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THE COST OF LAND APPLICATION OF WASTEWATER; A SIMULATION ANAL
YSIS. C. Edwin Young. \atllral Re~our.:e Economics Division. economic Research 
Service, U.S. Department of AgrIculture. Technkal13ulletin No. 1555. 

ABSTRACT 

Laml treatment of wasrc\\ater is a cost e~ rective llletihld for advanced treatment or 
muniCipal sewage. Costs llf lallL! treatment of \\:asrewatcr are analyzed using a computer 
)illlUlatlt1 11 Jll\l\iel. SI:-- alternative techniques ellr land application arc examined. Varia
t1()lb 111 cosh Jr',' stwlicd uSing cost estimates and cost elastidty estimates. Assuming 
that the soil retl;,;.remenrs afC met. inmtration basins arc the least cost technique for 
land applIcation. Center piVlH irrigation is the least COSt irrigation alternative examined. 
Analysis llr treatment eCOnOIllles of si/e indicates that most of rhe advantages 10 in· 
l'reaslIlg fadliry size have been realized after facility size reaches 10 million gallons per 
day. 

Key\vords: 	 Wl\ste\\llter. Land treatment llr wastewater. Costs. Simulation. Cost elas
tktties, ~lul1lcipal sewage 
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SUMi\IARY 

,\ ,\llllplIlt'rl/ed ll1udd is de\elopcd hI all;lh II' Cllsts 
ur ;,ppl~ illS 1ll1l1l1CIP,ll \e\\a~~' dtlucnt ttl lJlld, rhe cost 
i!ll,ll~~b i.:lllllparCs ~i\ altt'III,ltiH' land appikathlll tcch· 
Ihll"~Ut" \ultd·~c't illl~attol1. C<'lllcr piHlt lITigation. 
b,Jlticl \lrtp lIrtgatlOn. fld~e Jlld fun,l\\ 11II~atIOIl. 
"wdalld nO\\. alld IIll1lLralillll ha,itl:" Lll,'h tt't·hllol· 
t.)'\ 1'\ a\\lIllll'd cap;lblt' III Plll\ldlll[! tilt' leqllilcd levcl 
1.11 \\;',k Ill'atlllClll. lilt' ,lIlal ySIS L'llllSlst\ III dcn'lujllllg 
.1 ,'(l~t Illtllkl. l'\tllll,IHllg Ctlsh 1m cadi tedll1olll~Y. 
Jill! \ullldatlllg altclIlCltlvc ptlCC\ anti a\stll\lpllllll~, 

('ll';( l',tllll<ltIJS arc pll'paTed rOt each llr thc ~i\ 
ian,! ,Ipp\t(atlllll tl'chnlllllglt'S. Antlllal. an'tar-t'. fi\cd. 
"pl'latlIlg, and ranlllllg co,1 cstlmatc\ aIt' plesl'nted III 
Appcndl\ tahles I through 5, Undc! the assumed price 
rd,IlIOIl'illlP\, thl' !L'a,,! Cllst in Igatlllll tt'citlllqUt' i~ 
\.'cnh'l PI'llt ",Ilik' ~llltd·set is the 11l0.,t ('\pcllsive. 
BOldt'! still' and Ildge aud rUflO\\ IIrl!!atioll "Xl' the 
hl~!ht,~t cll~1 llpllllll" till' ~lIlall fJdltlle:> (le:;~ tlwn 0.5 
l1UHhltl galloll:\ pel ,ttl) (heriand 11u\\ (osts ran!!c 
!ll'!\I('t'lI ,'t'IHt~1 PI\Il( ,HId ~\llld'~l'l lfn~atilln ,'()sts, 
\\ Illk H1liltl<ltHl!] bJ'lll I,'ll~h ,lit' ';;OJ 0 1.000 gallons 
It", th.tr1 (l'lllt'l pilllt I!rt[!<ltltlll Cosh. 

I \,',ll\tlllllL', III 'lIlA' Mt' L'\allUIlCd lor avel agt' tutal 
,:(I,h a, \\ell ,I, the (oillpotlenb, ~Iost of the advan· 
[;1"<,, til llhll.'.I'>lIlg !actllt) ,ill' have bccn rcahlt'd after 
!a(lit[\ \1/(' fI.'.ldll'\ 10 .\l{il1 (1I1ilhllll galloll' per dil:-). 
\, f,l(IIIl\ '\'" Ult'll'a'l'S 1I'llll ll:' ttl lO .\I(i[), averagc 

tntal Cllst:; jlcr 11I1I1 llr volull1e I"all by \1ler 50 percell!. 
while rrolll 10 Itl 100 .\I(;[) the} rail by bs than IS 
percent. Alerage land cost> arl' rdativel) constant 
for all racillty Sill'S" Average labot cost~ ur'~ the only 
clllllpOnt'nt or average oper'lting cllsb wblect tu ecul1-
OllllCS of Sile and only up to u facility ~ILe of 5 1\1(;1). 
The Illodel aS~lIl1!e~ that there alc no economics of' 
sile in till' rannlU!! (Jperation: llw!efme. lIVC!a~l' net 
ClOp revenuc (alfalfa) equab SO.OtJ..jI.OOO gallom 
lor the irrigation alternatives and SeL047 1.000 gal, 
[ons for the ovcrl:l1ld JloI\; altelllatiw, 

The l'lTect llf variatiOIl~ III individual Us~ull1ptillns 
and partllllctt'IS lIll costs I~ anal~ led lISill!! Cllst esti· 
mates and cost elasticities. The impact of lurialions 
In capll,li wbsldlCs. applicatioll rates, storage costs. 
crop seleclioll, tern·one control vnriables. emuent 
reCllVel) Ctlst~, and reqllirellll'llts for land surface nl
tL'r:ttions arc analY/ed using cmt l'~t Imales. Cost elas· 
tit:ities arlJ cstllllatctl ror the desi!!11 now. applicatIOn 
ratl'. storage. tranSllllssioll distance, reservc land, sewer 
and sewagc trcatlllent plant const"lIction costs, land 
costs. discount ratL'. discount period. wage rate. ma. 
terials costs. electrrc rate, chlorinc price. amI crop 
(alfalfa) price, Thc sewel construction cost inde", 
capital sub~idies. dcsign Jlo\\'. ~tlllage. applicntiol1 
rate. a!ld crop scl<~L'1I01l variablcs havc the Imgt'st im
pact 011 Cos! variations. 

It 
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THE COST OF LAND APPLICATION OF WASTEWATER: 
A SIMULATION ANALYSIS 

('. /;'dll'ill felt/JIg 

,{l{rit'l£lfllral/:'c('JII(!lllisr 

INTRODUCTION 

Land ,Ippli.:atloll Ill' ~c\\a)!.e elt1uellb IS OIlC tl.'ch
tl\qul.' ttl I lllgh kVt'l llcatllll.'llt winch, undl.'l .:ertain 
~lllldll\llI1S, ,'an Ill' till' 11ll1s1 cOSt etTe..:tin' alterna tiVl.'. 
('osb Ill' land apphl'atlllll all' evaluated III this n~p(lrt 
\1~ill!! ,\ ":IlIllPllll'rl/etl cl.\l IIll1tIt'!. Results or thc t::O'it 

al1al~Sls ant! the computer Illmlt'l W\lI he u~l'r\ll tll 
11111 III': !pal pta III H.' !!> , ....(lll~llitaIlt~, l!ll\ t'fIlIllL'nt il)!.C nctes, 
ami n'~cMdlL'r~. 

Willi thc pas:.agc ,1[' tltl' 1q~2 Amendmcnts to tll.: 
lcdt'tal Watl'r Pollllllol\ ('onllO! A.... t (P,L lJ2-5001. 
Illlltll.:tpalttit'~ haw 1\\(1 111.'\\ In....l.'l1tives to .... ollsltkr 
tilL' ll~l' pf land applicalltlll. tl[Tldal cnLlluragt'IllCnl 
and sllbs\litl.'s, Thl.' allll.'lldlllt'nts t'l1t:lluragl.' wastC\VatcT 
trcatnH..'1l1 wluch n.'~ult~ III thL' ':llllslrudion or 1L'\CIlUe 
pI tldlh:!IIg fal'lhtle~ I'lllVldmg 101 t 1) rl' ....Ydll\g of Illl
It'llllal ~l'\\age p\llllllanl~ thlough H)!.rkultural alld 
l\lI~,tT\ I'lOdul'tlllll, (:1 Il'.:ialllathlil of wastl'watl'r. 
.!Ili.l (;) III tlill,It t' 1I1\[10,al III SIUtl~l" III a IlJalllll'r llot 
halllllul III tht' I'n\\lllllllll'Il(. Alsl\ IItdudL'd until'r thl' 
1.1\\ \\,1, a -.ubslth Plll\ltitng 101 -;:; per.:enl of IlIIlial 
":Olht I u,'lInll l','sb, rite \\lhsid~ has a provision ttl 
..:\)h'{ bnd ':llSl'o lur land appitl;ltHHl systl'lllS., Pnor 
\p l'assagl' 01 thl.' I lJ72 Al11t'lldlllents. l-I.'dl.'ral sub
Sldll" \\<'11.' lIot <\\ailahk for purchasing land. a factor 
Mtrllllclltill h\ land treatment S!stl'IllS (:,).1 

L'Ild ll~atment (01 land appltcaUoIl) fl'rCt~ til the 
.;ontrolil'd dh..:hargl' lIt partiall~ treatl'd sewagl' er
nUI'Ilh Olltll lJlld to relllOve cllnlaminants frolll thL' 
\Viltel Ihe ""11 and agricultural .:rops or forests ad
sorb .unl fIlter llltratl'S, pho,phate" orgalllcs. allt! other 
1'it:lIlellb t"llllll tilt' t'f!1ut'1l1 For a complete descrip· 
ttun !II tilt' dl'sign .lItd npl'ratll1J1 of land application 
'>\stnl1S. \I'C (h) 

Previolls Studies of the Cost:, of Land 
.\pplieation Systems 

I til ";OIllIllUllltll" !II l'\,llualL' hind appitcatillil a~ a 
11l'.H1\Wlll ,Iltt'rn.lll\~', ':Il'>t IIltllrnWllofl Ull thc Lulll

IIt.ill< !/\·,l I1l1mb,'r' III 1'.!f,'nl!Il·"" t~kf til rl'kp'nl'~~ \i\tl'd on 

PI' l:dh 

ponl'llt:; or thl' :-;ystelll is needed. Ideally, the cost 
anal~ sis should compare and evaluate alterna tive tech· 
nlllll)!.ics ror land application. It should also compare 
land appitcatiol1 tl'chnologies with alternative waste· 
watl'l treatment systems. 

Few studies on the cost structure of wastewater treat
mcn! arc available. especially on land treatment. Two 
studlcs compared land application with conventional 
treatment technologies using multiple regression anal
ysis (14. 15). They found that land application costs 
arl' less sensitive to factor price int:reascs than arc con
ventional treatmcnt costs. Rl'serve capacity imposes 
greater penalties on conventional treatment costs than 
on land treatment costs. 

Sl'veral authors prcsent models to unalyze land 
treatmcnt costs. Seitz and Swanson (11) dcveloped a 
model whieh includes a cost function for land treat
ml'nt. a cost runction for an alternative treatment 
ll1ethod. a ClOp yield function, a damage function 
ror land trcatment, and a damage function for alterna
tive treatml'n( techniqLles. The usc of either engineer
ing or statistical cost data in a simulation model for 
land treatmcnt was discussed by Young and Chris· 
len:;en (16). A simulation model can be used to study 
tratll'olTs bcllVc~n the production factors. 

Data on system costs arc included in four recent 
studies conducted for the Environmental Protection 
Agency (EPA). The IIrst provides a general descrip
tion Dr thl' land treatment process (9). ('ost estimates 
for l-MGD (million gallons per day) sprinkler irriga
tion, OVI'r1and !low, and infiltration basin facilities 
arc presented. The second reports on a survey of land 
disposal facilities by the American Public Works Assso
dation U:!). Costs for several of the surveyed com· 
Illunities arc presented. A joint study sponsored in 
cooperation Wilh the Council on Environmental Qual· 
ity compares thc components of cOStS [or alternative 
tertiary treatment technologies including lanu appli
cation (3). Thl' Ilnal re)lort by Pound, Critcs, and 
Cnt't'cs pr:~el\ts data anti a methodology for estimat
illg systl'm costs for applying sewage effluents to land 
(/11), Bl' ....nusl' or thl' comprehensiveness or its metho
dolo!!y. thi~ report was ehoscn as the basc for de
vl'lopin!! a ":OS! simulation model. Its methodology_ 



and the development of an expanded simulation model, 
arc discllssed in a later section. 

Objectives 

Objecti\'es or this report arc: 
I. To 	 develop an operational computer cost model 

for analysis or alternative techniques for land 
application of wastewater based on the Pound, 
Crites, and Griffes (PCG) methodology. 

2. 	To determine which inputs anti assumptions 
IHlve tIle greatest innuence on average and mar
ginal treatment costs. 

3. 	To develop a aasic cost model f(l[' future economic 
analyses orland treatment. 

The analysis wiLl be divided into three sections. The 
lirst will develop and describe a computer model to 
estimate costs or land application. The second will 
sumlllaril.e cost estimates for six land application tech
niques. The final section will examine the cost structure 
or the six alternatives by simulating alternative sets or 
prices and assumptions. 

COST OF LAND APPLICATION OF 

WASTEWATER (CLAW) MODEL 


A model capable or predicting system costs under 
varying asslImptions is needed to analYl.e wastewater 
treatment costs. This type of model was developed 
using the 1975 Pound, Crites, and Griffes report as a 
point of departure (IO). Development and lise of the 
computer model is described in this section. 

Model D~velopment 

The computer model developed in this section is 
based on the Pound, Crites, and Griffes (PCG) stage U 
detailed planning cost model. The PCG methodology, 
.IS illustrated in figure I, is composed of five basic op
erations: preappIication treatment, transmission, stor
age, application systems, and effluent recovery. 

The model developed in this report is referred to as 
Cost of Land Application of Wastewater (CLAW) model. 
The ('LA \V model, appearing in Appendix A, is written 
in Fortran IV. Although based on the PCG methodol
ogy. CLA\V facilitates cost estimation for a variety of 
asslimptions. A now diagram illustrating the model is 
presented as Appendix I.lgure I. 

In devdoping CLAW, graphicaUy presented duta in 
the PC'G model werc converted to mathematical equa
tions. The technitilic for estimating costs based 011 the 
t1gufes presented in the PCG model consistcd of I1tting 
straight line segments [0 each of the curves presented. 
" 

Each curve was divided into a set of linear segment 
Since the objective was cost estimation, segmcnt en 
points were not constrained to particular points. TI 
variables in the mathematical fUllctions are commo 
logarithms. For example, the capital cost curve r 
aerated lagoons (l0, fig. 16) was translated into eqm 
lions by dividing it into three segments: MGD<O. 
0.6_<;:.MGD<:2.0, and MGD2.2.0. Respective equatiol 
far lagoon capital costs are: 

('16 = l.591 I + 0.3129 x (XI -0.6990) (1
('16= l.7404+0.5371 x(XI-0.2218) (2
C'16=2.021.2+0.7209x(Xl-0.3010) (3 

when:: 

C16 =log of capital costs 

Xl'" 10gMGD 

If aerated lagoon pretreatment is selected, estimates fo 
capital costs are derived from equations] through 3 de 
pending on facility design size measured by MGD (mil 
lion gallons per day). rf the design sizc is a ] -MG 
plant, equation :2 will be used. C] 6 will equal 1.8595 
The estimate [or construction costs will be the antiJo 
of C16 or S72,OOO. 

The remaining figures in the PCG methodology ar 
tied togcther in CLAW with a series of assumptions usin 
option control variables. For example, if the optio 
control variable, CLEAR, is set equal to 0, the gras 
only curve for Field Preparation, t1gure 24 in the PC 
nWdel, is selected. II' CLEAR = I, the site is assumed t 
be covered with brush and trees. If CLEAR = 2, it im 
plies that the site is heavily wooded. 

Use of the PCG model is difficult [or individuals not 
trained in engineering. Engineering relationships such as 
pipe diameter for efl1uent transmission and the relation
ship between peak daily flow and average flow are not 
specified. Nonengineers generally are not aware of the re
latiunships. Pipc size for effluent translllission is deter
mined as follows in the CLAW model. If the gravilY flow 
option is selected, pipe diameter is determined using the 
Manning equation. Pipe diameter for the force mainop
tion is based on the Hazen-Williams equation.2 The force 
main option compares a 50·foot pumping head with a 
l50-foot pumping head and selects the least cost option. 
Peak daily now (PDF) is estimated at 125·percent of 
average daily now (MGD) (4). 

The CLAW model estimates initial costs, annual costs, 
and average costs (S/ 1,000 gallons). Initial cost estimates 
for land and construction can be examined separately. 
Annual and average cost estimates can be generated [or 
total, operating, capital, labor, materials, power, and net 
farming costs. 

2Usc of the ~Ianning and the Hazen-WiUiums equations is de
scribed in (13). 
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lille,' "Ih'd,d features (11 ('[,\W not found ill the pee; 
tlhldl'l,Ill' the ahllll~ 1" allah/l' alll'rnattVl' pretreatillent 
h'<'lllllqUl". \t<11a!.!,e I'l'r1uds, ilIltI \eH'1s of construction 
\UbSllh.1 I'lc'lll':tlllll'lIt le.:hnolo!.!,ies tllher than lagoon 
tll'Jtl1Wlll ,'an hl' U\l'd III CI'\\\.l1 a pretroatment tedl
11 Iq llt' ~lIdl ,IS tril.·kllnl! "iitl'! " lISl'd, lhe anllual capital. 
Iab,H. ,iltd matcll"" emh C,lIl b~' suhSllluted ror the prl" 
Ilrnllhlt\ tll'iltlllt'nl alld la!.!.'lllll tft'allllelll portions of the 
eLA\\ 11llldl'l Ill1\ Pl'[Jlllts l':-';Ulll11ali(lIl of land treat· 
1IIt'llt ;IS all e\.tl'lI~h\!l til a [Nliar\' treatment technique 
to hI' used by e:\lstlllg wasll'watef trcatlllent facilities. 
Vartabk' periods or storage call be studied. 

lh,' CL\\\ mudd pl'llllits allalysi~ of (hrect dlscharg~ 
IJt llw l'illlhtlh Ir,'aled dTlul'nt to strealll~ during pe
flU,!:; ,,\ lI1>'h df~,,\\hl.'d 'I\.\).'.\'I\ III strOams. such as during 
tht' \\tIlt"1 rllth. If ,\ Illullll'il'ality can dischargt' its 
\\,lStl'~ dll"I.'tl\ IIIt,l till' ,,11l'illll ror.\ P'lrtiOll or the) ear. 
lilt' ,''>tllll,lk.\ "'St-. ,II land treatml'nt lor thl' rl'llIaintier 
llr lhl' \ ,"11 ':,111 be dl'I"ftlllllt'd. The inclUSIon of til.' sub
~id\ lnl ,',Ill,\' Udlt11t ..:",," t'adl1tales <lnalj sb of the iIll

\ [I", '1',', '.11 h';llurl'\ ol t 1\\\ .n,· ,".Immed III ddali 111 the 
'"~HtI,1 (ItHl .1" ..11·, \1' 

pact 1111 cOll\ll\unity costs of alternative Federal and 
Slale subsidy levels. For example, a recent article dis
cllsses a proposal to reduce the Federal subsidy for con
struction costs fWIIl 75 l.O 55 percent (5). Additionally, 
if a State such as Pennsylvania provides an additional 
IO.percent subsidy for the construction of a treatment 
fadlity. this subsidy can be included in the cost esti
mates. Alternatively, the costs to national taxpayers 
can be compared to the costs to the local community by 
comparing alternative subsidized and unsubsidized cost 
estima les. 

The ('LAW user must recognize some inherent weak
nesses, one of which is the extrapolation of California 
crop yield and cost of production data to the entire 
country. It is highly unlikely that agricultural practices 
lind Yields in California are realistic estimates for other 
U.S. regions. Crup yield varies with application rate, cli
male. and soil type. Agricultural data frol11 land treat
ment experiences across the nation should be lIsed to 
supplement the California data.4 The Calirornia values 

411 l~ anticipated that the CLAW ll1()d~1 will be ~:-.tcnded to 111

corporate (l!!m:ultllral dalu from other land Irl'atllll'ni ~\IlL'ri-
CnL:l'~~ 
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\V~rt' iIh:orporatt'JlIlfp ('I AW to l1I;tl!ll;l1l1 ,(Il1lpara. 
hilll\ \\!lh tli,: Pl'(, JlhhJd, Variation III Iwl ,:top levc

nUL'S 1\ til dlJI1!!l' thl' ,\ l~t l'~tlll1,lll'~ 1"1 ,';dl tt'dlll\l!O!!}. 

but \VIII Jlul lII1111l'tlCl' Il'[;(ltH' ,(1)1 Jltll'll'lht'~ lWI\\t'l'll 
ll',·I\Ilo!tl~ll's. :-. 

A ~l''''ll!ld itnutallllll lIl, (,l.A\\ IS thl' ;IS~Ulllpth\lI that 
Input U~l' dol':> nul dJ,llIt:,' it:> pnc,')' dlJl1gc 1'.11 a rlH'1l 

Slll' and tl pl' ot racllit\ , \lIl'h as a ! ·~I(; [) ,,'1111'1 IlJ\t)1 

S) ~tl'I1I, tilt' ,apllal-IJ!1(11 lallo Is aSSllllh'd C:\llht,1Il1 It' 

t!Jldle,,:-, "I thl' tal[ll 01 Il'Ialth' !1,IC,'" fit,' ,,),1 ,'stll11a!,', 
mal Ill' hlas,'d UpW,1I d \111<',' Jmh'l PlIl,-.1 IIIpllts ,\111111 11 

h,' ~llhstJ[Ult'd flll IlIgh"1 pI k','d UllL':-, I (It "',lmplt.. Ul 

thtls,' ,ltl'as WIt,'lt' lahlll ,'\)sh a'" !t1\\\'[. II llI.1) Ill' ad. 
1"l!I!;I;:,',lllS 11'11'0,' ,I laho[I'1 1(1 It'~'lllah' l\llIJI Sl'fl!l!..ir!\ 
,t!,· heme' u\l',l ,;!tit," tlt.tll ,m antolll.!l,',! s\ ,I ,'Ill bllll, 
,! li Ii! lc 'II I II 1,IIlt l[ I \ \I ,;!plt ,d) 

U~e of the :'Ilodel 

I Ill' C[ :\\\ 1ll11lki h d,'wIup,'d \0 Ih,ll h\ \pl'dt\irw 
,I "'! .11 3 " !'lh'l' ,111-1 !~'l'.ltllll·1t1 "pll"lI pal,l!l1<'ft"", Iillal 
~lthi t.1\l~r~h~,l' ,--'d~t ,,~\rHH,!h~~ ..:~Ul l'tt." ~t\fler~lll\\l I'ltf' U~tl-r \\1 

Ilh' !!II,d," ,\111 spl'dJ~ ph' \!<\d rdalIt11l\illl" 'tldl .IS J,I' 

d!ti\ \1 'l' al1d the I, PI' .11.111,\ .Ipplh'.t{hlll h','I!IIIlI,,~) I •• 

h,' Ihl'd "il\ 1.1lId .lppk.i11IlTl lI.'.:illlnllll'r<', ,!I,' ~1\aiIJhk 
~llhd-Sl'1 Iltll'.!lh l ll, ,,'111,'1 1'1\(11 1111;:.1111111. bllldl'1 sIn!, 

\lIlt:,\[ I, Ill. ! hI<', ,md I till ,,\\ l! 11~a t1"11, Il\t'rl.md Ih)1I • and 
lflt'tl!!,J!h'll ''.l\llh Ilte' the' ,,!' "l'll<)JI' ,u.:11 ,I' dllpllJl.l

[lUll ,., th,' ,'nllll'lll 1'11"1 1< • .tpphul!' II ". bnd (.111 be 
(.l!lo"lk,i h\ !h.' [h,'1 ". n'IlI','[ ait,':n,ltlh' 1\'!!\I!<1I11I) 

't'lhtl.Hllh I'll,' d"i' 1.' bc' 1~f<\'\ll 1111 the 1I11~Jtlun ,ttl' 
...\Ul ~d,,\ l h'.' "~1I il'~i 

II' .1,j.!ltItHI (I rh,' ph\ 'I.'a! \;lrtahk, \\lfll,:I: all' 111',,'\

\,11.\ '''! t!t", W,l' til ('I ,\\\', tilth-H'lIt lllPHI pll\.'t'~ (all 

h" ll\,~.l hl! ,'\;Ul1l'k\ dlff"It'Il! \\.k~l' r,ll," alld eh'l'Irrv 
If\ lal,', I,m t", \1,,'11, Dn:l'lt'1I1 \ahh" till tIll.' LI'A 'L'W"! 

v.lfhl'th !I"!) ;",( II1dl." "Ill fl" 'fle'ltle'.! In ,'\atllllh' 
"lpll,t! ,,'~l' '\tlkt' ,I l.m,j 1I~..ttllll'lll ,til.' "m Ill' U~l'J 
rnl 'l'h'~,l1 \,',:h 1\\.,1 IIlli'''ltauI v.lna!\I~s arc' tit"!u,'a! 
h"n;i :.tl,' Iii dl\l"unt I;IL ilnd Ihe ,Ih';'lllllt Pt'q, .,1. 

"'" ;1 ,k,,'t!"i,'t1 "t !l!,' dJI.l ,',lab H,'."',,;Jr\ III lIll' 
iv,' the l '[ ,\\\ :lI.1,L'1. ,,'c' ,\pi't'lIdl\ B "it', I \.II11t'\ 1)1 

'th,'1 \.I'I,'!'/';, "I\.'n 11' ,\l'P"lhlr\ B. S,'" 2, .lIt' IJlI,'!, 
fll,,·dl.!~ n\tl~h." \\fl!, h ~f, \ ~hlt Ht'l\d t~1 ~)l' ~tlll\ dh\.~lI"'lt.'d 

H· !tlh !1..~;ljl:t ":~~'" tfi'.~~\ ,{to,,' flot n"t'\L'd f',H thll1!.2 till..' 
!ll<1,k' rll"\ ,,:C' Y ',,'n:-,; ", tft.I' fHIlII,' U,,", "ft'l .\\\ 

t ",' ", 'i I I \ \\ pli.1,k! " 11'1, HlIPIJ"lt·..1 ,\ '\Uflh' 

:.1
1 

"': 1. Ii 1 ". +~ !h·_' \,ttl.t:'\!l" :tIl' fhll,,\\.: \;·!~· .. ;'l.:d H. '~fL 

\1(./) ,(lit,!·",; ll!J,~a{J"n l,h'l\tl\ a!t' tllthlr;tt\'d III tahit-
I" '\,P~I 1 "'!i';"tf, I ;'IP';nll II >1il it.,' ('I '\\\ 

.,: "',I:;; 1\1':,,' ,';'1' '" !"i,!" ! I,'\,"al, '!:.l1 \\1l1i!!1 

.., t L I;~: ..• ~.>,.' ':~!l1.t!'" ,P' ":1,. i1!t .,,~J 'hJ~ ,~nd,'J 

h !. .... t, '"" ttd~. -';1,1;' ~f,. 

appllL'~illllll Iilll' 01 ~ IIldll'!> per wee!.. and 12 w,'l'ks or 
~lola,L!.l', ! (11'\ aCll'S \\111 b,' ret/tilled lur lilt' land treatml'nl 
~\st,'t1L II llll' ~'rop !!1'l1\1l IS alhJlla I\llh a 1l!ICL' or 
\..j.\),O() Ilt'l lUll. ,In aWla!!\,' IIl'I Cltll) It'V"llllt' of SO,091 
I.OOll gallom IS available 10 ollsl'1 a portIon {lIthe IOlal 

tlt'alllll'lIt ~osls, A\t'[a~l' tt l la1 In':t 11ll"11 I L'osls (D.(HI 

1,000 !!allolls) <Ilt' thl' sUln 01 ilWlagl' l'UIlS[lliL'tIOlll'OSls 
(')052 1,(lOO ,L!..tllolls l. aWlag,' land l'llsb (SO,03 1,000 
t,:allolhl. and ah'lagl' IlJll'latlll!' l'O\/S (SO,! K 1,000 gal
l(llls) less ,lh'I<I!!l' 1lL'1 no!, I,'\t'Il11I' (')(),()()! I,OOU gal
Inlls l. A \1'CtlIlJ 1'\ilIllPk cmt ,':;tullatl' lISIIl!l CLA \\' IS 

sIHl\\1l in tahle 2. i\SSllllll' a 'O:'-Pl'ICt'lll ~uhsidy lur l'llll
\t Iud IIl~! a :,-1\[(;[) celltl'r pIvot ilri~ali()11 ~y~(ell1. Tire 
;tH'/a)!,' tlltal ,'os! l'slllllal,' to the \"OlllllHlllIt) i, SO, I I,' 
I,O()O ga[[om AWI;))!e l:apltaJ (l'OIl\IIUl'IIUIi plu, land) 
l'P\1\ 1\1 thl' 10,'al Illlllllt'Jpahtl art' ')0 Oh, t ,000 !!alllln~ 
1\ 1t" tilt' .., 'i-pel L'l'lll sub~Jd:. :\l'[ ,'lOP Il'Vt'lllll' J\ SCUll) i 
l,nOll l!ali()Il,: ah'J;1!l" tllWI;!!il1g l:(l,b all' SO ,I." I ,000 
g;tll(IIJ\, 

COST ESTIMATES USING CLAW 

lite {,IA\\ lI1udd -:al1 be lhl'd to ,illlUi<lI,' CllS! t'sti. 
111<1 It', I(II ,Ilklilat IVt' pI 1(,' anti tcdlll\llll!!~ as,ulllpllOIlS, 
:\\~lIlllll1g pike and ,'llll[1tl1 lailles ~p"l'IJ'ied III Appl'ndl>' 
B, Sl'" I. (/)Sl ,'slmlal,', 1'01 lite si, land tlcatml'llt al

t,'lnatiVe'\ \\,'It' gl'Ill'lalt'd A\,'!ag,' and ,1t1llual ,,"~1St l'sll
Illalt" fOI Ihl' sj, alll'lt1.tlih'\ arl' pIl'st'nted in Appendix 
lahlt'\ I [hlough :"\111111<11 d)st estltll.rll'S til,' preSl'lIll'(1 

Itl ApJ1I,'lIdl, tabk J ,\vl'ragl' CI1S" ill ')'1 ,000 1:!nlloll~ 
,ljlpL'al in A ppelld 1\ Iahk .'. Vart'llh "tlIl1JHlIll'lIt\ or 
ft\l'd ,:ost'>, UpL'1 .lIlIl;: l'tl~!" alld 1.lImine' cost S .Ire PIt'
Willed III Appl'ndl\ tablt'~ 3, 4, alld 5. 

Ba~,'d llll a'SlImp! 1I1 l1S spl'cified l'arltl'r, the least cosl 
IIllgatlon .t!t"llllItlvl 1'01 land applicatloll i~ a L:cIller 

PI\ol s~ sl,'1ll lApp, lal1k 2) . .sPlltlkk'l or solid-sel IITi. 

gallon I~ thL' 1l10'it l'\PL'l1sivt' ahertl<ltlVL' 10/ radii I iL'~ 
Jarg"1 t/tan 1 ,\1(;]), 0Pt'Wlill!' or variablt' -:OSIS are lo\vl'l 
Ill) sl'lIn!..ll'r il ngatltltl (Ilan rur thL' other irri!!atioll 
;ti t,'Ilia I ivl'" Ttlt' ,(lild .\\' I ,tI tl'l'Ila tiVl' ma\ tw lite ht'st 

altl'rnal1\l' whl'll lahlll !s dl!fktrlt 10 oblaill and JllJ~ pro. 

ndl' a lu!!hl'r kwl oj treatment. SolJd-sel IIIl!!;Jlioll 

\llft'ads Ihl' elIlut'lll IllOlt' ('Will) aclOSS Ihl' IIl'aIIiWIlI 

slte.g"I1l'lally I"sultlil': III J hl!!ilL'1 d"t!rel'lll [1\'.1(111\'111 

[3, Hdl'l sl lip 1l11)!<If lt'll and rrdge Jlld fill llll\ in lr.:alloll 
,ilL' rill' 11Io\1 e',j'L'llSl\t "l'rtUtl' 1111 slll.llIt'! l'adlitiL's (ks~ 
thall n,:, ,\I(;!)). Ttll" !<"tlit 1\ lUllltan [Il c\pl't'tatiol1~ 
It \\ ,IS ul1tll.'IP;j(l'd Ill,lt Iltl'\l' Il'CIJllolllgll'S Wlllthl iI,IVL' a 

ludl,'f 0Pt'lilllllg d)st ,(IIl1PUllt'llt and a 10w('1 l:;Jl'ital 
,.1\1 llllllp'lllelll thai. Ihl' ntIll'! itlW,llt'Jll 1l'.:lttll'!,.)~les. 
tllll' j1l'lIl1II1J11,.:! smallt'! t;r,ihtil's Itl \UhStJtUI,' luwl'r c'<lsl 
!ll.lll'lla}' "il. 111::1((" ,'",I 11111'" II"lIJt)lIJ.~ III ImH'! Intal 
\,(1,1" rhl~ !t'sult llIa\ bf ,Itle' 111 flilll l(l tht' lI\l' PI' .'m'i
tlt','!t'd .' 'S! "\( III1 a h', ! ,lIlI','1 than ,:",( l'\1 lIIW tt" h;I\L'd till 
,1,III,d ,,\ ,h'ill:-> , III 1t~'I" "t Ih,'\\' .',!~I t,.,tilllak',l'llllhl\,rb 
I,'l hnrd~', sllll' ilthf 11.1,,;' ,lilt! 1111111\\ :nit!,1I11l1l .,lllluid 
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Table lcEstimated costs for a I-MUD solid-set irrigation facility 

't' 04-::O:*iJ!" ... ~.,. >f;+ -.f,.'" ~,.~.,,y..,...,; -;-. .... "i:.. .-, ~."' "!. ..I,o ..... -+ *.;..~*..;.. it-iJ* "" .*-& ... *:1 +"i.,i -i *-.,.';tjr!'" 'i '/r""T*,~"'+'J"1.-.*.,.. .. ~:t"~ ..r**.tr.~*****1!C"***··-Ic*,*"'1f*******lI 
~'~.~" •• ~r~~ •• *.Y* ••• ~1'4+*~* ••y.*~.*~~ •• ~*6.-++.~j.*~***.~~*~***.~.*** •••• *~*.t*****~****·***·**********

A'-c;"IJ,-,pTyrr.c:: 

c\VCPf<,rr nnw = 1.1'11" Wr:ICI(~ "r T IPPTr..ATfNr:", 12.0 WFCKS STRFA~ ~TS. ~ 0.00 
~llr:c rFC.TC'~~. : ?nn cLrV~Tlru CIFFFRF"CF= 30.0 PU~p.HEAQ EFF.OIST.= 50. 

!H'T("~ ~r I !"i"r '" 11'10. Tf\TcorST of,Tf : O.OfoOO nISC8UMT p~PIrD ~ 20. 

Wt.r,c ~ .T(: ;:: f."'] peTC e '"'c Cf-l r !:"!!",: '" 0.060 PPICF nF FlFCT. = 0.030 
'Sr'r ?t..P.7rl ("Torr = 7".2.')0 WPI 1413.0 
ADPI IrATJ~') rAT, '" 2.()f' ,<,roF<: Tp:>Tr:'Tr~ '" I6R .(1 

er"FrAI "Ht.~' <"\~ rr~'<::TDI·rTTr'l rl',1c::=').n" 
LA'-;f"'qll.! !)C' rTD~ II TMJ::~I T 

DQt:-AC.Pllr/l~J"'tl rHI rD!~It\Tr'1"1 

Dly~ D \-< r ~") e t: F. TI: t\ ~ <: • -= ';". DIpe <:TZ' 9. 

<:;ITI= rL r.AD HJr--RI'U'-H ll"n TPCo;; <: 

<;rL!" C::[:T T?J:. rr-'lTlrM 


:I, • W" ~. 1T,' 0 ! ~I r. \oJ!=' L l C ':I 0 • c c:; T ) C ~ P 

rQ"p".tl F'\t>',\ HlIV DQyr>' re Cprp: 4Q.on 
1~.~~~~*.**1 ~~**••~**~~~_~ •• +j6.'.~~*~.*.*~*_*****•••****.**.~·***********.*****************~ 

SYSTCM (""<:T5 

T"11T1 AI. r''''/I<:"rOIJrT!r~1 r:r<:,<; 2lgnil. ANNUAL LAAOP CrSTS 37716. 


'\r,;r'Il)t<I rr'l",TrI1rTT,,,, ("'"'CTC 19C9;1(-,. hr.~NUAL "'t..TFPIALS r.l)ST5 = 11323. 

~vrOA"':,:: r""l<:T?I)rTTf"l~' ("f'C::T<; (].'5rQ A~~VAL ~L~CTPIC COSTS 1 '5300. 


, ~, T T T 'l I t 1\1" r n , r <: tSCE'57. AN~UtL CHLORINE COSTS 900. 

hNNUAL npfD~TING rQSTS 64799.

M,"IIJ~ I 1 "'I" r'1<:T'} :: PDP. 
AV~PAGF nPFRhTING CnSTS 0.1715Avr0tJr;< IA~Jr C'l<:TC; a. ,p ~ 1 

H!JT!'I r'DITt.L r"C:: T <: ??,RCA6R. flNNUAL r: A P M I~' G CQ S T S 31706. 
A~NUAL CROP P~VFMUF 6'5865.hf>.'',jUlll rhPTTfll CS<:TS 20".I)C8. 


~vcp~r,r rrDITAL r('cT<; 0.'5562 AV~PAGc NFT CPnP R~VFNUf= 0.0936 


6Pf\IIIAI T .... '-\t rrSTC; 2,16411- AVeDAGF Tf)TAL COSTS 0.6401 
_~ .• ~ .• ' ~. ·~~'I~~~.~ •• +~*+~*~·+~.~+.~~·*~*.*1*.~+.t*.~~~*+.* ••• ********.*.*.*.*~***.****************•••*j 
*.~*••• ***.~**.*+~*.~*~*~ ••************#+*~.******.************.******~*****.******.*****.**********••*~*~ 

',J. 
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::
-y able 2 f' .~timatcu U)Sls for a 5·\f(;n center pimt fadllty II ill! a 75'pI'Tt:l'nl ~uh~iu; 

#a-.~·~~~"~ ••~~i*.j'ij+~~4 •• ~~~··.+' .. _4 ••• +~~~t~.WA.***~+*'.~*'.*+++*~••• ~._*•••.**+**+~.***+*~*~**.***' 
'~*"A~ •• ~~.6 ••••• ~+ri~*·.t.·~·*'*~~.D~'+*_.++~+._.~~++*.*~******+*+•••*.******.~**.**.*.***~***.*.******. 

/le: C::I)MPT Tr".s 

IIve-Phrr:: Fln\.l 
 'i.nn hrr::k<" ~rT IFFT~l\TT~(~ 12.0 WrEKC;; STRFAM "IS. ::: 1).00MIl Fe:. !C''''.T''Uj('. ;:: ?1111 "'l"'Vt,TTC~' rJFFC:PF~.rc= 'If'. 0 PuvP.H~A~ ~~~.rr,)T.= 50.PDtC'" .... '" 1,,~I" 1(\')(). T~T!C?"'("T "tTr; .". () • (1 (,n n f}I<;C'1I)~T pcp 1rl) '" 2 C'.!,.Ill£;' PAT:- '" 1'-.('(1 p~rrr fl' rl-lfoq.r = u.060 PP I (IC n~ EL~rT. 0.030<;rr1 74A.7(1 (',nCT ;:: 7':l?5n WP! 140.0". P P I r [ ~ T !,... "I P l\ " I' ? • () 'I A r !"' '= <: ! Q r I r: AT r r 1'140.1 
'" f f\ j:: P tt e: H 1I 0 ~ r r r f ~j , Tr; lJC T I r"~ f' '1 <;,. 5 =,) • 7 <: 

LAGn'1~ ppt:TC'ff T "IF''1 T 

DP"'-J'PPl rfllT1r" rHlrCll\'''-T''~ 

Pf '''I P H r:: f f" r:: Fr. rJ:; !H e: • I'll". [lTnr: 'll~ = H'.<:'ITr: rt Fh P I"'r.--P.:1IIe:H "~'r T~;-C<: 


rC'JTr~ prVrT 

3. M"r.. IT'lq P!G weLl. ~ ~(\. J=' ~r:::T '")I"""f p 


f'p,o::;t[<""'''''1 Hty porc e rr rprp= '19.(l() 

++'.i*~.~.h~~~'*···~·*.~~.~*~·~*.i+." ••***.~ ••~.~ •• ~*~~.**z*.*.**~~~**.***•• ~»**.*****.****' 

,y,Tr::~ r~C::Te: 


T~>TTI 't rr:IIj<;TkIJrTT;"'~J rfl(,Te: 
 1':14~74. M''''lI~L Ltp.np CnST<:: 111335.Ar-'~JIJlIl r·'~!'TCurTT'~1 cr~TC; l'l?OlA. hNNU~L MATfPlhLS rrSTS ~:?590.AV'=cAr.r r""ISTp'JCTrn~' (r~Tf; /).{1773 hNNUAL fLFCTP!C COSTS 82801.Tt-fT!t't LlIMn (r'STS ': 7':\'1·)71- A~NUAL (~L~PINF C~STS 4500."~"JII/\I I ""In rr<'TO:; 21'13'5. llW~l'hl rOFRAT T'IG (nSTS ?~l?77.llvcPh~c lllMn r"O:;Te: 0.")117 6vrpAG~ rPFPATTNG CQST~ 0.1267TNTTTH r,o!Tt'.l rn,T'= 1749?Q4. A"!"1I11lL FA!:'''' Tf\JG [rlSTS 1'18531'.ll/IJMlJAl fADTTAl (re:T, 1'1'157. ANNU~L conp PEVfNU~ = 12 Q "l.25.AVrplI~" rtPTTAl (r,T, 0.0940 /lvcPAr.r NfT r:prp P EVl=f\JI)l== fl.0936 

i\~'NlI"L T:-)Tfll rf'C;T, ?13784. AVCPAGF TOTAL cnSTe: 0.11 71 
~.~ •• 'h*.*~~·*.~*.*j*~~~bL~~+*ii+.**~*+*~*.~***.***+*.****.**.****~.******.*.****************.**********~ 
*.~* •• ··.***~.~.~*~~.*.in.* •••~_*6+*'*'*'*•• ***~~+.******.****.***.*******.*.~**~.**.~**** ••****.*******~ 
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be thoroughly anaJy It'd, slll.:e the .:omhina liun ur high 
costs and :\ putential uneven ernUt'lll distribution lila) 
result in a lowel leveiuf treal1l1t'nt at a higher cost. 

The lIther tWll land upplkation Le.:hniques, overland 
nO\\ and Infiltration basins. cannot be ,:olJlpared dire.:tly 
\"itll the hill!' Irrigation teclllliques. l'hey require spedtk 
soil charat.'leristics and arc designed for limited crop 
pl\lductlPn \\ jth overland 110w and 11\1 crop production 
with mnIlrJtion basins. Overland I1m\ requires a rela
tively impcrmeable soil while inl'illratillll basins reqlllrt' 
a p~'rllleabic :,oiL ('LlSI cstimatcs for overland I1m\ arc 
he tween lhll~t: lor the ccnler pivot Hnd the ~olid-~1.!1 11'

rigatioll ,titernatives. Cost estimates I'm infiltration 
hasills are applll,illla tL'ly SO.I 0/ 1,000 galltlilS 11.'$$ than 
thc ~'l)st t',tilllate, for similar si/ed soliLi-~et irrigatioll 
facillt Il'S. 

ell,ts pI dltlt'lenl slll'd fa"thtles can be comparcd lis' 

Ing Appendl:" tahle 2. Fxanllnal10n or a\er.lge cost 
(:;i; l,lHHl :.:alllll1s) <.'stil1latt's le\eals C":Ollolllieli (II' Sill' 

Ida tlllilships fl\l t hl' SIX alternat j',:s. A flCI racilll1 sill' 
rl';ldw,> apPw\lllIiltcl\ It) Me!). lI\u,t llr the advantages 
to Hli.'fl'aslIlg fadlity Sill' have I1l'l'l1 It'alilell. As sllC 111

.:rcasl'\ 11\1I11 lO :-VI(;[) III lOll ~le[), an'lagL' operatlllg 
LllSh dl'\,'ll'<lse .ll'pwxIlllatd) SU.l)2 1(1 50.02:' 1,000 
gallons .'\ '1.'la)!I.' capital ,'ps!; dt'~'re",>c appro:"l1llatel\ 
SU.ll ,'\ h) S(l.l)) I.UOll gallom Thl' t'L'llllon\W, ot sill' 

rl'latlunslups Ml' qUlll' IIllI'Pltant. 1'\altlaliol1~ llCsmalkr 
\\-ash' th'atllll'1ll 1·",'llItil.', ShllUld tl'~"H!lllll' thaI PCI unit 
i.'(l~h ,lit' ::1,',11\'1 hll SIll,llI S\Sll'II\" [t radIi!\ site 1Il

,'lea\l'S !f\:PI D.l \1(;n tl' ll.~ ~1C;D, <I\I.'rage 'Cllst~ faIJ 
b\ "WI ~\l I't'I":t'lll. A" fat'lllt) Sill' Hh:rl\lseS lrom 0.5 to 
!O \[(; D, ttlSI'> t,til h\ Ph'l 'ill (ll'll:CIl t. :\ SIll' lI\erease 
tnllll It) \1(; l) tll IUO \IG l) I estill, 111 less thall a 1:'
pt'I":l'll! ,k,le.ISl' til \,l'l U1111 ..:",1'.. TIll' ah'l age ~'\lst 
,tllldlln' ,'>Ill Ill' flu thl'l allal} It'd h\ luoklllg at tilt' aWI
age ":llSb llf tht' various componl'nts (App. tables ,.\ 4, 
allll S1. 

;\Vt'!a~\ Iht'd t'o,b al~' ,k'plI:ted III .\ppt'ndl\. table 3. 
An'la;!e 1,llld ,,),1\ all' rdattvcl) (llnstant 1'01 all fat'lltty 
Sl/t'~.1 he ~11l,tll ,it'",',,,,,' m .IWI agt' land Cllst, fllll11 0.1 
Il' ,-- \I(;£) IS du~' hI thc 1,lIld Il'qUilell1l'lIts for lagoon 
L',lnslrl!\'(Hltl. Slllalkr hu:mllb It'qlHrt' lelalivel) Il\ole 
!Wltllwtt'! land pt'l HI III III \\ ,1;.lt'\\ <ltt'l Ill'atmL'nt capat'
ll~. l'1I~! ,'sIUllat,', ba,,'d 1111 ,:n~lIll'l'rll1g data cannulac· 
,t!tlllt ("f llISl't'<ltlPIIl(t'S ,II Sill' III <It'qlltrlllg largt' blllCks 
nl'land. L ;ltg,'1 S\ ,tcrm lI1a~ ,Iho Il'qullt' addi(ionalland 
dUt' til \;lllJtlLllh III !llpllt!laph) and sl1t!lypc. F:"<lnllll<l' 
tJllll lIt thiS I" pc l'f pwhll'lIl It'ljlllrt'S data lrolll <Iellial 
C:"pl'll,'n":l' hI t'\alllatl' am IIlIpat'!. I· (lll1(\1111,', ,)1' Sl/C 

,"hI It'! ~·lIt1slru,·th'n ",lstS, "hl'I,' ;lV,'la!!t' i.'\lst;, lall!!t' 
ft"l\1 '-. 1 ~:' 'n Sll.~ll I.llllll gallons. As I;ldlit\ Sl/C Ill· 

dt',lS.'S 1I"l11 :' \H,D, thc' ;alt' llr dt't'll'as,' in ah'lill:!l' 
"lllstilldidil ,'\Ish h ,1<1\\. hom II 1 tll 0.5 :-VICD, 
,lWla,ll,l' ~·tlllstrl!L·fl(ln ,'(Ish lall b\ IlHlIl' thall 51,00 
UlDO gallons. ami lIolll 0; M(,D tll :' MC;!) they rail h) 
mote than SO. ,0, l,tlOO galll11ls. 

I t'\\ l',:"tl('tllr,', tIt ,Ill' ~':"I~l Illt ll!ll'latll1g \.'ll\t~, es· 
plYl,llh ,IS 1,lt[l:I~ ... ill' t,\,:~'t'tb I M(;l) (ApI'. tahlc 4) 

A wrage powe I' allLl ch lorine cnsts are relu tively cOllstant 
for all factlily sill'S. Average Illatcrials costs are gcncrally 
cOllstant fur ra.:ilities larger than I MGD. Average labnr 
costs decrt'asc quitt' rapidly frolll 0.1 to 5 MGD and thell 
level urr. Economies or Sill' fur labor costs renet't thc in
di"bibility or labor. A I-MG I) t'acilll) i~ necessary to 
fully utili/e 1I skilled treatlllent plant operator. For 
smaller cOll1l11unities (0,1 to 0.5 MGD), the polict' chict', 
the t'ity clerk, or sOllle other cil) utTicial often operates 
tilt' sewage tr,'atllll'nt plant as part of the job. Fur these 
ilJdiviLiuals to opelate Ihe rat'ilIty adequately, rdatively 
Illllre time per unit of treatml'lIt will be required, thus 
resulting in addilionallabu r COSIS. 

ApPl'ndix table S shows how crop revenues ':lIn ofrset 
trt'atml'nt plan! ~'oSls. This table is based on gruwing 
alhlfa hay at S-\l) pl'r tOil. The average fanning costs in 
Appendi\ table 5 art' approxinmtely SO.09/ 1,000 gallons 
flll the four Irrigatioll lL'chniques and SO,04/ 1,000 gal
IllllS for the overland flow technique.6 The rarming costs 
include planting. cultivatilln, and harvesting. The lIvcragc 
letl'flue rrlllll the sale 01' the crop is presented ill the 
~eculld sct Dr figures, While lhe~e values will not com
pletely ol't'sel costs or 1I land appli.:atioll fal'ility. they 
will signiJ'icantly reduce net ':0$[ or the system Average 
IevellUL'~ are appm\.ima tely 50,18; 1.000 gallons ror the 
imgalilln allL'lIwlivcs ami SO,09/I,OOO gallons 1'01' over
land tlll\\ leavllig an average net revenue orSO.09j 1,000 
gaIlon~ for irngatiun lIlld SO.05/1,OOO gallons for 
overland 110\\. 

SENSITIVITY ANALYSIS 

Components or thc cost structure or land treatment 
tl'chnologies Well' lInalYll'lI in the preeetiing dbt'lIssion. 
I tlccb or indiVidual a~sumptiolls and parameters on 
total eosh are an:tl}/.cd in the t'ollowill!J. two sections, 
The fir!>t e>.amilles Lhange~ in average COSI estimales liS 

CL.A\,' 11\ Dtit' I aS~lIl1lpti()n~ change. ('ost elasticities for 
t'llntlllUOtlS \ariabks such as wagel> and electricity rates 
are estimatt'd ill the second sectlOll. Several variables 
:-'UL'lI a, ~lp(llicat!On I<lte. storagt', and transmission di~
tanee art' <lnalYled in both sections, 

Cost Variatioll 

I'Itt, t'IIS! strllctule for \\'a~te\\atel treatment w:\s 
,ItIaI~ It'd hy val) lIlg aSSlIlI1ptIOlb rill key variables and 

h,\" ,[!II' I' ~~n>\l n UI nllll\llll'lIllIl \\ Ilh IIlfiltration bil~ln'. TI!l' 
\,lrtl'l\ 0\ nt>I" tlr.1l <.111 hl' u\,'d \\'!1h (l\l'r1i111d 1'111\\ I' Iillllll'd h\ 
t!l,' hl/!h<'! "l'pll',III'HI Tall' 1.J. IlJdll"·l\l'l'J..1 It [, 1Il0011tkl'l~ Ihat 
,I Illr;I~.l' l't"l' \\ III Ill' !!fll\\!l 
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estimating the changes in operating, capitaL and total 
costs. Variables ilnalyzeli ill this manner indude capital 
subsidies, application rate, storage costs, transmission 
distance, crop seledion, option control variables,7 eJ'. 
nuenl recovery costs. and requirements rtlf alterations 
in the land surface. 

Capital Subsidies 

CLAW was llsed to evaluate the impact or alterna
tive subsidv levels 011 lilpital expeI\ditllre~ I\)f ~olid.sl't 
irngatioll {App, table (l).!l The level <)1 whsidy ranges 
fWlll 0 to 90 percent of all capitalexpelltlttures fllr rOlIr 

radIity si"es: 0.5, 1, 5, and 10 M(;D. Total costs for a 
[·MC;]) solid-set lanlity are $0.64/1 ,000 galltln~ with IlO 

subsidy 1\)[ capital cxpenditures. If tht: currellt 75
percellt h'dcral subsidy is induded, costs to the loc,tl 
municipality are reduced 66 percellt ttl SO.23/IJJOO 
gallons. TOLal costs 1'01 a IO·MGD fadlity fall by 71 pel
cent. Larger facUilies receive a grClltt'r pcn:entnge reduc. 
tion in costs from the suhsidy than 51\\<llIc1 olles sincl! 
capital CllstS CtHllprise ~l larger percelltage (If the lolal 
costs ror largt'f facililies. 

Applieation Rate 

One or the I11llSt important variables lnt1uencing sys
telll costs b the rate at which the Wtlstewater i~ applied 
to till' land, generally llle:tSll red in acre inches per week. 
The ellt'ct ,lll an-rage Cllsts uC varying the application 
raIL' from I to 4 inches per week for a solid-set irriga· 
titln systelll was estimlltell (Apr. table 7). Average tOlal 
costs, average ~'apital costs. and average operating costs 
fall as the application rate increases for systems from 0.5 
ttl 10 ~1C;l>. Average total costs fall by SO.18/1,000 gal
lons as thc application rate increases from I to 4 inches 
per week. Average operating costs rail by SO.04 to 
$0.05! 1 ,000 gallons for each or the i'our facility sLws 
considered. On Lhe other hand, average capital costs 
dec reuse considerahly more ($0.20 to SO.30j 1,000 gal
lons of wastewater). Thus average total costs decrease 
with increases in the application rate d.ue to decrensed 
capital costs. 

Average crop revenue ralls quite rapidly as the appli
cation rate increases from I to 4 Inches per week. As

'Option ~()ntr,ll \'ariablcs refer to variabll,,~ thaI <!llnlrol the 
typ~' or tn.'atmcnt u~rd. I" "amplcs an:: chlorination. I} pc of cr· 
!1ncnt trilll'il11t"toll. )ltl' pn'l'aration. kncing. 1l111nitortng IVl'lb. 
ilnd l,rfllll'l\t rCl'OV\'C\ 

RS\\lld-~l't irrig,ltio'n CO\l\ lIrc IISt'd ll~ c\a1l\plt)~ througlwlIt thl~ 
hulk'tin. ;\lan~ l·.S. regions will be limitl'd to \I~ing ~(llid-'l·t irri· 
gation dul' to thl' ph} sical contour or lIll' lilllti. \\,11\:n physical 
constr;l1nh tlo not ~'\lst. nthcr il[lplication techniques should lw 
c"amu\cd. Although the nwgnitudes of the cost l'stimatl's will 
\;lr}. till' fl'I.lliV<' cost differences for the other tc~hnologics wilt 
lw slIniiar hi tlw,c for ..olid·sct irrigation. 

sUllling a cOIlstant ywld of S tons per acre oi' alfalra,<J 
average net crop revenue is SO.1 87 (1,000 gallons aL 1 
inch per wcek and only $0.047/1 ,000 gallon~ at 4 inches 
per week. Thc decrease in avcrage net reveIlue is a result 
of the smaller acreage irrigated at the higher applkatiol1 
rate. Tlte high aVl'rage net crop revenue at low applica
tion lales conceivably could llfTs~t capital Jnd operating 
cosls. Average tolal cost estimates in Appendix table 7 
show that this does oot occur. Average Lota! costs 
could be lower at lower application rates if average 
capital costs did nOl rise as rapidly as they do. Inclusion 
of capital subsidies (App. table 6) signif'icanLly reduces 
the total costs to the municipality. Therei'ore, it may be 
possible ror a community with a 75· or ,liS-percent sub
sidy for capital expenditures to operate a t a lower appli
cation rate and have a lower net cost to the commun. 
ity.1 () 

Storage 

The third planning variable is the length or storage 
Lime. Storage racilities Illay be needed for periods when 
irrigation is impossible d.ue to heavy rainfall. freezing 
weather, equipment breakdowns, or power railures. For 
example, the land application radlity at Muskegon, 
Michigan. can store wastewater for up to 5 months per 
year for a flow or 30 MG D (8). 

Storage costs cnn be a major component of land ap
plication costs. In addition (0 the direct lagoon costs, 
slorage increases application costs. since a larger land 
area is required during the months that irrigation occurs, 
holding the application rate consLant. The increased land 
area implies increases in irrigation equipment and main
tenance and labor requirements. Estimates of the costs 
of storing wast.ewater for up to ~5 weeks per year are il
lustrated in table 3. For 11 l-ivlGD solid-set irrigation sys
tem with no storage, the average total costs arc $0.45/ 
1,000 gallons. Storage for 20 weeks per year increases 
costs lo almost. ':;,0.76/ 1,000 gallons. Storing wastewater 
for 20 weeks increases average total treatment costs by 
SO.3I/1,OOO gallons. 

One ulternnlive to storing the waslewater is to usc Lhe 
stream's assimilative capacity and discharge the ernuenl 
to 11 nearby stream during periods when it cannot be ap
plied to the land. During colder periods of tile year, the 
lower water temperatures increase the dissolved oxygen 

9 lnsll fficicnt duta arc available to determine yield differencc~ 
associated with different application rates. Preliminary evalua
tion of the datu From The Pennsylvania State University Waste· 
waler Renovation Project indicates that crop yield remains 
relatively constant as the application ratc changes (7). 

IOTIII.' renovative ability of uland applkatioll sy .. tclll is greatl'r 
allower [\pplieutioll rail'S (8); thcrl'l'orc. lite [rUt' sociillc()st ora 
sy,~tell1 nwy [lctually be lower a t lower [lpplicHtiOIJ rules. 



Table 3-Efflucnt storage costs for solid-set irrigation assuming 
a eonstu n t app lieu tio n ra te 

Fadlity size 
tIllGD)

Week~ of storage \-----.----r-----r---

0.5 10.0 

Dollars pcr J, 000 ga /lOllS 

0 0.6447 0,4537 0.2640 0.2299 
5 0.7540 0.5451 0.3343 0.2971 

10 0.8291 0.6149 0,4001 0.3630 
15 0.9031 0.68"8 0.4696 0,4320 
20 0.'11342 0.7.. ·};, 0.54.39 0.5058 
25 \,0713 0.840.3 0.6264 0.5874 

capacity of streams; thereli.lrc, a given wastewater load
ing depletes a lower proportion of a stream's dissolved 
~lxygen. Also. stream now is higher in the winter in 
Illany areas since evapotranspiration is generally lower. 

The eI'recl on costs or substituting. stream discharge 
or ernuent for storage in a land application system was 
analYl.ed using data in AppeIldix table 8. Sullivan et aI. 
report, that Hillsboro. Oregon. uses winter discharge or 
partially treated ertluent in conjunction with a land 
treatment operation U2) II' a 1-MGD facility stores its 
eflluent for 20 weeks, the associated costs of storing and 
treating the wastewater are SO.76/1 ,000 gallons. If the 
municipality cun discharge its wastewater to a stream for 
10 weeks per year, its costs will be reduced to $0.62/ 
1.000 gallons. an IS-percent reduction in total costs. 
The cost reduction results from a reduction in the size 
of the storage facility needed and from a reduction in 
the amount of wastewater applied to the lane! during the 
remainder of the year. Stream discharge can impact costs 
mthe signillclUltly than crop revenue. For example, the 
10 weeks of stream discharge reduces average total costs 
by SO.14/1.000 gallons compared to $0.09/1 .000 gal
lons for average net crop revenue. The ability of a mu
nicipality to discharge its secondary effluent to a stream 
for part ot the year and to use a land application system 
ror tertiary treatment during the remainder of the year 
needs additional analysis. 

Transmission Distance 

The impact of transmission distance on average total 
costs is illustrated in Appendix table 9. Average costs for 
a I-MGD facility increase by over SO.03/1 ,000 gallons if 
efl1uent is pumped 3 miles instead of 2. for a IO-MGD 
facility, they increase less than SO.O 1/1 ,000 gallolls. 
There are economies of size associated with pumping 
costs. For a IO-MGD facility to pump its efOuent 10 
miles rather than 2, its average costs increase by $0.07/ 
1,000 gallons. An important trade-off is transportation 
costs compared to land costs. Transport costs, land 
costs, and facility size can be analyzed using figure 2. 
For example, a I·MGD lreatment system can pump 

~_ 2000 
<{w 
..1[( 

a ~ 1500
w-" 
Ul!!! 

~ ~ 1000 
[(Ul
UO 
~u 500 

;c 

o 2 4 6 8 
MILES 

MGD M;.L10N GALLONS PER DAYc 

SOURCE: ADAPTED FROM (7) 

Figure 2. Land Price-Transportation Distance Breakevcn 
Points for Spray Irrigation 

its wastewater :2 miles in order to obtain a savings in 
land costs of $ I ,500 per acre. For the same savings in 
land costs, a lO-MGD facility can pump its wastes over 
6.5 miles, or 4.5 miles farther than the smaller facility. 
Economies of size in pumping permit larger land treat
ment facilities to pump their wastes farther than 
smaller communities for similar savings in average land 
costs. II 

Crop Selection 

Crop selection significantly inOuences net costs of 
a land application system. Distinctions between in
dividual crop renovative abilities are not included in 
CLAW. The crop revenue estimates are based on the 
assumption that each crop is capable of providing 
the desired degree of renovation for a given applica
tion rate. Average net revenues have been estimated 
for the six crops included in CLAW (table 4). Average 
net revenue is the difference between average revenue 
and average farming costs. Highest net crop revenues 
are for alfalfa, corn silage, and grain sorghum (about 
$0.094/1,000 gallons). Reed canary grass is the least 
profitable (-$0.045/1,000 gallons). The sale of reed 
canary grass does not offset the planting and harvest
ing costs, when it is assumed that reed canary grass has 
a positive value of $20 per ton. 12 

I I Land acg uisition is likely to be less critical for smaller facil
ities. They require smailer contiguous areas of land than larger 
facilities. Also. smailer communities arc most likely to be located 
in agrarian settings where lower priced land is more likely to be 
available. 

12Recd canary grass hm, inherent advantages for usc in land ap
plication systems. The renovative ability of reed canary grass is 
quite high. Reed canary grass is capablc or adsorbing large quan
tities of water witholl t suffering noticeable variations in quality. 
Thereforc, reed eanary grass may be an attractive alternativc 
when high lund costs necessitate higher application rates. 
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Table 4-Average net crop revenue from irrigation 

Crop Average net crop revenue 

Dollars per 1,000 gallons 

Alfalf;t hay 0.0936 
Reed c':lnary grass -0.0454 
Badey 0.0596 
Corn silage 0.0959 
Cotton 0.0263 
Grain sorghum 0.0940 

Option Control Variables 

Treatment and operation variables SlIch as chlorina
tion, site cover, fencing, monitoring, ef[1uen t recovery, 
and excavation are controlled using option control vari
ables. For example, If effluent chlorination occurs PrJll, 

to application to the land, the chlorination variable ([1) 
is set equal to 4ero. The influences of the assumptions 
are illustrated in Appendix tables 10, II, and 12. Ap
penclLx table 10 deals with changes in the control vari
ables related to solid-set irrigation, but which also 
apply to the center pivot, overland now, and inf1ltra
lion basin systems. Solid-set irrigation is used as an 
e,"(ample. Eftluent recovery cost estimates from solid
set .irrigation and overland flow systems are in Appendix 
table I L Land leveling costs for overlancl How and for 
surface irrigation are presented in Appendix table 12. 

With the exception of gravity transmission of the ef
tluent and the degree oJ site clearing, changes in the 
values of the option control variables exert a minor 
influence on system costs (App. table 10). Elevation 
differences deterl1lill~ the use of gravity transmission 
rather than force main transmission. Gravity trans
mission can be used only when the elevation of the 
land application site is lower than where the waste
water originates. In the case of a heavily wooded site, 
it may be more advantageous to the municipality to ir
rigate the woodland if average site clearing costs exceed 
the decrease in average net revenue from fiber produc
tion versus crop production. 

Recovery of the eff1uent from land application sys
tems adds significantly to system costs. Construction 
of underdrains for solid-set irrigation systems can in
crease costs $0.20 to SO.50/1 ,000 gallons, while re
coYery weils add $0.02 to $0.03/1,000 gallons. When 
overland now is used, the eftluent must be collected 
after Hawing over the land surface since there is little 
int1ltration and percolation. Two alternative conection 
methods, open ditch and gravity pipe, are compared 
in Appendix table 11. The cost difference between the 
two options is approximately $0.01/1,000 gallons for 
each of the facility si4es considered. Chlorination of 
overland now effluent adds $0.02 to $0.04/1,000 
gallons to each of the treatment options. 

Land treatment optioJls which require land level
ing are relatively expensive compared to soHll-set or 

center pivot irrigation systems. If a land application 
technique requiring surface alterations is chosen, the 
use of extensive (I,400 cubic yards per acre) excava
tion versus normal (J ,000 cubic yards per acre) excava
tion has little innuence on system costs. Extensive ex
cavation will add less than $0.01/1,000 gallons to av
erage capital costs (App. table 12). 

Cost Elasticities 

The quantity of data gt)I1erated in cost simulation 
o[ land treatment alternatives requires a summariza
tion Jl1t)thocl. A cost ,~lasticity, defined as a percent
age change in costs divided by a percentage change 
in an exogeneous variable, is lIsed to summarize the 
variations, The cost elasticity (E), as defined in equa
tion 413, can be used to a/1f1lyze small variations (less 
than 25 percent) in an independent variable. A cost 
elasticity reHects the percentage change in costs asso
ciated with a I-percent increase in the relevant ex
ogeneOLls variable. 

(4) 

where: 

E = cost elasticity 
P 1 = base value of variable being analyzed 
P'J =second value of variable being analyzed 

- where P'J = 110% or PI 
= base cost estImate for a given size of facilityC1 

C') =cost estimate when the variable to be analyzed rises 
- to P2 

Estimation of a cost elasticity is a two-stage process 
utilizing CLAW and equation 4, To estimate the total 
cost-wage rate cost elasticity [or a I-MGD solid-set 
irrigation system, refer to Appendix table 2 for the 
base average total co~t estimate (C 1 = SO.6432/1,000 
gallons). The base wage rate from Appendix B is $6/ 
hour. If wages rise 10 percent (P2 = S6.60/hour), the 
average total cost estimate increases to $0.6572/1,000 
gallons using the CLAW model. Usirig equation 4, the 
estimated cost elasticity is 0.2176. The interpretation 
of the cost elasticity is that a I-percent wage increase 
will cause average total. costs to increase by 0.2176 
percent or by SO.0014/1,000 gallons. 

C\)st elasticities were estimated utilizing a cross
clas~::fication of 6 land application techniques, 4 cost 

13The cOst elasticities (equation 4) which arC to be estimated 
abstract from problems associated with estimating arc and point 
elasticities. Paramcter estimates using an arc elasticity formula 
arc signiticantly different from tho~c using a point elasticity 
formUla. The point elasticity formulation was chosen for simplic
ity. Thc bias imposed by the assumption docs not affect the re
sults, since relatiye differences a.rc emphasized rather than ab
solu to d iffc[cnces. 

10 



components. and 15 price and control parameters. 
Changes in lO of the price and control variables re
:;ult in changes in capital costs. Eight variables in
tluence operatin.; costs. Changes in four or the vari
ables result in changes in each of the cost components 
considered: total. operating. capital, and construction 
costs. One variable, the price of alfalfa, innuences 
only total costs. The impact of variations in the price 
and control variables on the cost categories are sum
marized in [able 5. The eHimated cost elasticities ap
pear as Appendix tables .3 through ::'8. Examples of 
the cost elasticities ror SOlid-set irrigation are proVided 
for total costs (table 6), capital costs (table 7), and op
erating costs ttabh: 8). 

Tablc 5·-lntcraction of c;\ogcneol1s design \1Iri:lblcs 
Oil cost components 

Cll~l cOlllponent 

V.triahk 
,\V\!r~l!!l~ 

"pentt
in~ 

,'osh 

A\·cr~lgc 

COI\

,truelton 
,-o,l\ 

Avcrag.llo 

l'apital 
Cl"t\ 

Avt.!ta~l~ 

total 
CO\I\ 

lksign now ~l :\ :\ X 
/\PplJl\ltlllll roth X X X X 
W~d_, 01 ,hlf;lgl! X X X X 
Tran\I1I1\\ion ,!\\(.III(C X X X X 
R~~erll' bnd X X 
SCII cr I.'tln\tructlon ,'OS! 

Indo:\ X X X 
Sew,lgc treatment pl.11I1 

C,lst 1\1d,'\ :\ X X 
l~tnd ~O~I\ :\ X 
Di,ellllnt £.\ Ie X X X 
Dis,;ulInt [,enOlI X X X 
W;lgl' r.ltC' X X 
\'lwk·'lk pri.:l' md,'\ 
[-Ie,'tn.: r.lk' 

X 
X 

X 
X 

C111orll\c PriCC X X 
Crop prh:c X 

I X mdi'<IIC' the cmt (omponl!n( 011 wllll:h the do:~i!!n vari.lbk 
imp'lct\, 

The cost elastIcity discussion is divided into three 
sections: variables innuencing capital and operating 
costs, variables in!luencing capital costs, and var.ables 
ili.i111encing operating costs. ('ost elasticities for solid
set irrigation from tabks 6, 7. and 8 are used as ex
amples. The nvc other appl.\cation techniques arc con
trasted to solid-set irrigation. Comparison of the ap
plication techniques is not meant to imply that they 
arc substitutes for one another. Physical characteristics 
of the dimate, soil, and topography limit the tech
niques applicable in a given situa tion. 

Variables Influencing Both Capital and 
Operating Costs 

Each of the major t:ost components total. operat· 
ing. and capital costs changed with variations in design 

!low. application rate. weeks of storage. and tranStll1S
SiOI1 distance. Incn~ases in the design !low and the ap
plication tate decrease costs. A greater number or weeks 
of storage and longer trallsmission distances increase 
costs. 

('ost elasticities for changes in the design !low of a 
system are useful for studying economies or sileo A 10
percent increase in design size for a OJ-MGD solid-set 
irrigation facility results in a 6-percent decrease in the 
system's per unit total costs (table 6). Operating costs 
decrease by about 8 percent (table 8) and capital costs 
decrease by about 5 percent (table 7) for a 10-percent 
increase in design sileo As facility size increases beyond 
5 MGD, advantages of increases in facility size arc much 
lower. "or a lO-percent increase in design size, capital 
costs decrease by 1.4 percent and operating costs by 
1.6 percent. The total cost elasticity for a 5-MGD solid
set facility is --0.17. Solid-set irrigation is the least sensi
tive technology ror changes in design now (App. table 
13). Elasticities for overland now arc similar to the 
solid-set ela~licities, while center pivot irrigation and 
int1ltration basin elasticities are 0.02 less than the 
solid-set elasticities. 

The application rate cost elasticities reveal that in
creases in the application rate cause smaller decreases 
in average costs rOt' smaller facilities than for larger fa
cilities (5 MGD or greater). The value of the solid-set 
total cost elasticity falls from --0.06 for a O.l-MGD 
facility to ~ 0.25 for a 5-MGD facility to - 0.32 for a 
100-MGD facility (table 6). Solid-set irrigation is con
siderably more sensitive to changes in the application 
rate than the other techniqlle~. The elasticities for over
land tlow arc 20 percent greater than the solid-set elas
ticities, while the center pivot, border strip, and ridge 
and furrow elasticities are 40 to 50 percent higher. 
Infiltration basins arc less sensitive to variations in the 
application rate (E = -0.02 to -0.06), 

The number of weeks the system is designed to 
store wastewater or eft1uent is a third variable affect
ing both operating and capital costs. The cost elastic
ities were estimated assuming that the wastes are stored 
the entire time with no direct stream discharge. Capital 
costs arc more sensitive to [he number of weeks of 
storage than are operating costs. A 10-percent increase 
in the number of weeks the wastes are stored for solid
set irrigation will result in about a O.4-percent to 0.9
percent increase in operating costs (table 8), whereas 
the same change will result in about a 1.1-percent to 
4.3-percent increase in average capital costs (table 7) 
and a 0.9- to 4.0-percent increase in average total costs 
(table 6). Cost elasticities for the other technologies 

~f' less [han the solid-set elasticities for facilities less 
[han 5 ivIGD and greater for larger rncilities (App. 
table IS). 

The distance which the efiluent is transmitted from 
its point of origin to the nnal disposal site is the remain
ing variable affecting operating and capital costs. This 
distatV'c is a minor cffect for facilities largcr than 5 MGD 

II 
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Table: 8-0perating cost elasticities for solitl-sct irrigation 

t CllIIII\ I>l'\It;n '\l'l'ltl'.ltloll \It','k'lll lr.lIl\llll"IOn
\l/l" UlHI [.Itl! 'lIlt;lt;\.' 1I1,t.Wll'

1~lt; [)) 

Ul -0, ttl/ie, --{lOS? 5 

I 
O.O.i(JO O.t1129 

(l.;i -lUS')'l -0.1401 0,ll55 I O.llOSlJ 
1.0 	 -0,3166 -l1.l72S 0.0(170 n.IHI6S 

-0.1 b44 -O.24S4 1I.11SS4 !I.0(l~ [5.0 
[tUI -0. t20lJ -l1.26 [q tl.tll) 15 0.0029 
50.0 -l1.ll?1l4 -1l.2754 O.Ol).10 o.nolo 

t(lo.n -lL065S -l1.276(l 0.0921 O.OO\l(, 

\I,l~l' \\hok,ak 1kl'lllr Chlorllll' 
1,I\l' po,·,' Illlk, [,lit' I'll", 

(I.()04~0.1 0.9112 1l.165S -0.2210 
t1.5 11 7 1(,1) III "4~ () t79!1 (1.11105 
1.0 1I.h9SlJ !l.1712 0,2.\22 tl.01.1" 
\.0 tl 535(, n.t (,12 n . .1·Hi2 n.()205 

10.0 IlAIJ) I n.155" lUSb1 !I.tl227 
SO.tl 0.>1 19>1 (I,1.p'l llAShS 0.0269 

loo.n IULJI.1 11.\4;;~ [l ..JH I' tl.02S.1I 
(App. table 16). A 10-percent increase in the di:.,ancc 
will result in a 0.4- or O.s-pcrcent increase in average 
total costs anti aVl'ra~e eapit:" costs I'm a 5-MGD soliLl
set Irri~atilln facilIty, while avcrage operating costs will 
increase by about 0.03 pcrcent (tables (I. 7. and 8). 
Changes in tltl' lranslIlIssinn dIstance arc 1110rc important 
for very :.l1Iall cOl1l1uunilies (0.1 MC[)l. Smaller Illunici
palitit!s will probablj be able to lind aCl'eptahle land 
relatlvel) e!\lSl' to tltl' waSll'\\:atel SI'Ufce and will not 
need III PUlIIP tile diluent long dist'lI1ce~. 

Variables I nlluencing Capital Costs 

SI'\ vtlllahks luillll'IKe average ~'apll(t1 t'nlit~ in addi· 
tlon to averagc total C\15tS. Thesc vilfiahks arc the price 
III land. [[Il' ICSCIVl' land variable, till' seWl'r constl uctioll 
cost II1Lil'X, tlIt' sc\\age treatment plant cost tnlk:-.. the 
dIscount rate. and llll' dlSt.:llUllt pelllld. IIll're:lses in tllL' 
prteC of land" till' resent' land vartahk, the Sl'wer con
SLructwtl ellst Inlie\.. tIll' se\vagc trcatmcnt plant COll

slluctlllll eo~1 mdt''\, and tltl' disl'ount Iatl' rcStllt III 

cost IIICrCa~es, \"hllc illl Inl'n)a~C in the dlSL"Ollnl period 
[educl'~ COSh, V,lflat!llll~ 111 thl' laml prtel' and tilt' Il" 

serve land Y<lrtahlc Innl1~nce only capital and total costs, 
while the llthel four also inlluenec construction eosts. 

Thl' 1\\0 liUld viltlJh\t>\. land pnce and feM~rve l'IIlLl, 
havt' ltllk 	llnp,l~'1 011 ,:>lp1ta1 and 1\1I,11 .:osl~. legatdles" 
or radllty 	S1tC lApp !ables 17 and II)). The construe" 
(Hln u( thl' leSt'tH' Idllt! \,lllahk ahst lac\'> hom the l'flt't·t 
IIll dlliclt'llt 1,1t'lllt\ \Il\'" dt \cqUlllll)! It\.l'd dlst.llh'l' 
hal nct\.•\ ll\.ed haflll'l dt~t;H\el' 11l1p!l\l>~ }!realer Cllsh 

1111 \l\1.tlkt l.ll'lhlll'''. I III 1";lIIlpk, ;I~,llml!l)! .1 sq\\,H\' 

,lpplll\lttll[l 'ttl'. tl1l' ,ldtlltllHl \II a 100·101)\ harne! 
;JltlIllld a 	 1·~I(j[) lilul!tv \\111 [\''111 II l' a I ",pl'lecllt 111

crease In land acreage. while I'm a 10-MeD racililY only 
5 percent !litHe land will be required (App. table I~). 
The land priee eost elasticities indicate that I'or small 
pereentage inereases in land ellsts the impact on sys
tem ellsts I!> relatively ItJ\\. assuming initial land eosts 
or S1.000 per acre. A IO-pereent inerease in land prices 
will resull in a I-percent inerease in average capital 
costs and average total COSIS I'm the irrigation alterna
t1ve~. while average capital eosts and average total eosts 
will rbe by 0.5 and 0.1 percent 1'01' overland flow and 
inliltl ation basins. respeetively. These results tend to 
C0I1I1I111 the lindings or Carlson and YOllng t:.WI land 
pnees have a minor impaet on the decision to lise land 
treatIllent (~). 

Two reasons ror the apparent lIl1importanee or land 
eosls are the assullled land price or S1,000 per [lere and 
the method or alll1ualillng land eosts. I I' a land priee or 
SI 0,000 per aere is assumcd, land eosts will increasc in 
importancc. The IInpaet or land costs is rctiueed by the 
I.:PA requlrenlcnl that thc ,alvage value or land equal its 
present market value I'm determining annual land costs. 
Annual hlllll costs becoml' the 1'1lSts u( holding land. 14 

Variatillll~ ill thl' ~ewcr eOllstrllctiol1 cost index 
(Scct) provide the grcate~t 1111 pa.: t of allY variable 011 

system L':llsb. Thc seC! ~h(lws thc clTect or ehanges in 
pUlllping nlld pipe requlremcnts eosts. Pumping or pipe 
IIlstalla(101l cost rcductions will havc the greulcst impact 
nn land applkulioll faeilitlcs, Thc seC! cost elasticitics 

1·", lalld \.llm·, ,IPllT'·'I.ltl' "WI Ihl' Ilk 01 thl' In:.ltnh'lll I.KII
11\. ,i11111l.111.ll1d.nl'I' \\111 hI' [I·,llh,',1 II Ihl' 1.111' 01 a"I'I"daIIOIl 
01 1.\llll PFI,," 1\ l!r,',I!I'r tll.11l II", mlnl',1 111,1 ot holdll1~ lalld. 
1.lIul "hI' 11111 1>I:<1I1111' liUlll f,""lllll" ,Inti 1\ IlIon",1 a portlOll (11 
trl·,..tllll'1l1 f"'" 
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l\ll Sl\ltd'~l't IrngatHlll lilll!!l' t'tom l)':\'t hI [I)~b for aVl',· 

J!!l' tlltal (OSI~. (tahk ('I. l/llill D.(':' ttl ,weI 0.\)0 1111 

•Iwr;tge ':OllStl ucttoll ((Ish (App. tahk ~\1I. anti 110111 

ll,tlh til O,X.f for aWla~t' capil.ll CllSb (lahle 7), rill' 
S(,(,I t'lastlcllies rlse J~ ta':lhl~ Silt' inCfl',u,t'\. rite aVl'r' 
.Igl' .:apll:ll (.',lst daslICm tllr a {l.)-~ltjD )ultd-sel fa. 
:Iltt\ IS O;~. ,IPlhlsed II' a \JIlIe 01 ().~.~ for ;1 :"()-~I(r[) 
la,·t1lt~, Van,tlllllls III lht' seC! hJ\l' il t(\\\<l'1 lI11pal'l 'Ill 

til\' I1h' llIliel land .lppIt(alHlfl tt,'dllllllu111l'~ I ht' Illl;!! 
\'0\[ daslh:1l11'~ l,lIlge Ittlm d,':; to 0,1:\ Il'l Ct'1l1l'[ PI\O\ 

lln~alhlll ,11111 \lwrland 1111\\, twm U." hi O,~ hll hordt'! 
~ttiP <Inti lid,:,!.' .m\! IUilU\\ 1l1l;!,Il!,H1 .•uld lr.lITl 05 tIl 

ll,b t,lllllliltl.\!l\)I\ !I.ISJt1., (\pp, Llhk .~Ol 

[II ,:"tltl,l,t til th,' S{\'I, tht' ),'witge tll'atllll'lll plaut 
Idll\!llIcllllll ("sI Illdl'\ IS rpCfl ~'ll.,t dasH,'Hi,'" tall 
,h I,I,'{III\ 'Ill' 1llI'I\'aSt'~ I hl' (,Ill\!l,l1It'nts ,111m' .s (,PCI 
,lit' r.-" 1l1l1\(llt.1!l1 ,I'> !.tdll!,\ '11\' lndl'.l't.·~~ Ctl~t V;illa

Unll, i,ll ,'llh It'lt' ~tlll\.'l\!!\'., .ltld mplar.! t(~,ltlll,'llt 

1'!l1~'\'~\(" tlL'lllllll' k ,,' Illl)ltllt.lllt its ia(.'lit(v ,Ill' lll~ 

I'lt'a,,', Iltt' "IIIII'\l'l Ittl~atlllll ,t\t'l.l,!!" [ilta! ,'\1\! das. 
!telllt'., Itl! tit" ~ fP(,[ l.tll !rom a value 01 ll,~" I'll .( 
tll·~HjlJ 1.1l'llm Itl (I lIt. lilt a Jll{)-~I(;D Ltelht\ (tahk 
(,) nit'S JPC[ ,t\\'I<I;:,' !IIt,!! dlsl da'i(ll'ltl~' It)! Iht' livt' 
"th,'! JppheJtil1ll h'I.'ltllill"!,!ll" .11,' ,h!!ltth IH,l!ht'l thall 
thl' \\lltd·~t'r dasll(ltll'\, \tlth the hight'S! h~'lIl~ inliItI<l
(tOll h.l~lIlS Willdl l.lll,!!t' llllill o,~~ lu O.l)<1 ( \pp, taillt' 
~!) nit' \,Iltd"t't ah'!,I!,,' tot,l! (11,( dasU(IlIt''> illr Iht' 
S fPC! .Ilt' hl\wr thall ll'IIl\" 1111 lh,' set! (O~" to (J.t)() 

\("~lJ' (l).f ttl O)\h). SIII(,' lalld .lpplt,-,Itlllll I.lCll1lil'S 
It'qUlI\, !l'\H'\ 01 Ilh' t\ plcal la,'1I1!'> tl! pllldul'tillll Il~~d 
III dll1\t'nll!lllJI \,'W,II!\' trl'.lll1l,'llt. 

f SllillJ t~'d L'\ lsI el~I't!,'ItII'S 1tll' the dhl'llUlll I atl' and 
tht' dh(IIUllt pl'nod ,Ill' Il'!al!\d~ l'Ollst,lllt fllr all fa. 
~,tllt\ "1/1'" lite t'\I!mall'd \allll'~ llli the dl.,~·tllln[ t<lll' 

aWl,!!!,' tlll,11 -:,.,1 l'!a,llt'IIW, r,mgt' llllill OAt) 10 0.'\:' 
t\ll \phd·\\'1 .lIld ,\'1111'1 ptvOI 11 tlgJllon ,llld [wm O.3K 
(I' ll'lll Ill! hurd,'r 'Inp Ilrl!!,ttllHl. IIdgl' .1Ilt! lurrow 
\(tl~~atltlll, and 1\\i\'rI,lIlli 00\\ lApp~ tahl.: ~~). fhe III' 

nItration ba~1tl dastll'ily IS 0,3(). Vanatlon~ III the dl~' 
L'\IUllt pt'rt\ld haVt' .1 !tl\\t'! !lll pat.'1 on average tolal 
l'Olih, Thl' awmgl' tplal L'osl t'lasttclltl's range 1'1'0111 

tU5 tll llA4 1m ~ohd-,e( and center pivot Irrigation, 
from 0,33 ttl 0.39 lor horder ~;rip and mlge and 
lurww IT ngallun. and from 0.35 to 0.41 lor over
land now (Ap!" tahle ~3). The 11l!1itratlon basin elas
tt.:tty IS (1.34, The lowl'r nnpac! oj the disCOUIl( period 
IS III part due to the tP" !elJUlfl'll1ellttila! :salvage valuc 
III land l'qual lls present marKer vaillc for d,'tl'rmining 
annU;tI!,llltll'\I:-I~, Thi~ [l'guiatl\lll Implil'~ that the a!1Jllwl 
<.'IISt ol!aml ~'qll.lls tltt' prl'sellt marKl't vallll' ttlllC~ (he Ill
tl~rt'st r;llt'. I' Till' dIS(.'OIllit perlod does not lI1!luent:I' 
Jllllll.tlland ~'llsh. 

Variables Influencing Operating ('osb 

Cll~t t'I,lsll(ltlt''> lor npt'catUlg t:tl\ts are Illlluenccd by 
hILl! PrI":t' hlll.lhtl'S Ilw wagt' rate. the wholesale price 

IIlde;.. 01 thl' cost 01 I1hltl'rtab, thl' de.:I!!( Wit', alld the 
priCI' or chl\lIJlll'. ThL' \liag~ ratt' ,'lI~t l'iastil'lties til" 
':lease as radlit) Sill' I!Icrt'asl'~, wllllt' tilt' "k":lllt' late . 
who!esalL' IHlt:1' mdt':\., and dlhll illl' plll'l' elaslll'illl'l. 
ri:;e a!\ Jacilit) sill' 1I1(.'leaSl'S (App, tahlt's 24,25, 2{J, alld 
27). 

Cost l'IasticJ!} l·St1lJHtt\·~ Illtlicate that \\agt' 1<l1l.Il!UllS 

PII1Vllk tItt' gleatest Wljl<l,'t 011 \lpl'raWl!! t:os{~, Iltt' 1111

pOrlanct' or wagt' \anatHlll\ tledUlt'S as lactlil, Sill' 111

l'least':" [ 111 smailI,'I sohd'Sl,t laLthttt'~ (less than' I ~lC;[)), 
a I O'perCL'l\l innl'ilSI' III \\<I~l' ,'usts II ill rt'sult III llltlfl' 
thall a 'I-I'l'l <.'t'1I1 1T1(ll';[Sl' III Ilpt'talill~ I,'ll\l~ alld a 2.2
pl'lL·etll lI\(H"I~I' III lolal L'O~1\ (Iablt', (1 ami h). ,\,I.t 
l'llil} ~i/l' IIll'rt';I"I'~. thl' il1lp,ll:t III a I (l·pelt:l'ol 1tlt'II'as~' 
lit wagt' ratt', IOlII.. 10 <lpplO:\'lIllatl'!\ d -+-pc'!CI'!lt IIlL'leHSI' 
III 1l1ll'liItlllg (1l,Is and a I ,"'\,pl'lel'1l1 tllc!l'a:-.\' ill <lH'Wgl' 
tlltal t'll~l, ltlr :1 I()O·~I(;D [al'lht\, rhl' l!Jll't' utli('l II-

11l1:ltHltl tl'dllltl[ul'''' all' l11Ult' Sl'll\lilh' to wag\' \ allatioll'> 
thall ,>oltd'\l'l II rwalloll. 'I. otal cm.l l'lastkitll', 1111 cl'J1tt't 
pwot if IIgatioll I ,mgt' !tOIll 0.2(1 to OJ\). whilt' thl' ridge 
alld Iurrow L'!aslldlll'S range fmm lJ.2\) to 0.2",\· alld ti,l' 
hordcl stnp l'la:-.lit'Jlll" tire prat'tlcall} constanl at 0.2k 
(API'. tahk ~..Jl. OVl'llam1 now and inltltlalllltl hasins 
il!L' It's, St'tlSIIl\'l', 1<lllgiJl)! from 0.21 to 0,10 and rmlll 
n.15 to 0.05. tl'~Pl'dlvdy. 

rill' eost I'la,tkltll', lor mal~Iiab cost, (\\'hlllcsale 
prkt' lllde:\.) r,dl ;ltglltl} lor aVL'ragc tllX'rating cost, 
aud r!:-'l' ror avera,!!c Intal cnst, (App, lable 2:'). Thl' 
'>ohd';et opt'ratill!! cost ela,tit;ILJes range' from 0,17 to 
D.l:' (lahlL' K), whIle till' total l'Osl l'Iasticilie,> rise from 
(U)7 to! a ) -M C; D lal'ilit) to 0.23 for a IO·M GD f'a::i1 it y 
and ICII1,lln, rl'lalivl'ly constallt for larger l<trillti;s 
(table 6). I iII' total CllSt eiastieilil's lot thl' llth~r 111l~1' 
Imgatillll Il'cllIltques atl' :;lightl} higlll'l. mllllillg from 
0.07 to 0.33 (App. tabk 25), The oVt'r1and /low lnud 
cost elasticities are lower, ranging from 0.06 to 0.15, 
while ulllltraliOI1 basin elasticities which arl' much lower 
fall ('rolll 0.04 to 0.03. 

Operating <.:osts includc the wages and ll1alcriab 
costs which are associated with pretr<;atllll'llt alld with 
thl' operation oj' the Ireatment Side of' llll' land appli.:a
lion racility. Thl' llpl'ratll1ll l'usts associated with <.:rop 

1S t \' L<·1 (( I +1)'11 	 (a) 

wilerl': 	 I V 1.1Ilt! \,ilu~ III hl' ,lJ\l'IIUllled 

LC l'O\( oj plircl.<l'IIt~' 1,IlId 


(I +Wll \('llld.ud IOflllul,j lor d<:lt'1111illill), (Ill' prc'l'lll. 
v.llm' 01 all '11l11lUllt 111 It ) ~'Hr' .tl I 

t IIltt'rc\1 rail' 

n dl\CtlUIlI p,'rrud 


;\ L<II -(I+I)-IIJ . I -	 (h)
I 1 . t I i' n-lTj 


\\lil'll': '\ ,lIHltl,tllJlld l:ml 


SI;IIHlanJ (orlllllla lor lk'lcrllllll' 
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RC=C37+ 10.·. (C36) + 10.** (C31) + 10.** (C26) 

BL=L~7·MGn +(10.** (L~6»*ACR~ + flO.**CL~l')*ACP~ 

RM=M37"''''G'' +( 10."'* (·... 36) ) "''1\CRF + (lO.,,·*(t.'jll »I.f,CPE 

R(Ht =CHL:n""/-Ar,[1 
RD=O 

Gr Tn 70 

IF(t.rPF.1 T.f..O) 
 C32=1.0414+0.5R86*(X5 -0.3010)
! F ( to (0 to • r,>= • .<). n. Il.l\.)n • "C ~ >= • LT. ,0. '1 ) C3;;>=1.'2.;;>??+0.79n9~(X5 -0.7782)
TF(/lrDr:.r,c.~0.0) r32=1.8751+n.Ql~R*(X5 -1.4771)
\oJP{TI=(f,llf,) 

!=(1QMtT(' " 'If\)FTLTRATrr~. o.A~T"") 

T F ( "CP r .l T. 7.0 ) 
 l32=2.699n-0.3816*{X5 -0.3010)TC(Aro[.G!=.7.n .... Nn.tor~!=.LT.40.0) L3?=?4914-n.?514*(X5 -0. R451)T C ( Arp 1= • r.;: .4 r • 0 ) l32=2.1010-0.2nR9*(X5 -1.6021)IeurRe.LT."'.!)) ~32=2.1139-0.7565*(X5 -0.3010)
IF(~rDF.Gr:.~.n.ANn.~C~r:.lT.lr.0) M3;;>=1.Rl?9-0.'785*(X5 -0.6990)
Tr:(AC~r:.Gr:.ln.'1.4~n.~spr:.lT.4r.o) ~3?=1.6990-n.?997*(X5 -1.0000 )
T C( ~rR r .(";c. 40.()) 

~1?=1.5185-0.1354~(X5 -1.6021 )PC=lO."J< (r"l;;» 

Rl=(l(1.""· (1'2.?»"<h(P!= 

IU-1-,(lO.···~ P';>?»"'6rJ:;'c 

0.0= n 

RrHl=o 


l~1=3.3nln-O.4006*(XI +0.0458) 
~33=2.4~24-n.n701~(XI +0.6990)

rF(~rAr?=Q.15n) Gr T: 71 

r!=(p~p.l T.n.6) 
 C3j =1 .ABI2+0.?330*(X6 +0.6990)
T!=(D~p.~!=.n.6.h~n.Dll.r.LT.?0) r33 =1.7924+0.3544*(X6 +0.2218)
T C ( 0 t P • G!= • ? • (i. to ~(n • D f\ 4 • LT. 8 • C ) C3~ =1.q777+n.~370*(X6 -0.3010)
I F r p .\ P • Gto • R • I) ) (33 ~2.1()ln+O.7R5q~(X6 -0.9031)
0';I=?10,) k\ir;r. 
T~(pt=~n?c~.l~) P1"l=f1n *~~r 

Gel Trl 7'2 

Tt=( PL\D.L ~.I).f-) 
 r3J =1.7076+0.2882r-(X6 +0.6990)
Tc(rA~.~~.O.6.6~~.DA~.LT.?n) C~~ =1.8451+0.412:~(X6 +().?218) 
t to ( P f' c • r, r • ? I) • Il. 1\1') • C' AQ • L"" • R • q ) 

(31 =?n607+0.5307*(X6 -0.3010)
IF( PliO .Gt=. B.n) r31 =;;>.3R02+0.8449*(X6 -0.9031)
n3~""A?()() "'AGn 

P <~={) 


C 38=" 
L3A=n 
~'2.R=f"I 

I!=(TP':>I.to(\."~",,p.I~.toQ.r.) r,r Tr 130 
J:: FIoIAT=n. <j'"\IGf) 

IF( IPD!.rQ.f,) o!=WAT=1.75+MGr:' 

X7;::/l LnG 1 0,< P'wn T) 


l3e=3.3010-().4363*(X7 
v~R=;;>.~979-0.0605*(X7

11:'( T5.FQ.S01 r,'" Tr 73 

WP!"r!=(f.,117) 

FnPM"T(' ','1(10 CT. Q;:;C"'VfRY wellS') 

TF(RFI-.ff.:.I_T.3.0) r3fl=1.0414+(l.203fl:lt(X7 +l.onoo) 
TF(F'!=W6,T.,?c. 1 .'1.A'").r:'':WAT.LT.6.1) r~8=1.~4?4+0.447"'i*(X7 -0. 4 771) 
I!=(pr:WAT.~=.6.1).~Nr..R~WtT.LT.ln.O)C3R=1.4771+(1.6587*(X7 -0.7782) 
rF(RtoWbT.,?r:::.10.0.~No.qrW"T.I.T.20.!)}r3R=1.6232+0.7975*(X7-1.0000) 
r!=(cr:::WAT.,?r:::.?n.~) (~8=1.8633+0.9618*(X7-1.3010)
P3R=41nf) ""Mr,n 
r:;r' 'r 74 
IF ( P 17 WA T • LT. 1.0 ) C38=0.8663+0.2405*(X7+0.6990J
IF(Pr:::WAT.Gt=.3.0.ANn.REWAT.LT.6.01 C38=1.1461+0.4406*(X1-0.4171) 
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TF(PFWAT.G~.6.0.ANn.~EWAT.l~.10.01 r38=1.27R8+0.7~91*(Xl-0.1782) 
IFIP~WAT.r,c.10.O.ANO.~EWAT.LT.20.0)C3~=1.447?+n.7776~(X7-1.00001 
IF(PFWAT.Gc.20.0) C38=1.6~12+0.Q744~(X7 -1.3010) 
WR I T~ ( 6, 11 8 ) 
FORMAT(' ','50 FT. RFcrV~OI( ,,"clLS') 
P38=?100 *MG['I 
C38=10 ••• (C~8) 
L~R=(lO.·*{L38')*~GO 
M38=( In.*~(~~8))*~GO 
TF(MGD.LT.O.41 C~9=1.A0206 
IF(~GO.GF.O.4.ANO.~Gn.lT.O.8) r39=t.6021+0.263Q*(Xl +O.~97q) 
IF(MGD.Gc.0.8.A~~.~Gn.LT.?O) r~9=1.~812+n.2968*(X] +0.0969) 
TF(MGQ.GF.2.0.ANr. u Gr.LT.6.n) r~Q=1.7q93+0.~07~*(XI -O.~OlOI 
IF(~GD.GF.6.0) c~q=?0414+n.6244~(Xl -0.7782) 
IF(MGn.lT.6.0) l?,q=4.1461-0.'57?1*(Xl +0.6990) 
IF(MGO.Gf.6.0.A~O.~GD.lT.40.0) L~9=~.~OlO-0.'5170*(~1 -0.778?1 
IF(~GO.GF.40.0' l~a=?q7'51-0.4475~(Xl -1.6021) 
IF(MGD.LT.5.0} "')Cf:::3.4771-0.4811 v (Xl +0.3979) 
IF(~GD.GF.5.0.A~O.MGr.LT.30.n) ~~9=2.q494-0.4464*(Xl -O.~990) 

IF(MGD.GF.30.0) ~lq=?60?1-n.?5qq*(Xl -1.4771) 

ACRl=ACPF + ACRF3 + ACP~2*ACpc 


IF(ACP1.LT.IOO.O) r41S=O.Q73l+0.6078*(X5-1.3010) 

I~(ACRl.Gc.lnO.Q) C41S=1.~Q1Q+0.81~q*(X5-?OOOQ) 
IF(ACP1.lT.70.0) M41<::'=1.2'553-0.3Q31"'IX5-1.3(110) 
I~lfCP1.GF.7".O.dN~.A(P1.lT.200.0) ~41S=1.n414-".3033*IX5-1.8451) 
IF(ArRl.G~.7"n.O.A~D.~(Ol.lT.70Q.O)W41s=n.90?'1-0.16'8*(X5-?301nl 
IF( Ar p 1.V. 700.1'1) M41~=O.Rt:J9-0.0778~· (X"i-2.fl 4 51) 
yr:( ACP l.LT .lOl1.0} (41S=i.0414+n.45fl3* (X5-1.301n) 
wre 40=0 
l40=O 
M4n=O 
IF!WCLLS.~Q.O) r.~ Tn 82 
X8=AU'G IO( wn I 
WRITC(~,l?O) WCLL<::',kD 
FnQ~AT(" .c~.", 'I-'rf\ITrOTI\(; IoIELLS' ,~f:,.(" ,eFFT !IE'17P') 
TF(wr .LT.40.0} v40=1.l161+0.5525*(X8-1.30101 
JF(WD .Gr.40.0) v40=1.3474+Q.6992·(XA-l.6021) 
IF(WD.LT.40.0) (40~2.7708+0.43ql*(X8-1.3010) 
IF(Wn.Gc.40.0.AN~.~n.LT.qn.O) (4n=2.9n31+0.5987·(X8-1.6021) 
TF(~D.Gc.qn.n) r4n=~.1119+0.1717~(X8-1.954?) 

IF(Wr.LT.4'1.l)) L40=1"Q('3l 
IF ( WD.r, F .4" • n. A~n. ~O. LT. 70.0) lit (, = 1" <1031+0.3071* ( X8 -1.6021 ) 
IF(WII.GF.70.0) L4il=1.9777+0.3QQ9:t (X8-1.84511 
L4n=( 10.>'<-'« L4()) )*WrLlS 
M40=(10.··(M40»)*WFLL~ 

w(r40=(ln.**(r40))*WFLL<::' 

C4lF=O 

M411='=(1 

IF ( 16. FO • n I GCI Tn f11 

WtU TC (6,11Q) 

Fnp"'AT(' ','FJ::NC INC; ') 

IF( A(P 1.(;F .1nn.'l) (41 F:- 1.1611 +0 • 52A 2* (X 5-2.0000 I 
IF(MPI.lT.RO.O) M41F=O.65~?-O.549A*(X'5-1.3010) 

IFI trr: 1.G>' .80.0) M41~=n .12 ??-(' .4'507" (X')-I. 90 311 
r41F;:: 10."'" (C41 F I 

M6)F={lO •• *u41F) ~ACP~ 


QCV=O 

$FAr: "'=0 

IF(IPRI.FO.6) G'l TC '19 

IF(CROP.EO.OI GO TO 99 
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APPENDIX B 

Varinb1e Names 

1. Data Cards--,----
Card 1, ~~tll. 1-5 K Number of subruns 

.) 	 NGD Average flat... of tvas tewa ter (1.0)])
~,Card eol. 1-5 

Amount of Federal subsidy available for capital~'Cl1 . b-lO SUB 

expenditures (0.00) 


'l'RA.. Distance in 	miles that effluent is transported (2.0)l~ tl 1 . 1l-1'1 'lS 


Sewer construct ion cost index (2 l18. 7)
l~O 1. Ib-~O sccr 

l'l) 1 . 21-:25 STPCI ::= Sewage treatnH,~nt plant construction cost index (232.5) 


l'O 1. 26-:30 H"P I Hholesale prit'e index (HID) 


('01 . 31-35 HAm: = Hage rate ($6.00/hr.) 


col. 3b-40 PC1[L Price of chl.orine ($0.06/lb.) 


l',) 1 . 4l-lfS PPOH Price of eh'ctricity (0,03/kHh) 


col. 40-10 RATE Application rate (2 in. /wk.) 

.) 

eo 1. :j l-SS ,\CRE = 	 Proport itmate umount of land to be set aside for 
future expansion. (Ex ACRE 2 = .l.0 implies that 
lO:~ more land is obtained) 

col. 56-60 R 	 Interest rate (0.06) 

(0 () 1 . hI-hI) PLAND ::= 	 Price of land (1000) 

('{)l. ob-67 YR Discounting period (20) 

::= Number of \veeks wastes are not upplied to land (12)l' ()1 . tJ8-b9 HEEK 1 


(·td. 70-71 "lEEK Number of weeks wustes are discharged to streams (0)
.) 

t't) 1 . 72-73 HELLS 	 Number of monitoring wells (3) 

Card 3, t' t' 1 . 1 IRRI Irrigation technique used 

;:: 	 1 Sol~d-sct irrigntion 

2 Genter pivot irrigation 

3 Surface flooding 

LI Ridge and furrotv irrigation 

== 	 5 Overland flow 

o Infiltration basins 

o Chlorination of 1ugoon effluent (10, fig. 17) (0)I1 

No chlorination 

.;!/nw uumlwrs in part'nthesps an' representative values for thl' respective variables. 
Unless 0therwisl' spp~iried tho variahles are assumed to take on these values in 
tlw 	an.tlvsis. 
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., 1.1- I .I1 

! 
, 
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, ..I.'d i 1 • 
'.t ! l~-:iI 

'1_ \ ,,C'" '> 1 -, 

11-~ t ) 1. ., ~ 
<-

\1 t:r!':i ~ \' transmissioll t lell, f i~~. I ~ 1 

F,lr,'{' main tra!1smb.. sinn ~lJJ, fig:.;, lq & ~(l) 

"~ fh'l'th or' ,",l\'t't" ,'Vl'r gravitv transmissitlt1 pipl'!'; (')) 
(jll, th;. 1K) 

9 l:ilw f"t·t "r ,',1v,'r (1.0., ti~~. 18) 


lvp,' .,," ,',",,'1' ,'11 original ~;itl' (1.1', r i~~. 2.+) (1) 


(I !;r,h's .lU!\, 

HUH.'!"! l'l,lll'ct iOll svst..'m fnlUt ,)\,prland tlow 
• !O, : i>,;. JI1) 


\:r lvit\" i'ipt';; (0) 


! • !:hl"rina! i,m nf ,'fflul'nl from oVl.'rl:lnd flo,II 
(Iii, I L~. );) 

~.1:1.:\ rr i:l,'\'a t i "11 J i ff ereneC' for ef f It.lC'nt tr.:1nsmis sion ('30) 

,
HLAll .- Pumping heCld [,)r dfltwnt distribution (.1.9., t'ig. 33) 

ISo, ',(I, ill' ]'){) Oil) 

~.:n J)"l'th III ffil1nit.ot'ing wells (0) 

rXllEi~ t'ul.krdrains in fields (10, fig. 34) (0) 

"" n ~" undet'drains 

11)0 l'1' ":'00 foot sp<lcing 

I '; '" 	 lh>pth of rpctwpt'v \..rells (0) 


() ;';,1 rl'l~~)Very wells 


'iO- ,)r lOU-il)ot dl'ep Wl'l1S
'" 

..
EARTH VulumE' 0f eurth moved [or surface leveling (500) 
:: 

Surfnce iTrigiltion 0,.9., fig. 25) 

1000 Nt1ro<11 
Overland rIm, (10, fig. 26) 
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>:.t{t'Y'i .:.,lst~,: i· an 'lltl~rn~lti\"l' pr'f,trL:..atmpnt 
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X7 

xs log ACRE 

X6 log PAR 

;:: log REHAT 

X8 =: log l.ID 

;::BOURO Hours of operation labor for preliminary treatment 
;::HOllRN Hours of maintenance labor for preliminary treatment 

ACRE '3 == Acres required for pretreabnent 
;:: 

Be 

ACH. 1 Tlltal acreage n!:~L~d [or \vaste'vater treatment 
;:: Sum of capital t~Dsts 'vi thin IRRI 
;::IlL Sum of labor costs within 1RR1 

BH S 1m of matt.'rial costs within IRRI 
BP Sum of pm"t.'r cos ts 'vi thin IRRI 

BCHL ::: Slim of chlorine costs 'vi thin 1RRI 

REV Crop reVL'nue 

$FARN ;:: Cost of the cropping operation 

Cij Capital costs for C1Q, figure ij) 

Hij ;:: Naterial costs for (l.Q, figure ij) 

Lij Labor l'osts for (la, figure ij) 

HCC40 ::: '~~'ll capital costs for (l0, figure 40) 
C41F Fencing capital costs for (10, figure 41) 
N41F ;:: Naterials costs for (10, figure lJ.1) 

C4lS ;:: Capital costs for service roads for (10, figure 41) 
N4lS = Naterials costs for servic.e roads for (10, figure 41) 

L' 



APPENDIX C 

Cost and Elasticity Estimates 


Table l--Annual total cost estimates by type of irrigatiou!-' 

Facility : Center : Border :Ridge and 
size :Solid-set :pivot :strip : [llrrmv :Overland:lnfiltration 
(HGIl,t___:jrr~l}o0J..!igation: irrigatiun: ir.2:igntion_:Jlow :basins,___ 

Annual Dollars 
opl'rating 
costs: 

0.1 Jl),1.'1(l 21,051 24,421 24,789 18,902 16,256 
n. "i 

1.0 
).0 

10.0 
'"l().O 

100.0 

!,2,732 
65,927 

219,700 
396,071 

1,674,681 
3,178,767 

45,3Sb 
70,021 

233,~,07 

417,1 ..'+1 
1,722,199 
3,235,429 

52,354 
81,258 

269,392 
494,269 

2,207,303 
4,279,896 

55,970 
86,106 

292,312 
523,271 

2,146,586 
4,012,500 

40,821 
61,443 

192,380 
338,902 

1,383,090 
2,601,178 

35,469 
53,725 

168,263 
296,382 

1,213,082 
2,288,665 

Annual 
\'~apita 1 
CL)st s: 

0.1 h5,323 b2,478 64,309 64,101 64,106 57,576 

0.5 130,959 11b,951 119,548 	 119,678 123,483 100,283 

1.0 	 203,008 175,!.64 178,407 178,660 184,990 143,450 
58Lf,274 624,822 429,965).0 731,290 587,210 582,957 

10.0 1,369,593 1,07.8,000 1,056,679 1,059,391 1,150,658 762,993 
4,569,125 4,583,385 5,178,915 3,208,/f1650.0 6,301,506 4,807,584 

10n.O :12,36/+,260 9,349,461 8,754,446 8,783,403 10,121,940 6,109,889 

Annual 
tt'tal 
CI)st:.:; ~ 

0.1 81,053 SO,113 85,314 85,474 81,301 73,831 
158,568 155,7(;4. 135,7520.5 156,611 145,258 154,823 

1.0 234,776 211,325 225,506 230,607 229,353 197,175 
5.0 780,194 649,821 681,553 705,791 731,805 598,228 

10.0 1,~24,073 1,153,550 1,209,357 1,241,070 1,318,764 1,059,375 

50.0 6,268,234 4,821,830 5,Oh8,475 5,022,018 5,708,028 4,421,498 

100.0 :12,127,120 9,168,981 9,618,433 9,379,994 11,015,160 8,398,554 

Annual net crop revenut:' (App. table 5) must be deducted from the sum of 
annt!.ll ('pl"rat ing costs and annual capital cosls to obtain annual 
t~)ta I ~·ost!>. 
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fi60,733 
1,151,976 
1,648,849 
4,949,105 
8,78(',359 

36,974,760 
70,428,920 
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Table. 4--Components of average operating costs by type of irrigation 

Facility :Center :Border :Ridge and 
size : Solid-set :pivot : strip : furrow :Overland: Infiltration 
(HGD) : irrigation: irrigation: irrigation: irrigation: flow :basins 

Labor Dollars Eer 1,000 gallons
costs: 

0.1 0.3763 0.4226 0.5171 0.5178 0.3635 0.3051
0.5 0.1488 0.1610 0.1988 0.2114 0.1389 0.1171
1.0 0.1052 0.1143 0.1407 0.1511 0.0949 0.0791
5.0 0.0566 0.0622 0.0779 0.0877 0.0452 0.0354

10.0 O.O!f72 0.0511 0.0684 0.0735 0.0354 0.0268
50.0 0.0338 0.0346 0.0578 0.0511 0.0219 0.0151

100.0 0.0300 0.0297 0.04430.0551 0.0183 0.0121 

Hateria1s: 

costs: 


0.1 0.0870 0.0878 0.0870 0.0965 0.0931 0.0790
0.5 0.0409 0.0394 0.0392 0.0464 0.0404 0.0329
1.0 0.0310 0.0295 0.0329 0.0357 0.0291 0.0237
5.0 0.0194 0.0179 0.0204 0.0232 0.0159 0.0124

10.0 0.0169 0.0153 0.0177 0.0206 0.0130 0.0100 
50.0 0.0136 0.0120 0.0139 0.0172 0.0094 0.0070

100.0 0.0127 0.0111 0.0128 0.0163 0.0085 0.0062 

Po,\rer 
costs: 

0.1 0.0588 0.0639 0.0624 0.0624 0.0588 0.0588 
0.5 0.0419 0.0458 0.0465 0.0465 0.0419 0.0419 
1.0 0.0419 0.0456 0.0466 0.0466 0.0419 0.0419
5.0 0.0419 0.0454 0.0468 0.0468 0.0419 0.0419

10.0 0.0419 0.0454 0.0468 0.0468 0.0419 0.0419
50.0 0.0419 0.0454 0.0468 0.0468 0.0419 0.0419

100.0 0.0419 0.0454 0.0468 0.0468 0.0419 0.0419 

Chlorine 
costs: 

0.1 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 
0.5 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 
1.0 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 
5.0 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 

10.0 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 
50.0 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 

100.0 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025 



Table 5--Crop 

Facility 
size 
(NGD) 

Average 
cropping 
costs: 

0.1 
0.5 
1.0 
5.0 

10.0 
50.0 

100.0 

Ave~age 

crop 
revenue: 

0.1 
0.5 
1.0 
5.0 

10.0 
50.0 

100.0 

Average 
net crop 
revenue: 

0.1 
0.5 
1.0 
5.0 

10.0 
50.0 

100.0 

Annual 
net crop 
revenue: 

0.1 
0.5 
1.0 
5.0 

10.0 
50.0 

100.0 

revenue and costs 

Irrigation 

0.0869 
0.0869 
0.0869 
0.0869 
0.0869 
0.0869 
0.0869 

0.1805 
0.1805 
0.1805 
0.1805 
0.1805 
0.1805 
0.1805 

0.0936 
0.0936 
0.0936 
0.0936 
0.0936 
0.0936 
0.0936 

3,416 
17,080 
34,159 

170,795 
341,591 

1,707,953 
3,415,909 

Overland 
flmo} 

Dollars Eer 1,000 gallons 

0.0434 
0.0434 
0.0434 
0.0434 
0 .. 0434 
0.OL134 
0.0434 

0.0902 
0.0902 
0.0902 
0.0902 
0.0902 
0.0902 
0.0902 

0.0468 
0.0468 
0.0468 
0.0468 
0.0468 
0.0468 
0.0468 

Dollars Eer year 

1,708 
8,540 

17,080 
85,398 

170,795 
853,977 

1,707,953 

Infiltra tion 
basins 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 


0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
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Table 6--Effect of subsidy [or capital expenditures for solid-set 
irrigation 

Percent 

subsidy 


0.5 
.---~----.-

00 0.7176 
/') 0.6108 
30 n. 50!fl 
J -.J:) lL 3973 
60 0.2906 
75 (1.1838 
90 0.0771 

00 0.8581 
15 0.7514 
30 O.M~f6 

4·'5 0.5379 
60 0.4312 
75 0.3244 
90 0.2177 

Facility size (HGD) 

1.0 5.0 

Average capital costs 
Dollars per 1,000 gallons 

0.5562 0.4007 
0.4736 0.3413 
0.3910 l.2819 
0.3084 0.2225 
0.2257 0.1632 
0.1431 0.1038 
0.0605 0.0444 

Average total costs 
Dollars per 1,000 gallons 

0.6432 0.4275 
0.5606 0.3681 
0.4780 0.3087 
0.3954 0.2493 
0.3128 0.1900 
0.2302 0.1306 
0.1476 0.0712 

10.0 

0.3752 
0.3196 
0.2640 
0.2085 
0.1529 
0.0973 
0.0417 

0.3902 
0.3346 
0.2790 
0.2234 
0.1678 
0.1122 
0.0566 
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Table. 8 .. Effect of storage on average total cost fot .solid set Jrrig3t1on 

Weeks of Weeks of no land apellcallon W..~~ ~f __._.,_.•. Weeks of no land .pplicaunn 
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0.5 MOO 10 MGo 
Oollars per 1.00~!l9.!lL Dollars per 1.000 gallons 

o 
1 

2 

3 

4 

5 

6 

7 

S 

9 


10 

11 

12 

13 

14 

15 

16 

11 

16 

19 

20 

21 

n 
23 


o 
1 


3 

4 

5 

6 

7 

S 

9 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

21 

23 


1.0713 
1,0565 
1,0416 
1.0266 
1.0115 
0.9964 
0.9611 
0.9658 
09503 
0.9347 
0.9190 
0.9036 
0.8889 
0.8741 
08590 
0,8437 
08275 
08118 
0.7957 
0.7792 
0.7622 
07447 
0.7263 
0.7078 

06264 
06123 
0,5981 
0.5839 
0.5697 
05555 
0.5413 
0.5271 
0.5129 
0.4986 
0.4845 
0,4703 
0.4561 
0.441B 
0.4276 
0.4133 
OJ990 
0.3847 
0.3704 
0.3561 
0.3423 
0,3285 
0.3144 
0.2997 

0.9842 09031 0.B291 0.7540 
0.9695 0.8887 0.6150 0.7380 
0.9547 08750 O.BOO6 0.7213 
0.9398 0.8607 0.7860 0.7045 
0.9249 0.8467 0.7709 0.6849 
0.9099 0.8325 0.7553 0.6498 
0.8950 0.B1BI 0.1391 
0.8809 0.8033 0.7221 
0.8666 0.1883 0.7050 
0.B515 0.1729 0.6852 
0.B369 0.7570 06498 
0.8221 0.7405 
0.8069 0.7230 
0.7914 0.7057 
0.7755 
0.7592 
07423 
01244 
0.7066 

5 MGO 
J>.!!!iJ!H...Q!l.r 1,000 gallons 

05439 0.4696 0.4001 0.3343 
0.5303 0.4564 0.3871 0.3221 
0.5167 0.4432 0.3741 0.3095 
0.5031 0.4299 0.3611 0.2963 
0.4B95 0.4166 0.3481 0.2828 
0.4759 0.4033 0.3356 0.2652 
0.4623 0,3900 0.3231 
0.44B6 0.3767 0.3103 
0.4350 0.3634 0.2969 
0.4213 0.3501 0.2831 
0.4075 02373 0,2652 
0.3938 r 1244 
0.3801 0.3113 
0.3664 0.2976 
0.3526 
0.3394 
0.3262 
0.3126 
0.29B5 

o 
1 

2 

3 

4 

5 

6 

7 

8 

9 


10 

11 

12 

13 

14 

15 

16 

17 

lB 

19 

20 

21 

22 

23 


o 
1 

2 

3 

4 

5 

6 

7 

8 

9 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


0.8403 0.7595 0.685B 0.6149 0.5451 
0.8266 0.7460 0.6725 0.6011 0.5312 
0.B12B 0.7324 0.6591 0.5872 0.5167 
0.7990 0.71B9 0.6456 0.5732 0.5011 
0.7B51 0.7054 0.6319 0.5600 0.4843 
0.7111 0.691B 0.61BO 0.5464 0.456B 
0.7571 0.67Bl 0.6040 0.5323 
0.7430 08643 0.5897 0.5175 
0.7287 0.&503 0.5755 0.5016 
0.7144 0.6363 0.5619 0.4845 
0.7000 0.6221 0.5430 0.4569 
0.6B57 0.6076 0.5336 
0.6714 0,5930 0.51B5 
0.6569 0.5784 0.5023 
0.6423 0.5644 
0.6275 0.5501 
0.6127 0.5353 
0.5975 0.519B 
0.5B23 0.5032 
0.5679 
0.5530 
0.5376 
0.5215 
0.5044 

10 MGo 
Dollars per 1.000 gallons 

0.5874 0.5058 0.4320 0.3630 0.2971 
0.5734 0.4923 0,4189 0.3502 0.2843 
0.5594 0.4788 004057 0.3373 0.2716 
0.5453 0.4653 0.3926 0,3243 0,2593 
0.5313 0.4518 0.3794 0.3114 0.2465 
0,5172 0.4383 0.3663 0.2984 0.2309 
0.5032 0.4247 0.3531 0.2654 
0.4891 0.4112 0.3399 0.2724 
0.4750 0.3976 0.3266 0.2599 
0.4610 0.3841 0.3133 0.2467 
0.4469 0.3705 0.3000 0.2309 
0.4328 0,3569 0,2867 
004187 0,3433 0.2734 
0.4046 0.3296 0.2606 
0.3904 0.3159 
0.3763 0.3022 
0.3621 0.2884 
0.3479 0,2747 
0.3337 0.2614 
0.3194 
0.3051 
0,2908 
0.2765 
0,2627 



Table 9--Effect of transportation distance on average total cost for 
solid-set irrigation 

Distance wastes 
transported 0.5 

Facility size 
1 

(HGD) 
5 10 

Hi les Dollars per 1,000 gallons 
~"--~ 

1 0.79:25 0.6057 0.4146 0.3821 

') 0.8531 0.6401 0.4:263 0.3892 

3 0.9092 0.6725 0.L1386 0.3975 

,
-I 0.9738 0.7129 0.4521 0.4059 

5 1. 0:253 0.7375 0.4667 0.4149 

b 1.0768 0.7787 0.4790 0.4245 

7 1. 128:2 0.8089 0.4955 0.4348 

8 1.1797 0.8391 0.5000 0.4458 

9 1.2311 0.8694 0.5147 0.4545 

10 1.3287 0.8996 0.5245 0.4606 
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RL' ,;,1 Vt.' ry \';t.' 11 S 

lll.JU it J.>\,p) 

dpt.~U df t,'h ,',' Ilt'L't hHl 
\.Ih' ,~h 1,.\1" iniH hln) 

Upea Jitch cDLl~ction 
(,'hh) r ina t L,ln} 

t;rJ.v it'll pipt' 

l'';~ 11 el' t h'I'l 

\no ,'hlnrio,lt i(10) 

l;ravitv pil't> 

,'011 t'I.'t hm 

(. dl1lHinatiL1 u) 


i I. \ 

1.0 
I • l) 

1D. \.! 

O. :i 

Ld 

,1.0 


1 \). II 


U.::> 
1.0 
,).0 

1.0.0 

U. ') 

1.0 
') .ll 

10. tl 

n.) 
1. n 
'). U 

10.0 

u.) 
1.0 
5.0 

10.0 

D.5 
1.0 
') .0 

lO.n 

0.5 
1.0 
:,>.0 

10.0 

0.2704 
0.2110 
\\.1'+20 
O.127~ 

O.2')2l} 
0.19':+9 
0.120'+ 
0.11"+8 

0.2557 
0.1990 
0.1342 
O.L!ll 

O.2b39 
0.2072 
0.1424 
0.1293 

0.2200 
0.1660 
0.1053 
0.0936 

0.2340 
0.1756 
0.1097 
0.0968 

0.2097 
0.1587 
O.IOIO 
0.0896 

0.2237 
0.1683 
0.1054 
0.0928 

0.7851 
0.6230 
0.4h75 
0.4420 

O.7!~bO 

0.5777 
0.4195 
tl .3935 

0.7239 
0.5599 
0.4018 
0.3759 

0.7284 
0.5624 
0.4024 
0.3764 

0.6298 
0.4673 
0.3127 
0.2881 

0.6544 
0.4841 
0.3197 
0.2930 

0.6520 
0.4901 
0.3354 
0.3103 

0.6766 
0.5068 
0.34::4 
0.3152 

0.9619 
0.740Lf 
0.5160 
0.4758 

0.905 '3 
0.6790 
0.4544 
0.4148 

0.8860 
0.6653 
0.4424 
0.4035 

0.8987 
0.6760 
0.4512 
0.4121 

0.8031 
0.5865 
0.3713 
0.3349 

0.8416 
0.6129 
0.3826 
0.3430 

0.8150 
0.6020 
0.3897 
0.3532 

0.8535 
0.6284 
0.4010 
0.3613 



Table 12--Land leveling costs 

Facility
Typp size 

--------- ----=---

Average 
operating 
costs 

Normal excavation for 
overland [1m., 
(1,000 cubic yards per 
ac re) 

Extensive excavation 
for overland flow 
(1,400 cubic yards per 
acre) 

Normal excavation for 
border strip irrigation 
(500 cubic yarus per 
acre) 

Extensive excavation 
for border strip 
irrigation (750 cubic 
yards per acre) 

MOD 

0.5 
1.0 
5.0 

10.0 

0.5 
1.0 
5.0 

10.0 

0.5 
1.0 
5.0 

10.0 

0.5 
1.0 
5.0 

10.0 

Average 
capital 
costs 

Average 
total 
costs 

------ Dollars per 1,000 gallons -----

0.2237 
0.1683 
0.1054 
0.0928 

0.2237 
0.1683 
0.1054 
0.0928 

0.2869 
0.2226 
0.1476 
0.1354 

0.2869 
0.2226 
0.1476 
0.1354 

0.6766 
0.5068 
0.3424 
0.3152 

0.6842 
0.5137 
0.3488 
0.3215 

0.6551 
0.4888 
0.3194 
0.2895 

0.6642 
0.4976 
0.3274 
0.2972 

0.8535 
0.6284 
0.4010 
0.3613 

0.8610 
0.6352 
0.4074 
0.3676 

0.8483 
0.6178 
0.3735 
0.3313 

0.8575 
0.6266 
0.3814 
0.3390 



Table 13--Jesign flow: Cost elasticities bv type of irrigation 

Facility : Centl:.'r 	 :Border : Ridg£:' and 
:strip : furrow : Over1and:Iufiltrationsize : Solid-set :pivot 

(NGD) : lr_riga_tion: irrigation: irrigation: irrigation: flow :basins 

AVt;~ragt:.' 

opentting: 
cost::; : 

0.1 -0.7806 -0.798b -0.7338 -0.730 f f -0.7962 -0.8406 
O.S 
1.0 

-~). J8!19 
-0.3166 

-0. Jt} 51 
-0.3190 

-(l. ~d2:.:'. 
-0.31S8 

-0.371b 
-0.3310 

-0.4049 
-0.3620 

-0.4040 
-0.3427 

'). 0 -o.lM..'f -0.17:fb -0. 1725 -0.1687 -0.1982 -0.2002 
10.0 -0. 1:209 -o.u..a -0.0872. -0.1350 -0.1473 -0.1475 
')0.0 

100.0 
-O.07b4 
-O.Ob58 

-0.09Ll6 
-0.0795 

-0.0467 
-0.0375 

-0.0971 
-0.0868 

-0.0907 
-0.0762 

-0.OSb6 
-0.0716 

Averagt' 
co us t ruc- : 
tion 
eosts: 

l' . 1 -0. '1b 71 -r).S900 	 -0.5951 -0.5937 -0.5721 -0.6057 
0.5 -0.4779 -0.5!t02 	 -0.5403 -0.5397 -0.5528 -0.5902 
l.O -0.3545 -ll. 40118 -0.4162 -0.4157 -0.3828 -0.4563 
5.0 -0.1594 -0. :':07~f 	 -0.2264 -0.2257 -0.1885 -0.2589 

10.0 -O.OQ5l) -0.1298 -0. 1~f90 -0.1485 -0.1158 -0.1667 
50.0 -0.0545 -U.0784 -0.1032 -0.lG27 -0.0643 -0.1125 

100.0 -0.0386 -0.0571 -0.0833 -0.0829 -0.0438 -0.0885 

Av(~rag<: 

('api tal 
costs: 

0.1 -0.5487 -0.5700 	 -0.5755 -0.5741 -0.5625 -0.6043 
0.5 -0.4405 -0.5002 	 -0.4940 -0.4935 -0.5292 -0.5872 

-0.3688 	 -0.45361.0 -0.3192 -0.3584 	 -0.3693 -0.3614 
5.0 -0.1379 -U.1730 	 -0.1885 -0.1880 -0.1733 -0.2568 

10.0 -t1. 0822 -0.1066 -0.1219 -0.1215 -0.1058 -0.1655 
')0.0 -0.0461 -0.0627 -0.0816 -0.0813 -0.0581 -0.1112 

100.0 -0.0325 -0.Otf54 -0.0652 -0.0649 -0.0394 -0.0874 

Average 
total 
~O$t!:i ~ 

0.1 -O.h:27h -0. £1534 	 -0.6431 -0.6417 -0.6283 -0.6564 
O. ') -D . .4 724 -0.525:1 	 -0.5266 -0.5033 -0.5257 -0.5394 

1.0 -O.3b32 -0.4014 -0.·4055 -0. Lton -0.3879 -0.4234 
f). U -tJ .17 3:1 -0.2159 -0.2.267 -0.2232 -0.1992 -0.2409 

10.0 -0.1l0R -0.1449 -0.1406 -0.1578 -0.1293 -0.1604 
fJO .l) -O.ObS2 -tl. 0920 -0.0928 -0.1127 -0.0740 -0.1045 

LOn. () -O.t)4Ql -0.0716 -0.0750 -0 .. 0948 -0.0536 -0.0831 
. 


.... "I" """"'......_ ,.,,,_~__,~.. ___~ -,--...,~--
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TabLL' 1!f--Appl.icat.lo!l ratt;': Cost elasticities by type of irrigation 

..~----. ----- ------------.,.-----------------
Facility: : Center : Border :Ridge and 
size :Solid-s~,t :pivot :strip :furrmv : Overland: Infiltration 
(i>.~qD)___:lrrigation: irriga tion: irrigation: irrigation: flo,v : basins 

AVt~rag~! 

l)pt'rat ing: 
costs: 

ll. 1 
0.) 

-0.0875 
-0.1.'.01 

-0.0817 
-0.1':+35 

-0.1409 
-0.1434 

-0.1450 
-0.218:2 

-0.0519 
-0.0655 

-0.0358 
-0.Ot~63 

1.0 -0.1728 -O.J 962 -0.:2:250 -0. :n:19 -0.0862 -0.0581 
').0 -0 ..~48:1 -0.2b88 -0.2976 -0.3365 -0.1217 -0.0667 

1n. n -O.2b19 -0.2768 -0.3607 -0.3425 -0.1289 -0.0658 
')0.0 

100.0 
-(). 275:. 
-O.27bO 

-(1. 2777 
-0.2733 

-0.3g83 
-0.4085 

-0.3383 
-0.3319 

-0.1324 
-0.1306 

-0.0583 
-0.0550 

AVt.'ragt' 
cons truL~-: 
t h1!l 

,'os ts : 
O. 1 -0.0859 -0.0504 -0.0483 -0.0487 -0.0635 -0.0157 
0.) -0.1901 -0.0896 -0.0926 -0.0957 -0.1306 -0.0241 
1.0 -0. :2448 -0.1414 -0.1311 -0.1323 -0.1750 -0.0346 
') • (1 -D. J()lJO -0.2174 -0. 1901 -0.1920 -0.2804 -0.0483 

10.0 -0.3976 -0.2380 -0.2013 -0.2035 -0.3087 -0.0524 
50.0 -0. ':.427 -0.2735 -0.2121 -0.2147 -0.3584 -0.0535 

100.0 -0.4568 -0.2861 -0.2130 -0.2158 -0.3760 -0.0526 

AVt.·ri.l.g~' 

t',lpiUll 
,',1StS: 

L) • 1 -0.10112 -0.Obb2 -0.0637 -0.0641 -0.0709 -0.0169 
0.5 -0.2213 -0.1298 -0.1318 -0.1346 -0.1485 -0.0275 
1.0 -O.281Q -0.1915 -0.1811 -0.1821 -0.1974 -0.0393 
5.0 

10.0 
-0.4109 
-0.4401 

-0.2849 
-0.3093 

-0.2608 
-0.2733 

-0.2624 
-0.2800 

-0.3088 
-0.3382 

-0.0558 
-0.0609 

50.0 -0.4849 -0.3493 -0.2998 -0.3017 -0.3885 -0.0636 
100.0 -0.4984 -0.3626 -0.3045 -0.3065 -0.4058 -0.0633 

Averagt: 
total. 

0.1 ~·O.0631 -0.0343 -0.0519 -0.0538 -0.0489 -0.0210 
O.} -0.1242 -O.04~4 -0.0500 -0.0807 -0.0850 -0.0324 
1.0 
1.0 

-O.lhOO 
-0.2561 

-0.0771 
-0.1151 

-().08b7 
-0.1 L29 

-0.0941 
-0.1366 

-0.1146 
-0.1896 

-0.0445 
-0.0589 

ill. \l -0.2780 -0. L200 -0.1338 -0.1332 -0.2105 -0.0623 
iO.1I -0.3133 -0.12.55 -0.1374 -0.1109 -0.2486 -0.0622 

100.1) -0. 324.i· -0.1274 -0.1360 -0.0979 -0.2628 -0.0610 



Table 15~- Heeks of storage: Cost elasticities by type of irrigation 

Facility 	 : Center :Border : Ridge and 
: So Lid-sl".,t :pivot :strip : furrmv : Overland: Infiltrationsizl".' 


(HGD) :irrigntion:irrigation:irrigation:irrigation;£low : basins 


Average 

operating: 

l:osts: 


0.1 0.0360 0.0331 0.Ol.79 	 0.0489 0.0264 0.0239 

0.'1 	 0.0,)'}1 O. astIR 0.0525 0.0750 0.0376 0.0323 
0.0795 0.0/+46 0.03831.0 O.Ob70 0.0723 0.0777 

S.O O.ORRL. O.09~8 0.0985 	 0.1082 0.0557 0.0430 
10.0 0.091') 0.094b 0.1161 0.1094 0.0571 	 0.0424 
50.0 0.0930 0.0931 0.1242 0.1070 0.0561 	 0.0382 

100.0 o . OC) 21 0.0909 0.1260 0.1045 0.0545 0.0356 

Av~'ragl' 

cons t ru\.'-: 

tion 

costs: 


n.1 0.1091 0.1031 0.1000 0.1004 0.1038 0.0995 
O. ;1 0.217:1 0.2097 0.2075 0.2075 0.2045 0.2096 
1.0 a.278b 0.2849 0.2776 0.2776 0.2750 0.2915 
5.0 0.391:. 0.4270 O. :'220 0.4216 0.4039 0.4682 

10.0 0.':+189 0.4670 0.4655 o .{.649 0.4392. 0.5246 
0.6167Stl.O O.!.378 0.5278 0.5372 0.5362 0.4910 

100.0 (L ~ 702 0.5479 0.5636 0.5624 0.5072 0.6497 

AVl'ragl' 
capital 

t'l'S ts : 


l). 1 0.1136 0.1081 0.1050 0.1054 0.1062 	 0.0994 
0.20900. :) 0.2200 0.2133 0.2112 	 0.2113 0.2063 

1.0 O.27~)l) 0.2811 0.2747 	 0.27{.6 0.2734 0.2903 
5.0 0.3726 0.3979 0.3936 	 0.3933 0.3913 0.4648 

10.0 	 t) • 3t) 50 0.4284 0.4264 0.4261 0.4225 0.5204 
0.6108'10.0 (l.~2bO 0.4729 0.4777 0.4771 0.4675 

1OtLO O."+35l) 0.4875 0.4960 0.4953 0.4817 0.6431 

AVIi-'!:\lgt' 
total 

costs: 


n.1 (1. n~qD 0.0824- 0.0828 0.0832 0.0846 0.0828 
0.16280. ~) 0.1:'::' 0.1605 0.1543 	 0.1599 0.1601 

1.0 0.2":22 0.2187 0.2092 	 0.2073 0.2146 0.2216 
0.3461:'.0 \.1.3211 0.3304 0.3167 	 0.3137 0.3211 

10.0 t). J471 O. ,31139 U.3534 0.3455 0.3526 	 0.3866 
0.4537t)tl. (\ U. Jot)') 0.4192 0.4051 0.4012. 0.4021 

lOll.O V.Fl\) 2 0.4387 0.4237 0.4226 0.4184 0.4775 
:

'_'*_""""'1' __, ''-''''' _._.,___.-~ 
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Table 16--Transportation distance: Cost elasticities by type of irrigation 

Facility :Ct:'nter :Border : RidgE'.' and 
size : Solid-set :pivot :strip : furrmv :Overland:lnfiltration 
(H~ : irrigation: irrigation: irrigation: irrigation:flow :basins 

Average 
operating: 
costs: 

0.1 
0.5 
1.0 
,'1.0 

10.0 
50.a 

lOO.() 

O.Ol~q 

0.0089 
0.0005 
0.0031 
(J.00:29 
0.0010 
O.OOOb 

0.O1l7 
0.008':+ 
O.OOb2 
0.0029 
0.0028 
0.0009 
0.0006 

0.0101 
0.0012 
0.0053 
0.0025 
0.0023 
0.0007 
0.0004 

0.0099 
0.00.8 
0.0050 
0.0023 
0.0022 
0.0008 
0.0005 

0.0130 
0.0093 
0.0070 
0.0035 
0.0034 
0.0012 
0.0007 

0.0152 
0.0107 
0.0080 
0.0040 
0.0039 
0.0013 
0.0008 

Average 
construl'-: 
tion 
costs: 

0.1 
0.3 
1.0 
5.0 

10.0 
50.0 

100.0 

0.188Y 
O.14b9 
0.1122 
0.0533 
0.0557 
0.0193 
D.0123 

0.1976 
O.lbS.f 
0.1311 
0.0679 
0.0726 
0.0261 
0.0168 

0.1919 
0.1616 
0.1288 
0.0684 
0.0742 
0.0277 
0.0181 

0.1925 
0.1614 
0.1286 
0.0682 
0.0740 
0.0276 
0.0180 

0.1908 
0.1525 
0.1199 
0.0603 
0.0639 
0.0226 
0.0144 

0.2108 
0.1843 
0.1507 
0.0844 
0.0926 
0.0349 
0.0228 

Average 
capital 
I.'osts: 

0.1 
0.5 
1.0 
5.U 

10.0 
SO.O 

100.0 

0.1851 
0.1.+01 
0.1055 
0.0490 
0.0509 
0.0175 
0.0111 

0.1936 
0.1569 
0.1221 
0.0610 
0.0647 
0.0230 
0.0147 

0.1881 
0.1534 
0.1201 
0.0615 
0.0660 
0.0242 
0.0157 

0.1887 
0.1533 
0.1199 
0.0613 
0.0658 
0.0241 
0.0156 

0.1886 
0.1485 
0.1158 
0.0573 
0.0606 
0.0213 
0.0136 

0.2100 
0.1829 
0.1494 
0.0833 
0.0914 
0.0344 
0.0225 

Average 
totdl 
('osts: 

0.1 
0.5 
1.0 
:; . 0 

10.0 
::>l). {} 

100.0 

0.1522 
0.1195 
0.0931 
0.0468 
0.0498 
0.0179 
O.01l5 

0.1540 
0.1289 
0.1034 
0.0562 
0.0614 
0.0232 
0.0152 

0.1446 
0.1209 
0.0969 
0.0536 
0.0586 
0.0221 
0.0145 

0.1444 
0.1181 
0.0948 
0.0517 
0.0571 
0 .. 0223 
0.0148 

0.1518 
0.1202 
0.0953 
0.0499 
0.0537 
0.0196 
0.0126 

0.1671 
0.1379 
0.1108 
0.0610 
0.0669 
0.0253 
0.0166 

,'+ S 



L.tbll' l/--Rl'St'rve LmJ: COtit elasthitit':-; hy typ{:.' of irrigation 

4 _._ --,<"'---. ___•• __ ,, ___ -.....~ _ ... ' ... ¥_,- ... -.,.. - -,~..,,-.--.-~-~---~--..-- -.-...-----------

F,l<: i I itv : :Cpntl'l": Bordt'r :RLd~L' and 
Sl.~l' :S<.dLd-svt :pivot :st.rip :lurrmv :Overland:lnfiltration 
~!~;!0.__ ._-=JIE~kl..t},~lD: if-t:,.i£l lion: i alga t_i!:p..=-_;Lrriga tion: flow : basins 

AVl'rag~' 

,';1 pi tell 
\~\l7~tS: 

0.1 
;) .) 

i. U 

l).llO~~ 

1l.OOc)b 
0. Otl"i~ 

0.0023 
U. OOt) 3 
O.OtJ83 

U.OO~3 

lL OOl11 
0.0082 

0.0023 
0.0061 
0.0082 

o.00ll 
0.0030 
0.0040 

0.0002 
0.0005 
0.0007 

J. (l (l. 0 lOU 0.012:) l1. 0126 0.0125 0.0059 0.0011 
lit. tl U. 01 07 0.0136 o.en 39 0.0138 0.0064 0.0013 
)().o 

100.0 
O.Ollb 
n.OllH 

(I.01':i2 
ll.(JE)/ 

0.0160 
0.0107 

0.0160 
0.0167 

0.0071 
0.0072 

0.0015 
0.0016 

A\'t.'l"agt.' 
tlJ tal 
~'llStS .: 

:.1. I 0.0018 0.0018 0.0017 0.0017 0.0009 0.0001 
d. '1 0.00..+ 7 \.1. 00)0 0.0047 0.0046 0.0024 0.0004 
1.0 n.tlOb2 O. llOb9 0.0U65 0.0064 0.0032 0.0005 
'.0 ll. nOll it 0.0113 0.OL07 0.0104 0.0050 0.0008 

11). t) n .tH 03 0.0127 (l.0121 0.0118 0.0056 0.0009 
)iJ.tl ~J.01l7 0.0152 ().Ol..fS 0.0146 0.0064 0.0011 

Ill\). \ \ 0.0121 0,,0160 0.0132 0.0156 0.0067 0.0012 

.-----.-.-.-~--- ---.--.--$~---"-'-
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Table lH--Acreage requirements and land costs for various barrier distancesl/ 

Tn.~atment 

SL'<1L~~ Barrier dis tance in feet 
0 100 300 500 

2/Land reguirement in acres

50 9 16 34 60 
100 18 26 50 81 
500 89 108 152 203 

1, t)QO 175 201 260 325
10,000 l750 1831 1999 2174 

.cents/1,000 gallons1/ 

50 3.86 6.89 15.19 26.71 
100 3.86 5.83 11.04 17.86 
500 3.86 4.78 6.71 8.96 

1,000 3.86 4.44 5.73 7.18 
La, 000 3.86 4.04 4.41 4.80 

'j 
r.a r hwn [197-4] • 

) I 
-( 

Based \)H 1.:) J.Crt.' inc!les per ,veek and a squar e application site. 

Based L
1tl land costs of $1, ODD/acre, 30-yei'lr life of land facility 

\d th th' sal vag€' va lut?, and 77 discount rate. 

'i (1 



Table 19--Land price: Cost elasticities by type of irrigation 

Facility 	 :Center :Border :Ridge and 
:strip : furro\17 :Overland: Infi1 trationsize : Su11d-sf..'t : pivot 

(HGD) : irrigation: irrigation: irrigation: irrigation: flo\, :basins 

Average 
c.apitul 
costs: 

0.1 0.0198 (.'.0207 0.021)1 	 0.0202 0.0111 0.0037 

0.5 0.0468 0.0524 0.0512-	 0.0512 0.0262 0.0073 

1.0 	 0.0595 f).0688 0.0677 0.0676 0.0341 0.0090 
0.1012 0.0485 0.01225.0 0.0809 0.1007 0.1014 

10.0 0.0859 0.1092 O. l11L~ 0.1111 	 0.0521 0.0130 

50.0 	 0.0929 0.1218 0.1282. 0.1278 0.0573 0.0146 
0.0586 0.0152100.u O. 09!~6 0.1252 0.1337 0.1332 

Average 
total 
c.osts: 

0.1 0.0159 0.0161 0.0151 0.0151 0.0088 0.0029 

0.5 0.0391 0.0422 0.0396 0.0386 0.0208 0.0054 
0.0275 0.00661.0 0.0514 0.0571 0.0535 	 0.0523 

5.0 0.0758 0.0910 0.0868 	 0.0838 0.0414 0.0088 
0.009410.0 0.0826 0.1020 0.0973 0.0948 	 0.0455 
0.010650.0 	 0.0934 0.1215 0.1155 0.1166 0.0520 

0.1248 0.0538 0.0110100.0 0.0965 0.1276 0.1217 
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Table 20--Sewer construction cost index: Cost elasticities by type of 

irrigation 


Fac ility :Center :Border : Ridge and
size : Solid-set :pivot :strip : furrow : Overland: Infiltration
(HCm)_ : irrigation: i:l::riga tion: irrigation: irrigation: f1mv :basins 

Average 

cons tru('-: 

tion 

costs: 


0.1 0.6833 0.6686 0.6782 0.6771 0.6801 0.6464n.S 0.7589 0.7283 0.7346 0.7349 0.7495 0.69721.0 0.7925 0.7574 0.7617 0.7620 0.7783 0.72095.0 0.8607 0.8223 0.8209 0.8213 0.8423 0.778810.0 0.8816 0.8452 0.8417 0.8422 0.8639 0.802350.0 0.9206 0.8921 0.8855 0.8860 0.9068 0.8555100.0 0.9341 0.9093 0.9021 0.9025 0.9223 0.8763 

Average 
capital 
costs: 

0.1 0.6698 0.6547 0.6646 0.6635 0.6725 0.64400.5 0.7233 0.6900 0.6968 0.6971 0.7299 0.69211.0 0.7454 0.7052 0.7101 0.7105 0.7517 0.71445.0 0.7911 0.7395 0.7376 0.7382 0.8015 0.769210.0 0.8058 0.7530 0.7480 0.7486 0.8189 0.791950.0 0.8350 0.7834 0.7720 0.7728 0.8548 0.8430100.0 0.8457 0.7955 0.7815 0.7823 0.8683 0.8630 

Average 
total 
costs: 

0.1 0.5398 0.5106 0.5010 0.4976 0.5303 0.5022
0.5 0.6048 0.5556 0.5380 0.5261 0.5786 0.51131.0 0.6445 0.5856 0.5618 0.5505 0.6063 0.51985.0 0.7415 0.6682 0.6309 0.6111 0.6843 0.552910.0 O. 7750 0.7037 0.6535 0.6390 0.7145 0.570350.0 0.8395 0.7811 0.6960 0.7053 0.7756 0.6117100.0 0.8622 0.8112 0.7113 0.79790.7325 0.6279 



Table 21--Sewage treatment plant cost index: Cost elasticiti.es by type 
ir1' igat ion 

Fat'Llity :Center : Border : Rldge and 
::; izp : SuI hl-Sl~t :pi.vnt. :strip :. furrow :Overland: lufE tra tion 
(,EIm?..L ____~~F.;r ig<~~ig.!l.:}rrigat ion: trrigation: irrigation: fi(m :basins 

Average 
co [1S t t'Ul'- : 

t i011 
CllS ts : 

0.1 O.31bo 0.33L5 0.3219 0.3230 0.3200 0.3536 
n.s 0.2!fi'> 0.2720 0.2057 0.2654 0.2508 0.3030 
1. .0 0.2080 0.2430 0.2387 0.2384 0.2221 0.2793 
5.0 o . lifO 1 0.1783 0.1.798 0.1793 0.1584 0.2217 

10.0 0.1192 0.1554 0.1590 0.1585 0.1368 0.1982 
SO.O 0.0803 0.1088 0.1153 0.1149 0.0941 0.1452 

100.0 0.0669 o.l)l) 16 0.0988 0.0984 0.0786 0.1245 

Average 
capital 
costs: 

0.1 O.JLU,) {). 324 7 0.3154 0.3165 0.3164 0.3523 
0.5 O. 2JO 3 0.2579 0.2523 0.2520 0.2442 0.3008 
1.0 0.1950 0.2263 0.2.226 0.2223 0.2147 0.2768 
5.0 0.1288 O.lb03 0.1615 0.1612 0.1507 0.2190 

10.0 0.1090 0.1385 0.1413 0.1409 0.1297 0.1956 
50.0 0.072Q 0.0955 0.1005 0.1002 0.0887 0.1431 

100.0 0.060(1 0.0801 0.0856 0.0853 0.0740 0.1226 

AVt.'rage 
total 
,~ns tB: 

O. L 0.2503 0.2532 0.2378 0.2373 0.2495 0.2748 
tl. ') O.lQ2tl 0.2076 o . 19<48 0.1902 0.1936 0.2222 
1.0 0.1691 0.1879 0.1761 0.1722 0.1731 0.2014 
).0 () .1::07 {}.1:'49 0.1381 () .1334 0.1287 0.1574 

lO.ll 0.1048 0.1294 0.12.34 0.1203 0.1132 0.1409 
:1t1. () i1.07 U 0.0932 0.0906 0.0914 0.0804 0.1039 

Hln.O (LUhlS O.mH7 0.0779 0.0798 0.0680 0.0892 
: 

'-"-"'~--- ..,~--'- "",,--,-.~.-"-----.,.,----
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http:elasticiti.es


Faellitv :Ct.'ntt.'r : Border : Ridgl' and 

H i :~t'i : S" 1 itl-st't : p iVt) L :strip : furrlH" :Overluncl: infiltration 

tl~U-?.L_,__U:,r:.r ig'~~)ll.? ir_x:.i:.g<~t!.!l..: irr_iga t ll~:}n" ign t ion: r Luw :basins 


AVt't:'<tgt.' 

,:llttst t:'ut'-: 

t ion 

l.~l'Sts :. 


0.1 U.:+lJ25 U ...t\) 25 0 .. '+925 0.4925 0.4925 0.4925 
0.5 0.'+925 0.-'1925 0.4925 0.4925 0.4925 0.4925 
1.0 0.-+925 o.~,925 0.4925 0.4925 0.4925 0.4925 
S.U O.4l)2') lL.:.lJ25 0.4925 0.49~) 0.4925 0.4925 

LO.O O. 4q 25 0.4925 O . .'1925 0.4925 0.4925 0.4925 
50.0 0 . .:.925 0.'+925 0 .. 4925 0.4925 0.£1925 0.4925 

100.0 0.4925 0.4925 0.4925 0.4925 0.4925 0.4925 

AveragL' 
<.:upital 
Cl)S ts: 

0.1 0.5003 0.5007 0.5004 0.5005 0.4965 0.4931 
0.5 0.5120 0.5144 0.5139 0.5138 0.5028 0.4942 
l.0 0.5177 0.5216 0.5212 0.5211 0.5063 0.4948 
5.0 0.5275 0.5360 0.5364 0.5363 0.5129 0.4964 

10.0 0.5298 0.5399 0.5t109 0.5408 0.5147 0.4969 
50.0 0.5331 0.5457 0.5485 0.5483 0.5172 0.4978 

100.0 0.5339 0.5472 0.5509 0.5507 0.5177 0.4981 

Average 
total 
costs: 

0.1 0.4032 0.3905 0.3772 0.3753 0.3915 0.3845 
0.5 0.4281 0.4141 0.3968 0.3878 0.3986 0.3651 
1.0 0.4476 0.4331 0.4123 0.4037 0.4084 0.3600 
5.0 0.4944- 0.4844 0.4588 o.41· 39 0.4380 0.3568 

10.0 0.5096 0.5046 0.4726 0.4616 0.£1491 0.3579 
50.0 0.5359 0.5441 0.4944 0.5004 0.4692 0.3612 

100.0 0.5443 0.5580 0.5014 0.5157 0.4758 0.3623 



TClbLt' 21--niscount period: Cost elasticities by type of irrigation 

Fa~iLlty :Genter : Border :Ridge and 
sL~t' :Slllld-St~t :plvot :strip :furrow :Ovt'r1and:lnf11tration 
(Hl;[n____: il:-JlgaJ.'!:'9.!1: irrlgatiLln: irrigation: irrigation: r1m.)' :basins 

AVt'ragl' 
t.~tlnstnlL'- : 
tiun 

O. 1 -0. J~)9:t -lL 3541 -0.3576 -0.3572 -0.3583 -0.3503 
o. :) -u . .+ 7:1-7 -(1.4747 -0.:"7:'7 -0.4747 -0.4747 -0.4747 
1. (1 --0. :17.f 7 -0.4747 -0.47:"7 -0.4747 -0.4747 -0.4747 
1.0 -0. ·n:. 7 -l1. 47 !.I -(L:"747 -0.4747 -0.4747 -0.4747 

10.0 -t1.47,'<7 -0.47:"7 -0.:"747 -0.4747 -0.4747 -0.4747 
50.0 -(l.:' 74 7 -0. :"747 -0.4747 -0.4747 -0.4747 -0.4747 

lUtL 0 -lL4747 -0.4747 -0.4747 -0.4747 -0.4747 -0.4747 

Averagt' 
cap ita1 
C~\st s: 

0.1 -0.3544 -0.3489 -0.3525 -0.3521 -0.3558 -0.3459 
0.'1 -0.4%5 -0.4543 -0.4547 -0.4547 -0.4651 -0.4731 
1.0 -0 . .+512 -0.4475 -0.4479 -0.4480 -0.4618 -0.4725 
").0 -tL 4:"20 -0.4340 -0.:"337 -0.4338 -0.4556 -0.4710 

10. (1 -lL:"398 -0.4303 -0.4294 -0.4296 -0.4539 -0.4706 
50.0 -0.4.H18 -0.4250 -0.4224 -0.4225 -0.4516 -0.4698 

100.0 -0.43bO -0.4235 -0.4201 -0.4202 -0.4511 -0.4695 

Averagl' 
tt'\ tal 
costs: 

0.1 -0.3567 -0.3440 -0.3332 -0.3315 -0.3514 -0.3478 
0.1 -0. 'i81i -0.3658 -0.3511 -0.3432 -0.3687 --0.3495 
1.0 -0. ]t)01 -0.3715 -0.3544 -0.3470 -0.3725 -0.3438 
5.0 -t) . .f l~ 3 -0.3922 -0.3710 -0.3591 -0.3890 -0.3385 

10.n -O • .f~ 3U -0.4022 -0.3752 -0.3667 -0.3961 -0.3389 
5(1.0 -lL.+3Ql -ll..f 2 3 7 -0.3808 -0.3C56 -0.4098 -0.3409 

100.0 -t1. 4~'+tl -0.4319 -0.3823 -0.3935 -0.4145 -0.3416 

AVl'ragt;\ 
opprating,: 

0. 1 -0.300lJ -0.2737 -0.2359 -0.2324 -0.3048 -0.3544 

5<) 



F.ll i1 it\' : : Cl'tH t'r : Borth, r : Ridge an.d 
'li.~\' :S()liti-sd :ptVllt :strip :furrow :Overland:Infillration 
\~[!:.l~). h ~.:}!!)Ql_t).0!l.=J:..u-:,iga ~it.) n: i rr Lgn t ion: i r r i gal io-E..:LLow : basins 

'\v\' r\lgt' 

,'p,>rdt ing: 
\.~l\s:ts : 

n.l 
n.l 

\).9112 
1.1. 7ft;\) 

ll. llllt)O 
(1.780:+ 

0.9249 
0.8082 

0.9121 
0.7971 

0.8983 
0.7694 

0.6851 
0.6025 

! . \) n. /)I.}')\.) 0.702') 0.7238 0.7273 0.6847 0.5377 
i . () 

to. \) 
O. ') Llh 
O.:fl)l 

O. ')-'180 
0.50"+1 

0.5809 
0.5533 

0.5966 
0.5576 

0.5036 
0.4516 

0.3836 
0.3301 

lO.n 0.4194 lLU39 0.5162 0.4741 0.3513 0.2274 
100. !J u. 3q 13 0.3814 0.5047 O.ll397 0.3L42 0.1927 

AVt.·r,H~t' 

LdLdl 
,'\lS t.~;: 

D. i n.2217 u. 2{~S4 0.2709 0.2706 0.2121 0.1509
n.) n. 22B 7 0.2()lY 0.2902 0.2979 0.2099 0.1574 
I.U 0.21711 0.2574 0.2839 0.2942 0.1948 0.1465 
1. () 0.184-'+ 0.2372 0.2681 0.2842 0.1502 0.1079 

w.n 0.17-'15 0.2277 0.2695 0.2773 0.1359 0.0924 
)(\. P ll.15JtJ ().2029 0.2765 0.2548 0.1081 0.0624 

1\10 •. 0 ll. Uf58 0.1918 0.2791 O. 24L~0 0.0980 0.0525 

AVl'ragl' 
l,l L<11 
,'(1S ts: 
l..h\11d hu: 
farming 
\.;af~l:~S 

'~"'lSLlnt) : 
\1.1 0.1637 O.lS68 0.2161 0.2159 0.1574 0.1509 
0.) ll. 1686 0.1972 0.2298 0.2389 0.1578 0.1574 
1 . _I 0.1:)9, 0.1931 0.2238 0.2354 0.1468 0.1465 
loU 0.1299 0.1719 0.2060 0.2243 0.1100 0.1079 

Ul..O 0.1189 0.1592 0.2042 0.2137 0.0956 0.0924 
')0.0 0.0966 0.1285 0.2060 0.1835 0.0681 0.0624 

IUO.n t)' OdS7 0.1162 0.2073 0.1703 0.0588 0.0525 
....,. .__ .... ,--"_.<- '-----_.----

),,.,, 



-~-~---,--",,"""'-----'-'--- ~'..----_.__._'---_.-
Facilitv ; :Cl'ntt'r ::;llrJer :Ridge and 
'L~t' :StlliJ-st't :pi\.'l.1t :stril' :lurro\v :OvetLand:lnfiltration 
(r~la))_~~.. _: .i':I}:&.l"!:J:~~_i!IJ-..BlV-J.\'ll..UI_ribat it1U: ~rrig<l t ion: t Lnt<1 : basins 

\.veragt' 
. pt'rating: 
"osts: 

0.1 0.Lu'18 I.}. 1)22 0.1301 0.1421 0.1798 0.1774 
O. :) D. I ;:.8 0.1"183 O.lJhb 0.1512 0.1799 0.1691 
1.0 ll. 1712 O,1')J3 0.1472 0.1510 0.1728 0.1608 
;i.U {l. 1hI2 \1.I]')b 0.1.384 0.1448 0.1498 0.1350 

lO.t! d.l')57 O. 13-tl1 0.1304 0.1437 0.1401 0.1233 
SU.t\ ll.1:.7lJ ().12tl7 U.1l47 0.1464 0.1247 0.1049 

1UO.0 !).1:t5, 0.1241' 0.109':' 0.1487 O.U99 0.0994 

\.vl;;'ragt:' 
to t.a 1 
Ct)sts:

o ' • 1 tl.!}71l:{ t). 0730 0.0683 0.0722 0.0581 0.0391 
P. i iL ll.~2 O. t:.05 0.1316 0.1368 0.0898 0.0442 
1. \) O. lhL)q O.lh2 0.1705 0.1713 0.1040 0.0438 
" .,) U. 21 ',0 0.2538 0.2488 0.2474 0.1300 0.0380 

lU.O 0.2291 O.277Q 0.2721 0.2738 0.1364 0.0345 
50.0 U.2500 0.3197 0.3110 0.3261 0.1461 O.0?88 

100.0 {L 2.)b4 0.3326 0.3238 0.3457 0.1484 0.0271 

AV~)rilgt;'. 

t.o tal 
costs: 
( hold in£, : 
farm 
matcri.~lls: 

constan.t); 
0.1 d.U}·l..+ 0.0:'03 0.0375 0.0415 0.O!..21 0.0391 
n. ') n.U4~d O.().fl)~ 0.0465 0.0537 0.0476 0.0442 
1.\1 '.0 ...8", 0.0)12 o.053/! 0.0568 o.OL165 0.0438 
~\. 0 ,l. 0.+3~) 0.030J 0.0549 0.0601 0.0397 0.0380 

10.0 O.O.+~.:. \}.O:+8t1 0.0534 0.0608 0.0361 0.0345 
'>0.0 i1 .n ~qb 0.0:.. ,;4 0,0501 0.062.7 0.0303 0.0288 

100.n () .ll.HD O. ()4:11 0.0488 0.0638 0.0284 0.0271 

"--..-----~---......---<--.----.----~. 
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Table 26--Electric rate: Cost elasticities by type of irrigation 

--.~.-----------------~-----------------. 

facILIty :CenL~r :Border :Ridge and 
si7.t' :Solid-st't :pivnt :strip : [urrmv :Overland:lnfiltration 
JHlau..._-":"'~~lti()n: irrig.ltion: ir rrgot ion: irrigotio\l: flow : basins 

AVl'rage 
~)IH.'rat ing: 
costs: 

o . 1 -0 . :2 2 10 -0.19 :21 -0.1678 -0.1653 -0.2238 -0.2603 
0.5 0.17')0 0.184.'1 0.1619 0.1515 0.1875 0.215~ 
1.0 0.232:2 0.2377 0.2096 0.1978 0.2490 0.2848 
') .0 O. 3482 0.3548 0.3174 0.2925 0.3980 0.4546 

10.0 O.38b3 0.3970 0.3460 0.3268 0.4515 0.5162 
50.0 

lOO.O 
0.4568 
0.4813 

0.4808 
0.5118 

0.3873 
0.3995 

0.3983 
0.4262 

0.5531 
0.5882 

0.6306 
0.6685 

AVE'ragl' 
to tal 
costs: 

0.1 0.0':'34 0.0463 0.0428 0.0428 0.0433 0.0477 
0.5 0.0488 0.0576 0.0548 0.0535 0.0491 0.0564 
1.0 0.0652 0.0787 0.0755 0.0738 0.0667 0.0776 
S.O 0.0981 0.1274 o . 125f, 0.1211 0.1045 0.1279 

10.0 l) .107':' 0.1436 0.lU4 0.1378 0.1160 0.1444 
50.0 0.1220 0.1717 0.1687 0.1702 0.1340 0.1730 

1.00.0 0.1262 0.1806 0.1778 0.1823 0.1389 0.1822 

Average 
construc-: 
tion 
cos ts: 

0.1 O.Ull 0.1267 0.1230 0.1234 0.1223 0.1351 

AVl:'!rage 
capital 
ClH,Ls: 

0.1 0.1170 0.1223 0.1188 0.1192 0.1201 0.1346 



Cable '::;--Chl(ll:'im' price: Cost t'LJ~til'tties by type of irrigation 

--,------------------------- 
;'a~ility :Ct~ntt:'r :Border :Ridge and 
i:~e :Solid-:-;t·t :pivot :strip :fun-m., :Overland:lnfiltration 

(NGDth __:)_E!"_~!S il~.:J..£rigation: irrigation; irrigation: nO\., :basins 

\vt:.'r,Jgt' 
perating: 

'(.)stl:l: 
0.1 0.00.+7 0.0043 0.0037 0.0036 0.0048 0.0055 

0.') 0.010'j 0. oog,) 0.0086 0.0080 0.0111 0.0127 

1.0 0.0137 U.012lJ 0.0111 0.0105 0.0147 0.0168 
5.0 O.O20~ o . LIB 3 O.()Lt17 0.0154 0.0235 0.0267 

10.0 0.0227 O.02lb 0.0182 0.0172 0.0267 0.0304 

5U. tl O.0211lJ O.02bl (). 0204 0.0210 0.0327 0.0371 


100.0 0.0283 U.0278 0.0210 0.0224 0.0347 0.0393 

AVt>ragL~ 

tot.al 
COl:lts: 

0.1 0.0011 0.0011 0.0011 0.0011 0.0011 0.0012 
O. ') O.OO2lJ 0.0031 0.0029 0.0028 0.0029 0.0033 
1.0 0.0038 0.0043 0.0040 0.0039 0.0039 0.0046 
).0 0.0058 0.0069 0.0066 0.0064 0.0062 0.0075 


10.l} l). OOn 3 0.0078 0.0074 0.0073 0.0069 0.0085 

50.0 ll. 007.2 0.0093 0.0089 0.0090 0.0079 0.0102 

100.0 0.0074 o.nOgS 0.0094 0.0096 0,0082 0.0107 

----,,---,.__._----

Tabl\!. 2tl--Al falLt price: Cost elasticities by type of irrigation 

---"----,---------------------------------
Facility: : Center :Border :Ridge and 
size :Solid-sl't :pivot :strip : furrow :Overland: Infiltration 
(HGD) _"_: irrigation: irrigation: irrigation: irrigation: flow : basins 

AVI:~rt1ge 

total 
COl:lts: 

0.1 -0.0804 -0.0813 -0.0764 -0.0762 -0.0403 0 
O. r;, -0. 2U.:t t -0.2195 -0.2064 -0.2016 -0.1042 0 
1.0 -0.2b97 -0.2984 -0.2804 -0.2744 -0 .11~07 0 
1.0 -0.3978 -0.4721 -0.4516 -0.4371 -0.2180 0 


lO.O -0.4334 -0.5273 -0.5047 -0.4928 -0.2411 0 

50.0 -0.4881 -0.62.13 -0.5937 -0.5987 -0.2769 0 

100.0 -0.503l, -0.6504 -0.6228 -0.6371 -0.2866 0 . 
.....- --,'-'---,-~--,-
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