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ABSTRACT

The Irrigation Economics Evaluation System (IEES) is a
microcomputer model designed and developed to meet the
need for conducting economic evaluation of adjustments to
irrigation systems and management techniques to improve the
use of irrigated water. The objective of this paper is to describe
the model and the types of analysis for which it can be used.
The IEES is designed to utilize user-supplied data to calculate
operating costs for four types of center-pivot systems, two
types of gated-pipe systems, and a subsurface drip irrigation
system. In addition, natural gas, propane (LP) gas, diesel fuel,
or electricity can be considered as power sources for the irri-
gation pumping plant. The model can help determine which
type of irrigation system is most economical to own and oper-
ate. It can also be used to evaluate several irrigation system
changes including pump repair or replacement, switching
power units from one power source to another, operating cost
changes caused by a falling water table, and/or a pump effi-
ciency decline, operating costs for different levels of water
application, operating costs under alternative fuel inflation
rates, and estimates of changes in operating costs when modi-
fying or switching distribution systems and net present value
analysis of returns from modifying or switching distribution
systems. The program is designed specifically to be used with
data collected from standard well and pumping performance
tests. Input data and results of the analysis can be saved on
disk for future modification and analysis.

IRRIGATION management and conservation of water in
Ogallala Aquifer, which underlies parts of Colorado,

This manuscript describes a model designed to increase
the operator’s ability to evaluate irrigation system costs. The
microcomputer model, Irrigation Economics Evaluation
System (IEES), can be used to estimate costs under a vari-
ety of operating conditions and evaluate adjustments of irri-
gation systems for efficient and economical water use. The
IEES computer model can be used to estimate irrigation
operating costs and net returns of production for seven sep-
arate irrigation-distribution systems, including medium-
pressure center pivot, low-pressure center pivot, low energy
precision application (LEPA) center pivot, low-drift-nozzle
center pivot, conventional furrow-flood gated pipe, surge
furrow-flood gated pipe, and subsurface drip. Four alterna-
tive power sources can be evaluated with these distribution
systems: natural gas, propane (LP) gas, diesel, and electric-
ity. Although one of these systems must be specified by the
user, the program is flexible and allows a wide range of
operating conditions for each system to be modeled.

The IEES is unique for several reasons. The program is
designed specifically to be used with data collected from
standard well and pumping performance tests. In addition, it
can evaluate irrigation costs for dynamic pumping condi-
tions and new investments in irrigation technology. For
example, the program can estimate the impact of declining
flow rates and increasing pumping water levels along with
modifications or changes to an irrigation system.

MODEL OVERVIEW

The IEES is designed to calculate the annual operating
costs for 11 items associated with operating irrigation sys-

Kansas, Nebraska, New Mexico, Oklahoma, and Texas, istems and the total annual operating costs on a per acre, per
becoming increasingly important. Significant economic hour, and per acre-inch basighe items are: fuel cost, oil
growth in the agricultural sector of this region occurred due cost for an internal combustion engine, annual electric con-
to irrigation of water from the aquifer. Irrigators in this nect charge and oil cost for an electric motor, oil cost for a
region are facing declining water availability and increasing gear drive, maintenance costs for the pumpmg p|ant, repair
pumping costs. They are concerned about conserving wateand maintenance costs for the distribution system, labor
in their crop production decision, but also using water in a costs for maintaining the pumping plant, labor costs for
profitable manner. An incentive will exist to conserve water setup and takedown and operating the distribution system,

if it is profitable to do so.

cost of operating a reuse system for gated pipe systems, and

Establishment of efficient and profitable irrigation prac- cost of driving the center pivot for center pivot systems.

tices is influenced by the knowledge the irrigator has con-

In addition to calculating the annual operating costs, the

cerning both the economic and technological aspects of irfi-model can calculate net returns to crop irrigation for the cur-

gation. It is of critical importance for irrigators to have irri-

rent system and also has six options that can be used to eco-

gation cost estimates under various operating conditions tonomically evaluate improvements in the pumping plant or
evaluate efficient and profltable water-use technlques. Fewthe way the irrigation system is used for crop production_
irrigators have the proper tools available to evaluate waterThese Options are: evaluation of pump repair or rep|ace-
use Strategies and investments in alternative irrigation teCh-rnent, evaluation of Switching power units from one power

nology using standard economic analysis.
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source to another, estimates of operating cost changes
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Fig. 1. General IEES model components.
===[ Comparing Costs Data 1 -
Data Required for Cost Comparison Cament | How
Distribution Distribution
System j System
Number of acres you are irligating with the pumping plant and 155
the distribution system you are evalualing
{Suggested range is 1 - 160)
Mumber of inches of water applied per acre per seagon 24 _ﬂ
{Suggested range is 1 - 32} hd
System’s water operating pressure al the discharge point 10
of the pump, not at outlets in the distribution system {PS1}) _%
(Suggested range is 5 - 20}
Pumping water level plus any column head loss (FEET) 175
{Suggested range is 1 - 300) [l
Flow 1ate of well in gallons per minute [GPM) 800 _
{Suggested range is 100 - 2000 hd
Do you know the fuel consumption of the pumping plant to P —
be used with the new sustem? ; OYes @ No
You must enter the efficiency of your pump if you do not know &5 T
the fuel consumption. The program will assume your power unit
is operating at the Nebraska standand efficiency (%]
[Suggested range is 40% - 85X)
Quit g l | Continue §

Fig. 2. Typical format of input screen.
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caused by a falling water table and/or a punifiiehcy data concerning the use of the irrigation system to be-evalu
decline, estimates of operating costs fofedént levels of ated are entered interactively into IEES along with input
water application, estimates of operating costs under selectprices and costs. Figure 2 illustrates a typical input screen.
ed fuel inflation rates, and estimates of changes in operatingrhe model includes 73 major equations, many of which use
costs when modifying or switching distribution systems and the input data along with engineering standards applicable
net present value analysis of returns from modifying or to the specific type of irrigation system and power source to
switching distribution systems. estimate current costs and projected costs under expected
The components and steps in the general IEES model aréuture operating conditions or alternative operating condi

illustrated in Fig. 1. tions.

ECONOMIC ANAL YSIS Annual Costs

The economic model is composed basically of a budget The first major component of the model estimatés 1
generator and present value analysis algorithrashfiical annual operating costs for the system being evaluated. Most
of the costs are calculated using per-unit costs and wage
information supplied by the operat@tandard engineering

gurrent Bistribution system: gediqm'\;’ressure Center Pivot formulas are used to calculate fuel costs and intermediate
urrent Power source: ectric Motor H H

All costs are based on 126 acres, 1701.00 (10.13 weeks) estimated pumping values such as pumplng hOUFS, WhICh_are use_d _tO C_aICUIate
hours and an estimated 70.35 water horsepdi@®&:24 brake horsepower and costs. Costs for maintenance and repair of the irrigation sys
108.24 rated horsepower for the old system. tem are estimated by procedures outlined iliakhs et al.

New Distribution system:  Sub-surface Drip System (1996). Maintenance costs for the distribution system are
New Power source: Electric Motor based on the number of acre-inches of water applied. The

All costs are based on 155 acres, 1743.75 (10.38 weeks) estimated pumping i 1
hours and an estimated 44.69 water horsepdd@84 brake horsepower and annual operatlng costs are reported as total $’ $ aﬁe

63.84 rated horsepower for the alternative system. acre-inch?, and $ h'. Figure 3 illustrates the output of the
Current New annual cost estimates.
Fuel cost for operation: $7,801.26  $4,716.87 i .
Oil for the engine: $0.00 $0.00 Optional Evaluations
Annual electric connect chge: $1,082.36 $0.00
Qil for electric motor: $70.31 $45.78 Pump Repair or Replacement
Qil for gear drive: $164.55 $107.14
Pumpir?g plant maintenance cost: $114.15 $69.14 The first optional evaluation determines if pump repair or
gjﬁ%‘{nznslgf‘;ﬁ;ﬁ‘gﬁ:&‘fgggrd('fot;'tt:’”“"” R Ci O gt replacement is economically justified. This analysis
Labor cost for distribution system: $640.00  $1,069.77 accounts for income tax implications of the investment.
G o o o v o 903 ooy | The model estimates a new flow rate for the well if the
' ' ' pump is repaired or replaced. The new predicted flow rate
Total operating cost: $10,795.97  $7,031.59 and technical pumping fegiency then are used to calculate
oot P acreinch: $§§:g78 $§§_’§; the new operating costs. Because the flow rate and technical
Cost per hour: $6.35 $4.03 efficiency will be improved, operating hours and operating
costs will be reduced, assuming the same amount of water is
Current System New System applied as before the pump was repaired or replaced.
Year Total Per Acre Total Per Acre Total operating cost for the system is estimated for a 10-
; 218*333'85 ggg-gg §3'$§3'§3 gjg-g yr period with and without improvements. The model then
3 $11,206.27 $88.94 $7.272.44 $46.92 calculates the present value of thdedi#nce or total savings
4 $11,417.60 $90.62 $7,396.50 $47.72 for the 10-yr period. If the calculated savings are negative,
: iﬁvggg-ég igi-gg g'ggg-gg ijg-g;‘ the model will end the evaluation because making improve
7 $12.077.28 $95.85 $7.783.74 $50.22 ments to the pumping plant is not economically feasible. If
8 $12,306.02 $97.67 $7,918.02 $51.08 the savings are positive, the model continues with the eval
% S sora Sotorcs  seoes uation by asking for an estimate of the cost to repair or
replace the pump. If the user does not have that information,
AFTER gAuﬁe':ET PRESEN;Q@'—&% (é)lF OPERAING COSTS the model can estimate the cost based on procedure outlined
New: $36.263.20 in Williams et al. (1996). The estimates include pump cost,
Savings: $19,823.1 labor cost, column pipe, tube cost, and pump setting cost
AFTER TAX NET PRESENT ALUE OF CROP RETURN based on cost information collected from pump dealers. The
ﬁg;;?mi iﬁ?ﬁ?gg'?i cost of repairing or replacing the pump is subtracted from
Difference: $ 35176.18 the present value of savings in operating costs to determine
AFTER TAX NET PRESENT OWNERSHIP COST OF NEW SYSTEM the net present value of pump replacement that can be
Cost: ($52,254.12) expected.
AFTER TAX NET PRESENT WLUE OF RETURNS FROM SWITCHING
SYSTE':/I/alue_ 6274517 Power Source Replacement
SWITCHING DISTRIBUTION SYSTEMS IS ECONOMICALY. FEASIBLE The second optional evaluation procedure determines if

switching to an alternative power source is economically
Fig. 3. Example output flom system modification or switching analysis. feasible. This analysis also accounts for income tax implica
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tions of the investment. When switching power sources, ple, modifying a high-pressure center-pivot system to a low-
operating conditions associated with the pumping plant aredrift-nozzle center pivot or switching from a gated-pipe sys
assumed to remain the same. The model uses a procedutem to a center-pivot system. The program conducts a net
developed by Dorn (1982) to convert the fuel consumption present value analysis, which determines thfemince in
of the current power source to an equivalent amount of fueloperating costs, ownership costs, and crop returns of each
for the alternative power source. Once the model estimatesystem. A brief explanation of the estimation of these dif
fuel consumption for the alternate power source, it then esti ferences including crop returns follows. The overall net pre
mates the present value of emersavings and operating sent value of returns for switching or modifying the system
costs from switching to the alternative power source. If total also is reported.
savings are negative, the evaluation is complete because the The initial part of this analysis requires that the user pro
power unit switch is not economically feasible. vide basic inputs that are used to calculate operating costs
If the present value of savings from switching power for both systems (Fig. 2). Once the inputs that influence
units is positive, the model estimates the cost of purchasingoperating costs are entered, the program requests informa
and installing a new power unit. The model prompts the usertion that afects the future operating costs, ownership costs,
for an estimate of the cost to install a new power unit andand crop returns of the systems. The present value of oper
gearhead (if needed) or generates an estimate based on thging the current and modified or new system and the crop
operating requirements specified by the user and proceduregeturns from each system are calculated for a 10-yr period.
outlined in Wiliams et al. (1996). The costs are based on the Ownership costs of the systems also are calculated. The user
required power unit horsepoweand power unit and gear enters the salvage value and depreciated book value of the
head prices obtained from engine dealers. These investmeni|d distribution system and the expected salvage value of
costs are compared with the present value of total savingghe new distribution system in 10. yfollowing this, the
from switching power units over a 10-yr period. The owner costs of changing power units, if applicable, or the costs of
ship cost of the new power unit is subtracted from the pre repairing or adjusting the power unit for use with the new
sent value of the 10-yr total of the annual savings to arrive distribution system are entered, if the old power unit is
at a net present value for the investment. If this results in 3replaced. A salvage value and a depreciated book value for
positive value, switching power units is economically feasi the old power unit are entered. A salvage value for the new
ble. The model also will estimate the number of years to Pa&Ypower unit in 10 yr also is requested. The user is prompted
back the investment costs using present value calpulati_onsnext to enter the costs of repairing or replacing the pumping
A complete documentation of the underlying engineering ypit, including salvage and depreciated book values for the

criteria and procedures can be found in Dvorak (1985).  o|d pump and the expected salvage value in 10 yr for the
_ new pump. The net present value analysis in the model is on
Impacts of Viéter Table and Pump Hiciency an after-tax basis, so the mgaral income-tax rate and the

A third evaluation routine estimates théeef of a falling ~ after-tax interest or opportunity costs to finance the- pur
water table or decline in technical pumfiGéncy on oper chase of new equipment or to repair old equipment are
ating costs. The user is prompted to enter the expected annuequired inputs. Expected inflation rates over the 10-yr-plan
al drop in the water table and a percentage estimate of th&@ing horizon can be entered for fuel prices, lubrication oils,
annual decline in pump fadiency. The model iteratively ~ €lectric connect chges, maintenance costs, and wages.
recalculates the expected flow rate and the pumping water The after-tax net present value of crop returns for each
level for each successive annual decline in technical pumpsystem is calculated using expected yields, prices, govern
efficiency and increase in water table depth or pumping lift, ment payments, and cash production costs for each system
so the annual operating cost changes can be calculated. Thénder consideration. The user must provide their own esti
program displays the total operating costs for each year ovemates of yields, commodity prices, government payments,

a 10-yr period. and production costs for each system they evaluagddsy
are not simulated or estimated by the modelfeént irr
Water Application Levels and Fuel Inflation Rates gation systems are able to irrigatefeliént acreages. Center

pivots typically do not irrigate field corners. In some cases,
dryland crops are grown on the corners or ends of the field.
The model allows the user to include dryland crop acreage
; ; : ~/"to account for the nonirrigated corners when a center pivot
The fifth optional procedure estimates the annual operatingis e or ends of the field in the case of gated-pipe furrow
costs for each year in a 10-yr period, given a user-supplie ystems. This allows for a direct economic comparison of

?c():reggtrrl]Oo(f)fthaenslugl ;llje;tl'ggztgrg :ssastters;al—:c? l:? ptehrgtggnzosisystems with dfering irrigated acreages. The present values
vaiuat : Y PrOf crop returns are summed for the 10-yr planning horizon

cedures used to estimate operating costs in the initial sectior];nOr each system. The present value of théedifice is cal

gl;;t/hfeu gl]?ndfgiigr?ggtiﬁgtzh d\gg;[rir dappllcatlon Increments or culated by subtracting the present value of crop returns for

' the old system from the present value of the new system. A

positive value indicates a higher net present value of crop

returns from using the new system, whereas a negative value

A sixth routine allows evaluation of switching from a indicates that the net present value of crop returns is higher
current distribution system to a fdifent system. For exam  for the old system.

The fourth evaluation routine in the model calculates the
annual operating costs for the irrigation system underalter
native levels of water application (inches applied per acre).

Modifying or Switching Distribution Systems
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The final calculation is the after-tax net present value of IMPLICA TIONS FOR EXTENSION, TEACHING,
returns from switching distribution systems. It is determined PRODUCER, AND RESEARCH USES

by su'mming the present value of savings in operating costs, The model can calculate costs to evaluate irrigation sys
the difference in present values of crop returns between the em adjustments, and also be used to teach producers and
two systems, and the present value of net own_ers_h|p cost Othension personnel the fundamentals of irrigation engineer
thg new system. A positive net present valge |nd|cate§ thaﬁng and economics related to the pumping of irrigation
S\.N'tCh'ng. distribution systems IS econom|_cally feasible. water After using the model, irrigators and educators may
FlgAU{?hS |Ilugtr?tt?]s the outlput ct>f thl's tla\{[aluatlor;_. fhave a better understanding of the technical factors that
€ end of the annual cost calcuiation routine orany ot ., 54 ¢t jrrigation costs as well as economic variables such as

the optional evaluation routines described previousiut ey price and wage rates. Any of the inputs can be var
data and output information can be saved or printed, or the*

it th X h s ed to determine the impact on the costs and returns of the
user can exit the program session. Further documentation o rrigation system being evaluated.

the program, including equations and parameters used, can ofen when pumping plant performance tests are-com
be found in Wlliams et al. (1996) and Llewelyn et al. pjeted, questions arise concerning economic impacts of
(1997). changes to the system. In most cases, the producer has been
referred to a pumping plant equipment dedbdten, no fol
DATA NEEDS low-up occurs, and the irrigator is left with little economic

Before the IEES model can be used to calculate costs ofVvaluation of the technical data to help make decisions. This
evaluate irrigation system adjustments, technical ane eco M0del specifically is designed to handle data collected in a
nomic data that serve as inputs to the model must be colSténdard pumping plant performance test so that a more
lected. Before using the computer model, a pump test shoulOMPlete evaluation of the system can be conducted, pro
be completed for the pumping plant and irrigation system to Viding €conomic information that the irrigator can use for
be evaluated. Before a pump test is conducted, the powepe(fl_'ﬁ'on m;"l'ng' b dincl on ed
unit should be in top operating condition so that the majori .| € model can be used in classroom or extension educa
ty of the pumping plant iné€iencies can be attributed to tion programs and for research purposes as well. It has been
the pump. A significant number of pump tests do ndegif used in the classroom to demonstrate economic analysis
entiate bétween power unit and pumficigncy. Therefore concepts and applied investment decisions for new technol

the assumption that the power unit iioi#nt is necessary ~ 9 In research, it has been used to generate irrigation cost
to calculate pump Biency when power unit &&iency is parameters for the objective function in whole-farm linear

.. .and nonlinear programming analyses. These parameters are
ggégteig;u;ﬁhghﬁe%rr;%%msﬁsnsggpgSat:(?tﬂt]g? Fhoewglrj#]r;';[n'important for selecting optimum irrigation schedules and
plant ineficiency is attributed to the pump. The required ropping systems for a variety of irrigation scenarios. The

inout data f h luati listed in LI | t al model also has been used to generate operating costs-for irri
'1237 ata for each evaluation are fisted in Liewelyn et al. gated crop cost-return projections and economic analyses of
( )- investments in modifications to existing systems and
SOFTWARE SPECIFICATIONS replacement of systems.

The IEES software is written inistal BASIC for use in SUMMARY

the Windows environment. Microsoft iWdows version 3.1 Reliable and accurate information regarding the ecenom
or higher is required. The program is designed to run onjc anq technological aspects of irrigation is important in

IBM and fully compatible computers and requires at least 2 yy5king decisions about the use of the various irrigation
megabytes (MB) of hard disk storage spacerdn IEES, 4 technologies available to producers. When information is
MB of random-access memory (RAM) are recommended. ot gvailable or is inaccurate, the potential for operators to
The program prompts the user with specific questions thatyroperly apply water-conserving offiefent technologies is
require technical and economic data relevant to the 4rriga |imited.
tion system being evaluated. Suggested ranges in the values The |EES computer model can be used to estimate irri
of variables and error checking also are included in the pro gation operating costs and net returns of production for
gram. If the user enters a value for a variable that falls out seyven separate irrigation-distribution systems, including
side the typical specified ranges, the program will requestmedium-pressure center pivot, low-pressure center pivot,
that the user check the input data. Input data and results of EPA center pivot, low-drift-nozzle center pivot, conven
the analysis can be saved on disk or routed to a priter tjonal furrow-flood gated pipe, sye furrow-flood gated
users guide is also available with examples showing actual pipe, and subsurface drip. Four alternative power sources
data for each option and results of all optional evaluations. can be evaluated with these distribution systems: natural
The IEES software package is available for purchasegas, LP gas, diesel, and electricithe computer model is
through the Kansas Cooperative Extension Service, Kansasn interactive program designed for use on an IBM or-com
State UniversityManhattan, KS 66506; telephone 785-532- patible computer operating in each of the available
5830; fax 785-532-7938. The package includes a floppy Windows environments.
disk (3.5-inch) containing the IEES software (executable The model estimateslloperating costs associated with
file, documentation text, and example data files) and asuser irrigation and calculates total operating costs and costs per
guide. acre, per houyrand per inch of water applied. An optional
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calculation of net returns from crop production can be per more water-dfcient system. The program is not specific to
formed as well. The model has six options that can be usedh particular crop, soil, or climate. It can be used to evaluate
to evaluate the &fcts of changes in the irrigation system. any size irrigation system, making it valuable to producers
These include evaluation of replacing or repairing the who wish to evaluate irrigation systems for small acreages
pumping plant, switching the power unit, a decline in the that might be used for specialty crops. It also can be useful
water table and/or pumpfigiency, changes in the level of  for research regarding the economic profitability of various
water applied or in fuel costs due to inflation, and maedify irrigation systems, because it provides a systematic way to
ing or switching distribution systems. A separate optional determine the operating costs of and returns associated with
routine allows the user to calculate the investment coststhe various irrigation systems.
associated with installing or replacing an irrigation system.

Data are entered by the usArpump test must be cem ACKNOWLEDGMENTS
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