten times the energy required
by surface irrigation in the cases considered, was always the
second lowest user of energy. There is a substantial jump in
required energy between the drip system and the remaining
systems, and the order in which these follow is not constant.

The acreage irrigated and the amount and rate of appli-
cation appeared to have a considerable effect on the energy
requirement of some systems. Some of these effects appeared
valid for the systems concerned, while others could be
attributed to short-comings in the model.

Considering Figures 20-28, the hand move system would be
expected to exhibit behavior similar to the side roll system.
In fact, the hand move system would be expected to require a
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consumptive use rate for a 20 inch (508 mm) sea-
sonal application on a 20 acre (8.1 ha.) field.
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Figure 4. Plot of total seasonal energy as a function of
consumptive use rate for a 30 inch (762 mm) sea-
sonal application on a 20 acre (8.1 ha.) field.
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Figure 5 Plot of total seasonal energy as a function of
consumptive use rate for a 10 inch (254 mm) sea-
sonal application on a 80 acre (32.4 ha.) field.
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Figure 6. Plot of total seasonal energy as a function of
consumptive use rate for a 20 inch (508 mm) sea-
sonal application on a 80 acre (32.4 ha.) field.
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sonal application on a 160 acre (64.8 ha.) field.
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Figure 9. Plot of total seasonal energy as a function of
consumptive use rate for a 20 inch (508 mm) sea-
sonal application on a 160 acre (64.8 ha.) field.
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Figure 11. Plot of total seasonal energy as a function of
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Figure 15. Plot of total seasonal energy as a function
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field with a consumptive use rate of 0.2 inch
(5.1 mm) per day.
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Figure 17. Plot of total seasonal energy as a function
of seasonal application on a 160 acre (64.8 ha.)
field with a consumptive use rate of 0.1 inch
(2.5 mm) per day.

43



MM/ YR.
250 510 760

160 AC
| 0.2 IN/DAY

3500+

KWH /AC.
MJ / HA

500 ® +5000

SURFACE _

D

Q

@

0 0

O 30
IN /YR
Figure 18. Plot of total seasonal energy as a function
of seasonal application on a 160 acre (64.8 ha.)
field with a consumptive use rate of 0.2 inch
(5.1 mm) per day.

L

10

44



MM/ YR

250 510 760
160 AC ' :
0.3IN/ DAY
35004
30000
3000 L
L 25000
2500 4
<
< 120000
&
2000% <
&
S <
N & +15000 T
: 5
Z 1500 [
> =
ﬁ
{10000
1000 4
DRIP
s
500} s
L SURFACE
0 : 0
10 20 30

IN/ YR
Figure 19. Plot of total seasonal energy as a function
of seasonal application on a 160 acre (64.8 ha.)
field with a consumptive use rate of 0.3 inch
(7.6 mm) per day.

45



*Aep xad

(ur §*Z) YouUT T°Q JO 9381 9sn oarzdumsuod e Y3TMm uorledtidde Teuosees (uw $57)

YdUuT QT ® 103 Po3e3TIIT BAI® JO UOIIDUNF B Se ASI9ud [eUOSESS B0} JO 30[4 °*0Z 2indty
ol 4
ooo. o_.u_ o<l QQl 08 09 ot 0¢
A Y _ : " _1.“ “ . o
30V3HNS
T drgd il
o— JAOW ANVH g
- 0000 770y 34IS - L —#000!
t TNANVYNY3d 1
N _—
T 13sarios ' Y 2
> 10002 T
00002t Sy
>
&
TO00C
Q0Q0¢<€ 1
AVA/NITQ
_ _ _ dA/NIOI 3
: ; | : : ; (0]0) 74
09 (o]e) ot o€ Q<2 0l

VH

46




VH 7/ I

*Aep xod (uw 1°G)

UYour z*Q JOo 93ex asn saridunsuod ' Y3Tm uorjedrydde jruOs®OS (uw $SZ)

Yout (T B I0F P93eSTIIT BAJE JO UOTIOUNF B S8 AB19uUo [RUOSEAS [e103 JO 30Td °TZ oInsTj
oV
09l Ol 0z 00! 08 09 ot 02
0 " " " + " +— 0
T 3DV44NS LS
d1ad a
7704 3dIS o i
00QQIT JAOW ANVH ’
== ININVING3d
e v- _ X
V\\.\n\\! 13S almos =
40002 m
00002+ .w
+000€
0000¢+t
AVA /NI 20
dA / NI Ol
: ; } + ' — Q001
09 0S 0t 0€ 02 0l
VH

47



*Lep xad
(uw 9°*/) Y2uUT ¢*(Q FO o3BI osn 9AT3dUNSUOD B YITM uotiedrTdde TrUOS®RAOS hseﬁwmmu
YdoUT (0T B I0F Pol1BSTIIT BAI® JO UOTIdUNF B SB A3I0ud TeUOSEBSS [B303 JO0 30Td *ZZ @and1g

Y
ooo_ ov| 02! 00! 08 09 O 0z
: . \ “ + " “ 0
; IOVIUNS
¥ d19Q —
170¥ 3aIS .
— = 000!
: 00001¥= IAON ANVH Q0
5 N2NYW33d X
& ﬁ;ﬁ s
> 4\.\\\\\\.\‘ o
10002
00002+ >
O
{000¢€
0000€ +
AVA/NIE0
| | | HA /NI Ol
: . . . " — 0001
09 0S v o€ 0z ol

VH

48



‘VH/TN

*Aep aad (wm §°7)

YoUT T°(Q FO 93BX osn sArzdunsuod ® yiTM uorjedTrdde TeUOSEOS (WW §(OS)

YoUT (7 ® I0F Pa3B3TIIT BOI®R JO UOTIdUNy B se A8I1ouo TeUOSEOS TBI03} JFO 304 °* $Z oandtg
oV
ooo_ ovl QZ2l QQl 08 09 ov o4
: : . ! ) } Q)
— O q
30V4UNS ,
Loz .
diga —
0000!- TR
JAON ANVH
'a S04 3dis v — ¥ s
=0 Qoe T
00002 NENSZALEE e -
13S aros &
T1000€
0000¢€T
AVA/ NI'Q
dA/NIQZ
“ s - | j +— Q00
09 oG oY 0¢c Q2 Ql

VH

49



*Aep xad (umr 1°5)
YOUT Z°*(Q JFO 93eIX 9sn oaArzdunsuod e Y3itA uorledridde yeuosess (uw §0§)
Youtr (Qz ® I0F po3e3TIIT BAIE FJO UOT3dUNF B Sse ABisuo Teuoseas [e303 JO 3074 ‘bz @andiyg

oY
ooo_ Ot 021 001 08 09 0¥ 02
5 “ " " + “ : 1 O
3OVILNS © 7
T d19d . —
00001+ 1900
z
0
~ :
ke 7110y 3d1IS v b w
: NVH
35 JAON d i o T .
oooom.\ TNINVAE3d >
[ — ¥V
aros O
(- i
1000€
7 0000+
7 AVA /NIZ0
| | | | HSA/NIQZ
- ; } ; : +— QQQt

09 og Q¥ Q€ o= Ql




*Aep zod (ww 9*/)
YdUT ¢*0 FO 93ex asn oATidunsuod B Y3iTm uorledrrdde TeruOoseds (uw §Q¢S)
Your gz ® JOF po3e3TIAT Bole Fo uorzouny e Se AB1ous TeUOSEIS TBIOI JO 20Td °g7 2indtyg

OV
QI vl ozl QO 08 09 ot 0z
Q4 n f “ Ly _ “ 71 O
30V48NS - 1
= drga - —
Q0QQIF 000!
g
[
~ P
T JAON ANVH " _ ] 5
> =104 3dIs 002 I
ke TRNINVAY3d >
—— O
13S aIos
1000€
0000% t
AVa/NI €0
HA/NI Q2
b : ¢ i . +— QQQY
09 oS o o€ 02 o]

VH

51




*fep xad (um §-7)
YOUT.T'0 FO o3BX asn sAT3dunsuod ® Yjtm uorzedridde [euosess (ww 79/)
YoUT (¢ ® I0F Pe3e3TIAT Bole JO uorlduny e se A51ous Teuosess T30} JO 30Td 97 oindtyg

oV
Q9l ovl o4 00l 0oe Q9 ov o)=4
05— m “ : " “ “ 1 0
JOV44NS = \
1 —ilk
. T
00001+ - Q0!
<
|
~
Py
W =
410002 T
00002+ JAON ANVH >
P )
1109 3dIS N 24 .
3d —0—
ININVYAS —— J
13S alnos <+000¢
0000¢
AVA /NI 'O
. HA/NIQT
} ' " + 4 — QQOV
Q9 Q¢ oV 0o¢ 02 Ql

vH

52



*Aep xod (ww T°9)
YOUT Z°'Q JFO 93ex osn sAarzdunsuod v yiTtm uoriedrfdde feuosees (uw z9/)
Your (¢ ' I0JF Ppol1edTIIT BOIB FO UOTIOUNI B st ABIous [eUOSEBOS TBI03 JO 30Td *LZ 92iIn314g

go)
09l ovl 0zl 00l 08 09 ov 02
OA, “ “ t + : ! 1 0
P 30v44NS N
JLIS.
00001+ 4144 - %000
=
~ PN
I s
> 0002 T
00002+ >
IANON ANVH .- ) L o
7704 3dIS | g
| N3NVAY3d 00%€
AVd /NI 20
. h _ _ ~ HA/NIOE .
09 0S ot Q€ 02 0l

VH

L)




VH/TW

*Aep aod (ww 9°*/)
YouTtr ¢°0 JOo o3ex osn oArT3zdunsuod B YITm uorjzedorTdde Teuosess (wuw zg/)

Your (¢ ® IO0F Ppo3eITIAT BOI® JO uOT3OUNnY ® Se AB8I19ud TeUOSESS T[BI01 JO 3074 °g7 2indtyg
o 4
091 ovl 02I 00l 08 09 ov 02
Or “ “ " “ “ " 0
i 3OVI4NS 9 —
¥ ——
00001+ dldd — 4000
X
b
00002 g m
3
71049 34IS /qu
00¢€
FZME(EEM& \\1\\
i 135 arios
AYd /NI Q€0
_ 'dA/ NI 0¢€
} | : : + +— QQ0F
09 0¢ ov o€ 02 Ql

VH

54




slightly lower level of energy input, since it requires less
equipment in the form of wheels and moving devices, and the
side roll laterals are of heavier gauge material. Instead,
Figures 21 and 22 show the hand move system requiring more
energy than the side roll system. Figure 20 and Figures
23-28 show the hand move system requiring less energy on
larger acreages and at higher application levels than the
side roll system, but more energy on smaller fields and at
lower application levels. This behavior appears due to
insufficient detail in the approximation of transport energy
for the hand move system. A single energy requirement per
lateral per irrigation was assumed for transportation. This
value appears to have been somewhat too liberal for the
shorter laterals used in small fields. The error does not
appear to greatly affect the system at higher application
levels, as the other energy parameters involved are large in
those cases to make transport energy insignificant. At lower
application levels, transport energy is proportionally a much
larger input, and significantly affects results.

There is an interesting relationship among the center
pivot, solid set and permanent sprinkler systems for the
160-acre field, shown in Figures 17-19. For lower total
applications and lower consumptive use rates, the center
pivot system requires less energy than the two stationary
systems, but requires more energy at higher levels of application
and consumptive use. This relationship is probably a valid
one, and could logically be expected. The solid set and
permanent sprinkler systems initially require substantial
energy expenditures due to the large number of laterals in
these systems. The center pivot system requires less energy
initially for its single lateral, even though it is more
sophisticated equipment than found in other systems. The
center pivot system requires more energy to operate on an
annual basis, because of its higher pressure requirement.
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For a 10-inch seasonal application, with a consumptive use
rate of 0.3 inches per day, pumping energy requires 82 percent
of a center pivot system's total energy requirement; whereas,
pumping energy is responsible for only 39 percent of a solid
set system's total energy requirement. Since only pumping
and transport energies increase with increasing total appli-
cation, it is plausible that the energy requirement of the
center pivot should increase at a greater rate than other
systems.

The relationship between energy requirement and acreage
irrigated, shown in Figures 20-28, indicates that changing
acreage has little effect in most cases. For the solid set
and permanent sprinkler systems, however, there appears to
be a substantial increase in energy requirements with in-
creasing acreage irrigated. The increase appears significant
between 80 and 160 acres. The most probable cause for this
increase is manufacturing energy for lateral lines. The
systems on smaller acreages are able to operate satisfactorily
with two inch lateral lines. But with increased acreage, the
laterals become of sufficient length that friction loss in a
two inch line becomes larger than the recommended level of 20
percent of the lateral inlet head. The only acceptable
course of action for the system designer is to use laterals
of larger diameter. Attempts to reduce flow rate in the
laterals, and thereby reduce friction head loss, require the
use of sprinkler nozzles of such sizes that the coefficient
of application uniformity is less than satisfactory. The
size of laterals must, therefore, increase in a similar
manner in other types of systems. However, the excessively
larger number of laterals in the solid set and permanent
sprinkler systems results in a substantial increase in the
energy requirements of these two systems, while no noticeable
effect is observed in other types of systems.
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VI. CONCLUSION

A computer model has been developed which simulates the
total energy requirement to develop and operate various
irrigation systems. The model simulates each system by
modularizing its energy needs into four basic energy areas:
manufacturing, installation, operation, and transportation.
The model considers the total, non-renewable energy resources
used in the form of fossil fuel.

This simulation model has exhibited that, for the cases
considered, there is a fairly consistent energy consumption
hierarchy among irrigation systems. Surface irrigation
requires the least energy per acre of land irrigated, with
drip, side roll, and hand move sprinkler systems following
in order of increasing energy requirement. At lower application
levels, center pivot, permanent, and solid set sprinkler
systems follow in order, with center pivot requiring the most
energy at the highest application levels considered. The
surface irrigation system required no pumping energy, and all
other energy expenditures were prorated over the expected
system life of 25 years. Even with substantial energy costs
for leveling, it was by far the most energy-conservative
method. The drip irrigation system, though requiring a
considerable amount of apparatus in the form of laterals and
emitters, needed only moderate energy inputs due to the low
pumping rate and pumping head necessary for operation. The
side roll and hand move sprinkler systems required approxi-
mately the same level of energy inputs, as would be ex-
pected due to the similarity in their configurations, The
permanent and solid set sprinkler systems, though quite
similar, used substantially different amounts of energy.

This difference was largely due to the materials used in
each system. The permanent system used polyvinylchloride,

57



which has a lower manufacturing energy and a more favorable
friction coefficient. The center pivot sprinkler system
occupied the upper portion of the energy spectrum, spanning
the range of the solid set and permanent systems. (The

size and number of laterals in the solid set and permanent
systems appear to make these systems more susceptible to
energy requirement increases with increases in irrigated
acres.) The sizable amount of energy required for pumping by
the center pivot system made it the most susceptible to
increases in total application and consumptive use rate.

Another trend evident in the output related to mainline
pipe economy. In the past, a rule of thumb generally used
by systems designers stated that the most economical main-
line size, in terms of operating cost, was one that produced
approximately one foot of friction head loss per hundred feet
of pipe. This energy analysis of systems seems to show that
much larger pipelines produce the most energy-efficient
systems, For the aluminum mainlines used in this model, a
friction loss of approximately one foot per four hundred feet
appeared to be the level at which the most energy-efficient
system was found.

In conclusion, the model is a valuable tool, adaptable
to a wide variety of operating situations. However, the
validity of its results are dependent upon a few critical
pieces of information. As a result, the operator of the
model should exercise care in making comparisons between and
drawing conclusions about irrigation system energy require-
ments. Currently, the results of this study will be of
limited value to the designer of irrigation systems, whose
major concern is still economic. As the cost of energy
continues to rise, the economic and energy considerations of
irrigation system design should become more and more closely
aligned.
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APPENDIX B.
A COMPUTER MODEL TO SIMULATE FARM
IRRIGATION SYSTEM ENERGY REQUIREMENTS

Program Listing and Documentation
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Title: A Computer Model to Simulate Farm Irrigation
System Energy Requirements

Authors: J. W. Wolfe, R. B. Wensink and M. A. Kizer

Installation: CDC 3300 at Oregon State University

Programming Language: Standard FORTRAN IV

Date Written: Fall, 1975

Remarks: This computer model simulates energy requirements
for the following irrigation systems: hand move,
center pivot, drip, side roll, solid set, surface
and permanent systems. All major variables and
inputs are defined at the beginning of each sub-
routine.

PROGRAM INPUT:

Data Files:

*XINSTEP - data for Hand Move Sprinkler System
*XINCENT - data for Central Pivot Sprinkler System
*XINDRIP - data for Trickle Irrigation System
*XINSIDE - data for Side Roll Sprinkler System
*XINSOLID - data for Solid Set Sprinkler System
*XINPERM - data for Permanent Sprinkler System

*MAINLNS - basic mainline dimensions
*LATERAL - basic lateral dimensions
(diameter, lateral and coupler weight)
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Inputs:

Type of system under consideration:

(1) Hand
(a)
(b)
(c)

(d)

(1) Hand move sprinkler system
(2) Center pivot sprinkler system
(3) Trickle irrigation system

(4) Side roll sprinkler system
(5) Solid set sprinkler system
(6) Surface irrigation system

(7) Permanent sprinkler system

Move, input:

number of system laterals

diameter of laterals and mainline segments
diameter, flow rate and length of each mainline
segment

whether or not mainline or laterals are buried.

(2) Center Pivot, input:

(a)

whether or not mainline is buried.

(3) Trickle Irrigation, input:

(a)
(b)
(c)
(4) Side
(a)
(b)
(c)

(d)
(5 or 7)
(a)
(b)
(c)

(d)

number of emitters - length, flow and pressure
emitter type - dripeze or microtube

whether or not mainline and laterals are buried.
Roll, input:

number of system laterals

diameter of laterals and mainline segments
diameter, flow rate and length of each mainline
segment

whether or not mainline or laterals are buried.
Solid Set or Permanent Sprinklers, input:
number of system laterals

diameter of laterals and mainline segments
diameter, flow rate and length of each mainline
segment

whether or not mainline or laterals are buried.
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(6) Surface Irrigation system, input:
(a) tractor used in field leveling
(1) D7 and 10 cubic yard carryall
(2) D8 and 14 cubic yard carryall
(3) D9 and 20 cubic yard carryall
(b) irrigation type
(1) furrows
(2) corrugations
(c) whether or not pumping is required to irrigate
(d) static lift, source to field
(e) head ditch type
(1) unlined
(2) concrete lined
(3) gated lined
(f) diameter of gated pipe
(g) control type used
(1) siphon tubes
(2) earth turnouts
(3) concrete turnouts

Outputs:

(1) Prelininary results
mainline friction loss, installation energy, etc.

(2) Final results
(a) Total Seasonal Energy
(b) Seasonal Energy per Acre
(c) Energy per Acre-Inch

69



DA OOOCOOOHOOOOOO0O0ND0

PROGRAM IRRIGATF

MODEL TO SIMULATE IRRIGATION SYSTEM ENERGY RFQUIREMENTS

THIS MODEL SIMULATES TOTAL ENERGY REQUIREMENTS FOR?

CENTER PIVOT SPRINKLER SYSTEMS
TRICKLE TRRIGATION SYSTEMS
SIDE ROLL SPRINKLER SYSTEMS
SOLID SET SPRINKLER SYSTEMS
SURFACE IRRIGATION SYSTEMS
PERMANENT SPRINKLER SYSTEMS

~N DA F AN

ALL VARIABLES ARE NEFINEDN AT THE RBEGINNING NOF
SUBROUTINE STEPMAIN

ANY NEW VARTABLE NAMES 02 CHANGES IN VARIABLE NAMFS
FO SUBSEQUENT SUBROUTINES ARE GIVEN AT THE BEGINNING
OF THE SUBROUTINE IN WHICH THE INPUT DATA IS READ FOR
EACH IRRIGATION SYSTEM TYPE,
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COMMOMN SPOH HFL HFMySTL,FLEVOFyHFSLsHFMISC,SPRNO,
1NSPRLEFPPFFGP,IPTY,, THHP 4 XNLTS 4 XLNLT,INLT4EFMO,
ZXLNMNy TOMNy RIHT g CHAM g CHWL 9 XNLT 9 AHP 3 MLTY 4, MMTY,
3SPOHF s TRHT yMNOO, TLTPO4 XNIPSy ACRE yDMNF,DLTF 4 TXLNMN,TLNLT,
CELMFT G ENINST s FPPMF T, TENPSyTEMMFTETTRP,ENSPMFT 4NOSPR
DIMENSION OML10),XLML10),I0M(LD)
NDATA(VNAME=£¥XINSTERPE)
6001 FORMAT(8F1Nn,2)
6002 FORMAT(3I2,213)
CALL EQUIP(21,VNAME)

c READ BASIC INPUT DATA
READT121,6002) IPTY,MLTY,MMTY
READ(21+6001) SPOHsCHWMyCHWL ¢STLELEVDF 4 HFSL,HFMISC
READ(21,6001) TNA,DNASXLMNLTs XLNMN, RIHT
READ(21,6001) EFPPLEFGP,EFIR,,EFMO
READ{(21,6001) FRFQ4HPDyTRWT,ACRELWINE
CALL UNEQUIPRP(21)
CALL OPRATE1
CALL MANFCT1
CALL TRNSPRTH
CALL INSTALL1

an

PRINT TOTAL ENFRGY 0DOATA FOR SYSTEM
TOTSEN=TENPS+ETTRPH{TEMMFT+ELMFT+ENINST) /20,
1+EPPMFT/ 15, +ENSPMFT/ 10,
WRITE(H51,61C0) TOTSEN
5100 FORMAT(SX,2TOTAL SEASONAL ENERGY=#2,F204242 KWHZ)
SFNPA=TOTSEN/ACRE
WRITE(61,6131)SENPA
6131 FORMATISX,2SEASONAL ENERGY PER ACRE=#4F15.24% KWHZ)
ENPAT=SENP B/7TNA
WRITE(61,6196)ENPAT
6196 FORMATISX,2ENERGY PER ACRE-INCH=#,F10,2,2 KWH7/ACRE=INCHZ)
RETURN '
END

SUBROUTINE STEPMATN

HAND MOVE SPRINKLER SYSTEM ENERGY RFQUIREMENTS
SPOH = SPRTINKLER PRESSURE (PSI)

HFL = LATERAL FRICTION LOSS (FT)

HFM = MAINLINE FRICTION LOSS (FT)

STL = STATIC LIFY (FT)

ELEVDF = CLEVATION DIFFERENCE PUMP=TO-FIFLO (FT)
HESL = SUCTION LINE FRICTIOM LOSS (FT)

HFMISC = MISCELLANSOUS FRICTION LNSSFES (FT)
SPRINQ = NUMBER OF SPRINKLERS PER LATERAL

NSPR SPRINKLER NISCHARGE (GALSMIN)

EERPP PUMP EFFTFNCY

O OAOORNOODN NN )

n
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QOO0 ONOOOOONONGONONIINONOONOONT0ODNODIO0OONODONO

EFGP = GENERATING PLANT EFFIENCY
IPTY = POWER UNIT TYPE
0 = ELECTRIC MOTOR
1 = INTERNAL COMRUSTION ENGINE
THHP FUEL POTENTIAL (HP)
XNLTS = NUMBER OF LATERAL LINES
XLNLYT = LENGTH OF LATERAL PIPE SECTION (FT)
IDLT LATERAL LIME DIAMETER (IN)
FFM0 MOTOR EFFIFNCY
XLNMN = LENGTH OF MAINLINE PIPE SECTION (FT)

W

IDMN = DTAMETER OF MAINLINE (IN)

RIHT = HEIGHT OF RISER PIPE (FT)

CHWM = HA7EN-WILLIAMS COEFFICIENT, MAINLINE
CHAL = HAZEN-WILLTIAMS CNEFFICIENT, LATFRAL

BHP = REQUIRED BRAKE HORSEPOWER CF MOTOR (HP)

MLTY = TYPT OF LATERAL MATERIAL
MMTY = TYPE OF MAINLINE MATERIAL
1 = STEEL 3 = PVC
2 = ALUMINUM 4 = TRANSITE

SPOHF = SPRINKLER PRESSURPE HEAD (FT)
TRAT = WEIGHT OF PIPE TRATLFR (LB)
MNPD = MAINLINE LCOCATION

ILTPO = LATERAL LINE LOCATION

XNIPS NUMBER OF IRRIGATION CYCLES PER SEASON
ACRE = FIELD AREA (ACRES)

DMNF = MAINLIME DIAMETER (FT)

DLTF = LATERAL LINE DIAMETER (FT)

TLNLT = TOTAL LFNGTH OF LATERAL LINE (FT)
QM = FLOW RATE IN MAINLINE SEGMENT (GAL/MIN)

XLM = LENGTH OF MAINLINE SEGMENT {(FT)

IDM = DIAMETER OF MAINLINE SEGMENT (IN)

NMS = NUMBER OF MAINLINE SEGMENTS

HPO = HOURS OF SYSTEM OPERATION PER DAY (HR)

TNA = SEASOMAL APPLICATION (IM)

FREQ = FREQUENCY OF IRRIGATION (DAYS/IRRIGATION)

FFIR = TRRIGATION EFFIENDY

WIDE = NARROW DIMENSION OF FIELD (FT)

NIPS = NUM3ER NF IRRIGATION CYCLES PER SFASON (FIXED)

FLMFT = ENERGY TO MANUFACTURE LATERAL LINES (KWH)
ENTNST = ENERGY FOR INSTALLATION (KWH)

EPPMFT = ENERGY TO MANUFACTURE PUMPING PLANT {(KWH)
TENPS = TOTAL PUMPING ENERGY PER SEASON {KWH)
TEMMFT = ENERGY TO MANUFACTURE MATINLINE (KWH)
ETTRP = ENFRGY FORP TRANSPORT (KWH)

ENSPMFT = ENERGY TO MANUFAGCTURE SPRINKLERS (KWHH)

NOSPR = NUMBER OF SPRINKLERS PER LATERAL LINE (FIXED)
SENPA = SEASONAL ENFRGY PER ACRE (KWH/ACRF)
ENPAT = SEASONAL ENERGY PER ACRE INCH (KWH/ACRE-IN)

DNA = NET TRRIGATION REQUIRFMENT (IN/IRRIGATION)
PUMPHP(I) = DESTGN PUMP HORSEPOWER (HP)

ISYSTY = IRRIGATION TYPE

OLT = LATERAL PIPE LINE FLOW RATF (GAL/MIN)

QLTF = LATSRAL PIPE LINE FLOW RATE (CFS)

OMF = MAINLINE FLOW RATE (CFS)
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HFD = FRICTION LOSS IN PARTIAL MAINLINE SEGMENT (FT)
QAPUMP = PUMP CAPICITY (GAL/MIN)
TTOT = TOTAL SEASONAL OPERATING TIME (HR)

MO

= MATMLINE OIAMETER FROM DATA FILE (IM)

AMW = ALUMINUM MATLIME WEIGHT (LB/FT)

AMCW = ALUMINUM MAINLINE COUPLER WEIGHT (LB)
SMW = STEEL MAINLINE WEIGHT (LB/FT)

ABMW = TRANSITE MAINLINE WEIGHT ILB/FT)
ARMCHW = TANSITE MAINLINE COUPLER WEIGHT (LB)
PUMN = PYC MAINLINE WEIGHT (LB/FT)

LD
ALW

LATERAL DIAMETER FROM DATA FILE (IN)
ALUMINUM LATERAL WEIGHT (LB/FT)

Hn

ALCW = ALUMINUM LATERAL COUPLER WEIGHT (LR)
SLW = STEEL LATERAL WEIGHT I{LB/FY)

SLCW = STEEL LATERAL COUPLER WEIGHT 1(L%®)
PVLW = PYC LATERAL WEIGHT (LB/FT)
COMMON/TAGZISYSTY

DATA(NYES=£YES #)

SELECYION OF SYSTEM TO STMULATE
WRITE(K1,61581)
5131 FORMAT(SX,2CHOOSE THE TYPF OF SYSTEM YOU WISH Tng

12
2¢
32
42
5¢
5 #

CONSIDBERTZ,/1Xs#% 1 1 HANDMOVE SPRINKLERZ,/1Y,

2 %2 CENTER PIVOT#,/1X,2 3 3 DRIP IRRIGATIONZ,/1X,

4 t STDE ROLL SPRINKLERZ./1X.# 5 % SOLTID SET#

SPRINKLER£4/1%42 6 § SURFACE (FURROW <€ CORRUGATE)Z

TRRIGATIONZ,/1Xy2 7 t PERMANENT SPRINKLFERZ,/1X,
ENTER THE NUMBER OF THE SYSTEM DESIRED.Z)

READ{ED,6091)ISYSTY

FORMATII)

GO TD (101,102,103,1044105,106,107)1ISYSTY
CALL STEPMAIN

GO TN 108

CALL CTIRCIRR

GO FO 108

CALL TRICKLE

GO TO 103

CALL SIDEMOVE

GO TO 108

CALL SOLIDSET

GO To 108

CALL FURROW

GO TC 19R

CALL SOLIDSET

CONTINUE

WRITE(RL1,5192)

6192 FOIMATI(5X,200 YOU WISH TO CONSIDER ANDTHER SYSTEMaz

1¢

{(YES-NO) 2)

READ(60,6092) NRUN

FO2MAT (R4)
IF{NRUN.EQ.NYESIGO TO 100
STOP

ENN
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SURBROUTINE OPRATE1Q

CALCULATE PUMPING ENFRGY

OO0

COMMON SPOHyHFL yHF My STL,ELEVDF 4HFSLyHFMISC,SPRND,
1QSPRLEFPPLZFGPy IPTY s THHP s XNLTS e XLNLT o INLT 4 EFMD,
ZXLNMN TOMN, RIHT CHWM g CHWL o XNLT 3 BHP o MLT Y, MMTY,

3SPOHF ¢y TRWT s MNPOLTLTPO W XNIPSy ACRE s DMNF 3 DLTF o TXL NMN, TLNLT
LOMy XL My TOMy NMS HPD 4 DNA, TNAZFREQLEFIRLWIDE4NIPS,

SELMFT ,ENINST,EPPMFT, TENPS,TEMMFTETTRP,ENSPMFT , NOSPR
DIMENSION OM{1D),XLM(10),TDML11D)

C CALCULATION OF PUMPING RATE
TLNLT=HIDE/ 2.
SPRNO=TLNLT/ZXLNLY
NOSPR=TIFIX (SPRNO)
QPUMP=ACRE*DNA*LG3 .7 (FREQ¥HPD*EFIR)
WRITE(51,6187)0QPUMP
6187 FORMATISX,20PUMB=2,F10,2,¢% GPM2)
WRITE(B1,.618)
618 FORMATISX,2ENTER NUMBER OF SYSTEM LATERALS. XX.#)
C
C READ NUMBER OF LATERALS IN THE SYSTEM
READLEN,608) XNLTS
508 FORMATIF10,2)
QLT=0PUMPZXNLTS
QSPR=QLT/NOSPR
DNOZ=(QSPR/ 128, 9L*SPOH** ,5)) ¥%,5
XNIPS=(TNA/DNA) +.99
NIPS=IFIX(XNIPS)H
TTOT=NIPS*FREQ*HPD
QLTF=QLT*, 00223
WRITE(61,5619530LT
6195 FOPMATI(GOX,ZQLATERAL=Z,F7.242 GPMZ)
WRITE(614611)
511 FORMATIS X4 2ENTER NUMBFR OF MAIN STEPS, LATERAL SIZE.Z,
171Xy# UNDER =1,2-RESPECTIVELYZ,
2l 1X,2123%)

c READ DIAMETER OF LATERALS AND NUMBER OF MAINLINE SEGMENTS
READ(60,5601) MMS,TOLT

6101 FOIMATI2I1)Y
WRITE(H61,6188)

6188 FORMAT(1X,tDIAMETER=FLOW RATE-LENGTH#)

c
C RFAD DTAMETER,y FLOYW RATE, AND LENGTH OF EACH
c MATNLINE SEGMENT,

READI{H0,6021) (IDMIT) 4QMIT) o XLMITI) 4 I=1,NMS)
5021 FORMATIIZ,F18.2,F10,2)

DLTF=IDLY/Z712.0

SPOHF=SPOH*2.307

HF4=0,0
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CALCULATE FRICTION HEAD IN MAINLINE

N0 5C0 I=1,NMS

DMNF=IDM(IV /12,0

QMF=0M(T) /448,83

HFO= {(QMF*XLMITY ** ., 54) /7 ( ({3, 14*DMNF**2) /4) *
1U(OMNF/Z7L)**,63)*11.318%¥CHWM) ) ) #%1,85
WRITE(61,6181)I,HFP
FORMAT(SX,2HFM(INCREMENTAL) £,12,#% =%,F10.2)
HFM=HF4+HF P

CONTINUE

CALCULATE FRICTION HEAD IN LATERAL
HFL=CU(QLTF*TLNLT**¥,54) /7 ({ (3. 14*DLTF**2) /L) * L(OLTF/4)
1¥%,631*(1.318*CHHL)))I**1.85)*(,351+(.5/SPRNO)+

2SQRT L. 1417/SPRNO**2))

CALCULATE TOTYAL DYNAMIC HEAD .
TOH=SPOHF+HFL+HFM+STL+ELEVDF+HFSL+HFMISC+RIHT
WHP=QFPUMP*TDH/ 3960,

BHP=WHP/EFPP

CALCULATE TOTAL POWER AND ENERGY REQUIREMENTS FOR PUMPIMNG
IFUIPTY.GT.0) GO TO 100

THHP=BHP/(EFGP*EFMO)

GO TO 101

THHP=BHP/EFMO

TENPS=TTOT¥THHP*,74L57

HRITE RESULTS

WRITE161,6101) THHP

FORMAT(10Xs2THE THERMAL HORSEPOWER=#£,F10,2)
WPITE(61,6201) HFM4HFL,TOH

FORMAT (55X ZHFM=24F 10424 /5XZHFL=%,F10.24/5X%,
1£TDH=24,F10.2)

WRITE{(61,46189)DNOZ

FORMATI(SX,2SPRINKLER MOZZLE DIAMETER=#4FB8.64% TN.2)
WRITE(51,6190) TENPS

FORMAT(S5X,2SEASONAL PUMPING ENERGY=%2,F12,2,# KWHZ)
RETURMN

END

SUSROUTTNE MANFCT1
CALCULATE MANUFACTURING ENERGY

COMMON SPOH4HFLsHFMySTLyELEVOF4HFSL,yHFMISC,SPRNO,

1QSDQ'EFPP7EFGP1IPTYQTHHpixNLTSQXLNLTQIDLTQEF“Qy
ZXLNMNy IDMNy RIHT s CHWM g CHWL y XNLT 4 BHP 4 MLTY o MMTY,

3SPOHF 3y TRHTy MNPOILTPO, XNIPSy) ACRE yDMNF4DLTF s TXLNMN, TLNLT,

LAMy XL My IDMaNMS3sHP Dy DNASTNALFREQsEF IR WIDE 4 NIPS,

SELMFT yENINSTEPPMFT, TENPS, TEMMFTLETTRP,ENSPMFT 4 NOSPR
DIMENSION QOM(10) ,XLM{10),I0OM(10)
DIMENSION MD({9),AMW(S), AMCHI(9) 4SMW(9),ABMW(9), ASMCHI(9)
DTMENSTION OVMW(9) 4, PUMPHP (20)
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DIMENSTON TLDUG) JALH(5) 4ALCH(5) ySLW(5) 3 SLCHIGB) 4PVLUWIS)
DATALXNAME=#¥*MATNLNS?®)

DATA{YMAME =¥ ATETALY)
DATA(PUMPHP=0.755100314542e0334035e037¢5910.0,15.0,
120409254093 04Cos840e0950e0960e0475.0, 100 09125.0,
2150.0,200.0)

CALL FQUIP(124XNAME)

C RPZAD BASIC MAINLIME DIMENSIONS
DEANI12,6012) (MDUJ) 3 ANHS) s AMCHII) ySHKE(J) 3 AMHT),
1A3MIHIY) sPYMH D) 4 J=1,8)
6212 FORMAT(I3,HFB.2)
CALL UNZAQUIP(12)

TOMMFT=0,0
c
£ GALCULATT TOTAL WFIGHT OF MAINLINES MATERIAL AND ENERGY
C FNY MANUFACTURE,

DN 9a I=1,NMS

0N A9 J=1,8

IFCINMIT) «£Q.MD(JY) 6O TO B0
69 CONTINUE
RO GO TN(201,2029203,206) ,M4TY

231 TMNAT=XLMUI)/ZXLNMN*(XLNMN*SHR(J))
EMMET=TMNWT *3,5
GC TC 21P

202 TUNHTZXLM(T)/XLNMN® (XUNMN® MU (J) +AMCH (J))
THAET=THMNWT *3 €,
GO TO 210 -

203 TMNWT=XLM(I)/XLNMN® (XLNMN¥PYMW (J))
EMMET=TNWT*15,2
60 TO 210

20t TMYWT=XLM(T)/XLNMN® (XLNMN¥ABMU (J) + ABMCN (J))
EMAET=TMNWT*3,12

210 TEVMFT=TEMMFTH+EMMFT

g9 CONTINUE
c
C WRITE MAINLINE MANUFACTURING ENERGY

WOTTE (51,6112 T MMFT
.6112 FORYETI(SX,2EMZRGY 7O MAMUFACTURE MATNLIMNFS=#,F10.7,
17 KILOWATT=-HOURSZ)

CALL EQUIP(A13,YNAME)

e READ BASIC LATERAL DIMENSIONS
EFAY(13,A013) (TLNII) 4, ALWITY, ALCHI(T),SLHWITI)4SLCWI(I),
1PVLWIIY ,I=1,5)

6013 FOPMATI(IZ,5F5.2)

C
C CALCULATE TOTAL WEIGHT OF LATZRAL MATFRIAL AND ENERGY
C FNR MANUFACTURS,
D7 50 I=1,5
TFIIDLT.EQ.ILDII)Y GN TN 59
g CONTINUZ
58 GO TO(301,302,303)44LTY

391 RINT=(RRIHT*CL.4)+0.2
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TLATHT=XNLTS* SPRNMO*® (XLNLT*SLWI{TI) +SLOW(TI) #RTIUHT)
ELMFT=TLATHT*R,5

GO TO 310

RIWT=RIHT*N,6

TLATKHT= XNLTS*SPRNO¥ (XLMLT*ALWII)+ALCWIT)+#RINT)
ELMFT=TLATUT*36,

GO T 310

RIWT=RIHT*0.15

TLATUT=XNLTS*SPRNO* (XLNLT*PYLW(I)+RINWT)
FLMFT=TLATWT*15,2

CONTINUE

CALL UNEQUIP(13)

WRITF LATE2AL MANUFACTURING ENERGY
WRITE(SL1,6113) ELMFT

FORMATI(S5X,2ENFRGY TO MANUFACTURE LATERALS=#,F10,2,
12 KILCWATT=-HOURS?)

CALCULATE MANUFACTURING ENERGY FOR PUMPTING UNIT
no 70 I=1,20

IF(3HP.LE.PUMPHPITI)) GO TO 40

CONTINUF

DAY P=PUMPHA(T)

WRITE(61,6121)DAHO

FORMATISX,#DESIGN POWER UNIT CAPACITY=%2,F7.,2,# HPZ#)
EPAMFT=DRHP*1163,1

WRITF(6146111)EPPMFT

FORMATASX,2ENERGY TO MANUFACTURE PUMPING PLANT=#,
1F17.24%2 KILOWATT=HOURS2)

CALCULATE MANUFACTURING EMERGY FOR SPRINKLERS
WTSPR=NDSPR*XNLTS*1.1

FNSPMFT=WTSPR¥1Q,77

WRITE(61,6117)ENSPMFT

FORMATISX 4 2ENERGY TO MANUFACTURE SPRINKLERS=#,F12,.2,
12 KWHZ2)

RETURN
END

SURBRCUTINE TRNSPRT1
COMMON SPOH gHFL yHF M, STL,ELEVDF yHFSLyHFMISC4SPRNO,

1NSPR,EFPPyFFGPyIPTY, THHP yXNLTSa XLNLTLINLT,EFMO,

ZXLNMN, TOMNG RIHT 4 CHWM g CHWL 9 XMLT 3 3HP 4 MLT Y, MMTY,

ASPOHF o TRWTyMNPOGILTPNy XNIPSy ACRE y DMMF 4 DLTF, TXLMMN, TLNLT,
GOMy XLMIOHy NMS,HPND 4, DNALZTNAZFREQZEFIRHZWIDE ,NIPS,

SELMFT 3ENINSTEPPMF T, TENPS,TEMMFT ,ETTRP, ENSPMFT 4, NOSPR

DIMENSTON AOMI10Y,XLM(19) ,IOM(10)
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CALTULATE ENERGY FOR TRANSPORTING PIPES
ETRMFT=TRWT*8,572",

EFTRP=6.*NTPS*¥39,061

ETTRP=ETRMFT+EFTRP

WRITE(RL14H116)ETTRP

FORMAT(SX,2ENFRGY FOR TRANSPORT=%2,F10.7,

12 KILOWATT-HOURS PER SEASON#)

RETUPN
END

SU3ROUTINE INSTALL1
COMMON SPOH4HFL HFMySTLyFLEVOF 4 HFSLaHFMISC,SPRNO,

10SPRLEFPR,TFGP, IPTY s THHP 4 XNLTSe XLNLTsIDLT,EFMQ,

2XLNMN IDOMN; RIHT s CHWM, CHHWL 5 XNLT . BHP 4 MLT Yy MMTY,

3SPOHF s TRWTyMNPOy ILTPOy XNIPS ACRE s OMNF 3 DLTF o TXLNMN, TLNLT,
LAMy XLMe IDOMa NMSHHPD, ONA, TNALFRENZEF IRLWIDE, NIPS,

CELMFT yENINS T, EPPMFT,TENDS, TEMMFT 4ETTRP,ENSPMFT 4, NOSPR

DIMENSTION OMI10),XLMT10),IDM(10)
DATAUIYES=#£YES %)

CALCULATE ANY INSTALLATION ENERGY FOR RURYING PIPELINES
WRTITE (61,6162)

FORMATIS5X,2IS MAINLIME BURIEDAZ)
READ(EDLBRA2)MNPD

FORHUAT (R4)

WRITE {561,6163)

FORMAT(5X4#ARE LATERALS BURIEDAZ)
READ(ED0,6063)ILTPD

FORMAT(RY)

IF{MNPO.EQ.IYESIGO TO 600

IF(ILTPOLENLIYESIGO TO 601

FNINST=0.00

WRITE (61461F1)

FORMAT(SX, ZINSTALLATION ENERGY IS NEGLIGIBLE.Z)
GN TO QB8

IFLILTPOEN.TIYESIGO TO 701

CALULATE VOLUME DF EXCAVATION AND ENERGY REQUIREMENT
ENTNST=0.0

N0 658 I=1,NMS

DMNF=TOM(T) /712.0C

EMINST=XLMII)*{(2,+OMNF) *{.33+40MNF) *,3
ENTNST=ENINST+EMINST

GO TO 378

ENTNST=TLNLT*(2.4DLTF)*(,33+NLTFI*.3

GO TO a30¢C
ENINST=TLNLT*®* (2. 40LTF)*¥ (. 33+0LTF) $TXLNMN*[2,+NMNF) *

10.33+#DOMNF) *,.3

WRTTE (61,6164 )ENINST

FORMATISX£INSTALLATION ENFERGY=2,F10,2,2 KILOWATT-HOURS?#)
RETURN

END
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SUBROUTIME CIPCIRR

CENTER PIVNAT SPRINKLER SYSTEM ENERGY REQUIREMENTS

(o Nele]

COMMON SPNOHHFL HFMySTL,ELEVDF ¢HFSL,HFMISC,EFMO,
1LEFPP 4 EFGPyIPTY s THHP, IDLT 4 XNMNS,NIPS,FREQ,EFIR,
2XLNMNy TOMN,RIHT s CHHM 3 CHHL s BHPyMLTY 4MMTY , TNA,ONA,
3SPOHF MNPy XNTPS, ACRFE 4 OMMF g DLTF o TXLMMNy TLNLT R XNTOM,
UWXENPT g EMMF T yELMFTEPPMF T, TETRPTLENINST

NEW VARIABLES NFFINED FOR SURBROUTINE CIRCIRR

XNMS = NUMBER OF MAINLINE SFECTIONS

XNTOW = NUMBER OF LATERAL SUPPORT TOWERS
TETRPT = TRANSPORTY ENERGY (KWH)

XENPT = SEASONAL PUMPING ENERGY (KWH)
FREQ = ROTATION TIME FOR SYSTEM (HR)
NGPM = PUMPING RATE (GPM)

ODO0ODOOOIDHOHO

DATA(WNAME=2%XINCEMT £)

€001 FORMAT(3F10.2)

6002 FORMAT(3I2,2I3)
CALL EQUIP (41 ,WNAME)

C

c READ BASIC INPUT DATA
READ{L1,6002) IPTY MLTY,MMTY,IOLT, IDMN
READ(L1,6001) SPOHCHWM,CHUL,STLyELEVDF,HFSL,HFMISC
READ(L1,5001) TNASONASTLNLT, XLNMN,RIHT
READ(41,6001) EFPP,EFGP,EFIRP,EFY0, XNMNS
READIGL,A001) FREQLACRE,XNTOW
CALL UNEQUIP(41)
CALL OPRATE2
CALL MANFCT?2
CALL TRNSPRTZ2
CALL INSTALLZ?

c CALCULATE AND WRITFE SEASONAL ENERGY REQUIREMENTS
TOTSEN=XENPT4+TETRP T+ {EMMFT4FLMFT+EPPMFTH+ENINST) /20,
WRITE(H61,A100) TOTSEN

6100 FOIMATI(SX,2TOTAL SEASONAL ENERGY=Z2,F20,2,¢%# KWHZ)
SENPA=TOYSENSACRE
WRITE{(RL1,A110)SENPA

6110 FORMATI(S5X,2SEASONAL ENFRGY PER ACRE=Z,F20424% KWHZ)
FNPAT=SEND A/TNA
WRTITE (61,5190) EMPAT

5190 FOMATISX,2ENERGY PER ACRE=INCH=#,F10,2,% KWH/ACRF=INCH?)
RETURN
END
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SUSBROUTINE OPRATE?
CALCULATE PUMPING ENERGY

COMMON SPOHyHFL HFM,STL,ELEVOF 4HFSLyHFMISC,4,FFM0,
1EFPP 4 FFGPy TPTY o THHP , TDLT o XNMNS 4 NIPS,FRENLEFIR,

3SPAHF gMNPO s XNTIPS, ACRE g DMNF g OLTFa TXLNMN, TLNLT4XNTOW,
GXENPT o EMMFET G ELMFTEPPMF T, TETRPT,,FENINST

CALCULATE PUMPING RATFE
OGPM=ACRE*NNA¥453,/(FREN*EFIR)
XNTPS=TNA/NNA+,99
NIPS=IFIX(XNIPS)
Q=NGPM*],00222"

TTOT=NIPS*FRED

DMNF=TOMN/12.0

DLTF=INLT/12.0
SPOHF=SPOH*2,307
TXLNMM=XLNMN*XNYNS

CALCULATE TOTAL HEAD REQUIREMENTS

HEM= ((Q* TXLNMN** ,56) Z{ (3, L *DOMNF**2) 74) *
L1CEOMNF/ZL) **,83) % (1,318%CHWM) ) ) *%1,85
HEL=COIO®TLNLT®**,548) /{((3.14%,5521%¥2) /4) *((.5521/74)
1**,63)*{1.318*CHWLY)I**1,B5)*,5333
TOH=SPOHF+HFL+HFM+STL+ELEVDF +HFSLH+HFMISC+RIHT

CALCULATE POWER REQUIREMENT AND PUMPING EMNERGY
WHO=Q¥TDH/ 8,81

BHP=HHP/EFPP

TF{IPTY.GT.0) GO TN 100

THHP=BHD/ (EFGPXEFMQ)

GO TO 101

THHP=BHP /EFMO

XENPY=TTOT*THHP*(,7457)

WRITF(61,6101) THHP

FOIMAT(IDX,2THE THEOMAL HORSEPOWER=Z24F10.?)
FORMAT {qX| tHF”=11 Fiﬂ.?,!BX,tHFL?—i, Fiﬁo "g/SX,
12TDH=#,F10. 2)

WRITE(H1,6221) XENPT

FORMATI(5X,2TOTAL PUMPING ENERGY PER SFEASON=£4+F15.2,
12 KWHZ)

WRITE(61,6227)T7T0OT

FORMATI(EX,F10,2)

WRITE(K1,6222)0GPM

FORMATI(S5X 4 £PUMP DFLIVERY CAPACITY=#,F10,2,2 GPMY¥)
WRITF (614231 INIPS

FORMATISX, 2NUMBER NF IRRIGATIONS PER SEASNN=Z.14,
12 CYCLES®)

RETIURM

END
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SUIRDUTINE MANFCT?2
CALCULATF MANUFACTURING ENERGY

COMMON SPOH HFL JHFM,STLL,ELEVDFyHFSL4HFMISC,EFMO,
1CFPPEFGP,IPTY , THHR, TOLT o XNMNS G NTIPS, FRENLEFIR,
2XLNMN, IOMN 4 RIHT s CHWM , CHWL 4 BHP, MLTY 4 MMTY, TNA, DNA,
ISPOHF s MNPOy XNIPS,ACRFE g OMNF 4 DLTF, TXLNMN TLNLTLXNTOW,
LXENPT 4 EMMF T o ELMF T, EPPMFT, TETRP T, ENINST

DIMENSION MND(9) 4AMWIQ) yAMCHI(D) 4 SMH (I} ,ABMW (D), ARMCWIQ)

DYMENSION PVYMWIQ) ,PUMPHP (210)

DIMEMSTION TLDUS) ALWIS) s ALCWIS) 3 SLHIS5Y sSLCHIE) 4 2VLHLIE)

DATA(XNAME=2¥MATINLMS )

DATA(PU"‘pHP=0.75v10 311.5920 B‘ 3.3;51077. 5‘100 81 15.“9
1204604250043 30605404045060560404+75.04100.045125.0,
2150.0,4,280.7)

CALL EQUIP(12,XNAMF)

READ BASIC MAINLINE DTMENSIONS
READ(12,6012) {IMD(L) 4 AMAITIY AMCWITI) 4SMWII),ABMUIT),
1ABMCHI(I) 4PYMWII),I=1,8)
FORMAT(I346F6.2)
CALL UNEQUIP{12)
no 69 I=1,1%
IF(IDMNLEQ.MDITY) GO TH 61
CONTINUF
GO T0(201,2024203,204)4MMTY

CALCULATE MAINLINE MANUFACTURING ENFERGY
TMNWT =XNMNS* { XLNMN*SMUW(TI))
EMMFT=TMNWT*8,5

GO TO 210
TMNAT=XNMNS* ( XLMMN*AMW(I) +AMCHWII))
EMMAFT=TMNWT *36,

GO TO 210

THMMAT=XNMNS* ( XLNMN*PYMW(T) )
EMMFT=TMNWT*15,2

GO TO 210
TMNWT=XMMNS* { XLNMN*ABMW(T) +ABMCKH (I ))
EMMFT=TMNWT*8,1

WRITE(51,6112)CEMMFT

FORMATI(5X,2ENERGY TO MAMUFACTURE MAINLINES=Z,F10,2,
172 KILOWATT-HOURSE)

WRITE(B1,4)1

FORMATISY,2T=2,12)

CALCULATE MANUFACTURING ENERGY FOR LATERAL
TLTWT=5000.43000,%XNTOW

ELMFT=TLTWT*8,5

WRITE(61,6113)ELMFT

FORMAT (S X, 2ENERGY TO MANUFACTURE ROTATING LATERAL=Z,
1F10.24% KWHZE)
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r CALCULATE MAMUFACTURING THERGY FOR PUMP UNIT
no 7z I=1,20
IC(3HPLLEL.PUMPHR(TI))Y GO TO 40
79 CONTTHYEZ
1 DRHP=PUMPHB (T)
WETTE (51,6121) N13HP
6121 FNO2MAT(EX,20FSIGN PAORFR UNIT CAPACITY=Z2,F7.2,% HPZ)
EPPMET=NRHEY1163.0
HATTE 1614 6LV EPPHET
€111 FORMATHLSY,2EMORGY T2 MANUFACTURE BUMPING PLAMT=Z,
1F12.24% KILOWATT=-HNURSZ)Y
RETURN
=Nl

SUBRNUTINE TINSPRT?

CALCULATE TRANSPORT EMF2RY

OO0

COMNON SPOH HFL G HF M, STLFLEVDF JHFSL,HFMISC,EFM0,
1EFI0,EFGP, IPTY,, THHP, TOLT , XNMNS NIPS,FREQ,EF 1B,
2XLMMM TOMN, RIHT o CHHM  CHUL 5 3P, MLTY , MMTY , TNA, ONA,
ISPOHF o MNPD, XNTPS , AGRE , IMNF 4 DLTF TXLNMN, TLNLT 2 XNTOW,
BXENPT ySMMFT JELMET EPDMFT ,TETRPT, ENINST

NTIM=IFIX (XNTOW)
TIME=0.1
NN 7R I=1,NTOW
PTIME=2,*I
78 TIMS=TIME4PTINE
FNTRPT=0,828%TINE
TETRPT=INTIPTENIPS
WRTTF{51,€14L)TFTEPT
6144 FORMAT(5X,2TRANSPORT ENZRGY=%4F10.242 KILOWATT=-HOURS?Z
1# PZR SFASONZ)
RETYRN
£NN

SURRCUTINE INSTALL2

CALCULATT AMY INSTALLATTON FNERGY

™Mo

COMMON SPOH HFL sHF My STLLELEVDE JHFSL HFMISE ,EFM0,
1EFODR,TFGR,IPTY s THHD,, INDLT 4 ¥NMNS 4 MIPS,,FEEQ,TF IR,
PXLMAM g TOMNG RIHT CHUM g THUWL 9 3HP G MLTY ¢MMTY ., TNA,DNA,
3SPNYF g MNPO y XNTPS s A2 C g DMNF o DLTFy TXLNMM,y TLNLT g XNTNH,
LUTHPY g FAMFT g LMFT,EPPMFT (TSTRPPT,ENTINST
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6162

6062

161

~00

61r 4
e

5 B Jietw

MOMO00M0N00A%000

60N1
6002

BATA(IY=S=2YES %)

WEITE (61,6162

FOPMATISX . £IS AAINLINE 3YRIFNaz)
READ(ED,RDAR2IMNPO

FORMETIRL)

IF(MNPOLEN.IYES)IGO TO 600

EMINST=0,0"7

WRITE (h14h161)

FO2MAT(SX,2INSTALLATION ENERGY IS NFGLIGIRLE,.?)
GO 70 agoQ

CALCULATE VOLUME OF SXCAVATION AND ENERGY RENQUIREMENT
ENINST=TYXLMMN* (2, #OMNF) * (,334DMNF) *,3

WRITF(A1,6164) ENINST

FORMATISX2INSTALLATTON ENERGY=24F10.247 KILNWATT-HOURSZ)
RETURM

£MD ' ‘

SURRNUTTIHNE TRICKLE
!

TRICKLE IRCPIGATION SYSTEM ENERGY REQUIREMENTS

COMMON SPOH,HFLHFM,STL,FLFVDF yHFSL, HFMISC,SPRNO,NOPEM,
LEYMLNGEFPPySFGP, IPTY, THHP yXNLTS s XLNLT 4 IDLT s HFSM4 IDSM, EFMO,
ZXLNAN 3 TOMNy CHWM 3 CHWL o XLNSM 3 3HP ¢ MLT Y, MMTY 3 RON,PLT, TLSM,
3SPOHF s TLNMNyMNPOs ILTPD,y DSMF o ACRE 9D MF 3 DLTFy TXLNMN, TLNLT,
40My XLMyTDOMy NMS 3 HPO 3 ONB  TNA JEMGPH,EFIR,WIDE ,NIPS,XLFN4 ANLTS
Sy TENPS,ETTRP y ESMMFT 4 EMMFT o ELMF T4 ENINST g EPPMFT , ENEMFT

NEW VARIABLES DFFINED FOR SURROUTINE TRICKLF:?
NOPZM = EMITTERS PER PLANT
EMLN = LENGTH OF MICRO TUBE EMITTER (FT)

XLHSM = LENGTH OF SURMATNLINE PIPE SECTIONS (FT)
ROW = SPACING OF PLANT 20WsS (FT)

PLT = SPACING OF PLANTS IM ROW (FT)

TLSH = LFNGTH OF SUBMAINLINE (FT)

DSMF = NTAMETER OF SUSBMAINLINE (FT)

INSM = DIAMETER OF SUSMAINLINE (IN)

DNA = DATLY APPLICATION (IN/DAY)

XLEN LONG DIMENSION OF FIELD (FT)

EMGPH = EMITTER DISCHARGE CAPACITY (GAL/HR)
EMSMMFT = ENERGY YO MANUFACTURE SUBMAINLINE (KWH)

i

DIMENSION OM(10),XLM(10),IDM110)
DATA(UNAME=2%xXTINNRIP#)
FORMATIAF10.2)

FOIMAT (312,313)

TALL EQUTIPt1,UNAME)
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C RFAJ RASIC INPUT NATA
PEAD(1,5002) IPTY,MLTY MMTY,INDLT,IOMN,TOSM
PEAD(146071) CHWMyCHHWL ¢STLHZELEVODF,HFSL,HFMISC
SEADL1,6001) TNASONA, XLMNMMNXUNLT 4 XLNSH
READ(1,5001) EFPPLEFGPyEFIREFMO,ROWHPLT
PEAN(1,6001)HPDLACRE JHINDF 4 XLEM
CALL UNFQUIP(1)
CALL PPRRTFR
CALL MANFCT3
CALL TRNSPRT3
CALL IMNSTALLS3

C CALCULATE AMD HPITE SFASONAL ENERGY RFQUIFEMENTS

TNTSEN=TENPS+ETTRPPH {ESMMFTH+EMMFT+ELMFT+ENINST) /20,

1+FPOMFT/15. +ENEMFTZ1E,

SFNPE=TOTSEN/AC®T

WeITE (61,6157) TOTSEN
6157 FN2MATISXy2TOTAL STASONAL EMERGY=Z,F15.24% KWHZ)

WRITE(H1,5615%) SEMNPA
6158 FO?YMAT(5X,#SEASONAL FNERGY PER ACRE=%2,F10.24% KWH/ACREZ)

CHNRATI=SENP I/TMA

WRITE (A1,6143)YZNPAT
H1L3 FOPMATI(S5X,#FENERGCY PER ACRF-INCH=#4F10.24% KWHZ/ACRF=INCH?)

DET(JP M

£rn

SHUAROUTINE OPRATER

i
C CALCULATF PUMPTING =NERGY
c
COMMON SPOH, HFL yHFM, STLSLEVDF yHFSLyHFMISCoSPRNO,NOPEM,
1EMLNYCFOP L EFGP, TPTY,, THHP ¢ XNLTS s XLNLT yIOLT4HFSM, IDS M, EFMO,
2XLNMNGTIMN, CHWM, CHHL  XLNSM 9 RHP g MLTY, MMTY ,ROW,PL T, TLSM,
ISPAHF s TLNMA G MNP D, TLTPO, DSMF o ACRE s DMF 4 DLTF 3 TXLNMN, TLNLT,
40OMa XL My T OMy NMS s HPD g NNA, TNA JEMGPH EFTRSHIDE yNIPS yXLEN, ANLTS
5y TTNPS,TTTRP,, ESMMCT ,EMMFT o ELMF T, ENINST 4 EPPMFT, ENEMFT
DIENSION QMI10),XLM(10) ,IDM(10)
C |
c CALCULATE PUMPING PATE

QPUAP=NNA*4 53, *ACRE/ (HPD*EFIR)
PLTNO=ACPE*43560, /7 (ROW*OLT)
XM_TS=2, *WTDE /RON
NPLANT=0PUP/PLTHO
GPHPLT=ROW*PLT*NNA®, 028
TMG20=PLTNO/XNLTS
TTOT=TNA®24 ,/7DNA
WRITE(H146187) GPHPLT ,0PUMP
6187 FORMATISY,#0PLANT=2,F7.3,7 GPHZ,5X,20PUMP=%,
1F11.7,2 GP %)
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WRITE (h1'yh131)
618R FORMAT(1X,2EMITTERS-LENGTH-FLOW GPH-PRESSURE?)
FTAN(RDLE021)MOPEMLEMLN, EMGPH,SPOH
6021 FORMAT(I1,F14.24FB8.2,F10,.2)
DLTF=T0LT/12.0
SPOHF=SPOH*2.307
TLSM=WIDE/?.
TLNMN=XLEN /2,
TLNLT=XLEM/ 2.
QMF=QPIIMP/ 897 . BFR
NSMF=TNSM/s12.,
DMF=I0OMN/12.0
QLTF=GRPUMO 7 (XNLTS*L45,31)

c CALCULATET TOTAL HEAD REQUIREMENTS
HFM=((L(OPUMP/L4LRB.BA) * (WIDE/2 ) **,5L4) /(L ((3.,14%DMF*¥2)
174V ((OMF 7L, ) **,53) *(1.318*CHWM)I}) **1 . R5 i
HESM= (((OMF* (XLEN/2)**,54) /(LU [3.1L*DSMF¥*2) /L,)*
LIOSME/L ) * % (FT)* (1,318¥CHUM)) ) *%1,858% 0,351+
201 /7XNLTS) +SORTLLILL7/(XNLTS /2,0 **2))
HFL=(((QLTF*TLNLT** 5L} /7 (((2.14%,58%%2) /4, )*((.58/4,)
1#* ,p3)1*¥(1.31A¥CHHL)) ) *¥1,°5) *[,351+(.5/5MGRO)*
2SNRT (. 1L17/7EMGRN*¥2))
TOH=SPOHF +HFL+HFM+HFSM#STL +ELEVDF+HFSL+#HFMISC

Cc CALULATE POWER RFQUIPEMENT AMD PUMPING EMNERGY
WHP=0PUMP*TDH/ 3960,
BHP=WHP/7FFPP
IF(IPTY.GT.C) GJ3 Tn 170
THHP=PHP/ (ZFGO*EFMN)
GN TN 121
100 THHP=BHP/ZFMQ
171 TENPS=TTOT*THHP*, 7457
WRITE(G1,6101) THHP
1M1 FORMATUIICX42THE THERMAL HORSEPOWER=Z,F10.2)
WRITE(61,5201) HFM,HFL4HFSM, TDH
6201 FORMATIGXZHFM=Z2,3F 10429 /5X,ZHFL=24F10.24+7/5X,
1#HFSM=Z,F10,2, /%X 2TDH=2,F10.2)
- WRITE (51, E130)TENPS
6180 FO3MAT(5X4 2SEASONAL PUMPING -ENERGY=%2,F12.2,% KWHZ)
RETURN
END

SUIRCUTINE MANFLCT3

CALCULATF MANUFACTURING FNERGY

(o Hlop W]

COMMON SPOHHFLsHF ¥, STLaFLEVDF s HFSL,yHFMISC s SPRNC,NOPFM,
LEMLNy EFPPyCFGP, IPTY, THHP s XNLTSy XLNLT s INLT yHFSM, IDS My EFMO,
2XLNMNy TOMNy CHWM 3 CHHL o XLNSM, PHP , MLT Y, MMTY 3RO PL T, TLSM,
3SPOHF  TLNMN, MNP0, TLTPO, DSMF , ACRE 3 OMF o DLTF s TXLNMN, TLNLT,
QMo XL My TDMy NMS s HPD,OMA 5 TNA JEMGPH SFIR s WIDESNIPS o XLEN 4 ANLTS
Sy TENPS,CTTIP , ESHMET EMMFT, ELMF T ENINST,EPPMFT L ENEMFT
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DIMENSION NOM(10),XLM(10)Y,IDM(L0)

DTHENSINN MDU9) 4 AMW(9) 4 AMCHI(3) ySMH{S) 4, ABMU(G) , ABMCH (D)
DIMENSION PUMWI9) ,PUMPHP {20)

DIMENSTIOM TLN(9), ALWIG) s ALCWI9) ,SLWIS),SLCW(A) ,CVLHI(9)
DATAUXNAME=2z*MATINLNSZ)

DATALYNAME=2*{ ATERAL )
DﬂTﬂ(PU-’“‘”HD:D.?S,i-B:1."712.{',3.5'5.0'?-5;10.‘3.15-0;
120042560493 0:0940.045040+560.40475404100:,04125.0,
2150.0,200.0)

CALL FQUIP(12,XNAMF}

C

n PTA) RASIC MAIMLINFE DATA
READ(124,6012) (MD(J) o AMWI(J) 4 AMCHIJ) 4 SMWILJ) , ABMU(J),
1ABMCH (JY o PYMKH () 4 J=1,4R) .

6012 FORMAT(IZ,AFH.2)
GCALL UNECUTP(12)

C

C CALCULATE MAINLINZ MAMUFACTURING ENERGY
nn A9 J=1,8
IFIIDMNLEQ.MD(J))Y GO TN KO

/9 CONTINUZ

&2 GO TN(211,202,273,20L4) 4 MMTY

201 TMNWT=TLUNMNZ XLNYN® IXLNMN®SMU(J))
EMAFT=TMHWT*R 5
GO TO 210

202 TUNAT=TLMMN/ XLNMN® (XLNMN*AMY (J) +AMCH (J))
EMMFT=TUYNWT*3F,
GO TO 210

2n3 TMNWT=TLNMN/XLNMN* IXLNMN*PYMW (J})
EMAFT=TMNWT*15,2
GO TO 210 :

204 TUNUT=TLMMN/ XLNYN# IXLNMN*ABMW(T) +A2MCHWILT) )
EMMFT=TMNWT*R .0

218 CONTTNUF
WRITE(R146112) EMMFYT

6112 FORMATI(SY,,ZENFRGY TO MANUFACTURE MAINLINES=2,F10.2,
1# KILCWATT-HOURS?)
CALL EQUIP(12,YNAME)

.C

C FEAD BASIC SUBMATNLINE DATA
PEAD012,6012) (MOLA)Y L AMW(J) ,AMCWLJ) 4SMUWTJ) , ABMH YY),
1ARMCH D) PYMKHIJ) 4 J=1,E)
CALL UNEOQUIP(12)

c

C CALCULATE SUBMATNLINE MANUFACTURING ENFRGY
D0 6L J=1,8
IF(ICS4.EQ.MD(J)) GO TO 67

bl CONTINUT

67 GO TO(LN1,502,503,%04) 4MMTY

471 TSUNWT=2,*TLSM/XLNSM* (XLNSM*SHMW (T} )
ESHYYFT=TSHNWT*8.5 -
GN 70 4179

4Nz TSUMNHT=2 *TLSHM/ZYXLNSM*¥ IXLNSA*AMW(J) +AMCHLJ) )
ESMMET=TSMNWT*35b,
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Lp3

LO4

410
6141

60132
Cc
c

5n
50
3n1

3102

310

6113

6100

6000

GO TN 410

TSHHHT=2 ¥ TLSM/XLNSM* {XLNS4* PYMUW (J))

ESMMFT=TSMNWT*15,2

GO TO 410

TSYNHT=2, *TLSM/XLNSM¥ IXLNSM*ARMW (J) +APMC W (.J))

ESMMF T=TSMNWT*8.0

WRITE (6156141) ESHMFT

FOOMAT(5X ,2ENSRGY TO MANUFACTURE SUBMAINS#,F12,2,% KHWHZ)
CALL EQUIP(13,YNAME)

REA) BASIC LATERAL DATA

READ(13,6013) (ILDII) 4 ALW(T) ALCWLI)SLW(T)SLCWIT),
1PVLWITY,I=1,5)

FORMATIIZ 5F62)

CALCULATE LATERAL MANUFACTURING ENERGY

NN 5 I=1,5

IF(IDLT.EQ.ILDUITI)) GO TN 59

CONTTNUF

GN TO(301,302,303),MLTY
TLATHT=XMLTS*TLNLT/XLMLT* (XULNLT*SLW(I) ¢SLCWI(I))
CLMFT=TLATWT*3,.5

GO TC 31¢

TUATHWT= XNLTS*TLNLT/XLNLT*(XLNLT*ALWII)+ALCWI(T))
ELAFT=TLATWT*3¢,

GO TO 34D

TLATWT=XMLTS®*TLNLTZXLNLT* (XLNLT*PVLK(T))
ELMFT=TLATWT*15.2

CONTIMUE

CALL UNEQUTP(13)

WRITE(61,6113)ELMFT

FORMATISY ,#°NFRGY TO MANUFACTURE LATFRALS=#,F1042,

12 KILOWATT=-HNUTSE)

CALCULATFE PUMPING UNIT MANUFACTURING ENEIPRGY

nn 70 1=1,20

IF(BHP.LE.PUMPHPI(I)) GO TO 40O

CONTINUE

D3HP=PUYHMPHD [T)

WRTTE(R1,6121)0DRHP

FNARMATISX,2DESIGN POUWFR UNIT CAPACITY=%Z4F7.24+% HPZ)
EPPMFT=D3HP*11R3, N

HRITE(Bh1ly5111)FPPHFT

FORMATIOX ,2ENERGY TO MAMUFACTURE PUMPING PLANT=%£,
1F1N0.24#2 KILOWATT-HAURSZ)

CHINSE EMITTER TYDPE

WRITE(61,5100)

FORMAT (SX,2ENTER NUMBER 0OF EMITTER TYPT.2,/5X,
1#1¢ DRIPEZ= 2: MIMCROTUREZZ)
READIED,H6000YTIEMTY

FO/MAT (I1)
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C CALGCULATE EMITTEE MAMUFACTURING FMERGY
IFUTIFEMTY EQ.1)6G0 T 10
WTEM=NOPFM¥ACRE*T7E , 71¥EMLN/(ROW*PLT)
EMIYFT=WTEM*®2D,

GO 1N 11

in WTIM=MOPEM*¥BACRE*H262 45/ (ROW*OLT)
ENCAFT=UTEM*20.

11 WRITE (614h101)ENFMFT

101 FOPMAT[S5X2ENTRGY FO® EMITTERS=£,F10.2,%2 XWH¥)
FETUEM
I

SUBROQUTINE TRNSPRT3

NDO TPANSPORTATINN ENZPGY FOR TRICKLZ SYSTEM .

(op M B

COMMON SPOH,HFL ¢HFMySTL,ELTVNF 4 HFSLyHFMISC,SPRNO,NNCEM,
LEMLNGECPP,y SFGFaIPTY s THHP ¢ XNLTS e XLNLT ,IDLT 4 HFSM, TDSM4FFMO,
2XLNYNG INMM  CHWY g CHWL 9 XULNSM 9 3HP g MLT Y, 4MTY 4, FOWLPL T, TLSM,
3SONHF , TLNMMeMNPO, TLTPO,DSMF, ACRE y DMF 4DLTF, TXLNMN, TLNLT,
LOMy XL My IDMs NMSyHPD 3 ONALTNA, EMGPHaFFIR, WIDE4NIPS s XLENSANLTS
T MNP S, CTTOP s ESMMF Ty EMMFT s FLMF Ty ENINSTyEPPMFT,,E NEMFT

DIMENSTION OM(10) 4, XLM{10),I0M(10) ‘

ETTRP=0,0

WeITE(BL1,A116)ETTRP

611 Fh FOMAT(SX,2ENE2GY FOR TRANSPORT=2,F10,2,
12 KILOWATT-HOURS PFR SFASONZ)
RETURM
£M0

SUAROUTINE TINSTALLT

CALCULATE INSTALLATICN EMERGY

OO0

COMMCN SPOM,HFL 4HF M, STL,FLEVDF yHFSL,HFMISC,SPRNO, NOPEM,
LTMLN, FFDR, EFGP, TPTY  THHP y XNLTS y XUNLT , TDLT , HF SM, IDSM, EFMO,
2XLNANSIOMNy CHHM g CHWL o XLNSMy RHP g MLTY s MMTY yROWL,PLT,TLSWM,
ISPIHF  TLNMN, MNPO, TLTPO, DSMF 4 ACRE SOMF,DLTF , TXLNMN, TLNLT,
BOMyXLMyTOMyNMS, HPO yNMA, TNA,EMGPH,EFTR, WIDE sNIPS s XLEN , ANLTS
By TINPSGETT 2P ) ESHMFTEMMFT, ELMFT,ENINSTEPPMFT, ENEMFT

NIMINSION OM(10),XLM(10) ,I0M(10)

DATA(IYES=ZYES %)

WRTTE (A1,6162)

6162 FNIMAT(5X,21S MAINLINE QURIEDAZ)
OTAN(FD, 6062) MNPO

6762 FOUAT (RL)
WRTTF (51,6163)

€16% FO 4ATISX,2ARE LATERALS SURIEDAZ)
RTAN(EN, 6053 TLTPA

6053  FNI4AT W)
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6161

610

601
701
830

6164
qne

o NeNel

o leEe Nollele R

6701
6002

TF{MNPJLEN.TYFS)GD TO 600

IFLILYPD.FENIYESIRO TD 601

ENINST=0,00

WRTTC (61,6161)

FORMETISX,7INSTALLATION =NERGY IS NEGLTGTIRLE.?)
Gn TO 300,

IFIILTPOL.EQ.IYES)GO Y0 701

CALCULATT VOLUMZ OF EXCAVATION AND ENERGY RFOUIREMENT
ENINST=(TLNMN® (2.+DMF) ¥ [ IJDMF) £2,*TLSMH*
1(2.+NSMF) & .FIENSHF) )%, 3

GN 10 800

ENINST=XMLTS*TLNLT*{.5¢0LTF)*(.33+DLTFY*.3

GO TO 800
ENTNST=(XNLTS*TLNLT* [ S+DLTF)*®* (4 33+40LTFI+TLMNMN* (2, +OMF) *
1(0.33+0MFY 42, *TLSM*12.4DSMF)I* (. 33+DSMF))*,.3
WRITE (K1, H516L)ENTNST

FOSYATI(5X, PINSTALLATION ENEPGY=#£,F13.2y2 KILOWATT-HOUZS?)
FETURN

=Hn

SUASNUTINE SIDFMNOVE
SINT REOLL SPRINKLER SYSTEM ENERGY REQUIREMENTS

COMMOM SPOH,HFL,HFM,STLyZLEVDF4HFSL4,HFMISC,SPRNO, :
1NSPR EFPPy“FGPy IPTY,, THHP s YNLTS+XLMNLT,INDLT,EFMN,
2XLNMN g IOMNS RIHT s NHWM g CHWL s XNLT s RHP MLTY s MMTY s I WD,
3SPIHF s MMPO s XNTP Sy ACRT 3 OMNF DLTF o TXLNMN, TLNLT, '
LOMy XLMyTOMy NMS 4 HPD 3 ONAZ TNALFREQHEFIR4WINE 4 NIPS, !

STENPS g TEMMET g TLMFT EPPMF T4 ETTIP, ENINSTHENSPMFT 4 NOSPR

TWN = WHEFL DIAMFYER (IM)
WNF = WHEEL DTAMETER (FT)
WWT = WHEEL WTTGHT (L™

tLPMFT = ENERGY YO MAMUFACTURZ LATERAL PIPE (KWH)
EMOMFT = EMECGY TO MANUFACTURE MOVIMG UNIT (KWH)

NIMENSION QMU10) 4XLM(10),T0M(10)
DATA(PNAME=Z*XTNSINES)
FORMATIRF17.72)

FORMAT(312,313)

CALL FAUIP(31,2NAME)

RTAD B2ASIC INPUT NATA

READ(31,6002) TIPTY MLTY MMTY,IWD

RFAD(31,6001) SPOH,CHWM,CHWL sSTL,ELEVDF,HFSLHFMISC
READ(31,6001) TMALZONA,XLNLTe XLNMN, RIHT
READ(31,6001) EFPP,CFGP,EFIRL,EFMO

RZ29(31,6001) FREQ,HPD,ACRE,WIDE

CALL UNFRUIP(31)Y

89




CALL OPRATFY4
CALL MANFCTL
CALL TRNSPRTY
CALL INSTALL%4

c CALCULATE AND WRITE SEASONAL ENERGY VALUES

TOTSEN=TENPS+ETTRP+ITEMMFT+ELMFT4+ENINST) /20,

1+EPPMFT/15.+ENSPMFT/10.

WRITE(61,6100VTOTSEN
6100 FORMAT(SX,2TOTAL SEASONAL ENERGY=2,F20.24% KWHZ)

SENPA=TOTSEZN/ACRE

WRITE(61,6110)SENPA
6110 FORMATI(5X,#SEASONAL ENERGY PER ACRE=#,F15.,24% KHWHZ)

ENPAT=SENPA/TNA

WRITE(H1,6198)ENPAT
6198 FORAMAT(S5X,2ENERGY PER ACRE INCH=%,F10.2y7 KWH/ACRE=-IN#)
RETURN .
END -

SUBROUTINE OPRATFY

CALCULATE PUMPING ENERGY

OO0

COMMON SPOHsHFL,HFMysSTL4ELEVOF,HFSL,HFMISC,SPRNO,
10SPRyEFPP,EFGP, IPTY 3y THHP 3 XNL TSy XLNLT 4 IDLT 5 EFMO,
ZXLUNMNg IDMNoRIHT y CHWM g CHWL s XNLT 4 SHP ¢ MLT Y, MMTY, T WD,
3SPOHF 3 MNPOy XNIPSs ACRE 4 DMNF ,DLTF, TXLNMN, TLNLT,

LOMy XLH,IDMy NMS,HPD,ONA, TNAsFREQ.EFIR,WIDE,NIPS,
STENPS y TEMMF T4 ELMFT ,EPPHFTLETTRP, ENINST s ENSPMFT 4 NOSPR
DIMENSION QM(10),XLMI10),IDM(10)

c CALCULATE PUMPING RATE
TLNLT=WIDE/2,
SPRNO=TULNLT/XLNLT
NOSPR=IFIX{SPaNO)
QPUMP=ACRE*DNA*453,/ (FREQ*HPD*EFIR)
WRITE(61,617) QPUMP

617  FORMATISX,2QPUMP=£,F10.2,% GPMZ)

,  MWRITE(B1,611)

611  FORMAT(5Xs2ENTER NUYRER OF LATERALS IN SYSTEM. (XX.)%)
READ(60,601) XNLTS

601  FORMAT(F10,2)
QLT=QPUMP/XNLTS
WRITE(61,614) QLT

614 FORMAT(SX,2QLATERAL=2,F7.2,% GPM%)
0SPR=QLT/NOSPR
ONOZ={QSPR/ (28,9L*SPOH** ,5)) ** 5
QLTF=0LT*,06223
XNIPS=(TNAZDNA) +,99
NIPS=IFIX{XNIPS)
TTOT=NIPS*FREQ*®HPD
SPOHF=SPOH*2,307
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c

613

693

6198
h021

c
c

6181

500

100
101

6101

6201

6159

6116

DETERMINE MAINLINE CONFIGURATION
WRITE161,613)

FORMAT(S5X,2ENTEP NUMBER OF MAIN STEPS,LATERAL SI7E.%,
171X 4 #UNDER =1,2- RESPECTIVELYZ,/1X4,212%)
READ(6D0,603) NMS,IOLT

FORMAT(2I1)

ODLTF=INLT/12.0

WRITE (61,6198}

FOMATUL1YX,2DIAMETER-FLOW RATE-LENGTHZ)
READ(HD,6021) (LTOMIT) ,QMTI) 4 XLM(I), I=1,NMS)
FORMATI(I2,F18B.24F15,2)

CALCULATE TOTAL HEAD REQUIREMENT

HF“:G e ﬁ

DO 500 TI=1,NMS

DMNF=TOM(IV/12.0

OMF=0M({I)/4uL8,R3
HFP=((OMF*XLM(TI)I** ,SL) /7T ( (3. 14 DOMNF**¥2) /7L ) ¥
TUIIMNF/L)*#* . 63)*11.318*CHWM))) **1, 85
WRITE(6156181)I,HFP

FORMAT(5X s 2HFMIINCREMENTALY 2,122 =2,F10,.2)"
HFM=HFM+HF P

CONTINUE
HFL=C({IQLTF*TLNLT**.54L4)/ (( (3. 14¥DLTF**2)/74)* ({DLTF/L)
1%*,63)*%(1.,318*CHHL) ) *¥1 ,85)%(,351+(.5/SPRND)Y+
2SORT (. 1417/SPRNOD**2))

WOF=IWD/12.0

TDOH=SPOHF +HFL+HFM+STL4ELEVDF+HFSL+HFMISC+RIHT+WOF/ 2.0

CALCULATE POWER AND SEASONAL ENERGY REQUIREMENT
WHP=QPUMP*TDH/39A0.

BHP=WHPZEFPP

IFUIPTY.GT.0) GD TO 100

THHP=RHP/(EFGP*EFMO)

GO 7O 101

THHP=BHP/EFMQ

TENPS=TTOT*THHP /1,361

WRITE(61,65101) THHP

FORMAT (10X, #THE THERMAL HORSEPOWER=%2,F10,2)
WRITE(6146201) HFM,HFL,TOH

FORMATAS Xy 2HFM=2,F10.2,/5X2HFL=2,F10.2,/5X,
12TDH=#,F10.2)

"WRITE(6146159) TENPS

FORMATI5X,2SEASONAL PUMPING ENERGY=%2,F15.24% KWHZ)
WRITE(61,6116)DNDZ

FORMAT(5X42NOZZLE DIAMETER=2,F10.642 IN. )
RETURN

END
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SUBROUTINE MANFCTG

CALCULATE MANUFACTURING EMERGY

Ooon

COMMON SPOH4HFLosHFMySTLyELFEVDOF4HFSL,HFMISC4SPRNO,
10SPRSEFPPyFFGPIPTYy THHP s XNLTSs XLNLTIDLT,EFMO,
ZXLNMN o IOMNyRIHT yCHWMoCHNL g XNLT 4 BHP ¢ MLTY,MMTY, T WD,
3SPOHF 4 MNPOy XNIP Sy ACRE s DMNF 4DLTF, TXLNMN, TLNLT,
LOM, XLMaTOMs NMS,HPD,ONAy TNASFREQ,EFIR,WIDE,NIPS,
STENPS g TEMMF T ELMFT LEPPMFTL,ETTRPL,ENINST,ENSPMFT 3 NOSPR
DIMENSION AM(10)4XLM(10),IDM(10)
DIMENSION MDI(O) 4 AMWI9) 4 AMCWI(9) ySMH(9) ,ABMW(9) 4 ABMCWI9)
DIMENSION PVMW(9) ,PUMPHPI(20)
DIMEMSION ILO(5)3ALWI(5), ALCH(5) y SLU(S5)4SLCHI5) 3 PVLHWI(5)
DATA(XNAME=2*MATNLNSZ)
DATA(YNAME=£¥LATERALZ)
DATA(PUMPHP=0,.75914041e532:0493:035:097:45510.0,15.0,
120.0425.0433040,40,05,50.0,60.,0,75.05100.05,125.0,
2150,0,200.0)
CALL FAQUIP{12,XNAME)

C READ BASIC MAINLINE DATA
READ(12,6012) (MD(J) 4 AMH(J)  AMCHI J) s SMH D), ABMH (),
1ABMCH (J) s PYMWIL DY 3 U=1,8)
01?2 FORMATII3,6F6.2)
CALL UNEQUIP(12)}

c
c CALCULATE ENERGY TO MANUFACTURE MAINLINES
TEMMFT=0,0
DO 98 I=1,NMS
DO 69 J=1,9
IF(IDMIT)LEQ.M0(J)) GO TO 60
59 CONTTNUE
69 GO TO{201,202,203,204)4MMTY

201 TUNWT=XLM(I}/XLNMN* { XLNMN*SMW I J) )
EMMFT=TMNWT *8.5
GO TO 210
202 TMNRT=XLM(I)/XLNMN* [ XLNMN* AMW(J) +AMCW(J))
EMMFT=TMNKWT*36,
GO TO 210
203 TMNWT=XLMII)/XLNMN*{XLNMN*PVMW(J))
EMMFT=TMNWT*15,2
GO TO 210
204 THNWT=XLMIT)/XLNMN® (XLNMN*ABMW(J) +ABMCWLJ))
EMMFT=TMNWT*8,0
210 TEMMFT=TEMMFT+EMMFT
98 CONTINUE
WRITE161,6112)TEMMFT
6112 FORMATISX,2ENERGY TO MANUFACTURE MAINLINES=#,F10.2,
12 KILOWATT-HOURS#)

C CALCULATE LATERAL MANUFACTURING ENERGY

IFUIDLT.EQ.4) GO YO 47
IFI{IDLT.EQ.5) GO TO 57
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WRITE16146135)
613% FORMAT{SX,2LATFRAL SIZE IS NOT STANDARDZ)
GO TO 99
L7 TF(IWDLEQ.4B) GO 70O &1
IF(IWN.EQ.,60) GO TN &2
IF(IWC.EQ,BL) GO TO 43
IF({IHD.EQ.76) (O TN 44

45 WHRITE{H145610L5)

145 FORMATI(SX,ZWHEEL STIZE IS NOT STANDARD®)
G0 TN 99

L1 WWT=3R,
GO TO 48

L2 WWAT=4L41.5
GO TO 48

43 WHT=LbG,
GO TO 48

Gl WWT=FD.

L3 LYHT=XLNLT*{1.05) +5L4+WWT
GO TO 61

57 IF(IWD.EQ.4B) GD TN 514

IF(IND.EN.AR) GD TN 52
IF{IWD.EQ.%4) GO TN 53
IFTIWD.E0.76) GN TO 54

G0 TO 45
51 WWT=29,
GO 70 58
52 WHT=42,5
GO 7O 58
53 WWT=4L7,
G0 7O S8
54 HWHWT=64.
58 LTHT=XLNLT* (1 .42) 47 LeWWT
&1 TLTWT=LTHT*XNLTS

ELPMFT=TLTWT*35,
EMOMFT=5000 . *XNLTS
FELMFT=FELPMFT+EMOMFT
WRITE 161,611 3) ELMFT
6113 FOIMATISX,2ENERGY TO MANUFACTURE LATERALS=#,F10.2,
1# KILOWATT~HOURS?)

c
c CALCULATE PUMPING UNIT MANUFACTURING ENERGY
c

Do 7 1I=1,20
TF{3HPLELPUMPHP(I))} GO TO 410
70 CONTINUE
Ln NBHP=PUMPHOI(TI)
WRITE(61,5121)0D8BHP
6121 FORMATISX,#DESIGN POWER UNIT=Z,F7.24% HP CAPACITYZ)
EPOPMFT=DBHP*1163.0
WRITE (61,56111)EPPMFT
6111 FORIMATISX,2#ENERGY TO MANUFACTURE PUMPING PLANT=#,
1F10.2,%2 KILOWATT=-HOURSZ)
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6117

93

(ap Mg B |

6116

o000

CALCULATE SPRINKLFR MANUFACTURING ENERGY
WTSPR=NOSPR*XNLTS*1.1

ENSPMFT=WTSPR*12,77

WRITE (5146117 )ENSPMFT

FORMAT(5X,2ENERGY TO MANUFACTURE SPRINKLERS=%2,F12,2,
1% KHWHZ)

RETURM

ENN

SUBRCUTINE TRNSPRTL
CALCULATE TYRANSPORT ENERGY

COMMON SPOH,HFLHFM,STL,ELEVDF 4 HFSL,HFMISC,SPRNO,
10SORHEFPP,EFGPyIPTY , THHP s XNL TS XLNLT,IDLY,EFMO,
2XLNMN TOMNaRIHT 3 CHWMa CHWL s XNLT 3 BHP o MLT Y MMTY s TWD,
3SPNOHF 4MNPO 4 XNIPS, ACRF yDMNF 4 DLTF, TXLNMN, TLNLT,
LOMy XLM TDMa NMSyHPD s DMNA, TNAGFRENLZEFIRLWIDEZNIPS,
STENPS g TEMMFT4ELMFT 4 EPPMFTLETTRP,ENINST, ENSPMFT 4 NOSPR

DIMENSTON OM(10),XLM{10),TDML{10)

ETTRP=(239332.¥ACRE*NIPS)/ZIXLNMN*XLNLT*SPRNO)

WRITE(61,6116)ETTRP

FORMATISX,ZENERGY FOR TRAMSPORT=#,F10.7,

12 KILGWATT=HOURS PER SEASON?Z)

RETURN

END

SUBRROQUTIMNE INSTALLG
CALCULATE INSTALLATION ENERGY

COMMON SPOHHFLyHFMySTL,ELEVOFHFSL,HFMISC,SPRNO,
10SORLEFPPyEFGP, IPTYy THHP s XNLTSa XLNLT 2IDLT 4 EFMD,
ZXLNMNG TOMN, RIHT o CHWMy CHHLy XNLT 4 BHP g MLT Y, MMTY, TWD,
3SPOHF ¢ MNPO 4 XNIPSy ACRESOMNF 4DLTF TXLNMN,TLNLT,
GOMy XLMy IDMy NMS 3 HPD s ONA, TNALFREQ,EFIRLWTINE 4NIPS,
STENPS g TEMMFE T o ELMFT 4EPPMFT,LETTRPENINST o ENSPMFT 4, NOSPR

DIMENSION QM(10),XLM(10),IOM(10)

DATATIYES=2YES #)

HRITE (51,6162}

FORMATIS X, 2IS MAINLINF BURIEDAZ)

RFAD(E0,6062)MNPD

FORMAT(R4)
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IFIMNPOL.EQ. IYES)GO TO 600
ENTHNST=0.0
WRITE(BL1,6161)
6161 FORMATISX,2ZINSTALLATTON ENERGY IS NEGLIGIBLE.?)
Gn TO 97D

C
C CALCULATE YOLUME OF EXCAVATION AND ENERGY RFQUIREMENT
690 ENINST=0.0

DO 650 I=1,NMS

DMNF=INM(T) 712,00

EMINST=XLMII)* {2, #DMNF)I* (,33+DOMNF) *. 3
6510 ENINST=ENINST+EMINST

WRITE (5146164)ENINST
6164 FORMATISX,2ZINSTALLATION ENERGY=#£,F10.24# KILOWATT-HOURS#)
900 RETURN

END

SUBROUTINE SCLINSETY

SOLID SET AND PERMANENT SPRINKLER SYSTEM ENERGY REQUIREMENTS

(o Hor e J

COMMON/TAGZISYSTY

COMMON SPOHY ¢HFL yHF M, STL,ELEVDF yHFSLyHFMISC,SPRNO,IDSM,
10SPRyEFPPyEFGPy IPTYy THHP o XNLTSH XLNLT,IDLT,ESMMFT,EFMO,
ZXLNMN o IDOMNy RIHT g CHHM g CHWL o XNLT 4 BHP 4 MLTY 4 MMTY ,HFSM, XLSM,
3SPOHF s TRHT 3y MNPO,TLTPOXMIPS, ACRE4DMNF s DLTF, TXLNMN, TLMLT,
40Me XLMy TOMy NMSyHPD,DONA, TNALFREQLEFIRLWINE ,NIPS, XLEN, ANLTS,
STENPS g TEMMF T4 ELMFT 4EPPMFT,ETTRPHENINST ENSPMFT 4 NOSPR

c ANLTS = NUMBER NF LATERALS OPERATING STMULTANEOUSLY

NDATA(BNAME=#*INSOLIOZ)

DATA(GNAME=Z£*XTNPERM?Z)

ODIMENSION OM(103,XLM(10) ,IDM(10)

C
c CHECK FLAG FOR SOLID SET OR PERMANENT SYSTEM
IF{ISYSTY.EQ.7) GO TO 42
CALL EQUIPIL51, 3NAMF)
GO TO 46
42 CALL EQUIP(51,GNAME)
L5 CONTINUE

6001 FORMAT(8F10.2)
6102 FORMAT(312,21I3)

c READ SASIC INPUT DATA
READIS1,6002) IPTY  MLTY  MMTY
READ(51,6011) SPOH,CHWM,CHWLSTLyFLEVDF,HFSL,HFMISC
READIS1,A001) TMALDNAZXLNLT, XLNMN,RTHT
READ(51,6001) EFPP,EFGP,EFIR,EFMO
READ(S1,60N1)FRFQHPD, TRUT ,ACREZHINELXLEN
CALL UNFRUIP{(S1)
CALL OPRATESR )
CALL MANFCTS
CALL TRNSPRTS
CALL INSTALLS
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610¢C

6110

616k

OO0

6187

o0

pLn

CALCULATE AND WRITE SEASONAL SNTRGY VALUES
TOTSEN=TENPS+ETTRO# {TEMMFT +ESMMFT+ELMFT#ENINST) /20,
1+EOPMFT/15, +ENSPMFT /10,

WRITF(61,6100) TOTSEN

FORMAT(5X4#TOTAL SEASONAL ENERGY=£,F20,2,% KWHZ)
SENPA=TOTSEN/AGRE

WRITE (61,6110)SENPA

FORMAT(5X, 2SEASONAL SNERGY PER ACRE=2,F15,2,% KWH?)
ENPAT=SENP 8/ TNA

WRTTE (61,6166) ENPAT

FORMAT(SX4£ENERGY PER ACRE-INCH=#,F10,2,# KWH/ACRE=-INCH?)
RETURN

FND

SU3ROUTINE OPRATES
CALCULATE PUMPING ENERGY

COMMON SPOHaHFL sHF My STL2ELEVOF3HFSLyHFMISC4SPRNG,TNSH,
10SPRYyEFPPEFGPy TPTY s THHP 3 XNLTS 4 XLNLT4TOLT 4 ESMMFT,EFMO,
ZXLNMNy IDMN, RIHT g CHHM g CHUWL g YNLT 3 BHP yMLT Y MMTY 4HFSM, XLSM,
3SPOHF s TRHT , MNPD L, TLTPO, XNIPSy ACRE sOMNF o DLTF 3 TXLNMN, TLNLT,
GOMy XLMyIDMy NMS o HPO 3 DNA9 TNAZFREQHEF IRy WIODES NIPS 4y XLENy ANL TS,
STENPS g TEMMFT 4 ELMFT 4 EPPMFT,,ETTRP,ENINST ,ENSPMFT , NOSPR

DIMENSION OMU10)4XLMU40),T0M{10)

CALCULATE PUMPING RATE
TLNLT=WIDE/2,

SPRNO=TLNLT/XLNLT

XNLTS=2, *XLENZXLNMN
NNSPR=IFIX{SPRNO)
QPUMP=ACRE*DNA*453, / (FREQ¥HPD*EFIR)
XNIPS=(TNAZ/DONA) +,99
NI?S=IFIX{XNIPS)

TTOT=NIPS¥FREQ*HPD

WRITE (61,6187 )XNLTS,NPUMP
FORMAT(S5X,2> OF LATERALS=#,F7.2,5X,20PUMP=2,
1F10.2,% GPM#)

DETERMINE NUMBER OF LATERALS OPERATING SIMULTANEOQUSLY
WRTITE(61,+5619)

FORMAT(5X,£2 AF LATS. OPERATING SIMULTANEOQUSLYA (XX.)#)
REAND(60,F03) ANLTS

FORMAT (F10.2)

QLT=0PUMP/ANLTS

QSPR=QLT/NOSPR

DNDZ=(QSPR/ (28, 9u¥SPNH¥* 5)) **,5

XLSM=XLNMN*ANLTS/2,

WRITE(61,610)0LT

FORMATISX 4 2QLATERAL=2,F7 4242 GPMZ)
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G DETEPMINE MAINLINE CONFIGURATION
WRITE(561,612)
612 FORMATIS X, 2ENTER NUMBER OF MAIN STEPS,LATFRAL SIZE.%,
171X 2UNDER =1,2= RESPECTIVELYZ,/1X,212%)
READ(AN,BN2) NMS,INLT
612 FNRMATI(2I1)
WRITE(BL,6188)
6188 FORMATIIX,2DIAMETER-FLOW RATE-XLENGTH2)
READ(6046021) (IDMIT)4QMII) 4 XLMII)yI=1,NMS)
6021 FORMATI(IZ2,F18.2,F17,2)
DLTF=IDLT/12.C
GLTF=QLT*,N0223
SPOHF=SPOH*2,.307

c CALGCULATE TOTAL HEAD REQUIREMENTS

HFM=N,0

DO 580 I=1,NMS

DMNF=TDOM(I) /12.0

IDSM=IOMIIY

DSMNF=INSM/12.0

QMF=QMI{TI) /&LB,. 23

HFP=( (OQMF*XLM(I) ** .56} /70 ({3 1L*DOMNF**2) /L) *
1CIMNF/4) **,63)%(1,.318%CHWM))) **1,85

WRITE(61,6181)I,HFP

£181 FORMATISX, 2HFMIINDCREMENTALY#,12,2 =£,F10.2)
HFM=HFM*HFP
500 COMTINUE

HFL=(((QLTF*TLNLT**, S4) 7 ({3, 14%DLTF**2) /74)* ((DLTF/4)
1%%,63)*¥11,318*%CHWL)) ) **1 ,85)* (. 351 +#(,5/7SPRNC) +
2SORT1.1417/7/SPRND*%2))

HFSM=( ({{QLTF*ANLTS* (XLNMN®ANL TS/2.)%%,5L) 7 10(3,14*
1DSHMNF**2) /L ) * L {DSMNF /4, 1¥*,63)* (1. J1R*CHWM) ) ) **1, 85} ¥
2Le 333+ (1, /ANLTS)#SORT (L 14417/ (ANLTS/2,.)**2})

TOH=SPNAHF+HFL+HFM+HF SM4STL+ELEVOF+HFSLAHFMISN#RIHT

[ N ]

CALCULATE POWER AND PUMPING ENERGY RENQUIREMENTS

WHP=QPUMP*TDH/ 3960 .

BHRP=WHP/EFPP

IF(IPTY.GT.0) GO TO 100

THHP=AHP/{EFGP*EFMD)

GO TDO 101

100 THHP=RHP/EFM(

101 TENPS=TTOT*THHP*, 7457
WRITE(H61,6101) THHP

6101 FORMAT(10X,2THE THERMAL HORSEPOWER=2,F10.2)
WRITE(61,6201) HFM,HFL,HFSM, TDH

5201 FORMATISXZHFM=2,F10,2,/5X,2HFL=2,F10.24/5X,
1ZHFSM=£,F10.2,4,/5X,2TDH=¢2,F10.2)
WRITE(HK1,6189)0N0OZ

6189 FOIMATIEX,£2SPRINKLER MOZ7LE DIAMETER=Z,4FB.6,% IMN.%)
WRITE (H1,6190) TENPS

5198 FOIMATISX, £SEASONAL PUMPING ENERGY=Z,F12.24% KWH2)

RETURN

ENTD
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SURROUTINE MANFCTS
C CALCULATE MANUFACTURING EMERGY

CNYMON SPOH,HFL ¢HFM, STLyELEVOFsHFSLa HFMISC,SPREND,TDSM,
10SPRyEFPP EFGP s TPTY gy THHP o XNLTSyXLNLT»IDLT 4 “SMMFT,L,EFMO,
2XLNMNg TOMNG RIHT g CHWMyCHHL o XNLT 3 BHP gMLTY g MMTY . HF SM, XLSM,
3SPOHF 3 TRHT 4 MNPDa ILTOO  XNIPS, ACRE 3 OMNF o DLTF o TXL NMNy TLMLT
GOM XL My IDMy, NMSyHPD 4 DNA, TNALFRFEQZEF TR, WIDF 4NIPS , XLEN, ANLTS,
STENPS y TEMME T yELMFT JEPPMET  ETTRPLENINST4EFNSPMFT 4 NOSPR

DIMENSION OM(10),XLM(10),IDM{10)

DIMEZNSION MND(9A) 4, AMW(9) s AMCW{O) s SMH (9}, ABMU(T), ABMCHWI(9)

DIMENSION PVMW(9) ,PUMPHP (20)

DIMENSION TLD{(9)4ALWI(9) ,ALCH (9] 4 SLHW{S) 4 SLCWI(G) 4PVLWIO)

DATACXNAME=2*MATNLNSZ)

NDATA(YNAME=2* ATERALZ)

CATAIPUMPHP=0,7541404135920932035aM3745910.0415.7,
12040925eT 430043404045 0404560a0475:40,100.045125.0,
2150.0,200.M)

CALL FQUIP(12,XNAME)Y

C RFEAD BASIC MAINLINE DATA
REANIL12,6012) (MDUJ) 3 AMWIJ) ,AMCH{J) 4SMHTJ) ,ABMHW LY,
1ABMCUW L) s PYMUW L) 4 J=1,38)

6012 FORMAT(I3,6F6.2)
CALL UNEGQUTIP(12)

TEMMFT=0.0
c
c CALCULATE MAINLINE MANUFACTURING ENERGY
00 99 TI=1,NMS
no 59 J=1,38
IFIIDMIT).EQ.MD(J)) GO T B0
69 CONT INUE
60 GO TO1201,202,203,20L),MMTY

201 TMNWT=XLMII) ZXLNMNFIXLNMN*SMW [ ]))
EFMMFT=TMNWT*8,.5
GO TO 210

2ne TMMAT=XLM(T) ZXLNMN®IXLNMN*AMWJ) +AMCH (D))
EMMFT=TMNWT*36,
GD TO 210

203 TMNWT=XLMI{T) Z/XLNMN® IXLNMN¥*DYMWIS))
EMMFT=TMNWT*15,?
GO TO 210

204 TMNWT=XLM(I) /ZXLNMN® {XLNMN*ABMW(J) +ABMOUHTJ)Y)
FMMFT=TMNWT*R,N

2180 TEMMFT=TEMMFT +EMMFT

93 CONTINUE
HRITE(51,6112) TEMMFT

6112 FORMATISX,ZENFERGY TO MANUFACTURE MAINLINES=#,F10.2,
12 KILOWATT=-HOURS#)
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C CALCULATE SUBMATINLINE MANUFACTURING ENEZRGY
POD B4 J=1,8
IF(IDSMJEQ.®D(JIY GO TO /7

64 CONTINMUE

67 GO TO(4T1,402,403,L04),MMTY

401 TSUNWT=XLSM/XLNMN® (XLNMN*SMKW (J))
ESMMFT=TSMNWT*2,5
GO TO 410

Lo2 TSHUNHT=XLSM/XUNMN® (XULNMN*AMKW(J) +AMCW (J))
ESMMFT=TSMNUWT*26,
GD TO 410

403 TSYNWT=XLSM/XLNMN® (XL NMNEPYMW DY)
ESMMFT=TSMNWHT*1E,2
GN TO 410

404 TSMNWT=XLSMZ/XLNMN®* (XLNMN*ABMW(J) +ABMCH (J) )
ESMMET=TSMNWT*5,0

410 WRITE(HKL,614L1)ESMMFET

F1b1 FORMATISX,2ENERGY TO MANUFACTURE SUBMATN=Z,F12.,247% KWHZ)
CALL EQUIP(13,YNAME)

o0

READ BASIC LATERAL DATA
READ(13,6013){ILD(TI) 4 ALWIID4ALCHWII),SLHWITI) 4SLONW(I),
6017 FORMATIIZZS5F6,2)

c

C CALCULATFE LATERAL MANUFACTURING ENERGY
o 58 I=1,5
IF{IDLT.EQ.ILD(IYY GO TD &9

50 CONTINYE

59 GO T0(301,302,303) 4MLTY

301 RIWT=(RIHT*D.4)¢0,.2
TLATHT=XNLTS*SPRND*® (XLNLT*SLW(I)#SLOWIT)+RIWT)
ELMFT=TLATHT*8.5
GO TC 310
302 RIWT=RIHT*N,6
TLATWT= XNLTS*SPRNO* (XLNLT*ALW(II+ALCWIT)I+RIUT)
ELMFT=TLATWT*35,
GO TO 310
303 RIWT=RIHT*0,15
TLATWT=XNLTS*SPRNO* (XLNLT*PVLWII)+RINWT)
ELMFT=TLATWT*15,2
310 CONTINUE
CALL UNEQUTIPI(13)
WRITE(R1,6113)ELMFT
6113 FORMATI(SX,2ENERGY TN MANUFACTURE LATERALS=#,F15,2,
1# KILOWATT=-HOURS#)
C
C CALCULATE SPRINKLER MANUFACTURING ENERGY
TSPRWT=SPRNO¥XNLTS*1,1
ENSPMFT=TSPRWT*10,77
WRITE(61,6149) ENSPMET
6149 FORMATISX,2ENFRGY T MANUFACTURE SPRIMKLFRS=#,F15,2,
12 KWHZ®)
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79
40

6121

6111

D00

QoOn

43
49
611F

CALCULATE PUMPING UNIT MANUFACTURING ENERGY

no 70 1=1,21

IF({8HP.LE.PUMPHP(I)) GO TO 40

CONTINUE

D3HP=PUMPHO (I}

WRITF(H1,6121)DBHP

FORMAT(SX,2DESIGN POWFR UNIT CAPACITY=2,F7.2,% HPZ)
EPPMFT=NRAHP¥11Kr3.10

WRITE(H5146111)FEPPMFT

FORMATISX,2ENERGY TO MAMUFACTURE PUMPING PLANT=Z#,
1F10,.,24% KILOWATT-HNURS?#)

RETURN

END

SUBROUTINE TRNSPRTS
CALCULATE TRANSPORT ENERGY

COMMON/TAG/ZISYSTY

COMMON SPOH4HFL4HF M, STLLELEVDF 4HFSL,HFMISC,SPRNND,IDSM,
10SPRyEFPPLEFGPy IPTY,y THHP 4 XNLTS ¢ XLNLT 4, IDLT ,ESMMFT,EFMO,
2XLNMN, IDMN  RIHT yCHWM s CHWL 9 XNLT g BHP 4 MLTY , MMTY , HF SMq XL SM,
3SPOHF 3 TRWT s MNPO S ILTPOSXNIPSy ACRE s DMNF 4 DLTF o TXLNMN,y TLNLT 4
4OMy XLMyTOMy NMS4HPD4DONA, TNA,FREQLEFIR,WIDE,NIPS, XLEN, ANL TS,
STENPS g TEMMF Ty ELMFT ,EPPMFTLETTRPLENINST4ENSPMFT 4, NOSPR

DIMENSION OM(10),XLM(10),I0MC10)

CHECK FLAG! TIF A PERMANENT SYSTEM, TRANSPNRT ENERGY
IS NEGLIGIBLE

IFLISYSTY.EQ.7) GD TO 43
ETRMFT=TRWT*8,.,5/20.
EFTRP=WIDE*XNLTS/235,

ETTRP=ETRMFT+EFTRP

GO TD 49

EYTRP=0.010

WRITE (614,6116)ETTRP

FORMATISX . #ENFRGY FOR TRANSPORT=%,F10.2,
1# KILOWATT-HOURS PER SEASQONZ)

RETURN

END
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600

701
6Nl
80an

6164
9ae

SU3ROUTINE INSTALLS
CALCULATE INSTALLATION ENERGY

COMMON/TAG/ISYSTY

COMMON SPOH,HFL JHF M, STL, ELEVDF , HFSL, HFMISC,SPRNG, TDSM,
10SPR4EFPP,EFGP y IPTYy THHP s XNL TSy XLNLT 9 IDLT 4 ESMHF TLEFMO,
2XLNYNy TOMNy RIHTyCHAMy CHALy XNLT 9 3HP o MLTY , MMTY JHF SM, XLSM,
3SPOHF s TRNT y MNPO, TLTPO,XNIPS, ACRE 4 DMNF, ALTF, TXLNMN, TLNLT,
40My XLMyIDMy NMS, HP Dy ONA» TNAFREQy EF IRy WIDE s NIPSy XLENy ANL TS
STENPS, TEMME Ty ELMF T, EPOMF T, ETTRP, ENINST, ENSPMFT,NOSOR
DIMENSION AM(10),XLM{10),T0M(10)

DATA(IYFS=£YES 2)

CHEZCK FLAGT TIF A SOLID SET SYSTEM, INSTALLATION ENERGY
IS NEGLIGIBLE
IF(ISYSTY.EQ.5) GO VO 72

CALCULATE YOLUME OF EXCAVATION AND ENERGY REQUIREMENT
EMTNST=0,0

nn 650 I=1,NMS

DMNF=IDOM(IV /12,10
PMINST=XLM(I) ¥ (2. +DMNF) *{, 33+DMNF) *,3
PMINST=PMINST+EMINST
ELINST=XNLTS*TLNLT*(2.+0LTF)*(,33+DLTF)*,3
ESMINST=XLSM* (2. +IDSM/12,) *(,33+INSM/12,)1*.3
WRITE(H1,6162)

FORMATI(S5X,21IS MAINLINE BURIEDAZ)
READ(ED,6052) MNPD

FORMAT(RL)

WeITE151,6163)

FORMATI{5X,2ARE LATERALS BURIEDAZ)
READ(BD,6063)ILTPO

FORMAT (R4)

IF{MNPDLEQ. IYESIGO TO 6010
IF(ILTPOLERLIYES)IGO TO 601

ENINST=0.0

WRITF (61,6161}

FORMATISX s 2INSTALLATION ENERGY IS NEGLIGIBLE.?#)
GO TO 90t

ITF(ILTPO.EQ.IYESIGO YO 701
ENTINST=EMINST+ESMINST

GO TO 8010

ENINST=EMIMST+ESMINST+#ELINST

GO TO 300

ENINST=FLINST

GO T 200

WRITFE (51 ,6164)ENINST

FORMATISX,2ZINSTALLATION FNERGY=%,F10.2,7# KILOWATT-HOURSZ#)
PETURN

ENND
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SUBRCUTINE FURROW
SURFACE TRRIGATION SYSTEM ENERGY REQUIREMENTS

DATALPUMPHP =, 7591491059209 3095697¢5910,915.92044+2%.49304,
160495009800 97509100.412544150.,200,)
NDATATXNAME=2¥MATNLNSZ)

NATA{IYES=2YES %)

DTMENSION MO(O) ,AMW (T, AMCW(9) 4PUMPHP(20)
DATA(QNAME=Z*XTNSURF2)

HAUL = AVERAGE LENGTH OF HAUL FOR LEVELER (FT)

YART = LEVFELER HAUL CAPACITY (CU.YD.?

DE TH = NET APPLICATION (IN/IRRIGATION)

XDAYS = IRRIGATION FREQUENCY (DAYS)

TOTAL = SEASONAL APPLICATION [IN/SEASON)

ITRTY = LEYELING TRACTOR TYPE

ENPYD = LEVELING ENERGY PER YARD (KWH/TULYD.)

ENPAC = LEVELING ENERGY PER ACRE (KWH/AC)

TOLEN = TOTAL LEVELING EMERGY (KWH)

IRTY = TYPE OF SURFACE IRRIGATION

ENON = ENERGY 7O MAKE DTSTRIBUTION NETWORK (KWH/ZAC)
TENON = TOTAL ENERGY T0O MAXF DISTRIBUTTON NETWORK (KWH)
TPUMP = FLAG INDICATING PUMPING REQUIREMENT

STL = STATIC PUMPING LIFT (FT)

IHNDTY = FLAG INDICATING HEAD DITCH TYPE

ENHD = ENERGY TO MAKF HEAD DITCH (KWH)

ENHDPA = ENERGY TO MAKE HEAD DITCH PER ACRE (KWH/ZAC)

IMD = DIAMETER OF GATEND PIPE (IN)

ENGP = ENERGY TO MAKE GATED PIPE (KWH)

ICOTY = FLAG INDICATING TYPE OF CONTROL DBEVICE

ENST = ENERGY T0O MAKFE STPHON TUBES (KWH)

XNOTO = NUMBER NF TURNOUTS REQUIRED

ENTQ = ENERGY T0O MAKF TURNOUTS

ENCPA = ENERGY TO MAKE CONTROL NEVICES PER ACRE (KWH/ACRE)

CALL EQUIP(6,QNAME)

READ BASIC INPUT DATA
REAN(G,600NIHAUL,YARD,WINF4XLEN,DEPTH, XDAYS, TOTAL
CALL UNEQUTP({SH)

CALOCULATE ENERGY FNR FIELD LEVELING

ACRE=WINE*XLEN/L3560,

FORMATI7F 8. 2)

WRITF(61,6101)

FORMATIS5X,2ENTER NUMBER OF TRACTOR USED IN FIELD LEVELING?Z

14/5Xs#1t D7 AND 10 CU.YD, CARRYALLZ,/5X,
2#22% D8 AND 14 CU.YN. CARRYALL#+/5X,

3233 09 AND 20 CU.YD. CARRYALLZ)
READIBR,E001)ITRTY

FORMATITY)

GO TD{11,12413)ITRTY
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11

13
2N

6102
C

6103

5123

30

pi0tL
G

L1
6110

6010

6111

70
6112

5012
C

C

63
6107

ENPYD=289,/1{151.36=-."735*HAUL)

GO 70 29

ENPYD=450,/7(200.~-,1025%HAUL)

GO 0 20

ENPYN=605,/71284,5=-,1393*HAUL)
ENPAC=ENPYD*YARD/25.,.

TOLEN=ENPAS*®ACRE

WRITE(B1,A102)ENPAC

FORMATISX2LEVELING ENERGY=2,F 10,247 KWH/ACREZ)

CALCULATE ENERGY FOR MAKING FURROWS OR CORRUGATIOMS
WRITE (61,6103
FOIMATISX,2ENTER NUMBER OF TRRIGATION TYPEZ,/5X,

1#£1: FURROWS 2% CNIRARUGATIONSHE)

READ(RO,A0NL) IRTY

IFIIRTY.EQ.1)G0 T0O 30

ENDN=50,21

TENON=ENDN¥*ACRE

SPACE=1.67

WRITE161,6123)ENDN

FORMATI(S5X,2FNERGY TO MAKE GORRUGATES=£4F10,24%# KWH/ACRE¥)
GO TO 41

ENON=48,50

TENOMN=ENON*ACRE

SPACE=3,

WRITE(A]1,6104)ENDN

FORMATISX#ENERGY TO MAKE FURRNKHS=#,F10.2,# KWH/ACREZ)

CHZCK IF PUMPING IS REQUIRED AND CALCULATE PUMPING
ENERGY IF NECESSARY

WRITF(61,6110)

FORMATISX,21IS PUMPING RFQUIREDN TO IRRIGATEAIYES=-NO)Z)
READI(60,6010) IPUMP

FOIMAT(RY4)

TF(IPUMP.ERQ.IYES)IGO YO 79

WRITE(61,6111)

FORMATISX,2MN0 PUMPTING ENERGY REQUIREDZ)

GO TO &3

WRITE(61,6112)

FORMATISX,2ENTER STATIC LIFT,SOURCE=TO=FIELD,(FT)2)
REAND(6D,A012)STL

FORMATIF10,2)

CALCULATE ENERGY TO MAKE HEAD DITCH
WRITE(61,56107)
FOIMATISX,2ENTER NUMBER QOF HEAD DITCH TYPE#£,/5X,

1#1% UNLINEZD 23 CONCRETE LINED 3t GATED PTIPEZ)

READ(60,6008) THNTY
GO TO{31,32,33)TIHDTY
ENHO=,01*WINE
EMHDPA=ENHD/ACRE

GO T0 /D
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32

33

601F

6108

6008

57
58
6119

&0
6109

C
c
C

61065

6005

21

22
23
50
61CE

69
6112

ENHO=111.65*WIDE

ENHOPA=ENHD/ LACRE*25,)

GO TN &0

CALL EQUIPI(164XNAME)
REAN{16,6016) (MD(JY, AMWIJ) ,AMCHWIJ) , J=1,48)
FORMAT(TI3,2F6.2)

CALL UNEQUIPI(16)

WRITE(61,6108)

FORMATISX,2ZENTER DTAMETER OF GATED PIPE IN INCHES#

1£ (RIGHY JUSTIFY) XX#%)

READ(6D,6008) IMD

FORMATL(I?)

DN 57 J=1,1%

IFIIMDLEQ.MD(J)IGO TO 57

CONTIMUE

ENGP=(WIDE/30.) * {30, *AMUW{J)+AMCH I
ENHDPA=ENGP/UACRE*20,)

WRITE (61,56119)ENHDPA

FORMAT(SX,2ENERGY FOR GATED PIPF=£,F10.24% KWH/ACRE?#)
GO TOQ /9

WRITF(H1,6109)ENHDPA

FORMATISX,2ENERGY FOR DISTRIBUTION STRUCTURE=Z,
1F1N0.2+% KWH/ACREZY

CALCULATE ENERGY FOR MAKING SIPHON TUBES,

TURNOUTS, OR SPTLLS.

WRITF(61,6105)

FORMAT IS X, 2ENTER NUMBER QOF CONTROL TYPE USEDZ,/75X,
121t SIPHON TUBES#,/5X,223 EARTH TURNOUTS#,/5X,
22Xt CONCRETE TURNOUTSZ)

READ(ED,E005)ICOTY

FORMATI(I)

G0 TD(21,22,23)TC0TY

XNOST=WINE/SPACE

ENST=XNOST*10.3%

ENCPA=SNST/ (ACRE*20,)

GO YO 50

ENCPA=0.D

GO 70 651

XNOTO=WINE/ {SPACFE*3,)

ENTO=XNOTD*126,26

ENCPA=ENTD/(ACRE*25,)

HRITF (51456106)FNCPA

FORMATISX,2ENERGY FOR CONTROL DEVICES=%2,F10.2,¢# KWH/ACREZ)

GO TO 73

WRITE(B1,6113)

FORMATIS5X,2ENTER NUMBER OF ROWS IRRIGATED SIMULTANEOUSLYZ,

14 XXX 2)

READ(61,6212) XNRONW
IF{IRTY.EN.1)1GN TN 71
YXL=XNPNW*1 &7
XM=WIDE~-XL

GO 7O 72
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71

72

73

30

73
79

6114

O OO0

61165

XL=XNPOW*3,

XM=WIDE=XL

ARFA=XL*XLEN/L3560,
A=L4S5I*ARTA*NEDPTHSA (2L, *XNAYS*,5)

O=IMD712.0

HF=(((Q/744R 833 % (XM¥* S ) ) /7 ({{3.14%¥D*¥DY /L I*((D/L1*¥,53)
1¥158,16)) **1,85

HFEL=(({N/7448 R3)F(XL*¥*,SL) )/ ({{3,1L¥D¥D) /L 1*U{D/L,) *¥%,63)
1*158.16) 1 ¥%1,85
2 (« 351+ (.5/XNRNOUWY #SOART( 4 16177 IXNRODHW*XNROW) ))
TOH=HF#HFL#*+STL

GO TO 87

TF{IPUMPNELIYESIGO TO 90

Q=453 FACRE*DEPTH/ (2L, *XDAYS*,5)

TD4=STL

BRHP={Q*TNH) 72693,

FHP={OQ*TDH) /710.9
ENFUEL=((TNTAL*ACRE*FHP) 7(453,%Q)) *, 746

nn 78 I=1,20

IFIBHP,WLE.,PUMPHPIINIGN TN 79

CONTINUE

DBHP=PUMPHP(T)

ENPP=0RHP*58,15

ENPIUMP={ENFUEL+FENPP) ZACRF
WRITE(HL1,5114)N,DRHP4ENPUMP

FORMATISX,2PUMPING RATE=Z,F10.24+2 GAL/MIM,Z2,/5X,
12MOTOR CAPACITY=#,F1N.243% BHP.2+/75X%X,
2#SEASONAL PUMPING ENERGY=2,F10,24.2 KWH/ACREZ)

WRITE NUT SEASONAL ENERGY VALUES
TOTEN=ENPAC+ENDN+ENCPA+ENHDPA+ENPUMP
TENPAI=TOTEN/TOTAL

WRITE(h1,6115)TOTEN, TENPAT

FORMATISX,2TOTAL ENERGY PER ACRE=%,F12.2,% KWH/ACRE#
14/75Xs 2TOTAL ENZRGY PER ACRE=INCH=24F12.2,

2#KWH/ ACRE-TNCHE?

RETURM

END
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