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THE ECQNOMIC FEASIBILITY OF ﬁUCLEAR DESALINATIOva
OF GROUNDWATER IN NEW‘MEXICO'

Robert R LénSford Lfnn Gelhar, Raymond J. 1Supa11a Marsﬁall Réitér,
William D. Gorman, D. B. Wllson, Stanley E. Logan, Richard Mead, Allan
R. Sanford, William Schulze, Shaul Ben-David, Fred Roach, Thomas H.
Stevens, and Bobby J. Creel*

- The Upper Rio Gfénde‘and Pecos River basins_in New Mexico have
smal}er water supplies in relation to projected demand than ahy other
- region of the.United‘Stafes [5]. As a reéult; the coﬁcept of'augmentiﬁg
wgter supplieS‘by desalting‘éaline grouﬁdwater has attracted wide étten-
tion as'§ means of stimuiating ecénoﬁié development in,New-MEXico.v‘Pre—v
viéus studies have, however; resulted in contradictdfy evidence of ﬁhe
feasibility of Such.projécts [1, 5]. |

This study’utilizes benefit-cost aﬁalysis Eo examine the economic

~féa$ibility of the cénstruction and bberation of a proposed nuclear
desalination ﬁroject locétéd in Southern New ﬁexiéo, The proposed pr03~
ect 1nvolves desallnatlon of 500, 000 acre-feet of saline groundwater

vannually, generation of 2,000 MW of electricity, and the establishment

of an associated industrial, agricultural, and recreational complex [4].
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Project:Description and‘Financial,Analysis'»f”

The Tularosa'basin in Southern New Mexico was selectednas a site‘
‘for the proposed prOJect because of sparce populatlon, avallablllty of
: »a large quantlty of saline groundwater, ex1stence of large areas of state f
vpand federally owned lands whlch would fac111tate the development of anbt
1rr1gat1on component; a favorable cllmate, des1rable soil characterlstlcs,
and prox1m1ty to populatlon and aorl—lndustrlal centers in the Rro Grandev:
.and.Pecos R;ver»bas;nsl | | ' |

‘The principal project components;include: (1) a mellrfield.consisting.
of 400 wells with a rated capac1ty of l 000 gallons per minute each"(Z) two
-nuclear reactors operated in conJunctlon w1th a multl—stage flash desallna—
tion plant' (3) a water storage-recreat1on reservoir; (4) a water conueyance
and dlstrlbutlon system, and (5) a m1nera1 recouery proce381ng plant.

As proposed product water from the desal1natlon complex would be
transferred to the reservoir for storage or d1rectly to the flnal users
Slnce most product water would be 1n1t1a11y obl1gated to agr1culture,

80 percent or 400 000 acre—feet would be transported via a ‘ten-mile
length of 12-foot dlameter concrete pipe to a storage‘reserv01r durlng
the non—agr1cu1tura1 season and dlrectly to an 1rr1gatlon d1str1but10n ‘
;system during the 1rr1gatlon season; This would 1nv01ve dellverlng |
about”225,000 acre—feet a yearfto the reserv01r and 175,000 acre-feet
dlrectly to agr1culture,. Because the proposed storage reservoir srte_f
51s 1, 000 feet above the desalination complex, ten relift pumplng sta-

tlons would be needed along the: closed conveyance system.



"Wéter fromithe storage‘reservoir would.hevreleased'atfspeclficd
vintervals'during theyirrigation season‘to anvirrigation distributionp,ﬁ
'system;:consisting.of.all necessary canalsbandblateralS-to'ensure d,
,hadequate‘déliveries to each farmﬂgate; :Brine fronnthe desalinationit
plant would be transported to a mlneral recovery process1ng plant.‘;
The 21 000 acre-feet of reJect brine would undergo electroly51s to,?ir
recover magne31un metal, potash and sodium sulfate for sale.,;All
‘water requlrements for mineral recovery would ‘be met‘from the‘regect ‘
.brine ltself with power requirements belng suppl1ed from the progect
reactors.lv | =

vEnglneerlng—economlc cost est1mates for the ba31c prOJect com—“d”:
ponents are presented in Table l Dlrect benef1ts would ‘be derlved

’from four sources: ,sale of electrical power, water, ninerals, and
e recreatlon.pi‘ o |
'-betermlning-a reasonahle estimate of'the'maréinal hehefit of
i,addltlonal electrlcal energy generatlng capac1ty is diff1cult 31nce '
x prlce project1ons vary w1dely However, for the purpose of thls analy-"
>31s, the alternatlve cost of a typ1cal coal—flred generat1ng>statlonv
‘was utlllzed [2, 31.

A parametrlc programm1ng model was developed to determine the
max1mum amount that the 1rr1gateq agrlculture sectorlwould be>w1lllng
‘f to pay for water.s.Thls amount was estlmated to be $50 per acre—foot.ﬁ
"»The opt1ma1 cropplng pattern was calculated to cons1st of alfalfa,,
hharley, graln sorghum, and a varlety of vegetables [2] 'The value

'of water for munlclpal and 1ndustr1al and for potentlal export out— -



Table. 1. Estimated capital, replacement, operatlng and ma1ntenance costs
in 1974 dollars ‘ S

Capital = Replacement —  Annual Operating

Componént Cost - Cost & Maintenance Costs
‘ - : B (m11110n $)— — - - - -
Well field 98.0  15.6 44
‘Desalting plant ©300.0 [ - 13.8
 Nuclear reactors 974.0. . 119.0
Water storage—recreatlon : . _ EE .
reserv01r - : 230.8 - L 2.3
Water conveyance and . . .
desalination system 76.6 34.7 1.01
‘ Mineral recovery : 109.0 - _ L , . - 27.3 -
Total . . 1,788.4  50.3 . . 163.7

Source: Lansford, Robert R., et al., A Preliminary Economic Feasibility
' Study for the Establishment of an Energy-Water Complex in
the Tularosa Basin, New Mexico Water Resources Research
Institute Report No. 68, Las Cruces, February 1976.




sidevthe ‘basin waseestimated to beESICOAand $90.per‘acre;foot,bre;
‘spectlvely, | | o o o

The beneflt from the sale of minerals was estlmated to total $67
mllllon annually, whlle a recreation demand ana1y31s 1nd1cated that -

recreatlonal beneflts would be in excess of $3. 7 mlllion annually [2]

‘ Economic-Feasibility

Three;alternative project designs’were evaluateda The first alterna— e

:”tl&e was formulated such that all water’ would be used w1th1n the Tularosa
ba31n by a greatly—expanded agricultural sector and 1ncreased mun1c1pa1 -
and industrial development (mineral recovery)., Electricity production,

'after fulfilling prOJect power requirements, would be exported to surround—
1ng areas 1n the Southwest and only enough toksatlsfy local needs would be .

'.b de31gnated for 1n;b331n use. N | | |

The second alternatlve consisted of the productlon of power only.

"Water desalinatlon was llmited to an amount suff1c1ent‘to satlsfy cool—
ing requlrements.f It was assumed that all power.produced would_be exe :
“ported to surrounding reglons in the Southwest. N

The ‘third alternative con51sted of water productionvfor export
power generation, and mineral recovery., All water produced over and

vabove Tularosa ba31n needs (those that would have occurred w1thout the

»prOJect) would be exported to the Rio Grande. Only enough water to
supply a w1thout pro;ect" local economy would be reta1ned w1th1n the

bbdbas1n and all excess from the ‘annual 500 OOObacre—feet production would

be transferred. bAll net power produced (excludlng 1nternal require—:-'

ments) would be exported to other reglons in the Southwestﬁ



vFor the f1rst alternatlve (nuclear reactor;vdesaltlng; nlneral'v”

recovery, and agrlculture), the total cap1tal outlay is Sl 788 7 mil— N
'l1on, and the total annual operating costs are $163 7 mllllon (see.
: Table_l).i,For alternatlveLZ (nuclear reactor only), the_tbtal_capital T
- ontlafais;$1;037.1 millioné,and theftotal annual operating'COSts_are'h
>$119,13 million. Costs of the nuclearlplant:inhthisvalternative aret’p;
higher,than in alternative lrbeCanse‘the'numberlof-turbines for gener+
.ating was increased to take advantage of available steamtt’The'total
.capltal outlay‘for alternatlve 3 (nuclear reactor,vdesaltlng, mlneral
recovery,‘and water export) is $l 551. 3‘m11110n, and total annualloper-
atlng costs'are $161.34 mllllon. |

o Sources‘of benefitsxfor alternativefllnoule-he salea.of boﬁerb(local
“and export), water for 1n—ba51nvnse; mlnerals; and recreatlon. Benefits
in alternatlve 2 would be from the sale oflpower only.i Alternatlve 3 |
vwould derlve beneflts from sales of power (1ocal and export), waterb(local'i
and export to the Rio Grande), and mlnerals.;f}ivi |

The present value of beneflts (B ) for each alternatlve is deflned as:

J T o
1) B = Z £ (1 + 1) B,t
=1 ¢t=2 . 3
~ where:
j - = 1, 2... J sources of benefits
v"kt = 1, 2..;'1 project life SRR
ro= 'disoount rate
'“Bjt'-= annual benefitafrom j'source;in Year:t B



' The value of capital outlays including interest (KO) duringrcén-

struction is expressed as:

v . I 'Ci_'l v
2 Ky o= I Q+nE/C,
o i=1 t=0 ot
where:
i = 1, 2... I cost cbmponents'
Ci = construction period in'years’ﬁor component i
{Ki' = total capital outlay'for component i

" Replacement costs are discounted to the initial period from the re-
~.placement year, li’ giving as a present value:
I

3) R = 3 @+nh

i
Oﬁerating costs are expressed aéi
.:‘ | | ,I T. »_t
- 4) 0O = I I (1+71) 0it
. “i=1. t=1
v , The behefit—cost ratio is_thenkcalculatedras:
5 BC = (B - 0/ (K, + Ro)" |
Four discount'xates—-five, six, eight, and ten percent--were used.
' The two iower rateé (five and‘six per;ent) represent rates:commbnly used
'_forvwateﬁ prbjeqt evaluations, and the two higher rates are reﬁresentative,
' 6f thé lower fange of publicly funded projects (municipalvbonds);' |
Resulfé of the‘analysis are‘reﬁorted in Tabie 2. vThe complete
enefgy¥water‘complex; alternative»l, appearé to be infeasiBlé for tw§
:primafy‘féaéénsf | |
Firét, desaiting ﬁechnology at preéent'is cabital intenéive and

too costly in comparison to any reasonable projections of water values



‘Table 2. Results of the benefit-cost aﬁalysis for»alterﬁatives:l, 2,
: ~and 3, for the Tularosa basin project, New Mexico ’

Discount =~ B . Net ‘ S r,.-' - Benefit-Cost

Rate ' ‘Benefits : L i Ratio
(percent) = _ - (million §) - o
:Alternative;l-QNuclear Reactdf—DeSaltiﬁg-Agriculture o - -
5 - -e86.570 . 0.508
6 . -1,012.3%0 . 0.505
8 , o a,076.415 . 0.49%
‘0 a,137.58 0 0.486

Alterhative ée;Nucleaf'Reactof Onlyv o N U
s - s1723 1050
6 . sse; o L0712
s 1wo.42 100
0 . a1 105

 _A1terﬁétive:3~—Nﬁc1ear Reactér—besaltiﬁgeWatér Export - ‘ -
5 -382.521 _f,,ff: L 0.779
6 soss24 - 0.758
s -s09.777 019
w0 sysez o 0.693




to allow:feasibility even when.waéte’heat frém poﬁér productioh‘is
available..'Feasiﬁility would require an iﬁcrease inythg véiue df water
to $221 per acre-foot for égriéultﬁral, muﬁicipal,land‘industrial uses
vgt a six ﬁercént disédunt rate. - Second; the caﬁital‘cbsts énd‘éower-
d;awdowné aésociated‘with‘storing water for agricuitﬁre are frohibitive
in reiation:to the‘potential Qalue. | | | |

_In'altefnative 3, the Qalue of Wate:‘ekpoffed tb the Rio'Grénde
musﬁfbe $187 per acre-foot to achieve feasibility;  This’§a1ue-ap;,
proaghes minimum system cost of $l49.pef acre-foof‘fbriﬁrodﬁéiﬁg de-
séltéd watér; exéluding trénéportétién costs; Projecied loéal'usés
bof water cannof justify broductioﬁ of deéaited water”aﬁ‘this‘cost.‘
Desélting,»even”with a dual‘nuclear‘plant énd mineral récoﬁéry fa-
cilit}’; is not economically f_eaéible with 'currentv-t‘éc_hﬁqllobgyy on blthé‘
vscalé proposed for the Tularosa basin. R B

ihe prospéct of nucléar power production u;ing brine Watér for
»éooling (alte?native 2) may prove feaéible and the poésible.éénstfué—
tion of a nucleaf énérgy park iﬂ the Tulafbsabbaéin may:mérig‘fﬁrthef
>iqvestigation, This deéision would, h§wevef, depend primafily_on ‘
social, polifical, and envirpnméntal factors not:éﬁaluatéd in‘this
study. | .

_These ¢onclusions do not, hoﬁéver, accouﬁt for the pbééihilit& pf
technological chaﬁge. Further, the Valﬁe‘of projeét éutputé ﬁay Be'
'enhénced_by unforeseen:méfket fbrées as well as‘changeé‘in‘consﬁﬁef 
vtéétes‘and ﬁfeferences. For both reasoﬁé,rthe senéitivity;éf_the

results to technological change and price levels‘were*examined._‘



Flrst nuclear cap1tal costs nay‘he reduced bp as much as . $100
,vmllllon by 1ntroduct10n of a dlrect cycle HTGR process.: Of greater
'--1mportance is that desaltlng costs may be reduced by 25 to 30 percent
~if the vertlcal tube - extractlon desallnatlon process becomes a re-'i'd

ality [2]. Wlth respect to beneflts, recovery“and ‘sale of trace
mlnerals and metals may result in 1ncreasedvrevenues._ Slmllarly,:
‘sthe recreat10na1 value of the progect may be understated because
_ recreational envrronments often represent assets of apprec:!.atlng
nalue.. Flnally, amproved 1rr1gatlon eff1c1enc1es, crop varieties/
»and management practlces may 1ncrease the value of Water for‘agrl—‘
'vcultural uses [5] | | | |
| In order to ascertain the’sensitivitp df the}results”to'thesep
v’factors, desalting capltal costs were decreased bf 25 percent w1thﬁ'
the assoc1ated operatlng and malntenance expendltures reduced by 15
‘percent.‘ In addltlon; the value of 1rr1gat;onhwater wasilncreased
.rto $7O per acre—foot,‘the nalueucf.expert waterdtoa$125hper‘acfgafoot,i
.and,recreationbhenefits”were increased to'$13.1'mi11i§n;_fx‘ ‘
Results of the sen31t1v1ty analysls are presented rn Table 3
Even under the set of somewhat optlmlstlc assumptlons speclfled the
everall prOJect 1s not economlcally feas1ble. Thus; economic fea51—i
-‘blllty of desaltlng for the appllcatlons examined has not beenbproven
and efforts to‘reduce costs relatlve.to alternatlvevsonrces mustvbe .
ccntinnedﬁif‘desalinationvis tobserve as a signdticant source_of waterf

~ supply.
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Table 3. Sen51t1v1ty analy31s results, alternatlves 1 and 3 Tularosa .

basin energy-water complex, New Mexico

Discount = Net . B/C . Total Capital

Replacement

Rate Benefits Ratio Bemefits  Cost ___ OSM Cost Cost
' - ==-=--=-==-=-—(million $)- - it
 : Alternative‘l¥~Nﬁc1ear Réactor—Desalting—Agricultﬁré'-“ A
5% -536.570 | 0.718  3848.652  1885.425  2482.288 'L'i7;509
6% -594.391 0.694 ,;35§83735 1925.249  '2222 689 ‘, 15.189
8% -704.628  0.651 3132.447  2007.748 11817.852 11475
"1Qz».' 810.662  0.615 2814.455 2094.185  1522.218 7j   8;7;4.f
Alternatlve 3——Nuc1ear Reactor—Desaltlno—Water Export . ., "
v,‘sz  -230.382  0.858  3864.310 1604.534._ 2072.650  17.509
67 -283.978  0.828 3579.965 1634.696 2214. 058 15.189
87 -382.439  0.776 3136.631 1696.802 1810.793  11.475
107 -473.016  0.733  2813.343 1761.338 1516.308 8.714
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Summary and Conclusions

- Desalting groundwater in thg’Tularosé basin for the project scale
prpposé& is ndt,eéonopically feasible. Yet as Chapman pointé‘out, "If'
is n§t correct fo conclude that large-scale.agricplturai—energy éom-

- plexes afejinherently infeasible” [1]. - For exaﬁﬁle,'project designs
which include highly.profitable'industries not.examined here may bev
feag}ble, Further, the saline water resources of‘the Tularosa bésin
might be usedvto‘producé'hydrogéﬁ thrdugh electrolysis.: Altefnatively, ‘
if hot dryvrock geothermél experiments éurrently underway prove success-
ful,fthé_COSt vadesalinationvmay be rédﬁced subétantially. Finally, |
the use of brine cooling Watef for nuéiear power production may prove
feaéible and the‘coﬂcept‘of a nuélearAéneréy parkvmay_warraﬁt furthérl.'

examination.
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