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THE COST OF LAND APPLICATION OF WASTEWATER: A SIMULATION ANAL-
YSIS. (. Edwin Young, Nawwal Resource Liconomics Division, Economic Research
Service, US. Departmient of Agnculture. Technical Bulietin No. 1555,

ABSTRACT

Land treatment of wastewater is 2 cost etteenve methad Tor advanced treatment of
mumerpal sewage. Costs of land treaunent of wastewater are analyzed using @ compulter
stmulation masiel. Six alternative weehiniques Tor land application are examined, Varia-
Lenta 1 custs s studied using cost estimates and cost elasiicity estimates, Assuming
that the soil regueements are met, infilitration basins are the least cost technique lor
land applicatwn, Center pivat treigation is the least cost irrigation afternative examined.
Analysis of treatment economies of size indicates that most ol the advantages 1o in-
vieasing faciliey size have been realized afier fucility size reaches 10 million gations per
duy,

Kevwords: Wastewater, Land weaument of wastewater, Costs, Simulbation, Cost elas-
tictties, Municipal sewage
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SUMMARY

A ceiapaienized madel is developed se amaly 2¢ costs
ot appiving mumepal sewage ofhient o land. The cost
aihy sty comipiies siv altermative fond application tech-
pabntes solndsel Digation, center pivel drogation,
border stap vugaten, adge and furron smation,
wverfiesd low, wnd lihrabion basins, Lach technol-
oy s asstitnied capable of providing the reguired Level
ab winte beatment. The anabysis consstsy of developiag
doobomodel estimatime cosby tor eacit technolowy |
and sunulatig alrertaiive prives and  aswenptions.

Cost estintates e prepated Tor cach of the sia
Band applvation echnologies. Anaval, average. tined.
vpesating, G Gannig cost estinuttes ae presented g
Appendin tubles 1 through 5. Under the assumed price
relationship, the feast cost gation techntgae s
ceiter proot whitle sofidset 15 the most expensive,
Bonder st and idge andd Jurtow ungation are the
tghest wost opuans {or small facibties (fess than 0.5
mallion gadiven per dav i Overland flow costs ot
petween center pivat ad soldaet nngaton  costs,
white anliltaton basine costs are S0 1000 aallons
boss Linan center Pival aitnibiedt Costs.

Peaitomues ol size are examiied for wverage total
conts v owell ws the components, Most of the advan-
Lizes to tioreasing haciiity size bave been readized alier
acthiiy ~sere caches 10 MGD odilion galloms pes day b,
W tacttiy stre mcteases from (83 e [0 MGD. averaue

total costs per ol of volume {2l by over SO pereent,
while Trom 10 16 100 MGD hey tall by less than 15
pereent. Aserage knd  costs ase relatively  constani
Tor all facility sizes. Averuge labor costy me the anly
companent of merage operating costs sithject to econ-
owies of size and only up o a laeility size of 5 MGD.
The model assumes that there aie no ceononies of
sioe in the LBnwming operation; therelote, avowge ne
cop revenue  (allallay equals SO004. 1000 gallons
for the ungation alternatives il SO.047 1.000 gal-
bong (or the overland Now shienative.

The effect of variations m individual asseimptions
and  parmueters on costs b oanaly zed using cost esti-
nuries and cost elasticities. The impaet of variations
mocapitsi subsidies, application rates, storage coss.
crop  selection,  Zero-one contral  variables.  efMuent
revavery  costs, and reguircments for dand surface al-
terations are analdy zed osing cost estiates. Cost clas-
tetties are estimated Tor the design flow. application
rale. storage, transimission distince, reseeve Tand, sewer
und sewage breatmeni planl construction costs, land
costs, discount rale, discount period, wage rate, -
testals costs, electric rate. chlorie price, and crop
(alfalln) price. The sewer construction cost indea.
apial subsidies, design flow. starage,  application
rate, asd crap selection varinbles have the logesi im-
pact on ¢ust vanations.
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INTRODUCTION

Landd application of sewage cilluents s one tech-
nwgie For Ingh evel teatment wlieh, undei vertain
vondittons, van be tie most cost effective allernative.
Cosy of land application e evaluated i this report
wing ¢ compiterized vt model, Results of thie cost
anabvsts and e computer moded will be welul o
aruncpdl plamie s, comuliinis, gOLeINInent ageacies,
widd rescarchers,

With the posaatge of the 1972 Amendmends to thie

Federal Water Pollotion Contrel Act (DL, B2-500),
municipalitivs fuve 1wo o new awmeeitives o gonsider
the we ol hmd applicetton: otlictal encouragement
and subsibies. The anwendinents egoounige wastewater
reatment which jesulis m the construction of revenue
producing faclities providing Toc (13 reesching of po-
fentit sewase pullutants  through agicultoral and
jotentry pioductian. 121 reclhunaiion o wastewater,
and 31 pltmate disposil of shudges in g manner not
hanodul to the ervnoament. Al sneluded under the
Lw way o subsidy provding (o 75 pereent of uniial
culshitclinn costs. The subsidy by 8 provision to
cover himd costs tor land appheation systeims, Prioy
o passage of the 1972 Amendments. tederal sub-
sibies were not available toi purchasing land, u factor
detpmentd (o land brealine it systens (2!
Tond treatment (o kind applicotion) refens to the
contiolicd dischaige of partially trewted sewage of-
fluents oite land to enove contwninants Trom the
water  Ihe sob and agricubtural crops or forests ad-
vt and Gliter mirates, phosphates, organies, and other
clements Dom the offluent. For a complete deserip-
pon of the design aml operation of land application
sesLeIs, see (4]

Previotus Sindies af the Costs of Land
dpplication Systems

lai conyuuntties G osaluate land application as a
teatiiont stermatnue, cost milormation on e cosre

Thiale e nuanthers i paresttinees eler o retertaves Jsted on
pp Inie

THE COST OF LAND APPLICATION OF WASTEWATER:
A SIMULATION ANALYSIS

¢ Flbwin Youug
Agricwdtural Foononse

ponents of the system s nceded. Ideally, the cost
analy sis should compare and evaluate alternative tech-
nojugies For land application. 1t should also compare
and application  technologies with aiternative waste-
wilet treatineiit s_\‘slcm&

Vew studies on the cost structure of wastewater treat-
ment are available, especiully on land treatment. Two
studies compared tand application with conventional
rreatment  technologies using multiple regression anal-
ysis {74, /5), They found that land application costs
are less sensitive e [actor price increases thon are con-
ventional treatmentl costs. Reserve capacity imposes
greater penallies on conventional Lreatment costs than
on land freabment cosls.

Several authors present models o snalyze land
freatinent costs. Seitz und Swanson (/1) developed a
model which includes a cost function {or land treat-
ment. a cost function for an alternative treatment
method, a crop yicld function, a damage Tunction
for land treatment. and a damage function Tor alterna-
tive treatment techniques. The use of cither engincer-
ing or statistical cost data in y simulation mudel for
fand treptment was discussed by Young and Chris-
rensen (/6) A simulstion model ean be uvsed to study
trnleotts between the production tuctors.

Data on system costs are included in lour recent
studies conducted for the bEavironmental Protection
Agency (FPAYL The First provides a gencral descrip-
tion of the fand trestinent process (9). Cost estimates
for 1-MGD {million wallons per day) sprinkler irriga-
tion, overland flow, and infiltration basin Facilities
are presented. The second reports on 2 survey of land
disposal Tacilities by the American Public Works Assso-
ciation (12} Cosis for several of the surveyed com-
munities are presented. A joint study sponsored in
covperation with the Council on Environmental Qual-
iy compares the components of costs for aliernative
vertiary  treatment  technologies including land appli-
cation (3% The final rewort by Pound. Crites. and
Griffes prasemis data and 2 methadology for estimat-
ing system costs for applying sewage effluents Lo land
(711, Beecause of the comprehensiveness of its metho-
dolugy, this report was chosen as the base for de-
veloping @ cost simulation model. fts methodology,

1




und the development of an expanded simulation model,
are discussed in a later section,

Objectives

Objectives of this report are:

[. To develop an operational computer cost model
for analysis of alternative techniques for lad
application of wastewater based on the Pound.
Crites, and Griffes {PCGY methodology,

2. To determine which inputs and assumptions
have the grealest influence on average and mar-
ginal treatment costs.

3. To develop a dasic cost model for future economic

analyses of land treatment.

The analysis will be divided into three sections. Tle
irst will develop and deseribe a computer wodel (o
estimate costs of land application. The second will
summarize cost estimates for six tand application tech-
niques, The final section will examine the cost structure
of the six alternatives by simulating alternative sets of
prices and assumptions.

COST OF LAND APPLICATION OF
WASTEWATER (CLAW) MODEL

A model capable of predicting system costs under
varying assumptions is needed to analyze wastewater
treatment costs. This type of model was developed
using the 975 Pound. Crites, and Griffes Feport as a
point of departute {/0). Development and use of the
camputer model is deseribed in this section.

Model Development

The computer model developed in this section is
based on the Pound, Crites, und Griffes {PCC) stage {1
detaited planning cost model, The PCG methadology,
as illustrated in {igure 1, is composed of five basic op-
crations: preapplication 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 CLAW wmodel, appearing in Appendix A, is writien
w Fortran IV, Although based on the PCG methodol-
ogy, CLAW tacilitates cost estimation Tor a variety of
assumptions. A flow disgram iflustrating the model is
presented as Appendix figore t.

In developing CLAW, graphically presented dara in
the PCG maodel were converted to mathematical equa-
tlons. The technique Tor estimating custs based on the
tigures presented in the PCG model consisted of fitting
straight line segments to cach of the curves presented,

-

Each curve was divided into a set of lincar segment
Since the objective was cost estimation, segiment en
points were not constrained Lo particular points, Ti
variables in the mathematical functions are commo)
logarithms.  For example, the capita! cost curve f
acrated lagoons (70, fig. 16) was translated into eqk
ions by dividing it into threc segments: MGD<O.
0.6<MGD<2.0, and MGD>2.0. Respective equatio
for lapoon capital costs are:

Cl6= 15911 +0.3129 x (X1 —0.6950) {1

CL6 = 1.7404 + 05371 x (X1 —0.2218) {2

€16 =2.0212+0.7209 x (X1 -0.3010) a
whire:

Cl6 = log of capital cosls

XL = log MGD

i werated lagoon pretreatment is selecied, estimates fo
capital costs are derived from cquations | through 3 de
pending on facllity design size measured by MGD {mil
lion gallons per day). I the design size is a2 1-MG
plant, equation 2 will be used. Ci6 will equal 1.8595
The estimate for construction costs will be the antilo
of C16 or $72,000.

The remaining figures in the PCG methodology ar
tied logether in CLAW with a scries of assumptions usin
option control variabies. For example, if the optio
control variable, CLEAR, is set equal to 0, the gras
only curve for Rield Preparation, figure 24 in the PC
model, is selected. [FCLEAR =1, the site is assumed ¢
be covered with brush and trees. If CLEAR = 2,0t im
plies that the site is heavily wooded,

Use of the PCG madel is difficult Tor individuals not
trained in engincering. Engineering relationships such a
pipe diameter for effluent transmission and the relation.
ship between peak daily flow and average flow ase not
specified. Nonengineers generally are not aware of e re-
fationships. Pipe size for effluent transinission is deter-
mined as Tollows in the CLAW model. IT the gravily flow
option is selected, pipe diameter is determined using the
Manning equation. Pipe diameter for the foree main op-
tion is based on the Hazen -Williams equation.? The force
main option compares a 50-foot pumping head with a
150-foot pumping head and selects the least cost option,
Peak daily flow (PDF) is estimated at F25-percent of
average datly flow (MGD) (4).

The CLAW mode! estimates initial costs, anuual costs,
and average costs (571,000 gallons). Lnitial cost estimates
for tand and construction can be examined separately.
Annual and average cosl estimates can be generated flor
tolal, operating, capital, labor, ma lerials, power, and net
farming costs,

2Use of the Maniting and the Hazen-Williams cquations is de-
scribed in {73).
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subsidy & Preteestment lechaologies athier than Jagoon
groatment vim be tned i CLAW L 2 pretreatiment tech-
miquee sucl s rickliog Fiier i used, the nonusal capital,
laisors . aid materuls costs can be substiuted for the pre-
oy teabment sid fagoon reatment portions of the
CLAW miodel T pennts exammation of land treat-
ment s it exlension o g wrhary breatbuent reclingue
1o be used by enasting wastewaler trestinent facilities.
Varuble perisgds ol storage can be studied.

The CLAW model persnts analy sis of direct discharge
of the partaily frcated efflueat (o streams duriog pe-
riods o e dissolved os gen w streams. such as durng
the wmnter  Thus, o o mumcipabiy can discharge its
wastes directy mta the stream for g portion of the year,
the estiated vosts of lad reatment tor the remudiider
oF the vedr can be determined. The inclusion ol the sub-
sitly 10f construe tion eends Lacifitaes analy sis of the im-
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Figure 1, Flow diagram of land treatment options

pact on conmmity costs ol alterative Federal and
State subsidy levels, For example, o recent article dis-
cusses a proposal to reduce the Federal subsidy for con-
struchion costs from 75 w 55 percent (5). Additionally,
i State such as Pennsylvaniu provides an additional
10-pereent subsidy for the construction of & trealment
(acility. this subsidy can be included in the cost esti-
wates. Altenatively, the costs to national laxpayers
can be compared to the costs to the local community by
comparing alternative subsidized and unsubsidized cost
estimates,

The CLAW user must recognize some inherent weak-
nesses. one of which is the extrapolation ol California
erop yield and cost of production data to the entire
country. 1t is highty unlikely that agriculiural practices
and yields n California are realistic estimates for other
U.S. regions. Crop yickd varies with-application rate, cli-
maic, and soil type. Agrivultural data from land treat-
ment experiences across the nation shotid be used to
suppicment the California data.t The California values

41t 15 antieipated that the CLAW model will be extended tuan-
corpertte agereuiteral doala from other fand treatienl esper-
(MR
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were meaiperated e CLAW 1o muntam comparg-
bty wih the PUG madel. Varianon m net CRIP EeVL-
s will vhange the cost estmates Lo cach technology
vt will not wmthence wehitve cost ditferenves heiweot
technologies,

Asevond linukzton of CLAW s the Jysamption Hi
mput wse dues oot change as prices change far a Biver
stzeatud tepe of factlis  sueh as i 1T-MGD centes preol
syatem, the capial-labor e s assunied constanl e
gaadless of the o ob relative prices. The vost estintes
nun be hused apwind siee lowes Proced mputs ook
Be substitnied tor ugher prrced ones 1 vample, w
those ieas whete libor costs e lower . may be -
Vutazeous pease a laborer o regtilate windh sprinkles
are hetrs ased ather tan an anionned s stem (-
Mot o L Lo cemtall

Live of the Model

The CEAW modet s developed o that iy speity ing
el ol 37 e and egtinent WPH I R ters, tolal
Ad veTire Gost esiea s can be venenated The gser oo
e model canspectiy pbasical selimonshies suclt as b
SHIY steand e tpe ot dpivaton technology 1o
e used S Land apphe st techinoloeies are available
silldser pnston, center proy Hraient, border sty
U, tidee and turrow wemation, overland How ., i
mhlation s e use of options suci s cilon-
Bon e the et o o applving 1t 1o e can be
contfrolled Bu the aaer toorellect aliermgrne tepdatany
cotsbianis The crop oo e onn an the It s
St e ey ged

e adaition fo the phyoaacil sarmables which we 11 0y
sty b e e ot CAW, detTerent R prces s
oaned B esamples diterent waze rates and electt -
I rdles can Seoasad. Pererent vadues L e PUA sewer
BN sl pdes can be specthied e exannine
MR Conts S o L Deatitient sae car he tsed
Tort sevendl v e emportant vartables e the loel
Bonad tie o diweowtn g rat and the diseount pergod

For e doscammiom of e data cands becosany o -

e e CLAW sdel e Appendin B See T Nanies o

LS

whon vt onen o Appendin B Seo. 2 are e

PRSEL Bt W Do o feed fo e iy diactrined
ot renorr st o sy need ot i the
meadet Lo v et T T T geee a0 AR

PRI ;"-""«IT?!

AW et e e g Al e

I R O X N I SO R TR

il
N L T T N T T S 1 L AT
FMEGD alidecs wemation vty e dhuseeaied 1 table

AN el ! by e e O AW
Exes o o besbe D owenoahs et woith "l

appheation e of 2 mches per week and 12 weeks of]

stetuge, FON acres will be requnred tar the Tand freatment
svstenr. b the crap wiosn o altalba witlt o price ol
SO0 per ton, an average nes crap revenoe ol SO0
1000 gatlons s avadable o ollwe! o puritant ol the folal
Deatment costs. Average (oml peatment costs (.04
100U palions) are the swm af VDR CONSITHC O Costy
(5052 1,000 wallons), weerage Tand costs (SO0 1,006
sallans), and sverage opetating costs (SU.18 1.000 pal-
fons) less wecrage net ciop reventie (500941 000 gyl-
fons). A seeond example cost estimate istng CLAW 1y
shown i table 20 Assume o 7 S-pereent subsidy for con-
structing s SAGD center prot ireation systemy, Tlie
avetige total cost estunate ta the cormmunity s S
EOUO walfons. Average capital feonstiuction Mus fnl)
vanly 4o the toval imunicipalinn are S0 08, 1 Q00 aallons
with the "S-pewent subsidy - Net crop revenye s $0.09
LOBO wallons: average openting costs are SO.1271.000
witllons.

COST ESTIMATES USING CLAW

The CLAW maodel v be used 0 sunulaie cost esti-
maies o altermnve poce aind techinology assumptions.
Asstmrng price and contral values speailied m Appendin
B. Sev. L.ocost estmates Tor the siv land teeatment al-
ternatives were generated  Averase and aunual cost estr
mades For e siv altematives are presented in Appendix
tables 1 hough S Anaual coat estimates are presented
e Appendiy whle ToAverase costs in S7.000 witllony
appear it Appendis table 20 Virogs contponcils ol
Med costs, opesating costs, and latimeng costs are pre-
sented i Appewdin tables 3, 4, and 5.

Bused on assunpuons specitied vurlier. the least cost
g ion alternotive for Land applicaton is a center
Pivor system (App. table 2). Spithler or solid-set irri-
onon b the most expensive alternative tor acihitios
Kirger than | MG, Operating or variable costs are fonwe
For spunkder hrgaton han or the olher irigition
abfternatives. The soldoet altermutive may he the best
alteraive when Tabot s ditticult to obtaia and may pru-
vide e higher devel oF tegtment. Solideet Friga o
spreads the efMiuent more evenls actoss te treatment
site. penesally reseling i g bigher dewiee of Breatnent.

Border strip nimseion and redae aid furrow rpsalion
HE e most evpiensive aptions Tan saaller Tacdities {ess
than 05 MOGDY T resait o vanliars e eapectations
I was antictpated digt these technologes would frave o
huther operating cost companent and a Jowes cupita
vonbocomponed s the otlier nnegtson teclinetaeres,
thus pernatimg smadicn taciltties (o subshituie fJower cos!
maler by v Dither cost e, restd i e fower togs]
vontas Thisesull g be due w pint 1o the use of covl-
Ao Lot oSBT Har cost estizitaies Pased g
avtaab svslenns Tofsdes o these conl os(imates, praposds
For tande, stnpand ndee i lureos st stoudd
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Table 1 -Listimated costs for a 1-MGD solid-set irrigation facility
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Table 2-T'stimated costs for a 3-MGD center pivot facility with a 75-percent subsidy

f&*W*v*E*ifrnvif%*311#i?kwir##+ﬁ*J%%&4v~+1*ifi*%!i%wlrﬁﬁiu+*ir%*ii#*%**f?itf!i*ﬁ3t#*ﬁ+x*#*****%t$***?#***:
'irf‘b**h*ﬁtk#&*%r«éWri&i‘%i**k*%rt{*&u#f*kwb+w?+*~*f%*w*ﬁﬁ***&&*tﬁ***%ﬁ&t*k*tkt*&b*ii#k*tkk*t**#r**tk**t*;
. ASSIMBTIONG

AVERACE FINW 5,00 WFEKS KT TERTGATTINC= 12.0 WEEKS STREAM DTS, Ns00

MILFQ rre ToAke, 2.0n0 TLCYATION CIERCORACES ap,0 PUMP HEAN FREF_DYIST, 50.

PRICE OF. | AMn 100N, TMNTERREST 9¢tTE - O, 0600 DISCAUNT poeTen 20,

WAGF DATT g ' £.00 ) CEICE FF CHELTMRTAF Q.060 PPICE NF BLFCT, . 030

seey = 24A,.70 cTorY 222,50 WP = 140.0

APDL TCATICN PATE = 7.09 ACPEC JRCCATEQ 40,1

FENER L] SHASE nF CrAMNSTR L TINN rcTC=y 7R

LAGNAY DOETOFATMENMTY .

DR7E=2DPL JCATICH CHEFETNATT O

PHMPp HEAD FFF ., TEANCT, - R, pINne g]]r‘

SITE (| FAR IMOA-<RIIICH AN TRIECQ

FEMTFEE DIYOT

FMON TR IRG YRy 8 AN, FEFT NTrp

FRAD= P CALFEA HAY POICE CE CPrp= 49,00

%+~&£WS!iW“*$¢@$ﬂ*?*tiﬁ**&ﬁt¢wtﬁi+ifrxfrtﬁ*!%*!*!ﬁ***rﬁ*t*x#*#rt##kk*iﬂ****f*»ﬁtv&**#**i**h
SYSTEM (ST

TNTTY N0 FONSTRUYCTION (NSTC = 1514224, AMNUIAL L AROR COSTR = 111335,

ANNUAL CAMSTEYCTI N (NeTS = 122018, ANNUAL MATFRIALS CNSTS 32590.

AVEBALE [PNSTENCTINN CLSTG = 0.0723 AMNUAL FLFCTPIC COSTS = 82801.

INITIAT L AMD £PSTS = 235)71. AMNUAL CHLOPINF 'CNSTS 4500.

ANAIAL L ANMD rRTTC = 21335, AMNUAL COFRATIMG CNSTS 2212217.

AVERARE | AMND (7STC = 0.72117 AVERAGE QPFRATING CQSTS 0.1267

INTTYTAL FADTTAL (NQTS = 1749794, ANNUAL FAPMING (OSTS = 158530,

ANMUAL CAPTITAL €PSTS = 183352, ANND AL CPNPP REVENYF = 329325,

AVFRARE CAPTITAL (PSTS = 0.0840 AVERAGF NET LROP REVENI)E= nN,0936

ANNUIAL TAOTAL (N§TY = 213784, AVFRAGF TOTAL CNSTS = 0.1171
“*n**xh*i&xt**zf*t%iifxr#i*i**ii%i**i*%***f*i*«*ﬁi****t**ﬁn*ﬁitr*##*k*****wﬁi*ttttt****x*t****kﬁ*fﬁ******u
Ll Tk S SRR L R S AR 2 LN R RN RS} T A St Kb b Ak kY et RN 1"iv!«x&ft‘x7'1:&:!:xk:k***i‘i*t*j‘****ﬁ**#tv&*g:\‘r\k*!‘rt******—.ﬁ*i:ﬂ-d:*-&****t*a



http:rJFFC:PF~.rc

be thoreughly analy 2ed, siace the combination of high
costs and a potential uneven efTluent distribution may
resull in o lower level of treatment al a fugher cost,

The ather two land application iechniques, overland
flow and wfiluation basing, cannot be compared direety
with the fourirrigation techmgues, They requive specific
soil characteristivs and are designed for limited crop
production with overland ow and ne erop production
with wililtration basins, Overlund flow requires o rela-
trveh inpermesble soil while infiltration basing reguire
a permenble sail. Cost estinates for overland Now are
between tiose For the center pivol and the solid-set -
vigation  alternatives, Cost estimates Tor infiltration
basins are approvinately $O.10:1.000 gallons less than
the cosl estunates tor similar sized solid-set irrigation
RIVH(ES

Costs of different s1zed Betilies van be compared us-
g Appendiv table 20 Esamuahon o average cost
(51000 mallonsy estimates teveals economies ol size
welationships Tor the s alternati2s. Alw Tacilay size
roaches approvinately 1 MG most ol the advantoges
e micreastng Tacility stze have been realized, As size me-
creases T HE MG o T MG, svenge operating
custs degrease gppostmately SUAL 10 3002571000
vallons  Average capital costs decieaye approvimateby
SUUIS 1o SML0Y TO00 gallons The economies ol size
relattenslues are gquite mmportant. Fualoations of saaller
wande treatment facibiues should recognee thal per unil
conds e gieater For sl systems, B Taetlity swre m-
cleases Tropt U1 MGD 0 L3 MGD. average costs Tall
by over TH percentt. As by size iecredses from U035 to
[0 MGD, cents Bl by over 30 percent. A size inerase
o 10 MG to 100 MG resubis s foss than o 15+
percenl dectease i per ot omsts, The average cosl
sttitcture van be Taetler analy 20d Iy foohing ab the aver
age cosly al e vaiious components (App. lables 3, 4,
and 3.

Averasy fived costs e depieted ain Appendis table 3,
Average land costs we relatively constant Tur all fucihiy
sres. The small dectease v average land costs from 0.1
to 5 MG v due o the band requuements For fagoon
constipetron. Smailer agoons aequire rekanively more
peammeler land per imt ol swastewaler (realment ciphie-
1y Cost estumates based o cnameering data cannot ac-
count lor disecanomes ol size m acquairmy farge hlocks
af Tand. Larger svstens iy abo requue additional land
due e vaiatons i topography and saal tvpes BExamiuna-
fon of this tvpe of problem equires data lrom aciual
expeiende ooeviuate am ampecl. Foonomies ol stee
east lor veansiruchion costs, where merage conds tange
om S ETS o S L 000 wallons As Tacility siee e
creases boan 3 MG, the sare ol dectease Bnoaverage
Jonstec et vends s sbow . Brom 01 o 0.5 MGD,
svenee combruetion costs Ll By mere than $1.00
1000 gallons, and Dam 0.5 MGD 1o § MGD they {all by
mare than S030 1000 gallons.

Few eommomies ol sife exisl for operatmg ants, o
ooty sttty sze eeeeds TMGD (A pp. wble )

Average power and chlorine costs are relatively constant
for all Taeiity sizes. Average materials costs are generally
constant for facilities farger than ¥ MGD. Average labor
costs decrease quite rapudly from 0.1 10 5 MGD and then
fevel ofts Beonomies of size lor Libor costs rellect the in-
divisibility o labor, A 1-MGL Taeility i pecessary Lo
fully utitize o skilled treatmeut plant operatar, For
smadler communities (0.1 1o 0.5 MGD), the police chiel’,
Lthe ity elerk, or some other ¢ty olficial often operates
the sewaye treavuent plant as part ol the job, For these
individuals 1o opetate the [aeility adequately, relatively
more time per unit of treatment will be required, thus
resulling in additionat labor cons.

Appeudin table 3 shows how crop revenues can oflsel
treatment plant costs, This table is bused on prowing
alf il hay al 549 per won. The average Tarnming costsin
Appendis tahle § we approximately $0.09/1.000 gallons
tor the four irvigation weehniygues and $0.04/1.000 gal-
lons Lor the overlaad low techiigque.® The Farming costs
nelwde planting, cubtivation, and harvesting, The average
ievene Froan the sale ol the crop is preseated in the
second sel ol figures. While these values will not com-
pletely ofTset costs of a land application facility. they
will sipgnilicantly reduee net cost ol the systent Averuge
reventies are approximately S0.1871.000 gallons for the
irgazion abiematives and S0.097 1000 vatlons {or over-
land 1Tos leivmg un average neb revenue ol $0.09/1.000
gallons  for Imgation and $005/1.000 gallons  for
overfand low,

SENSITIVITY ANALYSIS

Compunents of the cost structure of land treatment
technologies were anady/sed {n the preceding discussion.
Ffiects ol indwvidual assemaptions and parameters on
tolal costs are analvzed in the Tollowing (wao sections,
The Tist exnamines changes in average cost estimates as
CLAW mudel assumptions chunge. Cost elagticities for
conlimuaus vuiables such as wages and electricity ates
are ostimatedt in the second section. Several variables
such ax applicaton rate, storage. and transmission dis-
tance sre analyzed m both seetions,

Cost Variation

Fhe cost o structne Tor wastewater  realinent wis
anaby zed by varying assinptions foe key variables and

DN o s vren g i copuav ot with mtiliation bastns, The
vanely ul craps thiat can beased with oserfaod fow s innted by
the Tigher apphnoation rate 14 wehes week ) Bt s most hheby thad
J turaee crapt w ik be grown
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estimating the changes in operting, cupital, and total
costs. Variables analyzed in this manner include capital
subsidies, applicution rate, storage costs. transmission
distance, crop seleclion, option countrol variables,? el
fluent recovery costs. and requirements For alierations
in the land surface.

Capital Subsidies

CLAW wus used to ovaluate the impact of alterna-
Lve subsidy levels on capital expenditures for solidset
rugation (App. table 6).8 The level of subsidy ranges
Trom 0 10 90 percent ol all capitad expenditures for fou
factlity sizes: 0.5, 1, 5, and 10 MGL. Total costs [w o
EMGD solidsset Taedity are $0.64/1,000 gallons with no
subisidy Tor capital expenditures. 1 the curreni 753-
percent Pederd sobsidy is inchuded, costs (o the locd
municipality are reduced 66 percent to $0.2371.000
gallons, Total costs for a 10-MGD facility fal by 71 per-
cent. Lasger laetlifies receive a greater percentage reduc-
ton ut costs from tie subsidy than smalier oues siiee
capital vosts comprise a luger petcentage of the total
costs Tor Jarger Tacilitios.

Application Rate

Onv of the most tmportant variables influencing sys-
tean costs iy the rate ot which the wastewater is applicd
te the tand, generally measured in acre inches per week.
The effect on average costs of varving the application
rate Irom b oto 4 inches per week tor a solid-set irriga-
tion system was estimated (App. table 7). Average (otal
cosly, average captal costs, and average operating cosis
Fall as the application rate increases for systems from 0.5
(o 10 MG, Average otal costs Tall by $0.18/1,000 gal-
lons us the application rate inereases from 1 (o 4 inches
per week. Average operating costs (all by $0.04 to
S0.08:71.000 gallons for exch of the four tacility sizes
considered. On the other hand, average capital costs
decrease considerably wore {50.20 1o $0,30/1.,000 pal-
lons of wastewater). Thus average otal costs decrease
with increases in the applicaiion rate due to decreased
capial costs.

Average crop revenue fulls quile ragidly ay the appli-
cation rate increases from | to 4 inches per week. As-

TOpuon contal vartables refer to variables Hat conlral the
wpy of treatment ased, T aamples are chlorination. b pe ol of-
Muent transnissan. sile preparition. tenging, monilormg woells,
and iTluen? revovern

S5olkd-wet irvigation eosts are tsed ay vamples troughaut tis
hulletin. Many US, regions will be limited (o using solid-set irri-
gatton due to the physcal contour of the lind. When physical
vonstaunls o not oxnt, ather gpplication teclniques should be
sxamned, Although the magnitides af the cost estimates will
vary. the relalive vost differenees Tor the other techinalogios will
be similar Lo those for solidssel irrgation.

s

sumning o constant yield of 8 tons per acre of alfalta 9
gverage el crop revenue is 53018771 000 aaltons at i
tneh per week and only SO.047/ 1,000 gadlans at 4 inches
per week. The deerease in average net revenue is o result
of the smaller acreage trigated at the bigher application
rate. The high average net crop revenvie at low applica-
Lo rates concetvably could oftse( capital and operating
costs. Average total cost tstimates in Appendix table 7
show that this does nol uceur. Average tolal costs
could be lower at lower application rates il average
-apital costs did not rise as rapidly a5 they do. Inclusion
ol capital subsidies (App. table &) signilicantly reduces
the total costs to the municipality. Therefore, it may be
possible for a communily with a 75- or 85-percent sub-
sidy for capital expenditures (o operate at a lower appii-
cition rale and have a lower net cost Lo the commun-
ity J0

Storage

The thid planning vartable is the length of storage
time. Storage laciiities way be needed for periods when
frrigation is impossible due 1o feavy cainfall, Ireezing
weather, equipment breakdowns, ur power fallures. For
cxample, the land application facility at Muskegon,
Michigan, can store wastewater for up 1o 5 months per
year Tor a flow ol 30 MGD (&),

Storage cosls can be a major component of land ap-
plication costs. In addition o the direet lagoon costs,
slorage increases application cosls, siace a farger lund
areg is required during the manths that ievigation aceurs.
holding the application rate constant. The increased land
area implies incieases in irrigation equipment and nmin-
tenance and labor requirements. Estimates of the costs
ol storing wastewater for up 1o 25 weeks per year are il-
lustrated in table 3. For a 1-MGD solid-set irripation sys-
tem with no storage, the average (olal costs are $0.45/
1.000 gallons. Storage lor 20 wecks por year increases
custs tu alimost $0.76/1.000 gulluns. Storing wastewaler
fur 20 weeks increases average tolal treatment costs by
S0.31/1.000 gallons.

One liernative to storing the wastewater is to use the
stream’s assimifulive capacity and discharge the effluent
to o neurby stream during periods when it cannot be ap-
plied ta the land. During colder periods of the year, the
lower water lemperatures increase the dissolved oxypen

9Insut‘ﬁcicnl dila are available 1o determine vield differences
sssoctated with difterent applivation rates. Preliminary cvaiva-
tion ul’ the data from The Pennsylvania State University Waste-
waler Renovation Projeet indicates thai crop yield remains |
relatively constant as the application rate changes {7).
[0The renovative ability of o land applivition systewm is greater
at lower applivation tates {8} therelore, the true sacial cost of o
system mas actually be fower ar fower application rates.



Tabic 3—Effiuent storage costs for solid-set ferigution assuming
a constant appiication zate

Favciity stre
Weeks of storage (MG}

0.5 t.0 5.0 16.0

Daoflars per 1,000 yallons

& D.oddT 04537 02640 02299
3 07540 05451 03343 0.2971
1t 0.8291 0.6149 G400 03630
15 09831 0.6858  0.4696  0.4320
20 00842 G.7..0 (L5439 05058
25 10713 08408 0.6264 0.5874

capacity of streams: therelure, 2 given wastewater load-
ing depletes o lower proportion ol a stream’s dissolved
oxygen. Also, stream Plow is higher in the winter in
many areqs since cvapotranspiration is geneeally lower,

The effect on costs of substituting stream discharge
of efffuent For storage tn a land application system was
analyzed using data in Appendix table 8. Sullivan et al,
reports that Hillsboro, Orepon, uses winter discharge ol
partially treated effluent in conjunction with a land
Lreptment operation {72) 1 a 1-MGD facility stoses its
effluent For 20 weeks, the associated costs of storing and
treating the wastewater are $0.76/1,000 gations. i the
municipality cau discharge its wastewater to 2 stream for
10 weeks per year, its costs will be reduced to $0.62f
1000 galions, an 18-percent reduction in total costs.
The cost reduction results from a reduction in the size
of the storage lacility needed and from a reduction in
the amount of wastewater applied to the land during the
remaindet of the year. Steeam discharge can impact costs
mone significanily than crop revenue, For example, the
10 weeks ol stream discharge reduces average total costs
by $0.14/1,000 gallons compared to $0.09/1.000 gal-
tons (or average net crop revenue. The ability of 2 mu-
nicipality to discharge its secondary effluent to a stream
for part ot the vear and to use a land application system
for tertiary treatment during the temainder 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 1-MGD facility increase by over $0.03/1,000 gatlons if
ellluent is pumped 3 miles instead of 2. Tor a 10-MGD
Greility. they increase less than $0.01/1.00C gallons,
There are evonomies of size associated with pumping
costs. For a 10-MGD {meility to pump its effluent 10
miiles rather than 2, its average costs increase by $G.07f
1 000 gallons. Ar inportant trade-off is transportation
cosis compared to land costs, Trausport costs, land
costs, and [acility size can be analyzed using figure 2.
For example, 2 -MGD treatment system can pump
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Figare 2, Land Price—Transportation Distance Breakeven
Points for Spray lmrigation

its wastewater 2 wmiles in order to obtain a savings in
land costs of $1,500 per acre. For the same savings in
land costs, 2 10-MGD facility can pump its wastes over
6.5 miles, or 4.5 miles larther than the smaller facility.
Economies of size in pumping permit larger land treat-
ment [lacilities to pump their wastes farther than
smalie;:]communities for similar savings in average land
costs.

Crop Selection

Crop selection significantly influences 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-
lion rate. Average net revenues have been estimated
for the six crops included in CLAW {table 4). Average
nel revenue is fhe difference between average revenue
and average [arming 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, }2

1 1t.and aequisition is likely to be jess critical {for smalier faci-

itics. They require smailer contiguous arcas of land than larger
facilitics. Also, sinaller communities are most lkely to be located
in agrarian sctlings whore lower priced land is more likely to be
available.

12Recd canary srass has inherent advantages for use in land ap-
plication systems. The renovative ability of reed canary grass is
quile high. Reed canary grass is capable ol adsorhing large quan-
tities of water without sulfering noticeable variutions in quality.
Thesefore, reed canary grass may be an atiraclive allemative
whien high land costs necessitate higher application rates.
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Table 4—-Average nei crop revenue from ircigation

Crop Average nel crop revenue

Doallars per ],000 gaitons

Alfalla hay 0.0936
Reed canary grass —0.0454
Barley 0.0596
Corn stlage 0.0939
Cotton 0.0263
frain sorghuin 0.0940

Option Control Variables

Treatment and operation variables such as chlerina-
tien, site cover, [encing, monitoring, effluent recovery,
and excavation are controiled using option control vari-
ables. For example, (f effluent chlorination occurs pna.
to application to the land, the chlorination variable {I])
is set equal to zero. The influences of the assumptions
are illustrated in Appendix tables 10, 1!, and 12. Ap-
pendix table 10 deals with changes in the control vari-
ables related to solid-set irrigation, bur which also
apply to the center pivot, overland flow, and infiltra-
tion basin systems. Solid-set irrigotion is used 45 an
cxample. LFfluent recovery cost estimates from solid-
set ircigation and overland flow systems are in Appendix
table 1. Land leveling costs for overtend flow and for
surface irrigalion are presented in Appendix table 12,

With the exception of gravity transmission of the ef-
fluent and the degree ol site clearing, changes in the
vilues of the option contrel variables exert a minor
influence on system costs (App. table 10). Elevation
differences determine the use of gravity transmission
rather than force muin transmission, Gravity trans-
mission can be used only when the clevation af the
land application site is lower than where the waste-
water originates. In the case ol 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 eflluent [rom land application sys-
tems adds signilicantly to system cosis. Construclion
of underdruins for solid-set irrigation systems can in-
crease costs S0.20 to S0.50/1,000 gallons, while re-
covery wells add 30.02 to $0.03/1,000 gallons. When
ovedand flow is used, the effluent must be collected
after Aowing over the land surface since there is little
infiltration and percalation. Two altewative collection
metheds, open ditch and gravity pipe, are compared
in Appendix table 1. The cost difference between the
two options is approximately $0.01/1,000 ealions for
cach of the facility sizes considered, Chlorination of
overfand flow effluent asdds $0.02 to $0.04/1.000
gallons to cach of the treatment options, :

Land treatment options wlich require land level-
ing are relotively expensive compared to solid-sel or

10

center pivot irrigation systems. If a land application
technique requiring surface alterations is chosen, the
use of extensive {1,400 cubic yards per acre) excava-
tion versus narmal {1,000 cubic yards per acre) excava-
tion has little influence 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 generated in cost simulation
of land rreatment aliernatives requires a summariza-
tion method. A cost slasticity, delined as a percent-
age change in costs divided by a percentage cliange
in an exogencous variable, is used to summarize the
variations, The cost clasticity (E}, as defined in equa-
tion 413, can be used to analyze small variations (less
than 25 percent) in an independent variable. A cost
elasticity refllects the percentage change in costs asso-
ciated with a l-percent increase in the relevant ex-
ogeneous variable,

E=|C2~C)sCp] s [iPa=Pp)= P (4}
wirere:
E cost elasticity

base value of varinble being analyzed
second value ol variable being analyzed
where Py = 1L0% o1 P
Cy = base cost estimate for 2 given size of facility
5 = cost estimate when the vatiable to be analyzed rises
- [{a} P"

l)
1
i)

0o

Estimation of 2 cost elasticity is a two-stage process
utilizing CLAW and equation 4. To estimate the total
cost-wage rate cost elasticity lor a I-MGD solid-set
irrigation system, refer to Appendix table 2 for the
basc average total cost estimate (C = $0.6432/1,000
gallons). The base wage rate from Appendix B is $6/
hour. Il wages rise 10 percent (P, = $6.60/hour), the
average (otal cost estimate increases to $0.6572/1,000
gallons using the CLAW model. Using equation 4, the
estimated cost elasticity is 0.2176. The interpretation
of the cost clasticity is that a i-percent wage iucrease
will cause average total costs to increase by 0.2176
percent or by 50.0014/1,000 eallons.

Cost elasticities were estimated utilizing 2 cross-
classification of & land application techniques, 4 cost

L3The cost elasticities (equation 4) which are ta be eslimated
abstract rarm problems associated with estimating arc and point
clasticitics, Paramoter estimates using an arc elasticity formula
dre signiticantly different from those using a point elasticity
formuly. The point elusticity fopmulation was chosen lor simplie-
ity. The bias imposed by the assumplion does not aflect the re-
sults, since relative diffecences are emphasized rather than ab-
solute differences,



compuonents, and LS price and control paiameters.
Changes in 10 ol the price and control variables re-
sult in changes in capital costs. Eight variables in-
fluence operating cosls. Changes in four ol the vari-
ables result in changes in cach of the cost components
considered: total, operating, capital, and construction
costs. One variable, the price of alfalla, influences
only total vosts, The impact of variations in the price
and control varinbles on the cuse categories are surni-
marized in table 5, The extimated cost elasiicities ap-

pear as Appendix tables -3 through 28. Examples of

the cost clasticitics Yor soud-set irrigation are provided
for total costs (table 6), capital costs (table 7), and op-
erating costs (tuble R),

Tabke §--infcraction of exogencous desien variables
On cost companents

{usl component
s que —
Varhle 'l\‘:‘:rr‘:f: '\: :‘::“ S Aaw ruge | Average
ing N capital total
[WhEARY sty wasty costy

Lhesign Low Al AN hY N
Apprlivation X hY Y hY
Woehs of storage X hY X N
Transmission distige X X N AY
Reseryve Lind X X
Sener consttuchion vost

1mles AN N N
Sewine treadment plant

vosl des A X N
Land costs N AN
Disvotnt rale A% hY AN
Discount penod N N X
Wage nae N X
Wholesale prive mdey X hY
Fhevtin rate X AN
Chiforme pewe hY hy
Crop prive X

FX indicates the vost compoanent on which the desizo varuble
impacty,

The cost elasticity discussion is divided into three
sections: variables influencing capital and  uperating
cosls, variables influencing capital costs, and var.ables
iniiuencing operating costs. Cost elasticities lor solid-
set irrigalion from tables 6, 7, and 8 are used as ex-
amples, The five uther application techniques are con-
trasted to solid-set irrigatton. Comparison of the ap-
plication techniques is not meant to imply that they
are substitures for one another, Physical churacteristics
ol the climate, seil, and topugraphy limit the tech-
niques applicable in 4 mven situation.

Variables Influencing Both Capital and
QOpernating Costs

Lach of the mojor cost components -otal, operat-
ing, and copital costs - changed with varations in design

flow. application rate, weeks ol storuge, and transous-
ston distance, increases in the design flow and the ap-
plication rate deeresse costs. A greater number ol weeks
of storage and longer truosmission distances increase
LOSIS.

Cost elasticilies for changes in the design low ot a
sysiem are uselul (or studying economies of size, A 10-
percent increase in design size for a 0.1-MGD solid-set
irrigation (acility results in u 6-peccent decrease in Lhe
system’s per unit total costs (table 6). Operating costs
decrease by about § percent [table 8) and capital costs
decrease by about 5 percent (table 7) for a 10-percent
merease in Uesign size, As facility size increases beyond
5 MGD, wdvantages of increases in facility size are much
lower, Fur a [0-percent increase in design size, capital
costs decrease by 1ab percent and operating costs by
1.6 percent, The total cost elasticity for a -MGD solid-
set facility is - 0,17. Solid-sct irrigation is the Jeast sensi-
tive technology for changes in design flow (App. table
{3). Clasticities lor overland flaw are similar to the
solid-set elasticities, while center pivot irrigation and
intlitralion basin clasticities are 0.02 less than the
solid-set elasticities.

The application rate cost elasiiecities reveal (hat in-
creases in the application rate cuuse smaller decreases
in average costs lor smaller facilities than for larger Ma-
cilitics (5 MGD or greater). The value of the solid-sct
total cost elasticity {fulls from -0.06 lor a 0.1-MGD
facility to -0.25 lor a 5-MGD facility to —-0.32 tor a
100-MGD facility (table 6), Sulid-set irrigation is con-
siderably mwore sensitive to changes in the application
rate than the other techniques. The elasticities for over-
land flow are 20 pereent greater than the solid-set elas-
ticities, while the center pivol, border strip, and ridge
ard Turrow elasticities are 40 to 50 percent higher.
laliltration basins arc less sensitive to variations in the
application rate (£ =~0.02 (0 —0.006),

The number of weeks the system is designed to
store waslewater or effluent is & third variable affect-
ing both operating and capital costs. The cost elastic-
ities were estimated assuming that £he wastes are stored
the entire time with no direct stream discharge. Capital
costs are more sensitive to the number of weeks of
storage than are operating costs. A 10-percent increase
in the number of weeks the wastes are stored for soiid-
set irrigation will resull in about 2 0.4-percent to 0.9-
percent merease in operating costs (table 8}, whereas
the same change will result in about a [.}-percent Lo
4 3-percenl increase in average capital costs (table 7)
and a 0.9- o 4.0-percent increase in average total costs
(table 6). Cost clasticities for the other technologies

= less than the solid-set clasticities lor facilities less
than 5 MGD and greater for lurger lacilities {App.
tahle 15).

The distance which the efftuent is transmitied lrom
its point of origin to the inal disposal site is the remain-
ing variable affecting operating and capital costs, This
dislanee is a minor effect lor facilities larger than 5 MGD

i1




Table 6 - fotal cost elasticities (or solid-set irrigntion
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Table 7 -Capitul cast elasticities for sofid-set frrigation
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Table §-(perating vost elasticities Tor solid-set irrigation
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S0 =0l bdd =10, 2484 SHILAE ERARY]
in.n —1 1209 =261 [IRIDSIN ooy
00 ~,07 64 —1, 275 IRIEEIY aunth
10U ={L0658 —1.2700 t.n92) [URAIBIIS
W Wledesale L lectne CTilerine
ran e 1y« taly Pl
31 nut? L1065 —.2210 [LXY IR
0.5 07704 {11745 {1 {LOTHS
1.0 TRDRY miT12 023112 0T
5.0 153356 tilell {3482 00208
1.0 (495 (LN B (PRI tn22?
R (et 1y 4"y AR DAY
(RN 393 was" HIEHAR GOIR3
{App. tble 16). A 10-percent increase in the disanece crease m land aereage, while for @ 10-MGD facility only
will resull in a 04- or 0.5-percent increase in average 3 percent more land will be reguired (App. table [8).

total costs and average capital costs {or u S-MGLY solid-
sel rrigation {acility, while average opernung costs will
merease by about 0.03 percent (tables 6. 7, and &)
Changes m the transtnssion distance are more imporant
far very amall communities (0.8 MGD). Smailer muniei-
pafities will probaily be uble to Tind acceprable land
elanvely close 1o the wastewater source and will nat
peed to puntp the ettluent fong distimees.

Variables Influencing Cupital Costs

Siv vanbles mfluenee average capital costy in addi-
Lon (o aversge Tolal costs. These variables are the price
ol Tund, the reserve land variable, the sewer constiuction
cost mdes, fhe sewape treatment plant cost ndes, the
discount rate., and the diseount penod. Increases in ihe
prce ol land, the weserve land vanshie, the sewer con-
struchion cost ndex, the sewage teatment plant con-
stuction cost ndex, and the discount sate result
cost mereses, while an merease o the discount penod
reduices casty, Varnttions w the land prce and the re-
serve Jand vanahle influence only eapital and towl costs,
while the other four also inffuence constriction costs,

The two land sartables, Tand price and reserve fand,
have Tiktle impact an cipital and il costs, regardless
of facilily size (App fables t7 and 19). The construv.
Hon of the iesene land varable ibstacts trom the effeel
o hitierent Lacthy sizes ol equuuny fsed distanee
harriers, A fowed huaoner distance imposes greater cosis
an smalier Laethittes Tor oxample, assuniing @ square
apphication site. the adidibon of 4 [O-not hurier
aoud 4 MG Taclsty waldl requue o [i-peceni an-

The land price cost elasticities indicate that for savall
pereentage mereases i fand costs the impact on sys-
tem custs 1s relatively low. assuming inttial lund costs
of $1.000 per acre. A 10-pereent incrcase in land prices
will result in a l-percent increase in average cupital
custs and average toal costs for the frrigadon ahiemna-
tves, while average capital costs and average total costs
will rise by 0.5 and 0.1 pereent for overland How and
inlilitation Bbasins. respectively. These results tend Lo
confirm the findings of Carlsan and Young that land
prices have & minor impact on the decision o use land
treatiment {7).

Two reasons Tor the apparent unimportinee of land
custs are the assumed land price of $1,000 per aere and
the method of annualizmg land costs. 1Ca land price of
S10,000 per acre is assumed, land costs will increase in
importance, The tnpact of land costs is reduced by the
EPA requirement that the salvage value of Tand cqual its
present market value for determining annual land costs.
Annual land costs become the costs uf holding tand. 14

Variations it the sewer construction cost index
(SCCH provide the greatest umpact ol any varable on
system vosts. The SCCT shows the effeet of changes in
pumping and pipe cequirements costs. Pumping or pipe
mstatlaton cost reductions will have the greatest inpact
on Lind application Gaeilites, The SCCT cost elasticities

L-HE fand satues appresale vvec the Bfe of the weatimendt Javil-
s gl Lowd costs walk e redoeed 10 the rate ol appredation
ob Lo peaes wopreater han the mteeest vost ol hobdmy Lad,
Jartd vosts will becensie Fnd revennes and swoll abised i purion ol
tret el s osgs
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tot sohud=et gmnon wnge from Q34 to 086 Lor aver-
ape tobal costs Caable o), Tom (L07 1o over 090 fog
dvergie constitelun costs (App, tabke 20k and {rom
Lot to 054 Lo average capitad vosts (able 7). The
SCCT »lostienties rise s Gty size increases. The aves -
dgvocapiiad vost elusticaty dor o 0.5.MGD solidaet (o
Sty D720 opposed tooaovabue of BRR For g S0-MGD
tavility . Viratous 1o the SCCT ave g howe Pt an
the Nve wthe: himd applicatton techuologies. The ol
vt clushictties wnge from 05 (o UK tor center proat
wrgaton and overdund ow . Tros 0.5 e 0,7 by bodet
stup and talye and oo nagation, aind trom RS ta
UL For nfifteateon basigs A pp. table 10)

i contiast o the SCCL the sewage treatmens plant
cusbiictim costotdes (STPCTY cost elsiroties (all
Lty sere mereases The copaoitents ot qie STPCT
are less anportant s tealits s12e etedses. Cist -
o b cotele sitictwees and mplant eatient
Piocesses become e amportant s taahing sse
crenes The soludset wngationn avetage ongd cost elas-
meties tor the STPCL tadl from w value of 123 oy g
W LMOGD facidity o U for g TQO-MEGD taethiy {rable
ob The STPCT average 1ot cost elasticities for the live
ather applcation techmolomes are slghthy felier than
the soindset elasticities, with the higlhest beme inliltae
ton fusias whiclt nange hom 027 w0 000 ( \pp. table
2h Fhe soldaer sverane total cast elasticizies 1o the
STPCL are fowwer than those tor the SUCUT (0025 to Odle
seists 05t BRO) since Tand applcation (acihities
qutee fewer of the 1y pucad factons of production nsed
W annvenional sewage treginien.

Estmted cost elasticities for the discount tate am
the discomst peswnd are selatneh constant Tor all -
vty spres The estisated values tor the discount e
SOl otal cost elastities tange iroi DS Lo (L35
for sofidaser i center proal nogaion and trom 0,38
e US0 for bander sirtp wnmation, idge and lerrow
tngatio. amd overland tlow (App. wable 22) The m-
filtration basm elasbiciiy s 0.30, Vanatons m the dis
counit pertod have - lower mipiact o average total
sosts. The average 1etal vost elasticities range from

035w (dd ot sobid-set and center pivot irrigation,
frum - 0.33 1o 039 for border sirip and ndge and
turcow ongabion, and from 0,35 (00 041 1or over-
land Pow (App, wable 23). The miitiation basin elas-
ety i 034, The fower impact of the discount period
1S wpart due to the BPA requirement that salvage value
af fand equal s present market value for determining
anaual lamd vosts. This regufation taplies that the annual
cost uf land eqarals the present marker value tnges the in-
erest rate 1N The diseount pertod does not mfueiee
anhudd tand cosis.

Variables Influencing Operating Costs

Uost elastictiies tor operatig costs e nlluenced by
ot price vanables  the wage rate, the whalesale price

I

wdes or the cost ol matenab, the electric e, and the
price ol ¢ldotine. The wage tate cost elistictties de-
cregse s Tacility siee eeases, wlile the electie rate,
wholesale price mdes, aud chinine prce vlastertes
vise as facilty sice increases (App. tables 24, Y5, 20, aml
27

Cost elusticity vstanates tdicite that w e varlions
provide the greatest napact on operting costs. | he ap-
porlanee ol wage vartions declnes as laedits wive -
creases, bt smaller salul-set tactlities tless than 1 MG,
i 10-pereent inctease mowage vosts will result 1 niore
Him o 7-percent merease apeniting conts and a 2,2
pereent merease e Lokl costs (tables O and S, A La-
cllity size mereases, e mipact of TO-pewent mereasw
I owage rates Lills tocapproxamatel o 4-pereent mcreiase
woaperatmg costs witd & 1 Japracent nierease o viage
total eosls Lor a TOG-MGD facdty . Plie duee atbier 1ne
ston teelinigques ame mare sensitive to WAape vinntbions
than solulset nngatan, Total cost elasticities fo1 cenier
nvol drgation vaoge rom 0.26 w0 0.19, while the rielpe
and Turow elasticities range [Tom 0,29 to 0,24 and the
horder stop elasticition ate practically vonstant ai U0
(App. table 200 Overlund How and intiltiatton bastis
are less sensive, wnging froms 021 to .00 and rom
.15 10 05, wespectively.

Fhe cost elasticiiies for materialy cosls (wholesale
prive andes) fall shghtly tor average operating costs
and nse Tor average total cosly (App. table 25y, The
solilset operating cost elasticrties gy liom 317 w
15 fable 8), wiile the watal eost elasticities rse Mrom
0.07 Tora I-MGD 1acitivy o 023 fora (0-MGD luzility
anddpepamns relatively  constant for nper laeilittes
{tabie 6). The total cost elasticities for the ather thiee
nnpation teehnques e slightly higher, ringing from
(LG7 to 0.33 (App. table 25). The ovedand Now ol
cost elasticities are lower, tanging hom 0.06 to 0.15,
while infiltration basin clastieives which are mueh lower
fall from 0.04 1 0.03.

Operating costs include the wages and  materials
costs which are ussoerted with pretreatment and with
the operation ol the treatment side of the fand applica-
tion Jacility. The operating cosls associated with crop

——

RIS 10 -1cerep™ (a}

where: 1V Land vatoe to be diseounted
LC ot ol purelasing Lind
1A standard formnly tor delermining the presens
value ol i anwunt non s Ll o
Eoonterest rale
noodiscownt persad

AT - L0 [
AT -+ ltl'll"ll'ﬁT (I}

where. A annutd L vast

Staabard tormala Lor determig-
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1. Data Cards
Card 1, vol. 1-5

Card 2, col. 1-5
col. =10

col, 11-15
col. [h-20
col. 21-25
col. 26-30
col. 31-35
cal. 36-40
col. &1-45
col. 46=50

col. 31-5%%

col. 36-60
cal. bl-65H
vol. bo-b7
cul. bB-bY
vol. T0-71

cal, 72-713

Card 3, col. 1

RILE

K

MGD
sSUB

TRANS
SCUI
STPCL
WPI
WAGE
PCtHL
PPOW
RATE
ACRE 2

B
PLAND
YR
WEEK 1
WEEK 2
WELLS

IRRT

1

APPENDIX B

Variable Names

Number of subruns

/

Average [low of wastewater (1.0)}

Amount of Federal subsidv available for capital
expenditures (0.00)

Bistance in miles that effluent is tramsported (2.0)
Sawer copstruction cost index {(248.7)

Sewage treatment plant construction cost index {232.5%
Wholesale price index (140)

Wage rate ($6.00/hr.)

Price of chlorine ($0.06/1b.)

Price of electricity (0.03/kwh)

Application rate (2 in./wk.)

Proportivnate amount of land to be set aside fort
future expansion. (Ex ACRE 2 = .10 implies that
107 more land is obtained)

Interest rate (0.06)

Price of land (1000)

Discounting pericd (20)

Number of weeks wastes are not applied to land (132)
Number of weeks wastes are discharged to streams (0)

Number of monitoring wells (3)

Irrigation technigue used

1 Solaud-sct irrigation

2 Genter pivot irrvigation

3 Surface fleooding

4 Ridge and furrow irrigation

5 Overland Tlow

6 Infiltration basins

6 Chlorinatinn of lagoon effluvent (10, fig. 17) (0}

1 No chlovination

Lj?hu uumbers in parcntheses are representative values For the respective variables.
specilied the variables are assumed Eo take on these values in

nless otherwise

the analvsis,
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Techni jue tor oft Luent rransmissiecn (1)
1
G erevity transmission (10, fig,
P Force main transmission (10, Uips, 19 & 20)

Depth of cover over gravity transnission pipes {9
tlity rigs, THY

Sorive feet of cover (Lo, 1ig, 1)

9 opine Teet of cover (10, rip. 18)

ULEAR Sooivie ot cover on origingl site (T, tle. 25)

O urass oy
Posrush amd trees
Solteavily wooded
Hunotty collection svstem from overland flow
i, ria, ie)
Sourawity pipes (1)
dpen Jiteh

cifluent from overland (low

O Chivrination ¢y

Noochilovination
Nootences around site (10, fig. 41 (0)
PoSite i fepced

Plevation difYerence {or offluent tramsmisgion {30)

HEADY 20 = Pumpimgy: head Yor elfluent distribution (10, fig. 33)
o, i, or 150 (5143)
Wit depth of monitoring wells (30)
UNDER = Underdrains in Fields (10, {ig. 34) ()
9 No underdrains
P or 200 foot spacing
Depth of recovery wells (O)
O No orecovery wells
SU- ar Ldi-foot deep wells
FARTH = Velume ~f earth moved for surface leveling (500)
A0 Nermal
50 Fxtensive Surface irripation {10,
1000 Normal

(werland I'lTow (10, rig,
PAOU Ixntensive
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X5

X6

X7

X4
HOUROQ
HOURM
ACRE 3
ACR 1
BC

BL

Bt

BP
BCHL
REV
SPARM
Cij
Mij
Lij
WGC40
CaIr
MA1F
GFlS
M418

i}

log ACRE

log PAR

tog REWAT

lop WD

Hours of operaticn labor for preliminary treatment
Hours of maintenance labor for preliminary treatment
Acres required for pretreatment

Total acreage need for wastewater treatment

Sum ol capital cousts within IRRI

Sum of labor vosts within IRRI

Sm of material costs within IRRT

Sum of power costs within IRRIT

Sam of chlorine costs within IRRI

Crop revenue

Cost of the cropping operation

Capital cests for (10, figure ij)

Material costs [for (10, figure 1ij)

Labor vosts for (10, figure ij)

Well capital costs for (10, figure 40)

Fencing capital costs for (10, Figure 41)
Materials costs for (10, figure 41)

Capital costs lor service roads for (10, figure 41)

Materials costs for service roads For (10, figure 41)




Table

l—=Annual total

APPENDIX C
Cost and FElasticity Estimaces

. c o . /
cost estimates by tvpe of erlgat1unl

Facility

: S0l id-gset

:Center

:Border

:Ridpe and :

ttwerland: Infiltration

size :pivot tsbrip [urrow
{(MGD) irrigation:irvigation:irripation:irrigation:{flow tbasins
Annuda l : Dollars
operating
costs:
0.1 19,146 21,051 24,521 24,789 18,902 16,2536
0.5 42,732 45, 386 52,334 55,970 40,821 35,469
1.9 65,927 70,021 81,258 86,106 61,443 53,725
5.0 219,700 233,407 209,392 292 312 192,380 168,263
10.0 196,071 517,141 395, 269 523,271 338,902 296,382
0.0 1,674,681 1,722,190 2,207,303 2,146,586 1,383,090 1,213,082
me. 4 : 3,178,767 3,235,420 4,079,866 4,012,500 2,601,178 2,288,665
Annual
capital
costs:
0.1 h%,323 02,378 64,309 64,101 64,106 57,376
(1.3 130,959 116,951 119,348 119,678 123,483 100,283
1.0 203,008 175, 464 178,407 178,660 184,990 143,450
3.0 731,290 387,210 582,957 584,274 624,822 429,965
10,0 1,309,593 1,078,000 1,056,679 1,059,391 1,150,658 762,993
50,0 p, 301,506 4,807,584 4,569,125 4,583,385 5,178,915 3,208,416
100.0 S17,364,260 9,349,461 8,754,446 8,783,403 10,121,940 6,109,889
Annual
toetal
custs:
0.1 81,053 80,113 85,314 85,474 81,301 73,831
0.5 156,011 145,258 154,823 158,568 155,704 135,752
1.0 235,778 211,325 225,506 230,607 229,353 197,175
5.0 780,194 049,821 681,553 705,791 731,805 598,228
10.0 1,424,073 1,153,550 1,209,357 1,241,070 1,318,764 1,059,375
30.0 6,268,234 4,821,830 5,0h8,475 5,022,018 5,708,028 4,421,498
1000 12,127,120 9,168,981 9,618,433 9,379,994 11,015,160 8,398,554

Annual net cerop revenue (App. table 5) must be deducted from the sum of
annual eperating costs and annual capital cosls to obtain annual
tobal costs,
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Table 4--Components of average operating costs by type of irrigation

Facility : :Center :Border ‘Ridge and :

size ! Solid~set :pivet istrip :furrow :Overland:Infiltration
(MGD) sirrigation:drrigation:irrigation:irrigation: flow :basins
Labox : Dollars per 1,000 gallons
costs: :
0.1 0.3763 0.4226 0.5171 0.5178 0.3635 (,3051
0.5 0.1488 0.1610 0.1988 0.2114 0.1389 0.1171
1.0 0.1052 0.1143 (. 1407 0.1511 0.0949 0.0791
5.0 0.0566 0.0622 0.0779 0.0877 0.0452 0.0354
10.0 0.0472 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 0.0551 0.0443 (3.0183 0.0121
Materials:
Costs: :
0.1 0.0870 U.0578 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 0.0293 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 0.0138 G.0120 0.0139 Q.0172 0.0094 0.0070
10C. 0 0.0127 0.0111 0.0128 0.0163 0.0085 0.0062
Power
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
Chleorine
costs:
0.1 0.0025 0.0025 0.0025 0.0025 0.0025 0.0025
0.5 0.0025 G.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
1D00.0 d.0025 0.0025 0.0025 0.0025 0.0025 0.0025




Table 5--Crop revenue and costs

Facility :
size : : Overland : Infiltration
{MGD) : Irrigation : flow : basins
Average : Dollars per 1,000 gallons
cropping
costs:
0.1 0.0869 0.0434 0
0.5 0.0869 0.0434 0
1.0 0.0869 0.0434 &
5.0 0.0869 0.0434 ]
14.0 0.086%9 0.0434 0
50.0 0.0869 0.0434 ¢]
10G0.0 0.0869 0.0434 [
Average
crop
revenue:
0.1 0.1805 0.0902 0
0.5 0.1805 0.0902 g
1.0 0.1805 0.0902 0
5.0 0.1805 0.0902 0
10.0 0.1805 (.0902 0
50.0 0.1805 00,0902 0
100.0 0.1805 0.0902 0
Average
net crop
TEeVenue:
0.1 0.0936 0.0468 4]
0.5 0.0936 0.0468 0
1.0 0.0936 0.0468 0
5.0 0.0836 3.0468 Q
10.0 0.0936 0.0468 0
50.0 0.0936 0.0468 0
1606.0 0.0936 0.0468 0
Annual : Dollars per vear
net crop
revenue:
0.1 3,416 1,708 0
0.5 17,080 8,540 0
1.6 34,159 17,080 0
5.0 170,795 85,398 0
10.0 341,591 176,795 0
50.0 1,707,953 853,977 0
100.0 3,415,905 1,707,953 8]
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Table 6—Effect of subsidy for capital expenditures for solid-set
irrigation
Facility size (MGD)
Percent
subsidv
_ {).5 1.0 5.0 10.0
Average capital costs
Dollars per 1,000 gallons
Iy, n.7176 U.5562 (0.4007 0.3752
I 2.61038 0.47360 0.3413 0.3196
30 1, 50451 0.3910 1.2819 0.2640
45 0. 3973 0.3084 0.2225 0.2085
&0 : 0.296 0.2257 0.1632 0.1529
79 0.1838 0.1431 0.1038 0.0973
90 0.0771 0.0605 0.0444 0.0417
Average total costs
Dollars per 1,000 gallons
0 0.8581 0.6432 0.4275 0,3902
15 0.7514 0.5606 0.3681 0.3346
30 0.04%6 0.4780 0.3087 0.2790
43 0.5379 0.3954 0.2493 0.2234
a0 0.4312 0.3128 0.1900 0.1678
75 (.3244 0.2302 0.1306 0.1122
g0 0.2177 0.1476 6.0712 0.0566
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Tably 8-EMect ol storane on average tolal cost for solid sev wrgabion

Wehs of Wegks of no 1and application - weegs li_lf - .
stream dischorge 25 20, .15 1o g : stretrn Chcharee . 25

Lfeeks of no land applrcaton
.20 15 .10

05 MGD 10 MGD
Dollars per 1.000 gajlens Doblars_per 1.000 galions

0.9842 08031 0829
0.9685 08887 08150
0.9547 08750 08006
0.8398 D0.B607 0.7860
0.89248  QB4E7 0.7709
0.909% 08325 0.7553
08950 0B181 0,731
0.8800 08033 07220
Q.BG6E6 07883 0.7050
0.8516 07729 {15852
0.8369 0.75¥0 08a8B
08221 07405

08069  0.7230

0.7595 0.68588 {16149
0.7460 06735 06011
0.7324  Q.6B81  0.5872
0.7189 0.5456 05732
07054 06218 0.5600
06218 06180 {5454
U781 06040 (.5323
0B541 0589} 05175
06503 Q.5756 0.5018§
0.6363 05619 0.4845
06221 05430 04869
0.6076  0.5326

0.5930 0.518%

R S A T R,
DO THR b L b - O

.

0.7914  0.7087 . 0.5784 0.6023
Q.7786 0.5644
2.7582 0.5501
07422 0.6353
0.7244 . 05158
1.7066 . 0.5032

B MiEn 10 MGD
Dottars per 1,000 gatians Dolars per 1.000 gallons

05438 04696 Q400 . 0.5058 04320 {03630
0.5303 04564 03871 0.4923 04183 03502
05167 04432 03 - 0.4785 0.4057 0,3373
D5031 04299 03611 . 0.4653 03243
04895 041686 032481 0.4518 v 03114
0.4758 04013 023356 0.4383 - 0.2984
04623 02800 03331 . 04247 . 0.2854
D.4486 (3767 03103 : 04112 . 0.2724
04350 03834 072968 0.3976 . 0,259%
04213 03501 0,283 .. 03841 . 0,2467
04075 02373 0.2652 0.3705 . 0.230%
03938 3244 . . 0.3568
03801 03113 . 0.3433
03664 02576 . . 03296
0.3526 . 09,3158
0.33%4 . 04,3022
03282 0.2884
0.3126 . - 02747
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Table

9——Effect of tramsportation distance on average total cost for
solid-set irrigation

Distance wastes

Facility size (PICD)

trangported 0.5 1 5 10
Miles Dollars per 1,000 gallons
1 0.7925 0.6057 0.4146 0.3821
2 0.8531 0.6401 0.4263 0.3882
3 0.9092 0.6725 0.4386 0.3975
4 0.9738 0.7129 0.4521 0.4059
3 1.0253 0.7375 0.4667 0.4149
i3 1.0768 0.7787 0.4790 0.4245
7 1.1282 0.8089 0.4955 0.4348
8 1.1797 0.8391 0.500C 0.4458
g 1.2311 0.8694 0.5147 0.4545
10 1.3287 0.8996 0.5245 0.4606
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Table Li--B11fuent recovery

Salid-sel irripation:

Fndordrains
LI N apacing)

Underdraios
LU0t spawe ian)

Ruy SOVETV W HESS
(o P deep?

Regave ryYowe 11y
IR A N deepd

Uverbamt flow:

dpen Jitvh collect ion

(ne choorimet long

Jpen diteh collection

(vhloarinationd

uravicy pipe
collection
{0 chlorinat ion)

vravity pipe
vollection
{vhlorinat iond

[ASRTSN I

Faciltiew Ave Ty Averape Average
sise vperating capital botal
__bosts cuslts castsg
M e bDollars per 1,000 gatlons ————-—
I 02704 (.7851 0.9619
o v, 2110 0.6230 0.740%
Tl . 1420 0.3075 0.5160
SN 0, 1273 g.5420 G.5758
0.0 4. 2729 84,7460 0.9051%
1.s 0.1934 0.5777 0.67%0
ARt V. 1284 .3195 0.4544
o, U I U.3935 0.4148
S 0,557 0.7239 0.8860
1.4 0. 1990 0.5599 G.6653
A (1.1342 0.4018 0.4424
1. 0.1211 U.3759 G.4035
oh 0.2639 0.7284 {.8987
J Y 0.2072 0.3624 0.6760
a0 0.1424 0.4024 0.4512
Tl 0.1293 0.3764 0.4121
v.n 4u.2200 0.6248 0.8031
i 0.1660 0.4673 0.5865
5.0 0.1453 0.3127 0.3713
3.4 0.0936 (.2881 0.3349
3.5 0.2340 0.6344 0.8416
1.0 0.17506 0.4841 0.6129
3.4 0.1697 0.3197 0.3826
0.4 0.0968 0.2930 0.3430
1.3 0.2097 0.6520 0.8150
1.0 G.1587 0.4901 0.6020
3.0 0.1010 0.3354 0.3897
[ELIRY 0.08%6 0.3103 0.3532
1.5 0.2237 0.67606 0.8535
1.4 0.1683 0. 5068 0.6284
2.0 0.1054 0.3424 $.40L10
10,0 0.0928 0.3152 0.3613




Table l2--Land leveling costs

Facility : Average : Average : Average
size : operating : capital : total
costs ! costs i costs

Dollars per 1,000 gallons

Normal excavation for : . .2237 .6766 .8535
overland flow : . .1683 .50868 . 6284
{1,000 cubic yards per : . L1054 . 3424 L4010
acre) : . .0928 L3152 L3613

Extensive excavation : . L2237 6842 . 8610
for overland flow : . .1683 .5137 .6352
{1,400 cubic vards per : . .1054 . 3488 L4074
acre) : . .0928 .3215 L3676

Normal excavation for : . .2869 .6551 .8483
border strip irrigatioun : . L2226 .4888 6178
(500 cubic yaras per : . 1476 . 3194 L3735
acre) : . .1354 L2895 .3313

Extensive excavation : . .2869 .b642 .8575
for border scrip : . L2226 4976 L6266
irrigation (750 cubic : . 1476 L3274 . 3814
vards per acre) : . L1354 L2972 .3390




Table l3-—design Flow: Cost elasticities hy tvpe of irrigation

Facility : :Center :Border Ridge and

size t Solid-get :plvot :strip :furrow :Overland: Infdlceration
{MED) sirrigation:irrigation:irrigation:icrripation:ilow :basing
Average

operating:
vusts: :
u.l : —0, 7886 ~{.798b -0.7338 -0.7304 ~{1.7962 -0.8406

0.5 =L 3849 ~{). W51 —0.5322 - .3716 -03.4039 -0. 4040
1.0 HIE LI B T -0.31%0 -0, 3188 -(0.3310 ~{3.3620 -4.3427
BINY: : =4, 164d -0.1740 -0.1725 ~{1.1687 ~0.1982 -0. 2002
10.6 : ~h. 1209 -0, L34l ~.0872 -0.1350 -0.1473 -0. 1475
0.0 1 00764 -0.0400 -0.0467 -0.0871 —£1,0907 ~0.08606
100.0 : —~{1.0658 ~£), 0795 -0.0375 -0.0868 -0.0767 -0.0716
Average
construc—:
tion
coscs: :
Rl 1 ={1.5671 =13, 5400 -(0.5951 -0.5937 ~(0.5721 ~-0.6057
0.5 1 L3778 ~{). 3482 —3.54G3 -0.5397 -0.5528 —-0.5902
1.8 =1}, 3249 ~{3.4048 -3.4162 -0.4157 -{,3828 -0.4563
5.0 (1594 ~0,2073 ~0.2204 -0.2257 -(.1885 -0.2589
0.0 : ~0.04959 —(},1298 -0.1490 -0.1485 -0.1158 -0.1667
50.0 » ~{1.U%45 3. 4784 -0.1032 —{3.1027 -0.0643 -0.1125
100.0 : ~0.0386 =-0.0571 -0.0833 -0.0829 -0.0438 -0.0885

Average
capital
casks:

¢ ~0.53487 ~{3. 5700 ~0.5755 -0.5741% -0.5625 -0.6043

0.1
g.5b : —=0.34505 -1, 5002 ~0.45940 -0.4935 -0.5292 ~3.5872
1.0 ¢ —0, 31482 ~0.3584 -(.3693 -0.3688 -0.3614 ~0.4536
5.0 : —-0.1379 -0.1730 -£1.1885 -0.1880 -0.1733 -0.2568
[KEIY : o-.0822 -0. 106 -0.1219 -0.1215 -0.1058 —0.1655
2.4 1 ~0.04%01 ~0.0627 ~{3.0816 -0.0813 -0.0581 -0.1112
100.v : =0.0325 ~0.0434 -0.0652 -0.0649 -0.0394 -0 .0874
Average
total
T :
I -0, h20h ~(.0653% =0.6431 -0.6417 -(.6283 -0.6564
0.5 po-d, a7 24 -0.5254 -{1.5260 -(.5033 —0.5257 -0.5394
1.0 : =003l ~0.40L4 =-{.4055 -0.4077 -0.3879 -0.4234
3.0 IR U R 3 -{.2159 -(.2267 -(}.2232 -0.1992 -0.2409
1g.0 : ~{.1108 -0. L4549 -0. 1406 -0.1578 ~.1293 -0.1604
B, 4 RS VI S - (920 ~-{1,0928 -0.1127 -0.0740 -0.1045

080 o =0.84vd =0.0716 -0.04750 ~(.0948 -0.0536 -0.0831




Table l4-~Application rate: Cost elasticities by tvpe of irripatcion

Facility : :Center : Border :Ridpe and : :

slze :S5olid—set :pivot tstrip :furrow :0verland:Infiltration
GGDY sirvigation:irrigation:irrigation:irrigation: flow :basins
Average

Lperat ing:
CuNby: :

0.t : —0.0875 -0.0817 -0.1409 ~-0. 1450 -0.0519 -0.0358

0.5 HEE 1 R -J.1333 =0.1435 ~0.2182 -0.00655 -0.0463
1.0 : =0.1728 =0. 14962 -0, 2250 ~0.2349 -0.0862 ~0.0581
5.0 =00 258, -U. 2088 -0.2976 -0. 3365 -0,1217 -0.0667
1.0 : =0, 2619 -0, 2708 ~0. 3607 -0.3425 -0.1289 ~0.0658
50 .0 r =).2754 -0.2777 ~0.73983 -0.3385 ~0.1324 -0.0583
LO0.0 z =0.2760 ~0.2733 -0.4085 ~0.3319 -0. 13006 -0.0550
Average
CUNSErye—:
tion
casts e -
0.1 t =0.0850 -0, 03045 -0.0483 -0.0487 ~0.0635 -0.0157
0.5 ro=f 140l ~0. 0896 -0.092% -0.0957 -G.1306 -0.0241
1.0 DL 2a48 -U. 13514 -0.1311 -0.1323 -0.1750 -0.034%
5.0 HER S URRTIE Y -0,2174% —0.1901 -0.1920 -0.2804 -0.0483
1330 : =0.3978 -00. 2380 -0.2013 -0.2035 -0.3087 -0.0524
5000 T o~0,4527 -0.2735 -0.2121 ~0.2147 -0.3584 -0.0535
100.0 S VTt -0.28c61 -0.,2130 -0.%158 -0.3760 -0.0526
Averagye
capital
[T :
Ut T =0 1002 ~-0.0602 -0.0637 -0.0641 -0.0709 -0.016%
u.5 D=0, 2213 -0.1298 -0.1318 -0.1346 -0.1485 -0.0275
1.0 : —-0.2819 -(.1915 -0.1811 -0.1821 ~-0.1974 -0.0393
5.0 P =005109 -0.2849 -0.2608 -0.2624 -0.3088 -0.0558
10.0  -0.5%5301 =-0.3093 ~0.2733 ~0. 2800 -0.3382 -0.0609
20,0 1 —,4849 -0.3493 ~0.2498 -0.3017 -{). 3885 -0.0636
LQ0., 0 : =0.5985% -0. 3626 0. 3045 -0. 3065 -0.4058 -0.0633
Averapgy
total
cushs ! :
0.1 : ~0.0631 -0.03%3 -0.051¢9 ~(.0538 —~0.0489 ~0.0210
d.2 o =0. 1252 ~0.0%24 ~-0.03500 -0.0807 -0.0850 -0.0324
1.0 : =0, 1600 ~0.0771 -0.0867 ~(.0941 ~0.1146 ~0.0445
3.0 : ~0.25%01 -(0.1151 -0.1129 -0.1366 ~0.1896 ~0.0589
1. o T -0 2780 -0.1200 -0.1338 -{0.1332 -0.2105 -0.0623
a0 : =0.73133 -0.1255 -0.1374 -0.1109 -0.2486 -0.0622
1.} HEE VIR T =0.127% -0.1360 -0.0979 -0.2628 -0.0610




Table ]5-—— Weeks of stovage: Cost elasticities by type ol irrigation

Faciliky : :Center :Border :Ridge and :

size :Solid-set :pivot istrip :furrov :Overland: Infiltration
(MG sirripation:irrigation:irrigation:irrigation;flow :basias
Average
operat lng:
Costs: :
0.1 o 0.0360 0.0331 0.0479 0.0489 0.0264 0.0239
0.1 o 0.40551 0.0548 0.06525 0.0750 0.0376 0.0323
L. o 0.0670 0.0723 0.0777 0.0795 0.0446 0.0383
5.0 o 0.0884 0.0928 £&.0985 £.1082 0.0557 0.0430
10,4 o 0.0915 0. 0940 0.1181 0.1094 0.0571 0.0424
50.0 : G.0930 0.0931 §.1242 £.1070 0.0561 0.0382
100.0 ¢ .0921 0.0909 0.1260 0,1045 0.0545 0.03586
Average
construe~:
Lion
conLy: :
0.1 o 8L1091 U.1031L 0.1060 0.1004 0.1038 0.08995
o o 0.2174 v, 2087 0.2075 0.2075 06.2045 $3.2096
1.0 o 0.2780 0, 2849 8.2778 0.2776 06.2750 0.2915
5.0 o 0.3919 0.4270 0.3220 0.4216 G.4039 0.4682
1. o 0.5189 J.4670 0.4655 0.4648 0.4397 0.5246
39.4 T 0.4378 0.5278 0.5372 0.5362 0.4910 G.6l167
JREIV AN o 0.4702 0, 5479 0.5636 0.5624 0.5072 0.64%7
Aver.ye
capital
vosbg: :
0.t : U.1136 0.1081 0.10650 0.1054 G.1062 0.0994
(.o : 002200 .2133 ¢.2112 0.2113 0.2063 0.2090
1.4 N RS g.2811 0.2747 0.2746 0.2734 0.2903
.0 A P Wi U.34979 0.3936 0.3933 0.3913 0.4648
1g.4) R IR 1 0.328% 0. 4264 0.42061 0.4225 0.5204
501,40 : 0Lalel 0.54729 0.4777 0.4771 0.4675 0.6108
100 T4 35 0.4875 0.34980 §.4953 0.4817 0.6431
Averaye
total
cogls: :
oLt E | DY b4 Y 0.082% 0.0823 (.0832 0.08486 0.0828
0. o FE Y I ) 0. 1p05 0.1543 0.1589 0.1601 0.1628
P N AR 0,2187 {0.2092 8.2073 0.2146 0.2216
b, ) HI I i 0.3304 {1. 3167 0.3137 0.3211 0.3461
1o.o HE A R A 0. 3h 39 U.3534 0.3455 0.3526 0.3866
STV (L 380] g.a192 . 5051 0.4012 0.4021 0.4537
1006.0 MR LN -1 3 0.4387 0.4.237 0.5226 0.4184 0.4775

G bt s = o= e




Table lb~-Transportation distance: Cost elasticities by tvpe of jrrigation

Facilicy : :Center :Border (Ridge and : :
size :Solid-set :pivot istrip :[urrow 0verland: Infiltration
{(MCD) :irrigation:irrigation:irrigatian:irrigation:flow :basins

Averapge
operating:
costs: :
0.1 : 129 A7 L0101
0.5 : L0089 J.0084 L0072
1.0 : L0065 U062 .0053
5.0 : L0031 L0029 L0025
10.0 oou.onzy L0025 L0023
.0 o 0.0010 000y L0007
100.0 : .Q006 -D00B L0004

Average
consbrue—:
tion
rousts:

0.

0.

1.

5.
SV

50.

100.0

Ave rage
capital
costy:
0.1
0.5
1.0
5.¢
10.0
0.0
100.0

Average

total

cosls:
.1

W3




Fable l7--Reserve land: Cost elasticities by bvpe of irrigation

Facitity Lenter :Border Ridge and :

siae : Selid=-set ipivot istrip rlurrow :0verland:Infiltration
(MEDY  ipripationsirrigation:irrigativn: irrigation:flow thasins
Averige

vapital

AL

il Toa,0022 Q. 2023 0.0023 0.0023 0.0011 0.0002
.0 r U0 0. 0003 G.a3001 0.0061 0.0030 0.0005
I.e} 0.2 {(.0083 (. 0082 0.0082 0.0040 0.0007
1l r (.gl0y L0125 0.0126 0.0125 0.0059 0.0011
i d VN .01 36 $.013% {.0138 £0.0064 0.0013
A o 0. s (1,83152 0.0L60 0.0160 0.0071 0.04015
.0 o {0118 U.0L57 0.0167 0.0167 G.0072 0.0016
Averag
tartal
[GTLIS ] e M
2 LR A0+ 0.0018 0.0U17 0.0017 0.0009 0.0001
o L0047 . 0050 0.0047 0.0046 0.0024 0.0004
1.0 o Ddbe2 0. UoeY (), U065 0.0064 0.0032 0.0005
AY LR $11 L Y g.0LL3 0.0Q107 G.0184 0.0050 (.0008
AL SO Y 2 Y g.0127 0.0L2% 0.0118 0.0036 ¢.00083
M) VR S ) .ULn2 1.0149 0.0l46 0.0064 0.0011
Teld, ) DV 0.0160 0.0152 0.0156 8.0067 0.00L2

———— e —— i




. ; . . 1
Table l8--Acreage requirements and land cosFs for various barrier dlstances—!

Treatment
scale : Barrier distance in feet
100 : 300

o
Land requirement in acres™

50 : L6 34

100 : 26 50
500 : 108 152
L,ou0 : 201 260
10,000 : 1331 1899

cents/1,000 gallonsgj

50 : 6.89 15.18
1o : 5.83 11.04
500 : 4,78 6.71
L,000 : 4. 44 5.73
10,000 : 4.04 .41

/ Carlson [1975],

1;’

- Buased on 1.3 acre inches per week and a gquare applicaticn site.
3/ . .
o Based on land costs ol $1,000/acre, 30-year life of land facility
with noe salvape value, and 79 discount rate.




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

Facility ¢ :Center :Border :Ridge and : .

size ; Sollid—set :pivot :strip :furrow :Overland:Infiltration

(MG :irrigation:irrigation:irrigation:irrigation:flow :basinsg

Average

capltal

costs:
8.1 0.0198 ¢.0207 0.0201 0.0202 0.0111 0.0037
0.5 0.0468 G.0524 0.0512 0.0512 0.0262 0.0073
1.0 0.0595 1.0688 0.0677 0.0676 0.0341 0.0090
5.0 0.0809 0.1007 0.1014 ¢.1012 0.0485 0.0122
16.0 J.0859 0.1092 0.1114 0.1111 0.6521 0.0130
50.0 0.0929 0.1218 0.12582 0.1278 0.0573 0.0146

106G.9 0.0946 0.1252 £.1337 0.1332 0.0586 0.0152

Average

total

costs:
0.1 0.0L59 0.0161 0.0151 0.0151 0.0088 0.0023
0.5 U.03%1L 0.0422 0.0396 0.0386 0.0208 0.0054
1.0 0.0514 0.0571 8.0535 0.0523 0.0275 0.0066
5.0 06.6758 0.0910 0.0868 0.0838 0.0414 0.0088
1G.6 0.0826 0.1020 0.0973 0.0948 0.0455 0.0094
50.0 0.0934 0.1215 0.1155 0.1166 0.0520 0.0186

100.0 0.0965 0.1276 0.1217 0.1248 0.0538 0.0110

51




Table 20--Sewer construccion cost index: Cost elasticities by type of
lrrigation

Facility : :Canter :Barder :Ridge and :
size :50lid-set :pivor istrip sfurrow :Overland:Infiltration
(MED) :irrigation:irrigation:irrigation:irrigation:flow :basins

Averape
construc—:
tion
Costs:

0.

fl.:

L.

5.
L0.
50.

160.

Average
capital
costs:
U.1
0.
1.

5

)
0
.0
1.0
30.0
100.0

Average
total
costEs:
0.:
0.
1.
3.
10.
30.




TabLe cl--Sewage treatment plant cost index: Cost elasticities bv type
irvigation

Facility : Center :Border :Ridge and : :
Siae :Solid-sor :plvot rstrip furrow :Overland: Infiltration
QGD)  sirripation:irrigation:irrigation: irripation: [low :basins

Average
construc=:

t ion

vaskbs: :
0.1 :0.3Lles 0.33L5 0. 3219 0.3230 0.3200 0.3536
0.5 002415 0,270 0.2057 0. 2654 0. 2508 0.3030
1.0 : 0.:2080 0.2430 0.2387 0.2384 0.222] 0.2793
3.0 o 0.1401 0.1783 0.1798 0.1793 0.1584 0.2217
10.0 1 0.1192 0.1554 0.1590 0. L1585 0.1368 G.1982
0.0 : 0.0803 0.1088 0.1153 0.1149 0.0941 0.1452

160.0 o 0.0669 0.0916 (J.0988 0.0984 0.0786 0.1L245

Averige

capital

costs:
0.1 ;o 0.3105 0.3247 0.3154 0.3165 0.3164 0.3523
0.5 ¢ 0.2303 0.2579 0.2523 0.2520 0.2442 0.3008
1.0 : 3. 14950 0.2263 0.2220 G.2223 0.2147 0.2768
3.0 : 0.1288 0.1603 0.1615 {0.1612 0.1507 0.2190
10.0 : 0.1040 0.17385 0.1413 0.1409 0.1297 0.1956
L0 1 0.0729 0.0955 0. 1005 ¢.1002 0.0887 0.1431

gu.u 0 .00 0.0801 0.0856 0.0853 0.0740 0.1226

Average

total

costs: :
0.1 T 0.2503 0.2532 0.2378 0.2373 0.2495 0.2748
v.h N A I I AT 0.2076 0.1948 0.1992 0.1936 0.2222
1.0 o 0.1e9l (+.1879 0.1761 0.1722 0.1731 0.2014
5.0 o L1207 0. 15444 0.1381 0.1334 0.1287 0.1574
10.0 T 001048 0.1.294 0.1234 0.1203 0.1132 U.1409
A0 D 0.D733 (.0952 0.30906 0.0914 (1.0804 G.1039

[EAIEIRS) ;o 0.0nls .08L7 0.0779 (0.0798 0.06680 0.0892



http:elasticiti.es

Pable 2)--Discount rate: Cost elasticities by tvpe of irrigation

Facllity : Center :Border :Ridge and :
sige s Sotid-set ipivot tstrip furrow t0verland: Inliltration
GoD) _cirrigation:irrigation: irrigat ion:irrigation: tlow :hasins

Average
cunst rue-:
tion
COUSLS:

U,

0.

l.

3.
LO.G
3.

100.¢

N T S S SN R 2
DD D D WD AD D

o bs T [o to
LA T I U B O 2 W) B Iy |

| -

Average
capital
casbs:

0.1

0.5

1.

3.
10.
30.

100.

O oo e o

Average

total

costs:

0.1
0.5
1.0
3.0
Lo.0
50.0
0




Table 23--Discount period: Cost elasticities by tvpe of irrigation

Facility :Genter : Border :Ridge and : :
size :Selid-set :pivet 1skrip tfurrow :Uverland: Infiltration
QN sirrvigation:irrigativn:irripation:irrigation:ilaw tbhasins
Average
construe-:
tion
CusEs: :
0.1 s =0.3394 ~). 354l =0, 3576 -0.3572 -0,3583 -0. 3503
0.5 T =0.5747 -0.3747 -0.4757 -0 4747 -0.4747 ~0.4747
1.y o-0LG747 ~0.4747 -0.4747 -0.4747 -0.4757 -0.4747
5.0 o-ULATAT -3, 4747 -0.4757 ~0.4747 -0.4747 -0.4747
1.0 =L a747 -0.4747 ~0. 4747 -0.4747 -0.4747 ~0.4747
200 L aT4a7 -0.4747 ~0.4747 -0.4747 ~0. 4747 ~0.4747
.o :o=U.47a7 -0.5747 -0.5747 -0.4747 -0.4747 -0.4747
Average
capital
costs: :
.1 po—1. 3544 - 3489 -.3525 -0.3521 -0.3558 -0.3459
0.3 =0 3he5 -0.4543 —-0. 4547 -0.4547 -0.4651 -0.4731
L.p : =0.4a510 -0.4475 -84 79 -0.4480 -0.4618 ~0.4725
5.4 po-0.4%20 ~(.4340 -0.4337 -0.4338 -0.4556 -0.4710
.o o -(h.5398 -0.4303 -0.4294 -0.4296 -0.4539 -0.4706
0.0 : =0.4368 -0.4250 -0.4224 -0.4225 -0.4516 -0.4698
100.0 : =0.4360 ~0.4235 -0.4201 -0.4202 -0.4511 -0.4695
Averago
total
costs: :
0.1 : —-0.3567 -0.3530 -0.3332 -0.3315% -0.3514 -0.3478
.3 : ~0,13817 -0.3658 -0.3511 -0.3432 -0.3687 ~-0.3495
L. ;o =003901 -0Q.3715 -0.3344 -0.3470 -0.3725 -0.3438
3.4 VIRV -0, 322 -0.3710 -0.3591 -0.3890 -0,3385
0.0 T =0.4230 -0.4022 -0.3752 -0.3667 -(0.3961 -0.3389
EIUNY! : =d.439] ~0.a4237 -0. 3808 -0.3356 -0.4098 -0. 3409
100.0 SR BTG ~0.5319 ~0. 3823 -(.3935 -0. 4145 -0.3416
Averagu

operating:
COsLs!

0.1 s =0 3004 ~0.2737 ~0.2359 -0.2324 -0.3048 -0.3544

i
1



Pable Mi==Wire rate:
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Ave e
aperat iy
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i, 1
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Average
tiorbal
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£,
I.o
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AMera we
Lobal
cig ks
(holdin:
tarmiong
WipT s
coastant
L1
(0.3
{0
Vot
P
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rSolid-set

RN
AP ETLY
1, pUHY
.9 305G
J.a4l
O.414s
. 3ai

0.2217
S )
B, 2176
0. 185%4%
0.1735
., 1339
0.1458

(3.1637
1.1686
1. 1397
N.1299
0.1189
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Ponter

Cost elasticvities by type of irrigation

:Border

:Ridge and : :
tOverland: Infiltration

tpivot Istrip tfurrow
idrrigationtirripation: irripacionsirrigation:t low :basing
0, 8090 0.9249 0.9121 £.8983 0.6851
{0.7805 0.8082 0.7971 G.7684 0.6025
U.7025 0.7238 0.7273 U.06847 G.5377
0.5 80 4.5809 G.5966 0.5036 0.38386
B.ou4l {(1.5533 0.5576 G.4516 0.3301
0.4159 G.5162 0.4741 G.3513 0.2274
. 3815 U.5647 0.4397 0.3142 g.1927
U.240%% 3.2709 G. 2706 0.2121 0.1509
0.2019 0.24902 0.2979 0.2099 0.1574
G.2574 0.2839 0.29432 $.1948 0.1465
£.2372 0.2681 0.2842 0.1502 0.1079
0.2277 0.2695 0.2773 0.1359 0.0924
(3.2029 0.2765 0.2548 0.1081 0.0624
0.1918 0.2791 0.2440 0.06980 0.0525
0.1868 0.2161 0.2159 0.1574 0.1509
0.1972 8.2298 0.2289 0.1578 0.1574
0.1931 0.2238 0.2354 0.1468 0.1465
G.1719 G.2060 G.2242 0.1100 0.1079
0.1392 0.2042 ¢.2137 0.0956 0.0924
G.L1285 0. 20060 0.1835 0.0681 G.0624
g.1162 0.2073 0.1703 0.0588 0.0525




+
e 2h——Whwoiesale price index: Cost elasticities by type ob irrigation

Facilitwy onber savrder tRidge and :
size Solideser pivat rstrip lurrow :Overiand: Infileration
QY sirrigeriencirrigatien:irrigation:irrigation:tloy :hasins
LWy
Pperating:
oSty :
(i ¢ I VRt < TR I DU 0.1301 g.1321 1798 0.1774
.5 : U17a8 .18 .13bb g.1512 0.1799 0.1691
.U L R P . 1la33 0.1572 0.1310 0.1728 0.1608
EL A 1% B .1 396 i, L3d4a 0.1448 0.1498 0.1350
o.u S B S 5 Y 0, 1340 . L3045 G.1537 0. 1401 0.1233
FIURY i 1a7Y 01207 0,117 D.1564 0.1247 0.1049
lgi. M I QS (.} 238 0. 1045 . 1487 0.11499 0.09%4
Averase
total
custy: :
.1 T UTIN 0.u7 30 0.0683 0.0722 (.0581 G.0391
(U S R O S 0,145 0.131e 0.1368 0.0898 0.0442
1.9 o DL EhgY 0.1702 0.1785 0.1713 0.1040 0.0438
RIS T 2100 (0.2538 .2388 0.2474% 0.1300 0.0380
1.0 oL 2lul . 27T 0.2721 $.2738 0.1364 0.0345
310 il 2% . 3197 0.3110 0.3261 0.146l £.0788
Log, g o 023k 0. 3326 . 3238 0.3457 $.1484 0.0271
Average
total
costs:
{ hotding
farm
maiterials:
constant) :
.1 S Y [ S 80,0503 0.0375 0.0415 0.0421 0.0391
3.3 N R YNE. 0.0498 0.0463 G.0537 0.0476 0.0442
L.t IS N 0,051 2 0.0534 0.0568 (.0465 0.0438
3 L Y AN (3.40303 (1.0549 0.0601 0.0397 0.0380
.0 ) P {.0%80 0.0534 0.0608 (G.0361 0.0345
3.0 S BN B (1) 00534 0.0501 0.0627 4.0303 0.0288
1. 0383 {0.0541 (.0488 0.0638 (0.0284 06.0271

=}
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Table 26--Flectric rate: Cost elasticities by type of irrigation

Facilicy : :Center :Border :Ridge and :

s ilxe rsolid-set :pivnt iscrip :Turrow :0verland: Infil tration
{MuDY tirvipationivcigation:irrigation: irrigation: flow tbasins

Averapge
aperat ing:

rosts: :
.1 r =0.2210 -0.1921 -0.1678 -0.1653 -0.2238 -0.2603
0.5 N ¢ Y] 0.1844 0.1061l9 0.L5L5 0.1875 0.2157
1.0 coo0,2322 0.2377 . 2096 0.1978 0.2490 0.2848
5.0 0 0.3482 0.3548 .3174 0.2925 0.3980 0.4546
10.0 : 0.38b3 U.3970 0. 3460 0.3268 0.4515 0.5162
0.0 0 0.4568 0.4308 0.3873 0.3983 0.5531 0.6306

L0g .0 1 0.4813 0.3118 0.3995 0.4262 0.5882 ¢.6685

Averupe

tocal

COSES!: :
0.1 o 0.0434 0.0463 0.0428 0.0423 0.0433 0.0477
.5 : 0.0488 0.0576 0.0548 0.0535 0.0491 0.0564
1.0 0 0.0632 0.0787 0.0755 0.0738 0.0667 0.0776
5.0 1 0.0981 0.1273 0.1254 0.1211 0.1045 0.1279
L0, O R VIR K 0.15%36 0.1414 0.1378 0.1160 0.1444
5.0 00,1220 0.1717 0.1687 0.1702 0.1340 0.1730

1.00.0 o 0.1262 {.1806 0.1778 0.1823 0.1389 0.1822

Average

cansoLruc-:

tion :

costs: :
0.1 : 001211 0.1267 0.1230 0.1234 0.1223 0.1351

Average

capital

costs: :
0.1 1 0.1170 (0.1223 0.1188 0.1192 0.1201 0.1346




able 2T=—Chlorine price: Cost elascicities by type ol irrigation

Facility slenter :Border :Ridge and :
Le :Solid-set :pivot tstrip :furrow :O0verland: Infiltration
MUDY  rivrigacion: irrigationtirrigation:irrigation: Flow :basins
\We e
aperating:
WsLye :
.l 0 0.0047 V.00 3 0.0037 0.003¢6 0.0048 (.0055
0.5 o 0.0L0Y 0.0u9y 0. 00806 0.0080 0.0111 0.0127
.o S PR Y L ) g.ol129 0.0lll 0.0105 0.0147 0.0168
3.0 ;o U.0204 U.uLv3 D.U0lo? 0.015%4 0.0235 0.0267
1.0 o 0.0227 0.02106 g.olg2 0.0172 0.0267 0.0304
30.0 T 0.0269 0.0201 (.0204 0.0210 0.0327 0.0371
100.0 t 00283 0.0278 0.0210 0.0224 0.0347 0.0393
Averaye
total
coshs: :
0.1 o 00011 0.001L1 J.0011 0.0011 0.001L 0.0012
0.3 o g.ooa 0.0031 0. 0029 0.0028 0.0029 0.0033
1.0 ¢ 0.0038 0.0U53 0.0040 0.003% 0.003Y 0.0045
2.0 00,0058 0.0069 0.0066 0.0004 0.0062 0.0075
10.4 NV V4L B 0.0u78 0.0074 0.0073 (.0068% 0.0085
50.0 S VI 0 I (. 0093 0.0089 0.0090 0.0079 0.0102
100.0 : 0.0074 0.0098 0.0095 0.0096 0.0082 0.0107
Table 28-—Altalfa price: Cost elasticities by type of idvrigation
Facilicy ¢ :Center :Barder :Ridge and : :
size :Sulid=set :pivot istrip : furrow :Overland: Infil tration
(MGD)  :irripation:irripation:irrigation:irrigation:flow thasins
Average
totatl
cosks: :
0.1 : —UL0R0S -0.0813 -0.0764 ~-0.0762 -0.0403 0
0.% : (0, 2041 -0.2195 -0.2064 -0.2016 -0.1042 0
1.0 : ~0L 2097 -(0.2985 =0.2804 ~0.2744 -0.1407 0
5.0 1 =0.3978 -0.4721 -0.4516 -0.4371 -0.2180 0
10.¢ r -0La 334 -0.5273 -0.5047 -0.4928 -0.2411 0
50.0 : -0.4881 ~J.6213 ~0.5937 ~-0.5987 -0.2769 0
0

100.0 : ={0.5034 -0, 6504 -0.622 -0.6371 -0.2866







