Economic implications of Nuclear
Desalination on Seawater Chemical Recovery™

ABSTRACT

An econamic analysis is made of several possible
it complexes that recover chemicals from the
ine discharge of n nuclear desalination plant pro-
teing 1000 mgd of fresh water with a seawater
mcentration factor of 2. Prmary product recov-
v invalves wsing solar energy at an arid desert site
v separate oul sequentially gypsum, sait, potash
wd magnesium chlovide by fractional crystalliza-
ont. Secondary product production invofves using
ecirical and steam energy from the desaltnation
ant to obiain cement and sulfuric acid, caustic
'da and chiorine, and magnesium metal. Caustic
ida and chlorine {as hydrochloric acid) can be
ied te remove bicarbonate ion from scawater
1or to fresh wuler production.

Land requirements for solar evaporation are re-
wed by the availability of evaporator effluent as
starting matenigl. Starting with two times concen-
ated {2x) seawater there is a 40% reduction in
sreage for the production of solar sall; with 3x
awater, a 060% reduction. At ¢ 10% cost of
oney, the cost of salt praduction is reduced 15%
wd 25%, respectively; this assumes that the cost of
e undeveloped land is neghigible in comparison to
¢ land improvement cost. The processing of 3%
F the brine discharge {2x seawater concentration}
om a 1066 mgd plant would consume 400 mw(e}
f electric power, would require z coprtal invesi-
ent of $95 million exclusive of the nuclear reac-
i station, would generate an income of $40
stlion and would have a break-even power cost of
3 mallsfhwhr. Seawater treatment by the NaOH-
Cl method would compete with the conventional
Afuric getd method of treatment at a power cost
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of 4 mills/kwhr when sulfur costs §50/ton or 2.5
mitls/kwhr when sulfur cosis $40/ton. A cost anal-
ysis is also given for a salt complex that utilizes 6%
of the evaporator effluent from the nuclear de-
salination unil.

INTRODUCTION

In June 1967, the Ozk Ridge Nadonal Labora-
tory began a study of the rechnical and economic
feasibility of “nuclear-powered industrial and
agro-industrial complexes,” primarily as an avenue
to industrial, agricultural, and general economic ad-
vancement in developing countries. Such a2 com-
plex, shown schematically in Figure 1, might con-
sist of a large nuclear reactor station producing
both electricity and desaited water. In the absence
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Figure 1. Nucleur-poweted Agro-industrial complex.

*Begearch sponsoted by the US, Atormic Energy Commission uhder
contract with the Union Carbide Corporation.
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of a large power grid the electricity would be con-
sumed principally in adjacent industrial processes
and for pumping water, while the desalted water
could be used either for municipal and industrial
purposes in an industrial complex or in an irrigated
agriculiural complex located in a coastal desert re-
glon. An artist’s conception of such a complex
(i.e., naplex) located in a coastal area is ilusirated
i Figure 2.

To make this feasibility study, the Laboratory
brought together a full-time study group staff of
16 engineers, economists, scientists, and agricul-
tural experts during the summer of 1967 under the
direction of Professor E.A. Mason of the Massachu-
setts Institute of Technology. This stafl was
assisted by six consuliants who worked on special
topics and by an advisory panel of 13 distinguished
consuliunts from industry, government, and acu-
demic institutions. Experts from nine industrial
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organizations provided information coacerning
capital and operating costs for various industrial
processes, while a large number of other contribu-
tors provided information on various other aspects
of the project. The detatled resuits of this study
project are published in a series ol reparts {ORNL-
4290, 1968; Young and Michel, QRNL-429]1,
1968; Swout, ORXNL-4292, 1969; Tamura and
Young, ORNL-4293, 1969; Squires and Lobo,
ORNL-42%4, 1969; Ritchey, ORNL-4295, 1969;
and Goeller and Mrochek, ORNL-4296, 1969},
This paper considers one aspect that was not
fully covered in the general study, namely, the ve-
covery of seawater chemicals from the brine con-
centrate that is discharged as a waste from the
nuclear desalination unit. Large dual-purpose nu-
clear desalination units might produce 2000 mega-
watts of clectrical power [mw(e)] and 1000
million gallons of desalted water daily (mgd) from
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Ecanamic implications of Nuclear Desatination

2000 mgd of scawater. A portion of the 1000 mgd
of waste brine ctfluent {2x concentrated seawater),
could be concentrated further by solar evaporation
for primary product recovery since solar energy is
abundant in an arid desert location. Secondary
product production would utilize the electrical and
steam energy available at the puclear reactor sia-
tion. Various combinations of these separate indus-
trial processes or building blocks would form a salt
complex in which waste effluent brine is the source
for the recovery of a number of basic chemicals.

One of these products, magnestum metal, in-
volves comparatively new production technology
which is expected to result in a 400% growth in the
consumption of the metal in the next decade
{Chemical Week, May 17, 1969), Thus the product
mix of chemicals recoverable from scawater should
revert from one characterized by the production of
bulk commodities like salt and potash, which have
low unil prices, to one that includes the produc-
tion of a high unit priced metal.

This presentation focuses on the economics of
the process and technical details are kept to a mini-
mum. Process building blocks are developed first
followed by two examples of a salr complex,

PROCESS BUILDING BLOCKS

In an ard coastal area, solar energy can be un-
lized 10 concentrate evaporator cifinent and to ve
cover a number of chemical compounds by
fractional crystallization; further processing can
lead o a variety of product chemicals. One sche-
matic example of such a complex is shown in Fiy-
ure 3. Solar evaporation of the brine permits the
sequential separation of a number of primary prod-
ucts: gypsum at 20 to 26”Be, salt at 26 to 307 Be,
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Figure 3, Schematic example of u salt complex,
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potash at 33 to 36°Be, and magnesium chlovide
concentrate {solution) at 40° Be.

Gypsum can be the raw material for sulfuric acid
and cement manufacture or for the production of
elemental sulfur alone. Salt can be refined and
sold. It can be used also as the raw material for the
praduction of caustic soda and chlorine, which are
basic chemicals to a whele family of organic and
inorganic end producis. For the nuplex in particu-
lur, both caustic soda and chlorine {as hydrochloric
acid) can be used to treat seawater before nuclear
desalination-or to: manufacture pulp from the large
amounts of wheat straw that remain as a waste of
the nuplex foo actory  (ORNL-4200, 1968).
Caustic soda can be. used to produce aluminum
oxide (Al Oy} fromx buuxite, rayon from pulp,
soap from animal fat; ‘or detergents from petro-
leum residues when thev-ar
be used 1o produce a miltitude: of chlorinated
hydrocarbons or to manufaciure poly viny} chloride
{PVC) plastic. Potash can be recovered rf'fmed
and sold as the third componeént &f i £
alizer. Magnesium chleride can _be _
reduced by fused salt elecirolysis fo
meral and chlorine. Other products thz
retrievable but are not shown in the figupe
bromine at 32°Be and lithium, a by- productn the
purification of magnesium chloride concentrate.
The major use of bromine, of course, is for the
production of ethylene dibromide, an antiknock
additive in gasoline. Lithium additive to melten
alumina reduces power consumption requirements
for clectrolytic reduction of the alumina fo alumi-
num metal {Smith and Andrews, 1967).

This paper is concerned only with the primary
and secondary products and the treatment of sca-
water with caustic soda and hydrochloric acid. The
ceonomic building blocks are discussed in the in-
creasing order of their sensitivity to the cost of
electric power; i.e., solar salt, potassium chloride,
caustic and chlorine, sulfuric acid and cement, and
magnesium metal, All costs and income are based
on- conditions prevailing in mid-1967, with no
altowance for escalation. Capital investment for
these calculations include only battery Hmit costs;
offsite costs are added in the salt complex exam-
ples given in the [ollowing section.

For all of these illustrations the indirect costs
include recovery of investment, return on invest
ment, and interest on working capital. Taxes and
local insurance considerations are omitted. Recov-
ery of investment is based on a service life of 15
vears for all industrial planis except the solar salt
operation which is 35 years. It is calculated by the
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method that rapidly depreciates the plants in the
later years of the plant lifetime, namely, by the
sinking fund formula,

where
SFGF

13

sinking fund depreciation factor

cost of money as an annugl interest rate

n = invastment [ifetims (years).

Return on investment is considered at a cost of
money of 2.5, 3, 10, and 20%. Working capital is
based on the cost ol 60 days of production at gross
manufacturing cost.

Solar Saft.

Solar salt production, obvicusly, is least depend-
ent on the cost of power, requiring only 4 kwhr/
ton. It is assumed that 40,000 working acres are
required to produce 3000 tonsfday (I million
tons/yr) of product from ocean water and that the
cost of the undeveloped land is negligible com-
pared with land improverent costs. This land area
can be divided into three categories: the initial
ponds (16,000 acres), intermediate ponds (14,000
acres}, and erystallizer ponds {10,000 acres), The
initial pomds could be eliminated if the starting
matertal is evaporator effluent that is 2x seawazcr;
at 3x seawater about one-half of the intermediate
pands could also be eliminated. In the latter case 1
million tons could be produced annually on less
than 50% of the land required if ocean water is the
starting material,

Figure 4 shows the cffect of power cost, cost of
money, seawater concentration factor, and pIant
capacity on the total manufacturing cost of solar
salt production. Figures 4{a} and 4(b) show that
the cost of power has practically no effect on the
product cost; however, product cost is sensitive to
the cost of money because of the high capital in-
vestment for the process. For example, the manu-
[acturing ecost for a 300G rton/day {1 X 10°
tong/yr} plant at a2 10% cost of money is about
$1.87jton of NaCl at power costs ranging from 1
to 8 mills/kwhr; as the cost of money goes from
2.5% to 20%, however, the manufacturing cost
jumps from about $1.40 to $2.65/ton of Na(l, an
mecrease of almost 90%.

The seawater concentration factor has a signifi-
cant effect on the manufacturing cost. As illus-
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Figure 4, Manufacturing cost of solar salt from seawater and sea
wuter concentrate.

trated in Figure 4(c) for a 10% cost of money,
there is 2 15% drop in cost when 2x seawater is the
starting material, and there is a cost reduction of
25% with 3x seawater as the starting material.
When using ocean water, solar salt can be produced
for $1/ton or lkess at plant capacides of 12,000
ronsfday (4 x 10° tons/yr) or more. If scawater
concentlrates are used instead of ocean water, solar
salt at $1/ton can be obtained at lower plant capac-
ities: at 2x seawater, z salt plant of 9000 tons/day
{3 X 10° tons/yr} or more is required: at 3.5x, z
plant size of only 6000 tons/day (2 X 10° tons/yr)
is needed.

Over a period of time it is not unreasonable to
expect thatr the soil base of rhe solar ponds will
become increasingly impervious, thar the leakage
losses will be smaller and that the vield of salt per
acre should be larger. This factor is difficult to
evaluate in a general discussion and its effect on
salt production costs is not included here {ORNL-
4290, 1968, p. 211).
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asstum chioride.
“he recovery of potash from an ail-chlorine
tem involves the simuitaneous crystallization of
aallite (KCl MgCl; » 6H,0) and halite (NaCl)
m salt bitterns in the NaCl te KCl ratio of about
to 1, the separation of camnallite from halite by
onventional amine flotation, and the leaching of
nallite with salt bitterns recycle liquor, which
solves MgCl, and leaves KCl! as solid crystals.
wer requirements for this process are relatively
ali at 70 kwhrfton of KCL
The manufacturing costs decrease with increased
int capacity and are not significantly infiuenced
power costs or the cost of money. The capital
restment for this process includes only the sepa-
tion and purification of potassium chloride with-
it any ponding cosis, which are minimal
mpared with the ponding costs of recovering
lar salt. As shown in Figure 5, at a 10% cost of
oney the cost of potash production changes very
tle, L., from about $11 to about $11.50/ton of
Cl for power costs ranging {rom 1 to 8 milis/
shr. Increasing the plant capacity tenfold from
30 tons/day (50,000 tons/yr) to 1500 tons/day
100,000 tonsfyr) could drop the cost from §15 to
7jon of KCL
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Figure 5, Manciacturing cost of potassiam chlogide from solar sakt
hilterns.

In view of the current large excess supply of

potash, it is necessary to include a starement about
the advantages of producing potash at seaside.
Logistics play an importan: role in potash eco-
nomics. The largest sources of supply are the in-
land areas of Canada and the Unifed States.

Canadian-produced potash costs $23fton of potas
siurn chloride F.0.B. port of embarkation, This ins?
cludes a pmducnon cost of $14 F.O.B. Saskatche-
wan, and the minimum charge of $9/ton {Chemical
Week 1968, p. 47) for shipment by rail from Sas-
katchewan to Vancouver, British Columbia, on the
west caast. The price to an underdeveloped coun-
try like India, including additional shipping
charges, is about $40/ton. Thus potash produced
focally by solar evaporation of evaporator effluent
at a cost of $11 to $12/ton would provide a con-
siderable saving aver the imported product. More
importantly, foreign’ exchange supplies would be
conserved. At present there are no known large
supplies of natural poiash in the Asian couniries,
and they rely on Amencan and Furopean supplies
to furnish their needs.

Caustic soda and chlovine.

Electrolysis of a saturated salt solution in a dia-
phragm celi* yields cidorine, hydrogen, and a caus-
tic soda solution containing an equimolar quantity
af unelectmiy?ed salt. When produced for sale,
caustic is concentrated to at least 50% NaOH by
evaparation; in the process, salt is recovered and
recycled to electrolysis. Power requirements are
3200 kwhrfton of Cl; ; an additional 100 kwhr/ton
are required for causite concentration.

The manufacturing cost of caustic-chlorine pro-
duction is shown in Figure 6 as a functdon of
power cost, cost of money, salt cost, and plant
capacity. For a plant capacity of 1000 tons/day of
Cl,, a reduction in power cost from 6 to 4 mills/
kwhr reduces the manufacturing cost from about
$47 1o $39/ton of Cl, when the cost of money is
10% and the cost of salt is §$3/ton. The manufae-
waring cost is the combined cost of producing 1.0
ton of chlorine and 1.1 tons of caustic but is ex-
pressed in the conventional manner of cost per ton
of chlorine.

Caustic-chlorine productivn offers the possibil-
ity of using caustic soda, hydrochloric acid, or any
combination of these reagents for seawatier treat-
ment prior to nuclear desalination (Yee, 1968).
Distiflatton of seawater {Office of Saline Water Re-
port NP-16361, 1965, p. 218} without treatment

sMercury cells are also used for brine electrolysis; hiere, conten-
trated caustic soda Is ohtained directly along with chloriee. In this
paper, the diaphragm cell method 1s used in the cost analysis be-
cause causlic soda concentration i optional When dilute caustic
sada can he wsed, 25, for example, in seawater treatment prior o
nuclear desalination, ne capital investiment in a caustiv concentrator
is required, wnd the capital cost of the diaphragm ccll process i
cheaper thae the mezcury cell process.
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Figure 6. Manufactving cost for production of caustic seda and
chlenine. .

limits the efficiency of fresh water recovery be-
cause of the formation of alkaline scale [CaCQOy,
Mg{OH). ] at 170 to 180°F and the deposition of
this scale on heat transfer surfaces of the desalina
tion unit, Removal of the bicarbonate lon in sea-
water prior to desalination allows the evaporator
temperature to go to a maximum [Yee, 1968 and
Office of Saline Water Report NP-16361, p. 218}
of about 260 and 270°F. This can be done either
by acid treatment, which converts the bicarbonate
ion to carbon dioxide gas, or by caustic treatment
which vields the carbonate ion and, in twm, com-
bines with the calcium ion present in seawater to
precipitale calcium carbonate. Removing a fraction
of the calcium ton i seawater in addition to com-
plete bicarbonate ion removal allows an even

Economic lmphications of Nucleéar Desatination

higher evaporator temperature (Marshall and
Shusher, 1968, p. 83). The mechanism for these
reactions is

£at*

+
£o, +TH20 d.. HCO." OH, Cp% + H,D

CaCO 3

The freedom to choose either method of sea-
water treatment offers economic advantages in
markening situations where product demand 1s not
in halance with the coproduced caustic and chio-
rine (1.1 ton NaOH/1 ton NaOi/1 ton Cly ). For
example, in industrialized nations (e.g., the United
States} the demand for chlorine is greater than that
for caustic soda (Chemical Engineering, 1967, p.
128) so that NaQI treatment of seawater is a sink
for surplus caustic. In a developing nation like
India, the reverse is true {United Nations Publica-
rnion EfCN.11/635, 1963, p. 356) so surplus [CI
could be used initizlly to treat scawater. As the
nation becames more industrialized, the rativ of
NaOH to HCI used for seawater treatment could be
varted according to the marketability of caustic
soda and chlorine. In the extreme, all of the chlo-
rine could be marketed and surplus caustic could
be used for treating seawater, as in the U8, case.
Alternatively, all of the caustic and chlovine could
be utilized in a closed-cycle process for seawater
ireatment,

Nuclear desalination in a coastal desert region
offers the advantage of sbundant solar energy for
recovering salt, cheap power to convert this raw
malerial into caustic soda and chlorine, and a de-
aree of freedom to select a method of seawater
treatment thar utilizes either surplus chemicals not
marketed or the eniire plant output in a closed-
cycle process. Later in the paper a cosl analysis of
the closedcydle process s made for two specific
salt complexes which include the treatment of
2000 mgd of seawater to produce 1000 mgd of
fresh water.

Cement and sulfuric aeid.

Gypsum {CaS0, - 2H,U), recovered by solar
cvaporation of salt birterns, can be reacted with
sand, clay, and coke at 2300°F in a kiln or flu-
idized bed to produce cement clinker; the accom-
panying sulfur dioxide off-gas can bhe converted to
concentrated (96%]} sulfuric acid by the contact
process. Power requirements are small at 200
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kwhrfton of 1,50, if fossil fuel is available to
{urnish about 11 million Biu/ton of Hy 50,4 in un
all-electric system, the power requirement is about
3400 kwhr/ton of H,50,.

‘I'he manufacruring cost is shown in Figwe 7 as a
function of power cost, cost of money, and plant
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Figure 7. Manufacturing cod of suifuric acid and cement from salar
salt bitterns.

capacily. A comparison is also made between fossil
fuel and clectricity as a source of heat; utilization
of fossil fuel is assumed Lo be 65% (Moditz et al,
1965, p. 2403) and that for electricity, 95%. The
gypsum requirement is 2 tons for each ton of ce-
ment clinker and sulfuric acid produced.

For a 1000 ron/day plant and at a 10% cost of
money, the manufacturing cost of producing 1 ton
of cement and sulfuric acid is reduced {rom about
$40 to about $20/ton when the cost of power is

reduced from 8 to 2 mills/kwhr. The breakeven
power cost for the all-electric process to be com-
petitive with fossil fuel is 2.5 mills/kwhr. Unit
operating costs are minimum at 1000 wons/day be-
cavise labor reguirements are the same even if
capacity is lower; larger plant capacities require
constructing a two-unit plant (persenal communi-
cation, Simon-Carves, Chemical Engineering Litd.,
March 1968).

Magnesium metal.

Magnesium  metal can be produced from
MgCl; -rich solar salt. bitterns by spray drying and
dehydrating at 1200 to 1630°F to produce
MgCl; xMgO, by chlosination to reconvert the
oxide to MgCh , and by fused-salt electrolysis to
produce magnesium metal and chlorvine (Chemical
Enginecring, 1969, p. 60 and ORNL-4290, 1968,
p. 204). It is assumed that 4.4 tons of anhydrous
MgCl, s required per ton of metdl produced. This
brine concentrate-MgCl, process produces chlorine

whereas the traditional seawater-Mg{OH)}, process
consumes chlorine. Utility requirements include

115 million Btufton of magnesium for fossil fuel
(assuming 65% fossil-fuel utilizaton) and 20,000
kwhr/ton for electricity. In an all-electric system
(assuming 95% power utilization), 42,000 kwhr/
ton is required.

The manufacturing cost is shown as a function
of power cost, cost of money, and plant capacity
in Figure 8. A cost comparison is also made be-
tween using fossil fuel at $0.50/10% Biu as a heat
source and using clectric power. For a plant capac-
ity of 130 tons/day {80,000 tonsfyr) and a 10%
cost of money, the manufacturing cost drops. from
$570 to $310ften of magnesium metal as the
power cost decreases from 8 to 2 mills/kwhr. If a
credit of $50/ton is allowed for the coproduct
chlorine, the cost of magnesium is cheaper and
drops to $460 and $210 for electricity costs of 8
millsfkwhr and 2 milis/kwhr, rvespectively. The
market price for magnesium in the United States is
zshout §700fton while in Germany where semi-
competitive conditions prevail, the price Is about
$520/ton (Jackson, 1969, p. 116). The cost calcu-
lations assume a net vield of 2.2 tons of chlorine
per ton of magnesium metal produced; 0.5 ton of
the total 2.7 tons of chlorine produced is used to
reconvert MgO to MzCl, . The breakeven power
cost for the all-electric process to become competi-
tive with the process including the use of fossil fuel
is 2.4 mills{kwhr.

Initially, the demand for magnesium in a devel-
oping nation may not be sufficient to warrant

U
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Figure 8. Munufucienng cost for the production of magoesium
metal from magnesism chleside obtained by solar evapomtion of
sait hitress,

investing in a magnesium meval plant. However, the
potential for solar evaporation in an arid coastal
region, together with the cheap electric power
available at the complex, could be used to advan-
tage to produce anhydrous MgCl;, which could be
exported to industrialized nations for reduction to
metal muech as the bulk commodity alumina is
shipped today from one location to another for
production of aluminum metal.

SALT COMPLEXES

Sular-evaporated product yields are based on the
assumption that 6500 million gallons of 2x concen-
trated seawater per year {30 mgd) are required to
produce 1 million tons of solar salt annually. The
brine volumes include a 20% allowance for ponding
losses and assume a 75% salt recovery of the re-
mainder. Potash and anhydrous magnesium chlo-
ride yields are based on a NaCl to KCl ratio of 40
to 1 and an anhyvdrous MgCl, tc KCl rativ of 6 to
1.

Econgmic {mplivatians of Nuclear Desalination

Twa examples of a salt complex are given. The
first example, as shown 1n Figure 9, utilizes about
8% of the 1000 mgd of effluent hrine to produce
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Figure 9. Flowshect of a sali complex utilizing 3% of the Zx concen-
trated brine effluens fromm a 1000-mpgd nuclear desalinacon plani.

about 500 tons of cement per day, 500 tons of
sulfuric acid per dav, 115 tons of potassivun chlo-
ride per day {37,500 tons/yr}, 150 tons of magne-
sium per day (50,000 tons/vr) together with 3350
tong of chlorine per day (111,000 tons/vr). A total
of 4500 tons of solar salt (1.5X 10° tonsfyr) is
also produced; of this, 1750 tons/day is used for a
caustic-chlorine plant with a capacity of 485 tons
of Cl, per day, and the balance is sold. The prod-
uct chlorine and hydrogen are recombined to ob-
tain hydrochloric acid. All of the caustic together
with 15% of the HCl is used to treat 2000 mgd of
seawater prior to nuclear desalination, which pro-
duces 1000 mgd of fresh water. The balance of this
HCl tegether with HCI obtained as a byproduct
from the production of anhydrous MgCl; * is used
for producing calcium chleride, which is added to
the bitterns to completely precipitate gypsum prior
to solar salt recovery. Additional ealcium values are
obtaimned by recovering calcium carbonate solids
precipitated from the caustic treatment of sea
water, by calcination and hydration to produce
calcium hydroxide, and by reaction with HCE to
obtain Call, .

The second example of a salt complex (Fig. 10)
vonsiders the utilization of 6% of the effluent brine

*Iydrochloric acld & ane of the decomposition products of hydeok
ysis of MgCly *xH,Q which eccurs during the dehydration step to
produce anhydrous MgCla.
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¢ 10, Flowsheet of a salt complex ctilizing 6% of the 2x con-
wed brine cffluent from a2 1000-med nuclear desalination

sblain a two-lold increase in each of the prod-
except for caustic-chlorine. This plant capac-
1as only to be increased Lo 615 tons of Cl; per
to obtain adequate hydrochloric acid for cal-
2 chloride production and NaOH and HCL for
tment of 2000 mgd seawater. Out of a total of
0 tons of salt produced daly (3 X 10% tons/
about 2250 tons/day Is required for caustic-
sine production while the balance is sold.
olar evaporation in conjunction with nuclear
dination is most feasible in remote arid coastal
-1t regions where the cost of undeveloped land
isignificant corapared with the cost of land im-
vement. Tocations such as the Magdalena Plain
Baja, California, or the Kutch FPeninsula in
hwest India are examples of such remote re
15. Practically all coastal land in the United
‘es is relatively expensive compared with the
‘en coastal deserts of developing nations.
able 1 gives a summary of two salt complexes.
capital cost of each plant is assumed to be
rer than that in the United States by a factor of
2; L.e., 50% of the capiral items is assumed o be
orted to the remote complex site and the cost
ssumed Lo be 1.2x that in the United States (or
er supply country) because of transportation
‘s, while the remaining 40% is indigenous and
aservatively) costs the same as in the United
tes {1.12 = 0.6 X 1.2 + 0.4X 6.1} {ORNIL-
0, 1968, p. 19).
“he cost of offsites is added 1o the total battery
s plant costs to allow for the cost of such
port facilities as mainienance shops, administra-
facilities railroads, roads, ete. Two functions
used for determining the offsite cost (ORNIL-
161, 1968, p. 82): the first is for the range of 10°
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to 10% dollars of total battery limits capital invest-
ment or

0.25/10 X sum of battery limiis plant costs in
dollars X 107}°-%*7 ; while the second is for the
range of 10® to 10° dollars or

0.128f{sum of battery Limits plant costs in dol-
lars X 107 j100) *-¥2° . Thus olfsite capital costs
are §L.5 million for plant investment of 107 dol-
Lars, $13 milllon at 10* dollars, and $60 milkon at
10° dotlars.

For the salt complex that processes 3% of the
waste brine effluent, abour %40 miflion dollars of
preduct value would he generated annually, about
400 mw{e) of electricity would be required and the
capital cost of the complex excluding investment
for power generating facilities would be about §95
million including $11 million for offsites. It 6% of
the waste brine is processed, the annual product
value would be §82 miilion, the amount of electric-
ity would be 750 mw({e) and the capital cost would
be $148 million including $16 millien for offsites.

A cost analysis of each salt complex is given in
Figure 11 as a function of the cost of power. The
volume of brine effluent utilized is purposely kept
low in these illustrations 1o maintain reasonable
plant capacities. With 5% of the waste brine efflu-
ent used and with $40 million of annual ncome,
the break-cven power cost is about 5.5 ymlls/kwhr
at a 10% cost of money. Doubling the amount of
effluent used makes the break-even power cost
even more attractive at 7.2 mills/kwhr. The annual
lubor costs used in this analysis are assumed to be
one-half of those in the tnited States; that is to
say, the individual labor cost is assumed to be
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Figure 1. NMon-U.8, salt complex utilizing 3% and 6% of the Ix
concentrsted brine ¢ffiuen: from & nuclear desalination unit produe-
ing 1000-mgd of fresh water,
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mic mplications of Nucfear Desalination

sixth of the U.S, labor rate of $4.00/man-hr or
7jman-hr but the efficiency of non-U.S, Jabor
sumed to be one-third of the U.S, worker.
: overhead is assumed to be 60% of operating
* (ORNI1.-4290, 1968, p. 20).
cach of the examples given, seawater treat-
t in connection with nuclear desalination has
included as part of the complex, The capital
irements for auxiliary equipment vary for sea
r treatment by the NaOH-HCl methiod: the
ter the fraction of seawater ireated with caus-
the greater the investment in clarifying equip-
t to separate out the precipitated calcium
onate solids. Acid treatment requires an invest-
t in a hydrogen-chlorine recombiner to obtain
-ochloric acid, but the cost is small compared
. the cost of the clarifiers. For 2000 mgd of
saier, caustic treatment alone would require a
tal investment of about $11.5 million in clar-
equipment; for acid treatment alone only $0.2
0.3 million would have to be spent on a hydro-
chlorine recombiner. In the salt complex utliz-
3% of the brine effluent, caustic treatmnent is
n to about 70% of the scawater, and the clar
equipment costs about $8 million. In the com-
. utilizing 6% of the effluent, caustic treatment
iven to zboui B5%H of the seawater, and the
fier equipment costs $310 million.
he NaOH-HCl method, which is sensitive to
er cost, 8 compared with the conventional
hod of adding sulfuric acid (Yee, 1968 and
NL-4290, 1968, p. 205), in Figure 12, Sulfuric
. is sensitive to the cost of elemental sulfur, a
material used for acid production, Cost esti-
es are also given for twa other methods of sea-
er treatment that are in the development stage:
, suppression (Cadwallader, 1867, p. 42} and
lime-magnesium carbonate (LMC) process (OF
of Saline Water Report 192, 1966).
it a 10% cost of money and 3% utilization of
ie effluent, the break-even power cost is 4
sfkwhr when the cost of sulfur is §50/ton and
ulls/kwhr when sulfur is §40/ton. For the case
izing 6% of the brine effluent, a greater volume
seawater is ilreated with caustic, there is a
ter cost for clarfier equipment, and this lowers
break-cven power cost to 2 mills/kwhr when
ur is $50/ton and less than 1 mill/kwhr when
ur 1s $40/ton. In general, NaOT-HCL treatment
cheaper than CQO; suppression and the IMC
cess.
“he economics of uging the NaOH-HC1 method
.reating seawater has been restricted in this dis-
sion to the case in which the total caustic-
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Figere 12, Cost of scawater treatment in u salf complex using caus-
tic seda and hydrochionic acid and a comparison with other treat-
ment methods as a function of power cost and vost of money.

chlerine capacity is consumed internally within the
complex, specifically for seawater treatment and
CaCl; production. I there is an alternative use for
caustic other than for seawuter treatment, such as
in rayon pulp production from wheat siraw, a
greater fraction of the seawater could be treated
with HCl, and the capital investment in auxiliary
clarifier equipment together with the cost of sea-
water weatment would be reduced. For example,
with equimolar treatment, NaOH treatment of
one-half of the 2000 mgd seawaier and HCL treat-
ment of the other half, the clarifier cost would
drop to $5.7 million, the break-even power cost
would be 4.5 mills/kwhr at a sulfur cost of $50/ton
and 3 mills/kwhr at $40/ton of sulfur. Soifur costs
in developing nations like India are higher than in
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the United States and range from $60 to $80/ton
'‘ORNIL-4290, 1968, p. 62).

In summary, the salt complex by utilizing the
waste evaporator effluent stream, th..e abundantly
wailable solar energy, and the electrical and steam
nergy fram the nuclear plant can furnish basic
‘hemicals to 2 developing nation including magne-
jum metal, can supply potash to provide a bal-
mnced fertiizer for the nuplex food factory, and
an provide the caustic and hydrochlotic acid for
conomic treatment of seawater prior to nuclear
lesalination.
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