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Economics of
sprinkler irrigation systems:

handline, solid set, & wheelline

Paul E. Patterson,
Bradley A. P{m%
and Robert L. Smathers

Introduction

The choice of an imigation system
or decision w convert from onc
system to another depends on
technical, econommic, and financial
factors. Technical factors include
charactenistics of the physical
resources, namely climate, Lpogra-
phy, soil texiure, and the quality and
quantity of the water supply. Avail-
ahility and guality of labor, whether
the system will be used 1o apply
chemicals or w control frost, and
cropping alternatives are other
important considerations. The necd
o improve encrgy and waler-use
efficiency is becoming increasingly
important in the decision process.

Economics also plays an impor-
tant role in sclecting an irrigation
syslermn. Increasing water costs or
water scarcity encourages the nse of
more ellicient iTigation systems.
Increased cfficiency ofien means
greater capital cost of increased
management and labor W operate a
system al a higher level of effi-
ciency. The goal is o balance
increased water-usc cfficiency and
lower lahor and power costs with
higher ownership costs of mone
capital intensive irrigation systcms.

This publication provides basic
cost information and cost COMpari-
sons for handline, solid set, and
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wheelline irrigation systcms appli-
cable to southern Idaho. This infor-
mation is useful to those evaluating
the cconomics of allermative irriga-
Lon systems o developing costs and
returns catimates (enlerprise bod
ets) [or crops grown under imiga-
tion in southern ldaho. Two compan-
ion publications, bulletin 779,
Economics of Surface Trrigalion
Svatems, and bulletin 787, Econom-
ics af Low-Pressure Sprinkicr
Trripation Systems:; Center Pivot and
Linear Move, provide similar cost
information for surface imigation
systems and continuous-move
sprnkler irripation sysicms, respec-
tively,

Methodology

The cost information contaimed 1n
this publication was oblained from a
survey mailed to irigation cquip-
ment dealers in southern Idaho
during February 1993 and updated in
May 1996, The survey requested
prices on the components for six
types of sprinkler systems: (1)
handline, (2) solid sct, (3) wheelline,
{d) center pivol with endgun, (5)
center pivot with a comer syslem,
and (6]} linear move. All systems bt
linear move included designs [or
three field sizes: 40 acres, 80 acres,
and 160 acres. Cost informabion was
also obtained for state-mandated
chemigation cquipment. The chemi-
gation squipment was selected based
on mainline size at the pump, which
is dependent on system flow Tates.
Chemigation eguipment COSES arc
included with the imigation system
costs found in appendix C.
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Sprinkler imigation systems are
designed (o meet site-specific
conditions, including soil water-
holding capacity, root zone depth,
crop mix, pcak daily water require-
menl, and [eld shape and topogra-
ply. The assumed site-specific
conditions for which the modeled
irrigation systems are designed are
presented in appendix A. While
these conditions are representative of
some areas of sonthern Idaho, they
will not fit all situations. The capac-
ity of a system appropriatcly de-
signed tor your situation could be
greater than or less than those of the
modeled systems, with commespond-
ing changes in costs. Always discuss
irrigation system design criteria with
irrigalion COmpany representatives
familiar with local conditions and
your objectives.

Irrigation system
selection criteria

Lrripation system scloction starts
with altemulive irripation system
designs that meet site-specific
conditions and the owner's or
operator’s specific objectives. Next,
the systems are compared on an
economic basis o determine the
least-cost method of meeting the
objectives, And last, fmancial
feasibility for the specific operator 1=
considercd.

Two issues muost be addressed to
avioddd bims in the economic analysis.
The first is which costs to include.
Equipment costs are typically
classified as operating and vwner-
ship. Operaling costs, also refomed
to a3 varahle costs, occur when




Table 1.

Irrigation system land-use

Table 2. Design parameters of each system

efficiencies. configuration.
40 -mcre field i Bl-acre hek ; 16-acne fisld : Talal Riequired
brigaled Landuse Irigaled Land-use Imigaled  Land-use Fald  Imigated Design  system  pumping  Systam
zoras et acres  atiici ares  affickency e ity head  horsapower
Harding 5 0 77 006 158 005 — |BcrES)  (BCrEE) (pMVacTE)  (Qpm) {ft) (P}
Handina 40 335 75 300 142 15
Sk st |s 0% 77 006 154 0196 B0 77 75 60 148 30
160 154 75 1200 162 75
Wheelie 385 088 77 086 154 098 B LA E s L i -
Note: Land use eflicency = Iigaled acres « fiskd acres. Ser e = e i L
Field Beres: 40 acres - 1.320° x 1,320°; B0 acres - 1,320 x 2,641 i ke LR, e e -
160 Bcres = 2540 x 2,540 : ;
Whanlne 40 115 75 00 119 15
a0 7 75 B0 125 35
180 154 75 1200 129 75

equipment is ulilized and inclode
itcms such as labor, clectricity, and
repairs. Orwnership costs allocate
capital costs over the equipment's
uselul life and are not dependent on
level of use. These include deprecia-
on, interest on undepreciated value
of the cquipment, insurance, and
property laxes (in some states). Both
operating and ownership costs
should be evaluated when comparing
svsiems.

The second 1ssue 15 the basis on
which to make the cost comparisons,
For imgation systems this means

Figura 1. A full section (5.280° x 5,280
containing 640 acres or four quartar
sections of 160 acres each, with the NW
quearter section further divided o
gquarters of 40 acres each, and the SW
quarter section divided into halves of B0
acres sach.

cither per field acre or per irrigated
acre. The percentage of the field that
can be irigated defines the irripation
syslemn’s land-use efficiency. |and-
use efficiency varies according o the
syslemn’s design and how well it fits
the field. A center pivot has a lower
land-use efficiency than a linear
move of 3 wheelline, assuming
rectangular ficlds,

Many fields are laid out using the
rectangular survey system (figore 1).
This results in rectangular Dields that
can vary from 20 to 640 acres. While
nrany natural and manmade features

alter this layout, the rectangular field
provides a common basis for system
cosl comparisons. Table 1 shows
typical land-use efficiencies of set
move irrigation systems for 40-, BD-,
and 16i-acre fields, If land is
presently in production and has a
high value, a low-cost systemn with a
low land-use efficiency may be less
economical than a higher cost
system with a higher land-use
efficicncy when land is included in
the analysis.




Irrigation system
descriptions and design
parameters

The irrigation systcms convpansd
in this study were desipned 1o meet
the site-specific conditions outlined
in appendix A, All imigation systems
are assumed to be locatcd on level
wipography with rectangular feld
boundaries. The water is delivered
unpressunzyed from an irrigation
district with the delivery paint
lncated 1n one comer of the Dield and
no exisfing piping fo other locations
within the held. The elecincal
servics (including three-phase
power), pumping plant, and
chemigation cquipment are all
located at the water delivery point.
Structures and appurtenances
required by the imigation district o

Wihiollin Sysiem

accommodate continuous flow
delivery ane not comsidered or
included in system cost. The impor
tant design parameters for each
system confizuration are listed in
Lable 2.

The 40 and 160-acre ficlds,
parcel (a) and parcel (c) in fzure 1,
respoctively, are assumed o be
geometrically square. The 80-acre
ficld iz assumed to be rectangular
wilh the long dimension lwo limes
the short dimension, parcel (1) in
ligure 1. The mamline for the 40-
and 80-acre fields is located along
one side of the eld, the long side in
the case of the S0-acre ficld. The
mrainline for the [60-acre Neld s
located down the conter of the ficld.

All imgation system designs are
comparable o those used in the arca.
All are designed with a syslem

Solid s system

capacity of 7.3 gpnvacre. sprinkler
spacing of 4 feet by 50 foet, and
ong lateral per 20 acies, which 1s
commmon for the arca. However, this
combimation of sprinkler spacing and
design capacity is insdequare tor
potare production without addiional
rolalion management considerations,
For cach svstenn design, the field 1=
divided equally betwesn a row crop
and small grain ducing any year. This
allovws for the sprinkler latcrals on
the small 2rain crop o be wsed on
the row crop to mect it5 irrigation
requirement during the peak waler-
use period during the month of July
and into Avgust, By following this
rolativn managerment scheme, these
irrigation svstcms are capable of
producing podato and sugar beet
crops of desirable vield and quality.




The handline and solid sct irriga-
Lion systems use 3-inch laterals and
4.3 gpm flow control nozzles,
requiring 34 psi at the mainling, The
wheelline imgation systems use 4
inch laterals and 4.3 gpm flow
contrel nozzles, requiring 44 psi at
the mainline. IMead loss at the
pumping plant duc to suction and
discharge minor losses and hmited
suction lift is assomed to be 10 feet.
The total required pumping head is
specified in table 2. System horse-
power, also shown in table 2,
represents the nearcst nominal
clectrical motor size above that
required, based on pumping head

and wotal system flow rate, For cach
system, the system compoments,
their size, and their quantity are
listed in tables C-1 throngh C-9 in
appendix O

Findings

Capital investment

Capital requirements for the set
mve sprinkler systems are shown in
appendix C. The chemigation
equipment is listcd as a component
of cach system. In addition 1o the
price by component, these tables
show the assomed salvage value,

years of useful life, depreciation and
imtcrest, and insurance costs, The
annual cquivalent capiral recovery
method used to calculate the owner-
ship costs 18 discussed in appendix
B.

Total price of an irrigation system
increases with feld size due o
increased cquipment requiremnents.
Handline trrigation systocms (tables
C1-C3) ranged in price from
$21,877 for a 40-acre ficld up to
560,089 for a 100-acre feld. The
price of the B-acre system was
534,320, Solid sct systems (tables
C4-C6) ranged in price from
5685579 for a 40-acre field up o

Table 3. Annual costs per irrigated acre for
handline irrigation systems at fleld
sizes of 40, 80, and 160 acres

Table 4. Annual costs per irrigated acre for
solid set irrigation systems at field
sizes of 40, 80, and 160 acres

($/irrigated acre). (S/irrigated acra).
: Imigated sores Imigalad stres
5 7 154 85 77 154
Annual aperaling cosls Annual aperaling costs
Maimanance’ 14105 a7 755 Malmenane’ ABED 3105 28.05
Labort B350 B350 63.80 Labor® 3625 25 3825
Waner? 2455 2455 .55 ‘Watar 2455 5L 24.55
Prosgr 1705 1705 17.06 Poramr® 17.35 1735 1765
Inbicermst? 300 285 20 Imergs® 285 a7s 255
Tobal aperating costs 19245 17as 115.55 Tkl apemiing coslis 11760 11185 106,15
Annisal cwnership costs® Anresl camership costs”
Drepreciation and Inten=i’ 50.10 35.50 3465 Diapraciation and inene 161.85 147.50 13785
Insuranca® 155 115 80 IrEurance® 540 Lan 510
Total penership cosis 51.65 41.05 3555 Ttz owmarship costs 16775 153 B0 142,95
Total anmsl costs ® 174.10 158,00 151,10 Tartal anmual costs® 28535 264,75 252 10
Adjusied land chams ® 125.00 125.00 125,00 Adjusted land charge™® 125.00 125,00 125.00
ol it Total o
ard kand £osis 23010 284.00 260 = band Losls 410.35 9. TR 37710

* Annual maimanancs coel was calculabed using imigeson syslem mainks
narce: coefficients in appandix A appliad o tha purchass pce in appendx G,
diviged oy irrigeied acres.

¥ Irrigation labar costs are the average for fhae four-year rofation. Calculations
ara found in appendic A Labor weas valued al 57 25 per howr,

* Watsr costs are based on & led charge per Feld ace, $23.55, divided by
the: rumber of im arred, whare the fixed change is the averape oost par
acme in 1956 oy tha Twin Fallz Canal Go., Burley brigafian Disirict, and
the Maortf-Side and South-Side Minidoka imgasion Districts.

* Powe coel wars caloubated per acre inch of oGl waier (appendiz A
lnased on 1he 1995 idaho Power imigation sersice raie mzq,mmut!g
cushomer charge $10 per month, demand change $3.52 par KW of biling
demand, end energy change of 28727 cenls pes KWh.

¥ Intgrast costs wers calcuiated Tor operaling cosls, using a nominal imarnest
raba af 10 parcent and as=uming the money i beerewed lar fhres mofhs,

* Walugs in appandi: G alocebed on & pee-imigated-acre basis.

" Desproxciartion and indarecst wera cakoulated using the caphial recovary method
discussad in appendix B and a 7 pervant raal marnect rate.

* Ivzuranice wies caloubaied wsing the averags level of investmant, as
dscussad in appendix B, and an insurance rate ol (U8 percend.

? Total annugl cosls = annual operaling Gosls « annual ownership casts.

" Acfusted land = base land value rate of return x land sdjuetment
Lactor, whiens the land adjustment facior = the invarse of the | on
gystem’s knd-use afficency found in tabls 1. The basa land value was
51,200 per ace, and the rie of refum was 10 percent,

! Anrual maimanance cost was calculated wusing irgation sysiem makme-
natrice coediicients in appendic A spplied fo the purchase prica in appendtx G,
divicker] by irvigeded acms.

A Irrigation labor cosis are e awrage for the four-year ratalian. Calodations.
ara found in appendix A ILabor wees walued a1 $7.25 per hour.

* Watsr costs ere besed on & Beed charge per fiskl acra, $23.55, divided by
the mumber of imigated acres, where e lwed charga is the average coat per
acre in 1456 made by the Twin Falls Ganal Ca., Burley Irigasion Distict, and
the Morih-Side and Soulh-Side Minideka Imgation Districts.

¥ Power cost was calculated per ac inch of total water appied (appandix &)
based on the 1325 ldeho Power irigation sanvice rate schedule 24, induding
custamer charge $10 per month, demand chargs $3.52 par kKW of billing
demand, and enargy charpe of 28727 cenls per KWh,

* Interes casts were caculated Sor oparaing oosts, using a nominal Interes)
raie ol 10 percent and ascuming tha monsy is borosnd for three months.

¥ Walues In appendix G allocaled on a per-imgated-acre basis.

T Depraciation and intereat were calculaiad wzing the capital moosry method
discyssad in appendix B and & T pencend sl interest rate.

* Insurance was calodaied using the sveraos level of Investmenl, as
dizciuseed in appendiz B, and an insurance rale of 0.6 parcant.

¥ Total annuel costs = ennual aperating cosls + annual cwnarship costs.

" Adussad land Eha.l'ﬂﬂ-'—lﬂﬂﬁ land valus rate of refurn x land adjessment
Eacior, where She land adiesiment facior = $ia inversa of Bw imigatian
cyelem’s Erd-ee efficency found in lable 1. The base lard valss wes
$1,200 par acre, and the: rate of retum was 10 percant.




F223 226 lor a 160-acre Nield. The

price of the B0-acre system was
$119.686.

The wheslline systems (tables 7-
C9) ranged in price from $31,770 for
a 40-aere Deld up o 5103, 197 for a
16{)-acre ficld. The price of an 8(-
acre sysiem was 355,272, These
prices include the chemigation
system, which ranged in price from
$6,155 to $6,296. While total capital
investment and ownership costs are
nccessary information, they are not
the best basis for making a cost
comparison. [rigation system costs
should be compared on an annual

Annual costs

N R N L e o B TR R T
Annual cosis per irrigated acre for
the sel move imigation systems are
summarized in fables 3, 4, and 3,
respectively, for the handline, solid
sel, and wheelline systems. A
comparison of costs across the
diflerent systems is shown in table 6.
Total annpal costs inclode both
operating and ownership costs.
Dperating costs include mainte-
nance, labor, water, power, and
intcrest on operating capital. Operat-
ing cosls are a function of use and
depend on scasonal water require-

mcnts, the number of imigations, and
other basic assumptions specified in
appendix A

Ownership costs include deprecia-
tion, interest on the investment, amd
insurance. Ownership costs were
calculated vsing the annual equiva-
lent capital recovery method dis-
cusscd in appendix B, The annwal
equivalent cost method of estimating
ownership costs has the advantage
over aliermative methods because
ownership costs for componcnts
with different years of uselul hie can
he combined.

cost-per-acre: hasis.

Table 5. Annual costs per irrigated acre for
wheelline irrigation systems at field
sizes of 40, B0, and 160 acres

($firrigated acre).
brigrried scres
J0.5 77 154
Annisgl oparating costs
Mamsenance! 22.55 1835 16.20
Lasbsen® 19.85 1295 18.05
Waler® 24.55 24.55 24.55
Powgar! 13.80 1365 13.65
IrRanests 2.00 1.80 1.85
Total oparating cosis B 04 a4 16.20
Annual oamership costs"
Dieprecaiion and interesi” THES B8 45 A0
Irsurance® 240 =0 180
Tokal eramesrship ool 81.05 7045 BS.E0
Talal amral cosie” 164.00 148,85 141.80
Adfjusted land chargs' 125.00 125,00 125.00
Todal
and m 280,00 27385 266,80

! Annual meinganance cost wes calculated using irmgation system malmte-

nance coefficiants in appendi A appled o the purchasa price in appandix G,

divided by imgated acmes.

2 Imigation labor costs ane e average fior the Tour-year ratition. Gakoulations
are found in apperdix A Labor was valued 2l $7.25 per hour,

ey cresis are bosedd on & fied charge per fisld acre, 523,55, divided by
ihe number of irigated acres, whars tha cherge ie the cost per
ac¥e In 1896 mass by tha Twin Falls Ganal Go., Burlay Imigation D and
fha North-Side and South-Side Minkdoka krigafion Districts,

* Powegr coest was caloulabed per acne inch al okl werler applied (appendic A)
based on the 1995 Idaha Poseer imigalion service rale schedule 24, including
cussamer change $10 per maonth, demand change $3.52 per KW of Bllirg
demand, and ensegy changa of 28727 cents par kK.

E Interest costs were calculsted for operating costs, using 2 nominal Interast
rale of 10 percant end as=wming the money is bomowed for three monthe.

& \alas in appendoe C alocated on a par-imigated-acrs basis.

T Dapraciation and interast were cakaulased wsing tha capilal recovery method
riscussed in appendun B ard a T percend ressl inleres! rale.

* lnmumnoe wark calouaied wsng the swerape el of irmeimenl, &=
dhecussed in appendix B, and &n insurancs rate o 0.6 parcent.

* Tkl annisal costs = annual operating costs + annusl cwmership cocts,

* Adpusted land chargs = hase land value rate of retum = lnd adjustment
facor, whara the land adjustment Bacior = fhe imerse of the imgation
sysinm’s bnd-use ellicency lound in lable 1. The base and wlue was
£1,200 per acre. and the rabe of relum was 10 percen.

Table 6. Set move Irrigation system cost
comparison per Irrigated acre.

Total Teatal Todal  hirigation
Fiaid operating  ownarship  annisal ard
System gizg  |mgated  cost o5l cost  lend oot
__vpa {acra) _acms  (Hfacra) acre)  hiacra)  (Sacre
Handlina Ty s iR (7] 74 ]
Solid el 40 kY 118 164 MR 410
WitweeeTin: 40 335 B3 a1 14 Fao ]
Handline &0 77 116 41 153 2B
Solid sat &0 T 112 153 265 k= ]
‘Whsaling o) i [ il 143 274
Handling 160 154 116 a6 151 ]
Salid sl &0 154 109 143 252 x77
Wheeline 1680 134 TG 66 142 267

Mote: Diats sumemanzed from Eables 3, 4, and 5.



Maintenance

Water and power

Annual manlenancs COsis Were
calculated as a percentage of the
irrigation system’s initial purchasc
price using the maintenance coeffi-
cients listed in appendix A, The
maintenance cost for the entire
system was then divided by the
number of imgated acres. Capital
C0sis and MAINTENANCC COSES per
irmigated acre decline with increasing
system size doe to cconomies of
seale for most imigalion systems.

Maintenance cost per irrigated
acre for the handline system ranged
from $7.35 on the 160-acre field up
oy 51405 on the 40-acre feld (table
3). Maintenance cost per immigated
acre for the solid sel system was the
hughest of the three sysicms, ranging
from a low of $28.05 on the 160-
acre [ield up to $36.60 on the 40-
acre ficld (table 4). Munlenance cost
per irrigated acre for the wheclline
systcm was higher than the handline
system but lower than the solid sct
system, ranging from a low of
51620 on the 160-acre field to a
high of $22.55 on the 40-acre field
(tzble 5.

Labor

Irrigation labor hours, hased on
the crop rotalion average, Were
calculated by multiplying the
numher of imigations limes the
irrigation labor coefficient (appendix
A). The irmigation labor coefficient is
the amount of labor, in hours,
requited per Tmigation on a per-acre
basis. Labor was valoed at $7.25 per
hour and incledes a base labor rate
plus 20 percent for Social Security,
Medicare, unemployment insurance,
workman’s compensation, and other
labor overhead expenses. The
irrigration labor coefficient is 0.8
hours per imigation for the handline
system and 0.25 hours per imgation
for the wheelline system. The solid
sel irrigation system has an imigation
lahor cocfficient of 0.05, plus four
hours per acre to set out and pick up
the laterals.

Water cost was he average of the
rates charged in 1996 by the Twin
Falls Canal Company, Burley Imi-
gation District, and the North-Side
and South-Side Minidoka Irmigation
Districts. The $23.55 charge was
made on a field-acre basis, but
allocated only to the irrigatcd acres,
Imigation systems with a higher
land-nze efficiency would thorefore
have & lower water charpe.

Power costs were calculated using
the 1995 Idaho Power irrgation
service rate schedule 24. This
includes a customer charpe of $10
per month, a demand charge of
$3.52 per kW of hilling demand, and
an energy charge of 28727 cents per
k'Wh. Intercst on the operating
expenses was calculated using a 10
percent nominal interest rate and
assuming the money was bomowed
for thres months.

Total operating costs

Total operating costs per acre
decreased slightly as the size of the
rrigation system increased [or all
thres systems. This was primarnily
influenced by the lower mauntenance
cost per acre on the larger ficlds.
Across the diflferent sized syvsiems,
handlines had the lowest mainte-
nunde cost per acre and solid set
systems had the highest. Among the
three systems, wheellines had the
lowest tofal operating costs and
handlines the highest across the
three field sizes.

Annual ownership costs per
irrigated acre are also influcnced by
economies of scale and design
characteristics, Costs per acre were
highest for the smaller systems.
Ownership costs for the handline
system (table 3) ranged from a high
of $51.65 for the 40-acte field to a
low of 53555 [or the 160-acee field.
Crwnership costs for the sohid set
system (lable 4) ranged from a high
of 516775 for a 40-scre field to a
low of $142.95 for a 160-acre ficld.
The ownership costs for the
wheelline system (table 3) ranged
from a high of $81.05 for the 40-acre

6

field to g low of $65.60 for the 160-
acre field.

Total annual costs

Omwmcrship and operating costs
are summed to show the total annwal
costs for each imgation system in
tables 3, 4, and 5 and summarized in
tahlc 6. The costs range from a low
of 5142 for a wheelline designed for
a 160-acre field o a high of §285 for
a solid set designed for a 40-acre
field. The wheelline systems have
the lowest total annoal costs of the
three syslems across all feld siees,
and the solid sot systems have
consistently the highest The cost
difference between the wheelline
and handline systems 15 slight.

Adjusted land charge

The adjusied land charge in tables
3,4, and 3 is based on a 10 percent
refurn on land valeed at 51,200 per
acre, or 120, A land adjustment
factor accounts for how elficiently
the brigation system wiilizes land in
the assumed field shape. The land
adjustment factor is the inverse of
the imigation system”s land-use
efficiency (table 1. This adjostment
assumies all feld acres have the same
value, but that only the irrigated
acres pay for the land. Il an adjusted
land charge is incloded when
computing imgation system costs,
the value of the land can influence
the relative ranking of the different
sysiems based oo the cost per
imigated acre, Since all the set mowve
systems compared in this study have
the same land wse efficiencies (able
1} the adjusted land charge will not
affect the rankings.

Comparisons
among systems

To facilitate the comparison
among the different systcms, table 6
sumumarizes the cost information.
Comparing the cost of the same
system across different field sizes
shows thal costs sre not linear.
Decreasing costs for the larger
systems indicate economies of scale,
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Appendix A. Irrigation system design and
operation assumptions

Location: The Mini-Cassia area of southern Idaho.

Soil type: A silt loam soil with a water-holding capacity of 2.6 inches
per foot, Soil depth does not limit crop rood zonc.

Pumping plant efficiencies: 75 percent.

Table A-1. Allowable soil moisture depletions and
crop rooting depths.

Allowable deplefionn Rooling deplls
[ieet)

Crof %]

Piotaho 1] 2
Sugar beat 50 2.5
Wimer whea R 3
Spring harey B0 3

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

Water raquiremant
Crop Pl month [inches)
Protzsn July L
Sipge bl July W5
Whnler wheal Jurs )
Spriny) barkey Jure BS

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

FOWR
Crop inchesday apEcre
Fodaio 03 249
Sugar basat 030 ar
Winter whaat 024 o3
Spring barlay pEN 57

Miota: PDWWH = Paak month evapotranspiration + number of deys per monkh.

Table A-4. Application efficiencies.
Applicalion eficiency
{3}

Sysiem type

Hamndine G5
Sald sel B5
Whnaeline 70

Table A-5. Crop-year Irrigation water applications
and number of Irrigations.

Handline'
aolid z=t Wheeline
Mat total 1otzl Handima/
applind appliad appliad whinline Zobd set

Crop {inchesy  (inchas) {inches) RO inrigalions
Palio 22 M x| 14 24
Suger bessi 2 i) 14 15 25
Spring Darey 17 26 24 T 15
Wimer whisa 16 25 23 T 15
Hotation gcra 20 3 28 1075 ]

Mobte: Includas all water applied to the fiskd rounded 1o the nearest inch, starting after hanvest
of the presious cop.

Table A-E. Irrigation labor coefficients, hours per irrigation

per acre.
Sysiem type Wighout chemigerion Wiith chemigaion
Handin: .BD =
Wheeline 025 -_
Sald saf” 0.05 0.o7
D=z ] inclunde 52 out and pick up labor.
8



Table A-7. Handline irrigation system labor per irrigation and

labor costs.
Labor Trriggeation o

Imigatians coatiiciznt hrigatian kabor! cogt?

LCrop [natacra} (hefimigation/acre] (hefacreseason)  ($acre)
Paliio 14 g 1z Bl
Sufar beet 15 it 120 B7.00
barkey T 0E L 4060
Wiriar wiesi r 0a 3.6 4060
Rotation acre 110,75 na BE E3.80

"Irigation laboe = imigation ¥ |abor cosfficiant.
*Lasbor wakued ot 57,354, rounded w0 nearest £.05

Table A-8. Solid set irrigation system labor per irrigation and

labor costs.
Sed-oun Imigation
pick-up labor Irigation lakar
Irigalians labor o it Irrigeation kabar =
Crop (na.jacre) {hifacre)  (Mefmigalionfecre)  (osoreseasen) {Siacre]
Potato 24 4 005 520 ar.To
Sugar best 25 4 005 525 JB.0S
Spring barey 15 4 005 475 3445
Winler whesn 15 4 il E N J4.45
Hotation acne 16,75 4 005 50 .1&_25

"Iigalion labde = (irigations x abor conffident) + se-out and pick-up abaor,
“Labew valued 3 37.25%, rounded jo neamst 5.05.

Table A-9. Wheelline irrigation system labor per irrigation and

labor costs.
Labar Imigation labor
Irigalians cohicnng Irrigation labor® [= o
Crop (nifzcre)  [Moirigalionfiacre)  [Faiacrefeason) [Sface)
Potzio 14 025 350 2535
St bt 15 025 375 220
Sprng bariey T 025 175 12,65
Wininr whesr ¥ o2k 1.75 12,65
Footation acre 1075 (1 * e 19,45

"Iigalion laboy = irrigesion x kxbar coefficinnt
“Labar walued a1 37 250, raunded lo reaest 505

Table A-10. Irrigation system maintenance coefficients.

Ilem Pezrent
Mainling
Buried FVC pips (1
Fllzers, vakves, ouidhee, openeds a0
Thrust lblocks, reducers, albows i
Inssalation'satup o
Pump =nd mokor 40
Bass and hou 1.0
Ble. basa, howsing panal, and wining 20
Sucion and dischamga 3an
Instalsfionsstup i
Lalarak
Handine and sald 2ot 2
Wheellna |
Miscelbneous
Chemigalian eouipranl 2
Pipe traier |
Concrate pond 1.0
9



Appendix B. Ownership cost calculations

{ranership costs [or an assel lasting more that one year must be allocated over
its useful life to derive an annual ownership cost. Ownership costs include hath
the decline in value over time based on cxpocted use or obsolescence (deprecia-
tion) and the opporiunity interest on the value of the asset. Ownership costs also
include property tax and casualty insurancc.

The following methods for calculating depreciation and interest and for
calculating taxes and insurance arc consistent with the recommendations of the
National Task Force on Commodity Costs and Returns Measurement Methods
spomsored by the American Agriculiural Eoonomics Association. Consistent with
their rccommendations, a real rather than a nominal intercst rate is used.

Depreciation and interest

Depreciation and interest was calculated using the annual equivalent capital
recovery technique. This method is recommended over the estimation technigue
nsing straight-line depreciation {repayment) plus return on the average nvest-
ment. A real intorest rate of 7 percent was used.

Depreciation and interest = Bla/p)’ - V(a/f)]

where B = initial investment
YV = salvage valoe
1 = inlerest rate in decimal form
n = years of useful lifc
(afp)i=i(1 + [(1+)~1] = uniform series end-of-perind

amount (2) equivalent (o present
sum {p): or capital recovery factor.

(a/f), = WT(L+ir - 1] uniform series end-of-period
arnount (a) equivalent to future

sum (f); or sinking [und factor.

Sourre: Thuesen, HL G, WL Fabrycky, and G J. Thissen, 1571, Engineering ecsaity.
Mew York: Frentice-Hall

Taxes and insurance

In Idaho, imigation equiprnent is exempt from personal property tax. The
insurance cost caleulation was made using a rate of 0.6 percent applied to the
average level of investment.

Insurance = I[(B + V2]
where B = initial investment
Vo = salvage valoe
I = insurance rate

10



Appendix C. Capital and ownership cost summaries

Table C1. Capital investment and ownershlp cost summary for a
40-acre handline system, 38.5 irrigated acres.

Drepreciation
Purchoass Sahvagn Usaful and Crmarship
prica’ walue life inleresP Insurance? cosls®
lt5m (3} ] [years] [Bfpear) [Bhyear) {Bhyear]
Mainlina
13200 of §° PYG pipe 1258 1,558 a a0 15285 0 152685
26 ritarg and walves
fior & pipe 1.529 153 I 121,60 S5 1 26.BS
1 & oAdive azsemily | a 0 2145 i) .55
# thoest blocks 113 a an =R 0 &40
Insiallation’satup charge 1223 a an 25.50 0 OE.50
Lalerals
21,300 & 57 lalerals
compleda wilh
vah® opener,
5l phug, nisErs,
2" haads, and
43 FCH 4, (5 1,£14 15 3590 1580 A11.70
E'Hiu&l’f.l Ehalgl‘.' 4 n] 15 4 &) 1] 440
Fump equipment
Pump and masor {15 hpl 1,529 2EG 20 11885 480 123.7%
Basa and housing 249 25 20 2290 Bl 21.70
Elcirical b,
o ring parnmel,
and wiring 1,004 i il L 380 43.45
Suction and dischange
ssambly 1,384 138 20 12725 465 131.80
Inslallssor'zatup charge 470 o 20 4435 ] 44,35
Miscelbneous
Chesnigafion eguipment® G155 o] 20 GEE 45 21.25 579.70
Fipe Irailer 1,280 R0 A 11150 4,50 11640
Sump pand
(10 x 10 % 57 BEO K] 15 104.30 {i 104,30
Todal 31.5-?? 3,170 1,828.35 B60.35 204270
'Based on 14956 prices
THee appendix B

ramerthip oosis = Deprecialian arnd riercst + Insuranca,

‘Includes chemigalion as2emidly. injeclion pump and molor, mixing Bk, agitatar, and calibration tube

1



Table C2. Caplital Investment and ownership cost summary for an
80-acre handline Irrigation system, 77 irrigated acres.

Depracistion ? ;
Purchasa Salvage Lisgiul ard Cwenership
i’ wake lifi ilerasf Insurance® cogls®
[li=) 18] 3] [yearns) [Byean) [Eyean) {hiymar)
Mairline
1300 of B” PVC pipe 125% 3,265 1] 3o 262 35 1} i
1320 of " PG pipe 1258 1,867 1] 1] 155,30 d 15630
26 meers and vahlvas
for §° pipa 1,725 173 =1} 137 20 570 14290
20 rsers and vahees
Tee B* pipe 1,529 153 an 121.60 5105 12665
1 6" cubdve s=semily 23 4 20 2185 i} #1495
1 B % 6" neducar B3 0 n 5,50 i} LA
3 thrust blocks Es 0 n 1360 Q 1360
Installtionsetup charg: 2489 [i] an 20080 20D
Lalieraks
4 1300 € 3" lateraks
complets with
vehva openar and hoss,
levalars, 34° haards,
4.3 FGH, end plug,
and moamrs TEq3 2350 15 TS J0.E0 Br305
Diglivery charge 5l a 13 E.ED o 6,60
Pur u
mmeqml.‘gmerﬂm (30 hpd 2210 447 2] 10785 T8 205.80
Base and housing 274 a3 ) 450 20 25.40
Electrical basa,
housing pan,
and wiring 1,330 268 20 118.05 4 80 123.85
Suclion and dischangs
assEmbly 1,884 188 20 182 45 G55 189,00
Inztalabionsebup chargs 775 0 20 7315 0 7215
Mizcalersous
(hemigafon aquipment &, 186 q28 20 5E1.30 135 S82.65
Pips= iraiber 1,250 250 1] 111.90 450 11E40
Sump pand
(Ar=i0x5) BED W] 15 130 u] 104,30
Total 31-,1_2!3 4 B39 3.072.08 BT .55 3,160 60
Hazed on 1946 pricas.
“Ses appancixz B

Awnarship bosts = Deprecialion and imenest + Insurance.
nciupdes chemigation assombly, imection pump and moboe, midng fank, agilater, and calibrafion ube.
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Table C3. Capital investment and ownershlp cost summary for a
160-acre handline irrigation system, 154 irrigated acres.

Dapraciation
Purchiaza Salvage ks ard Chmership
prica’ walle lile ineresi Ffurarce? costs?
Ll 3} (8] Iyeers) (Byear}  (Byear) @ [Blpew)
Marling
1320 of 12° PVC pipa 1258 7405 ] b a 506,75 LI 5BE.TS
T30 of 107 PYC pipe 125#  5.148 a 1| 414,85 0 444 85
1320° of 8° PVC pipe 1258 3313 i a0 267.00 0 #ET00
26 risans and valyes
for 107 pips= 1.747 150 o0 142.B0 5.05 14885
76 nigarg gnd valves
fiar B° pips 1.725 i7a m 13750 50 14250
1 & oundive assemily Zar 23 m 240 L1} 540
112 2 107 risifucr 13 a a0 10.55 i 105
110° x & reducer a3 a a0 7.50 a THQ
L] 12" albow 174 u] 30 14.00 i 14.060
& theust blocks 51 i m 265 q 2RES
Installation/satup chargs 3,553 ] n 37 a NTEB
Lalerals
B 1300 1 37 laleraks
compiite wilh
vahie apensr,
end plug, risers,
34" haads,
4.3 FCH 15,600 4 BB 15 1,526 hb B0AL 158740
Dedivery changa 120 o 15 1280 0 1350
Pump equipment
Pump and motor (75 hp) 5,45 1,086 0 486.15 1855 505.70
Basa and housing 348 a5 20 210 1.15 b e
Elactrical base,
housing panal,
and wiring 2173 435 20 18450 TE) B02.30
Suction and dischange
aeeambly 2,534 253 20 233.00 B35 241.35
Iuslalaﬁm‘setl.n{mrga 1,084 i 0 10325 o 10325
Mcelaneous
Chemigafion aquipment® 6,206 L 57125 21.70 Fopr O&
Pifpee railer 1,250 250 20 1190 4.50 116.40
Sump pond
(10 % 100 x5 450 0 15 10450 0 104.30
Todal G0,080 8,064 £,332.35 135.58 546880
"Basad oo 1994 prices,
I5ae appendic B

*Crenership costs - Depracation and interest + Insuranc:.
*Incudas dhamigalian assembly, injacfion pump and maolor, mixing tank, sgislon, and ealibrafion fube.
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Table C4. Capltal Investment and ownershlp cost summary for a
40-acre solid set irrigation system, 38.5 irrigated acres.

Depreciation
Purchase Sabeage Usaful and Cramershig
pric’ wtlue lile inberest® IrEirance? posts?
Hum &5l ] lyears)  (iyear)  (htyean  (Syean)
Mainlins
1300 o §° PWC plpe 1258 1,588 1] 30 152,95 0 152,95
13 rizarg and valves
for 5 pipa i L o ). T 250 £3.25
13 T-vakm openars Tl T . 50.40 0 56.40
%5 3% aluminum lime ilbows B5H L] a0 BO.ES 2.60 T2.55
13 5l x 3" aluenirum pipe H2B 248 &0 63.85 320 LA
1 6" auldive assambly 238 24 20 21.56 0 .55
2 Thinasf blocks 13 LU 3 510 [ 9.0
Instalabiondsehup changa 1200 i a0 qe.80 o 9BE.E0
Latarals
25 1,300 x 37 lalerals
camplele wih
e plug, fsers,
A" heads,
and 4.3 FGH 45,760 13,00 15 4477450 1TE45 4 B5E.35
Drelrsary changa 0 1] 15 420 i) 4280
Pump equipmant
Pumpand mobar (15 bg] 1,329 268 20 118.05 480 12375
Bage and housing Zd48 25 20 Z2430 050 el
Elecirical panal and wring 1,004 Z0 iH] =45 A50 0345
Suclion and dischange
gssambly 1,384 138 0 127.25 455 13180
Installationisatup charge: 470 i} 20 44,35 0 44.35
g 55345 21.25 TN ]
Chamigalion equigment! 6,155 B3 4 J ;
Pipu: Irailes 1,230 = £ 11150 ERH 116.40
Surig pond
il x 1 X 5 50 i} 15 104,30 a 10430
'ﬁ}l-ll 85,579 15,950 6232210 22635 6, 458,55
"Based on 155 prices.
San appendic B

Wmmership coels = Depreciafion and inberest + Insurance.
Includes chemigalion assembly, injection pump and motor, mixing ek, agtatar, and calibration fube.
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Table C5. Capital Investment and ownership cost summary for an
80-acre solid set irrigation system, 77 irrigated acres.

eciafian
Purchaza Sahage Lizalul and Deniershi
price’ value Ifa interast Insurance® coats® 3
ml ] %] ivears)  [Byean [Siyean) {$/year]
ma
2R of BT PVG plpa- 1258 EAS51 [i] My Ei10.45 [i] 1985
26 risers and vahas
lier 8 pipa 1,725 173 k1 ] 13720 570 14220
28 Teahae opieners 1,417 142 30 112.70 W] 11270
52 3° alumdinien e aboas 1,737 [n] 30 12780 520 133.00
26 500 % 3° aluminum pipe 1,651 55 i 140,041 645 14645
1 B putdve szsemily =57 b=} 20 A ] 2540
2 thrust blocks 13 0] a3l 914 i] 410
instalationsotup charge 2,467 i 30 1B6.80 i 190,60
latarals
531,507 x 2° |aterals
complate with
and phg, risars,
A" hoads,
and 4.3 FCN a8.500 26,676 15 8,70.40 Q468D 9,048.20
Defvery charge TR 0 15 B5 65 o B5.ES
Fumg equipmen
Pump Bnd motor (30hp) 2,210 442 20 19785 7.85 205,80
Bae=e and housing 2T a7 a0 25 2 .o 26,10
Elgcincal paned and winng 1,110 222 20 Go 35 4.00 10338
Suclion and dischame
as3efniky 1,634 163 20 150.25 .40 155.65
Instadlationisetup charpe 535 0 b 4555 0 4955
Miscsllaneous
Chamigation aquipment! 8,1BE a2an il 58130 .95 [
Pipa trailar 1,250 250 20 111.50 4.50 116.40
Surmp pond
e 10" x5 50 0 15 104,30 L1} 10430
Tatal 119,686 29547 11,359.00 40820 11,756.80
"Bizzad on 1295 prices,
5na appendix B

Cwnarship costs = Dapreciation and inberesl » Insunarss.
“irciudies: chemigation assembly, injecfion pump and matarn, mixing 1ank, egitator, and calibration fubs.
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Table C6. Capital investment and ownership cost summary for a
160-acre solid set irrigation system, 154 irrigated acres.

Depreciation
Purchase Salvage Useful and Ownership
price’ value life interest?  Insurance? costs®
ltem ($) ($) (years)  ($/year) ($/year) ($/year)
Mainline '
1320 of 12" PVC pipe 125# 7,405 0 30 596.75 0 596.75
2570' of 10" PVC pipe 125# 10,177 0 30 820.15 0 820.15
52 risers and valves
for 10" pipe 3,593 359 .30 285.75 11.85 297.60.
52 T-valve openers 2,834 283 30 225.40 0 225.40
1 12"x10" reducer 131 0 10.55 0 10.55
1 90-degree 12"x12" elbow 174 0 30 14.00 0 14.00
1 outdive assembly 317 32 20 29.15 0 29.15
4 thrust blocks 225 0 30 18.15 0 18.15
Installation/setup charge 4,093 0 30 329.85 0 329.85
Laterals
104 1,300' x 3" laterals
complete with
end plug, risers,
3/4" heads,
and 4.3 FCN 172,640 51,792 15 16,893 673.30 17,567.20
Delivery charge 1,560 0 15 171.30 0 171.30
Pump equipment
Pump and motor (75 hp) 5,431 1,086 20 486.15 19.55 505.70
Base and housing 349 35 20 32.10 1.15 33.25
Electrical panel and wiring 2,173 435 20 194.50 7.80 202.30
Suction and discharge
assembly 2,534 253 20 233.00 8.35 241.35
Installation/setup charge 1,094 0 20 103.25 0 103.25
Miscellaneous
Chemigation equipment* 6,296 944 20 571.25 21.70 592.95
Pipe trailer 1,250 250 20 111.90 4.50 116.40
Sump pond
(10'x 10'x 5" 950 0 15 104.30 0 104.30
Total 223,226 55,470 21,231.40 784.25 21,148.95
'Based on 1996 prices.
2See appendix B

*0Ownership costs = Depreciation and interest + Insurance.
‘Includes chemigation assembly, injection pump and motor, mixing tank, agitator, and calibration tube.
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Table C7. Capital investment and ownership cost summary for a
40-acre wheelline irrigation system, 38.5 irrigated acres.

Dspreciation
Purchass Sakvage Uszriul and Cwnarship
price? valug lika i erasf Inguraro? raslst
Hem 5] 1%) fpeans)  [Bhyesr) {Hiyear) (Biyaar]
Mainkine
13007 of & PVIC pipn 1758 1,858 o a0 15295 1] 152.85
26 rizers and vahves
for 6 plpe 1,559 153 a0 1360 RD& 126.65
| & putdive essembly 235 24 20 21.95 { 2145
# thrust blocks 113 0 3l B0 L1 a0
Inztaliafionzetup change 1,222 i 3 BE.50 0 S8 50
Latarals: mectanical snd-drives
21,300 % 47 Etarals
coampdate with
wale opanar and hosa,
kracdnrs, 14° hears,
amnd 4.3 FCN, end plug,
and meroes 14 806 2581 15 1467065 L1 .85 1,518:80
Delveryizetan change a3 0 15 90.35 i 8035
Pump equipment
Pump and maotor (1Shpy 1,320 s o0 11685 480 13275
B and housing 244 25 o 2280 A0 2370
Elecirical pang and wiring 1,004 201 m 24.85 2560 0345
Suclion ard discharge
aEembly 1,554 138 20 12725 4 5k 131,80
Irestallathonestup charge 47 ] 20 4435 i 4455
Miscellaneous
Chemigatian sguipmant! 6,155 o) 0 GER 45 .25 579,70
Sump pand
(10 107 % 57 a0 u} 15 104 30 I 1030
Total 31,770 4511 3,027.55 9195 311950
'Bazed on 1886 prices.
“en appendy B

Uwmarship posts = Depreciation ard irdenest + Insuranca,
“ncludns chemigation assembly, injection purng and molor, mixing tank, agiator, and calbration lube.
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Table C8. Capital investment and ownership cost summary for an
80-acre wheelline irrigation system, 77 irrigated acres.

Drepreciation
Purchase Bakvags Usatul and Cramership
price’ Vel lifg inforest?  Irivance? oasks?
liem (%] s
Mainling
1300 of 8° PVG pips 1258 3543 a 30 262.85 L1} 260 Ok
1520° of 6° PVC pipe 1258 1,927 a 0 155.30 1 155,30
6 risars and vakes
far & pipe 1725 173 30 137.20 5.70 142.80
26 rigers ard vakes
far & pips 1520 153 a0 121.60 5.05 126,65
1§ ouldhva assambly 230 24 20 .85 o M5
18" x & regcsr 1] i 3 250 0 R.ED
3 thnust blocks 180 L1} 30 136 k] 1360
Instalationtsetug changs 2,488 ] 30 PO0ED o 200,60
Latarats: mechanical end-grves
41,300 2 47 |3ierak
compiete with
vakve opaner and hasa,
lavalars, 34 haads
and £.3 FGM, end plug
ard movers 28,612 5762 15 a0 103,70 3.067.80
Delivenyicelup chanpe 1,715 0 m 188.30 o 15330
Fum enk
Fuﬁ'qﬂ]rﬂ“miﬂﬁ ) 1,837 A7 o 164.45 .60 17105
Basa and housing 274 i o 25.00 50 25.10
Elacinical paned and wiring 1,330 268 il 11006 4,80 123.85
Suchion and discharge
asembly 1,584 19 b 102,45 6.55 183.00
Installalianisetup chanms 775 i 2 73.15 0 =R
Miscallaneous
Chemigeion equipment! G195 E=rl 20 561.30 M.E BH2ES
Sump pond
Irxires 950 L1} 15 1042300 ] 104,30
Total 55,272 7,809 5,2T1.00 15465 SA25.65
"Based on 1996 prices.
*Gee apoendy B

3Cwmership costs = Depreciation and mamst + Insurante.
Y|nchkdes chemigetion assembly, injection pump and molor, mizing ank, aghater, and calibslion fubse,
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Table C9. Capital investment and ownership cost summary for a
160-acre wheelline irrigation system, 154 irrigated acres.

Depreciation
Purchasza Sahaga Lsaful and ‘Cranership
price! wlue lile Infarest Irurance” Cists?
Ibesm 3 ] [yeers]  (fear] (3hvaar] [Shyear
Mainling
1340 of 12° PVC pipe 1258 7,405 1] 30 506,75 i 598.75
1300 of 107 PVC pipe 1258 5,148 i 30 41485 ] 414.85
13200 of B"PVC pipa 1258 3313 0 a0 267 .00 o 267.00
2 rsers and valvas
fier 107 pipe 1,797 160 an 142,90 585 148,85
26 rizars and valvas
fior & pips 1,725 im3 an 137.20 570 14290
1 5 oukdine assermiily 287 ] m 26.40 il 2640
1 12° x 107 rediscsr 131 i} a0 10,55 a 1055
110" & & reducer 43 Li] =| T.H0 a 75l
1 90-dagraa 12° slbow 174 L] = 14.00 i 14 (i
5 1hnusk blocks 201 LI ) il v 0 2285
instalaticnsetup charge 3,936 0 0 T3S 0 1735
Laterals: mesdanical end-drives
A 1,300 = 47 laleral
complets wiih
valva apenar gnd hoss,
levelars, 34 haad
and 4.3 FCM, end plug,
and meusrs 5E 548 11,330 & 5.768.75 prinhii] 587270
Dalmrpsetun change 3430 0 15 JMGE 1 37560
Furng equipmant
Pump and motor (76 hp) 5431 1,086 20 4EE. 15 19,55 505.70
Basa and housng 48 35 20 32,10 1,15 J3EE
Elocirical panel and witing 2,173 435 20 154 50 780 202.30
Sucfion and dechange
assimbly 2.5 P | 20 Z33.00 B35 24135
Installslionisetup charge 1,084 0 2 103,25 o 108325
Misoallaneols
Chemigakion squipmint® £.298 L | 571.25 21.70 Be2 95
Sump pord
[ & 10 % 5) 250 0 15 10430 0 104.30
Tilal 103,187 14,464 9 BIT.05 7415 'II!I1_¢|1.H.'|
'Based on 1956 prices
“Ses appendix B

Ywmarship costs — Depresialion and Infersst + Insuranca.
sincludes chermigafion assambly, injction pump and metar, mixing fank, agitaton, and calibration bube.
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