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INTRODUCTION

Due to the supplemental nature of
sprinkler irrigation in humid and sub-
humid areas, the selection of optimum
on-farm system investment levels is often
a perplexing design problem for planners.
Current methods of design and adapta-
tion assure system capacities large enough
to meet water demands during peak con-
sumptive use periods (2). Since probabil-
ities of rainfall are largely ignored, the
capacities which are selected on this basis
usually possess a high likelihood of
physical adequacy in all years. It is
questionable whether these designs also
achieve attainable levels of economic effi-
ciency.

High likelihoods of complete physical
adequacies are particularly apparent when
center pivot sprinkler systems are used in
humid and northerly subhumid areas.
Table I, for example, shows the pumping
rates (expressed in U.S. gallons per
minute and acre inches per day equiva-
lents) which are generally available for 40
and 160 acre (16.2 and 64.8 ha) systems.
The higher pumping capacities in this
table exceed the design peak use rates of
many areas (5). Thus, where high per acre
investments can not be justified, multiple
field operation of individual systems may
be feasible and economically attractive.
But, when multiple field management is
attempted it is also obvious that the effec-
tive capacities of a given system will be
influenced by soil water holding capacity,
crop sequence, planting date of each
crop, system management scheme, port-
ability and climate. Hence, many interact-
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TABLE 1. AVAILABLE CENTER PIVOT SYSTEM CAPACITIES
Nominal Nominal
System Pumping System System Pumping System
Size Rate Capacity Size Rate Capacity
(acres) (gpm) (inches/day) (acres) (gpm) (inches/day)
401 300 0.343 160° 500 0.153
40 400 0.45 160 700 0521
40 500 0.56 160 800 0.24
40 600 0.67 160 900 05217,
40 700 0.78 160 1000 0.30
40 800 0.89 160 1200 0.36
160 1300 0.39
160 1400 0.42
160 1500 0.46

35.6 net acres irrigated per revolution

131.9 net acres irrigated per revolution

Pumping rate is expressed in acre inches per day.

A 75 per cent

water application efficiency is assumed.

ing factors will influence the selection of
an optimum investment level.

A generalized relationship among all
factors is difficult to obtain. Likewise,
attempts to separate the influences of
each variable can become very time con-
suming. With computors, computational
models can be developed to simulate
processes or systems in considerable

detail. Such models, which simulate the:

operating characteristics of specific types
of irrigation systems and which permit
the imposition of management scheme
variations, should offer improved
methods of analyzing the suitability of
given systems for specific applications.

This paper describes the development
of a computational model which

simulates the operation of center pivot
systems. This model is believed to be
particularly suited to studies which seek
to determine when and where given
systems may be used to irrigate more
than one tract of land. Because most
manufacturers sell a basic unit capable of
conveying a wide range of pumping rates,
it is assumed that pivot system utiliza-
tion may be optimized by determining
how much land a given unit can irrigate.
This is opposed to the conventional de-
sign routine of finding out how much
system is needed for a given tract of land.
Following the description of the model
development, an example application of
the model to the climatic data of a test
area (Oakes Irrigation District of North
Dakota) is illustrated.
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)EVELOPMENT OF THE SIMULATION
PROGRAM

Figure 1 schematically illustrates the
»arameters which were utilized to simu-
ate center pivot system operation. In
“igure 1,

K = numeral identification of each
field irrigated by a system

J = unit of area traversed in one
hour of system operation

JJ = total number of hours required

to make one revolution

These parameters were subsequently
incorporated into a soil moisture balance
equation as follows:

SMC(K,J)] = SMC(K J)[.1 + P +

SP1(K)[ - ET(K)] ......(1)
where:
SMC(K,J)1 =soil moisture content of the Jth
unit in the Kth field on day I
Py =effective precipitation amount
on day I
SP1(K)1 = net sprinkler application
amount applied per revolution
to the Kth field on day 1
ET(K)] = evapotranspiration amount in
the Kth field on day I
This soil moisture balance model
formed the basis for a computer

simulation program which was written.
This program is illustrated by a concept-
ual flow diagram in Figure 2.

The flow diagram in Figure 2 shows
that the computer program was expanded
considerably beyond the computation of
a basic soil moisture balance. The pro-
gram includes the following components:

(1) The Definition of Input Vari-
ables. The input data (exclusive
of climatic data) to the program
are defined in three parts:

(a) Parameters which charac-
terize soil moisture storage
capacities, crop production
functions, and data required
to compute irrigation effi-
ciences.

Parameters which identify
the capacity and operating
characteristics of a particu-
lar system.

Parameters which determine
the imposed scheme of
system management.

(b)

(©)
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Figure 1. Schematic of center pivot system
operation
(2) Water Balance Computa-

tions. This part of the program
is based on the following
assumptions:

(a) A maximum available soil
moisture storage capacity
(SMCT) can be defined for
each soil and cannot be
exceeded.

An allowable soil moisture
depletion level can be de-
fined for each crop-soil
combination. Examples of
this approach can be cited
3.

A high probability of soil
moisture replenishment
exists during the non-
growing season for the soil-
crop combinations con-
sidered. Hence, a soil mois-
ture balance need be
computed for the growing
season only and root zone
advance during the early
growing season need not be
simulated. The soil moisture
content (SMC) on day one
of each season is set equal
to the maximum available
soil moisture storage capac-
ity (SMCT).

All precipitation is con-
sidered effective until soil
moisture replenishment to
SMCT occurs. The remain-
der is considered excess.
Evapotranspiration (ET)
values can be based upon
any suitable method of esti-
mation for which the input
data are available. The pro-
gram assumes that a long
term weather record sup-
plies precipitation data and
daily estimates of ET for
each crop and that these
data are stored on magnetic
disks for retrieval.

(b)

(c)

(C))

(e)
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READ INPUT PARAMETERS WHICH
DEF INE SIMULATION CONDITIONS

SET M = YEAR 29
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[

READ THE MTH

YEAR OF ET(K,1)
AND P(1).

SET I = DAY |
20

COMPUTE WATER BALANCE FOR EACH
J UNIT OF EACH FIELD K

IS DSUM2 - (DSUMI+XX1) <0 NO

DETERMINE THE DROUGHT DAY AND STRESS
STATUS OF EACH J UNIT OF EACH FIELD K

IS A YIELD REDUCTION LIKELY

REDUCE YIELD IN APPROP-
RIATE J UNITS OF EACH
FIELD K ACCORDING TO
APPROPRIATE CROP PROD-
UCT ION FUNCT ION .

BEGIN OR CONTINUE IRRIGATING THE
APPROPRIATE FIELD AT THE RATE OF
24 J UNITS PER DAY.

[
CONTINUE TO COMPUTE WATER BALANCE
IN ALL IRRIGATED J UNITS AND ALL
UNIRRIGATED J UNITS OF EACH FIELD K

IS IRRIGATION OF FIELD K COMPLETED YES
UPDATE SUMMARY DATA

COMPUTE AND WRITE YEAR END
SUMMARY DATA.

e

YES

o——@

COMPUTE PROBABILITY DISTRIBUTIONS
OF YEAR END FIELD AND SYSTEM SUM—
MARY DATA.

T
[[WR1TE_PROBABILITY DISTRIBUT IONS.|

Figure 2. Flow diagram of the computer

program

When a simulation test is
run water balance computations
are made on each day of the
growing season. A standard
length of growing season, equal
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