Economics of

Bullctin Mo, THT

low-pressure sprinkler irrigation systems:
center pivot & linear move

FPaul E. Pattersan,
Bradley A. King,
and Robert L. smathers

)

Introduction

The choice of an imigation system
or decision to converl [rom one
gystem to another depends on
techmical, economic, and hnancial
factors. Technical factors include the
characteristics of the physical
resources, namely climatz, fopogra-
phy, soil textore, and the quality and
quantity of the water supply. Avail-
ahility and guality of labor, whether
the system will be used to apply
chemicals or to control [rost, and
cropping alternatives are other
impartant considerations. The need
to inprove energy and watcr-usc
efficiency is becoming mcreasingly
important in the decision process.

Economics also plays an impor-
tant role in choosing an imgation
syslem. Increasing waler costs or
waler scarcity encourages the use of
more efficient imigation sysiems.
Increased efficicncy often means
greater capital cost or increased
management and labor to operats 4
system al a higher level of effi-
ciency. The goal is to halance
increased waler-use efficiency and
lower lahor and power costs with the
hirher ownership costs of more
capital intcnsive in'igarjtm EYSlEms.

This publication provides basic
cost information and cost u:mpuri.-
sons for center pivol and linear move
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imigation systems applicable o
southern Idaho. This informarion is
useful to those evaluating the
economics of alternative rrigation
systems or developing costs and
relurns estimates, enterprise budgets,
for crops grown under imigation in
southern Idaho. Two companion
publications, bulletin 779, Eoonom-
s of Surface Irrigation Sysiems,
and hulletin 788, Economics aof
Handline, Solid Ser, and Wheelline
Sprinkler Irrigation Systems, provide
similar cost information for surface
Imiganon systems and set-move
sprinkler irrigalion sysiems, respec
fvely

Methodology

The cost information contained in
this puhlication was obtained from a
suevey mailed (o irrigation equip
ment dealers in southem Tdaho
during February 1993 and updated in
May 1996, Thc survey obtained
prices on the components for six
types of sprinkler systems: (1)
handline, (2} solid set, (3) wheelline,
{#) center pivot with endgun, (5)
center pived with a comer systenn,
and [6) linear move. All systems bul
linear move included designs for
three field sizes: 40 acres, B0 acres,
and 160 acres.

Cost mformation was also
abtained for state-mandancd chemi-
gation equipment. The chemigation
cquipment was sclected hased on
mainling size at the pomp, which is
dependent on system flow rales.
Chemigafion equipment costs are
ncluded with the imigalion sysiem

costs found in appendix C. Always
discuss irigation sysiem design
critcria with irmigation companics
[amiliar with Iocal conditions and
your specific objectives.

Spnnkler irmipgation systems are
designed o mect site-specific
conditions, including soil water-
holding capacity, root zone depth,
crop mix, peak duly waler require-
ment, and ficld shape and topogra-
phy. The assumed site-specilic
conditions for which the modeled
irrigalion sysiems are designed are
presented in appendix A, While
thesse condilions are representative of
somc arcas in southern Idaho, they
do ot (1 all silwations. Costs will
wvary with the system’s capacity,
which could be preater than or less
than that of the modeled systems.,

Irrigation system
selection criteria

Imigation systemn selection starts
with alternative ierigation system
designs that meet site-specific
conditions and the owner’s or
operator’s specific objectives. Next,
the systcms arc comparad on an
econormic basis 1o determine the
least-cost method of mecting the
objeciives. Amd last, [inancial
feasibility for the specific operator
are considerad.

T issics must be addressed o
avodd bias in the economic analysis.
The first 15 which costs to melude.
Equipment costs are typically
classified as operating and owner-
ship costs. Operating costs, also
referred (o as varable costs, oocur




Table 1. Irrigation sysiem land-use efficiencies. Table 2. Design parameters of each system
A0-acra fisld ___ B0-aere fiald 160-icre liekd ﬂnnflguratmn.
imgated  Landuse brigated Landuse brigsted  Land-uss brigzied  Design Tolalsyslem  Requined Bystem
aes effiiency  acras  efciency  acres gificiancy anea capacty capacity  pumping bead horsepower
Ganber phwal {acres)  igpmiacl (@i} =] (hgl
with prdgun~ 34.0 LES =] 0.53 133 OuE3 Ceiler gl
will endgun KT 6.5 246 a5 T4
Cerer pivot 66 a8 470 101 20
wilh commer 133 6.5 693 109 40
gysbem A 080 i 0a5 15 01495 Canter phvm
WIRN GO
Lingar moanz 155 0.87 syshm 35 L =3 Bz 15
Main: Land-use efidency = irmgated acnes = Tield acms ] £.6 &3 120 a0
40) aacress = 1,320 % 1,320 80 acres = 1.320 x 25407 152 BS 1205 151 [
wl 160 apnes = 26400 x 3 54T,
o Lingar A 155 Fa| 1,005 180 5
Linga-0 155 740 1,085 178 ]

when equipment is used wnd inclode
items such as labor, electricity, and
repairs. Orwnership onsts allocate
capital costs over the equipment’s
useful life and arc not depesdent on
level of nsc. These include deprecia-
tion, interest on the undepreciated
value of the cquipment, insurance,
and properly taxes (in some states).
Both operating and ownership costs
should be included when comparing
syslems.

The second issuc is the basis on
which to make the cost companisons.
For imigalion systems this means
either per ficld acre or per imigated
acre, The percentage of the held that

Fiqure 1. A full section [5.280° x 5.280)
coniaining 640 acres or four quartss
sections of 160 acres each, with the NW
quarter section further divided into
quarters of 40 acres sach, and the SW
quarter section divided into halves of &0
acres each.

can be immigated defines the imgation
system’s land -use efficiency. Land-
use efficiency varies according to Lhe
systemn’s design and how well it fits
the shape of the field. A center pivol
has a lower land-use efficiency than
a lincar mowve or a wheclline, assurm-
ing reclangular ticlds.

Many ficlds are laid out using the
rectungular survey system (g, 1).
This typically results in rectangular
fields from 20 to 640 acres. While
many natural and manmade features
alter this layout, the reclangular fickd
provides a common basis for sysiem
cost comparisons. Table | shows
typical land-use efficiencies of
conlinuous move imgation systems

Center pivot sysham

tor 40-, 80-, and 160-acre ficlds. I
land has a high value, a low-cost
system with a low land-usc cffi-
ciency may be less sconomical than
a higher cost system with a higher
land-use efficicncy when land value
is included mn the analysis.

Irrigation system
descriptions

and design parameters
T e T R L TR e A L

The imigation systems compared
in this smdy were designed to mect
the site-specific conditions given i
appendix A. All imgation systems
are assumed to be located on level
topozraphy with regular field
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boundares. Water 15 delivered
unpressurized from an irrigation
district with the delivery point
lncated in one corner of the ficld and
no exisiing piping w0 other locations
within the ficld, The clectmcal
service (including three-phase
power), pumping plant, and
chemgation equipment are located
at the watcr delivery paint, Stnc-
Lures and appurienances required by
the irrigation district to accommo-
date continuous Mow delivery are
not considered or incleded in systenn
cost. The important design paran-
eters for each system configuration
are listed in table 2.

The 4i- and 160-acre fields,
parcel {a) and parcel (¢), respec-
tively, in figure 1, are assumed to be

Lims2ar mowe sysiem

reometrically square, with the pivid
point located ar the geomelric oenter
of the field. The 30-acre field 1=
rectangular with the long dimension
twir Lirmees the length of the short
dimcnsion, parcel (B in figure 1,
The pivisl point in the 80-acre Neld
is locarcd at the ficld cdge ar the
midpoint of the field's long dimen-
sion, making this a one half circle
pIvol.

Center pivot systems

The center pivol systems an
azssummed w be elecinc drive,
cauipped with low-pressure sprin
klers operating at 20 psi with fixed
pressure regulators, and mounted on
drop lwbes at an overall average

R S T T P T i T T R e ST

..IJ'I'. .-

Canter pivot with comer sysbam.

height of 8 feet. The conter pivor
pipe size is assumed (o be 6-inch
diameter for the W and S0-acre
systems and 6 38-inch diameter (o
the 160-acre sysiems.

The requircd operating pressue al
the pivol puinl ranges from 30 to 34
psi depending upon system lemgth
and llow rate. The system design
capacity is 0.3 gpmfacre for full-
circle systems and 6.8 gpmfacre for
half-circle systems (o account for dry
run bime needed W reposition the
pivol lateral Detween irrigations.
These sysiems desipn capacities ane
representative of those used in
practice aml capable of producing
good yicld and quality potatoes on a
silt b soil. Head loss at the
pumping plant due to suction and




discharge minor losses and limited
suction lift is assumed to be 10 feet
for all irrigalion SysLeins.

Total system capacily for the
center pivol system is greater than
those computed by multiplication of
system design capacity and irrigated
area_ This is because the endgun and/
of comer System increases required
total system [low rate over average
system [ow rate duc to their vanable

on an assumed effective length of
243 feet for a comer system and an
endgun effective radius of 75 fect for
the 40-acre system and of B0 [eet for
larger systems. System horsepower
shown in table 2 represents the
nearest nominal clectrical molor size
above that required based on re-
yuired pumping head and total
systemn flow rate. The componenls of
sach gystem are listed in tables C1

Linear move system

The linear move irigation systcm
was designed for two | -acre ficlds
with different dimensions. Lincar-A
is located on a square 160-acre ficld,
like the center pivot systems, with
the mainline located in the center of
the field constituting a center-feed
lincar move hose drag system. Thus,
the system is 2,600 feet long, 1,300

on/off operation. The computed
center pivot irrigated ared is based

Table 3. Annual costs per irrigated acre for
center pivot with endgun at field

through C8 in appendix C.

feet on either side of the mainline,
and travels laterally 2,600 feel to
irmigate the 160-acre field. Lincar-Ii

Table 4. Annual costs per irrigated acre for
center pivot with corner system at

sizes of 40, 80, and 160 acres field sizes of 40, 80, and 160 acres
($rrigated acre). (Srirrigated acre).
lmigaied acres Ty Irrigailed a0TR5
34 L7133 1335 36 76 188
Ciperafing Costs Orsraling coats
Mainiananoe $PRES £24.70 513.05 haindenance’ S50.20 3200 18,05
Labos® B0 870 B0 Labor™ 1015 115 1015
Water* 2710 28.55 Pl 3 Watar! 15 H4E0 2450
P 12.25 1255 12,00 Pawer® 12.00 1325 15.00
Trvippresst® 195 185 1.55 Interest® 245 2.0 1.70
Talal ppserating c0sts a5 1605 G1.ES Togal operating costs 1HLES H3AD 53,0
Cramership coets" Owmarship cOsts™
Diepraciion &nd imerest’ 1010 BETS 48 I Diezprisiertian ard imepast” 16400 11004 kAl
Insurance® 280 245 1,55 Iresuranca® 495 125 175
Tobd cwnarship oocis 10690 .40 4525 Total oerership costs 1GiRGS 11425 84,15
Tartal anrial ooesbs” 185.05 13525 112.80 Totad gnnueal costs® 27060 196,34 133 85
Acfusted tand change™ 141.00 145,00 145.00 Adjusted land change™ 133.00 126,00 126.00
Total imigation syskem Totsl imgalion sysiem
and land costs 326.05 025 257.90 and land coats__ 403.60 32235 25085

* Annyal mumﬁmmmnhmi:nmm
1o purchass price (appendix C) divided by imigaied acres.

& Inﬁ;aﬁmﬂ:nnﬂhﬂmm&g&hﬁﬂﬂmnﬂlm—ymmlaﬂm
Cakuitstions ans ound in appencix A Labar was walued gt §7.25 per hour.
’mmhm&dmaﬁmmdﬂﬁwfﬁﬂmﬂlﬁ.dhﬁh
ihe rrumbses o mmmﬁ-aﬂd’mﬁ-himﬁavm
coet par ace charged by the Twin Falls Caral Co, Burey Imigation Distict,

and the Morth-Side and Minidoka Imigation DiEmss
i Pownr cost was cakoulsted per acre inch of botal waler appliad {appendtx A}

based an the 1985 idaho Pawer imigaRon sanios raia schadule 24, inclucing

cuslomar chasge 51 0fmanih over seeen maoeihs, demand charpe $3.52 o
kW ot biling demand, and enangy charge of 2.B727 cants st KWL Popaver
use was esEmatad for (he purmp mobor, boesler pump, and iower drive
modars.

& Irfarest costs wang caiculahed jor operafing costs usng A mominal renest
rate of 10 parcen and assuming e maney t= bomowed for theae: manths.

& Vgl iy appencin C alocated on @ per-imigated acre Dass.

'Dmuﬁanmminmmmmmeduﬂmmmmjmwmm
dissizigsad in appendix B and & 7 percent raal imensst mie.

9 ngurance wes calculmed wsing the average lewel ot Invastmenl, BS
discuzssad in sppendix B, and an insurance rale of 0.6 percent.

* Jotgl arval costs — annual operaling costs v annual canership casts.

w Aciurcied land charge = basie land walhue raba of ratum * land adjstenent
factor, whara the kand adusiment fackr = the immerse of tha imigalian
syslem's land-use efficiency found in 12048 1. The bese land walug was
£1 200 par acre, 2nd the rate of retum was 10 percam.

} mmemmuﬂumﬁnmmwmw
] mmwm&mwiﬁgnleﬂms.

? |rigation labor cost s Hhe ayerage far the assurned oy reation.
Caiculations gra foursd in appendix A. Labor was valued al 725 per howr.

4 Water cosl |5 based on & fieed rale changs per figkd acnz, 523,55, divided Dy
#he: musibar of imigalad acres, whane e fixed charge i e 1096 averaga
ol per acre changed by the Twin Fals Canal Co. Burley Imigation District.
] hes Morh-Side and Soulh-Side Minidoka imigation [isrics.

* Powar o5l was calculaled par acre inch of jotal water applied (appsndi A)
based on the 1995 ldaho Powsr imigation serice rete sehedule 24, mcluding
customer changs $10/month aver seven manths, deemand
KW of billing demand, and enesgy charge of 23727 cenls per Fowar
s was gatimated for fhe pump molor, BOOsiar pump, and mwer drive

* niesest osts wers calcutsted for pperating costs using 8 nominal inbamss!
rate of 10 percant and assuming the mongy is borowad for three months.

= Valugs in appendix G allocaied on 2 per-imigaled-acre bass.

! [reprrcialion and irlensst wane cakilahed u!i‘g1n5m.;i131mmeﬂ'l:d
dincresed in appendo B and a 7 parcant real inenas! ke

o rmarancs was calculated using the swerage bevel of invegiment, a5
decussad in appandis B, and an insurance rabe of 0.6 panant.

* Taial amﬂamwmumwnmi'gmha+nmﬂwﬂmm

= pfjusied land charge < basa knd valua raie of relun x land adyusimenl
facton, whiarg the land adjustment fsctor = e Inversa of I imigation
ﬂ:lﬁ“h‘dﬂﬂammm ke 1. The hase tand vahe was
%1200 per acre, and the rale of return was 19 prtanl



ix lncated on a rectangular field
where an cnd-foed hose drag 1,300-
foot span travels laterally 5,200 [eed
The linear move pipe size is
assumed to be & 5/8-inch diameter.
The system 15 pressurized with a
40M)-foot long, G-inch diamcter
polyvethylene hard-hose. Risers are
spaced 720 feet along the length of
the mainline for sequential connec-
tion of the hard-hosc as the system
traverses the length of the held. The
system has the same sprmkler

package as the cenler pivol sysiems
and a design flow rate of 7.0 gpm/
acre b account for the dry ron fime
needed to reposition the sysiem
belween imigations.

The rectangular field configura-
tion (1300 fest x 5200 fect) capital-
izes on the cconomic advantage
provided by linear move syslems.
This configuration requires halt as
many spans, but more manline, and
results in high application ratcs that
cifectively eliminate the inlerent

imigalion performance advantage
over a center pivot. The square Lield
configuration provides an equitablc
comparison with the center pivots on
the same ficld configuraion.

Findings

T S L o e e e IR T
Capital investment

Capital and ownership costs for
the conlinuous-move sprinkler
systems arc shown in appendix C. In

Table 5. Annual costs per irrigated acre for
linear move system on 160-acre field
irrigating 155 acres ($/irrigated acre).

Limar-A Liner-B
2500 x 2,E00 1,300 x 5200
Gp-amﬂngmm
Maintenanca’ £23.85 L3050
Lakee 11,60 1180
Werer? 24,30 243
Elescirical powes® 13.80 156
Digsel powear® 19.45 11.30
Interest 245 210
Totel opserafing costs 100.55 BS.40
Cwnarship costs”
Depmciation and ineres" 101 60 freh
Insuranoe 205 2
Tolal pwnerahip coals 104.45 TOA
Totsl annual cosis™ 20500 1E5.25
Acfusted band chamge™ 124,00 2400
Tolal irigation syshem

" Annusl mmmmmﬂmﬂmm appendix A
applied to punchass prica (sppandi: &) divided by irmgated acres.

2 |rigation labor cost ks tha avaraga for the assumed four-year rotatkn.
Calcylations ara found in appandiz A. Labor was valuad a1 $7.25 par hour.

* Werler oost i based on @ fxed e charge per fiekd acre, $23.55, dividied by
{hes rrumber of imigalied scres, whese the led dhaga i tha 1035 avamga
Gasl per acne by the Twin Falls Ganal Co., Burley Imigatian Disirict,
and e Morth-Side and South-Sids Minkdoks Imgetion Dislhicls.

4 Elactrical power cost was caloulaied per acre inch of 1otal waler applied
[appencix A) based on fha 1955 Idaho Power imigation service rale schedule
24, inchuding custormes change F10month over seven manths, demand
mmnﬂmmmmmwm:hmuﬂmﬂm
per KiWh.

5 Meas! power coat was calculated using Me satimated diessd corergfion
rate of 1.65 mW’hmrﬁrimrgmnﬂﬁthna per hour lor
inaar-B, times tha hours of annual use. divided by imgated acrea, times
$1.02 per gallon of diesal,

* Interest cosls were calouksbed for aperaling cosls usng a nomingl
irmenest rabe of 10 pencend and assuming he money is bormowsd fior three
masiths.

7 Wahues in appendi: C alocated on & perdmigated-acre basic

¥ Dapreciation and imensst were calculated usng the capital recovery method
dispussed in append B and a 7 percant raal imarest rmhe.

* Insurance was caiculaied wsing the average kevel of invesimant, 35
disussed in apperdic B, and a0 insuranca iabe of 06 peroo,

™ Tiokal annual costs = Bnnual oparaing costs + annual cwnership oo,

™ Adjusted band changa = basas land walue rate of retumn  land adjustment
iacior, whane the land adjustment facior = the imerse of the |
systam’s land-wse efficiency found in fable 1, The basa land
51,200 par ace, and the rale of relum was 10 percent.

5

Table 6. Irrigation system cost comparison per

Irrigated acre.
Todal Total fotal  Imigalion
Fsdd bmigate] opesaling owmarship armual and
glze  aores ol (=2 cost  land oost

_1_;1_1_% Bores)  ($cre)  (Siacre) (Biacra) ($iacre)

'H'ﬂ'hﬂ'ldﬂl.l'l 40 4 £ra F106 FIES L
Ceanlar pivol
with comer
Eysiem 40 3& i1 170 > 404
Caamiar prmt
with enddgun a6 76 89 165 0
Cesler pivot
wilh comer
Eyshem a0 TE B3 113 156 L]
Cemier piot
wilh endgun 160 133 = 43 113 258
Gemar pivot
with comer
F¥stem 160 152 m a4 134 260
Lingar-A 16d) 155 101 104 205 a0
Linear-B 180 155 85 & 165 289

Miber: Craka surmmarized lrom tabdes 3, 4, and 5.




sddition to the price by component,
these tables show the assumed
salvage value, vears of useful life,
depreciation and mnterest, and
msurance by component. The annual
equivalent capital recovery method
used (o caloulate the ownership costs
is discussed in appendix B. Prices
mnclude chemigation equipment.

The price of an irrigation systeim
increases with feld size due w
increased equipment requirenyents.
The cenler pivol systems with an
endgun ranged in price from $35,513
for a 40-acre field up w 3635 368 [or
a 160-acre ficld. The cost of the 8-
acre syslem was 357,697, The cenler
pivots with a comner svstem ranged
n price from 559,248 for a 40-acre
field, up to 596,162 for a 160-acre
ficld. The cost of the 8(-acre system
was $83,544. The linear move
systemn for a square, 160-acre field
cost 158,945, and the linear move
om the rectangular field cost
$124,877. While capital investment
and ownership costs are necessury
informyation, they are not the best
basis for making a cost companson.
Lerigation system cosis should be
comparcd on an annual cost-per-acre

asis.

Annual costs

Annual costs per immigated acre for
the continuous-move Irrigation
systems are summarized in tables 3,
4, and 5, respectively, [or the center
pivot with endgun, center pivot with
corner system, and linear move
system. A comparison of costs
across Lhe dilferent systems is shown
in tablc 6.

Total annual costs include both
operating and ownership oosts,
Operating costs include mainte-
nance, labor, water, power, and
inlerest on operating capital. Operal-
ing costs are a function of use and
depend on seasonal waler require-
ments, the number of imigations, and
other basic assumpuions specified in
appendix A,

Orwnership costs include deprecia-
tion, intcrest on the investment, and
insurance. Chwnership costs were
calculatcd using the annual equiva-

lent cost capital recovery methaod
discugsed in appendix B. The annual
equivalent cost method of estimating
m:.-‘ncrﬂh':p costs has the advantage
over alternative methods because
ownership costs [rom components
with differcnt years of uscful life can
be combined.

Maintenance

Annual mAintenance costs Were
calculated as a percentage of the
iTrigation system’s initial purchase
price using the maintenance coeffi-
cients listed in appendix A, The
maintenance cost for the entire
systemn was divided by the number
of irrigated acres.

Capital costs and maintcnance
cosls per imealed acre decline with
INCTCASing system size duc to
econonies of scale that exist for
mMOSE Imiganon systems. Maintc-
nance cosl per irrigated acre for a
center pivot system with an cndgun
ranged from 52855 on the 40-acre
system down to $13.05 on the 160-
acre sysiem. The hgher capital costs
for the conrer pivot with comer
system increased the mainlenancs
cost per imigated acre to $50.20 for
the dd-acre svstem and 518.05 lor
the 160-acre system.

Of the svsiems desipned for a
siquare, 160-acre field, the lingar
move had the hiphest mainienance
cost per imigated acre, $28.85. With
lower capital costs, the inear sysiem
on the rectangular, 160-acre ficld
was only 52050 by companson.

Labor

Irrigation labar hours, bascd on
the crop rolalion average, were
caleulated by multiplying the
nurnber of imgations by the imiga-
rion labor coctficient (appendix A.)
The imgation labor coelficient 15 the
amount of labor required per irriga-
Lion on a per-acre basis. Labor was
valucd at $7.25 per hour and in-
cludes a base labor rate plus 20
percent for Social Sccurity, Medi-
care, nnemployvment insurance,
workman s compensation, and other
labor overhead expenses.

B

The center pivot with endgun
system had the lowest imgation
labor coefficient, (103 hours per
irmigation, while the linear move
system had the highest, 0.04 hours
per imgation. The imigation labor
cocflicient for the center pivod with a
comer system was (035 hours per
irrigation. Since the mumber of
Irrigalions was assumed to be the
samc tor these three systems, the
irrigation labor cost was proportional
to the irrigation labor cocfticient.

Water and power

Water cost was the average of the
rates charged in 1996 by the Twin
Falls Canal Company, Burley
Irmigation [istrict, and the Nonth-
Side and South-Side Minidoka
Imigation Districts. The water charge
of $23.55 was made on a field-acre
basis but allocated only to the
irripated acres. Sysilems with a
higher land-use cfficicney would
therefore have a lower waler charge.
Power costs were caleulated using
the 1995 Tdaho Power irmigation
service rafe schedule 24, This
includes a customer charge of 310
per month, a demand charse of
53.52 per kW of billing demand, and
an cnergy charge of 28727 cents per
EWh. Interest on the operating
expenses was caleulated vsing a 10
percent nominal imlerest rale and
assuming the money was bomrowed
[or three months.

Total operating costs

Total operating costs per acre
decreased as the size of the immigation
system increased. This is primarily
infMuenced by the lower muimtenance
cost per acre on the larger fields.
Across the different sized systems,
the confer pivot with the endgun had
a lower mainienance cost per acre
tham the contor pivot with a comer
syslem. The linear had the highest
operating cost per acre for the 160-
acre systemms.



Ownership costs

Annual ownership cosis per
irrigated acte are also influenced by
economics of scale and design
characteristics, Costs per acre are
highest for the smaller sysiems.
Ownership costs for the conter pivit
with endgun range from a high of
$106 for the 40-acre field to a low of
$49 for the 160-acre ficld. QOwner-
ship costs for the pivol with a comer
system are higher than for the pivot
with an endgun, ranging from a high
of 8170 for a 40-acre ficld to a low
of 364 for a 160-acre field. The
linear move has the highest owner-
ship costs of the systems designed
for the 160-acre field, $104 per acre
il the square field and $80 per acre
on the rectangular feld.

Total annual costs

The ownership and operating
costs are summed to show the total
annual costs for each irrigation
system in tables 3, 4, and 5 amd
summarized in table 6. Total annual
onsts range from a low of $113 per
acre for a cenler pivot with an
endgun designed for a 160-acre field
to a high of $271 for a center pivod
with a comer system designed for a
40-acre ficld. The lincar move
systems have the highest total annual
costs of the sysiems designed for a
I6i0-acre field, $205 for the square
field and 5165 for the rectangular
field,

Adjusted land charge

The adjusted land charge in tables
3.4, and 5 ix based on a 10 percent
return on land valued ar $1.200 per
feld acre, or §120. A land adjust-
meit factor is used to account for
how cfficiently the irrigation system
utilizes land in the assumed feld
shapes, The land adjustment factor is
the inverse of the imgation system's
land-use efficiency (rable 1). This
adjustment assumes that all field
acres have the same value, but a land
rental charge to pay for the land is
only collected from the irigated

acres. IT an adjusted land charge is
included when computing irrigation
Sysiem costs, the value of the land
can influence the relative ranking of
the dillerent systems based on the
cosl per imigated acre,

Comparisons among
systems
h
o facilitate the comparison
amonyg the different systems, table 6
sumMmArizes the cost information
from tables 3, 4, and 5. Adding a
commer sysiem to the pivot increases
hoth the operating and ownership
Cosls per irrgated acre on an annual
hasis across the three system sizes.
The incremental change in cost,
however, decreases with the size of
the system. Adding a comer system
increases total annual cost by 586
per irmigated acre (3271 —%185) on a
4l-acre field, by $31 per irrigated
acre (519 — $165) on an 80-acre
ficld, and by only $21 ($134 - $113)
on a 160-acre Geld, When land costs
are factored in, the incremental
change drops o $78 on the 40-acre
ficld, to $12 on the &0-acre [eld, and
to 32 on the 160-acre field.
Compuring the cost of the same
syslemn across diffcrent Geld sizes
shows that cost increases are ot
lingar. Diecreasing costs for the
larger systems indicale economies of
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Appendix A. Assumptions of cost comparisons

Location:  The Mini-Cassia area of southern ldaho.
Soil type: A silt loam soil with a water-holding capacily

of 2.6 inches per foot, Soil depth does not limit crop root zone.
Pumping plant efficiencies: 75%.

Table A-1. Allowable scil moisture depletions

and crop rooting depths.
Allowable degleficn.  Roofing depth
Crop {%) {lesd)
Polsia a5 2
Suagan beet 50 25
Winber whaat 50 3
Spwing barlay 50 3

Table A-2. Peak water use month and amount.

Peak manth Waber requinsmant
Crop finches)
Polzio July a5
Swgar bl July 4.5
Winber wheal Juna an
Lpring bowley une B.5

Table A-3. Peak daily water requirement (PDWR).

PIwWA
Crop inchesiday qpmiscrs
Potain L) | £4
Supgar besel 030 57
Winter whaat 028 R
Sging barlay 0.30 5.7

Hobe: POWWE - Peak manth enapatranspiration = numsar of days par month.

Table A-4. Application efficiencles.

Mpplication afficency
Syshem type (%)
Cantgr prok &
|Linsscr monne H3

Table A-5. Crop-year irrigation water applications
and number of irrlgations.
Lingar  Photlingar

I Pt fatal okl imigations
appled  opphed  applied  (revolsfions

__Gmp (inches] finches]  (rehes)  or |
Potalo 22 28 26 42
past 4 H 28 48
Sphing barey 7 # 20 b
Winter whesa 16 b 19 a»
Folation &cra 20 23 24 40

Hote: imcludes all wabar apphed 1o the fiekd roundied 80 the neanesd inch,
tarting afer hanvast of fhi: (REVIOUS DR

Table A-B. Irrigation labor coefficlents, hours

per Irrigation per acre.
System type Without chemigaion \iith chemigalion
Cenled phod
wailll encigun Lol 0,035
Centar prvol with
COmar SySam 0.0 0040
Lingss Mmove [0 QLS

8



Table A-7. Center plvot with endgun irrigation system labor
and labor costs.

Labor Imgation |abor

Inriggastive coesiciant migainn sk cost £

Crop | fasne) {rfirigation/acs)  (hriacrriseason) (&iacrc]
Potato 44 .03 132 4.55
bewt 43 0.03 144 1045
Spring barey it 0.03 102 740
Winler whes o) 0.03 086 605
Hodation acne 40 .03 1.2 870

' magation tDor = irigalions . norchemigation bbor cocticient.
i|Labor valsad at 57 25N, rounded o neares] 3.05.

Table A-8. Center plvot with corner system irrigation system
labor and labor costs.

Labor Irmigation laboe

Imgabions coeficiEn Irrigation labor iooel *
Crap snofacre)  (hrfimigalion'acre) (hriacreiseason) (3/acre]
Fataio 44 1.035 154 1115
Sufar beed 48 (HiEd I 53 2.2
Saring barley .14 €035 119 26D
Winder wheat & 1035 .12 210
Aiotaton acre 40 0,035 1.40 10.15%

'Irrigation kbor -~ Imigations & nomchesgation kb cosfficient.
i abor walusd at §7 250, rounded bo nearest $.05.

Table A-9. Linear move irrigation system labor and labor

cosls.
Laawr Irigatian kabor
Irigations coefficient  Imigalion labor® et

Cirog ino.facre) (hrimgebondacre) (hoacrefoeason) [Sawe)
Paoialn 44 04 1.76 12.75
Sugar bt 4 0.04 1.82 13.80
Spring beley ¥ 004 1.36 985
Wiinier wheal a1z 0.4 1.8 5,30
Hotehon are 40 0104 160 1160
' Imigation labor = ione x nanchemigaion kabor coelicion.

| abar walusd a1 £7 24/, roundad to neansst .05,

Table A-10. Irrigation system maintenance coefficients.

Eem FPerpant
Maimling
Buried PVE pipe: 05
Rizers, vahves, auldive, openers 3.0
Theust blocks, reduoars, plbows i
Instalistonsaiup o
Pump
Furmp and moiar 4.0
Base and housking 1.0
Blec. Dasae, Rousing paned, and wirng 20
Suction and dischange a0
Instaliation/sstup o
Towsasr
Pl au lineear 15
Pivol pad 1]
Buried abeciricsl 20
Mecplbneous
Chesmigatian equipmint 4.0
Concrale pand 1.0
2]



Appendix B. Ownership cost calculations

Crwnership costs for an asset lasting more that onc year must be allocated over
its useful life 1w denive an annual owncrship cost, Ownership costs include both
the decline in value over time based on expecied use or obsolescence (deprecia-
tion) and the opporunily interest on the valuc of the assct, Ownership costs also
melude property tax and casualty insurance.

The following methods for calculating depreciation and interest and for
calculating taxes and msurance are consistent with the recommendations of the
Narional Task Force on Commaodity Costs and Returns Measurement Methods
spunsored by the American A gricultural Economics Associalion. Consistent with
their recommendations, & real rather than a nominal interest rate is used,

Depreciation and interest

Depreciation and interest was calculated using the annual equivalent capital
recovery technique. This method 15 recommended over the cstimation technique
using straight-line depreciation (repayment) plus return on the average invest-
ment. A real interest rate of T percent was used.

Depreciation and interest = P-I,’a.u"p}r: Vit
where B =  imitial imvestment
¥V = salvage valug
1 = infercst rate in decimal form
n = ycars of usctul lifc
{a/p)i=i(l + ir/[{143)~1] = wuniform scrics cnd-of-period

amount (a) equivalent Lo present
sum {p); or capital recovery factor.

(aff) =ifl(1+i)" - 1] = uniform series end-of-period
amount [a) equivalent to future
surn (I):; or sinking fund factor.

Source: Thussen, HiG., W, Fabryky, and €L Thuesen. 1871
Engineaening Ecanomry. Mew York: Prantica Hall

Taxes and insurance

In Idaho, irrigation equipment s exempl from personal property tax. The
insurance cost calculation was made using a rate of 0.6 percent applied o the
average level of investment.

Insurance = T[B +YV)2]
where B =  initial investment
¥ = salvagc valuc
1 = insurance rate

10



Appendix C. Capital and ownership cost summaries

Table C1. Capital investment and ownership cost summary for a
40-acre center pivot with endgun, 34 Irrfigated acres.

Pumchass Sakeaga Lizatul and Chmershig
price’ wtlue lifp interast®  Inesurance’ cogssd
iem 5] L] fyvars)  ($fyear) Fryaar) (Fryaan
Kainkne
935 6 PVYE pipe 1258 1,365 1] 30 1#0u00 a 114004
Theust blocis: 2 113 o 30 410 a 9.10
Inslakafion'satup change FT 1] H al.00 a 5104
Canter phval; &° pips
G50 low presaag syskam
willh drops:,
precaure regulalor and
spray haads with endgun
and 2-hp booster pump 18,531 a,706 15 1.887.15 65,70 195385
Pt pad 723 i 15 79,400 0 .40
935" buried
ebecirical service 14037 104 15 108,70 a 108,74
Instalation'seiug change 3,387 o 15 371.85 a IF1A5
Pump equipmen
Pump and motor (7.5 hpl TR 156 M 65 280 T245
Basa and housing 248 25 2 =250 .54 £3.00
Electrical paned and winng 1,004 2 20 BE.TS 360 035
Swddion and disdame 1,384 138 20 116,60 4.55 13115
Inztsllationdeelp dhange 470 0 0 4435 a 44,35
Miscalaneous
g_h:nrriga.tim equipment’! 4,765 715 20 43235 16.45 445 80
LTI
(10 x 0¥ x 5 Sl i 15 104,30 1] 10430
Tatal 15513 £ Q4 3,505 pME5 3600
"Bazed on 1996 sunaey dats.
! Sea sppandl: B

Mmmership costs = deprecialion and inléres] = sunanoe.

“Inchyrde:s chesmigation assambly, Injaction puig and maolor, and the mixing bk, agitator, and calbmtion ubs,
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Table C2. Capital investment and ownership cost summary for an
B0-acre center pivot with endgun, 66 irrigated acres.

; Diepreciation
Purchasa Falvage E=2T and Crwmiershig
prica’ wathue litz interastt  Insurance? cogls”
e {5 i%) _ {vears)  (Sfyear) (Biyear)  (Ryear]
Mainling
1300’ 5 PVC pipe 1258 3,313 1] m 267.00 0 267.00
Thrust blodks: 2 113 0 a0 8.0 ] 4]
Instalation'sabup charge 1,082 i 0 Br.m i BT20
Cenlsr phwal: 67 plps
13007 ow-prassure sysiam
wilh dropes.
PrEGEUnG: reguiksior
and spray heads
wiish endgun and
2-hp boogler pump 25,385 7 0B0 15 3E04.85 12745 373830
Fival pad T2 0 15 79.40 0 740,400
1320 punied
glocincal servce 14485 147 15 15510 i 155.10
Instalations=tup charge 4 534 0 15 LS o 508.25
Pump equipment
Pump &nd motor (20hp) 1,750 350 20 15685 6.30 [
Base and housing 245 29 20 22590 0.8 20
Elecirical pansl and wiring 1,085 218 20 8750 290 101.40
Suction and dischame 1,634 163 20 15025 5.40 15585
Inskallation/sehap chaige 405 0 20 46.70 0 48.70
Miscalancous
Ghemigaiion equipment’ o, Tou 4,785 b 435.15 16.55 451,
Sufip
[« 10 % 5 &30 a 15 104.30 ] 104.30
Total 57687 8,703 5,725 160 5,886
‘Based on 1506 survey data.
5an appendx B

Y wymarship cosls = deprecistion and inberest & FEurance.
Sinchudes chemigation assambly, injection purng and mator, and the mixing tank, agilaler, and callbreion fubs.

Table C3. Capital investment and ownership cost summary for a
160-acre center pivot with endgun, 133 irrigated acres.

Dipprociadion 2
Purchiags Saivage LUiseful and Oweriership
piice’ vals 71 inerssf  Insurance® cosls”
lierm % [£1] fpeas)  {Syear) {Ehyme) {Eiyear}
Mardine
1870 10° PV pipe 1254 740 0 an 586,745 i} SBE.TS
Thrust blodks: 3 11=2) 0 30 13,60 i} 1360
instaliafionisstup change 1,552 i an 12505 a 125,05
Canter pivol: 6-5E" pipe
10T [rw-Pressurs Syskm
willn drops,
piressune moukxar and
Epray heacds wilh endgun
and 5hp boasier pump 35,309 7,080 15 3504 85 12745 3,/32.30
Pt paad P 0 15 79,40 o 75,40
TR burked
elecincal senvics: 2,299 pire- 16 24325 1} 24 25
Inslaliationtsatup change 4,538 i 15 SELES i} SR 25
Fumg aquipmend
Pusnp and malor (40 hpy 2823 5485 20 26185 1050 21215
Base and housing 295 30 2 27.50 1.00 28.50
Elecirical pansd and winng 1,383 257 20 12380 500 12875
‘SucEon and asmhangs 1,964 198 20 18245 5 108.00
InstalkeBon'setup changs s ] 20 T35 i ik B
Mizcsllanpoes
Chemigalion equipmant’ 4 B T3 Fat] 44180 16.80 458 80
Surigh pond
{10 x 10° = 57 93l LI 15 104.30 L 104,30
Total 55,368 9,130 387 167 6554
Based on 1996 survey dain.
iSae apprndix B.

¥ pwmership cosis — depreciation and nlefest o+ INSUranca.
“includes chemigation axsembly, Tjsdion pump end motor, and the mixing tank, agitator, and caliation Lbe.



Table C4. Capltal investment and ownership cost summary for a
40-acre center pivot with a corner system, 36 irrigated acres.

Deprecialion

Fumnchass Bk Usatul and Cramership
piica’ valug lita interastt Irranca? oosks?
ILesm 1% % {years)  ($year) iFfyaar) [Syp=an
Maindine
565" 6 PVC pipe 1258 1365 o 30 11000 ] 110.040
Thrust blocks: 2 1% o n a1 a 810
Irestallationdzefup charge iy ] a0 &1,00 ] 51.00
Cenier phot: 6° pipe
B2 low-prassura nasa
ayclom with drops,
pessure regulalor and
gpeay hesds wilh
240" affective kength
CONMET anm 41,252 250 15 4 20005 148 50 4345 45
Pivarl pad e o 15 Ta4D i .40
BES buried
elizcirical sendce 1,037 104 I3 108,70 1] 108,70
Buriad guicencs calike 450 a5 15 100,50 1] 10050
Installation’sstup chargs 2,800 ] 15 3840 1) JUE 4D
Purmp exquipme
Pump and moler (15 hp) 1329 2E6 20 11885 4.80 12575
Bage: s howsing 240 L 20 22580 .80 s
Elecirical paned and wiring 1,004 2 20 E3.85 A6 S50
Suction and dischans 1,304 138 20 127225 455 13185
Installation/sstup charge 470 0o 0 4435 0 44,35
Miscallaneous
Chamigation equipment! 4,765 TiE 20 432 95 16 45 A4B.50
Surmp pond
(IFx10r=&) A5 1] 15 10430 0 104,30
Tolal 55,240 9,784 5.809 179 6,108
"Basad an 1698 survey data.
“Ses appendix B

*Owrarship costs = depreciation and interes) + nEEERCE
*includes chemigation assembly, injection purmp and mator, and the miing tank, agitator, and calibration fube,

Table C5. Capital Investment and ownership costs for an 80-acre
canter pivot with a corner system, 76 irrigated acres.

Daprecation
Purchazs Salvage Lisastul ad Crmarship
prical vala 1] inlepee Insurmrees rosis?
= &) (5) (yoars)  iSyear)  (Siyear)  (Siyear]
Mainkne
1320 B PG plpa 1254 3,313 (1] 3 PRI 0 257.00
Thinest blocks: 2 113 ] 30 R[] ] a.10
Installation/satup chame 1,082 (1] a0 BT20 ] 37.20
Canter pivot- §° pipa
1,280 low-prossum: basa
sy=hem with drops,
e S
24T afiacive
Comar Sysinm wi
erdgun and 2-hp
bersher primp R fag 11810 15 8,043.20 212.55 B255. T
Pivot pad 723 o 15 70,40 0 7940
1,320 biuned elecirical cable 1488 147 15 15510 0 155.10
Baried quidan:am:ia 1,200 120 15 12F.00 L] 127.00
Instaligtion/zatup chame 5,100 1] 15 R o 0 55345
Pump equipmen
Purmp and maler (30 hp) 22110 44z 20 18785 .55 20 40
Base ard housing 204 27 20 2521 [.c0 26.10
Elecirical pane] ard wiring 1,110 e 20 Ba.ES 4.00 103,35
Surction end dischargs 16834 glix} b | 15025 540 155.65
Installation/satup chans 525 1] 2 45 55 1 449,55
Misceibanpogs
Chemigalion equipment? 4 796 Al ] 20 43515 18.55 451.70
Sump pond
(MFx10reS) a50 i} 15 10430 ] 104,30
__Toial B3.544 13,851 4,380 247 8507
'Based on 1955 suney data.
*5ee appendi B

Cwnership costs - depracaion and inberest + Insursnce.
“ncludies chemnigation assambly, injacticn pumg and mator, snd the ming b agitalor, sod cefbrafion tube.



Table C&. Capital invesiment and ownershlp cost summary for a
160-acre center pivot with a corner systam,
152 irrigated acres.

Dapracation
Furchase Salvage Usahad ard Crmership
prca’ vl 1] mleresf  Insurance® ks
Bem (5] ] [yeews)  {Sfyear) [$yean) [Shyear)
Kainine
TBFD 107 PV pipe 1258 7405 a 30 G967 e} ROE.Th
Theust blocks: 3 18 L1 30 13560 a 1360
instalifon/setup charge. 1,552 0 ) 12505 a 12505
Cender pivol & S8-nch pips
1260 low-pragsurs basa
sysiam with dops,
prRssun: reguisiar,
anel sprary haads wilth
24 allacfve
enrier Syatem
endgun and S-hp
booster pump 5904 11,810 15 E013.20 21EES 6258575
Fivot pad T3 1] 15 19.40 ] 240
1870 bunied slednical cable 2,457 250 15 254,70 o 26420
Buripd guidance calie 2,268 227 15 24000 ] 240000
Instalation'sehay change 5,100 ] 15 55005 i 558 345
Pusings equipmant
Pump and motar (75 hp) hyda 1,085 20 4BE.13 1555 BOET
Basa and housing 49 a5 20 =210 1.15 J3.25
Blactrical pane] and wiring 2,173 435 20 15450 780 202 30
Sucfion and diseharge T 534 243 20 X100 835 241,40
Instalisfionfestup charge 1,084 o 20 10825 o 10325
Mescslanens:
Chemigation equipment? 4 344 T30 20 441,80 16.60 45860
SUImg ponad
(10 x 107 x &) 450 1] 13 104,30 L] 104.30
Tatal 86,162 14,626 5,487 266 8,754
"Based on 1998 suney data.
5 appendix B.

Awmership costs — depracisiion and inkamst + nsunmnoe.
sngiudas chamigation assembly, injection pump and mebar, and the mixing tenk, agiaior, and calbeation b
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Table C7. Capital Investment and ownership cost summary fora
160-acre linear move system (linear-A), 2600' x 2600°,

155 irrigated acres.
- =2
Purchass Sakaga LUsafd and Cramership
price’ witlue fife imbeargs” FEirance’ cosis?
ftam i3 [l [years] (#fyear] (fyear) [Bhyear)
Mainkra
3,501 of 100" PWG pips:
(1254) 14,018 1] m 112965 ] 1, 12865
4 risers and valves (107) 28 28 m 21.85 ] #1545
[Tunmat blocks: 3 163 1] an 13.E0 a 136
Installation/satup charge £912 1] 0 23 .ES a 234 65
Liresar mowe: & 558" pipe:
2600 center-baad Inoss
drag linear system,
inciuding cart with
moAangangrainr 108,500 21,720 15 11,055.35 Fa0.895 11,450.30
400" of 57
polyethyliene hase 270 u} 15 30,55 [i] 30145
5" walve ppener assemibly &4 =1 15 145 ] LT 45
Buried guidance cable.
o AT 2541 254 15 288.50 ] 2G5
Inslaliztionsaiup chamge §.T35 1] 15 1.068.E5 (i} 1,068.485
Pump equipmant
Pump and matar (75 hg) B3 1,085 Eat 40615 15955 S06.70
Bace and housing 349 a5 e 3210 1.1% a3 an
EHIHJ"EEIFHMI and wiring 2,173 435 20 194.50 L) 20230
Suction and dicharge Ll 253 20 233.00 835 24135
Installation'satup charge 1,04 o =0 10325 1] 10625
Mecelbarne s
Chesrigation equipment® 4,859 70 o0 441 80 16.80 458 50
Sump pand
(1€ 10 % 5] 50 1] 15 104.30 a 10430
'I'u? 15&5‘5 24,595 13,731 445 16,186
'Hased on 1456 survay data
TSee appendix B.

hamership cosls = depreciation and imanest + insurance.
‘Includes chemigaion assernbly, injecion pump and motar, and $he mirking tank, agitaar, and calibration ba,
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Table C8. Capital investment and ownership cost summary for a
160-acre linear move system (linear-B), 1300 x 5200°,
155 irrigated acres.

Depreciafion
Purchaza Salvage Ltzstul and Chamerzhig
prica’ vaks Ita interast Insirance? costs
le i o {yaars) [$hyear) ($yaarl ($hyaar)
Mainlina
4,B4T of 107 PYG pipe
{125 18,186 o an 1,544 50 i} 1,544 50
B rezers and vahess (107 553 35 o 44 0 i} 44 100
Thnst biocks: & 38 1] an 2725 a 27.25
Insizllatianiseiup derge BAM ] a0 458 35 [i] 459,35
Linear move: & 58" pipe
1307 end-fead hose
including cari with
mmnf E_-'genhaltr TOESE 14,133 15 185,35 #5440 450,75
palyeiiwiens hose 2. 750 i) 15 01495 i} 145
6" vah'e opensr assembly 543 54 15 57 A5 i} 5745
Buried guidancs cabie:
5.200° 2541 254 15 26890 (i} 26880
Installationizatup chams 5 i) 15 580 50 i} 550 .50
Pump esquigsmierd
Purg and malor (73 hp 5431 1085 20 48515 19.55 BOE 70
Base and howsing 349 315 20 X210 1.18 125
Elacirical pansl grelwinng 2,173 435 20 18450 780 20230
Suction and dischame 253 20 =3 00 835 241.35
Instzilationizahp chamge 1064 K] 20 10325 a 106325
Miscedlaneows
Chemigalion equipment’ 4 854 Tan 20 441 80 1680 458 60
I I xs) 950 i) 15 10430 i} 104330
Total 124877 17,035 12,064 308 12,372
'Bazed on 1555 suvey data,
Z Soa appendix B

A wnership cosls = deprediation and interes! + insyranca,
Arciudes chemigation assembly, injecfion pumg and mator, and the mixing tank, agitater, and calibation fube.
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national origin, age, pendar, dsakiliy, or siatus 85 & Vietnam-era vateran, a5 raguinsd by siats and fedieral laws
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