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I. INTRODUCTION
 

Israel anticipates a serious water problem by the early 1970's. Action 
toward solution of this problem was taken when Prime Minister Eshkol 

and tPresidCnt Johnson signed atJoint Colrnrivaniq ue on June 2, 1964 call
ing '1,1Co.perati(,n betwcen the United States and Israel in the prepara

tion t ;i study lo deLte rmlinC the fea:sibility of a large desalting plant to 
5e 	 iWlill ill Is 'ael. In October 196-1, a Joint Team of experts from Isra
cl 	(Watr Il~ln~linll !(r Israel, Ltd. (Tahal); Israel Electric Corporation, 
td. ; Israel At,) ic 1i'nergy Commission) and froin the United States 
(INpartillit of l (teriorSate r and PovN rIDcVC101l Cnt Office and Office 

of Saline Water; a nd the .Ntoniic E.ncrgy a fommission) cornpleted a pre
liniinary study ,n a comlinationI seawater desalting and electric power 

plant to K L it i Israel. The study indicated that a plant ol this kind 

may be tcclmiciylly andc co loIlicaly feasible in Israel. 011 these, Based 

Conclusion., a US. - Israel Joint P)oard reconmnmiended IKaiser Engi

neCers and its principal SIlbColn.raCtkr, Catalytic Construction Company, 
.
for the preparat ion4 a1 Wi atltiled studv of the aboVC subjec t. Ill Dote,_' 

her 10(-1 thte U. S. l)epartilllent o Interior, with the conCurrenc e of the 
U. S. Atomic Energy W(Illnission and the State of Israel, contracted 

with the Ixaisr/.:;atalvtic tealm to conduct an engineering feasibility and 

economic stady\ of a dial-purposco power generation and desalting plant 
to bew located in Israel. rhe bases for the study were specified as: 

* 	 A plant capacity of 175-00 m~ega\vatts of salable electricity
 

and 100-50 nillion cubic llters of water per year.
 

* 	 A\ plant ready for initial tperation in 1971 and commercial
 
producti(,n in 1972.
 

T]hC s tily was conducted in t\ o phases. 

The first phase , conpleted in Jlyl 19b5, was directed toward determin
ing the feasilility of a dual-plrpose electric power-water desalting 
plant ready fr :, ritllerelal operation in Israel by mid-lg972 and included: 

* 	 Comparis,,ns 4 various dinat-purpose nuclear I)o\tr and de-
salting plats using the multi-stage flash Cvaporation process
 

and selction of one "f these plants (hereinafter referred to
 
as the reference plant) for detailed evaluaLion.
 

* 	 Conparison of this selected plant with a co n-parable fossil

fuel dual-purpo se plant.
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* 	 A recommended development program to confirm certain desalt

ing plant components and design criteria. 

The second phase was directed toward preparing a d(taltcd evaluation 

of the reference plant and to develop informationi for ulse in pre paring 

an application to funding agencies. DuIing Phase II the couc opt ual de

sign was refined and new estlimates of the capital cost, an vial Cost. 

and the unit cost of water were prepared. In addition, several plant 

alternatives and factors inportant in the determination of the total an

nual cost were examined such as: 

" 	 Differences in the desalting plant design and in the cost of wa

ter resulting from the selection of either a boiling-water or 

pressurized-water reactor for the nuclear steam supply. 

* 	 Differeiices in the cost of water resulting from the selection 

of a concrete instead of a steel reactor containment building. 

* 	 Differences in the cost of water resulting from the selection
 

of concrete instead of steel evaporator chambers.
 

* 	 Review of the plant operating factor. 

" 	 Determination of the effect of seatsonal seawater temperatUre 

on the capital cost and the unit cost of water. 

* 	 Dote rmination of the change in the cost of water which would 

result if potential decreases in the nuclear fuel cycle costs 

materialize. 

The refiinement Of the estimates of capital cost incorporates the infor

rnation fron pre1limninary quotations received from vendors of reactors, 

turbine-generator units, and complete desalting planits, and also of de

salting pla it con-pone ts inclUching brine heaters, recovery and reject 

stage tube bundles, pumps and vacuum syvs ten. 

This report includes the resulits of the Phase I work and describes the 

reisulIts of the above Phase II studies including the estirmates of capital 

cost, anntial cost, and the init cost of water. 

-




II SUMMARY
 

The results of the Phase I and Phase II work show that a dual-purpost, 
power-ater desalting plant in Israe with capacity ot 200 nmcgawatts 
(MWe) salable power ,and 100 million .iall.)ns water per day ( !(;ID) oI 
desalted seinvater Wr operation 1,171 Iand f1ll[ lerready initial ill 1 co 

cial operation by late 1072 is techinically Wtdanilc, Drovicu'd, iov\ L r, 
that a tinkly ( vel ipr-cot pr or0 la im suic h i- L. 'illl tllt tu rill is 

ALnClt rt ilk'Il, I l is SChldillh is basid in la rtinQ p rtlin n,iin ry dtYin otf 

the plant in Myi 16I a nd -tt rting () w ra ioili ",I I .(I,dc .,,tpi u fit p)ro
gra lil t'eSt l h%' ldllary 1(,)()8.lliill ;l iV 

'The diclua - Jillir pt s-ic planift i11( I %\. i c I I tin ,o t. it n t i I aI. i t r ri t I Ilk. In, ill 

ar basel (retrtnt, plnt) consists of it light watt llcltar ntiat'tor 

sul)plying A.- ai' I"i a hi rl' in -gult r lir -htt r:c it,,winkttlltilii, tit(e 
25 psia turbin I l mllln;t sIt iiaim ill t!1111 h, al t it i'it:i lIt tie VS 
O f' tIL' du'Saltill" I)Ia nlt V'. ;u ru, ill tilli , c xhll,!l;t :;tu a,ll i.-; ( o w iui'l.,(( 1)( tl,ru 

r*U tu rrii t to th i . t,,r Ill tit h "il., .t' ,' " tilt t ll i , 

stvain fhim ishlns th lthri im l r '\rn(h ifd i \ t: ',i t : t lail too 
evapIorattingt o u's.h1 V o,cr r" H .SCI>1)',\ htt rt. 111t. ' l i rat ul.l(I hrl lllt ru 

suilting I Il mtlfH upartial. ni"i iritn t i s aiX. t' is rtt rii tih it , ti t. 

Tw o availgilil site's n .a Aslhdoud Kaite llti 1hll liltd t,) Iic ilititl , 
for nihtlu il" C t]i-I)llr'l)nt}, j)lilts. Situ 2 ','"lik 1l is lir .Nit>z, ' i ims toil

at Sit '! v1'illlii , iphi 111c ir ci lli't. liata t, ,t , ili t tuAt ilp..ti n i 
lo c agtion oil th i. ; ai. lldl pu, r' , i t k 'lo ]'l r!11,11 io l l 1(, a|:; Illllud, ! Ilh):; l,I l t kc 

slrtr I I , - i _tI, X, trit 1 i* .I font' i k in , , and Wi rI K. 1 it 'rl) 

duetpit i tit i11i)I en i ,!i ,Ii' t),.t1 . 

10 papital h".ltw'S 1atSi. ti",/ !itr ihtl "l ll i,,t ll i. K'lt 
t'o1 til itt.' n Imtionl d ti lt-ru isi - limiii .ti'i II. t il. i Wtt t Illt()

duction~~~~~~~~~~~~~ 1.u Il ) ) n 4-un( Illali , o 
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Unit Water Costs at Plant Boundary 
Fixed Charge Rates 5% 7% 10% 

Cents/1, 000 Gallons 28.6 43.4 67.0 

Cents/Cubic Meter 7. 6 11. 5 17, 7 
Agorot/Cubic Meter 22. 6 34. 4 53. 1 

The importance of the fixed charge rate on the unit water cost can be 

noted from the above; a change of one percentage point yields a change 

of approximately 7 cents per thousand gallons. 

Estimates were also made for fossil- fuel plants of comparable size. 

For all fixed charge rates through 10 percent, the unit cost of water 
fron the reference nuclear dual-purpose plant was less than that from 

a fossil-fuel dual-purpose plant. 

Tables I and II on the following pages show details of the unit and capital 

costs for the re ference plant. 

To arrive at unit water costs, a determination was mace of the value of 

the salable powcr. This value was credited against the total annual cost 

of the dual- purpose plant, and the difference, divided by the quantity of 
water produced, yields the unit cost of wvater., For this study, the Joint 

Board specii ied a poVer c redit of 5. 3 mills/kwhr, which is the cost of 
elect r ic powe r produced in Is rael Itthe p Yeaiing fixed charge rat,. s, 
and 85 pe rcent plant operating factor, which vailue Kaiser Engincers has 

examnined and ;grces is rceasonable for single purpose plants of 175 to 
200 NIWe salable capacity constructed in Israel in 1965. This value 

represents Israel Electric Corporation's estiimlate of the cost, on a 1965 

basis, of producing power in atsincic - pulrpose (powe r only) plant de

signed to operate in the same capacity range as the dual -purpose plant 
studied hercin; i. e. , 175-200 megawiatts electrical (NMWe) salable 

po\\ e r. 

Based _,n the conceptual design work performeld, it was concluded that 

either a press urized wat Cr (PWR ) or boiling vaater reactor (B WR) would 

be technically suit able for the nuclear stU a,n supply With respect to 

the reactors, the cost of a P W B. would be essentially the same as a 

B\WR; howc;t r, the equ ipment latyotts a re somewhat ciifferent. Typical 

layouts for botlh reactor tvype s were prepared and are included in this 
report Cr)st esti mates fo; each were prepared and found to be 

- 4 
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TABLE II m 

m 
zESTIMATE OF TOTAL CAPITAL COST - 1965 COST BASIS _) 

NUCLEAR DUAL-PURPOSE POWER-WATER DESALTING PLANT M 
(Thousands of Dollars) M 

NOMINAL FIXED CHARGE RATE 5% 7% 10% 

DUAL-PURPOSE PLANT 

Depreciable Items
 
Power Plant 
 $ 52, 850 $ 52, 850 $ 52, 850
 
Desalting Plant 
 74, 540 74, 540 74, 540 
Intake and Outfall 4, 950 4, 950 4, 950
 
General Plant Facilities 2,440 2, 440 2, 440
 
Other Construction Costs 
 16, 980 26, 090 37, 560
 

Subtotal $151, 760 $160, 870 $172, 340
 
Contingency C 12% 
 18, 240 19, 330 20, 660 

Total Depreciable Items $170, 000 $180, 200 $193, 000 

Nondepreciable Items
 
Land Cost 
 $ 0 $ 0 $ 0
 
Working Capital 
 16, 000 16, 000 16, 000
 

Subtotal $ 16,000 $ 16,000 $ 16,000
 
Contingency C 6% 
 1, 000 1, 000 1, 000 

Total Nondepreciable Items $ 17, 000 $ 17, 000 $ 17, 000 

TOTAL DUAL-PURPOSE PLANT $187, 000 $197, 200 $210, 000 

NOTE: It is estimated the additional investments required for electrical transmission 
facilities and water conveyance facilities are $5, 000, 000 and $25, 000, 000
 
respectively.
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competitive. Fhc cost estimates a)PCaring in this report are therefore 

equally applicable to the 13WIV B. r i-'\ R rcactor plant. The specifications 

for major equtipnient could he \\ritteni oit a ' io rnlance type'' basis, in 

Vhich event the anaIllacturer's coipLtitioll between the ;lte ilates Illen

tioned a)ove \\ould be .reserved. 

The e stin iates herein are based(1 on a icsalting plant of the multi-stage 

flash evaporation type consisting Of four trains of ')I stages each. Eac h 

train \woulld have folr pia ralll nilodule str eaIns each \\ith capacity of 

6. 25 million ,,allons ot product .later per day (MCD). File Maximuml 

brine temperatule \\'ld he 220 F and the economy ratio would be 10. 3 
l) vater p(,.r I, 000 PBtu heat. 

The plant eLqept used as a basis for cost est mates includes engineer

ing as suimpltions rnqardin, process and ucqiprnent performance which 

represent in o-'trilpolation ()f the d'saltii,., plant current state-of-the

art. Accordingly, there is reiu itt dl d it devclql)nent protran which 

must be prosecuted in a timely fashion to make possible the scheduled 

sta rt-up date, and the proper ope ratin- and cost pe rfouiance of the 

p I a nI 

Wateraaancni lcver ',-round 

The wa ter anrid pl),)\er needs of Israel are based on recent stuLies made 

by Fahal and Israel rlkct CTipration. Based on these studies, 

T.ahal forecasts that Is ral's wter consumiption hy 1970 will reach 90 

perecut l the country's ptentia l \,ate r resources that could be made 

available by that lintle. lIbis ( ritietl situaIin chi ands that an addi

tioia,lISsonrc)1 o) Iri!' shI V.,t tr .)eh p)ro\ IILii1. lie1 inc rea;,sin ' salinity of 

the natural sippll" :--' q. a thr pr,),lem )I \,'ate r sliort One sig 

nificaut ma1n-1al de v',at'! rI. su cIv aidit ion i the lrea ll a tionl oIl sewage. 

But this Lialiessalinity protlemi further Se effluthe still tCiam the 

ent tromIi this :snpp " l s ! hi,_her sa IinitV thalln the r, 41ni input \water; 

thus, al supply f fresh vatr for dilutii is maniatrv. E.ven itlr the 

smteeessmml iniple.:mmeiitat inl of tii 1' k'~e~mm and reeclaiimillg' w\a

ter. Israi u \,.ill Itwe to u} ,lu1 , I its .- m w I ' 1)yutl \,.,te ir iii{l)}l ii5ab 

200 imillion, cuini meters (MCXI) by I l 120 rillI. t,\hie' abouLt NMCNI 

be 	 reyird by the eaily I q70's .. \ des.,d itin,; plait iliitc A of 100 iil

4agllon,, %\ ( i 1172,lion 	- l)cr (Ia ',ill prim -, I18 l per year. i this 

ilimtity ', ild rliresc rt al)l)ririiitti\ r enmit of. k ,loc's otal de

mn almi. I'll 1 1.i'% isi , i tfli lii;lIi-L )ii it\" sit ll lI w,yill iu; . (, I ssibl e 

to rd ice I el -l(ily of1 witL" silplpli.d to a r1ic lt r(l' to tC,' ie\ClC OiI) 

siderud sa ttour coi.iu. d heallthy c rw,op i; notaly)1 v itrIs \\lhic II 

is a vital Cxport. 

7
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Israel Electric's forecast of power demand and energy consumption is 
based on a detailed analysis of the expected consumption pattern of the 

main consumer groups in the period of 1970. The forecast concluded 

that by 1970 the "doubling period" of the naximum dcernand will be 

eight years, and the optinum unit size for additional generating units 

in the beginning of the next decade lies between 175 and 20C MWe net. 

State-of-the- Art 

Comme rcial desalting plants are operating successfully in many parts 
of the world. The process most advanced, and the one most uised in 

commne rcial operation, is the multi-stage flash evaporation process; 
there are 10 MS F plants of at least one millicmn-allons-per-day capac

ity in (,) ration; the large st unit has a capacity of approximately I. 5 
million gallons per d ay. For scaling-up to the, capacity proposed he re

in, the design of some parts of the process and SoluR of the components 

mu st be confIi rm e d in a development program to be di sCISscI late r in 

this sutnnia ry. 

Comumercial pirdulction of clectric ower from a nuclear eiwrgy heat 

source is a proveni operation in plants almost as large as that required 

for the re feirence dual-pu rpose plant. Other nuclear power )lants, al
reacly under const ru cti on or on order by United States utilities under 

firm guarantees as to output and costs, are larger than that conte m 
plated lrhe t in. These larger plants will bC in commnercial operation 

before Israel's dual-piiurpose plant would be completed. Both the pres
surized water (PWR) and l)oiling \vater (BW\R) nuclcar reactor types, 

which hayve been eonsidered equal alternates for the Israel plant, are 
being guaranteed in thernal ratings more than double that required for 

the Israel plant. 

Reference Dual-Purpose Plant 

One site ulndel1 consideration (Site I) is 10 km north of Ashdod, and the 

other one (Site 2) is 9 km south of Ashdod, both being on the coast, Ap

proxiniately 40 acre s (160 dunamls) are required for the proposed plant. 

Either of these locations will acconm oclate several pl.aids of this size, 

thus ensuring room for expansion Vith respec(t to accessibility, slb

soil conditions, topography, oce anoglraphy, trans portmit tion, Cni ni ca

tions, and availability of c{mstrlction lablor, it is concluced( tliat hoti 
sites are equal Particular attention was given to thw nuclear hazards 
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comparison between the two sites; it was concluded that both sites are 
acceptable, and that, depending on the direction of Ashdod's future ex
pansion, there may be a slight preference for one site over the other. 
At present writing, the U.S. -Israel Joint Board has stated that Site 2 

2 is preferred. 

The conceptual design of the plant was based on certain ground rules, 
the principal ones being the following: 

175-2,00 megawatts salable power credited @ 5. 3 mills/kwhr.
 
100-150 million cubic meters/yr water output.
 
Fixed charge rates of 5, 7 and 10 percent.
 
Estimates for reactor, turbine-generator and major desalL,"ng
 

plantzequipment of U.S. manufacture. 
Plant ready for commercial operation by mid-1972. 

A survey was made of all contending U. S. reactor manufacturers to de-
Lerimine those which could supply reactors for commercial operation in 
1971 for a plant of this size. Only the manufacturers of the PWR and 
BWR types indicated tFat their re.actors would be available commer
cially, and were able to supply operating characteristics and cost data 
at this time. 

Based on a computer optimization, a nuclear plant of about 1,250 mega
watts thermal (MWt) with a 250 megawatts electrical (250 MWe) (ZOO 
MWe salable) turbine-generator supplying steam at 25 psia to the de
salting plant was chosen. Either a pressurized water (PWR) or boiling 
water reactor (BWR) would be suitable and the cost of water from a de
salting plant which is optimized for one reactor type will be within one 
percent of the cost of water from a,,desalting plant which is optimized 
for the other reactor type. Heat balances and arrangement. drawings 
for each are included in this report. In addition to the normhal back
pressure turbine exhaust system, a provision is made in each cycle to 
supply additional steai to the brine heater through a turbine line with 
pressure-reducing station, thus ensuring continuous water plant opera
tion when the turbine-generator is shut down and providing for maxi
mum use of the desalting plant during the winter when colder sea tem
peratures will permit more water production. The pressurized or boil
iiig water reactor systems are housed in containment or pressure
suppression type reactor buildings, respectively, which will contain 
the radioactive products released in the unlikely event of a rupture in 
the reactor coolant system. 
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The desalting plant conceptual design was based on the nmlti-stage flash 
evaporation process. This design was studied in sufficient detail to 
enable the determination of a developrucent prograi to test those items 
of process and compone nt design requiring v'alictationi in tin, to ensure 
cornimercial oper,ation by the scheduled date. ihe plant on wllich cost 
estimates are based consists otf 31 stages th rollgh Which flow seV Cial 
streams: brine in tubes, brine in open channels, flasheuI Vapor, and 
distillate (product "wat r), Diffcrent tWmperatires and pre'ssu res exist 
in each stage. Because Q the nud to examine plants Oxe r a lar'c 
range of physical and cconomici pa ramInetc irs, a c(0in po to i p rograin w as 
devised to permit t he evaluation of s\'eral thoulsaind plaints in atrason
able tinic, an t) determine the optimum plant--thC One with the COin
bination of characteristics \ielding the lowest unit water cost. The 
reference plant consists of four trains each having a capacity of 25 mil
lion gallons pe r day (NIGD), and each capable of operating inde pendently 
of each other. Witin each train, there are fOur modi)d:ie streams 
operating in parall, each having a capacity of16. 25 NIlD and icpresent
ing only a foir-fold capacity scale-tup of existing plants of this kind. 

The reic roice plant cost e stimate is based il fieIld-crectcd steel evap
orator str cttres. Should the developinent program confirm the suita
bility of the concrete struicture alternate, a reduction in the capital cost 
of the dial-pi.rpose plant of 3 6 million dollars would be realized. I The 
major ctjipinet (brine heaters, removable evaporator ho aL exchange 
bundles, poinips, air ejectors and gantry crane) is shop-fabricated with 
some field assembly to reduice freight costs and U S. dollar ,xpol1sC. 

Design is arranged so that if the tuibirine-g en. rator of the po"wer plant 
is shut down, the dcsalting plant can ciit inue to ope rate; conversely, if 
the desalting plant ist be shut down, tw turbine-gene:ato r can con
tinue to generate power. The opti mization program vieldecd the follow
ing plant c:haractoeristics for the reforence plant conc ptu al dtesign: 

Capacity 100 NIGD 

Trains 4t 

Stage s 31 
Maximm brine temperature 220 F 
Economy ratio 10. 3 lb \vater/l, 000 Btu heat 
Steam pressure at brine 25 psia 

he ate r 
Tube bundle material (recov- 7/8 in. diameter 20 BWG 
ery and reject, stages) 90-10 copper-nickel alloy 
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Tube bundle material 1 in. diameter 18 BWG 

(brine heaters) 90-10 copper-nickel alloy 

Tube bundle material (reject- 7/8 in. diameter 20 BWG 

deacrator stage 111(1; ir stainless steel /90-10 

cooling sections iI all stages) COpPCr-nickel binetallic 

Chlor ine c(n suill ptionl 140 metric tons/yr 

Sulfuric acid cons iiilption 33, 000 metric tons / yr 

Prel llillidaCN qjotatio1s hasce c oi perforciance specifications were re

questcd and o)itatincid f rom several maifllfactur rs tf 4CIsaIting plants 

and dcesaltiiig plailt, com pont its. The consen11lsus of their respouses is 

that tle ilidlust r% wilL bt il a position to contraIct, ill aIccordacllcc with 

theW schedulIe rY,(,1i "IiIlts Of this project, to supply plat ts On ill 

Crected 1 )iS Or Jplailt coIl)Onets and ,_,dLiIpnleIlt. IhC cost estimates 

for pl;Ints sMpplied n a l Crected basis are consiste.nt,with the cost 

CStilllitet's OIiiIL'd herleCin (which are based ulpon pUrchIase of coi

pOiCnits Z11d CjI IIilM-11t). 

After selCctioll )I the 1uclear (11a!-purposo plallt, t ossil-fuel dual

purpose laIt was stid ci 1(d c onipa r eid with respect to clh aracteristicS 

and cost. ]i' stludy s howe C that the c ost of water produ ceCd in a nu 

aclear dual-purpos e plant was lower than that produced in fossil-fuel 

dual-puirposu plant for all fixed charge rates through 10 percent when 

the dc salting plant capacity was 100 NID. 

Three inportant conclusions were derived from the optinization 

studies, and fr oni the stuCi e s of rcitCor typCs: 

'The fixe ci (:har ge rate has aliost no effect on the selection of 

the te chnical specifications for a inoclear or fossil- fuel dual

purpose plant. The plant sclected for thu 7 percent fixed 

in unit wite r costs, when cvaluatedcharge. rate c ase. will result 

at 5 percent amcl 10 per c,'ot fixed charges, 110 1110)r0 than 1 pe r

cent higher tlia 11 the waler costs Obtained from plants optimized 

for those fixed charg( rties . It is therefore p1ossible to proceed 

with one plant design evel though the' fixed cha rge ratc may not 

be settled until a later date. 

* 	 The value sulected fur power creciit has no effect o0l the techni

plant of a given povcr andcal specifications for at dual-puirpos 

water capacity. The 'optimum" plant will still have the same 
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characteristics and lowest total annual cost when compared to 
others considered, with or without the power credit. The unit 
water cost will, of course, change with a change in power credit. 

* The desalting plant optimized for one reactor system was found 
to be essentially the sane as that optimized for the other reactor 
syste ni. Thus the sarme MWe rating would be required for either 
a PWR or B1VR except for the small difference in nuclear reactor 
auxili a r\ power eCqui rernents and the selection of the reactor 
type can be In ade as a 1result of corn petitive bidding with duc allow
ance- 1or lorm ll nueCtar po\ver plant B\VtR-PWR differences and 
allowances associated with the handling of radioactive sitam ill 
the desalting plant brine heate rs and steam driven auxiliaries. 

Cost Estiniates 

The capital cost estimates are based on 1965 costs and reflect infor
mation received by p)ersonal contact in Israel with construction com
tractors, by detailed discuss ions with Israel Electric and U, S. equip
meit nmanu fa ctu rers, and by review of the extensive experience of the 
firms making this study. It is believed that due allowance has been 
made for such things as ma ximnum practical usc of Israeli products 
and construction participation; availabilitv in Israel of special skills re
quired for a plant of this nature; a ucd items inadvertently omitted at 

this conceptual design stage. 

The capital cost estiniates include, as separate line items, Che costs 
of the electric transmission and water conveyance facilities required 
to bridge the gap from the dual-purpose plant boundaries to the main 
Israel distribution systems. These costs have not been reviewed dur
ing this study and are included as submitted by the U S. -Israel Joinit 
Board. 

The unit water cost estimates are based on 1965 costs with respect to 
the capital costs upon which the fixedccharges a re calculate d, and the 
costs for operating labor, materials and po\ver credit. F'ixed charges 
constitute the major portion of the total annu t.;(0A )f' thl d(aChI;-p1urpose 
plant (Table I); witlini the fixed charge rate, inte rest and sinking-find 
depreciation (with i's lavy depenideince on interest rate) constitute 
almost the entir'e fi xd charge. Jor instance, with a fiNc C charge rate 
of 7 percent, inite rest is 4. 6 percent and depreciation (30-year sinking 
fund basis) is 1. 6 perccIt--thc two together constitutilg 90 pe rcenut of 

the total fixed chiarge. 
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The major systems -C the reference plant described herein were ana-

Lyzed as to component and colrv'bined availability for full-load operation

over the life of the plant. It was concluded that the nuclear steam sup

ply would be available to supply steam to the power plant and the de

salting plant 90 percent of the time, the turbine-generator would be 

available 89 percent of the time, and the desalting plant would be pro

ducing 85 percent of the time. From an operational point of view', it 

is not possible to run the power plant at full load during the whole 

period of its availability and power production is therefore based on 

an 85 percent plant operating factor. The desalting plant has an avail

ability of 85 percent and since no such restriction applies to water, 

the desalting plant operating factor is also 85 percent. These plant 

operating factors are average forthe 30-year lifetime of the plant. 

iAnother consideration important to the unit cost of water is the effect 

of the seasonal seawater temperature variations on plant capacity. 

The performance of the plant was determined for the various seawater 

temperatures that could be encountered. It was found that to maintain 

the average capacity of the desalting plant at the design value, it would 

be, necessary to have sufficient reactor capacity to provide for operating 

the brine heater at the design temperatures and pressures at all sea

sons. This will require operating the nuclear steam supply at 1,330 

MWt instead of the normal 1,250 MWt. The stretch capability of the 

nuclear steam supply can accommodate this increase. The cost esti

mates include the cost of the required reactor and feedwater heater ca

pacity to maintain the average capacity at the desalting plant in spite 

of seasonal temperature variations. 

The present estimates are believed to be quite conservative since they 

are based on vendors' quotations and on construction experience in 

Israel. It is prudent, however, to examine the sensitivity of the capi

tal and unit water costs to the major design and cost parameters. For 

example, one leading reactor manufacturer has recently published pre

dictions of fuel cycle costs for the period of the 1980's and 1990's which 

are 35 percent lower than those shown in Table I. This decrease in 

fuel cycle cost would result in a decrease of 4 cents/i, 000 gallons in 

the reference plant unit water costs. The effect on the capital and unit 

water costs of such variants as lower fuel cost, longer and shorter 

plant life, and changing other major design parameters is reported in 

Section XI, Effect of Variants. 
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The effect on unit costs of the conservative value of 220 F for the maxi
mum brine temperature was studied. Accordingly, the reference plant 
design was checked for its suitability for 235 F operation and was found 
adequate. Data now available on scaling properties of seawater at this 
elevated temperature also seem to be favorable as long as the blowdown 

concentration ratio does not exceed 2. 0. If one optimized the reference 
plant using a maximum brine temperature of 235 F instead of 220 F, 
there would be some reduction in the cost of water. 

Schedule 

In attaining the late 1972 commercial ope ration date, the dual-purpose 

plant construction schedule is dependent on these sequential events: 
start of dual-purpose plant preliminary design by May 1966; ordering 
the nuclear steam supply by May 1967; start o)peration of the test mod
tiles by January 1968; and ''freezing' desalting platnt design by June 1968. 

It shoud also be noted that the schedule and cost c sti itc ;tarc based on 
a steel spherical containment building in the event there is a PWtR nu
clear steam sipply. It is presently estimated that con crete containment 
design for a PWP would result in a delay of about six n-iontis in the 
conipletion of the plant. The scliedule for the concrete containment 
may be subject to furlher slippage due to the critical scheduling of cer
tain equipment itenis which must be installed at specific times during 

the concrete containre nt construction. 

Recommended Development Program 

One inportant basis fo i this study is that the reference dual-purpose 
plant will be an operating utility rather than a developmnenital type 
installation. Therefore either the process and componeint teclinology 
must be proven at the present time, or there must be reasonable' as
surance that whatever 

out" those f attr-es not 

cess fully concluided by 
desalting plant design. 

development work will be neccssary to 'prove 

curreintly in commniercial operation \vill be suc

theo required date of June 1968 for "freezing" 
The study has s hown that the only items re

quiing v,.'ehnpm c nt aic part of the desalting plant. Such things as 

hydrodynamic a1 d proce ss design to obtain the vapor separation de
sired; an d the acquisition anld cvalutation of oca no gi-aphic and chemical 
pr(pI-ties infoi-mation on the Nlcdilturranean seawater to be used in 

the selected plant comprise the principal itemos of the recommnended 
development and investigat'ye program. 

- 14 



The testing of a full scale module is now planned by the OSW for the 

San Diego Saline Water Test Facility. This will provide information 

on such aspects of flash evaporation design as: 

" Tube bundle design. 

" Evaporator hydrodynamics. 

" Large pumps for recycle service. 

• Special mechanical hardware. 

The portion of the development program to be accomplished in Israel-

the work on site oceanography and seawater chernical properties-

appears to have sufficient time for orderly prosecution of the work. 

Without the results of the development program the design of the refer

ence plant would have to be more conservative than \voVId otherwise be 

necessary, thereby resulting in significant capital and operating cost 

increases as well as longer start-up time. 

Conclusion 

On the basis of this study, it is concluded that a dual-purpose power

water desalting plant of 200 MWe and 100 MGD capacity for Israel is 

technically feasible for initial operation in 1971 and full-commercial 

operation by late 1972. The demand for power and low-salinity water 

requires a solution such as a dual-purpose plant. The conceptual design 

oil which the cost estimates are based employs certain desalting plant 
aprocess and component desin c rit, ria requiring con firnati on in de

velopment program. l[owe\cer, these de sig n criteria are c nsidered to 

be reasoi-nable extrapolatioiis from curreintly proven technology. It 

should be further noted that the scheduled 197 1 plant operating date is 

dependent on (1) the expeditious start of the module testing prograin 
forth herein,and its c ompetion in accordance %vith the scIhedlule set 

and (2) the starting of prelimiinary design of the cual-purplose plant by 

May 1966. 

The matter of the econoimic feasibility of the utilization of the quantity 

of water to be produced at the cost estimated for the different fixed 

charge rates will ha.ze to be dete rmined. 
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III. WATER AND POWER RESOURCES AND REQUIREMENTS 

A. Israel's Water Needs 

Israel's water development is being prosecuted according to a na
tional )l, - tei'm plan which, from time-to-time, is updated. The 
most recent review occurred in Decenber 1964 and was incorporated 
in a report 'Israel Water Developnent Program 1965-80''. The in
fornation \which f)llows sun imarie.s the water resources and utili
zationl a spects of that rev)ort. The water resources of the northern 
half of israel are a pproacling full utilization by means of an inte
grated systei (Figure ") which makes it possible to optirnize the 
use o1 all the water rtCesonrces. 

1. Pro'cc,u Waler Resources 

Israel's natii ral and reclaimed water resources that could be 
made avallable by 1970 are 1,-100 MCNI (million cubic meters) 
per year (I (tl)ic meter "'b- gallons). By 1980 the resources 
developed will reach I , 565 NMCM per year. Water consuniption 
by 1970 is anticipated to reach close to 90 percent of the country's 
natural and reclaimed water resources that could be made avail
able by that tine. 

Over 50 percent of the country's proven resources are repre
sented by groildwa ter found in two principal geological forma
tions: the coastal non-consolidated sand and sandstone aquifer, 
and the hilly comsolidated limestone and dolornite aquifer. The 
re mainin g 50 percent of the proven resources consists of spring 
flow, perennial and intermnittent river flow and reclaimed sewage. 
The country possesses only one important perennial river--the 
Jordan. 

The intermittent streams, which represent only a small part of 
the country's water inventory, are covered by short-term records, 
and "synthetic data" have to be used in evaluating the likely long
term c ontribution of these streaiis. 

Man-made water resources- -mainly reclaimed municipal and in
dustrial wastes--possess the advantage of being reliable from the 
long-tr l point of view, not being affected by climnatic factors, 
and of thus adding to the dependability of the overall estimates; 
their salinity, however, is relatively high. 
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2. 	 Salinity Problen s 

' Israel s water salinity problems can be grouped under four head

ings as folto\llos: 

9 	 Salinity pr(oble m s that. existed prior to the implernentation 
()f thl -, )rdall Project. 

a Salinity !rublemns connected with the implementation of the 

Jordan Project. 

a 	Salnity problcis arising fron the reclamation o f :s ew-age, 

* 	 Salinity probleis of a long-range nature dueIto the creep

ing accnn ml atti ,n ()f ;tit ilnthe ciitry's g rounld\w'a ter. 

The tprolbleins. ,f lth,' f tlH url' I) relate 111amii %.h ;,I'€ (,f the 

COuntry's qrI hiiil(I\,',iI' " in i c sit I- b over!lld n'i \\1,, ilit, 111t1ctl 
agricullturatl t"W,!, W , andtc. :; ah()\ik' t(,,L';i Kl'\ ill ,ll :Isc.-4t> tihc 

crance leve~l ,,iii: ii lpra ll ) !i, . M il,iv ,t*lihc c jlroid','tll have"+, 

ilO\V' bh i sl '. !)v it iil H-. , 'il ti 'iti>.2! .S 

before the , lter iasi to it Ii. p -,1 ,n theth ,,,e t tt(, , t

been -i 	 ial. I, i spriln 

. e 

let. ins bte Sdm sb lnIi b iiii h the:e Coi>:iclo i h4 'eveiiI, liltgelS '1ilh 
zt r s, aj bra'krespect t it mia l liY5 sping. s. .o-;,<iW the miaitir;il 

iSh1 \V atU I. S I11I.-,1 i)\ '. i 7; i I I ii,t l'C 	 nOV ti hut 1 ,t'()>q. Calln 

be clainmted vet in finding ap)h)lictliiii Or the remaining brc:kish 

,,aLer. IDilutiiln anild (esaltii4 by he. t i iI , 5 S'ttllc to! be t\'o 
other tposs~ble .s<)t tohms f,"r fui tliza.h l, ot, ' I'terrell't tht,' \v ,
 

The sc ( d :'iri) i>f siliniity h )i - s ilais n ' ith the rtttlt. 

im ple niVlLa ti;I I iith' ,] clailP-r"l' c t. .Ifis n ii si;t l p h eIv 

le m-s , a nd is , i.ifrc l. ti (111,ility., lll <th.,(,,!v, ry h ig'll \'. ;i t,)tril ,,d 

solids (TDS) valm f nIW -11 -t0 ) a it , iiilli t in (,I l). [' Ic 

w ate r is ni i ( ra , in' tft i .;i I'ihte r i i (%., i ;sti V )I lit Is '11)111t 

3. 5 m illion ;icre-tet). w lh'erf it b ',nli,t lti\ il\ , ltlii iiittet 

\ith the saline( dischar'es (i r lii t thle lake's 
shores mid ini it s botti -. In I tWo, the eke itt'" h is hown 

a chloride iWn (C -) iintnt. lip to 36(0 ppll. 

The discharge of the shore springs, representing about one-half 

of the total discharge of salts into the lake, is no.v being diverted. 
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Attempts are also being made to control the discharge of sub
aqueous saline springs into the lake; however, the geohydrological 
situation encounte redCi is e xtremely coimplicated, and it is still dif
ficult to prCdict to what extent these saline underwater discharges 
can be contr"alled. There is liuch (oub)t whe ther it \\,ill be possi
ble to prevent. campletely the entry of these saline discharges in

to the lake baoitoni. InI the current developm ent program, it has 
been assumed that milv the saline shore spriIngs w ill be diverted. 

Since dhe i)eogiini~g of oj)eration of the .Tar-dan Project. various 
technic we s ha Ve been aIhpted to reduce the salinity of the water 
supplied by the p1m1-cCt to a dcegrme e that can h, tolerated by citrus. 
Groundwater is still being aove rdrawn for use as a diluent. Some 
Cxcha'nages of water with local supplies are also being effected. 

The third r'rollp of salinitv pLroblenis arises out of the proposed 
larige-scale reclamation of municipal and industrial sewage. The 
effluent \vil ihave a Pl)S value which is 200 ppm higher than the 
original inptil water. Since this is not a transient phenomenon 

but a pt m'iainwt (ne, adequatC p(rm'anenr t measures must be taken 
to rechice the salinity of the reclaimed water before it is reused. 
The only solutioln that C(an now be seen is a supply of fresh water 
for dilution ;n amunt's ro'ughly e(ual to those of the reclaimeed 

se\ag , \vhich points to the need for clesalted sea\\ater. The vol
ume of reclaitmed sewage is anticipated to reach about 90 MCM 
by 1970 and 1-t0 ICl by 1180: similar"quantities of desalted \wa
ter \w'ould be -cluiired to lwr the salinity of reclaimed sewage 
to toler-Able levels. On the lng-tern basis, no significant rec
tamation of! -evage is few sible" without the p rovision of desalted 
sea';ate . The first lar'ge-scale sewae reclanation plant, with 
capacity to prkcess 75 MCM per year, \vill be in o)peration by 

1970. 

The fourth rmgtip ()f salinity )-obl'mIs is represented by the 
creeping salin itv rise rcesulting from the almost complete dis
contiuanIIeIf surfa~e and subsurface mutfliws to the sea. The 
salt, \vhinch can no, [nger be discharged into the sea, will accu
mulate ih. the grmnuiwatem. The process has an extreniely long 
time -lag and t,14 effCt' will not be' ftelt before the 198 0 's, but wvill 
thereafter becmie gradually more serOious. 

It thus appears that by the e;,rly 1970's all the country's water 
resolI-ces Will have cone into regul-ar use, and it will thereafter 
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become necessary to add desalted seawater, both from the stand
point of normal growth requirements, and from the necessity of 
solving the salinity problems. 

3. Demand Projections 

a. Municipal Dcnand 

It is assuimed that population growth in the 1965-70 period 
will be at an annual i rate of -. 7 percent, and the annual in
crease of per capita demand will be at a rate of 1 percent. 
MeteringL alnd disi1 en tivr(e %water rates m ay stow the de a nd 
growth to sonte extent. Even at the above moderate ,rowth 
rates, 1o unicipal annual deimand will more than double by 
1980, from 180 MC 1 \i in 1904 to about -100 MCNI in 1980. 

b. Industrial Demand 

The forecast of industrial water consumption was ba sec onl 
the assumlption that the prevaiiing \\ater cost will re main un
changed, although some saving can bC achiCJed by the use of 
dry processes and air cooling or by the use of sea or brackish 
water for cooling. The consumption is forecast to increase 
from 55 MCNI in 1964 to 95 MCM in 1970 and to about 220 MCM 
in 1980. 

c. Agricultural Demand 

Of the tb re demand groups, agriculture is the most sonsitive 
to water cost since wat er represents the most expensive single 
input to this branch of the econom1y. A study of the use of wa
ter in agriculture shows that water use in some branches of 
agriculture 1Iust he consicle red "fixed", being indispensable 
to the natimi(al weli-Ibeing and econony. These include vego
tables, fruiit, and milk, as well as Israel's present export 
crops, notably citrus. 

A second gr(ou01 crops, defined as "flexible cmprise 
field crops (mainly industrial) which can be i1ported at rea
sonable cost and can yield only low p rofits whe n grown lo
cally. Conside rable shifts of water all cati)ns from "'flexi-
We" to ''fixed'crops are po ssible, and will )e iimplemented, 
but there will remain a hard core of' "flexible'' crops that 
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cannot, under present circumstances be abolished. For ex
ample, the Beit She'an and Hull Valleys grow the only crops 

that can be grown there, though they are not indispcnsable. 

Here, and elsewhere, social and economic consicle rations 
prevent the discontinuance of the less profitable "flexible" 

crops. 

Altogethc, i, a ,ery slow growth rate of agricultural water con

sumption is anticipated, owing to the shortage of water re

sources and the reiatively high cost of water. Thus, between 

1964 anld 1970, the projected increase is from 995 MCM to 
1, 050 MCM per year (a growth of only 55 MCM per year over 

the siX-ye_.r pcriod). 13etween 1970 and 1980, agricultural 

consnmpt io. is projected to rise from about 1, 050 MCM to 

only 1, 1 1 MCM pe'r year, assuming water costs do not exceed 
those of re(ently developed conVtnti onal Wiate resources. 
Thus, bttween 1961 and 1980 the total 16-year increase in 

annual a ricultural water supplies will be about 150 MCMV. 
Between 1949 and 1964 the total 15-year incr'ease in aliual 

agricultural water supplies was 780 MCMv, an almoutnt five 

times greater than the 1964-1980 projections. Although the 

amount s of water added to existing supplies will be relatively 
srMall, it is assurned that agricultural production will neverthe
less expand s itifcantly as a result of improved overall ef

fi ci e icy. 

The anti ci pated growth of water demand in Israel's municipql, 
industria;l and agricultural sectors is shown in Table IIIL 

4. Resources Dcvelopment 

To supply the recqui rement s of the country's economy, as well as 
to replace existing overdrafts, and, as governed by prevailing 

costs, an adclitional amount of -hout 700 MCM per year will be 
needed in the earl' 1980's out of which about one-fourth will have 

to be used to discontinUe over-e.:ploit at ion of 'r lo°ndwa ter in the 

Coastal Plain while the remainder will be applied to new uses 

added afte.ir 1965. 

The i elatively sniall a mount of LIne xpioited groundwater still avail
able for development in the north of Isr;iel and in the desert part 

of the county'V (abott 100 MCM per e Will bevai) folly developed 
by 1970. Deinit ,provisions have ben made for the i ue rception 

of storm run-off over the next three vears; this will yield an 
adlitional 65 MCM per year. 
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Sewage reclamation works will have their major parts constructed 
between 1966 and 1970. By 1980 sewage reclanation will add 
about 140 MCM per year. 

The Lake Tiberias-Ncgev Project vill reach full capacity in a 
few years (about 320 MCM per year); tie additional amount is 
approximately 150 MCM n r year over present supply. 

The Coastal Groundwater Cotlictor--an ump recedented lmethod 
of gaining vater--is now to be constructed n a nati olia scale. 
So far, a 3 km-run of the collector has been ciij)Icte(i is a pi
lot project, and the section built is ope matin succ, s.filliv. A 
start is now being ma de on considermaibe additi( lls to t]e line, 
as the schemne is considered basically ,(,id. I'hijs willsource % 
add about 25 MCM per year bet\vee 1006s and 1')70, and another 
25 MCM per year between 1970 and 1980. 

TA3LE III 

AN CICIPATED WATER REQUIREMENTS IN ISRAEL'S
 
MUNICIPAL, INDUSTRIAL AND AGRICULTURAL SECTORS
 

Million Cubic Meters (MCM)
 

Year Municipal Industrial Agricultural Total
 

1964 180 	 55 
 995 1,230
 

1970 255 95 	 1,050 1,400
 

1980 400 220 	 1,145 1,765 

Reference: 	Israel Water Development Program
 
1965-1980 - December 1964
 

5. Anticipated Water Shortages
 

Table IV, on the following page, summarizes the requiremeats,
 
supply, and shortage of water for 1970 and 1980.
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TA III F,'IV
 

WATER REQUIREN,N I'S, SUPPI.Y AND SHORTAGE
 

Million (uibic Nleters
 

Water Supply 

Wate r Natural Reclairmred 

Year Requirernents Resources Sewage Total Shortage 

1970 1, 400 1, 110 0 1,400 

1980 1, 765 1,-25 140 1, 565 200 

From the above it is clear that after 1970 the total \vater require
meits cannot be met froi, further clevelopiment of water from 
natural resources and from reclaimed sewage. 

The additional source of water on which the heaviest reliance 
will have to be placed is desalted seawater, of which about 200 
IMC per yea r will be necded by 1980. Out of this quantity, 120 
NlCIM will be re(quired by the early l970's. 

Concurrent With the eIn e rgenice of a water shortage will be seri
ous salinity problems as a result of intensive use of all natural 

water resources and the inc:'- ,' supply of high-salinity re
claime cdSe\\'a e \vate . TI) reduce salinity to acceptable levels, 
100 MCNI per year of very low salinity water will be required in 
the early 11)70's to blend witli the saline water sources. 

The provision of tlhis slpply. togeth... with the othcr additions, 
will maike it possible to meet the anticipated needs of water otf 
the Israeli economy andI to reduce through dilution the salini ty 
of natural and reclaimed waters to levels acceptable for agri

culture. In fact, implementation the SeVageL' reC1amationthe tof 

projects. wvhich will yie ldabout 1-10 NICNI per year of additional 
water by 180, will be conditional on the provision of a similar 
quantity ()f desalted seawater. 

The following considerations will apply 'or the dctermination of 
the water capacity of the proposed first desalting plant intended 
to solve Israel' s water and salinity problem s which will develop 
du ring the early 1)70's. 

- 23



KAISER ENGINEERS 

The spacing between the proposed and any subsequent dual-purpose 
plant should be sufficient to allow the accunulation of operating 
experience on the first plant before orders have to be placed for 
the second plant. 

A plant capacity should be chosen which would make use of sig
nificant economies in investment and operating costs resulting 
from size. 

Assuming 1972 as the earliest possible date cf operation of a large 
power-desalting plant, and taking four years as the time required be
tween it and any subsequent plant, the first dual-purpose plant would 
have to be large enough to meet the \ater demand growth that will 
take place between 1970 and 1975, after deducting the quantity that 
can be derived from natural and reclaimed sources. The dual
purpose plant capacity should also be sufficient to take care of the 
salinity problems which will appear by 1975; 1. e.. mainly to pro
vide diluent for about 120 MCM per year of reclained water that 
will be developed over the next ten years. 

The final choice of the size of the plant will depend, to a certain ex
tent, on the cost of desalted water. The capacity of 100 MGD chosen 
in this study constitutes the size that meets the water shortage, and 
at the same time solves Israel's salinity problems until the mid
1970's. 

B. Israel's Power Needs 

1. Past Trends 

The planning, supply and sale of electric energy in Israel is al
most exclusively the responsibility of the lsrael Electric Cor
poration, Ltd. During the first ten years of existence of the 
State of Israel, the maximum power demand was doubling every 
4- 1/Z years and since then ever, 5- 3/4 years, reaching 720 
megawatts (MW) in 1,65. Figure 3 represents Israel Electric's 

power grid. 

2. Forecast of Power Demand 

Israel Electric has forecasted that the maximum electric power 
demand will increase fro)m 720 MW in 1965 to 1, 1 10 MW in 1970 
and I ,630 MW in 1975. This forecast is based on detailed analysis 
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of the expected consun ption pattern oif the niain consumer groups 

up to 1970 (Table V). The forecast took into consideratin the 
projected p)opulatin growth based on estimates by the Economic 
Planning :uthoritv of the Prime Minister's Office; industrial out

put, which \%as estimated by the Ministry of CAolmllerce and In
dustry; and data miade available by the water planning authority. 

This forecast ( Table V), )ased on the foregoing inforlaiti on and 
extraplation of previous rnds, predicts that by 1970 the doubling 

period o the I i den,dan will be eight years.muim× 


3. Gcneralion and Unit Sizes 

Electric power fOr the Israel transmission and distribution net
work is generittcd in three the rmal power stations usinm heavy 

fuel oil. The stations are located at Haifa, Tel Aviv (Reading), 
and ,-shd (. Unit sizes. location, and cotnumissioning time for 
each 1nit are given in lall VI. lhe &orecastof generating ca

pacity base'd 'Mi KI)VLtd demand and r'se\e r'(ji1jirem enL. is 

giv,-1 in1 LIablc VII. 

B3ascd on ilt oIeca steI expansion pattern. reserve require

nents, )rfd cit i cost, and operating considerations, Israel 

Electric has dete rmiie(d that the opt imin unit size for additional 
generating units in the beginning of the next decade lies between 
175 and 200 MWV net. This expansion pattern is based on detailed 
studies u ;ing accepted criteria for utility g ro\, th and reliability 

requirem5ents.
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TABLE V
 

FORECAST OF MAXIMUM POWER DEMAND
 

Participation of Main Consumer Groups Total System 
Maximum Demand - Megawatts Maximum Load 

Do- Guil- In- ",1tcf Dci-,and 1actor 
Year mestic mercial clustry Pumping MW % 

1963 (Actual) 232 127 87 115 561 63. 8 

1964 (Actual) 252 145 111 152 660 64. 6 

1965 272 165 119 164 
 720 67.2
 

1966 292 185 133 170 780 
 67. 2
 

1967 313 209 152 181 855 
 67. 2
 

1968 334 234 180 187 935 
 68. 4
 

1969 356 259 
 199 226 1,040 67. 4
 

1970 375 286 216 233 1,110 68. 0
 

1971:, 
 1,200 67.6
 
1972 1,295 67. 1 
1973 
 1,400 66.5
 
1974 
 1,510 65.9
 
1975 1 ,630 65. 3 

::Grovth rate predictions for 1971-75 range from 8 to 9 percent annual 
increase. The more conservative value of 8 percent is used in Table 
and Table V1I. 
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TABLE VI
 

GENERATING UNITS OF THE
 
ISRAEL ELECTRIC CORPOPA'ION, LTD.
 

Year 
of 

Commission Location 

19 35 Haifa 
19 35 Hlaifa 

1936 [ a i fa 
19.38 Readin 

1938 Reading 
1918 Reading 
1 -') I aifaa 
1951 -laifa 

195i Rcading 
1954 lcadcing 

1956 Reading 

1957 Reading 
1958 A sh ldd 
1)58 Ashdod 

19)59 Ashcloc 
1961 Haifa 
1962 Haifa 

196 3 Ashdod 

1964 Ashdhd 

1966 haifa 

1967 Haifa 

TOTAL 

Installed 
Capacity 

(Nominal) 

(IW) 

6 
12 

12 
12 

12 
12 

30 
30 

50 
50 

20 

20 
50 

50 

50 
75 
75 

75 

75 

125 

125 

966 

Steam 
Pressure 

(ati.) 

25 
25 

25 
25 

25 
25 

25 
25 

88 
88 

60 

60 
88 

88 

88 
125 
125 

125 

125 

140 

140 

Conditions 
Temperature 

(0 C) 

425 
425 

425 
425 

425 
425 

425 
425 

510 
510 

482 

482 
51 3 
513 

511 
535,535 
5 35/535 

535 / 535 

535/5 S5 
538/5i8 

538/538 
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TABLE VII 

FORECAST OF REQUIRED GENE[I"T1NG CAPACITY 
1965-7 1 

M ega\\wa tts 

Estirnated Gene rating 
Maximun Reserve Capacity Generating 

Year Demand RCqui red Required Capac itie s:: 

1964 (Actual) 660 75 735 	 740 

1965 (Actual) 720 75 795 	 740 

1966 780 140 920 880
 

1967 855 140 995 1 020
 

1968 935 140 1 075 1 020
 

1969 1,040 140 1 180 1 160
 

1970 1,110 140 1,250 1,300
 

1971'- 1,200 200 1,i400 1,500
 

1972 1,295 200 1,495 1,700
 

1973:: 1,400 200 1,600 1,700
 

*After allowance for maxilum1 capability of units. 

::::G rovth ratc predic tions for 1971-75 range from 8 to 9 percent annual 

increase. The more conservative value 0!f 8 percent is used in Table 
VIi and Table V. 

Reference: (1) 	Report of United States and Israel Desaltint and Pover 
Fearn, Octubert 190-1
 

(2) Unpu blished 	 recent IF cata on reserve required. 
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IV. STATE- OF- THE- ART 

A. Desalting State-of-the-Art 

Commercial desalting plants are operating successfully in many 

locations including the Middle East, the Caribbean, and the United 

States with a total installed capacity of more than 30 million gallons 

per day (MGD). The installed capacity has more than doubled during 

the past five years. Demonstration desalting plants have been built 

and operated by the U. S. Department of Interior's Office of Saline 

Water (OSW) at Freeport, Te:as; Roswell, New Mexico; Webster, 

South Dakota; and Pt. Lomna, California (subsequently moved to 

Guantanarno Bay, Cuba) to test the technical and econ ornic feasi

bility of various desalting processes. Much larger plants are now 

being studied for southern California, the Florida Keys, New York 

City and Long Island, and locations in .Africa, Central America, 

and the Near and Far East. 

Design of an economical evaporative desalting plant:, while based 

on an ancient process, requires the most advanced metallurgical 

materials, fluid flow and solution chemistry technology. The pro

cess, components, and materials technology whicli niake ,up the 

desalting state -of-the- art includes data and eeX''iCInICn from the 

commercial de salting plants and 0SW diemonstration plants; the 

substantial body of technical data rcsuiting from OSW- sponsored 

research ani developnnt; and published private industry data. 

1. Distillation Process 

.I any distillation proc ,sses are currently unler deeol opmnent. 

While al(}Ziis bas ed on purification of seawater t-y hoiling and 

condnsation, the arrangement of' the brine alcd product flow 

paths iind the configurat ion of the he at cxcha oge rs take many 

forms t'heS aru. gene rally catal(i'ed as (1) flash systems 

whlere. boimiiog is restricted to zone.s othwr than from the heat 

transfer s rfac, (single stage, tt i i ple sta;ge s anld mnitiple 

effect) and (_') othe r s y.t ,ns \vher the ho iling takes piace from 

the leat t r ansi e r s ir ftce (Iong-tube-vertical, thin film, etc. 
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a. 

b. 

Multi-Stage Flash Process 

The process most advanced in its state of development is the 
multi-stage flash evaporation process (MSF). In the N4SF pro
cess, brine is heated in tubes under pres sure without boiling, 

and is subsequently flashed in the open spaces of the -;tage en
closures below the tube bundle s. Because boiling does not oc
cur within tubes, there is less tendency to scale on the heat 
transfer surfaces. Multiple stages are cniployed to provide 
counter current heat transfer for good heat recovery. Recir
culation of the brine is usuatly employed to increase the brine 
concentration of the bl owdown with subsequent reduction in 
blowdown, make-up flows and seawater pretreatment cost. 

There are now 10 MSF plants of over 1 N'1GD capacity each in 
operation. Nearly all of the recent and proposed commercial 
plants are of the MSF type. The NISF experience includes de

salting plants at Guantanamo Bay, Cuba; Kuwait and Qatar on 

the Persian Gulf; the Virgin Islands; Shell Oil Company at 
Curacao; Cardon in Venezuela; Nassau in the Bahamas; Eilat 
in Israel and many s maller installations. 

Once -Through vs Recirculation, Multi-Stage Flash Process 

One form of the MSF systems uses the once-through rather 
than recirculation brine flow system. The once-through de
sign offoers sonic advantages in the way of pump simplification, 
lower concent ration ratios ancd hence Io'ver boiling point ele
vations and less tendency to scale (with the same pretreat
ment). Nevertheless, for every fixed chargc rate and for 
every top temperature stuclicci, the ,nee- through process re
suiteCI in water costs at least -4 cents per thousand gallons 
higher than those of the "riccirculation proticess'' plants. The 
study was based on w id costing $17 per long ton, and on a 
cost of heat transfe r sUorface Of $". 50 per sCI ft. If the cost 
of the heat transfe r surface inc ren cit we reIC ss than $2Z. 50 
per scj ft, the advantage for recycli in w1outd be incrcased. 
The rcsults appear to be cjuite conclusive that the cost of 

acid wouldci have to be s igificantly reduced to make the once
through design economical for the reference plant. 
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c. Multi-Effect, Multi-Stage Flash Process 

Compared to single-effect flash processes, the multi-effect, 

multi-stage flash process (MEMS) pernits the use of higher 

brine tenpe altt re s with(llt scaling. As brine ternperatures 
are raised, one mu st consider that: (1) present experience 
in di:,ill ation plants has been limited to 'ery short runs at a 

top teInper atilr c of 250 F', (2) corrosion rates generally in

crease, and ( i) the higher telriperature stages will require 

encloslrCs 01 high pressure design. For comparable cases 

of brine tel.npe laturturs of 250 F and below, it was determined 
that the MSI" process yielded lower unit water costs than the 
MEIS pr c e ss. The NIE NIS process thus had incre as e d risk 

and unproven pe rforrnanrie above 250 F wie n compared with 

the NISF process 

It is recognized that tlhere is current devel.opmlc,nl \\ork Oi the 

utilization of brile temper ature s ill excess of 150 F which nIlay 
reduce the risk of the IMLIMS process, It is doubtfful if the re

stilts of tiis work would be available, cvel if successful, ill 
time to be consistent with the schedCule for the reference plant, 

d. Long-Tube-Vertical Process
 

The long-tube-vertical process (LTV)is a milItipie-effect 

distillation process wher'e boiling takes place on the inside of 

long vertical tubes, In the usual arrangement, the brine 
flows downwa rd in a thin film on the inside stLr'face' of the tubes, 

is collecte(d at the bottom and pplnlt(l o to e l'next effect. The 

vapor gneet'ratd by t\,p)rati hn from this filn in oine effect 
flows to il next lo\wt 1 preSst5 ' an(I cold lseCI ollmeel'ct is 

the o11 5id, 4a the tib s in lhis e ft c. -'\n ariran'gemenent in 

vol\'ing a risiniti lm Qf rtlat]has bcen proposed for plap. itel'i 

loV perifo r al rttie-, The lollg-tlle-yertical pr oce ss isliit' 


the basis for tlhe Freeport, Twxas, (hnnust ratlion plant which
 

is being studied for ftltiri , dtal-purpose applications. No
 

LTV -type conimunercial plaints are illoiper tion, and the pro

cess is today less ;td\ganc d.
 

e, Thin Film and Spira'y hilmi ilroccsses
 

The "thin'' film and "spray' fih1 liat' other applications of 

multiple-e ffect disillat0ion plalts. In le 'thin' film pi ocess 
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he tubes are disposed vertically and the brine film is made to 
flow downward in a thin film on the inside ttbe surtace. It dif

fers from the LTV only because of its geometry; i,u, , shorter 

tubes having flutcc so rfaces. 

The spray'' film usualLy employs horizontal tlithes with the 
brine 1c in spr ayed o\ er the touts idc surface and t he vapo r con 
densed inside. i'tants o this type have been produced only in 
very sall. si'es to datle. They are not ready for scaling u1p to 

the capacitiCs o)lsidCel'kd in this rciort. 

2, Process .tn hfe c MoileeCm, or t~lant 

The iitlti- ut flasil (XISI) di.stilIa iol prOWSS \,Iw S chSe,l tor 

the r'tterei'c plJil t after a reviw t ;il'terii-ti%(-s \viii, 11inctludcd 
the itulti-e.ffcCt, ululti-stage (XIlkXIS) i'r,,ss, tin iU 2 -tll(d 

vertical (L'V) tid the "tiiin film'' aln(I tiilii r (,T .l)i*Iv )i'i,-

This choice was made bccause at '1iit ii' XISt,1the ptome til lit is 

the only r ness,u in u.se in larigec c' e ci t l[nt, it 1, ill I 

flore aclaiie' ( stitle if nielop iieilt thnill tie "the s: At is well 
suited to a dual -j u rp)se i)la tilt: and Io tl( i co" i 'lrcially )rolven 

p rocess fte l' c(st es N e()\vt" iC , 

The lar'gest size M, \att'r plant train in o)peration or unilder meo

street:ion using XIS I" is approiimateoly 1.5 NIGD Based on sttidies 

recently i iadie i_ tile OSt,, steveril U. S. n tinu ta t'urers have in

dicatcd thaL they xpect to h ii a positiIil tL supply tralins il) to 

appro:ximel(,y 50 N.IGD 'clh. 

3. Devel(pulcntal P. ,qui renments 

Process tlclollogy in MSF has progressed to the point w herc 

Units as lai'ge as t hi)se rcOrinvie nClud il this stidv eran ]he designed 

with confidence t',vidcd cc rtani'l cnip eillt Iiilit'tl !.n ; (IlhtI 

are obtained in the rllcoinu)il(i(it ivtlupintllt ptrogram'iii (Setit"i 

X),
 

Specific citAnmip(ment dcxiPin ill Wois ni clu ded illie i'" iiillitoW ii 

programill fr lurI (1) ii rucil ,ml iy,duit iing stagip .t till Klii(lt 

(2) i(t1i5 t i")r( i(:cting.. ;ind pilit tt eI (' til '. ,piir 

fro-n the l[asiiing )riiie st rrail aind ( 1) iealns o"r rhdiigiii carry

oveCr otf Salt t'()t eiI((A iI (t w;iwt, r, .\ tcriall testing )If ~lnir(ctc 
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now in progress at the Bureau of Reclamation in Denver, Colo
rado, together with successful testing of coatings and liners are 

required before the concrete stage design can be finalized. 

The state-of-the-art of each major MSF component is summariz

ed below: 

a. Brine Heater 

The brine heater can be designed by using well-established 

feedwater heater technology, heat transfer coefficients and 
fouling factors. The arrangement of the heat transfer surface, 

the proposed geometry, and the fabrication methods are con
ventional. Tubes of copper-nickel alloy (90 percent Cu 

10 percent Ni) and steel shells are current practice. 

b. Evaporator Flash Chambers 

The evaporator flash chambers have been built and success
fully operated for desalting plant train capacities of approxi

mately 1. 5 MGD. The module streams of the reference plant 

have a capacity of 6. 25 MGD, four of which are combined 
into one train of 25 MGD capacity. The appropriate design 

values for flashing brine flows, the associated nonequilibrium 

values, the means for improving the disengaging of the vapor 
from the flashing brine, and the required demisting of the 
vapor are all areas of uncertainty. Developmental testing is 

required to avoid costly over-design or inadequate perform
ance. The proposed development program provides for the 
required testing to reduce the uncertainties to acceptable 
values. 

c. Evaporator Bundles 

The evaporator bundles involve a number of discrete remov
able tube bundles of 90-10 copper-nickel alloy tubes and 

Cu-Ni clad tube sheets. Design of heat transfer bundles of 
this type are considered within the heat transfer industry's 

current state-of-the-art. However, it is important that a 

prototype heat transfer bundle be tested for proper venting. 
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d. Pumps 

The pumps for brine recycling, blowdown and product water 
are similar to condensate pumps. While pumps of this size 
and for this type of brine service have not been built, consid
erable design and development work will have been completed 
and the results made available by the time such pumps are re
quired to meet the construction schedule of the dual-purpose 
plant. 

B. Nuclear State-of-the-Art 

The commercial production of electric power from a nuclear energy 
heat source began in the United States with the start-up of the 
Pressurized Water Reactor (PWR) facility at Shippingport, Pennsyl
vania in 1957. Most comm-ercial nuclear power plants in the United 
States have since utilized the pressurized water or boiling water rc
actor concepts although some 'semiexperimental-commiercial" 
nuclear power plants have been built using other reactor concepts. 
Since the start-up of the Shippingport plant, reactors have undergone 
continuous developnent, so that, at present, nuclear power plants 
are considered a competitive energy source. Nuclear power plants 
are being selected by American electrical utilities as being more 
economical than those using fossil fuels (oil, coal and gas) when the 
unit cost of fossil fuels is in excess of about 25 cents per million 
Btu (higher heating value) and the unit size of the generating plants 
exceeds 300 megawatts electrical (MWe). 

1. Types of Powei; Reactors 

The commercial United States power reactors have been either 
boiling water or pressurized w-ter reactors. Other commercial 
reactor types such as gas-cooled reactors and heavy water 
reactors have been very successful in the United Kingdom, 
Canada, and France, but are not now being offered commercially 
by United States manufacturers. The reactor types which may be 
considered for dual-purpose power-water desalting plants are: 

a. Pressurized Watel Reactors (PWR) 

The basic design of all PWR plants is to circulate water under 
high pressure past fuel elements within the reactor vessel, then 
through a heat exchanger or steam generator. The pressurized 
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coolant, having transferred heat to the secondary fluid in the 
steam generator is punped back to the reactor. The secon
dary fluid turns to steam in the steam generator and passes 
to a turbine 0f generally conventional design, is condensed 
and pumped through teed water heaters back to the steam 
gene rat(or. 

Since it is inperative to avoid flashing in the prin ry circuit 
coolant, the coolant must be at a pressure of 2,000 psi or 
moore. Volume chango s in the primary coolant are accommo
dated by a pressurizer or Slrg ChambCr. The pressurizer is 
essentially a small boiler which uses elcctric hatin, elements 
to maintain a constant primary loop pressure. 

The number of heat transfer loops depends on the plant rating. 
Improve me nts in heat exchanger and coolant pump design have 
made a significant increase possibloe in heat transfer capacity 

per loop. 

Some reactor manufacturers have proposed a two-loop design 
for the nominal 1, 250 MWt required in this dual-purpose plant 

selected for Israel. 

The PWR is inherently a stable reactor because of the physi
cal properties of the coolant: the change in density of wate r 
with temporature results in a large negative temperature cO
efficient of reactivity. The fact that there is no phase change 
of the coolant and lience no steamL voids in the core, makes 
the reactor control relativCly siniple. 'heC reactor itself is 
controlled, either manually Ur ,autolatically, by the negative 
temperature coefiicient, by inserting neutrun-absorbing rods, 
and by cAhanging the concentration of certain soluble neutron 
poisons in the coolant. During normal shutdown, decay heat 
is removed by an auxiliary coolin,,, svstenm. 

b. Boiling Water Reactor (B\VR) 

Fundamentally similar to the 13\VIZ in its use of light water as 
rcoolant and inuderator, the t3W P. differs p imarily in that boil

ing (i. e. , net steamla gene i on) takes place in the reactor it
self. A direct cyctI can be used. Early fears that radioactive 
steam would nake turbine niaintenanco clifficult have so 
far proved g romndless. team temperatures somewhat 
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higher than those of the PWR are possible at reactor primary 

system pressures of about 1, 000 psi in place of the 2, UU0 psi 

required for pressurized water reactors. This reduces the 

design pres sure requlirements and the cost of the large high
pressure reactor vessel. Boiling water reactor stability has 

provedc excellent. 

The systcn chosen tor new large BWR plants embodies the 

forced- cir culation, ,i.Ce t--cycle concept. Feed water joins 

circulating' water at the top of the core and flows downvard 

in the anntiuis between the vessel wall and the core. The 

coolant is then pumnped to a plenumi chaniber at the bottom 

of the vesscl from which it enters the reactor core. Satu

rated stean-i whiclh is produced as the coolant passes through 

the reactor core is separated from the saturated liquid in 

steam separators and dryers, within the reactor vessel, thus 

eliminating the need for an external steam drurnv Although 

one major area of BWR development presently centers on the 
use of integral noclear superheat, this feature has not yet 

been adopted for commercial power plants. 

Bottom entry control rods are an important feature of new 

BWR vessels. Space above the core is then free for steam 

separators and driers. Since scramnning by gravity is no 

longer possible, very reliable mechanical or piston-type con

trol rod drives are essential. The familiar reactor contain
ment sphere can be eliminated by using pressure-sutpprcssion 

containment to condense any steam released and trap fission 
products in the unlikely event of a primary coolant system 
rupture. 

c. Other Reactor Concepts 

Other reactor concepts presently undergoing extensive develop
ment in the United States are the high-temperature gas-cooled 

reactor, the heavy water cooled-organic moderated reactor, 

and fast breeder reactors. It is doubtful that any of these 

reactor concepts will achieve comrnmercial availability in time 

to be selected for the proposed dual-purpose plant in Israel. 

Other reactor types such as sodimn-cooled, graphite -modera

ted reactors, organic-cooled- and-mode rated reactors, pres

surized lieavy water reactors, and spectral shift reactors, 

which have an appreciable technological background and oper

ational prototypes are no longer being offered commercially 

by American reactor manufacturers. 
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2. Nuclear Power Plant Capacity by 1970 

Plants scheduled for operation by 1970 will bring the total U. S. 
capacity in nuclear po\ver plants to over 7, 000 MWe and will 
include units as large as 800 MWe. The largest U. S. -built 
commercial nuclear power plant in operation, "SELNI", has a 
capacity of 240 MWe and a thermal rating of 825 MWt. The 
largest U. S. -built plants on order are "Dresden-2"V which will 
have a capacity of 775 Ni\,, a thermail rating of 2, 350 MWt and a 
ccheduled operation for 1969, and Indian Point-2 (Consolidated 
Edison Company); which will have a capacity of 873 MWe, and a 
thermal rating of 2, 758 NIWt. Although no nuclear power plants 
are presently in operation whose reactor thermal rating equals 
that requ ired for the proposed dual-purpose plant in Israel 
(1, 250 MWt), at least onc. water reactor power plant whose power 
level exceeds this value Will be in operation by late 1966, and by 
1970 several such platnts will be in ope ration in the United States. 

Both pressurized and boiling water nuclear )o\w'e r plants are 
now being guaranteed in capacities up to 1, 000 MWe, equivalent 

to a reactor thermal rating of 3, 000 MWt. 

3. Vendor Capability 

The major United States reactor manufacturers were requested 
early in 1965 to confirm the commercial availability of light 
water reactors for operation by 1971 as part of the proposed 
dual-purpose plant. Vendors were also asked if any other re
actor systems might be available in ti me for the proposed plant. 

Although "advanced' power reactor systems (other than boiling 
and pressurized wtter) arc presently being developed by Ameri
can manufacturers, cost and performance data for advanced nu
clear po\ver plants which could bc in operation in Israel by 1971 
are not. cul r rently available. TuC no dc a " power plant cost and 
performance . s tim ates in cludcd in this Cport are based on data 
supplied i)y suve ral in amii o acto re r s for BWi{ and P\VR reactors. 
At least one in/annlfact; reIr of an Idvanc cd reactor system indi
cated it might 1) in a position to clutote on tile reactor system by 
the time proposals are invited in 1966. 
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C. Industry Survey 

Preliminary performance specifications were prepared for the major 
items of equipment in the nuclear power plant and desalting plant, 
as well as for a complete desalting plant "package'. These were 
sent to several leading manufacturers of desalting plants, desalting 
plant components and nuclear power plant equipment for preliminary 
quotations. The consensus of their responses is that the industry 
will be in a position to contract in 1967 to supply plants and equip
ment to meet the performance specifications required. The number 
of vendors responding to the request for preliminary quotations are 
tabulated below. In several cases where vendors made no response, 
they indicated 
quired. 

a desire to respond when formal quotations were re-

Item 

Vendors 

Contacted 

Vendors 

Responding 

Turbine Generator 2 2 
PWR 3 3 
BWR 2 2 
Condenser Tube Bundles 20 3 
Brine Heaters 20 5 
Condenser Tubes 9 7 
Major Pumps 16 6 
Evacuation Equipment 9 5 
Degassing Tower 3 2 
Butterfly Valves 7 3 
Check Valves 7 2 
Complete Desalting Plants 5 4 

The quotations on more conventional equipment such as the nuclear 
reactor, pumps, valves, condenser tubes and small desalting plant 
components had relatively little spread between vendors, It is also 
significant that a no malization of the quotations received from 
vendors of complete Jroalting plants showed a relatively small spread 
in costs; all of the normalized quotations were within 10 percent of 
the estimated cost of the reference desalting plant. 
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V. SELECTION OF REFERENCE PLANT
 

A. Summary 

The selection of the reference plant was based on certain ,round 
rules such as the range of salable power from 175 to 200 MWe and 
product water from 100 to 150 MCM per year (85-127 MGD); the 
credit for electric power at 5. 3 mills/kwhr; fixed charge rates of 
5, 7 and 10 percent; and the cost of fossil fuel at S12. 85 per metric 
ton (39, 000, 000 Btu/nmt lower heating value - 35 per million Btu) 
C. I. F. , unloaded. 

A number of desalting plant design concepts were examined using a 
wide range of parameters; the examination was in sufficient detail 
to make engineering and economic evaluations. The extensive para
metric study with a compute r optimization program revealed that the 
dual-purpose plant producing 200 NMWe net salable power wouId re
sult in lower cost water than a plant producing any lower salable 
powe r. The study fn rther revealed that the unit c ,st of water is 
only slightly sensitive to desalting plant capacity within the range 
studied; therefore, it became possible to select the desalting plant 
capacity with greater regard Israel's needs. Thefor \va' " capacity 
selected for the reference plant is 200 NMWe pneL salable) electric 
power and 100 vIGD of' desalted water. 

The plant operating factor was then deterniined, and this, in turn, 
fixed the total nu mbe r of kiIow\att- hon r s of power and cubic meters 
of water 1r,)dtic d nunually. Under these conditions, the optinlum 
dual -pirI .s_ pla nt design , e. the that has lowe st unit- i. , one the 

cost of water, is al so the one which has the 
 lowest total annual cost. 
The value _of the pover credit (nwills/kilov.att-hour) will not affect 
the s(_ [cc ti on of the optin ni plant, since it represents a fixed rev
e nue c rcdit appli ed to all plant (Iesigns. The optimmin plant design 
is thus, the one having%the locst annual c,)st (f,) a gl'v en output) 
exclusive Of the fi xcd )r "cMnstan t" po\wCr credit. 

After a conservative value ()f 2-)O I"wa s selected for the maximum 
brine tempcraLure, conpti er (,)ptinmiza ti,,n s of alternative dual
purpose plants were analyzed, each ()ptiimze d for the three fixed 
charge rates of 5, 7, and 10 percent. It was possible to select 
plant design paranieters optimized for the 7 percent fixed charge 
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rate as the basis for tile reference ,lant for all three fixed charge 
rates for the purposes of this study, since the design parameters 
for the optinized "5percent, and 10 percent cases %\-rewithin a 
fev percent ,f those for the 7 percent case. t'or the ranges of 

power and wateir production studied, the analysis showed that a 
nuclear-fuieled J)%\er p lant \,uuld yield cheaper unit water cost 
than a fossil- fueledl power plant. 

B. 	 Study (Irioi,l Rules and Basic- Data 

Tiis study ot dlal-plrpose electric power-water desaltinQ llants 
being focused om Israel's needs, desalting and nuclear states-of
the-art, and prevailing ec[nomic actors, was based on the follnving: 

1. 	 The r'ande of net salableC lec tric p er is 175-200 tie aWatts. 

2. 	 The range of the desalting plant capacity is 100-150 million cubic 

meters (XICM) per," . 

3. 	 The dual-purpos , nt \\ill be ready for full commercial opera

tion by 1972. 

4. 	 Israel will own the nuclear fuel, with appropriate payment for 
U.S. toll enrichment. reprocessing and credit for plutonium. 

5. 	 The credit for salable po\ver is ;. i' mills per kvhr which repre
sents Is ral Electric Corporation's estimaLte' of the cost of pro
ducing power in ti( nost econic,-al single -pu pose plant in the 

range otf. the study. 

6. 	 The cost t tofssil ftel is 512. 85, per metric ton, C. 1. F. unloaded, 
(39, 000, O ) Poll ier mlletri" ton. lower heating value). 

7. 	 The annual ,,st f"r the lceren' ce plant will be dt ermined [or 5 

percent, 7 percent ;oid 10 percent AiNcd clha rc rat s. These 
fixed charge rates inclute interest, ',0-'ear sinking fknd depre

ciation, normal insurance, ad cost.s in lipu of local taies. They 
do not incIid, inter.illi rep laceiient.t nuclear rider o ilpropqerty 

insurance, or nuclear liability inSurance; all of which arc in-
Cluded in operating costs. 
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8. 	 Neither capital nor annual costs include general Israeli taxes or 
customs duties. 

9. Estimates for the reactor, tutrbogtille rator andlmajor equipment 
for 	the desalting plant are to be obtained from U. S. manufactur
ers. 

10. 	 Local Israeli materials and cquipment will be used where it is 
practical to do so, 

11. 	 Analysis of Mediterranean seawater is shown in T'able VIlI which 
follow s. 

C. 	 Method of Approach 

The method of approach used in cton(uct ing th Ic,,asil)iiity study of 
a dual-purpose electric power - wt:r dcsitlting Ian! in the capacity 
range of 175 to 200 mega\\'atis "f salahill , I(-( tr powe r and 100 to 
150 million cubic meLtrs pe'r ycar (A rs\, .at" ii'.i o ,(I the follow
ing steps: 

1. 	 From amng the many al,'nics -,tudit'd. choose the reference 
plant which rill result in the lwrst c s water consistent with 
the power and wkater needs of Isriatel. 

2. 	 Determint (,,i Ilul c'cmo licte ilwc ring 	 feasibility of this dual
purpose plant for Israel, .uluCh plant to he ready for start-up in 
1971 and for tn IN men(rci al ",p r A im, by inic1-1972. 

3. 	 Reconn nnld (ln,.lIpo nt program '.vhich wil reduce the risk 
and minimize o>t-r-dsi,,n off the plant. 

4. 	 Refine the capitat c(ost, unit water cost and performance estimates 
of the dual-purn n)0. plant. 

Drawings and a cleta iled description of the reference plant were pre
pared. Where major Nlternitives such as selection of a single re
actor type have yet to be determined, the alternatives were studied 
in equal depth. 
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TABLE VIII 

ANALYSIS OF MEDITERRANEAN SEAWATER 

Mediterranean Seawater(1) Normal Seawater ( 2 ) 

ppm m illieq/million ppm 

Fluoride (F-) 	 1. 5 0. 08 1, 3 
Chloride (CI-) 21, 200 597. 0 19, 360. 5 
Bromide (Br-) 72::: 0. 90: 65. 9 
Sulfate (S0I--) 2, 950 60. 1 2, 701. 7 
Nitrate (N03-) 0. 2 . 00 
Bicarbonate ([C03-) 154. 6 2. 54 142. 5 

Calcium (Ca + + ) 423 21. 2 408. 1 
Magnesium (Mg + +) 1,403 115. 2 1, 297. 5 
Potassium (K+) 463 11.9 387. 6 
Sodium (Nal+ ) 11, 800 512. 3 10, 767. 8 
Metasilicic Acid 1. 0 0. 0 0. 02 to 4. 0 

Others 

Total dissolved solids 38, 600 	 35, 174. 5 

Chlorosity (gi/liter) 21. 75 19. 862 
Alkalinity (mag/liter) 129. 8 119. 8 
Hardness (PPM) 6, 830 
Density at 20 C 1. 027 1. 0248 

:,Estimated 

(1) 	 Mekorot Water Company, Ltd. 
(2) 	 Critical Review of Literature on Formation and 

Prevention of Scale, by W. L. Badger and Associates, Inc. 
Office of Saline Water, Report No. 25 
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D. Nuclear Power Plant 

1. Survey of Nuclear Reactors 

Early in 1965, a study was performed to determine the availabil
ity from American manufacturers, of nuclear power reactors 
within the range of 1, 000 to 2, 000 MWt which would be proven in 
utility operation and be available for commercial operation in 
Israel by 1971. This study was performed through review of the 
technical literature, discussions with the technical staff of the 
United States Atomic Energy Commission, and personal contacts 
with all of the U. S. manufacturers of comrnercial power reac
tors. Reactor concepts considered included light water reactors 
(pressurized and boiling), organic- cooled/DO-rmoderatecd reac
tors, sodium-graphite reactors, fast breeders, and high temper
ature gas-cooled reactors. 

e s Only the manufacturers of pr surized water (PWR) and boiling 
water (BWR) reactor types indicated that their reactors would be 
available corume rcially and were able to supply current alnd fore
casted operating characteristics and cost data, Moreover, the 
ratio of the power-to-water requirements for this dual-purpose 
operation is particularly well suited to the steam conditions avail
able from water reactors. Accordingly, further considerations 
of the nuclear power plant concept were limited to the PWR and 
BWR designs. 

Commercial production of electric power from a nuclear energy 
heat source is a proven operation in plants usiiug boiling and pres
surized water reactors almost as large as that required for the 
proposed Israel dual-purpose plant. Similar ii :lear plants now 
being constructed or on order by U. S, utilities, under firn, guar
antees as to output and costs, are larger than the contemplated 
Israel plant. 

2. Consideration of Power Plant Cycles 

A study was performed to determine the annual cost of heat sup
plied to the dcesalting plant as a function of the quantity of heat 
supplied, gross power generation, and turbine exhaust pressure. 
The annual cost of heat supplied to the desalting plant was defined 
as the difference between the total annual costs (including fixed 
c-arges) of the power plant and the annual power credit, 
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The BWR and PWR reactor opcrating characteristics as supplied 
by the nianufacturers wer' used in prepa ring a nu17.1rof0 power 
plant he at balanc s. In ea<Lchb cVCIc the thbine exhauast w,'as Coll

densed in the dlesattingt plant brine hieate r and returned to the 
power plant. cycle at tih saturation temperature. 

In addition to tH tui-)ine exhaiust steaia available to the brine 
heater, pro)\isionll was im<ade in each cycle to stpl)y steam to the 

brine heater through a turbine bypass and prCssure- reducing 

station. Such a bypass will be recuired to t)pe,'ite the tr plant 
when the tirb ine is-nlot il s.-cl I".et( r t tOiFig at reduced load, 

or during ot li,r tcca.si ,11s \Vhen t hude aIti n,,.itlite tlde cain (ptla and 
exceeds tl turbine exhuiist lo)w. fly varyinig thlie (ltitiltitV (1f 

teain bypassrd, it is possible to change the Cqulantitv 1t1heat de

livered to t I. VatL.r plant inmplehndetly of the gross power 

generation aind the tlirl)in, exhaust pressure. Provision is also 

made fOr ope ratin the turbine gie inirtor at lull po\vti" output 
when the water plint is shut down by siuppti ng riw s'cavater to 

the brine heaters th rough ;l elnCcrt'.nCy supply Line. 

Al cvaluationi of pretlilniilary cOst estilat's received from water 

reactor imniuitacturers indicited no significant differences in nlu

clear powe-r plant capital, opterating and i tiintenanc, and fuel 

cycle c)sts btwen pir ssutrized wtter and boiling water reactors 

of the saille thernual output. Since theen w.is also no significant 

difference in thv required reactor thrllal otpt (IWt) between 

the t\vo rcactt)l systems li r the sanl-' gss kt)ie pt \c r gt,ne ratin alnd 

heat supplied to the ic h titer, theL ttal 'inn1m1a costs o a power 

plant usiniig (Inc reaii ctor type would also represent tLhe costs using 

the other reactotr type. 

3. Selection of Nuclear' Plant 

A function \yjis dee\loped relating (a) the total annual cost of a 

nuclear pow e r plant producing 175 to 200 MW salable electric 

power and tiec rcqluired allowallce for clectric plant ;nd (lCsalting 

plant power, (b) vaIn)lls aO]"oitS l' to desaltingO Stealll teie plant, 
and (c) %arying turbinle exhaust pressures. This function was used 
in the hal- purp s plant optinizations. 

As a resltt of thesC optiliiization studies thi nuclear power plant 

portion of the select (hl l-p lrp)s plant Was fouind to consist of 

i pressuriztd vater or boiling w;iter reactor with a th crnal rating 
of approximatcly 1 250 NiI su pplyirg ste an to a 250 NIWe (gross) 

turbilne gellr attoI (re silting ill200 INW net salable elt,ctric pow r) 

supplying tu rbinc exhaust steam to Lhe b rine heater. 
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A preliminary evaluation was prepared on the effect of the choice 
between a PWR and a BWR on the desalting plant design. As a 

result of the different ste am conclitions used in the two reactor 
concepts, the optimum du:l--purpo sc plant using a J3W!R would 
have a desalting plant with t slightly higher economy ratio than 
one using a PWR Ilwc ('r, the steam exhIIusted fron1 the tur

bine generator (at const ant nct SitlataI)IC power) call he varied 

sufficiently by changing tie final feedwater tempe ratur, and/or 
bypa.3sing stca , so that the, d salting plant optimi.:ed for one 
reactor type c(n be used with the other. Molrcov\cr, in .llch an 

event the resli ti,,_ bit water Cost MiL be Less than one percent 
greater Lhan the nit waler cost toir the opt i ,o desaltiing plant 

design for that reactor concept. ConscquMly, the desalting 

plant stuidies, design an41d development canl proceed without con
cern as to the partieiic t r rectior type ultimately selected. 

E. Desalting Plant 

The selection of the reference desalting plant results from selec

tion of the reference dual-purpose plant. 

1. Method of Selecting Reference Dual-Purpose Plant 

The determination of the reference plant was accomplished by 
analysis of computer "optimizations" of alternative dual-purpose 

plants. Optimization is defined as the determination of the plant 
which produces the lowest cost water within the ground rules set 

forth. 

To accomplish the optimization, a computer program was pre
pared, This program was used to calculate the requirements of 
the principal items of equipment in the desalting plant, calculate 
the investment costs and operating costs of the desalting plant 
and calculate the total annual cost of vater. The input data used 
in the program include: an expression which describes the cost 

of heat supplied from the nuclear power plant to the desalting 
plant as a function of steam quantity and p ressure; the cost of 
desalting plant materials, components and chumicals; and the 
factors such as fixed charge rate and interest during construc
tion for developing the total investincnt cost and annual o)erating 
cost of the desalting plant. The number of stages and the termi
nal temperature difference values are varied in a preset pattern 
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by the computer which then calculates the total capital cost and 

the total annual cost of water for each set of v ahes. The com

puter selects as optimum that design which produccs the lowest 

total annual cost ()f Vater. 

A procedure was sCtCeoed for distributing thu Ut)tu 1 a nial Cost 

(fixed charo-Cs, O(perating and iaintenance costs, atlnd Il t costs) 

between th( elct ric po)wer plant and the wilt(,r de salt in plant. 

The cost ()f heat used as input to the d, saltn1.- plant comi:ltor 

program was ,tain.d 1)v .1i1btractin,., the ;anw i plOCswr 

(at 5. 3 mli[15/kwhr) 11-')lll the to'n k" otItl i l c I !it< o vo r plaint 

(fixed Cha llW .5, itllw , il ai.11At 1it iteon!l ' : .m c 

Alter ohtosino, an o)mti m nil )nlllt, Ih inll iii' tprintl.l s set (d tie

sign data. for the 4,mt. ILe (ICS io.l_ (tt a in cl (10 t it t I Ilpi ra titI r'. , 

pressure, 11ows, "onccntlrations ai hnt tnsti Flicients in 

each stage aind in the hrin licaler. The c 1m> t,'r thel stl the 

brin, vel~city, the tihbe (iaivete F- it0d thiclin<.sS, tlil)w len!gth, 

nlmbe t)r tilthi , a'Indi( total tlibl 'c eight ill t a ' otIdill tie 

brine htattlr. . lso) list-d ar ct pris t ,ired'r()Ip in l.t":itu l ili)l 

and in tlh' 1). i ll Ii t , a,s V,' ell theL t(od ,i r,, leCI,-hrinc t)1lil p1 

head. The con lpit. r print "it "f (Ues igin dtt for the rle rence 

plant is sho\'in On pit'is t , 

In the c()1r ,s dtle Ih 1)ial,tflt11aOro 

thousand stis of Want 'ari ales wee o i xin ed. It should be 

noted that onlce the opt i /MiZtinln plror' awtil a sv; tised to de rillille 

of neiiin pi,. than ono,, 

the doaial- p rp)s(c plant vi eli 1 the lowest c \at e)nsis tclt 

with the ,,tir niee(1 t s! l, iihl dlet<iil(l e>lilinte (dt coIstt to 

tiils su(ch0 -td pllit 'as haL. d ,n ipl' 1diiii'v desig-n1 lytlits which 

included all essentia l. 1 i c1n)Oip iiilits. 

A nuliibe r (If nl aCr1C;nd(ls lt, il, pltnt (10ls igllis v _10t pl'p r1 d as5 

a basis )r enginecerin LndlI ecioel(iik evaliti ills. Sufficient 

(10'. d1' estimate 1),)tidetail was l e ol i to the tmist ()f the l alri laln 

and the do saltilnog plant 1ll(i It [catu ,.e n )I u1 ce' rtaitv lll tile 

water plant -i;) that an ill%cstig;tiol tlap 'Fall t tst)tol10(I)tS 

couldilliporIIaint to thie' e 1(llllit0 deSi and1n11 )1Crltiol nIll i thle p tllt 


be recolmnllded.
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2. 	 Bases for Selecting Reference Dual-Purpose Plant 

The selection of the reference plant was based on the future water 
and power needs of Israel, the technical requirements and the 
cost of roeetintg these needs by a nucIClear fueled dual-purpose 
plant, and the cost of providing for these needs by an alternate 
energy Source. 

a. 	 Dete rrni nation of the Capacity of the Reference Dual-Purpose 
Plant 

The effect of the dual-p 1-pose plait capacity for both powe r and 
desalted vater production on the unlit cost of water was investi
gated by means of a pararretric study with the compiuter optilni
zation prog ram previously d s c ribed. The rCestults of the para

i ndica te 200 net powe1-,metric s tuCV thItt 	 aWe salable the 
optimuI desalting c;pacity is differ-Out for eilch fixed charge 
rate. For example, at 220 F naximurn b ri lie tempe rature the 
optimun capacitiCs at the thiree fi xed cha'I-g rates alre: 

5 percent below 85 MGD 
7 percent approximately 85 MGD 

10 percent above 125 MGD 

One of the most important findings ill this st udV was: for any 
given combination of rnaximum brilie temperature and fixed 
charge rate, the cost of water is only slightly seisitiv-e to 
water plant capacity. For example, at 7 percent fixed charge 
rate and 220 F, miaxim urn brilne temnpe ratu-e , as the desalting 
plant capacity was varied from 85 to 125 MOD (approxi mately 
100 to 150 MCM/yr at 85 percent plant operat ing factor), the 
maximum Variat ion ill unit water cost was a boul 1. 5 cclits per
1, 000 gallons, or less than 5 percent of the total unit cost of 
wate r. 

Equivalent studies with only 175 MWe net salable indicatepower 
appreciably higher water costs in eve ry case studied; e. g, for 
100 MGD percent charge ate, difference inand 7 fixed Q' the 
water cost was about 3 cents per 1, 000 gllons. 

Other criteria for establi s hing the capacity of tht reference plant 
are the future wate r ;11(1 power needs of Israd. As descrilbed 
in Section III, these are based on alnalysis of existing data and 
future developments niade by Wa ter"Plailing for Israel, Ltd. 
(Tahal) and the Isra el Electric Corporation. 
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The forecast of water and power requirements took into con
sideration: (1) the projected population growth based on 
estimates by the Economic Planning Authority of the Prime 
Minister's Office; (2)zmunicipal, industrial and agricultural 
requirements estimated by the appropriate Israel. Ministries; \ 
and (3) requirements of low salinity water for blending. 

The analysis shows that an additional annual water supply of 
approximately 120 MCM (100 MGD at 85 percent plant operating 
factor) of low-salinity water will be needed to meet the require
ments of the Israel economy in the early 1970's. This analysis 
also shows that, to realize the economy of a large-scale plant, 
a power unit of at least 200 MWe net salable power should be 
coupled to the desalting plant. The analysis of the Israel 
power system shows that a unit of 200 MWe net salable power 
capacity can be accommodated on'the system and that the power 
generated by this unit represents less than two years' growth 
of the system at time of installation. 

Since the Israel power system can accommodate a power unit of 
200 MWe (net salable) and this capacity showed a clear advan
tage over 175 MWe, 200 MWe was selected as the net salable 
power capacity of the reference plant. For water plant capacity, 
there was no value within the range of interest that showed a 
similar clear advantage. Accordingly, Israel's water needs 
were used as the governing criteria and a plant of 100 MGD 
(producing about 120 MCM/year at 85 percent plant operating 
factor) was selected. 

b. Det 'rmination of the Desalting Plant Technical Requirements 

Having selected the capacities of the reference plant at 200 MIWe 
net salable power and 100 MGD water production, it was neces
sary to establish values for the other desalting plant parameters 
in order to prepare conceptual designs and cost estimates for 

1 
the reference plant.

~~mum brine L-mprtue 
For instance, with respect to the maxi

the conceptual design is based on a. , , 

eogconservativevalue of 220 F, which was originally believed to 
be the maximum practical value for the reference plant. A 
study of the effect of the maximum brine temperature showed 
a possible advantage in raising this temperature to 235 F. 
Data presently available on scaling properties of Mediterranean 
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seawater at this elevated temperature also seem to be 
favorable as long as the blowclown concentration ratio does 
not exceed 2. 0. The scale forming properties of Mediter
ranean seawater at 235 F are about the same as normal 
seawater at 250 F, because of the highCr concentration of 
Mediterranean seavater salts, for equivalent blowdown 
concentration rations. The 250 F value is generally con
sidered the maximurn fsaf'Value for MSF plants operating 
on normal seawater. Whether the plant ultimately con
structed in Israel is based on i maxinium of 220 F or 235 F 
will depend upon cost and other data that will be developed 

prior to finalizing the design. 

For the selected capacities and maximum brine temperature, 

additional compiter optiin ization studies were performed 
using relatively sniall incremental steps for the number of 
stages and terminal Munpcratuarc differenc. Table IX lists 

certain parani ,eLrs, stuclh as tecminal temperature difference, 
number of stages and (,coi1ny ratios which we re determined 

to be optimum )y•this procedure. 

It will be noted from Table IX that optimum conditions are 
different for t atch fixecd charge rate. Since the fixed charge 
rate for the final plant installation cannot be established at 
this tine, and it was desirable to select "one'' plant for 
preliminary dCesign layout and costing, a particular value for 
the terminal t (1 perature difference and number of stages 
was sole ct ed suc h that the "off-optimum penalty' for unit 
water cost I, a over fixed rangewi1. ,i nininmm thie charge of 
5 to 10 ): rcent. BLecatiso the "penalty" for a "one plant'' 
selection, r her tian plant for each of the three fixedhat a 
charge rates, is so sin;all, it is practical to estimate costs 

for one plant only. 

From an anal\-sis o the %a riolls plant variables, it wa" indi
cated that jO r fixe.d Mllarge rates in the range of 5 percent to 
about 8. 5 percent, in plant having 31 stages and a terminal 
temperatur, dihere1cnc' (T"D) of 4. 5 F would give the lowest 

penalty. Cons idering th theIli fixe charge rate will most 
probably be withiin this ranue, the reference 100 MGD plant 
was based (mn 31 st;gcs, and a TTD of 4. 5 F. 
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TABLE IX
 

OPTIMUM CONDITIONS FOR A 100 MGD PLANT CAPACITY
 
AT 200 MWL, NET SALABLE POWER
 

Basis: Power Source Nuclear 
Maxinmum Brine Tcmperaturo 220 F 
Steall! Tenliporaturc 240 F 
Net Salablo Poo\vr 200 MWe 
Desalt ing Plant Capacity 100 MGD 
Conce lt rVliol Ratio 2. 0 

Tube Velocity 6 fps 

FIXED CHARGE RATE, % 5 7 10 

Optimum Conditions 

1. TTD, F 4. 6 4. 5 4. 7 
2. Number of Stages-:- 32 31 29 
3. Economy Ratio, lb/I, 000 Btu Steam 10.4 10. 3 9. 9 

'Includes 3 heat rejection stages. 
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Since the result showing the optimum plant design to be almost 
independent of fixed charge rate is unusual for desalting 
plants, a brief explanation is warranted. 

When both desalted water and power output are fixed at the 
selected values, for a particular brine heater outlet tern
perature, the optimum desalting plant economy ratio shows 
but little variation with wide changes in fixed charge rate. 
This results fron the fact that as the economy ratio increases, 

the capital cost of the desalting plant increases, but the 

nuclear-boiler cost decreases appLreciably. 

For any given brine heater outlet temperature, economny 
ratio and water output, it is possible to vtry desalting plant 
design by changing the number of stages, terminal tempera
ture difference, heat transfer surface and brine \elocity in 
the tubes. However, near the optinluIM ctIC.sigii, changes in 
any one variable tend to be offset by the ic silting changes in 
others. This, in to rn, means that the specific fteatore s of a 
nuclear- fueled dual-pturpose plant optimnized for one fixed 
charge rate will not be greatly different from the correspond
ing features for tlhe optimum plants designed for other fixed 
charge rates. As a re sult, for purposes of this study, it is 

possible to employ a plant optimized for one fixed charge rate 
at 	either of the other two fixed charge rates with only a small 
cost penalty compared to the optinmun plant for each rate. 

F. 	 Cost of Providing Water From an Alternate Energy Source 
(Fossil-Fuel Dual-Purpose Plant) 

Several fossil-fuel dual-Furpose plants were studied and compared 
with the selected nuclear dual-purpose plant. A dual-purpose plant 
using a nuclear (light water reactor) steam source well satisfies 
the power-water r-atio established by Israel's power and water needs 
(175 to 200 NIWc and 85 to 125 MGD, respectively). The exhaust 
ste am from a back-pr-s sure turbine furnishes the steCam require
inents of a desalting plant at reaZsonatble econolly ratios (lb product 
water/1, 000 Btu steam used) and ctirri litly acceptable naxiim 
brine tc mnperatures. Fossil- fuel powVe- plants tising normal steam 

condition: have mch I less tturbine exhaust than nuclear-fuel plants 
for the saine power output. Consequently, to produce the required 
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ratio of power and water in a fossil-fuel dual-purpose plant, it is 
necessarv eiLh r (1) to usc a water plant \vitlt a higher economny 
ratio thal that re~jUir'( for at nuclear plant or (2) suffer the ceo
nornic penalty of bvp; s -nd boiler steam. 

The st tdv wa mde;i for o0SSil-tule I pow. r pllnlls 01 250 MWe gross 
electriid (:ipproximatlv 200 RNVu, net salable power) ,id 85 and 
100 NIGD wtter producti on for the following t hree ste arn cycles: 

900 p ;iat 800 F 

1. 450 psi"-, at 900 F 

2, 400 psi a t 1, 000/1, 000 F, reheat 

Heat balances wet, conptted, -Ind capitA;l and antual operati 
cost estimates \vcre pt.prtd fotr eah cyctt 'he conclusions 

were: 

1. 	 Only the 900 psig, 800 F ece]ct exhausted sufficient SItcim to 
produce 85 to 100 NGI) in N water plat with an economy ratio 
readily at nai hi e tinde r the cuttrent State.-o!-t he- art. 

2 	 The cost of witer prolucel in ; 100 MGD tossil-tltel dual
purpose ptimt its this cycle %vwts hii .Ir th'in thc cost of water 
prodtl('il i tutclir-ftlel dl l-pulrpO, , pliint 'It all fiXetd chlr"e 
rates5 stutdi ed. 

3. 	 Other I'o ,it-fuel cyclCs would result in still higher tilit costs 

of water. 

4. 	 In order to make fossil fuel cornpetitiu\ it h nucle;ar fuel for 
the proposed plant, a reduction in the cost of to.ss! iite] would 
be needed, For ;L 7 percent fixed e'h ric rate, I redt'citot ill 
the cost of fossil Fult of 10(/million 1W itoiCtr thB urrent cost 
of a pproxihmatcvl\ )33/ni lIon 3tuit woutld be re tirted to han e fossil
fuele d a 11tiniti' -ct lte d plan tsS t ] t n it] 1i:tA% t I costs. 
The foisil-fuel cost (/nillion Btu) rt(]lti PLet to res lt ini A unit 
Va tert cost ual to Wtliat of ;I ntIet r-ftlelC' ( .II]- )tl-poS0 , plnlt 
decreases as fied re d llre'itcrhence,the h' rate de test; 
reduction in fosSil-ftuLl cost Will be r.quircdilat 5 pc.rcnt fixed 

cha r es to make it competitlive with nttilear fIel. 
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VI. REFERENCE PLANT 

A. Summary 

The reference plant is a dual-purpose 200 MWe (salable) nuclear 
power - 118 MCM/yr (100 MGD) desalting plant. The preferred lo
cation is a graded site at Nitzanim, about 9 km south of Ashdod and 
adjacent to the seashore (Figure 4). The plant consists of a nuclear 
reactor and turbine generator, four multi-stage flash evaporator 
trains, and associated structures and equiiptlent arranged as shown 
in the Dual-Purpose. Plant Plot Plan (Figure 5) and Desalting Plant 
Plot Plan (Figure 6). 

The desalting plant flash evaporator trains are each capable of op
erating independently; each train is further divided into four 6. 25 
MGD module streams. 

The major equipment of the desalting plant includes the evaporator 
structures, the brine heaters, air ejectors, gantry crane, and the 
recycle, make-up, product, and blowdown pumps. The evaporator 
structures consist of the heat recovery stages, heat reject and heat 
reject-deaerator stages. The structures are field erected, arch
shaped reinforcec concrete or steel enclosures within xwhich are lo
cated the reniovable tube bundles, p roCluct water trays and flashing 
brine channel. 

The characteristics of the reference 

Capacity 

Trains 
Module streams/train 
Number of stages 
Maximum brine temperature 
Economy ratio 

Concentration ratio 

Tube materials:
 

Brine_ heater 


1st and 2nd Stages 


(heat recovery) 


desalting plant are as follows: 

100 MGD 

4 
4 

31 

220 F 
10. 3 lb water/ I,000 Btu heat 

2. 0 

1 in. diameter, 18 BWG, 90-10 

Cu-Ni alloy 
7/S in. diameter, 18 BIWG, 

90-10 Cu-Ni alloy, except 

air cooling section which 
contains 150 - 7/8 in. diam

eter, 20 BWG. stainless 
steel/90-10 Cu-Ni bimetal
lic or etCual 
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3rd thru 28th Stages 7/8 in. diameter, 20 BWG, 
(heat recovery) and 90-10 Cu-Ni alloy, except 

29th and 30th Stages air cooling section xhich 
(heat reject) 	 contains 150-7/8 in. diam

eter, 20 13WG. stainless 
steel/90-10 Cu-Ni bimetal
lic or equal 

31st Stage 
(heat reject-deaerator) 7/8 in. diameter. 20 BVG, 

stainless steel/90-10 Cu-
Ni bimetallic or equal 

Chlorine consumption 140 metric tons/yr 
Sulfuric acid consumption 33. 000 metric tons/yr 

A survey was niacle of all contending United States reactor manufac
ture rs to (tte ,e ine those which could supply resacto rs fKir conme r
cial operation in 1071. Only the boiling \\'ater 1eactor (1,\V IZ)and 
pressurized water reactor (PI\VR) manufactirers indicated that their 
reactors would hi' a\ailalble on a coininercial basis in 1'71, and that 
they couldt supply ope rating characteristics and cost data now. More
over, the ratios of pov, Ucr-tu-water requirenuents for this plant are 
particularly well-suited to the steam conditions of light water reac
tors as compared \vith, say. high temperature gas cooled reactors; 
hence, further studv was limited to BWR and PWR designs. 

Estimates of cost and perforiiance of several P\WR and 13WR nuclear 
plants at see ral thernal capacities were tltained from maln fac
turers and used as basis fCor the Study. It \\'as Iound that the annual 
cost, capital cost, and the cost of heat to the desalting plant were 
all essentially the same for the B WVR and 10\[A nuclear plants of the 
same capacity. The, selected nuclear plant includes a 1,250 MWt 
light-water reactor with a 250 MWe (200 MWe salable) turbine
generato r exhausting to the brine heater (f the desalting plant at 
25 psia. 

A study was macle of the plant o)erating factor by assigning reason
able availability factors to the plant components. This study dis
closed that the desalting Ilant operating factor will be 85 percent 
with the reference design. 

The plant has the capability of being able to operate the reactor
turbine -generator combination when the water plant is shut down, 
and of being able to operate the reacto r-wate r plant combination 
when the turbine -gene rator is shut down. 
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The overall plant occupies approxinately 40 acres (160 dunans). 

The main Tel Aviv-A shkelon railroad and adjacent hig'hway are ap
proximately three kilometers fromI the plant site. The plant. would 

contain a warehouse and central repair The01).mhu sea\amltiple 
ter intake structure \WO. llCbe located -t:0 neters ,ffshorc in seven 

meters of water dhepth. The ouitfall facility \woiuld 4 nsint otf a ulried 
concrete box culvert with transitihm t) an open channel bevod the 
desalting plant lilits; recirculation problem s \ill remtuire investi

gation. 

The conceptual design of the reference plant, em11ploy, e'ertain dC
salting plant I) oc'e ss and component desi,_, crite rit c,,nside red to 
be reasnabllle extraplolahns fronm current proven t'ehnobuv. but 

wvhich should be cnfirnmed in a dcvelopiimental progra. It should 
be noted that the schieduled 1971 initial lperatinm- dar is (ll)ndent 

on the expe ditiious 5ta rt of thie iidlule te stinig pro glram a i01 its com0

pletion in accordance ith the schedule t ftorth S'et ion ,\.' in 


Reconovended Ievelpilent P rolram.
 

B. Site Evaluation 

1. Description of Proposed Sites 

TWo sites proposed by the Israel Government were inspected and 

compared with respect to accessibility, site preparation, gene ral 

construction costs and nuclear hazards. These sites are shown 

in Figure 1. 

a. Site No. I - Nahal So rej (Neve Rubin) 

This site is a strip of the Nlediterranean seashore, about 10 
km north of .' shdod, west of the slall to\vn of Ya vne. The 
site is part of a sand donle belIt, 'wiCieh extends f rom Eel Aviv 
in the no rth to Ca:za ill the souti. FIle dlnc: belt's avera.giae 
width near Sitv No. I is aboutnt 5 Ico. Last of the dunes the 
fertile plains with mayn villages and .insmalltowns etcnd to 
the .udean I ills. 

The area .ithil la rilills ,cf .tk il1romll the plani, site is on

populated and me ultiva ted. Ihe town of Yavree with its in
dustrial suburb is sitoated some -1 ii t, the east of Ihe site. 
The maj orit y o the polllat ol \withil at 'adils of t' kill are 

agricultoral workers, althouigh some small industrial plants 
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are located 5 kn from the site. The Israel Atomic Energy 
Conimission's S;req Nuclear Resea rcth Center. which includes 
a pool-type reactor and lablratories, is 1 km east (A the site. 
There is a paved road to the site in a westerly direction front 
the main nu rth-si,,ith hitqhwa y neatr 'iVlne. \ se 'ond paved 
road in a sunth-v.ist directiun leads fr()i, Rishm-l.e Zion to 
<ibbut?'. Pgllachi nurth of tie site. A secnd-graade truck 
road I-tlls alulg the shore froIll Palmachini to the site. 

b. Sit. P.,. ii - :<itzanim 

Site N,. II is t n We s(ashore in the vicinity of I.iblutz Nitzanim, 
It is abolt ) !!Im ouolth f Ashdod and similar in appearance and 
terrain ti Sit. N.. 1.I I'}e Lvtah \Vadi f r is the northern 
boundarv ,,f We(I >ite. The chil belt 'llon, the shore has a '.\idth 

f to k 'Il ld is toifihi is' i)f ait scries parallel ridues run-
Iil- pa rtllel I,, ll(,_ irt. t le ii iill.iiil height "f the ridgestt s 

is abqtit-) in ibo, sea level. East of thii (1l11C be t is tle 

cultivated coastal llin. 

"Vithin a ra ditis (,f -t kimi ar' tile youth villatc of Nitzani i, lhe 
ruins ()i lla alltiled 1,ritislh Imilitary ca ip and solle culti
vated fields. 'oioc saindst,)nc iuajrries ar1t less than I km from 
the site. hle Tel. .\viv-:\shkelin Ilig!"ay and a railroiad rul
ning parailel to hi s I ;ire app ro;ill a tel-- I-k il fr n; the 
shre. A paved road sta rts from. the nin highway. crosses 
the ,Id >ritis llip. a lnds it a (itlarry ;ippr) iximately I 
km frim intil seas ,rc. 

2. Preliminary SitC Vv\ValIation 

A preliminary ilte e\:iluation has been made f tle two locations. 
This evalnaLtion emsid. red cliioate, topography. founclation condi
tions. iiceaIto'raptl)hy, tranisl)ortatiiin. cti n icnttilons, and the 
availability i iinstructiii laorI tii site. 1 ri'a:t' The itleaC' ha.
arch is treated iia .u i i i'; t lhc t ill parih gr p heev t 

alioti is ias i , a visiil Ip ection if the t\he , Sites. LAl\mrsa

tions \vith Israeli per sonnel. and ii),ii tht, dat a-ohi iltcd by the 
staff f the Is rael Mint. Sawai r esalting Prijic- in resotnse 
to -Kaiser M!lgiciet rs' i th l r rd.v.tj 

It is L'nclled d fr'iMIi this e\.uatihi that both sites arle essentially 
equally suitable fur the cost ructiotn of the pripised prcject. 
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This conclusion is re lated to the close proximity of the two sites 

and the fact that they generally share the same conditions of 
physical environment. in addition, niajor service facilities are 
comnmon to both sites. 

Particular attentio n has been ,,iven t) foundation conditions to the 
extent that information is currently available. Available informa

tion at the Ashdod towe r plant. located between the two sites, has 
also been reviewed. It is assumed that spread footings will be 
suital)le for boIth sites, and f()r preliminary studies an allowable 
bearing o)f .I,000 lb per sq ft (2. 0 kg /sq cm) al)l)ears reasonable. 
Should a higher ring \'alIcae 06 6, 000 lb ).r s(1 ft prove possible, 
it w()uld t)e rit a sm iall reduction in the plant cost. 

Groundwat, r conditions and related p roblems during construction 

are also considered to be similar for both sites. 

It is appa rent that final selection between the two sites would be 
based on criteria ta.her than the general site conditions described 
herein. Prik)r t()final definition of site limits and plant orienta
tion, further stIb -ur facc info rMatiLH should be obtained from test 

holes and rclated laboratory tests. 

3. Comparison of NuIclear I{ta ards 

A preliminary nuclear ha zards c oI parison was made of the two 

prosl)()se sites. Uhis collpa rison was based partially on the pro
cedures tlecd for United State- site evaluations (10 CFR 100 and 
TID- I18-t. '"( clclatizi &1 islatnce D'actors for lo\ver anrd Test 
React)r eis") as \.ell as Lat a id 'r teria supplied by Isra- . 

The folo),,,.ing key :s sm"w )t ions were Used to Conl) iUte the Whole 

body dose d I"tdirecl gamma radiation and the thyroid dose clue 

to inhalatini for c-;psurus (after a inaxinlumn credible accident) 

of L hImtirs andd days resp(ctively: 

a Reac"tor power - 1500 MW (thermal) 

a Containment building leaka(,e rate - 0. 1%/day 

* Fission product release to con- - 100% of notle gases 

tai nment building - 50% of halogens 
(1/2 of which are sub

seCquently adsorbed on 
)uilding surfaces) 

- 1% of solids 
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0 	 Meteorological conditions 

Sutton 
Paraneters Inversion Lapse 

00. 	 50 0. 25 
Cy 0. 40 0. -t0 
Cz 0. 05 0. 40 
u (m/I sec) 2.00 5.00 

In our opinion, the abo\ve as sunptions a re fair ly conse rvative in 
that they %villresult in an overestimate of the popuila ti on expoSure 
in the unlikely event of a unaximumL credible accident. -loweve r, 
the results can be used for Coniparisoln of the two proposed sites. 

Based on the abov, assumptions ;tnd our analysis, the follo\'ing 
colicllsionrs la be n l'bicaci'(: 

0 	 To allake either silo acceptable [romn a hazards stiln(l)Hint, 
oneO 0 F1'm Or m'14:,0e redl safte.iia rs" \%ill be required. 
The design ald cost of vhlatever cnuinecred safeguards 
are adopted ,vill e the saim at either site. The "engi
neered safg;i rds" f"r a light water reactor are described 
in subsection 1) of this section and included in the cost 
estimates. 

* 	If the southward expansion of Ashdod to within five, km ot 
Nitzanim o"'curs as planned. Site I (Nahal Soreti) is prefer
able from a haza rds point of view. If the future expansion 
of 	 Nshdocl is no realized, or if the expansion takes place 
in 	 a northward ,or eastwa r(l di '.rection, then both sites would 
be 	equidistant from Ashdocd. In this event the Nitzanin site 
would be preferred because of the pt'esence o teC\v r pptlu
lation centers dOwnviald of the )revailing sea breezes. 

The U.S. -Israel Joint Board, having reviex'ed the above conclu
sions, indicated that Site If, at Nitzanim, is the preferred site. 

C. Desalting Plant 

I. 	 Process Description 

a.. 	 General 

The reference desalting plant is based on the multi-stage flash 
evaporation process. This is a process wherein seawater is 
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heated as it flows within tubes under pressure and then allowed 
to flow into lower pressure chambers .vhere portions of the 
brine stream fla sh. The flashed portion is condensed anud be
come s the p rodluc t wa ter. The unflasheCI brine is recycled 
after a portion is removed as blowclown and fre sh seawater 

added as nake- up water. The heating occurs vithut builing, 
and this reduces the tendency for the brine to deposit scale on 
the tube surfaces. 

The multi-stage flash evaporation process is regenerative in 
that the latent heat in the vapor leaving the flashing brine is 
transferred to the recycle brine flowing ins ide the same heat 
transfer tubes on which the vapor is condensed. The flow of 
the two liquid streams (recycle brine and flashing brine) is 
counter-curreint and the temperature difference between tile 
vapor and the recycle brine is maintained by dividing tll( flow 
path into sttiges. In eaclh stage, a pressure (and tie corres
ponding equilibrium tenierature) is establishec as a fncti on 
of flashing brine temperature and the flow of heat in the con
densing v'apor. To make the flas hing brine tenpera ture range 
large, the brine is heatedc to as big h a termperature as may be 
consistent with scaling and economic considerations; and it is 
flashed down to the lowest temperature consistent with the 
temperature of available coolimg water. To compensate for 
heat lost by radiation and irreversible processes to the cool
ing water (heat sink), blowdowii and product water, heat is 
added to the recycle brine in the brine heate r by conde nsing 
steam from the backpiessur'e turbine in the power generation 
part of the dual-purpose plant. 

b. Flow 

The process flow diagram is shown in Figure 7 and the engi
neering flow sheets (piping and instrument diagrams) are 
shown in Figures 8 through 10. Piping dcetails of the brine 
heater and pump1 areas are shown in Figures 1 I and 12. As 
shown in the flow dliagram, seawater entering the intake is 
screened to reimove trasi. To liscmrage marine growth it 
is chlorinated for gO minutcs durinn' each three-hlour interval. 
During chliorination, chlirine is injected at the rate of 0. 85 
ppn, Cl2 (4 lb/inin). One portion of this water is ptimlped to 
back-wash the screens. A second portion is taken by the heat 
reject punips to provi de water for heat removal in the heat 
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reject stages, d, through booste r ptumps, 1or leat removl 

in the c'ondtusL, rS Of1 the' st'<Il'J t' JC'C'tU \aC'll SVStt'ill. "'h 
third and f'inl-l pom't n t)f tit., . <' -;tv ttt. is ttilk(n for intalc.-,tp 

OW ' (I ' det

gas.sin t \tO, v r. Ell Ul It<, to) til t, (it i s 14 ttv. r -r, 10 paUts of 

sulfritc ac'id (l"' "iimcprN ktt nt ) is ; 't to ) chI ,000. 000 

p;irts "i . l r i ,t - ) \,.[lt r , -tcidi!ic.ttion. 'l 1,t' Iric 

acid br lks (I,, tilt L- rJ. tldCO '' Part o f 

Lit(' CO , is rL4,( it ,.l i i It ' :t".(t' tloi l r H i's'' ,peln t h 

bv th,.' 'a\a'hitt. U I .tALq,-110) pu ll) 4 a nI is ,w1l.1p( t CO , 

dt t t r .[>r1 il , 'tl - ilt-,It r itL( Ii ii i , tr ,'l i' i pai th 
-] It t < t t~lIlIt < 1 1 t I I' II), Ir'it t. tk ttl \ II k < l i) J, L 1 1 k)IIL l > c ,i { Ic l I 

to . Httit,' ht rs>I igi ' ,.\iiii. r till i' i ' . 0),t 1',,t'1(1t I,.'S , ti t' l t 
-

m anl s th o-" / iit_. l I i tl ' r k-t, . ['h r,,II - l ,:1 It' i ( It'l t :t.' 

scrt ipti, ll, il l i.tl r ti sUr - it'<t r\' i' t stp U is !W t ot'( U <'ir 

to r. T Ur [l),l : ,1t 

h t<It s rii I t t !,i , i t i i I. I t ' I I k 

lFt t k Ii, kis ! )tl<t. t 

t ' l I, tit' iil l I t w i.l ) i i' Ill t' tilt ', ' - it 

,thil'li I ii ' , ri tih it I ', y' i'lt 4itaiti, ' 

it , it tllt' I I t. 
w a tlc r! is tliltc l - J x , < lilt , th ,- 11;-<, 11 r s: (-""t iolI -,! til, ( t < < i , l l , 

>;~ . hk > 1ilw .k, 't tiht. (.heart r("it-ct ~ ,,l..V. i > h i) t ()I" ' andll 

' O th e.r il<ml c m'1 l ( ',1: ah lk s (1)[11S.' s<,lILt' V,';11 -r , ,ta l"(I ) <a ' r(2 c' <s 

It i.s ill th is chiatlllm.rI. that til' i t'.'ll(, \v i \<atr.- ,c till' h rl' ic ret 

cy'cle, st r'cam.l 

T17he M ajO r tllt'rtt r)c, itl tttIy l'ilWt I-tcc'--lte Sl tl l ill thet 

chandwr se<ctions. Q, the rc.,'' t i.s plliplt
l ti, 

W atl Wc ,,, k-fic(Acd' hy\ 

inghunirtr ' t s 'l t gt'I" (iS ti ' it. r i, tit' elit' tl Ui't.' tt t.1l

d!.es in t-r c ,,f 11w 1(, r t t rttor and l ,t I( Ct t ( - ',' 
of ea.c'h Iraint il l d (l iscarchiql~ th/is \v, tr r di ructtl\ t, Hwlt ,,flletnt 

C a n a-ll l '.\' lic hl ,'i- li ,'. il t, tiltw q ' I 

T hul\ f'lashn-;ii hrlinl'. r( .tclwt itl ]t(AtIt' la cr/tt'l i rcil andl( m axt"-i-

M U MllltC()nktt li t al i )l (,! s,,4 1d : inl tl'.l d (-lt, t(1r .s at ,C. t- , rt 0 f" 

this h r'inn. is piliqmI~t c tl , ,\(l(,\%n,to,, the' ,.t/T w , anal t IJ t Iilc 

s t';c a ni s I 'i n,g atr r n i i; a c t ". r Iit I i i :, I I I t Iit, lI , ik, '- 1.1) wvit t t r 

W ith tilt' bb )Wd,\ ( 1V,.v11. 1[1(l ' 1) 'lhk )/i L,t %\ilth( lit bink-, l'. ,lllb illw d 

th -' N gas,, i.nd'c ima!],w-tp m..itr is (-d) h r'tc t%%W wii) r tht' vtyc pimil 

th ro~ll'-d tilt tilih(t b lllld!l,..- <w I w l t, a"t "','t (%,v r%'vst (, io , fl t Ili,' 

vvt'aipt lrat r. lt' t [)l r n t ,lI ill' [lil)m 's i tl,,t- te'd() "I ' o i l k r(-ll i i.ll(' ; 

b)y " a'.':pt)r fr'llml tilt 1'a shllin'-t l/rint,' k, l 11 (' r, J{'. l h {" litt r tt-111

ptu ratt tr ' l C Lond(.- I J. , In t I I ' t 1;1)(' -. A\lto'r lk',i\ inig tilt,SIa t'q ' 

h~ighet: prrssut ll ag l'i '. , t rim.' r c lk t ream'{llts<; t N ()it'( I Ill,' 

eniters thet till)(-' h lil(lt ()I tit hl I eait'r I l.crct: hc brine' 
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reaches its highest temperature from condensation of exhaust 
steam from the back-pres sure turbine, supplenented when 
necessary by steam bypassing the turbine. The steam con
densate from the brine heater is returned by punp to the pow
er plant, along with part of the ccindensate f rom the vacuun 
system. By (,it adtiustable throttling valve inneans an the
 
brine stream )etween the brine heater and Stage No. 1, pres
sure is maintained on the ibrine in the brine heater bundles to
 

prevent premature flashing vloch cmuld lead to scale formation. 

From the brine hea.e r tobes, the brine recycle streanm enters 
the Stage No. 1 evaporat or oen brine channel where flashing 
takes place 4ocause of the lov er )re ure therein. The vapor 
flashed condenses on the tubes of Stage MN I tube bondles a"Al 
is collected as pr(dhuct water in toghs underneath the tube 
bundles. The brine and product.tater pvss throtgh pressure 
seals in their respective channels anld tr'ollihs ilnto Stge No. .

,
where flashing takes place to the lv. cr pr>a r e.xisting in 
that stage. Fixed restrictions act Ns scals to lp rmit estab
lishment of pressure ifferent-al s te\,veen acijacert' . stages. 
Additional product water collects in lhe trough in Stagc No. 2 

as a result of further flashing of the brine streai and cionden
sation of this flashed vapor; the constantly increasing flov 
proceeds from stage to stage, flashing to lower pressures, 
until the deaerator heat re ject stage is reached. .t this point 
the product water, ,ita tem)erature in equilibrium with the 

pressure in that stage, flows into a sutp from which it is 
pumped to an atnospheric Lank. 

The vacuum system also fteTions to remove noncondeisable 
gases resulting both fron in-leakage to the stages and frol 
dissolved and entrained gases in the seawater -ia he-up, such 
as the CO 2 and 0 ) that. we re not conpletely removed in the 
degassing operation. Noncondensable gases tus t be removed 
to a very lo,v concentration to permit eqluilibrilm conditions 

to be established in the stages and to maintain the heat trans
fer coefficient (f condensing vapor at its ntix:itionit value. A 
mixture 4 steam and gas is removed through a hood located 
in the insicie the heat exchange bundles to i a ntain a novelf 


ment of vapor This inixture goes to one of three steam jet 
systems depetnding on tie pressure level i the pa ticutlar 
stage. The nilti-stage steam jet systems are equipped with 
pre-, inter-, and after-condensers. Motive steam comes 
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from turbine bleed, and untreated seawater is used as cooling 
water for the condensers, after which it is discarded to the sea. 
Part of the condensate joins the brine heater condensate and is 

returned to the stearn generators, and the reio ainder joins the 
product stre am. The nonconclensable g,,ases leave the system 
from the ater-,:ondensor to the atnmosphere. ,laxinun steam 
econolily in the jet sys emi is obtained by a judicious arrange

ne nt of vont tines 'rom the various stapes to the high, inter
mediate or low vacuum sys.ems. 

Start-up is efe ted by initiation ,t flw o treated water until 

the re(uiredl\V 0entory o using recycler ter in is tai-ied, !.he 
pump to distrib t o the water to the stage s. Ihe entire evap

orator syste is then pnut under vacuumi. SOeam is then lec to 
the brine heater, and heat reject .,'ater started, Icading to the 
establishment of the rOqired toenperatur- and pressure profile. 

The plant consists of tur trains of r-vqmprator sections, each 

of which can operate independently of the others. This sinli
fies scheduled shutdovns for maintenance. If the entire desalt
ing plant is shut d own. a d it is desired to continue generating 

power, sea water can h e punped directly to the brine heaters 
which would act as ",ndensers fOr the turbi-e. This is accom
plished bv using the heat reject pumps to deliver water through 

an encrgeny )ipeline. 'lo maintain the turbine back-pressure 

at the design value du ring this )erio l, and at the same time 

maintain a non-fouling vel ocity of 5 ftisec minih un in the 
brine heater tubes. the heat reject pumps will deliver about 
25 percent of noirmal output and 25 percent of the brine heater 

surface will , u'ilized. 

Since con rt1 of bicarbonate scale is effected by injection of 

acid, there is no need for routine acid cleaning of the tubes. 

2. Desatting Plant Description 

a. General 

The reference 100 MGD plant consists of four evaporator 

trains, each having a capacity of 25 MGD. This arrangement 
is shown on the desalting plant plot plan, Figures 5 and 6. 

The characteristics of this plant are as follows: 
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Capacity 100, 000, 000 gallons 
per day 

Trains 4 
Stages 31 (28 heat recovery 

and 3 heat reject) 

Terminal Temperature Difference 4. 5 F (at first stage) 
Velocity of Brine in Tubes 6 ft/sec 
Maximum Brine Temperature 220 F 
Design Cooling Water Temperature 70 F 
Design Flashing Range 138 F 
Blowdown Concentration 2. 0 
Economy Ratio at Design Conditions 10. 3 lb product water/ 

1, 000 Btu steam 

used 
Product Water Salinity Without 25 ppm TDS, including 

Leaks 14 ppm Cl-
Product Water Salinity - Maximum 125 ppm TDS, includ

ing 69 ppm Cl-
Product Water Salinity - Average 75 ppm TDS, includ

ing 41 ppm Cl-
Recycle Flow 550, 000 gpm 
Recycle Ratio 8. 34 lb of brine per 

lb of product water 
Steam Pressure at Brine 25. 0 psia 

Heater Inlet 
Steam Temperature at 240 F 

Brine Heater Inlet 
Steam Flow to Brine Heater 3. 7 x 106 lb/hr 
Steam Flow to Jet Ejectors 128, 000 lb/hr @ 125 

psig 
Pumping Shaft Power 47, 500 hp 

Other data are presented in the computer printout on the fol
lowing pages. 

b. Intake Structure 

This is more fully described in subsection E of this section. 
The vertical mixed-flow pumps provide seawater for trash 
screen heat reject, make-up, steam jet condensing and back
wash. There are five heat reject pumps (four on-stream and 
one spare) and four make-up pumps. For economy of piping and 
for diversity of operation all heat reject pumps deliver water 
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c7- CATALYTIC CONSTRUCTION COMPANY 

PHILADELPHIA, PENNSYLVANI A 
z 
C 

SALINE WATER CCNVERSION STUDY 

CATALYTIC CONSTRUCTIGN COMPANY CONTRACT 45970 

FIXED NET SALAtiLE POWER JUNE 10, 1965 

PRODUCTION 100.0 MmGAL/OAY, 34722222. LBS/HR. 

RECYCLE RATIO 8.340 LBS/LB PRODUCT 

CONCtNTRATIUN RATIO 2.00, TOTAL flUMBFR (IF STAGES IS 31 

TEMPERATURF OF FLASHING BR-INE FROM BRINE HEATER-IS ?20.0 DE -F. 

SEA wATER TEMPERATURE IS 70.00 DEG F. APPROXIMATE TIT 4.50 DEG F. 

SOLIDS CONTENT OF SEA WATER IS 3.8600 PERCFNT 

STAGE 
NO. 

FLASHING 
BRINEMLB/HR 

DISTILLATE 
PRUOMLB/HR 

RECYCLE 
BRINE,MLP/HR 

CONCENTRATION 
WT. PERCENT 

PRODUCTION 
M L8/HR 

PRESSURE 
PSIA 

VAPOR FLOW 
CU FT/SEC 

BOILING P314T 
ELEV. DEC F. 

1 

3 

5 
b 
7 

9 
10 
11 
12 
13 
14 
15 
1b 
17 
18 
19 

_ 

-

288346. 
287112. 
285884. 
284664. 
283451. 
282245. 
281045. 
279853. 
278667. 
277488. 
276316. 
275150. 
273991. 
272840. 
271695. 
270557. 
26942,. 
2o8303. 
2b7187. 

1242. 
2476. 
3703. 
4923. 
6137. 
7343. 
8542. 
9735a 
10921. 
12100. 
13272. 
14437. 
15596. 
16748. 
17893. 
19031. 
20162. 
21285. 
22400. 

2d9588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 
289588. 

6.8236 
6.8529 
6.8824 
6.9119 
6.9414 
6.9711 
7.0('09 
7.0307 
7.0606 
7.0906 
7.1207 

7.1509 
7.1811 
7.2114 
7.2418 
7.2723 
7.3028 
7.3334 
7.3640 

1242. 
1234. 
1227. 
1220. 
1213. 
1206. 
1199. 
1193. 
1186. 
1179. 
1172. 

1166. 
1159. 
1152. 
1145. 
1138. 
1131. 
1123. 
1115. 

14.8765 
13.6361 
12.4796 
11.4028 
10.4019 
9.4728 
8.6119 
7.8154 
7.0797 
6.4014 
5.7771 

5.2036 
4.6777 
4.1966 
3.7571 
3.3567 
2.9926 
2.bb22 
2.3633 

9288.16 
10008.55 
10801.84 
11676.12 
12641.31 
1370b.71 
14891.1H 
16203.40 
17662.13 
19206.49 
21G98.38 

23122.83 
25388.50 
27928.18 
30779.43 
33985.26 
37594.79 
41664.22 
46257.69 

3.0026 
2.9737 
2.9450 
2.9166 
2.8584 
2.8604 
2.8327 
2.8053 
2.7781 
2.7512 
2.7245 

2.6980 
2.6718 
2.6459 
2.6202 
2.5948 
2.5696 
2.5448 
2.5202 



STAGE FLASHING DISTILLATE RECYCLE CONCE NTRATION PROFUCTIUN 
(0. BRINEYLO/Hk Pi U0.ML/hR 8PIN-,P,/HR WT. URC[NT H L/HR 

2,C. 
21 
2? 
23 

206080. 
26498 1. 
253591. 
262810. 

23508. 
24607. 
25697. 
26778. 

239585. 
2895b8b. 
295,-. 
2P..58b. 

7.3946 
7.4253 
7-.4- -0 
7.4866 

1107. 
1099. 
090. 

108i1. 
24 6b1739. 27648. 21'938 .. 7.5173 .071. 
25 266679. 20909. 2h9588. 7.5478 106u. 
26 
2;1 

259633. 
251593. 

29,457. 
30994. 

204q86. 
289)588. 

7.5783 
7.087 

1049. 
1037. 

257569. 32618. 2P9586..7.6390( -- i024. 

. . HEAT kFJECTI rilSECTION 
RAW SEA WtER -- ...... 

29 25t.o63. 32925. 280280. 7.6659 907. 
30 
31 

255761. 
254865. 

33H26. 
3472. 

28C280. 
280280. 

1.6930 
7.-7200 -

901. 
89. 

DISTR IuTI1JN OF RAW SEA WATER 210836. MLB/HR AS UNCE THROUGH 

oQ444. MLB/HR AS MAKE-UP 

PRESSURE 

PSIA 


2.0933 

1.8502 

1.6318 

1.4361 

1.2-.2 


1.154 

0.9669 

0.8441 

0.1735t. 


0.6 94 
0.5720 

0.'527 


VAPOR FLOW 

CU FT/SFC 


51'448.244 

57 318.94 

63b3.95 

71489.59 

80015.55 


89675.83 

10C-1(.47 

113011.21 

-- -.
3.30
 

-- ---.. 

126547.61 

141738.93 

Y5o158.a0 


PUILING PINT
 
LLEV. 'E; F.
 

2.4959 

2,.4719 
2.44W2

2.4248
 
2.4017
 

2.3"90
 
2. 3566
 
2.347
 
2.1 


2.2940
 
2.2752
 
2.2565
 

U',
 

http:Y5o158.a0
http:141738.93
http:126547.61
http:113011.21
http:10C-1(.47
http:89675.83
http:80015.55
http:71489.59


STAGE 
NO. 

TEMP FLASHING 
BRINE, DEG F 

TMP DIST 
PRUD, DEG F 

TEMP RECYCLE 
BkINE, DEG F 

TERMINAL TFMP Lf(C ME AN TFMP 
DIFFERFNCE, F DIFFFRENCE, F 

HE-AT RANSFER 
MBTU/HR-STAGL 

0VFRALL U 
'ATU/FT2/F/HR SO 

AkEA 

FT/STAGE 

. 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

13 
14 
15 
16 

. 17 
18 
19 
20 

.21 
22 
23 
24 
25 
26 
27 
28 

215.62 

21l.22 
206.82 
202.40 
197.97 
193.53 
189.07 
184. l 
180.13 
175.b4 
171.14 

12 166 .6-3 
162.11 
157.59 
153.05 
148.50 
143.95 
139.39 
134.81 
130.26 
..125.7u 
121.14 
116.58 
112.03 
107.49 
102.97 
98.47 
93.99 

212.62 

208.25 
203.87 
199.4H 
195.08 
190.67 
186.;4 
181.80 
177.35 
172.89 
168.42 
163.94 
159.44 
154.94 
150.41 
145.91 
141.38 
136.85 
132.31 
121.77 
123.23 
1113.69 
114.16 
109.b3 
105.12 
100.61 
96.13 
91.[Th,9 -

2013.12 

203.73 
199.33 
194.92 
1 0.5(C 
186.01 
181.62 
177.16 
172.69 
168 2 
163.72 
159.21 
154.70 
150.18 
145.64 
141,I0 
136.55 
13-2-.-90 
127.43 
122.87 
118.30 
113.73 
109.16 
104.b0 
100.uS 

)5.1,1 
- f.R 
6.47 

__ 

4.5000 

4.5197 
4.5403 
4.5607 
4.5811 
4.6013 
4.6214 
4.b415 
4.6614 
4.6813 
4.7012 
4.72-12 
4.7414 
4.7620 
4.7830 
4.8046 
4.8271 
4.8505 
4.ti752 
4.9014 
4. 
4. 59 4 
4.919 
5.U27U 
5.0652 
5. 106b 
5.1522 
5.2017 

6.4458 
6.4717 
6.4980 
6.5241 
6.5501 
6.5759 
6.6015 
6.6269 
6.6522 
6.6774 
6.1025 
6-.7215 
6.7526 
b.7778 
6.8031 
6.8268 
6.8548 
6.8814 
6.9066 
6.9367 
6.9657 
is.94 9 
.0275 

7.G066-
7.09o5 
7.1324 
7.1714 

-7--.2-12-8 

-

120-?b7. 

1206175. 
1208129. 
1210076. 
1212U22. 
1213970. 
1215921. 
1217870. 
1219808. 
122172-3. 
1223597. 
1-225 4 b9. 
1227130. 
122t727. 
1230163. 
1231393. 
1232365. 
1233U23. 
12333U4. 
123313d. 
1232448 
1231153. 
1229165. 
122h392. 
1222737. 
1218103. 
1212389. 
1205497. 

620.93 

619.45 
617.9H 
616.54 
615.12 
13. 73 

612.37 
611.u4 
600 .7Z 
b8.42 
607.11 
6D5.78 
604.41 
t 2.98 
J)1.47 

59Q.84 
>9E.o5 
t,6. 08 
513.88 
'091.40 
588.oI 
5P').44 
d,.16 

. -77.gC 
573.!1 
56,8.04 
562.24 
555.-6 

300888. 

300874. 
300856. 
300037. 
3CG818. 
300799. 
3007'10. 
30C761. 
300142. 
300723. 
300704. 
3-60~6 
30C668. 
300652. 
300637. 
300623. 
300611. 
-300601.--
300595. 
300591. 
300590. 
300594. 
300602. 
300615. 
300634. 
30068. 
300689. 
30C727. 

z 

HEAT REJECTIUN SECTION .... 
TUIAL AREA : 419557. 

. . 

29 
30 
31 

89.99 
86.00 
82.00 

87.7C 
HI.72 
79.74 

81.99 
77.99 
73.99 

5.7099 
5.7316 
5.7531 

7.5332 
7.5559 

4. 

]G7469e. 
!074699. 

. 1074694. 

b4e.o9 
541.50 

7.533.14 

260052. 
l62663. 
265691. -

TOTAL AEA 78e405. 

GRANO0 TOTAL AREA 9207962. 



PRINI HEATER DATA m 

STEAM PRESSURE 2).0 PSIA, STEAM TEMPERATUk,- 240.U nG 
TEMPERATURE RISE OF tiRINE THRUUGH HLATER 1I.dH4 DEG F. 
__ FLRALL HEAT TPA!4srER CUEFFICIEiT 621.21 tTu/FT2/F/HR 
HEAT H*-1,UIPFME.T tlF HEATER IS 3258. 3 'U/HR.?-oE 

. 

LLJG PFAN 

wC uB <E h 

____ 

tLjPt.RATUP 

, 0F RrATr 

uji-F-.Crc 

75 - ,fS 

21.4(F0 

5. SD.FT 

m 

ST-AM E*L, IREA.-NT 3512U31. L 

INCLUING IlEOC. LBS/HR 
STEAM LCUNLJMY PAT10 15 10.324 

/Hk AS IFPY SATUP.TEL, 

FOR JE TS 
LdS PRUIuCI/'1 LTU 

STr.A 

DESIGN 0ATA 

HEAT kCCIVERY SECTIUN 

NU__ ER OF TUBES PER ,TA,;E IS 56997. 
VFLCLITY OF RECYCLE 3'4 INE IN TUE. S I S ).ooo ri/SEC 
PKESSUk; 'IKOP THRUU,-H Tt, IS SECTION IS 75.13 PSI 

INCLUDING 17.30 PSI FA,4 EXTERNAL LOSStS 
LENGTH GF IUBES IS 22.25 FEET 
LUSi E DIAET F TOER-S I C.h7T IN(CHE S 
WALL THKvCNESS OF TIJ9E' IS .,35 INCflt > 
TITAL WEIGHT Of TUB, .1 I' EACH STAGE IS 44-0726. PCUNDS .. 

HFAT rJLCTIuN SEC!lIN 

NUMUER OF IlU8 S PER STAGE IS_ 55920. ..... 
VFL|ICIIy Uf p.A, SEA WATIK IN TUBES IS ,.CPD FT/SEC 
PRESSIAR , UP T- ,ktU i, tHIS SECTION IS 21.25 "S 

1NCLUrING 14.60 PSI FOR EXIL;ENAL LOSSiS 
LENGTH OF TUBES IS 20. 52 FEl .E. 
(lUTSI5E UIAP'.ETfR OF TUOLS I5 C.75T INCHES 
K ALL T-ICK, ESS OF TUBES IS 0.U35 INCHE 
TOTAL WEIGHT OF TUCS I% E4-H STAUL IS 193047. PUUNOS 

.. 

.. - .. ... 

BkINE HLAT R 

TOTAL NUMi;-R OF TUbES IN HEA TlF- IS 45227. 
VELOCITY L+- RECYCLE BRINE IN TUiES IS .000 FI/SEC
PRES U.tE CROP THP:)U(,H THIS SFCTIUN IS d.-) PSI 

IN*CLUDING lb.n(J Ff IN-F4EAERS . ... 
LENGTH OF TUbES IS 17.39 FEET 

OUTSICE UIAMETER Of TUhES IS I.O006 INC-,ES 
hALL THICKNESS CE Th6-. 11 0.:3 5 1,,CH 
TOTAL WEIGHT O- TUFriS 1'4 CR1rvF i'ATtR IS 3-)4(O. POUNDS 

_ 

TOTAL RECYCLE 'RINE PUVP HEAu IS 'j9./4 PSI 



through a cornnon header to the evaporator trains; the header 
is divided into branches to each train and each branch is fur
ther subdivided to serve three of the four reject stage tube 
bundle s. 

The imake-up pumps similarly clischarge into one header which
 
feeds \a oter t, thei atmospheric deaerator. The spare heat re
ject pumi can als) supply nmake-up water when one, two or 
three Ilake-up w'ater pumps are out of service. 

c. Evaporator Train 

The plant consists of f(,ur parallel trains of evaporators, each 
train capable of operating,alone or in parallel with the other 
trains. The desc ription belo\w is based on a steel evaporator 
encIos i re. Should the testing of col(.crete and conc rete coat
in s nowm bein', made by the -,ureauto Reclamiation in IDenver. 
Colorado. result in data vhich confirn that concrete evaporator 
encl)sures are stitable 11 Ind \will ii\itlstand theI(,r -year life 
thermal transients epected. concrete can be used instead of 
the steel closures nv included in the reference plant design. 
This wiill result in a rmductit)n in the capital cost of approxi
mately S .AT0, 000. 

Each 25 million-gallon per day evaporator train consists of a 
recovery section. a heat reject section, three 50 percent
capacity brine recycle punmps. two 100 percent-capacity blow
down p1u)ps, two 100 pe rcent-capacity distillate pu)ps and the 
necessary pipe bays and sump pumps. Each train is further 
supplied with vacuum svstenms and a brine heater. 

The recovery and heal reject sections consist of a series of 
steel stages separated by common walls. Following the brine 
heater is leat Recovery Stage No. I at a pressure of approxi
mately I psia. The pressure gradually drops in the succeed
ing stages and reaches a value of 0. "Ato 0. 8 psia in the last 
heat reject stage, depending omn the sea\%ater temperature. 

Each stage (Figure 1 -,)is subdivided into four modules in par
allel. Tie brine flow ch ,.nneland the vapor space of all mod
ules are interconnected to prevent tem lerature and pressure 
gradients actross the stage. All the heat recovery tube bundles 
and the first two heat reject tube bundlies, arranged With tubes 
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at right angles to the stage dividers, straddle the stage divider, 
resulting in half the length of tube bundle in each module. One 
tube bundle serves two tandem modules covered with one re
movable roof section, making it possible to lift out a tube bun
dle for retubing. In the deacrator stage (third heat reject 
stage), one tube bundle occupies one module. 

The tube bundles are mace primarily of 7/8 in. OD x 20 BWG 
copper-nickel (90%-10%) tubes rolled into a tube sheet. Tubes 
exposed to excessively corrosive conditio)ns on the vapor side, 
namely those in the deacrato, stage amn in the air cooling sec
tions (about 150 tubes per buiAle) of the rec v,ery and heat re
ject bundles, are bimetallic. They consist of copper-nickel 
(90%- 10%) on the inside and stainless steel on the outside, re 
suiting in a combined thickness of 20 BWG. The copper
nickel tubes in Recovery Stages No. I and 2 are 18 BVG for 
greater reliability. Bundles in a module stream are intercon
nected on the brine side by pipes passing through sealed open
ings in the stage walls. Expansion .joints are installed in t!'ese 
pipe.. s required, along with anchors. Venting is e(ffe :ted 
through a hood arranged to collect a nixture of stean and l non
condensable ,ases from the center of tube bundle atthe the 
colder end. Each hood is connected by a vent tube to headers 
conveying the mixture to steam jet evacuation systems. 

The brine channel occupies the full wvidlth of the floor in each 
module and carries the brine flow in the opposite clirection, 
but parallel to the flow in the tube bundle. A liquid : cal and 
a dam between stages prevent blow-through, and thus permit 
maintenance of system pressure in each stage. 

Vapor from the flashing brine passes through mesh demisters 
and condenses on the tube bundles. Troughs located beneath 
the bundles collect and convey the ccodensate from stage to 
stage, a licuid seal being used to prevent blow -through be
tween stages. 

The last heat recovery stage and the first heat reject stage are 
separated by a pipe-way where the circulating brine is distri
buted to the four tube bundles in the last heat recovery stage. 
Here also is located the pipe collecting the cooling water from 
the three tube )undles of the heat reject stages for transfer to 
the effluent canal which is locatecd underneath this pipe -way. 
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The make-up water, heated in the fourth tube bundle of the re
ject stage s, is collected here and conveyed to the last heat re
ject stage (deacrator) for spraying into the recycle brine 

stream. 

The pipe-way is also the location of a pa1rt )f the eva'uatLion 

systeill 1s1,d f,,t ri' vI,,ing nonc ,n elsabivs4 from the staoes 

The evacuation e(buipient for each train consists of three sep
arate systems. The first sVsiem consists of a pre-condenser, 
single stage jet. and after-t ondenser; it uvacuates Stages I 
through 1-. The se'ondl system consists of a t\o stage jet, 
pre-, inter- and atter-co ldensers: it evacuates Stages 1K 
through 0L. 'ie tlhirjd' system handles the remaiing stages 

including the dvac, ator, t ',nsists of a three stage system 

with inter- and aft( r-',odiL se rs Systems I and II each have 
two parallel units. Systein HI has tour parallel units. This 
offers a possibility of saving oin steam usage shluld the non
condensable load pr ,\Ve to be lower than expected. The con
censers are cooled by ulnt'reated sea\wate f romn the heat reject 
booster punps. Condensate is collected and pumped with con

ventional equiprient partly to the brine heater condensate 
sum-nps for return to the power plant, and partly to the product 
line of the desalting plant as required to satisfy the material 
balance.
 

The brine stream and water distillate strearn continue in unin
terrupted flow through their respective flumes located beneath 
the pipe-way and into the respective channels in the reject 
stages. The product water is collected in a surnp from t!-.e 
water channels in the final reject (deaerator) stage; it is 
pumped by the distillate pump to the product tank. A dump 
line from the distillate punp to the effluent canal enables the 
plant operator to take corrective measures, or to proceed with 
an , rderly shutdown in case of excessive salinity of the prod
uc t, without contaminating the product water in the storage 
tanks.
 

After reaching its lowest temperature and highest salt content 
in the deacrator stage, the brine is divided into a blowdown 

stream and a recycle stream. The blowdown stream drops in
to a sump from where it is rejected by a pump to the effluent 
canal. The recycle stream, joined by the deaerated make-up 
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water, also drops into a sump where it is picked up by the re
cycle pumps and pumped into the tube bundles of the last heat 
recovery stage. 

The pumps noted above (product \vate r, blowdown and recycle) 
operate with flooded suction and are installed in a pit to pro
vide the NPSH requirements for pumping saturated water 
from 
vacuu1n.
 

The brine heater station is located between iHeat Recovery
 
Stage No. 1 and the steam turbine in the power pla nt. There
 
is one brine heater for each evaporator train. Each brine
 
heater consists of four 
tube bundles in one steel housing. The 
tube bundles are made of I in. OD x 18 B WG copper-nickel
 
(90-10) tuLes. 
Steam from the back-pres sure turbiue flows
 
into a pipe header from which a branch feeds steam to cach of
 
the four brine heater housings. This ste.,nm, when condensed,
 
is joined by condensate fromn 
the steam jet systen, is collected 
and pumped to the powe r plant. 

Heated recycle brine leaving the tube bundles of Heat Recovery
 
Stage No. 1 is collected in a header in which it 
 is transported
 
to the brine heater header and is 
 fed to the individual brine
 
heater bundles. The heated brine then 
flows from the brine
 
heater through sirnilar header systems 
and is distributed into
 
the brine channels in each module 
of Heat Recovery Stage No. 1. 

For operation when the desalting plant is shut down and the pow
er plant must generate electricity, one of the heat reject pumps
will feed cooling water directly to one b)Indle of each brine 
heater acting as a condenser. Warm water leaving the brine
 
heater will reach the sea directly through an emergency efflu
ent channel.
 

Tube bundles in the evaporator trains can be removed for re
tubing by use of a gantry crane traveling on tracks straddling 
each train. The trolley will be positioned over a given module 
and the removable roof section lifted off. The tube bundle will 
then be unbolted from the piping, lifted and moved onto a 
trailer for transportation to the maintenance shop. 

The gantry crane system is equipped with a transfer car ar
rangernent thus making it possible to transfer the crane from 
one evaporator train to another. 
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d. Chlorination 

Chlorine facilities include equipment to handle one-ton chlorine 

containers from the carrier to storage or to a nanifold which 

feeds chlorine to automatic chlorination equipment. The equip

ment will also load empty containers on the carrier. The chlo

rine injection is done at the intake of the marine conduits. 

e. Acid Treatment 

Sulfuric acid of 95 percent concentration is delivered by car

rier and unloaded into two 80,000-gal. storage tanks. A me 

tering purnp feeds acid to the seawater make-up line en route 

to the degasifier, using a corrosion-resistant mixing device in 

the pipe line. 

f. Degasification 

The make-up water, now containing CO 2 into which bicarbonate 
was converted by the acid treatnment, is distributed over pack
ing in a five-cell tower resenmbling an induced-draft water 

cooling tower. By using low capacity fans, only a low air flow 
is drawn through the water, effecting CO 2 removal. 

g. Piping and Valves 

Pipe is generally run in grating-covered trenches to permit 

ground-level acces. roads for maintenance. Where access 
roads are not a consideration, pipe is run above ground. 

Valves for low pressure stealni , vapor and liquids are of the 

butterfly type, motor operated for sizes above 18 in. High 

pressure steam lines are equipped with gate and globe valves. 

Control valves are butterfly or globe type to suit the service. 

Materials of construction are selected consistent with exposure 

conditions. 

h. Instrumentation and Controls 

Instrumentation will be applied to the desalting facility in ac

cordance with standard industrial plant and utility practices. 

Special consideration is given to size, flows, and corrosive 

fouling characteristics of the fluids being handled. The 
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overall size of the facility is such that all transmitted signals 
to the control room area will be electrical or from electronic 
transnitters. The receiver instruments for renote recording, 
indicating, antd alarming \vili be omounted on a cntrol panel lo
cated in an air-conditioned ccntnal control roomn. 

(1)Automatic Control 

(a) Flov 

There will be one flow control loop to maintain a ratio 
between make-up water flow and sulfuric acid flow. The 
acid flow vill be the c ,ntrolleci variable, via a va riation 
of the acid feedU pum p output. This vwill be a u ton atic ally 
ratioed to the q tlantity ()f \\atCr )ein " pUn lpCi to the dce
gassing t\ver. Iihc ratio s'ttin' vdl be nanually ad
justed on the basis o1f pfl valtes of d ,,assin' to\ver teed 
and effluent. 

There will be one flo\w control loop f'or each evaporator 
train maintaining a ratio bet\ven product water flow and 
blowdown flow. The blowdown low will be the controlled 
variable, the final control clemoent being a 24 in. butter
fly valve e(uipped with an electropneuntatic actuator and 
positioner. The ratio of product water flow to blowdown 
flow will be naintained manually by the operator. 

(b) Level 

All level cotntrol systen.s witl be local, the purpose being 
to provide and guarantee a liquid seal on the suction of 
the various sytem pumps. Control valves will be butter
fly valves o the pumlp discharge lines, With pneu-nmatic 

ac tuator s. 

Level comntrol systems vill also be installed to control 

the outleLt flow front the U5010)S under Ei-1 15D. E-215D, 
E-315D, and E-415D (Figure !0) to maintain the recycle 

brine level in each trlin. The level sensor will 1be lo
cated at the (icacrator end of the train. Displacer type 
level sensors will be used, controlling boy neans of a 
butterfly valve in the italke-up line. 
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(c) Chlorine 

Chlorine residual will be controlled by the chlorination 
equipment. 

(d) Miscellaneous 

The resaining parameters of pressure, teniperature, 

pH and conductivitV are not autonatically controllable 
parameters as the desalting plant cycle is set ap. 

(2)Prinary Elen ents ani Nlasiirdg l'chnin es 

The various types A instrUHilIMt to he employed are listed 
belo-w by p rocess ,aral etr. 

(a) Flow 

Considering the significanc "f line size, )e'llanetll he,ad 
loss, and o)eratin osts vs fiLrst cost., magnetic fio,\\ 
elements will W. epltliyed on all water services for line 
sizes -8 in. and l rger. he magnetic meter w\:l also 
be employed f'r the ninastlru ,L-nt of sulfuric acidl to the 
degassing toy.Cr. lDifferential prodiming primary vle
rrents will be .nplvlyc for tilities. stean lm apl.llica-

Lion, and water des in liAnes less than .8 in. diameter. 

The basic muagnetic metering element provides an elec

tric signal pro)portional to the flow. Electronic trans
mitters ,will be employed for the differential primary 
elements. 

(b) Level 

The measurement and indication of liquid levels in the 
various storage tanks and sumps will be maCIC utilizing 

any of the standard devices which may be satisfactorily 
attached to the particular vessel. This would inclnde 
differential indicators, float and tape, an flat glass 
gage types for local indication. The differential and 
float types may also be employed for remote signal 
transmission. 

74 



K AISER ENGINEERS 

(c) Pre ssure 

Pressurc0 values fro , points reolquirinl, a record will be 
transmitte ors11'~artt 
vola..4C transd eri'.,., the< 1is l - cs st'.! . S.Cfl- kt1 VLC

by1 Illealls of pressuhre

\\, il ]I ild h( l.ed t ! \al' , I4 ! t, !htour, . ';~ llt~'l L lt)( ) Lbe.g 

(2t('r 1(11 m higher1 pressu1re ra 141s. I'1(Intube)1 prCS
sure gwi.; will lw ,, I)l,,((. on all , inui diseha ras, nd 
at utilei tin_., V i( 'il. ,'115I I' I 1a(lia llI 1. :\ne r oid 
type pressure g-ge's viii Ine 1sed f r local indication of 
\'a'.t nlll I1. 

(d) Teipe riature 

Local temiperature indicators for visual checking pur
poses \i1 be bimetallic element type dial indicators, 
with full)- aliustable hea(s. 

Remlote, ilicatiiI.. l*'.dcaall'1 , and 14 oA ttlarmll.pera 
ture conditlh s will be ncji i(, by empl Vjin. the ican ( tp)les 
avs the, primary' SC, ,IISIn elt'Ment. ThC e ]cmecnts \\hich 

are ) I)tlc VitIC W111,,1 li ILij( l and cdIn-tiun troulghs 
will ho' alshe',tho l tn lce c.Il )tes. enltrinte hlel rpi e ssure 
(\,aCtLOUi <lnn;s 'in", igh pr,"essure'-Ag ht.,l~~. and 

sheathed 'ith : 1 a',ihl \,.hi is c,co patible with hot, 

SI()li'III ri!I Ii ( })ri ne' 

lts h , it,The iI.: ,,,ail I ( lt-t l..k'-Lt 111 I\tf ivacu lil (0. Z psia), 
pro,\'idhi ;aII scl At f Pm epo be"irthe thern ocl Cp-FoIle papsrio 

t\,een :'c(lnI-s of diffe rent I)presue1rcs. Weils vill be pro
vided in pipe lines to alh,,,, f,, removal of the therno
couples (111 rilI p&. r, i'I,. 

Duplex coulhes vill be' '.Isd ;It each ploinlt of measure
nment tolprovide s5J)at e;0o'ci rcuit S for scanning and/or 
recordino4 T 0)i' in lc'atjino. 

(e) Chemical l:v,nis\ 

RUsidual chlri n : bLoth dissolved and free chlorine Aill 
be heLe riied by means of an nalyzer through which a 
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sarnple of water is passed between two electrodes. A 
current which is proportional to the free chlorine or free 
iodine in the sample is generated, readout being pro
vided with a suitabloe potentiomietric instrument. 

Hydrogen ion ct)rentration (pF[): p- \vill be measured 
in the main feed strearm at the required location (up
stream and doxvnstream cf the degassino tower) using a 
glass elect rode cell mouinted in a flow-through haulber. 
A small bypass sample stream \"ilt be used for this 
purpose. 

Dissolved solids: the total dissolved solids concentra
tion of the distillate streams will be dete rmined by con
ducti\'itv measurement, ol the water. A sample streall 
will be piped from the distillate trou(lJi under each tube 
bundle, four streams ianif'Idded frm1111 each train through 
a pressur,-ccll fitting. 'he conductivity-cell fittings 
\Vill be valved IU, allow reniciva I and inspcntion diring op
eration. Ileh ,nductivity in the trough under cach of the 
heat rcjecthn .htges will b separately deternvined using 
a c edoaipr(b tecndin, inIto the trouh. SIpa rate ly 
valved prcbes ill be eunployed in the effluent streams 
from each m(ule stream. 

(3)Readout and Recording 

-ittesignals remite recording 
and/or scanning will terminate at a control panel located 
in a centralized control ron adjacent to the turbine room. 
All pertinent variables will b recorded on either ininia
ture electronic recorders (.1 in. wide strip chart) or 
-nultipointpctentioimetric recorders (10 in. wide strip 
chart). The several variables Wil be functionally grouped 
where po)ssible, suich as pressure and temiperature with 
a flow record. Where the rnc tole inputs are used with 
miniature recorders. <pprpriate siqnal cu.ditionjn,, 
equipment will be prvide. h T iein tltic" tur "l!
put. -igna.1 (a -c) \viii be , vc'rt,'d th) Ih,' aI f)r pr ia te cli
rect current sig1al fWr input thw lin iature r, olders. 
The nmlanetic meter mtput for proh t .,r Hufrcmi each 
train \vi tbetaliWed, t)ro'idhi ,ia ga'moss vliuinwn record. 

(a)All transn d for indication, 
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(b) 	The readout of dissolved solids will be independently 
monitored and recorded. The conductivity cells for 
the rmanifolded samples from the trains will be zoned 
according to ternperature range and automatically 
scanned. There will be thi-ee such scanning zones. 
Two additional multipoint strip chart recording poten
tioneters will be provided for the ruonitoring of the 
conductivity of the product \water stream from each 
module stream and the conbined product water stream. 

(4) 	Accuracy Requirenents 

The accuracy requirements as listed below are obtainable 
with standard industrial process instrumentation equipniment 
and devices. 

(a) 	Flow 

Magnetic flow meter accuracy ,vill be - 1.0 percent of 
full scale for the complete system (ti-a nsmitter and 
readout instrumeint) vith a repeatability of i 0. 5 percent. 

System accuracy of clifferential flow metering systems 
will be : 1.5 percent of the full scale range. 

(b) 	Level 

Differiential level transmitters will have an accuracy of 
1 0. 5 percent of full scale. 

Capacitance level probes will have an accurac:y better 
than - 2 percent with an indicator system accuracy of 

1 percent. 

Float-tape level accuracy will be I percent o.' full 
range for the complete system. 

(c) 	 Pressure 

Low range and absolute pressure transmitters will have 
an accuracy of 1 percent of full scale and a sensitivity 
of 0. 05 percent. 
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Pressure transmitters will have an accuracy of + 0. 5 
percent of full scale and a sensitivity of 0. 05 percent. 

Pressure gages for local indication of pump discharge 
pressures and pipe line pressures will have an accuracy 
of _ 0. 5 percent of full scale. 

Absolute p-essuire indicators will have an accuracy of 
+ 0. 33 percent and a sensitivity of 0. 2 percent of full 
scale. 

Local differential pressure indicators will have an accu
racy of 't 0. 5 percent and a sensitivity of 0. 10 percent. 

(d) Temperature 

Thermocouple sensor and indicator accuracy will be 
+ 0. 5 F for 200 F spans. Multipoint recorders will 
have an accuracy of 1 0. 25 percent of span. 

Local temperature indicators (bimetal thermometers) 
will have an accuracy of 1. 0 percent of the full scale 
range. 

i. Electrical Distribution, Control and Lighting 

Power will be received from an ove rhead 161 kv, 3-phase, 50 
cycle lines , the desalting water plant substation. One incom
ing line will be from the Israel Electric Corporation's grid; the 
other incoming line will be friom the main switchyard at the 
nuclear power plant. 

As shown in the single line diagram, (Figure 15), the power 
distribution is accomplished by dividing the load into five 
4. 16 kv buses which are fed by two 161/4. 16 kv transformers, 
rated 20/?6. 7/33. 3 MVA each. 

The load side of these transformers will feed outdoor switch
gear line-ups for circuit breaker motor control and feeder 
breakers.
 

Tie breakers between the various buses allow for flexibility of 
operatioui. 
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All large water pumis including recycle brine, make-up, heat 
reject, blowdown and product--will be operated on 4, 160 volt, 
3-phase, 50 cycle power. All other pumps will be on 400 volt, 
3-phase, 50 cycle. The recycle brine (5), 000 lip) and the heat 
reject (2, 000 hp) pumnps will be driven by synchronous m'Jtors-
all others xilI be sCu irrel-cage induction motors. 

Powe'- will be transformed from 4, 160 volts to 400 volts for 
motors smaller than 150 hip and for lighting. 

A motor control center will be located at the pump pit of each 
train, and additional motor control centers will be located at 
points of conceitrated niotor load. Motors will be started lo
cally. Running indication will be provided in the control house 

and, in case of emergency, it \viil be possible to stop any 
motor from this point. 

Motor feeders and control wiring will be run in underground 
conduits except \\,here available pipe racks would nake it 
more feosible to run the conduits along the racks with the 

piping. 

Electrical leads will be run from local instrumentation to the 

control house for indication and for recording operations. 

The area will have general illumination pruvided by floodlights. 
Individual lighting units will be provided at operational locations 
and at platforms and stairwa ys to provide local illumination. 

A ground loop \vill be provided to groun ndotors, electrical 
equipment rated 400 volts and above, and non-electrical equip
rnent where it night be ceenied necessary to protect operating 

personnel.
 

Electrical receptacles will be provided for welding at -100 volts, 

3-phase, and for ntiscella ne ous maintenanc C!uiple nt at 230 
volt single-phase. The w,,lding receptacles will be spaced to 

accornmodate 200 - ft c achine leads. Tlhe 230 volt re
ceptacles will b Iat strategic point.-s to tacilitate main
tenance ')pe rat junS 

Electriciil cuntrol equipment will generally be housed in 
weather-proteccld or water-tight enclosures except in cases 
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where it ilI be lcated in buildings, in which case the equip
ment will be housed in general purpose enclosures. 

D. Nuclear Powver Plant 

Based on data received from the leading manufacturers of pres
surize(l and \,at,r and steamboilin reactors ot turbine-generators, 
con(e'O)tulI designs and c)st e stinates \\ere prepa red for the power 
plant. portion of the retference dual-purpose plant. The descriptiois 

\ "of power -'ants usino l and MVR nuclear" boilers which follow 
are. in ctcih ca-se, basel on the systems and equipment normally 
sup)lied I)y a pa rticula r reactor manufacturer. The svsteis and 
equiponent si1)plid by taher reactor manufacturers may differ in 
detail from those (escril)ed. 

1. 	Nuclear Power Plant - Pressurized Water Reactor 

The reference nuclear p(\ver plant using a pressurized water re
actor will consist primai-ily of: 

v 	 A 'nuclear boiler" using an indirect cycle, pressurized 
light-water ((,(ol edl and moderated nuclear reactor and its 
atxiliaries. 

* A 3,.000 rpm noncondensing turbine-generator unit. 

Power auxiliaries as 	 andf ' plant 	 such condensate boiler feed 
pumtps and feedwate r heaters. 

P A containmint building for the reactor consisting of a 
pressure tight enclosure either in the form of a steel 
sphere or a concrete cylinder. 

* 	 A raciioactive waste 'eatmr e nt facility. 

a 	 A reactor auxiliary bil1ning, turbine-generator building 
and several smaller service buiildings 

Although the i)rine heaters are conside red pt r of" the desalting 
plant they alo serve as a ctndenser fo the p wer plant. The 
steam piping up to the brine heaters (including the steam isola
tion valves), the condensate plumsl)5 and otnlensate piping are 
all included with the power plant. The average quantity of heat 
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supplied to the desalting plant brine heaters is approximately 
3. 3 x 109 Btu/hr. This will increase during periods of coldest 
seawater temperature to approximately 3. 5 x 10 9 Btu/hr and will 
decrease during periods of warmest tenperatures to app rox i
mately 3. 0 x 10( B tu/hu. 

As can be seen from a turbine mnanufacturer's power plant heat 
balance utilizing a typical PWR nuclear boiler (Figure 16), the 
average reactor the rmal power is about 1, 250 NiWt. During the 
periods of the coldest seawater temperature the reactor thermal 
power will increase to about 1, 330 MWt (which is within the 
stretch capability oi th- reactor); during the periods of the warrn
est seawater temperature the reactor output will decrease to 
about 1, 160 MlWt. 

a. Reactor Coolant System 

The PWR nuclear boiler system consist.; of the reactor vessel 
with its core and control rod drives, t\wo primary coolant loops 
connected in parallel to the reactor vessel, pressurizer and 
Supporting auxiliary syStemIs. Typically, each 10o) co.itains 
a reactor coolant pump, steam generator, and interconnecting 
piping. At least one PW R manufactorcr, howev er, provides a 
loop consisting (f two pumps and one steam 4cnerator. High
pressure water enters the reactor vessel through the coolant 
inlet nozzles, passes througtgh the reactor core to remove the 
heat generated by the nuclear reactihn and leaves the vessel 
through the coolant ulett nozzles. ['he water then flows to 
the steam generators \vhere it is cooled, generating steam in 
un indirect cycle, and is pumped back to the reactor vessel. 
All surfaces in contact with the reactor coolant are stainless 
steel, except steam generator tubes which are Inconel and fuel 
element tubes which are Zircalo-. 

b. Core 

The reactor core is divided into three concentric regions of 
fuel assemblies. The inner region has the lowest enrichment 
and the outer region the highest. At the end of each cycle of 
core operatio n the inner region fuel is reinmoved for reprocess
ing, the other two regions are In oved inward, and new fuel is 
added to the outer region. The fuel assemblies are c uposed 
of fuel rods consisting )f uranium -dioxide pellets assembled 
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into thin Zircaloy tubes welded shut at the ends. Provision 
is made for loading and unloading fuel under water. 

c. Steam Generator 

The steamn- generators provide the link between the reactor 
primary cycle and turbine-generator secondary cycle. The 
steam generator dcesign utilizes vertical U-tube units with 
primary water on the tube side and boiling feedwater on the 
shell side. The steam generators employ Inconel tubing 
which offers addedi Corrosion resistance and heat transfer 
advantages oveir other materials. Integral moisture separa
tion equipoen t iCd uces the steam moisture content to less 
than 0. tc Alternative steam generator dcesigns,25 per nt. 

w\hich el(.lioy a once- through steam generator system, have 
been proposed by some pressurized water reactor manufac
ture rs.
 

C. Coolant Pumps 

The reactor coolant pumps provided are of the vertical, single 
stage, centrifugal, controlled-leakage type. 

e. Pres-iurizer 

A pr-essuL-izing and pressure relief system is connected to one 
reactor coolant loop to maintain the required reactor coolant 
pressure in all loop-', during steady-state operation of the re
actor. Typical prim ary coolant pr-essures are 2, 000-2, 500 
psi. This also limits pre waciations dur-ing plantsystem Vilre 
load transients and keeps all loop pressures wvithin design lim
its diiring abn or mal coniditions. The pressirize irportion of 
the systen consists of a pressure vessel equipped With sub
merged replaceable electrical hcater elements and a nozzle 
through wh ichi reactor coolant is sprayed into the top of the 
vessel. 

f. Auxil *ry Systems 

Conventional pressurized water reactor plant auxiliary systems 
are provided to purify reactor coolant water, discharge and 
vent the reactor coolant system, charge the reactor coolant 
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system and supply make-up water, add chemicals for corro
sion inhibition and reactor control, cool svstem components, 
and remove decay heat when the reactor is shut down. Addi
tional safeguard systems are incorporzated to minimize the 

e rpossibility of p sonnel exposur, to excessive radiation. These 
additional safeguards include a safety injection s;stemn, a con
tainment spray system and a containment air cooling ard purl.
fication system. A radioactive \\aste disposal system is pro
vided to concentrate safely and sto re radioactive wastes gyen
erated during operation at the plant. 

The coolant purification svstern removes di s olved and sus
pended solid impurities, principally corrosion products, from 
the reactor coolant, and maintains the coolant at its nominal 
pH value by bypassing a small percentage of the coolant flow 
through a denineralizer. In the event of a fuel cladding de
fect this system will assist in reducing primary system con
tam ination. 

The coolant discharge and vent systen collects primary cool
ant discharge during plant warmrn-up, pressurizer level adjust
ment, plant or loop decontamination, relief valve operation, 
plant venting, and any steam leakage from the various motor
operated valvesc in the primary plant. These plant effluents 
are transferred to the radioactive \waste disposal sys tem \where 
they are processed for pi-na ent disposal. 

The colant chatin, and che ni cal addition systemn provides 
water at. the required press;ure for plant filling, hydrostatic 
testing. an-(d plant make-up1 during normal operatiol, cool
down, and emergenc'ies. The systen is also used to add 
chemic-ls for utaintaining norinal plant chenistry and chemi

cal shim control. 

The reactor plant c onprent cooling water systemn removes 
heat fron varmius plant conponents such as the reactor cool
ant pumps, andi transer is fins heat to the scivice water side 
of the systemn heat exchang'rs. 

Th.! decay heat rem-oval s\,steni provides water to dissipate 
reactor decay heat and, thus, protects the core from dan age 
following an emergency shutdown caused by the conpclete loss 
of electrical power to the main reactor coolant P)LnIps-. 
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The safety inection system is designed to operate in the un
likely event of a loss-of-coolant accident clue to a rupture in 
the reactor coolant system. This system provides the means 
for injecting coling water into the reactor core to prevent ex-
Cessive temperatures w\hich mnight other\wise lead to rupture of 
the fuel elem1ent tubes and gr1oss release o)f fisSion prL"ducts. 

The contai li ent spray systu,. provl'ides atoni'i/:Cd spray in
side the c(ntaillnent building in the unlikely event 0I" a loss-of
coolant accident. The spray reduces the pressure inside the 
container and washes (d\\wn radioactive airborFLne Materials. 
The resulting pressure reduction also ninimizes any container 
leakagv to at1nosphe re and the \\vshiin-g action minin izes the 

probability of any radioactive material leaking from the con
tainment buildin . 

During norimal plant operation the reactor plant air cooling 
and purification system maintains the temperature of the 
containment building air within suitable limits, provides sf
ficient ventilaLion to, the inst rumi ntatiun and valve nccess 
a rea s to a l,\, sh u - ina!o cc upa nc y. a ndl p rov ide s the means 
for purifying the aiz" in the reactor area prior to personnel 
entry. Should a loss -of -coolant accident occur, the system 
provides cooling and filtration of the containient uilding at
mosphere. and thus reduces the possibility of any leakage 
from the containment. 

The radioactive waste disposal systunm (located in a separate 
building near the reactor building) provides the tankage and 
facilities necessary to collect, segregate, and safely process 
radioactive wastes, including gases, liquids and solids ('igore 
24). A c, hina tion of processes provides holduip for decay 
and diluti on (f gases before discharge to the ati1osphere, con 
tainment of solid wastes in drums, and holdup for decay, gas 
stripping, filtration, evaporation, domino ralization, anil/or 
flocculation-clarification of radio"ctive liquid wastes. t-u ri
fied effluent from the liquAid process will he utilized as mnake
up water to the reactor and steam plants. The radioactivity 
renoved fr'n the liquid \astes \will b e contained on Ioln
exchange resins or in the sludge from the evaporation or 
f[c culation treatment. 
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g. Fuel Handling 

The reactor is refueled with equipment designed to handle the 
spent fuel under water from the time it leaves the reactor 
vessel until it is placed in a cask for shipment from the site. 
Undervate r transfer of spent fuel provides an effective and 
economical transparent radiation shield, as \vell as a reliable 
cooling moieditm) for removal of decay heat. Boric acid is 
added to th, \Ww'ae (lirijig refuelig to ensure subcritical 
con(Ii 1,i Is. 

lii<. !uL,1h 1,illna system may be generally divided into two 
;.roa s (1) iL, roactor cavity which is floodedI only during 

plant s-hLutd\'n for refueling and, (2) the spent fuel pit in the 
fuel storagoe bildiri \vhich is kept full of water and is normal
1y accessible to operating p'.'rsonnel. These two areas are 
connected by the fuiel itransfer systei' that carries the fuel 
thriolgh an opening in the containnient bLiilding. 

In ti, react)or cavity. fuel is removed from the reactor ves
sel. transferred undoer the water and placed in the fuel trans
fer system by a ri -anip latoir crane. In the adjoining fuel stor
age Luiildcing the fool is removed from the transfer system and 
placed in underwater storage racks. After a sufficient decay 
perioLt, thi fuel is removed from storage and loaded into a 
shipping cask for removal from the sitce. 

New fidl assemblies are received and stored in the fuel slor
age bilding. New fuel is delivered to the reactor by lowering 
it inio the spent fuel pit and taking it through the transfer sys
ten. Alternatively 110%V fuel may be taken through the contain
ment ildIling equipment hatch and lowered directly into the 
reactor cavity. 

h. Instrnmentation and Control 

The reactor is controlled by the negative temperature coeffi
cient "f reactivity; 1y control rod motion, which is required 
to) follow Iarer Iacd transients and for start-up and shutdown;
 
and Lv a solle neulrm absorber. which is inserted during 
cold shutdoin, partially removed to start-up and gradually
 
further removed to com-pensate for such long tern decreases 
in reactivity as fid burn-q and fission product accumulation. 
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The control system, subject to limitations imposed by xenon 

buildup, is desig ned to accept step load changes of 5 percent 

and ran,l) load changes of 3 percent per n-nute over tile entire 

load range (15 to 100 pe rcent of full power), and to accoII no

date (by "tealni dum.lp) al instantaneous loss o)f -10 percent of 
rated load without scran. H'ie plant is able to accept instan
taneius loss of full load with scram without danage to the plant. 

Colmnplete supervis iin Ot both the nulca i poxwcr plant and de

salting plinlt is accoliplished from a central control room. 

i. PWR Containment, luilding 

The reactor and systemiis containing high pressure primiary 

coolant are housed in a containm ent building designed to con

tain all of the primary coolant and any fission prodlcts re
leased in the unlikely event of a rupture in tie primary sys

tem. 

A curve showiig the pl'essi' res'llti g fromn such at rupture 

as a function (it the fl e, Volume of the containment building is 

shown in Chart No. I which flovs. Fle leakage rate froln 

the containmient building, under the pressure conditions re
suiting fron the release of al! of the primary codant to tile 

containment atlmosphere, will be less than 0. 1 pe rcent of the 

containnent Contents da'. leakg testing, of tie building 

vill be lnetsured by cither the absl ute Il.ethiod or the refe,'e"ice 
vessel method, as set tlorth ill pt rt)(sd .tandard ;\NS 7. )0 of 

the Alierican Nuc lea Society, "Leakage Rate 'resting of (on

tainrueLt StrucL t.urvs obr Nuclear Ruators". l'i mininiii,'e the 

leal\;lge of radioictiv t . sitil product;S that ,ouIld ,ccu r , telr 

a "iiaNilILLII c re lille ;Iccid IIt" the ContaIi llIeInt II i tliiIg 

spray systel 1 () reviou:ly (Ies, rit)cd) is i lic h ded in the plant 
facilities. No sec'lula y shielding is pr"vided exterior to the 

containinlent. btiil(li ,_, oi, the a ssllln )tioi that atn e ehitsitl ra

dius of at ltat 2, 00) meters "iii lie providedh. 

Three types of coltaillml t it. build( i tgfr theI'I, -) po e r pl ant 

were illvestiatde(l: at steel sphere,e t rviliforced t~ncrete tyl

inder with a hiellispher al'icalolnet an( a )r'st ressel cut creLte 
cylinde r. A lI three types are conste red gnt rally suitabIl, 
for containme lit building designs at sites siillilar to that se

lected for the proposed plant. Ihe direct construction cost 

estiniates for the three types of 'ontaintiient differ by less 
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than $240, 000 or 7 percent; the steel sphere results in the 
highest cost and the prestressed concrete cylinder, the low
est cost. However, it is anticipated that the increased engi
neering cost and indirect construction costs for the concrete 
containment, as compared with the steel sphere, will more 
than offset the lower direct construction costs for concrete. 
It 	 can, therefore, be concluded that the use of any of the three 
containment types will not significantly affect the capital cost 
of 	the dual-purpose plant. 

The concrete containment schemes offer certain advantages 
compared to the steel sphere. These are: 

* 	Greater use of Israeli materials and labor. 

* 	 Increased safety by virtue of the secondary shielding 
inherent in the concrete containment walls. 

* Lesser susceptibility to major damage as a result of 
sabotage or other acts of conventional warfare. 

On the other hand, a preliminary analysis of the construction 
schedule for both steel and concrete containment indicates that 
the use of concrete \viil delay the plant start-up by about 6 
months. Moreover, as sunLgin contract award to a reactor 
manufacturer will not be accomplished earlier than N'lay 1967, 
the use of a concrete containmllent building will not permit plant 
start - up in I()7 1 . [herefore, unless further review develops 
rnethods of sh,,rtening the construction schedule for concrete 
containment, the steel sphere is the recommended containment 
building for P WRP, power plants. Descriptions of the three con
tainment buildings follow. 

The steel containment, in the form of a sphere 136 ft in diam
eter (Figures 17 and 18), will be fabricated of ''fire box'' qual
ity steel plate approximately 1-3/8 in. thick. It will be con
structed in accordance with the ASME Boiler and Pressure 
Vessel Code - Sections III and VIII, using Type A 212 Grade 
B or A 516 Grade C steel. With either of the above grades of 
steel stress relieving after welding is not required provided 
that the wall thickness does not exceed 1-1/2 in. 
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The reinforced concrete LOntaimnt \%ill be in the form of a 
right circular cylinder, 114 ft inside dialme1ter by i20 ft inside 

l , aheight, surmounte by1 hemisphe-re-of 114 ftiilsi(le diameter 
(Figure 19 and 20). The walls in tHit' cylindrical portion! will 
consist of reinforced concrete approx-imately (-ft thick; 'he walls 
in the hemispliericlt p:)ort ion will b, approxmatelzy 3 ft thick. 
To prevent l(catktgt,, the containment building will incorporate 
an inner steel linve r \with an av'rag, thiclkness of 3/S in. The 
reinforcement will V, provided In- ASTI A-4.31 steel reinforcing 
bars, of sizcs tip to N\'o. 18S, vith t mnimli-u-i y eld stfrclgth of 
75, 900 psi . Th str cttvre will be designed in ice tV't;ance with 
the applicable provisions of the stanidards of the AmNeicii Con
crete Institut e No. 318. 

The pro.tres std colic rete containmeint will be similar to that Of 
rein'orced concrete, excet thait the cylindrical ,section inhaus 
inside heig.ht )f 128 ft ai d the dome is N t;pheicl segnuent with 
an inside radius of 114 ft. 'lh, concrete walls in the cylilldricail 
portion willI ) approxilvim tely ft thick and in the dome 2 ft thick. 
A 	steel tine \\it h anv avePa ',4e thickne,,ss of ;/S in. will be plo-
Vricde 11-Hoop t .tressii,, in tile. c lindr'ical sectioll \iil be 
accomplished by the wir-wrap techniqtu uuing steel wires with 
an ultimtC st re.uwth of 240, 000 psi. Six layers of wire .%rapping 
will be reqiire( with it ;/8 in. _vlvit e co,c' 'te :oating betw, en 
lay''s. Vertical prestre,ing of ie cylinder and prestressin' 
of the (lome \ill use Post-tuinsiltuud tedl(OInS conisisting of cables 
built up of S- 1/-4 iin. dirneter steel wi s. Steel reinforcing 
rods will also be provided it the inside, surkac of the walls to 
aid in \ithsty ndiig., liupe ratvice- i idiU ed strec ss es. 

2. Nuclear Powe, Plant - Boiling Water Reactor 

The rferenlce vulcleair powr P plant. usiig a boilin, water reactor 
will conisist primarlilv l)t" 

* 	A ''nuclear i)oiler" using a direct cycle, boiling lit -water 
cooled and lm-iodcrated vitncivl" reaIctor itid its auxilia ries. 

* 	A 3,000 rpmi iioicCoii(loen-i I;,,turbine - ('le rator unit 
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* 	 Power plant auxiliaries such as condensate and boiler feed 

pumps and feedwater heaters, and certain special power 

plant auxiliaries such as full-flow condensate deminerali

zers and a heat exchanger to generate nonradioactive steam 

for use in the desalting plant air ejectors. 

* 	 A reactor building which willt include a pressure- suppression 

containment system consisting of a steel pressure vessel 

drywell venting into a steel toroidal-shaped suppression pool. 

o 	 A radioactive waste treatment facility. 

e 	 A reactor auxiliary building, turbine-generator building 

and several smaller service buildings. 

Although the brine he2 ters are con sidered part of the desalting 

plant they also serve as a oondenser for the power plant. The 

slearn pipingtup to the brine lheaters (inc 1 Cling the doble ste am 
isolation valves), the cnlde nsate pumps and condensate piping 

are all in c ided with the power plant. Shielding is provided 

around the stean piping and the brine heaters. The average 

.luantity of heat sopplied to the desalting plant brine heaters is 

approximately '. x 109 Bti/ hr. This \vill increase during peri

ods of coldest seawater temperature to approxinmately 3. 5 x 109 

Btu/hr and \ill dec rease dtlrincg periods of wa rme st tenperature 

to approximately 3. 0 x 10 3tl/ hr. 

As can be .seen frinm a po\wer plant heat halance utilizing a typical 

BWR nuclear boiler (IFigure 21), the averagt reactor thermal pow

er is abtit I, -50 M Vt. Do r ing the periods ( f the coldest seawa

ter temperaturo the reactor the rinaI power will increase to about 

1, 330 MWt (whichi is within the stretch capability of the reactor); 

during the periods 0f the warnest seavater temperature the re

actor output will decrease to about 1,160 NXWt. 

a. 	 Reactor Col iant Sy sten 

The 1WI{ nuclear boiler coinsists of the reactor vessel with its 

core, inter nal steai n separators and dryers, and control rod 

drive s; two recirculation pnips; and sulpporting auixiliary sys

tem s. The nuclar fuel core , generating heat within the reac

tor vessel, boils water, p rocucing saturated steam which, after 

drying, passes directly into the torbine. 
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Within the reactor vessel, the steam generated by the nuclear 
fuel passes into the steam separators where moisture content 
is reduced to less than 5 percent, then to the steam dryers 
where it is reduced to less than 0. 1 percent before passage 

to the turbine. Water discharged from the separatoi's and dry
ers flows downward in the annulus between the :h r',a.d and the 
vessel wall and is joined bv the inconing feedwate, a portion 
of the recirculated water exits to the external loop system via 
the recirculation outlet. The external recirculation flow can 
be varied iver a specified range by means of variable speed 
in otor driven pu-ips . The external recirculatiin flow re-enters 
the vessel via the recirculation inlet, enters a manifold, passes 
througih pipe risers, then turns back down, acting as dri in, 
flow fr" tHie remaining water in the jet pumps. In the jet pumps, 
the drivin' and the driven flow join to be mixed and discharged 
through thu shroud to t he l)otto. i of the core--thus completing 

the reCirculation cycle. 

b. Core 

The nuclear fuel is stacked in a nodular- array between the 
core support plate and the upper support grid. Crucform
shaped control blades are positioned between the fuel assem
blies by bottom-entry, loc king -piston control drives. The 
movenent of the cmntrol blades below the core is sup)orted 
by a control rod guide tube, which also supports a group of 
four fuel asSem1.blies. 

Each fuiel a sen hi is uniforn in size with a 7 by 7 rod array 
of slightly enriched UO) pellets within Zircaloy-2 cladding. 
Each 7 by 7 -od array is enclosed in a Zircaloy-4 channel. 
The fuel ra.:ls are 0. 570 in, in diameter with an active fuel 
length if 12 ft. The core is built up of modules consisting 
of on(- control blade and four fuel assemblies. 

Durinu refueling a portion of the fuel assemblies is rmoved 
and r e placed with new fuel. Rather than ''zone r efueling," 

as des libed for pressurized water reactors, a leading B WR 
manufacturer uses a "scatter pattern' re'fueling system. At 
eq ijili)ribim approximateIv 20 perc ent ,)f the core is replaced 
at eaclh ainual refueling. 
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c. Recirculation Pumps 

The system utilizes high efficiency water jet pumps and centrif
ugal pumps in combination to provide forced recirculation cool

ant. With the jet pumps located within the reactor vessel, in 
the peripheral annulus around the reactor core, a portion of 
the coolant is extracted from the vessel and returned by the 
centrifugal puimps at a pressure sufficient to provide the jet 

pump nozzle or 'driving' flow. The hig, y driving flow 
provide s the total reactor core recirculation flow required. 

The jet pump systeIn reiquires very little mnodification of a 
"conventional" reactor vessel. It is basically the same ves
sel except for the housing provision for the pumps. These are 
located in the annultus around the core. 

d. Insirunientat ion and Control 

Reactor pwer is monitored fron the source range up through 
the p,\,e r o)perat ing range by neutron monitoring channels. All 

detectors for netitron monitoring are placed inside the reactor 
vessel. 

Three separate neiit ron nonitoring systems--- the Source Range, 
Intermediate Rlange and Power Range--monitor and protect the 

core during all periods of start-tup and power operations. 

The power range in-core nionitoring system gives the operator 
confiri-uing, informiation on static and cynarnic core conditions. 

It proviles liii with a "cause and effect'' understanding through 
imnediate visual information of the effects of rod move ment or 

other actions that may affect the reactor. 

The reactor is nornially controlled by changing the recircula
tion rate (taking advantage of the negative power coefficient) 

and by control i()d m otion. T'enpoirary "poison cuirtains' of 
boron-stainless steel are inserted with the first core to con
trol the large excess reactivity rectuiired at 'clcan' start-up; 

they are removed at the time of the first refuieling. 

Reactor in wer can be co'ntrolled over a _15- 30 percent range of 
adjustinent using reactor recirculation flow without reqi uiring 
control rod nove ment. The rate of power change is in the 
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range of 15-30 percent per minute. Reactor power change is 
accomplished by utilizing the large negative power coefficient 

!ound in the BWR design. To increase reactor power, recir

culation flow is increased. This reduces the void accumula
tion in the core by renio v.ing the steam format ion at a faster 
rate, thus increasing reactivity in the core . A s reactor po\

er increases, a new pow,'er level is established \%here the 
transient excess reactivity is balanced by the newv vid forma

tion. Conversely, when a power reduction is required, recir

culation flow is reduced. 

Present commercial boiling water reactors use bottom-entering 

control rod drives. The top of the reactor vessel is thus avail

able for steam separators and dryers. The principal BW R 
rnanufacturer enploys hydraulically-operate drives of the 

"locking-piston'' type. The cruciform shaped control rods 

empl)y boron-carbide pellets clad in stainless steel as the 

control material. 

A steam bypass system \\hich can dump -10 perccnt of the 
rated steam flo~w to the brine heaters is supplied with the 

turbine to prevent serious pressure transients and to avoid 

operation of the safety valves or emergency condenser follow

ing sudden o-losure of the turbine control valves or stop valves. 

Complete supervision of both the nuclear power plant and dc

salting plant is accoliplished from a central control room. 

e. Fuel Handling 

The reactor is re fueled \\'ith equipment designed to handle the 
spent fuel under water from the tine it leaves the reactor yes

sel until ic is placed in a cask for shipment from the site. 
Underwater transfer V spent fuel provides an ,,fective and 

economical transparent radiation shield. as \"el as a reliable 
cooling ledium for removal of decay heat. 

At the beginning ,of a reactor refueling,, an inflatable seal is in

stalled betw%'een the ye s St :1lange (tile flangte to \vhich the top 
head is bolted) and the d,,vFel wall. [his seal pern.its tie re

actor vater level to be raised abhove thle ve ssel flange and in 

the flooded area of the drywell (above the vessel flange level) 

up to the water level ill the storage pool. 
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Shielding blocks in the connecting slots between the reactor 
equipment storage pool and the drywelIl are removed prior to 
flooding the drywell. A protective cover over the fuel storage 
pool slot and drywell wall opening is also removed prior to 
flooding. Following the flooding of the drywell, the water gate 
between the storage pool and connecting dryxell slot is opened, 
thereby pe rmitting the underwater passage of fuel into the stor 
age pool. The pool for storing reactor internal equipment is 
also flooded when the drywell is flooded. 

To ensure that outage time is kept to a minimum, irradiated 
fuel is moved directly fron, the reactor to the storage pool 
racks. As a general rule, no atten-pt would be made to per
forn fuel channel stripping or new fuel rechanneling concur
renitly with reactor fuel removal or loading operation s. No 
attenpt \Votld be n adae to load Inew fuel in to the vessel until 
all the olC floc, ro,lloval and shuffling have been completed. 

The stora e 1))(,l contains sufficient area to store up to 150 

percent of a core load of fuel elements plus a full complement 
of control cele ents and temiporary poison curtains. It is pos
sible t,,store two reload batches aind still have space for stor
ing an peratil., core load of fuel if it were necessary to do so. 
The large storage capacity ensures that the plant maintenance 
Operation will nut he hinldered bv a lack of fuel storage capacity 
and it also allows the plant (,peratrs to vary the procedIres 
and schedules for shippin, spent fuel to the reprocessing cen
te rs in accord \'vil va riations in reprocessing economi ics. 

New fLel buni dlCs alre stored in a dry vault located in the reac
tor building. This vault is sized to store u1) to '0 percent of a 
C(ore 1;a1 of ,onirradiated fuel elements. Prior to a refueling 
outage new tlel bundles are shipped to the plant, inspected, 
and stored in racl.s in a new fuel vault. Shortly before the 
shutdovn is sclhehllcd, these fuel bundles are removed from 
the -atilt1)1, .ed in the fuel storage pool. In the storageal( 

pool, they arc fitted \,ith new or previously irradiated reusa
ble ftel ch;omels an1d placed in a storage rack until time for 
insertiol in the reactor. 

f. Auii iarI-y '-)yslem'Is 

Boiling \,at'," r.act ,r power plait auxiliary systems are pro
vided to pllrri y r'e actor coolant vater, cool the spent fuel stor
age pool. sujp)ly high pressure demiineralized water to the 
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control rod drive system, and remiove decay heat when the re

actor is shut down normally and when isolated from the brine 

heaters. Additional safeguard systems are incorporated to 

minimize tne possibility of personnel exposure t) excessive 

radiation. These additional safeguards include a. core spray 

system, a liquid poison injection s ysten and a co ntaiitnent 

spray system. A radioactive waste disposal system is pro

vided to conccitrate safely and store radioactive wastes gen

erated I ing operation at the plant. 

The c oiant purification system provides continums purifica

tion of a portion of the recirculation flow with a nminim ilnof 

heat loss and no water toss from the cycle. It can be operated 

to pu rifytprind ry systern water during startup, shiitdown and 

refueling I)perations as well as during normal operat:ions. Wa

ter is normally remuved under reactor pressure and cooled ii 

a regenertive heit ex.'hanel and a nonregenerative heat ex

changer, reduced further in pressure, filtered, demineralized 

and plio ped th roulh the shell side of the regelierative heat Cx

changer tic the reactor. Whenever reactor piessure is insuf

ficient to m1aintain cl, anup sv lem recircuilation pump suction 

pressure, an auxiliary pump is used. 

The f[uel pool co(oling sy1stem will prevent s tea ming in the fuel. 

storage pool by removing decay heat froin spent fuel which is 

awaiting shipment to a reprocessing plant. The system%will be 

designed to maintain fuel storage pool temperature at or below 

52 C (125 l7). 

In addition to mnaintaining the specified pool water temlperature, 

the fuel pool cooling system provides continuous filtration of 

storage pool water '.o minimnize the amounts of crd and corro

sion produ1cts in the systern. 

The control rod drive feedwater sys ten supplies high pressure 

demineralized water to the control drive sy 5ten; to provide hy

draulic operating pressure and a flow of water into the reactor 

from the drive iechanisnis to pirovide coolling for the drive 

unit. 

The systen is made up of high-head, low-flow p0umps. filters, 

control valves and process instrumentation. Each punlI)p is c a

pable of supplying the req ui-crni enots of the rod drive s ysten1s. 
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The shutdown cooling system is provided to remove decay heat 
from the reactor water during shutdown. In cooling the reac

tor, the turbine bypass system is initially used to dump steam 
to the brine heaters. When the reactor water temperature 
reaches 121 C (250 F), approximately three hours after shut

down, the shutdown system is placed in service. It is designed 
to reduce the reactor water temperature from 121 C (250 F) to 
52 C (125 F) within twelve hours after the system is put in op
eration. The svstem is then used to maintain reactor water 
temperature at or below 52 C (125 F) which is a practical 

maximum for refueling and servicing operations. 

To provide for maximum flexibility of operations over a wide 
range of thernal conditions, the shutdown cooling system con
sists of two parallel circuits. Each circuit consists of a pump, 
heat exchanger, and related piping, valves and instrumentation. 
Cooling for the shutdown heat exchangers is provided by the 

reactor building cooling vater systetn. 

The purpose of the Reactor Corme Isolation Cooling sy stern 
(RCIC system) is to remove decay heat from the reactor in 
the event it becomes isolated from the brine heater by a 

closure of the ni ain steaml isolation valves. 

I-Ieat is rlmonved from01 the reactor bv the RCIC systemn by con
tinuous , enting ()f steam from the reactor vessel to the pres
sure sitppression pool. The venting is accomplishe d by tile 

reactor pressuire relief valves. These valves open automatical

ly or manuially at 85 psi to 100 psi above r.actor norn;t oper
ating prlrressure and discharge dlirectly to the sUppre, sSion pool. 
These valves also serve to prevent lifting of the reactor safety 
valves on a reactor scram. It should be notel tthat the incor
poration of the PCIC systen was accomplished too late to be 
reflected in 'igures 22 and 23. The cost cstimate fr a BWR 
power plant does reflect the use of the RCIC s\ste m. 

Makeu1p to the react)r \esseI to repl!ace the steaml vented to 

the Iressure-suppressin, Pool is provided b the turbine-driven 
niakcup pimluiig systemi. A snall fraction (10 ) of the steam 
produced in the reactr b\ core (leca\ hteat is needed to drive 

the tirbin,. i lie turbine exhausts directly to the pressure silp

p ct'ssi, it J(). [liT n1akeutp) pump111) talkCs suctioll dir,'tCly florm-l 
the condensate st raqe tank and discharges directly to the re

actor. 
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Reactor and decay heat can be transferred to the pressure sup
pression pool for a period of about eight hours without cooling 
of the pool water being required. 

The core spray coolin,, systern is provided to prevent core 
meltdown under postulated ac 'idlent conditions i,-olviiig loss
of-coolant. [he system also prevents large-scale cladding 
ruptu res and r duces the ll ilIity of radioactive iodine by 
absorl)tipon of the gas Jin tHie spray water. ['he release of As
sion products from the core as a conseqtnce Qt this assunmed 
"niaxilinun credible isaccident" essen.tia!l ze'o. 

Thie systeLm consists of two independent spray systems: either 
systen has sufficient capacity to ;cconIpl ish the core spray 
function. [Each system uses an array "f water spray nozzles 
and distributin headers over lhe ore to deliver cooling, wa
ter in sprayv lurm11 from tile pulip. 

Activation ot t e core spray cmlin, systen is atllmnatic oil 
indication of Lcu ,n 'y low water level in the 'eactor or of 

high pressre'' in the reactor dlrywell enclosure. 

The liquid poison syst0e is l'u vidt'd to keel) the reactor shut 
Clown in the nlikeN event that sufficient control rods are not 
inserted in the (,ore t, keep the reactor subcritical in the cold 
shUtd ,wn co lndition. F or ea A)11, less thaii ne -half of the 
total control rods are needed to miake the reactor stiL ritical 
in the hot condition. low , a)a re ion le I'th'ever if" 'at ofI rds 

wit l(ra\\ni could 
colceival)ly slowly rcturn to critickalil a; reactor tempera

should remain in ie a cinlliii,L, the rteac)tor 

ture is reri lctnl. l'his leans that the 'reaclor telille'rat lIr 
\vo'lilld stabili;ze and ]i() fitllthcr rcdli,,ct iL '.,.o l Ibe. pss i1lc. 
In this v lit.the liquid poison systi van Q, initiated by the 
reactor J) mrItor., c'using a suft ticient neiv;tne r eac tivit\ to 
render thre 't ' t otally sublc rit i <l In tle ci, lcIc iditi on. 
Thel PiisIl s,,lllti,nl is s5 (litll i p)e tlhi)'ittt ,.lic'h is :1IJected 

into) the,I tt, t .,,l) - tilegtjhrol r s)ray ,o,.1l ,,. core. 

The idel.it l 01' 1,-;kft \,t V.po)st in cmd, ,iii'svst, il. Cu it'- II Sl 

te-n, serves t\vo basic fiuntins. 11c first incti is t re
move heat from the water in te s)pr'-ssiun System, trns 0nd 

there b:; aid in re due ing dintIm s a t , ni preJN m the c t itin 

im-it s st e il inI the unli I'ly eve li' a loss-, '-coolant. This 

- 96 



K AISER ENGINEERS . 

reduction of pressure is a major factor in minimizing the po
tential for release of activity from the plant if an accident 
should occur. The second function of the systern is to provide 
back-up for the reactor-core spray systern. The syste in will 
consist of two vertical punips which take scuction from the pres
sure suppression torus and pntm p throuIgh heat exchangers. 
From the heat. exchangers, the water is directed to spray 
heads located in each drywell vent. 

The radioactive waste disposal system (located in a separate 
building4 near the rea c to r bloildiling) provides the tankage and fa
cilities necessary to collect, segregate, and safely process 
radioactive wastes, includino g ases, liquids and (Figuresolids 

24). A combination of processes provides holdup 
for decay 
and dilution of gases before discharge to the atmosphere, con
tainment of solid wastes in drums, and holdup for decay, filtra
tion, evaporation, den ineratization, and/or flocculation
clarification of radioactive iiqiid wvastes. Purified effluent 1rUn 
the liquid p rocess Will he utilized as make-up water to the 
reactor and steam plants. The radioactivity renloved from 
the liquid wastes will be contained on ion-exchange resins or 
in the sludge from the evaporation or flocculation treatment. 

g. BWR Containment 

Recent boiling water reactor plants have used a pressure
suppression containment system. This type of containment 
is particularly well suited to reactors ofboiling because their 
physical arrangement and relatively low stored energy. 

In the ,\VR pressure-suppression containnient system, the nu
clear boiler and the recirculation system are contained in a 
drywvell, which is itself a steel pressure vessel. The drywell 
is normally filled with air at near atmos)lieric pressure. 
Vents lea(l flrol th1e drywel1 into a pool o1 water which is in a 
separate steel pressure vessel, the suppression chamber. In 
the very nilikely event of. a break in the reactor primary sys
teni, \rater aid steam) rilease \would cauise 1 rise in dirywell 
pressure. Air, steaml and water woultld then flow from the 
drywvell thr'ou g h the vents to the suppre ssion chamber water 
pool where the steam would be condensed. 
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The reactor containment is actually two structures in one. The 
primary barrier consists of the combination of the drywell and 

the pres sure-suppression pool. The secondary barrier is the 
concrete reactor building (not designed Car significant pressure 
containment), enclosing the auxiliary eqluipmen t, including the 
fuel storage pool, fuel handling facilities, the clean-up loop, 

the isolation concenuser and the s.hutdown cooling loop. 

Shielding is provided for access to various areas within the 
buildin, during operation of the plant. This ptermits work 

around the fuel storage pool and allows nam tenance f equip

mont'l and instrumentation during reactor aperation. 

The design pressure for the drywell is approximately 60 psig 

and that for the suppression pool is 5 psig. Since ;tructural 

considerations rather than ptressure stresses set the steel 

thickness, it is often conveuient to (les:_n ;nd test both the 
drywell and suppression pool f,r 00 psig,. 

The leakage rate from the prossure-suppression svsteu ter1 

the pressure conditions resulting from the release of all of the 

primary coolant, will be less than 0. 1 p(rcent O the contain
ment contents per day Leakage ,Vill be niceasureci by either 
the absolute in ethod or the reference vessel m;ethoci, as set 

forth in proposed Standard ANS 7. ()0 f the American ,Nuclear 

Society, ''Leakage Rate Testing ()f C;(,ntainnent Structures for 

Nuclear Reactors. T m'inilmize the leakage of radioactive 

fission products that could OcCUr after a "''niximmi0I credible 

accident" the co itainlIe-nt. spray s yst(,ni (prCviously describeCd) 
is inclu ci in the plant facilities. Sufficient cOncrete shielding 

is normllally pr)vide:,d exterior to the drvwel! and .ulpr..Ss.i, 

pool to pe rnit norimal access to the other areas of t., reactor 
building. This concrete will also reduce the direct radiatin 

levels in the event af a maNximum crecible accicint. 

Preliminary estinates indicate that the cost of the reactor 
building (including pressu re-supp ression) and auxiliarv bild

ings for a 3VtR plant using pil(..liri'-suppression containment 

are approximately S300, 0)0 less than the co st o the c'Orr-S

ponding structures for lW)\VR plants. The us of pressur'e

suppression (,ntainuiiic, with a B VR nuclear boile r \ill per
mit a construction schedule consistent with 1171 plant startup. 
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It has been concluded that the BWR pressure-suppression 
containnient is suitable for the proposed dual-purpose plant 
in Israel. A description of the arrangement of such a 
pressure -suppression system and its surrounding reactor 
building follows: 

The drywcll (Figures 22 and 23) consists of a ''pear
shaped" steel pressure vessel--a spherical section, 
appr xinately 58 feet diameter, surmounted by a ver
tical cylindrical section, approxiiiiately 12 feet diam
eter by )0 feet high. The cylindrical section necks 
down to a flanged closure, with a 21 foot internal dianm
eter. Te sulpplressitun pool is in the form of a torus 
with a 122 feet outside dianeter and a circular cross 
section of 26 ft diamneter. lie dryweltl and torus are 
inter-cunnected Iyv ten vent pipes alpproxilmately six feet 
in dianete r. The press'ure-suIplressinn systen and the 
reacltr plant eq~llipu.,nt are housed in) a reactor building 
appr,)xihiate lv 176 feet above grade, and K ' feet below 
grade. It is al)proxinatelv I i" feet long ly 1U0 feet 
wide. WalIs are of cncrete construction, alproxi
oately one toot thic!: with reinf rced concrete columlns 

and beams; the rotd structure is of precast concrete 
decking. Alth"ugh reas''nably leaktight, the building 
is not lesigned f')r pressure )ntam in ent. 

3. Turbine-Generator Plant Description 

The turhine-ueneraht r plant is desi gned to generate alpp roximately 
250 M\Ve (gross) electriNty from steam produced in the reactor 
plant while delivering sufficient exhaust steam to the water desalt
ing plant to) produce M1)0 water. Die net salable power isNIG) 
200 ,MWe after pr"viding for all dial-purps),-, plant reqiuiremuents. 

The specific- turl)ine-gene rator reuireuents ltend upon the re
actor selection, as the turbine inlet steam ",)'n li(tj ns. and the nu
clear ptaer l)lant auxiliary ptwer are dependent ipmn this selec
tion. For ex-amnple, the general description of tle hi rbine 
generator required by the lMVW and I3WI nuclear dereactors 

scribed previously in this subsection is as 
follows: 
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KW rating required 
Type 

RP4 
Throttle pressure 
Throttle enthalpy 
Throttle moisture 
Exhaust l)ak pressure 
Generator rating 
Generator pover factor 
Power characteristics 

PWR 

253, 000 
Tandem compound 

tw, -flow 
3,000 
752. 7 psia 
1, 197. 36 
0. 36% naximum 
26 psia 
320, 000 kva 
0. 85 
3-phase, 50 cycle 

BWR 

251,000 
Tandem compound 

tw o - f Iow 
3,000 
965 psia 
1, 191. 2. 
0. 28% axium 
26 psia 
V0, 000 kva 
0. 85 
3-phase, 50 cycle 

The turbine unit is provided with the standard auxiliary eqluipment 
or features including the turbine governo)r and stop valves, oil 
system, .gland sealing syStem, turning gcar. and no emalV in
stallel prtec:tive devices. 

The generator unit is provided with the standard auxiliary eo uip
lent teatures in'luding, hdlroen cooling shaft-driven and auxil

iary exciter and n,rmally-installed instruimientation. 

The turbine i_'enerator unit is installed in the turbine building as 
shown in Fi'ures 25 and 26. Included in this installation are the 
tvo m1oirstu 1sepa rators wich remove the i)isturc from- the 

partially .xpanded steam at the crossovr bVt'_een the two tiir
bine casings. Th turbine rtowl e'luipllmit'llt inlldc. illc feed
water heaters ainid ou len sate h Os ti puillPs. shaft driven and 

auxiliary exeiWt.r, hydrogen cooling systc, oil nOlcrs and oil 
system . Aljacent to the turbine rm . is ;a pump room which 
houses three boiler feed punps, a heatin- boiler with dcacrator 
and the plant ai r c()mp rers-t) r s 

Adjacent to the turbrine r(m is the demineralize roon with 
equipn-ent for purifyin,, miakel ip water. 

The turbine exhaust steamir passes trm the turbilne room to the 

desalting plant where it is condensed in the brine heaters at 2-: 

psia (alltvin. a I psi pressure dr(q) between the .urbin. e,:haust 

flange anid the brine leater inlet flange). The condensate i:" 

piniped lfr - the hrine healer s ips o) the tu rbine rooll, wh re 

it is heated in clo,sed feedwatr heaters before returning to the 
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reactor plant ste am gene rator. F;our one-quarter capacity con
densate pumps (one! for each l)rine heater) and three one'-lhalf ca
pacity booster and feedwavter pumps are providled. 

The turbine-g ener at or plant includes aill of the accesso)ry electri
cal equipment required for its ope ration ac the 15, t00 ',olt gen
e rator buses up to the low voltage side of the step-u Ip tranist rmer. 

4. Powe r Plant t:lctri('al Svsteui 

The schinat i ( rangenicit th' plant r icalt I of power elect system
is shown oLn "ipre 27 'l'lectrical Singl, Line Diagran, Nuclear 
Power,PF-lailt"t 

The plant elect'rical ssteii incli.s the main peneratur, its mix

iliarv eleictrical equipment, the station iervice t ranstorme rs, the 
starting transtr nutcr, all -I I k% and lhow ,()It I.c sw itchgear, 
elnCrg'encv gcnrelatcc sts all] a 1.11)1 s anid \Vif-ing install at i( ns to 
cnsulr y)c.rait ito ) ( tiI lt a t d iring ic 'i l ,,i] 'lgtticV ct iidli
tio s. lhe lait .\.tciii rcjliir t 5 Ihre<icir\it ccc u,,lv 

surI)li d(tIhy Ihi. stctti itl I r, cn, lr5. J)iiriii st;irtim4, tc)Iilitionii 

power is ( \ lill, ct i(t)' lta Ii I itaiisl i cii ri ti. tc) I Avthe .. 
sivit('hyi\il lbus ac i/c lt 0, I.r'cl tri,' C,,c'rc;Itluncii r.ncr y)vlh V. iElp 


nutw ,r, tic lin ,s.
 

The m ;Iill svilihvarld is ct ll tt(l I)\' le tic line to the I.al 
Ele ctri c C( rncrati on 1,t wcrk anld ,me tie lint to,thlit woatler pl nt 
llbst tic ll. [tc dihe I ti, lillntoc Ill(' Is rael I1c t'rit CctrP) ,'ationl 

n iv,')ri i; i ,i, t(!,- ;it t v , i k,.icis c}icthe \v'attr )lant sul
st ti ii. 

1a. Du c t ,\i ()ii iA ttLai*,.Irr;it tanc 

, 'ii r i , nn q 0 ,(c 1! "-phase rou lel 
IiaChIi li (d t1c (cc iidClci c ton c ct I t -j w ii I icuild tcccdcd st ator 
andl w ithI tlhc cllitI hra t .rist i c . 

Ih, L t c i ;o0 syncl 

Ca pahLility 320, 000 k%a 
•
.owe,-act cc" 853 

tlydrccgcn) pressure at r'ting z15 psi
 

Sh )I'tcirollit ratioj 58
 

SAh-transient reactance ,)t
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The excitation is supplied by a directly connected gear driven 
exciter or by a spare motor generator exciter set arranged 
for quick starting upon loss of field and provided with a suit
able flywheel. The generator neutral is grounded through a 
suitable distribution transformer and current liniting re
sistor. 

b. Main Transforrmer 

Although the main step-up transformer is not included in the 
production plant account, for purposes of determining breaker 
interrupting capacities it was assumed that the main step-up 
transformer has the follow\'ing characteristics. 

R'tting: 300 N'IVA FOA 
Voltage Ratio: 15/161 kv 2 x 2. 5%
 
Impedance: 12. 75%
 
Delta-Star conection
 

Grounded secondary neutral 

No breakers are used between the generator and the low voltage 
side of the transformer. 

c. Station Transformers 

During normal operation, the station service requirements are 
supplied by two 15 1\-/4. 16 kv station service transformers 
fed by the generator bus. These transformers have the fol
lowing characteristics: 

Rating: 12/16 MVA, OA/FA 
Voltage Ratio: 15/4. 16 kv - 2 x 2. 5% 

Impedance: 7.2%
 
H. V. Delta - L. V. Star grounded neutral 

d. Startup Transformer
 

With the turbogenerator shutdown ard I iring starting and shut
down periods the station service rer-uirements are met by one 
starting transformer fed by the 161 kv switchyard bus. This 
transformer has the following characteristics. 
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Rating: 15/20/25 MVA OA/FA/FA. 65 C 
Voltage Ratio: 161/4. 16 kv t 2 x 2. 5% 
Impedance: 9% 
650 kv BIL 

e. Plant Auxiliary Distribution System 

The plant auxiliary distribution system is rated at 4. 16 kv and 
400 v and is designed for good perfornance and reliability. 
The systei has two mainii soturces of power: (1) the generator 
bus through the two station service transf)rmers and (2) the 
161 kv switchyard bus by means of the starting transformer. 
The systen is provided \\'ith a no loss of load quick transfer 
arrange ment to change the source of supply. 

The .t. 16 kv portion of the systen is arranged in a double bus 
system serving both the reactor and turbogenerator portions 
of the plant and also includes the -. 16 kv shutdown bus pro
vided with its o\\'i 1750 Lw diesel generator set. The shut

down bus is normally energized by either one of the 4. 16 kv 
buses. 

A cuick transfe-r arrangement triggered by loss of voltage 
transfers the shutdown bus supply to the alterate 4. 16 kv 
bus. Return to, nornal supply is done manually. A tie to 
the water plant substation is also interlocked vith the other 
bus sources. In the event ()f complete loss of voltage from 
all sources the -. 16 Lv bo; is disconnected from them and 
the edergenc\ diesel gene rator is automatically stalrted to 
ensure an ordelly shutdown. 

The I00 v)lt s\'stem consists essentially of a doluble bus sys
ten in botth the reacttor and tuirbl)enerator portions of the 

plant. Each o)f the A and P) -100 volt buses is energized by 
means o)f its (own 1. 10 Lv /-100 volt transformeti fed by the 

respective A nd B .1. 16 kv bIs. Alternate st'pply is as
surId by the I, 000 kva aul'iliarv traisflornier fed from the 
4. 16 kv slhutd,\.l- bus. Only the radioiactive waste disposal 
bus has a sote s50 ree ()f" supply. 

The 400 volt system ailso includes a single reactor pressurizer 
bus and shutdow\vn bus provided with its own 500 kw small 
diesel genc rator set wvhich will enable it to provide the most 
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essential power recquirements cluIrinl erne rgencie s. The 400 
volt shutdow\n bui is no r mally energ ived by the 4. 16 kv bus 

through a 7 50 kva transforl in'r. 

All auxiliary buses are of the totally enclosed type, metal clad 
cubicle construction and equipped with drawout air circuit 
breakers. They can be divided into three categories: 

a 	 Metal-clad switchgear rated for 4. 16 kv servicc and with 
250, 000 kva inte rrupting capacity using stored ener'y 
electrically operatcri dra\vott type air circuit. breakers. 

S(unrce b re aker.s havc 3,000 a inp) LntilnlooUs rating and 
feeder brcaker, are rated 1, 200 amps. All breakers in 
the 4. 1 l\ v bus ic rcm tt L.vuperated from the countrol 
room1. In the , ntrol ro,,m1 a n}iiic b,s represents the 

actual brt.ak.er arrangement. 

m	N/letal-clad switch ear rated for -00 volts secrvice furnished 
with eaectrically ()I. 11 nnla Ily operated dra\,out air circuit 
breakrs rated at W, 000 symmetrical amps interrupted ca
pacity. Sour ce breakers have a rating of 1, 600 amps con
tinuous duty while feede breakers have 600 amps contin

nuous duty ratin'. 

e Ivetal enclosed 400 volt motor control centers serving mo
tors up to 25 hp. The motor control centers have molded 

case circuit breakers provided with the rmnal or magnetic 
overload trips.
 

f. Physical Location of Switchgear 

All the 4. 16 kv switchgear is located in the reactor auxiliary 
builiing. The 400 volt buses and switchgear are located adja
cent to their service areas in the reactor auxiliary building and 
in 	the turbine roon. The radioactive wa ste disposal bus and 
switchgear is located in the radioactive waste disposal building. 

g. Cables, Trays, Conduits and Cable Ducts 

The 4. 16 kv auxiliary p)\\c'r circuit cables are of single con
ductor type, ozone resistant, ruiibe r insulated, shielded and 
neoprene jacketed. The 400 volt cables are also single con
ductor, polyethy1lene insulated . ith polyvinyl chloride jackets 

104 

http:brt.ak.er


KAISER ENGINEERS 

h. 

i. 

j. 

k. 

and rated for 600 volts service. Control cables are both sin

gle and multi-conductor type and rted 600 volts. Cable trays 
are used oxtOnsivety throtughout thet, lnt, however, where 
indicated, alt inuim or galvanized co ltit.-d are us(d. 

Motors 

,All motors in the power plant above one hp are -plhasc squir
rel cage induc:tion type and unless tthwr\viso indicated are ar
ranged tor full voltLage Matarting. l'hkue 1,,t r v (it ac ratings 
are -. 1(6 lv tir riltt, s raet:e a \ov '() ) p ;intl 1t0) volt for 
mot)r.s rataed less than 200 i1). lmoto,(pr itrs aI'e of the d rip 

l)r()i typo, while outtdow iotoL rs suclth ts h t\\cll p)tim s are 
of the tota lly o o I )s(,(l typ,. 

Groundlin Systlm 

A dependable Iow rosistance ground systeimi is provided for 

protection otf personnel and proper functi)ning of electrical 
eqiiiiflo L. 

Lighting 

The lihting sy stem has a volta 140 r;,Ating o, 220 volts and the 

various lighting transifriners (400/220 v) are fed Iby the 00 
volt buses. Provision is made for an emer ency a-c lighting 
system led norn'llv by the .100 volt. sbuttdo)Vn bus and auto

matic'all\ switchl to the ,er,,,eny (I-c so'rce in the event 

of linss Af power. Sta/nla industriNIa Iitures arcPe usecd through
outt the patnt. Vapor" proo)f tixtoUrCe are~o tsoi in arPeas snubject 

to vapor otr noni;t re. 

D-C Sysemi 

The 220-2M 0 volt d-c system is not shown in the one-line elec
trical diag rami drawvitg, it consists ouf two buses each having 

its own storagiue battery. Its battery ci rtger and inverters 

are tsed to Supply the inst ro ntia tini a nd cw)t rol buses chring 
ene rgency cnditions,. 

The eme rgency lighting systein can also be fed by this systein. 
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5. Maintenance and Service Facilities 

Facilities are provided for ordinary maintenance and repair of 
power plant components. These facilities are housed in the ma
chine shop and central repair shop as shown in Figure 5, Dual-
Purpose Plant Plot PLan. A decontamination facility, located 
adjacent to the nuclear reactor building, is provided to permit 
decontanmination of radioactive cornponents prior to their repair. 

6. Emergency Cooling Line 

In the event the desalting plant is shut down, proN ision has been 
i, de to supply cooling seawater to the brine heaters which act 

as condensers and allow continueCI full power ope2ration of the 
power plant. A 1. 5 meter diameter emergency cooling water 
line is shown in Figure 5 it provides seawater o tic brine heat
ers directly from the intake seawater punips, thus allowing the 

brine heaters to be operated as condensers. 

E. Intake and Outfall 

1. Intake Facility 

The intake facility for the dual-purpose plant must continuously 
supply seawater for condensing vapor in the evaporator heat re
ject stages for seawater make-up to the evaporator and for aux
iliary cooling. The facility must avoid constrictions clue to sea
weed, drifting sand, fish, and marine growth. 

The required seawater intake capacity for the 100 NIGD dual
purpose plant is 570, 000 gpm. This iclCs 420, 000 gpm for 
desalting plant heat rejection, 1 39, 000 gpm for make-up to the 
evaporators and 11 , 000 gpm for other services. 

The intake facility will consist of two intake struc tures i'cated 
approximately 450 meters offshore (\which is beyond the turbulent 
surf zone) in 7 roeters of water depth, nd separate(d from each 
other by a diSta ICe of about 90 meters as sho\Vn in Figure '8. 
Each intake will have a ''fish cap", the tp I) ein _; le_'tevs below 
minimum watoer love I. The b)ttoIml Of the o)penings in the intake 
structure will be 2 meters abuve the se a flo r. 'the intake<c struc
tures will each b connected to the polim in . strl'tllrc \vith rein
forced concrete co(duits buried in a trench in the s'a flor. At 
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the pumping structure, each conduit wilA enter a separate corn-
partment equipped with the usual stop-logs, static and traveling 
screens, screen cleaning facilities, and a provision for the col
lection and mechanical removal of sand. Each conduit can be 
isolated to facilitate the use of chlorine for the control of marine 
growth. 

In the pumping structure are nine vertical direct drive pumps 
which supply water t the dcsalting plant and salt water cooling 
system. 

2. Outfall Facility 

The outfall facility will consist of a buried reinforced concrete 
box culvert with transition to an open channel beyond the water 
plant limits. The open channel will discharge at the shoreline. 

Hydraulic characteristics will b established to iniirnize back 
pri1e s sure on the system and to p rovide sufficient velocity to 
eliminate sAnd del) sit at the point, of discharge. 

Recirculation problemns will require further investigation; how
ever, the proposed conduit intake w-ill reduce this to a minimum 
due to the mixing which will occur as the effluent passes through 

the surf zone. 

The arrangcnent of the outfall canal and the reject seawater and 
brine piping are shown in Figure 5. 

F. General Plint ia ilities 

The tW slies un der consideration are on the coastal sand dunes 
near AshI (FiguIre 
tion D )f*tihis section. 
c(IQ~i Ird !*,I- the 

)lant La'I ti o, (Fi,,r. 
able fAm rwingi 
t ;cu lmmuia t,... 

sc le(ted'ithIs- I," this\. 

The sites are no" 

roads. The tst 
access ro;adl t, he 
ational supplies. 

1). and are described more fully in subsec-
ApproxiNmately -40 acres (160 dunams) are 
;tnd \vatr plants, substation, and general 

"). Both sites be'ing k nsidered are suit
a 	 m ai 1ly level area, and have sufficient area 

r-lr ;l-p)urp se plants of the size At plant 

accessible by existing, hard surface( all-weather 
e'stimnates pr)vidce tor a new heavy-duty asphaltic 

s'-d d rhrio' c(nstruction and for hauling of oper-

Inside the plint hotumndaries w'uld ie paved access 
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roads to all important maintenance areas, a vehicle parking area, 
and paved general working areas. 

The yard services include fencing for the entire plant site, fire 
mains and hydrants, domestic water and sanitary sewers with a 
septic tank; storm sewers, yard lighting and landscaping. 

The on-site facilities include a warehouse, a machine shop and a 
cafeteria. 

1. Access Roads 

During the construction of the dual-purpose plant, it will be 

necessary to transport a largo amount of material to the site. 
Probable maximum w eights and dimensions of the largest pieces 

of mechanical equipment are as follows: 

" nuclear steam general:()r
 

67 ft long x 18 ft wide, weighing 500 tons
 

" electric generator stator
 

30 ft long x 15 ft wide, weighing 280 tons
 

" desalting plant evaporator
 

80 ft long x 10 ft wide, weighing 200 tons
 

In addition to transportation of these major items of equipment, 
approximately 160, 000 tons of aggregate, and 24, 000 tons of 
steel will be required during con struction. 

The main Tel Aviv-Ashkelon railroad and adjacen, highway are 

parallel to the seacoast and are approxnlmately 3 kilometers in
land from Site 11, and 7 kilometers ii 1 and from Site 1. The Ox
istin- hard surface road to the two site.s is not adequate for use 
during construction. For this study, tie c('ns ervatiVCl SS up 
tion wris made that extensive. romw(lrw \will hw required to hanle 
the major items of equipmient which will he unloaded at tne of the 
ports of Israel and transported by rail to the railroad sidin., ser
vicing the plant. The new roadwork wilI aIso ctomodgte thokse 

major items whiclh will be( tra nsported fr)m Ashdod by trick. 

The existing Tel Aviv-Ashkelon highway frou Ashdod to :tpi)int 
closest to the selected site should be' Modified so that n' ,rades 
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greater than 6 percent or curves of radius less than 20 meters 

will occur (this will accommodate a 20 meter wheelbase trailer). 
A new road will be required connecting a new rail siding to the 
existing Tel Aviv-A shkelon highway and the highway to the dual
purpose plant. 

The capital cost estinmate includes an allowance to cover the new 
roads from the highway to the rail siding; the highway to the plant 
site; modifications to the existing highway to accommodate the 
large heavy loads e xpectd; and repairs to the road re sulting 
fron the construction traffic. This allow\ance is equivalent to 
the cost of buitdiing a new asplhaltic surface highway 6 meters 
wide and 8 kilometers long. 

2. Rail Sicing 

A :;idinu' is rcquired on the Ashclod-Ashkelon railroad for trans
fer of materials shipped bIy rail. Transfer fac iities will be re
cluired in the evCent Liulfuric acid is shipped by rail. These trans
fer ifacilities \will consist of flexible transfer piping, platforn 's 

for a'ceuss to the tank cars, tiransler pumps and a pull p house 

and a 100-1ton s,1ulfuric acid storage 'acility. The unloading and 
loading of pac kaged and skidded material;s will be accomplished 
at the truck loadin,, dlock by a fork-lift truck. Bulk materials, 
particularly tl'osc hauled ii during construction, can be stored 
in piles and stacks at the railrd),td siding site and trucked to the 
plant site as required. Provisinli has been made in the estimate 
for tle ;cid unloading facilities, unloading clock, fork-lift truck 

and bull n to'al s handling, e(ui)nent. 

3. Site Grading 

A site of approximately -40 acres is required to accommodate the 
plant shown on the plot pin..After the core drill in gs from the 
recoiiitnencdd site are analvzed, the exact location of the plant 
wilj be cletrninec(l. It may be suitalle to level the required area 
to otne elevation. It may, hU\vover, he desirable to choose a 

stepped-l)latit design., placing the ,evaporator reject stages at the 
lowest el',vation, and the evaporator recovery stages and nuclear 

reactor buildinq and turbine room at a higher elevation. Stch an 
arrangement rill provide some advantages to the process design. 
Provision his )een made in the estinate for levelinLi the site to a 

plant benth "f approximuately 5 meters fur the desalting plant and 

t) 10 meters for the nuclear po)wer plant. 
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4. Potable Water System 

A potable water system distributes potable water to the principal 

plant buildings and to the potable water yard service system. 
lose bibs are provided at convcnient locations along the yard 

service system. The water is stored in the plant potable water 

ta n k. 

5. Fire Ma in System 

Fire protection, using seawater, will be provided by a ca -drive 
pump (electric motor and gasoline driven interina l combustion 
engine) to the fire main system. This piump will have a rat(d 
capacity ot 1,000 ;pil. The fire syst'm is a lop systel avail
able tll r)olhout the yard for fire prteetion. The fire main is 
equippCd \with ;pproximiately "- {l ral,'d located to rch,ts all 

parts o)t the_ plalit a hose more ;00 ft The;ith not) thln longl. 
fire il;in !,)(10) is a 12 in. line with 8 in. and 10 il. tiranch's. 

6. Sanitary Scuwage System 

The transite sanita ry sewage system will include a collection 
system and four septic tanks. The effluent from the septic 
tanks will be discharged into disposal fields. 

7. Storm Drainage 

A storm sever system is provided to handlc the run-off from 
gutters and buildings, dumping the rui -of: into theI brine e fflo
ent channels. Storm drainage from the desa Itin, plant, the 
parking areas and access roads, and siminia areas \,.ill be ac
comnplished by providingar ppropriatet spand, stlrftec' _uttiers. 

8. Fences 

A chain link fence of approximately 2,000 meters in length sur
rounds the plant site of -10 acres (16,0t ht nains). A similar pro
tective fence a round the main 1lfl kv swvitchgtrP ater j)l[nt 

substation and wa rehouse yard is also, provided. 

9. Yard Lighting 

The nuclear powver plant, dlesalting plant, cafeteria, workshop, 

warehouse , sw itc hyard, and substation, chlorine and acid 
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handling areas, and pump house will be illuminated by pole 
mounted floodlights. Individual lighting units will be provided 
at operational locations and at platforms and stairways suffi
cient for normal night work safety and security. Entrance ways 
and roadways, and principal buiIldings will have floodlights for 
public viewing and safety. Approximately 100 light standards 

are included in the estimate. 

10. Plant Roads and i r king Area 

Access roads within the plant site will be provided for trucking 
supplies and mate rials between buildings and work areas as 

shown in Figure 5. Provision is made in the estimate for 16,000 
square meters of paved access road area. In adcliti on, provision 
is made for parkinL up to u0 cars for \w <orkers and visitors; this 
consists ,f 8, 000 squa re meters of pavel parking area. 

11. Cafeteria 

A cafete rit biildin -40ft by 80 ft is provided; it will acconrnio
date up to n) p50 , . Tlhis brailding includes a kitchen for prep
aration ()f fo,,l for plai t nimplvees and visitors. The building 
is const r kld ,fcon cretc b I c k with lightweigit steel roof 

tr lsse:s. ri,-tal (lckini iand insrilatecd roofing. The kitchen will 
have ula ,( tile \\,ills and quarr,-tile floors. The public area 
of the ca-feteriw -,jil have asphalt tile floors and painted concrete 
bl ock walls. 

12. WVa rehouse 

A %Varehowsc 80 ft Iby 12 ift is provided for storage of supplies 
and spare parts. This warehouse is constructed of concrete 
bhwk with light\v'ight steel roof trusses, metal decking and 

insrrlat.d roofinu. Tmo interoal partitions are pro\viced within 
tih \vaf re'hlse. Adjacent t,,lhe w,,arehouse is a fenced gravel 

ya rd 't ft 0 V I2 f for sti raye of bulky mLte rials. 

13. Central Repair Shop 

A central repair shop 100 t by 150 ft is provided. The building 
is of concrete block construction with lightweight steel roof 
trusses, metal deckin,, and insulated roofing. A locker and 
change room is provided within the repair shop. The repair 
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shop is vired for heavy duty portable equipment in addition to 
the permanently installed wiring. 

14. Guardhuse 

A 20 ft by 2"5 ft ntuardhouse is provided for plant security at tie 
main eii tr mc to the site. This guardhouse is of concrete block 
construction \vith ligihtweiglht steel roof trusses, metal decking 
and insulatocl( -Io )fill,. One partLition is provided within the 
guariholilse to sepa-;tte the Ti' into t\wo pairts. 

15. Administi'ative, OC)fices andi tIs t,Ai, 

Administia tiive flices and the first aid rooms are located in the 
reacte r auxiliar V building. 
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VII. CAPITAL COST ESTIMATES 

A. Summary 

The capital cost estimates of equipment, materials, labor and other 
costs which constitute tile investment required to construct and put 
in operation tdual-pu rpose plant are iternized in this section. The 
estimates have followed as a go ide cc rta in of the Electric Power 
Plant Instructions of the F(dcrat Powe r Comni iss ion's Uniform Sys

tem of Accounts. 

The estimates are based upon inforenation obtained from construction 
contractors currently pe rform ing major work in Israel, from vendors 

and from other sources. 

The dual-purpose plant has been divided into the following units for 
convenience in preparing the construction cost estimates: 

* 	Power Plant (nuclear or fossil- fueled)
 

Desalting Plant
 
* 	Intake and Outfall .Facilities 

* 	General Plant Facilities 

Indirect costs include engineering, design, inspection, owner's ex
penses and interest during construction. An allowance for contin
gency is provided as a separate account. 

All costs cletailed in this study are based on current labor rates and 
mliateriat prices. 

The accounts for land and land rights have been listed, even though 
no cost has been assigned to the land and land rights. 

The a ccouts 1o working capital inc lode (a) the cost of iniventory of 
nuce ar or fossit ftleI, (ib) materials and supplies, (c) spare parts, 
(d) the cost of ope ration, miaintenance and fuel const inption for a
 
lim ite d perind, and ((') re se rve for insura nce p rep aynent; all of
 
tile working ca pital is considcred to bc nondepreciable.
 

The total of the foregoing items constitutes the total capital required 
for the dual- purpose power and water desalting plant. 
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TABLE X 

ESTIMATE OF CAPITAL COST - 1965 13ASIS 
DUAL-PURPOSE NUCLEAR POWER - WATER DESAL.TING PILANT 

(In Thonsands of 5ollars) 

Nominal Fixed Charge Rat, 
5% 7-10
 

1. DEPRECLI3LE IIEMS 

A. Constructioi (:,)sts 

1. 	 Powe22r Ilant
 

Structur( s 160
$ 6, 
R ta~lr Plan.t F-uiprnent 2-, 1-10 
l",Irl-. rat,)r 1'nit 13, 010 Same Same 
A.\ -,. Eric,1iiquipment 2, 830-,rv l 


\11" llatl-), I'-, -vt Plant Equipment 1, 0)0
 
Inldir-, t i,it , - ,C ,sts5 	 6205, 

tt. 	 $ 85052, 

Strtur,- $ 20, 400 
HIir . 1-'it, r 1,2-10
 
KvaPrit ,r !,;Al hs 33, 000 
 Same Same 

". rlls E l ( lL~t,, ( }i'l it 
 -1, '1 30 

, hai l l, 11 1 ; Iprl,:It 	 I , 650 

Other . t-,.t I ,,- 5, 330
 
Itdir,.,t I -tmt ti- (, -its 7,930
 

S r Iht. tal $ 7.1, 	 5,10 

3. Intakc .nd ()'ttf.L!!I--tiltwes
 

strI'm ! rI,- $ 1, 580
 
Intake (*-nd,iLt,L 
 2, 590 Same Same 
Outlet ,1,n -, 250 

InlitI,,> t Costs
c 1111t1t~ 530 

S~ittal $ 4, 950 

4. 	 General Plant -ail litieS 
Site Work and Iuits $ 2, 180 Same Same 

hiht,-rct ( .n-,trcti Costs 260 
Subtotal 
 $ 2, 440 

-,, l (l,uiItruchoti Costst a	 $134, 780 $134, 780 $134, 780 

B. Other C,,st . 

1. Frig Ilier ,t, [).111q Intspection and
 

Procir,-wInrit 
 $ 8, 200 $ 8, 200 $ 8, 200 
2. Ownr'sIxp-n--, Inc luding Start-np 4, 000 -I, 000 -1,000 
1. I trcst d,ri n'( - ri-trl1-tt n 	 4, 780 1 1,890 25, 360 

(hI-	 $I-tAl ( lt. 16, iM) $ 2,, (')0 $ 17, 560 

I-,taIlB,-i,,r- (tl)IntirliInc y $151, 760 $1 tO, 870 $172, 3.10 

C. Pintingverv. I 2'" 18,2.0 19. 130 20, 660 

'(3- \. -..I)Fi'-IA BILE ITEMS $170, 000 $180. 200 $193, 000 

II. NO t IS1
DEP~ii('I.' ;I 


A . I,,itd,ld II ,ut 

,t i 	 1, v , . $ 12, 	 790* 

-.S 15 ,, '. ')p,, rittiui 960 Same Same 
li ,'Il JIL tI - DaysI LI S 60 260
 

IJp,r- P,,rt i 
 I,900 

1, t~tl 	 f+,'ft,.C,nting ncy $ 16, 000 

C. Conitigentic/ (116"
', 

, 000 

tOI'AI I;lkDKJ:A11I.E $ 17, 000 $ 17, 000 $ 17, 000I, ITEMS 

1()i Al. CA.\tI 12% (,I)5sI 
IWI..\I.-P '1W ,t') .. 	 I 0 0 0 _'0;F. }' I 	 7, 1'j7, 0 1,.l), 000) 

J:'11 	 is initial c' -;t ..\ftr i,~ ],tr ,rrc .}A i tt}ld i(tl, l l ll l pp~r-,m nat. Iv .I '',1 r the .''' a ( 
fuel t'y(t'hwr<I i ( ,p ,tl '.,,,lih } 1I,"00, I)% ,,]In t ti-,mnmul l fi\-.1 

i -x,,rkn (i1iltd I 

000 wxiln~ , ,i, -,,11'j" , 	 h,, r ,.!i 

- o1-'stillhtcd: It I,, III,- tddltl4,1hd-.
 lpi lrt,dtr I ,( 1 :c. I- r , i10 f cl itics and*rl,',,.i v , ,,,vtlr 1t 1lltici ii, $1, (00) 000 ( 1 -ld.25, 000. 000t, r, spv, tivevy. 
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The facilities Ar power transmission and water cnlveyaoce outside 
the dual-purpose plant boundatries require additional capital. The 

ilvestigate r.(quircm ,,r costs facilities. 
The estimates herein include the costs giveCn in tne United States-
Israel Joint TeamIi Report, October, 1964. 

study did not tin nthnlts of these 

Table X SLlMI ar.ize s the various e le ments of the cost estimate for 
the dual-plirl),sc plant, the electrical tran,,rnission facilities and 

the water cainvevatic' tcilitis 

Subsections H, C, I), E anld' \v lich toAlow deline which items are 
included in eat Ii ,14thi MtiriCost SIC tions and thehases tor cs timat
ing the cost uf sIch itcems as ,Vorl inl- capital, and contingency. Sub
section G lists tie basis for theo capital Cost cstKIItes. 

B. Dual-PurptseL'a Itn'lnt ()ilirtciablc ins) 

1. C;oistrtc timr( ,sts 

CrThe c'Stiili'. iF each i1 he1,c(nlstruction cost aCCi)tllS listed 
1)c(-u\Iv: in(1 , i' co st N)jtt,rmaHe t eqiipine it, kIabr (including 
labor hurdcn), tr ctit lil'trials. e(iip ent 2isg1e, atnd a 

.4lla r' ,
iroIr tl.('d t l' idire ct crnstructi1 cu1 ts. Inidir'ct c'n
arct. NI' Ustruicth10(1 2t i'~i'-'Fa'd U W'r 00h will' s aCtiult h 

hie colulLt , t . ('att',. Ill nis i e1k c it''ll'It t ad iiti' ati ve fi' ld( I)cring, 

and s opi' iut ' (,, c Ic 'm lidting , pu rcha si-inii,' , , . Isi ic c s; 
securitv; tfitc. ,l'nitlr , , ili'5 rui ifitir l (,'il t 1(110i)
l-lt i ttL. ut,,s .l'eah t) t . \ I(I l (Udcdt lit cha I I,,ii . (it in t> t: 
are tenlp)r,l'g ,m"; ilitic,:; pr,,,ided tor 1, , <,n:the , ,lq ltt l~ l 

;l
\VOrkL. an th1 r N- c n)1'isc 111it ll e d 1)V thi 1.1 C Ii I li t ic t ii C" 
Such ;t,: 11RULc A and qtl Nlt.X)c',~.':.'Ire't Ot. ti,}n; riskt t C W A PU -' pr ;ill 

in~suraince (i(Ii.lI(ini nuciliear insurance Wialr) during cunlstruc'tion 
is cimas wecll ' t ltnc'miltrIitLt'S' fcet5 o" tr,,Iits. 

a. Po-)-'VUr P"iat. 

lTht li\.t'" Plant :\_cotit incltld:- i' iil It'lr stea' llgenera
tor, tO rh ,g( ' r " rtr.ftee ( t\''Ltc' l ticlli 4 ctiglt.r Irreatment'll. a'nl 
fuel] <c(lc ,.<!tip m en t fa( ilitic,.i. andl l[!;1i'llildli ,4s, falcili. i d 

ties, oind w'juti ierit il<'i~tiliIl' dasia prciiimiitWI\ IXt ssary.
fo rlthe{ } I,{'l i ,!,,f l ;).%Vet t ' (!'t dCCIitte'lc(' 1,-ic, it I cd in l in 

Isretl.
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The turbine exhaust and condensate return to and from the 
brine heater flanges are considered a part of the Power Plant 
Account; the brine heater is part of the Desalting Plant Ac
count. 

The Power Plant Account includes all main and auxiliary Clec
trical poucr plant equipment up to the low voltage side of the 
step- up cransformer. The step-up transforne r and switch
yard facilities a re not included in the dual-purpose plant. 

The service systens, such as electrical wirin, switchgear 

and cquipment, and steam, water, vac Unm, and air svsterns, 
whimA exclusively or pred(ominantly so-rve the power plant are 
included in this account. In instances where ino predominant 
piant account can be clearly identified, that portion of the ser
vice systelms is included in the General Plant Facilities Account. 

The portions of the shared facilities and eqiiipment, such as 
control rooms, laboratories, office soace, maintenance facili
tics, storme house? str'ucture s , and yard eq dpn) e nt , which pire
dominantly serve the po\ver plant, are included in this account. 
In the instances where no predominant plant account can be 
clearly identified, that portion of the shared facilities and 
equipment is included in the General Plant Facilities Account. 

In developing the capital cost es :mates for the power plant, 
five cliotations were obtained for the nnclICeari steam supply 
(three PWVR and two BWR), and four Clutations Were obtained 
on hack-pre s rc turbines (two for each reactor type). 

When adjusliments a re made in the power plant construiction 
ousts ft (lifac.rences in containnent and reactor auxiliaries 
assmciated with the F,\VP-PWR alternates, the normalized 
constructin cost nstimates fr tHie PWR and PWR are \within 
000,000 of ca( h other when couparing the qcp,,talions from 
the two majoL " Suppi iers: the q( ltgtiols f )m two other ex
peri iced sa)plirs (,oe 'VR ;mnd one PWR) ,ere-approtx
mate ly (on imillion dollars less than th ,se ftrm the ma jor 
supplit.es. The estimates for the reference plant are based 
on quotations from the two najor su)pliers. 
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The small spread between the quotations from all the suppliers 

and the large percentage these quotations represent in the 

power plant construction cost are the basis for a high degree 

of confidence in the cost estimates in this account. 

b. Desalting Plant 

The Desalting Plant Account includes the brine heater, heat 

recovery and heat reject stages of the evaporators, seawater 
or desalted water chemical treatment facilities (except those 

facilities required for screening of the intake water which are 
included in the Intake and Outfall Facilities Account), vacuum 

and venting equipment, and all equipment e:mclusively or pre
dominantly necessary for the production of desahed water 

erected in place in Israel. 

The brine heater and the structure required for its operation 

and servicing are included in this account except that equip
ment and piping which is connected to the steam inlet or con

densate outlet flange whicl are assigned to the Power Plant 
Account. 

All seawater piping, facilities, and equipment between the in

let flange of the seawater intake pumps to the outlet flange of 
the brine blowdown pumps, and seawater conveyance up to the 

effluent discharge veir of the outfall canal, which is exclu
sively (Ir p redominantlv necessary for the desalting of sea

wateir, at'e inchtuded in the Desalting Plant Account. 

The scrvice- .;ystems, such as electrical wiring, switchgear 

and equipn.,'nt, and steam, water, vacuum, and air systems, 

which exclusively or predominantly serve the desalting pl.-nt, 
are included in the Desalting Plant Account. In the instances 

where, no predoninant plant account can be clearly identified, 
that portion of the service system is included in the General 

Plant t", cilities Account. 

The portions (of the shared facilities and equipment, such as 

control rooms, laboratories, office space, maintenance 

facilities, storehouse structures, and yard equipment, which 

predominantly serve the dcesalting plant, are included in this 

account. In the instances where no predominant plant account 
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can be clearly identified, that portion of the shared facilities 
and equipment is included in the General Plant Facilities 
Account. 

In developing the capital cost estimate for the desalting plant, 
preliminary quotations were obtained on all major components 
as follows. 

Item No. Of Quotations 

Condenser Bundles 3 
Brine Heaters 5 
Condenser Tubes 7 
Check Valves 2 
Gantry Crane 3 
Degassing Tower 2 
Butterfly Valves 3 
Vacuum Equipment 5 
Major Pumps 6 

The estimate of the desalting plant construction cost was de
veloped by taking additively the appropriate individual equip
ment component quotations and estimating the construction 
and indirect costs. 

In addition, the cost of contracting with a single rnanufactur
ing company for a desalting plant to meet the owner's speci
fications was determined by obtaining preliminary quotations 
in response to performance type specification for a 100 MGD 
desalting plant. 

Quotations were received from three mann! aetu re rs: 

Manufacturer A - The basi.- was erected in Israel 

Manufacturers' B and C - The basis was FAS Eastcrin U.S. 

porI 

The quotations wcrc then norrnA ized to include shiplpiig 

charges, erection costs, indirc ct charges, and othcr costs 

necessary to achieve a complete working plant, and w cmc then 

compared with the reference desalting plant est imates. This 
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c. 

ci. 

comparison reveals a cost spread of the manufacturers' nor
malized quotations of approximately $9, 000, 000. The refer
ence desalting plant estimate (without contingency) was within 
this range. 

While the extent to which the manufacturer's quotations con
tain contingency is not known, the reference plant estimate 
including contingency is more than $3, 000, 000 higher than 
the highest of the manufacturers' normalized quotations. 

Intake and Outfall Facilities 

The Intake and Outfall Facilities Account inclucles the narine 
conduits and treatment systems for control of marin growth 
and for screening, forebays and structures. The seawater in
take puimps, the intake house, and all switchgear, controls, 
and other equipment used )re(loin inantily for their operation 
and maintenance are included in the Desalting Plant Account. 

The main tautfall canal with the exception of tihat )o0r tion which 
passes underneath the desalting plant, and the auxiliary out
let channel are included in the Intake and Outfall Facilities 
Account. 

The service system s, such as electrical wiring, switchgear 
and equipment, and steam, \vater, vacuum, and air systems, 
which exclusively or predominantly serve the intake and out
fall facilities, are included in the Desalting Plant Account. 

General Plant Facilitics 

The CGecral Plant Facilities .Account includes the direct 
capital costs ot structures, fa cilities, buildings, e(iuipment, 
and se vic s vstcems not pro~perly includable in other accounts. 

In paitla , tlis aICcoant includes miiscellaneous site struc
tLII'rts sutch lis the guardhouse, cafeteria, and cntral repair 
shlop. Also, inluded are such items as access roads, site 
graldini,. in-plant roads and parking lots, fenci.1g, storm 
s1w,.r , 'ire lines and hydrants, sanitary sewers all(l se)tic 
tanks, domest \ate r sy'steme, ya mci lighting, and landscaping. 
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2. Other Costs 

A description of the various items included in the Other Costs 
Account follows: 

a. Engineering, Design, Inspection and Procurement 

This account includes all )fthe engineering, design, and in
spection services applicable to construction work, whether in
curred directy by the i,.ne or accrued for the owner's account 
by the architect-engineer. 

It also includes preliminary investigations; expediting, inspec
tion and procurement of materials and equipruent in vendors' 
shops; engineering consultant services; and engineering super
vision in connection with construction work. 

Reactor hazards ,.ort, initial radiological site surveys, and 
related items are included in the engineeringJ design and inspec
tion costs. Niclear t'ngilieering and design services for the 
reactor plant and auxiliary systems (including core physics 
analyses and reactoir systens design) are included in the direct 
cost of the nuclear ste am supply package as part of the Power 

Plant Account. 

Engineering and design for the doealting plant. adjusted to re

flect the very repetitive nature of tie desalting plant coropo
nents, is incIluded in this account. The engineering and design 
of the evapnratoir tube bundle s, brine heaters and other de sall.
ing plant ,qpiilnent is included in the direct cost of the desalt
ing plant. 

b, Owner's Expenses, Including Start-up 

Owner's expenses (including salaries and expenses for the own 
er's engineers ;Issig'ned( b, the project) have )een estillated by 
Israel's Joint S.avate D.saling lProLject Staff. This includes 

personnel assigner pre(h i inautily fr training iu1 trj ses. 

Start-ui c'st is the- net s (d( the pliantc if ratinq dual-purp)se 
during the test period prior to) becoming available for curlinmer

cial service after credit for power and watcr tIr)duced during 

the test perio(1. 
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c. Interest During Construction 

This item the conis interest ol funds used for engineering, 
struction, and start-up and is based upon the expenditure 
table described in subsection D of this section. 

3. Contingency 

The principal categories which make up the capital cost have been 
examined and in uncertainty assigned to each based on a percent
age of various (cLnents of costs. These in cCrta int ies haVe be en 
s5unmc d to diet ermlxii ne the unce rt ainty associated with the total de
preciable capital costs. anAdso, allowance has been adeCCCl to 
cover it lx'iS Which may h iV e beCii i nad'e rtcntly' o litied from tlie 
estimates. The total of thle unce rtai nties allowanceand this is 
the contingency. At this level of' cliceptilial design and dev elop
ment of the pro Ce ss a nd its compoinnts, all ov'eral[ contingency 
of 12 percenl has been considered its realistic. 

4. Escalation 

Escalation was not included in the estirnates of capital cost. The 
capital cost estimates are based on 1965 prices. 

C. Dual-Purpose Plant (Nondepreciable Items) 

1. Lad and Lnd R ights 

he L aid uid Land 1 12,iits kccount (d al1-purtose plant) includes 
the C)st (0,flkvd ricjhts V.c'ssary for the pow'er plant, the diesalt
ing plant, tlhe. intake< and 'aitfall facilities, general plant facilities,
;I nd( x'>cl",si (' l -t, it. 

Cm-Isist(.t %%X'11h ti\ u.Olld I l1cS, no L;lmdi tn(d [and rights costs 
we.re iichi((k(I ri this iSc wrt. I Iw (,,¢r, 1e ('l).st (1 i nip roveli- elt s,
stire,-ys, lh,, d\a-., itl ((ther Site' de\.el pIICeIt wyork f(r Ith dual-
PurI epOCltaI inclulded the Pllnit Account.cif. in GnecA F.Icilitics 
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2. Working Capital 

The amount of working capital required is equal to the cost of: 

a Nuclear fuel inventory (see page 138 for detail description) 

a 45 days' operating, maintenance and fuel costs 

a Reserve for insurance prepayment 

* 60 days' inventory of materials and supplies
 

0 Spare parts have been estimated as follows:
 

ALLOWANCE F'OR SPARE PARTS 

Item 

nuclear boiler 

other reactor plant 

equip m ent 

turbine generator 

plant 

intake and outfall 

facilities 

desalting plant 

miscellaneous 

3. Contingency 

Allowance Remarks 

$ 210, 000 as recommended by supplier 

150, 000 approximately 5% of equipment cost 

630, 000 approximately 5% of equiipment cost 

20, 000 approxinately 50 of uquipment cost 

850, 000 four ,ubibundhcs and ot her evapor a
tor Coljmonents ti -ilo)ne rotor 

asSWe umd f or e ;c hi t 'of punmp, 

spare,Qv,\es, electrical .quipmnent 

and inst rume nts 

40, 000 

$1, 900, 000 

The largest item in working capital is tHe nuclear fuel inventory 

which needs little, if ny, contingency, bccatusO historically the 

price of niclea r fuel has been decreasing each year. 
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Contingency on working capital has, therefore, been assumed to 
be one-half that necessary on the depreciable capital (subsection 
B. 	3.). 

1. 	 Bases for Capital Cost Estimate 

1. 	 The Israeli pound exchange rate is 3 IL to 1 U. S. dollar. 

2. 	 Israeli duties and taxes are excluded. 

3. 	 Foreign equipment and niaterial prices are those in effect June 
1965. 

4. 	 Israeli construction costs are those in effect June 1965. 

5. 	 Direct u,,,struction costs include the following: 

a. 	 Israeli Pounc Costs 

(1) 	Labor - Base wage rate plus cost of living allowance in 
effect Juln 1965 for journeymen, foremen and general 
fo r e I. 

(2) 	 Labor Burden - Payroll additives required by law or 
aip r e enlwnt (28 ppclt) pis an additional a111oun1t to 
cover [ocat custom and area practice (40 percent for 

civil Wu)rk anld 52 percent for mechanical, piping and 

electrical work). 

(3) 	 Material - IL cal prices for Israeli nainuilcttired or 

prodluced 111atrial (scc also U. S. material purchases). 

(4) 	 Constructim l-quipnmoi-nt - Rate.s for local construction 
.CCIp 	Int iCn clii in£ rental, n1iatintenancC, rt'pairs and 
p t supplies.rting 

(5)Small 	cmnsttr.ti,,n t,1s and consualc cnstruction 

supplies. 

(0) 	 To the sum f items (1) through (5), 20 percent has been 
added for local subcontractors' ov Crhead and profit. 

(7) 	 Port handling and inland freight charges. 
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b. 	 U. S. Dollar Costs 

(1) 	Equipment purchases for FAS East Coast (U.S.) port. 

Although small electric motors, panel boards, etc. are 

m'anufactLured in Israel, the estim ate was based ol U. S. 

costs. 

(2) 	 Material purcliass- such as steel, pipe, wire and conduit, 

but e xchitdingy concrcte and siding. Altthough some carbon 

steel pipe, concuit and wire are, produced ill Israel, the 

estinmate WJas based )I-U. S. cOsts. 

(3) 	 Ocean 'reuigIht from U. S. East C(,ast to Is rae1 port. 

6. 	 The standard cmnstruction work week ineffect June 19b5. Pro

mium time and shif't %%orl t expedite the construction, maim 

facturing and engince ring are not included. 

7. 	 Engince ring coSts as of DeceC, tber 1965. 

E. 	 Funding t-qui rcnwnts 

The basic ca pital cost estimate was prepared as outlined in Section 

D. above. .s I rsult of this procc dore, separate vsti nates were 

prepared.c tiir the U. S dollar and Israeli pound costs for tach of* the 

major elements (4 capitl c(ost. In tiet Capital Cost Estiiu:tt, Sum

mary, [-t.ble N on page 114, the Isreili pmund cost s have been con

vert(,d to U. S. d(1 lalrs at the cu rrI.(.ent ra otI iuxch'.a lnge ( ),L 2 1 USS). 

Ta 11e X[, n the t'lloVing pg, shovs ao .l rpixiiiiatu breakdown 

of the L-N nditilire s tl cen LJ. s Is pounds.et S. dolllar and ouni It 

has bcen that uiit durinng (the cstilliatet.s 11i1ud the .leSt constru'tion 

1"o)I- )ercei.t sho'wn is A 7 fixed chargec rttc 1. (1pjirct'nt intire.st) 

\illiii incurred allt Iltarv as uxp sillthe !te ont ;unit t h slls pol 

which tin iuiterpst is ;ccr . In 1)r('p1,trim1 tIs i ii li I costS 

betweci. U. S. dollars and Israeli Imoii cs, certain assitirions were 

Made in addition to ;i li-t.d in S.ctton D: .y, that all o4to'n lvimn 

the "Ln'iiee ring, Design, lnspection, and t1"rcur ineit'" (iSits will 

be incuirred in U. S. dciloars and all of tleht "O\im'es xp-nnt '" will 

be incurred ini Isra li 1iounds. 

'Thedivisimoi between U. S. dollars and Isracli pounds iay change dce

pending up1)on1 the availabilitv and iist of Israeli ittcrikls aund equip

ulieit at the tilIoe ()f coistiructiolli. Ill rde r to iest imate the inte rest 
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TABLE XI m 

CAPITAL COST BREAKDOWN BETWEEN U. S. DOLLARS AND 
BASED ON 7% FIXED CHARGE RATE 

(In Thousands Of Dollars) 

ISRAEL POUNDS 

M 

U.S. 
Purchase 

U$S 

Local 

IL 

Cost 

U$S 

Equivalent 

Total 

Amount 

U$S 

9) 

I. DEPRECIABLE ITEMS 

A. Construction Costs 

1. Power Plant 
2. Desalting Plant 

3. Intake and Outfall Facilities 
4. General Plant Facilities 

Total Construction Costs 

$ 41,780 
55, Z60 

1, 990 
580 

$ 99,610 

L 33,230 
57,850 

8,890 
5, 560 

L105,530 

$ 11,080 
19,280 

2,960 
1,850 

$ 35, 170 

$ 5Z,860 
74,540 

4,950 
2,430 

$134,780 

B. Other Costs 

1. Engineering, Design 

Inspection and Procurement 
Z. Owner's Expenses, Including 

Start-up 
3. Interest during Construction 

Total Other Costs 

$ 8,200 

10, 190 

$ 18, 390 

L 

L 

-

z,000 

11,090 

23,090 

$ 

$ 

-

4,000 

3,700 

7,700 

$ 8,200 

4,000 

13,890 

$ 26,090 
Total Before Contingency $118,000 L 128,620 $ 42,870 $160,870 

Contingency @ 12% 14,200 15, 380 5, 130 19, 330 

TOTAL DEPRECIABLE ITEMS $132, 200 L 144, 000 $ 48,000 $180, 200 

II. NONDEPRECIABLE ITEMS 

A. Land and Land Rights $ - L - $ - $ -

B. Working Capital 16,400 1,800 600 17,000 

Un 

TOTAL NONDEPRECIABLE 

TOTAL CAPITAL COST 

DUAL-PURPOSE PLANT 

ITEMS 16,400 

$146,600 L 

1,800 

145, 800 
600 

$ 48,600 
17,000 

$197, 200 



fABLE X1I 

FUNDING REQUIREMENrs FOR DEPRECIA.BLE CAPITAL 

QUARI'ERLY EXPENSES AND INFERESI DURING CONSTRUCTION 
0' 1rh usands oi Doljars) 
I
 

. 

5'1 F i xed C ha r,-	 7 i vn C h, t r tI,tC, I F i x d C harg.r'e R a te; Ra tte 


(I ,Y:In t r t) (4 t. r ,iter st) 	 (8 4 Inter st) 

Qrtrte y
Q ., rr.artn ly 
'','-' " 

Quarter9 Uu tt 
E xp :r.se 

E xpense 	 e sepnn 
, : O 	 Q u a r te r ly :r, :d lng 

W ith o u t Q ua h oI , ,a rtrr , 


Inte rest Inte res t Int . s t C p o nulat: e !nterr : n 1t.-r m t - C .n -uI 
 t. . " Interes t In e r ns:. C u .u lativ e 

2.Z 3 0 l, (90 390 2 	 3s0 30 3903.0 3. 
3 470 2 470 7 4 ,70 13i3 480 870
 
4 380 4 3s0 1.240 12 390 1.2t0 22 400 1,270
 

1 370 5 380 1. 20 1t 3.0 1.650 	 400 1.670
 

.2.9-20 4.540 	 64
2 12 2.910 35 2.940 4,590 	 2.970 4.b40
 
33 3.620 25 3,640 8.180 73 3.90 8.280 133 3,750 8,390 

3

4 3.610 40 ,o50 11.830 114 3.,720 12.000 209 3,820 12.210 

1 3.950 55 4,000 15.830 158 4. 110 16. 110 288 4.240 1t,.450
 
.2 	 3.740 70 3.810 19. b40 202 3.940 20, 050 369 4,110 20. 560 
" 3 3.680 85 3.7t0 23.400 245 3.930 23.960 447 4,130 24. 690 
4 3.020 98 3,1ZO 2n. 520 283 3,300 27, 2,0 517 3,540 28,210
 

1 5.570 116 5, 'o 32. 210 334 5.900 33, 180 609 .11S0 34.410
 

2 5.200 137 5.340 37. 550 395 n, boo 38. 780 720 5.920 40.330 
3 9.770 1b7 1,40 47.490 480 9.250 49.030 b77 10. t,5U 50. 980 
4 9. 050 205 ',20 5t, 750 589 9. o40 53. 670 I. 075 10. 120 61. 100 

1 10. 790 244 ii.030 ut, 708 703 11,46i0 70. 160 1.263 12, 070 73. 170 

2 17. 590 301 17.n.0 5,t70 e t8e IS. 4n0 8h. U20 1.581 19. 170 92. 340 

" 3 11.490 3,9 1i, :, 97, 520 1.033 12.520 101, 140 1,6m7 13,380 105.720 

4 11. 700 408 12.!70 105. 90 1.167 12. 530 114,070 2, 131 13,n90 119.810 

1 10,620 450 1 1,070 i20. 7 0 1 21 U 11.920 125, 90 2, 3to 12, 990 132, b00 
2 10.710 493 11.200 131 . .t, 1.41, 12. 130 138, 120 2.550 13, 300 145.900 
3 b t3,00 528 7.110 I I .01,0 1.51 8,120 14t,240 2,772 9,370 155. 270 

4 4. 290 050 4.m40 14 1.'0 1.580 5,b70 152. 110 2,8 t8 7. 180 182, 450 

1 2.670 208 2.880 14.-,10 854 3.320 155. 430 1. 227 3.900 1bt.350 
2 2.570 .43 2,710 14, 520 45h 3.030 158,4t0 63t 3.410 189.760 

250 8It0, 421 171.740 
4 boo- 1 too0 151, 780 2 '000 160. 870 4 60G e 172, 340 
3 1.560 75 1.t40 15. 8lb0 I.810 270 	 1.980 

4.780 t0 	 1t0. n70 30Total Beiore Contingency 146. 980 151. 7,0 13,100 	 25. 172, 340 

Contingency (a,12. 17. 870 570 18. 240 1 .0 ,.30 	 2.990 20. 660 

Total Depre.r ab!e Capital 1b4. 50 5.350 170. 000 	 1. 550 1.0.200 28.350 193. 000 

Worein,: Capjtai (incI Contingency) 17,000 - 17,000 17000 	 17. 000 

r.t..l Caplt Cot 1l, 650 5. 350 187.000 	 15. 550 1.7, 200 28. 400 210.000 

" NMr.ths Only
 
-OneMnth Only
 

All fgures have been rounded to the nearest $10. 000 
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during construction, a )retiminary forecast of the rate of expendi

ture of capital funds was preparedi as shown in Table XII. This es

timate is based upon the pretimi nary const rUlctiol schedule (Section 

IX), prelimiinary inIormation on term s of p a vment )btained froim 

manufacturers of najo1 eCCui pmLe nt items , and the as sullption that 

payments for construction wvork in the field would be Made at the 

tim e the work is perf rioled. 

The construction scthedue presently indicates that the po \wer plant, 

the brine heater portion of the desalting plant- the seawater intake 

and dischare facilities, and the general plant facilities \vill be corn

pleted in late 1)71, and \\ill rt.ach ftlll coimil'ort'i:il )eration by Jan

uary 1, 1N72. The first of the four evaporator trains in the desalting 

plant 'ill also he ct('m pleted at a)out that time. Each of the other 

three evaporator trains \\ ill I)e cM11pl('t,'d ill ap)roxill '1telythree

lonth intervals, thl reiIftur: the last tuit achieving ctminiercial op

eration in the l:st, qiuirtur of" 1''72. In estimating the interest during 

constructin. it has e)00ll[sslleCIed that as 5,oon as :iny of the plant 

production units rtic ,nst o ln)MCrCial o leration, the cistrllctioln of 

that unit wo.,ld he cinsiderCd cotiplote, the expenlditUlr's and revenue 

for the uinit ,ould he transferred to an operating account, and no 

further interest during construction \would be accrued. 

F. Transnmission Facilities 

The Transmission 'acilities estimate includes the capital cost re

quired to provide in place the facilities necessary for the transmis

sion of the, net salable electric power fron the low voltage side of 

the sLep-up tralnslofr"iler to the connec'tion to the existing Israeli 

electrical nctv.ork. 

This esti aLte ali includes all sorvice sy:stens and operation and 

maintenance, icilities requiired in whole or in part for the ol)eration 

and laintllaii e ,f t(f ' tranisnissio n facilities unless such system s 

and fatcilitie's arei ev,'io lsly provided in another accouInt. 

G. Water Conv,'va nce ieIcilities 

The Wi ter CUonv 'y n e facilities estinate incl de s the direct capital 

cost reqired to provide in place the facilities necessary for the con

veyance of the prodl ct water froni the desalting plant fresh rater 

pu ip (,utlet flanice to the connection tO the existing Israeli water 

distrilution netwvork. 
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This estiniate includes the cost of all modifications to the water net
work resuiting from the introduction of the desalted water. 

This estimate also includes all service systern s and operation and 
rnaintenance facilities required in whole oi" in part for the opera
tion and m-Iainteinance of the water co'eN-ance facilities unless such 
systems and tauil ci.'4 ; previously provided in another account. 

The United States-Istrae Joint Board requested that the capital cost 
of these facilities be assumed at $25, 000, 000 as shown on page 54 
of the Report of the United States-Israel Desalting and Power Team, 

October" 1964. This cost was based on 1964 prices and is assumed 
to include contingency. 
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VIII. UNIT WATER COST ESTIMATES 

A. Summary 

The unit cost of Water is defined as the quotient of net annual cost of 
water divide d by the annual water produced. The net annual cost of 

water consists of: 

Annual lfixed chargc-; 
Annual uolcraltiing And maintenance cost 
Annual futelI CotJ 

Total ;innual cost
 

Less powe r ("redit
 
Net alnnt/d \v; t c ost-r 


The power cr.di' ha mon sais uped 200 NI W, able a1t5.3 mills/kwlir. 
This figure of 5. i mvills/lwhr has en cst;mat td , Isr l l I 'LIctric 
as tLhe cost, isede n 1965 pri'c1 s, of i)r(llcing ipownV r in a singl

t)urpos2 plower pl Ilf 2w)0 I Wt , opetrati nt- i t ICAi t' it 	 it po I 

plant opt ri in f t or Atn ctns is Lent wit h i- r vi ,,1 pp()t'cit 
fixed char14,s fu(r -It- i rn power plitlls ill Ir l. IsrAel ttrir 
estiate of 5. 3 inills / whr as dts rib,,d illthe Joint 'Fit Peoii ir)(t) 

has been rcvicwcd for t Se s this ,,rport.I t lit,ttele 1)t1rp iL.i 
powe r )lant I port ioil (ofthe refece l Cttd l -p)u rposct plant i:; xl)clod 

to be availaol e 8) c crintof th, - i li tilt' Al.nu/aI powtr proulctlition 
herein is Las,,.i on A t i I i int (lil i i1 -:ttir (Wi 81 pe irc nt. 

Annual w;ltcr p rdueluC'iton is based upon A pllit c;ap cltV ol 10 11111 ion 
gallons per day and a dws;ilting plint (iltrh;it il ac 8- p i-cent,fietor Wt 


Table XIII shows the e'leiients ofitallitilA n iilit Wtt- r costs for a 
nuclear foe led dna I- potrp(ost lait unier ec;ie'h of the Ii re lixie1 cha rge 

rates (5, 7 aind 10%) Ani based upon I965 tThse, 11111t atltr pro

duction costs arc summanrizedt'i ibelow: 

Unit "atVi r CUStS ait lit BoundIry 

Fixed Charge RatLes 	 5% 7% 10% 

Cents / ,000 ,at Ions 28.6 43.t 07. 0 
Cents/cubic iieter 7.6 it.5 17.7 
Agorot/cubic meter 22.6 34. 4 53. 1 
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TABLE XIII 

DUAL-PURPOSE NUCLEAR POWER-WATER DESALTING PLANT 
FOR ISRAEL
 

ANNUAL COST AND UNIT COST 

Fixed Charge Rate 
5% 7% 10% 

A. ANNUAL COSTS (Thousands of Dollars) 

Fixed Charges 
Dcpreciablc capital $ 8,500 $12, 610 $19, 300 
Nondepreciable capital 

Inventory assets 350 820 1,430 
Non- inventory assets 20 60 110 

To al $ 8, 870 $13,490 $20,840 

Operating and Maintenance Cost 
Staff $ 760 $ 760 $ 760 
Supplies and mate rials (desalting) 1,020 1,020 1,020 
Supplies and materials (other) 430 430 430 
Interim replacements (desalting) 500 500 500 
Interim replacements (other) 200 200 200 
Additional nuclear property insurance 110 110 110 
Nuclear indemnity insurance 300 300 300 
General and acministrative 150 150 150 

Total $ 3,470 $ 3,470 $ 3,470 

Fuel Costs $ 4,430 $ 4,410 $ 4, 390 
Total Annual Costs $16, 770 $21, 370 $28, 700 

Annual Power Credit $(7, 900) $(7,900) $(7,900) 

NET ANNUAL WATER COSTS $ 8,870 $13,470 $20, 800 

B. UNIT WATER COSTS 

Annual Water Production 
Million gallons per day 100 100 100 
Million gallons per year 31, 050 31,050 31,050 
Million cubic meters per year 117.5 117.5 117.5 

Unit Water Cost 
Cents per thousand gallons 28.6 43.4 67.0 
Cents per cubic meter 7.6 11.5 17.7 
Agorot per cubic meter 22.6 34.4 53.1 
Dollars per acre-foot 93.1 141 218 
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The subsections which follow the tables discuss the elements of an

nual cost such as fixed charges, operating and maintenance costs, 
fuel costs and power credit. 

B. Annual Fixed Charges 

The annual fixed charges are obtained by multiplying the depreciable 
and nondepreciable capital costs, including the working capital, by 
the approplrlate fixed charge rates. 

In an establishec industr y, the appropriate fi xe c c ha rgj e rate to be 
appliec! to the ciioiis cost orie has beena,, capital cate T fairly well 
established. Foir Iarge dcsalting plants, estal1ishled pr a ctic coCes 
not exist. Sine the factors which inav influence the fixed charge 
rate are not preseintly piciictable, particularly with respect to in
terest rates, altelr nate cliarg rates percent, 7 pertlree fi xe d ie of 5 
cent and t0 percent were u1sed in this stud\'. 

Fixed c ha rge r-ates ifor Israel Which could apply to a dual-purpose 
power and dc salting plant fall within the range s hown below. 

Elements of Fixed Charge Rates 

Interest 1.6 4.6 8.4 

Depreciation (30-year sinking 2. 6 1. 6 0. 8 
fund basis) 

Israel War Risk Insurance 0. 4 0.4 0.4 

Property and Normal Liability 0. 2 0. 2 0. 2 
Insurance 

Cost in Lieu of Local Taxes 0. 2 0. 2 0. 2 

Total Pe'rcent of Depreciable 5 . 0% 7. 0 10.0% 
Capital Cost 

Norrn al power," pt-nt accomntilng practice oftc0n includes intei'ri Un ye 
placement costs in the fixed charges. ii a desatting plant, i'iterinl 
replacement is affected significantly by the type of material used for 
heat transfer surfaces, ;mnid since this in turii affects the optimiza
tions equally significantly, it was consiciered advisable to include 
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the cost of interim replacements in operating-maintenance costs 
where the variable effect could be accounted for more readily than 
in nominal fixed charges, i. e. , 5, 7, and 10 percent. 

3 0 With respect to depreciation, the use of a -year plant lifetime is 
accepted practice arnong the U.S. power industry and a plant of 40 
years or longer is comn-ion for water utilities. The conceptual de
sign of the reference plant incorporates designs, materials and 
equipment simiia r to those used in power plants and are expected to 
en ,)ble this facility,, to operate at a highi plant operating factor for 
30 ywatrs. 

The method of deterimining the total annual fixed charges used in the 
study is as follows: 

" 	 The fixed c ha rge rate associated with the depreciable capital 
cost has been specifie, by the U.S. -Israel Joint Board at 5, 
7, or 10 percent for this study. The rate includes: 

Inte rest 
Depreciatiotn 

War Risk Insurance 
Prope rty and Normal Liability Insurance 
Cost in Lieu of Local Taxes 

* The animal fixed charges have been determined by multiply
ing the total caipital cost (depreciable) by 5 percent, 7 percent, 
and 10 perc ent. 

* The fixed c hatrges associated with the nondepreciable capital 
cost are limited to charges on working capital only, since there 
are assurn.,c to be no land costs for this plant. 

The working capital is composed of funds invested in "inven
tory assets" such as nuclear fuel cycle material and plant ma
te -ials, supplies and spare parts; and "non-inventory assets" 
such as pr-epaiyment of insurance and re.serve for 45 clays' 
ope rating-maintenancc-flue I costs. The fixed cha rges on the 
inventory assets portion of the working capital would be for 
interest and inSurance, eciu;l to 2. 2 percent, 5. 2 percent and 
9.0 percent for the thre. fixed c harge rate cases. The fixed 
charges on the non-in\,.ntory assets portion of the working 
capital would be only for interest edLual to 1. 6 percent, 4.6 
percent, ;tI(l 8.4 percent. 
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* 	 The property insurance and normal (non-nuclear) liability in

surance are included in the fixed charge rates. 

The rider for nuclear liability has been determined as a per

centage of the capital cost of the nuclear power plant and in

cluded in the operating and maintenance expense of the nu

clear power plant. The method used in determining the nu

clear rider is described in paragraph 3 of subsection C which 

follows. 

* The costs in lieu of local taxes include community services 

furnished by surrounding towns, such as fire brigade, gar

bage disposal, and police protection. 

C. 	 Operating and Maintenance Cost 

This section presents estimates of the operating and maintenance 

cost of generating electric power and desalting seawater in the ref

erence nuclear dual-purpose plant. The Federal Power Commission 

Uniform Code of Accounts has been used as a guide in determining 

the expenses charged to the Operating and Maintenance Account. 

The annual operating and maintenance costs are based upon United 

States utility experience in similar nuclear power plants. These 

costs have been adjusted for Israeli conditions. The annual operat

ing and maintenance costs of the dual-purpose plant have been es

tablished in the following manner: 

1. 	 The operating and maintenance staff requirements for a nuclear 

fueled dual-purpose plant located in Israel have been estimnated 

by the client at 170 employees (Chart No. 2). The labor cost is 

based upon $4, 500 per man per year (annual salary and fringe 

benefits, but excluding general and administrative expense). 

2. 	 Dual-purpose pInt operating supplies, maintenaince inaterials, 

and interim replacenment costs have been dtermined as follows: 

Operating saLpplics and maintenance materials for the desalting 

plant have been estimated at 3. 3 cents per thousand gallons of 

product water: an amount including 3. 0 cents f*Wr II 2 S0 4 , 0. 1 

cents for chlorine and 0. 2 cents for other disposable materials. 
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Operating supplies and maintenance materials for other portions 
of the plan, have be en StilmatCd at 0. 8 percent per year of the 
direct construction cost of the electr'ic power plant, intake and 

outfall facilities and of the general plant facilities (depreciable 

it es). This amount is consistent with the Federal Power Corn
mission electric utility data and with manufacturer's recom

mendations. 

* 	 The annual allowance for interim replacement for the electric 
power plant, the intake and outfall facilities and general plant 

facilities, has been estimated at 0. 35 percent of their con
struction costs, an amount consistent with normal utility 

p r a ctic e. 

* 	 Desalting plant c xpe ri etice oIffe vs Iittle, preccedett for selecting 
the appropriate desalting plant inte ri repltacnnv t rate. The 

most imlpOrtant component to consider in establishing tins in

terim replacement is the desalting plant tubing. 

The desalting plant ttubing s lt ion of 90/10 Cu-Ni alloy na
terial was based on the available but limited experience of 
several power plant condensers With 7 years' seawater ser

vice. In the a rea s of severye environment, a superio r bi

metallic or similar tube mate rial has been specified for the 
reference plant. The, tube failure rata be lic'ed appropriate 
for 	the reforence plant is 0. 1 p'rcent in 10 yearvs. This rate 
is 	 consistent with the 85 percent (lesaling pliant opt rating 
factor, and will result in the failure and plugging of less than 

o0t' pI''cent of the heat c-xcharngc r tubing during the 3 0-year 
life. 

Although for this significant portion of the desalting plant 
eluiPment, no interim replacement would be reqtuirc. An 
allowance has been made for the costs of a partial rctlace
ment in the event the, tube life assumptions prov too opti
mistic. This all owantevne is obtained by using an ,tinuirrain

te ri-mr patl u c.n t Jallowa nceU of 0. 7 e IvC('nt of tlht' de('salting 

plant coristrci(tion cst. On an overill basis, this rate is 

twice that asstmitl for t , 'rt,:t t)"t tf ' phlni. 

3. 	 Normal plant insurance(t' ;liat's, ar included in the fixed liargt' 

rate at, 0.2 pt'rcent of In(' dual-ltil)ose plant const rucetion cost 

(and part of to for the I pormatlie 	work ing capitlI) Iprovide lant 
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K<AISER ENGINEERS 

insurance charges. There are abnormal insurance costs asso
ciated with nuclear plants, and to the extent that there are in
surance charges in excess of the above mentioned allowance in 
fixed charges, they are charged to the operating and maintenance 
expense of the nuclear power plant. This excess consists of nu
clear indemnity and nuclear property insurance cleteruined as 
follows: 

* 	The annual cost of nuclear indemnity insurance was as
surned to be the same as for typical U.S. plants of the 
same the rmal capacity, which was estimated as $300, 000 
per year for a 1,250 MWt plant. 

* 	 In addition, the annual cost of property insurance (includ
ing 	the nuclear rider) which is in exccss of that provided 
in 	 the fixed charge rate is asstutmed to be 0. 2 percent of 
the 	power plant capital cost (dep)ruciaible it urs). 

4. 	 Annual gene1ra1,anil administrativc expense of the dutal-purpose 
plant has been e stimated by the client as $150, 000. 

D. 	 Fuel Costs 

Table XIV sunmarizes the nuclear fuel costs fo" the proposed dual
purpose plant, base2d on euilibrium conditions at -I reactor thermal 
output of appiox ilma ly 1,N250 MWt. The fuel cost -alculations as
sune ownc rship of the nrIt ,ti fuel mate rials by the Government of 
Israel throughout th ' futl cycle'. Th,' cost estimate includes: 

Purchase of u aitUni ore cotelntrat us 
Toll colvers ion (to UP 6 ) and enric hent of the uraniul 
Fabrication into fuel eleli1ent assemIblies 
Shipping to the plant site 

Irradiation
 
Spent fuel storage, and shipping
 
Chemicol proccssing and reconversion
 
Sale of recoverted urani-Im and plutonium 

Fuel element fabricltion Linl sl nt fuel sliipping and reprocessing 
cost estimates are bascd on (it) having thte, fa rication and spent fuel 
reprocessingcdone in con-miercial facilities in the United Status, and 
(b) 	 curre.,nt prices and estimates for the's,, services. The cost esti
nate for conve.rsion and enrichim-lit of nitural uranii-n, to produce 
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TABLE XIV
 

FUEL COSTS FOR A TYPICAL IKQUI[LII3,IUM BATCH
 
THR-EE ZONES (BA'I'CHIFS) PKR' CORE, OUT-IN SH!UFFLE 

GENERAL DATA 

Reactor Thermal Power M\Vt 1,250 

Core Lomdii (2) Btclhcs), Kg 47; 000 

Av'r I, 1exposunr, (Me.gtw;ttt-days/IMetric ton of U) 27, 000 

COST A-',YSIS 

Oper;l 101 Quanutity of Material Unit Cost Total Cost 

Ore Purchase 99,030 Kg U $ 15. 60/Kg U S1, 5-15, 000 
($6/ 1b U o8) 

Conversion to UF 6 99,030 1,g U $ 2. 60/Kg U 257, 000 

Enrichment 15, 590 K, U l[, $107. 00/ Kg U 1, 669, 000 

3. 0'1 U- 35 

Fabrication 15, 59o Kg U $100.00/Kg U 1,559,000 

SpClt Fue'l ShIpping 15, 010 Ko U (dL $ 15. 00/Kg U 225, 000 

0,96"o U-235 

Chemic;l Proce.ssing" 15, 010 K, U $ 36.40/Kg U 546, 000 

Rcconversion 14, 860 Kg U $ 5. 60 /Kg U 84, 000 

Uraniurn Rccovery 14, 860 K l (d $ 35. 60/1Kg U (529, 000) 

0. 96 U-235 

Plutoni um Rccovery 93. 4 Kg oI )s- $ 8, 020/Kg Pu (7419, 000) 

silt Pu 

TOTAL (OST PR BATCI $-, o07, 000 

(v uui B tt() 
27,\000 i\Y' 1)/Nil 1. 590 MTU x 3.413 million Btu/MWhr x 24 hr/day

10 (4. . 11ii, lPtu/I3;ttluh 

Unit F'twl C( t.v, *,rtI(v'l:,l 

-. 1- i illion Btu 
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UF 6 of 3. 0 percent U-235 concentration, is based upon recent USAEC
 
estimates 
of their probible charges for toll enrichment. The recov
ered uranium and pluton1iumn have been assumed to be sold on the world 
market, the value of the recovered uranium being computed by the 
same technique useC to comi)ute the value of feed uranium; the value 
of plutoniunm was computed by assuming that the price of fissile plu
toniuni isotopes is 80 percent of the price of 93 percent U-235. 

The cost estimates shown in Table XIV are probably conservative 
when ave raged over the 30-year life of the plant, because fuel costs 
have been dcecreasing each year during the past few years and most 
manufacturers believe the trend will continue. This is discussed 
under subsection 3, "Fuel Cycle Trends". 

1. Cycle Costs 

The fuel cycle costs are based upon the performnance of a ''refer
ence'' core, data for which were supplied by a leading U. S. water 
reactor manufacturer. The reference core design is divide1 into 
three concentric regions of fuel assemblies. T-he inime r rugion 
has the lowest enii cho ent and the outer reg ion the highe st. At 
the end of each cycle of core oper ation the inner region is re
moved for reprocessing and the other two regions moved inare 
ward, New fuel is then added to the outer region. The fuel as
sernblies are composed of fuel rods which consist of uranium di
oxide pellets asse mbled into thin Zircaloy tubes welded shut at 
the ends. Proy ision is iade for loading and utnloading fuel under 
wate r. 

As discussed in subsection F of this section, the plant operating 
factor for both power and water production is 85 percent. This
 
plant operating factor allows for a 10 percent outage of the re
actor: 8 percent (one month /yr) planneci out age fori re fueling and 
ma1 inte nance and 2 perc(nt forced outage. Dur inr the reonaiining 
90 percent of the time when the reactor is ope rable, either the 
power I)lant or de2 satlting plant or both mlay be shut down, operated 
at part load, or operated at full load. This llode o)f o)peration will 
result in increaseCd fuel cons onupt ion pe r ,nit of coniblib mmd power-
WIter production, so the plaInt operating factor for oMc1a r fhil 
consu rption is 87 percent rather than 85 per cent, 
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The fuel costs shown in l;tble XIV do not include interest or other 
carrying cha r,t,., since these costs are included in the fixed 
chartes on \vorking capital. 'I'lle ov'rai fuel cycle cost for aln 
eqUilibriunl hatch 0ttfult is 1 "k.-'l/ illion Btu. For the three fuel 
batches which col-prise the first ctre, ithe tuel cycle costs are 
SOme tI\. 'lit , tvt'r tjle / llilitn B3tu. Th <veItCl lLl1-1..1 no 
clear ' l c l ,o r the 0- ' r li , of the plant is 1 3. +R linillion 

At ) tt 1A re -Bi . i .Il pki!,a '., ni t'ito t"tlthe 11 te!l rI_'y 

!s 1. 'x 6 miH uitt: tint
qui il'emc n - 0 [0 ioI laicc innual ntcl "rfuel 

6uost e clts hv, of Aar't,_, o'i'\il ' ,, ti i3 3.0 x l() x 13.5 x 
0. Ol , -H(, (JO0. 

In atdditiorn to t i: c .(-4 t 1t!u'111oiltt. h , L n adllded to the tnullial f'uel 
cost to account fotr the unrecovettd portioll Of tilt s;st core; i.., 
that ft i l thti reti'or "it te time of plant sittloxVn--as sumed to 
be at tilt- enid1of ea0 sr. This ; oatlil;tlouli \wit \'[v vawith the 
intere st r;itt-, hence ti' F.:,'d ti.1;1 r.it tn. For 5 percent fixed 
chtrcIeres, the i is $63,000 "er at 7 ptrc ent fixedanul11 ilUOt year; 
char -a, t annu;l a mow ltt i-; ,, 00 per1 Vett'r: it 10 1t'rttCOlt fixed 

h- i ikrharg s, An , , nv tn $19, 000 pter Vea . 

2. \Vorkti ,< t ti, Co.ts 

The vorl in e:iit:il il- ui retnet of tile dual-purpose plant includes 
fund. ',-it, iii ll t'- l cycle. Th' hulk of the fuel cycle expen

diturt's (urn, l)ii'tih St, .nrichmt .'nl, I'i.l fatbric;tion) occur Well in 
elCI " i t V Ci't and water; thisa i ' ti ' ""_n tle of elac'tricitv 

rcsult>; in l t -v r it.ptirni lnt'itl'r fuel cycleIa wt' ill' ;Ipita]' 'c the 
and thet cig l Is thi.s K ;1r till rt l) ' Se'tlt t)i t tciii'atr on ti l, all 


prtc'igtble, portion o tihe to tl ,liilli. cost .
 

TO eLtirnata' the <tVt'ra ' fiel tycl' v.-'orkihg capital requi rements 
a "citsh-flow'' s c tdule is pr epitared for t single baLc h of fuel, 
wxhicha in t en e esti mitt aint investinentIll 1), S_.d to t he itlatl aVerage 

(working c;pi tal) ill the. fuel cycle.
 

The first cUpenditure for a nVX batch of fuel ocCUrs some nine 
month s before insertion of the fuel into the reactor, with pay
ment for the puhrhasC of t neCw supply of natural uraniurn ore. 
Paymrents for the conversion (to UF 6 ) ald enrichlent by the 
USAF] rcit-,asstumed to occur about eight months before fuel in
sertion, and payments for fuel fabric ation about six months before 
fuel insertion. 
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The cost of a fuel batch is amortized over the three periods of 
reactor operation during which it is irradiated. The amortiza
tion is taken as a straight line, and is equal to the difference be
tween the initial value (the sum of ore purchase, conversion and 
enrichment, fabrication and shipping costs) and the final value 
(the spent fuel credit less the cost of spent fuel shipping and re
processing). Four months are allowed for decay storaoe at the 
dual - purpose plant, and two monhLs each are allowed for spent 
fuel shippitng and reprocessino. To simplify the analysis, it was 
assurned th t the spent fuel was sold at the comp let ion of repro
cessitu and a completely new stipply of uranium orVO pro0cis 
cured for subsequent enrichnlent. Alterna1gtively, the slightly 
enriChed urtnium plus plutoniun recovered from spent fuel could 
be us cCI to recLuce th' ur a ni urn o re purchase aduci "toll enrich ment" 
re0i1'ements of the ,ext foeil batch. This ailt, riative fuel pro
gram would result in approxirna tely the Samnle fuel cycle cost and 
fuel cvclh inv,'stment ias the ISSUIled pr'Ogtrn-m. 

No "sparc" fuel assemblies will be maiiidancd On s te e Xcept that 
,;ch new fuel batch will be avatilable on site for ; 4-5 month pe
c'IO~i fore shtutdow'n, thus providing for thisci'GQ ictor spare fuel 
por ti on of the fuel cycle. At other time s "duLmy'' fuel assemblies 
will be retai ned ol site which will be insertec in the core to re
place defective fuel assemblies. 

Based on tile above assumptions the initial working capital re
quired for tihe first core is $12, 790, 000; the ave rage working 
capital reqii ren-lent over the life of the plant is $11, 600, 000. 

3. Fuel Cycle Trends 

The effect of potential decreases in nucleair fuel costs have been 
evaluated. The nuclear fuel cycle costs shown in Table XIV in
clude prices for fuel fabrication and spent fuel reprocessing pres
enutly bei ig cluotIed on a firm basis by U. S. m1alufatcturers and 
"Nuclear F'uel Services, Inc. ", respectively; the -IsS'lrled cost of 
u ra ni urn o'-0 ($6/1b) is high er than the presenit world ma rk et price; 
the cost of tol 0iii-ichmIIeult reflects presciit USAEC estimlates for 
this serv'ice. A leading r(actor im1ul1.itut ' hl-S r'cently pub
lished predictions of fuel cycle' costs for thL pcrid of the 1980's 
and 1990's, which arc based C1> more optimistic estimates for the 
rma ioir ele itits of Icle/tr fuel cycle cost. These optimistic es

timates t;ike. into awcouit the greatly iiicreaSed scale of nuclear 
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fuel operations anticipated during this time period. Also included 
are certain technological improvements, such as fuel elements 
manufactured from uiranium powder cor acted within the fuel tube 
(rather than the use of prepelletized fuel), fluo1ride volatilitv re
processing techniques, etc. Table XV sumrmarizes the difference 
between the conservative asSumIptions Which re sult in cost e sti
mates shwn in Table XIV and the more optimistic va1ueS men

tioned above. 

The effect of the more optimistic fuel cycle costs on the cost of 
watcr produced in the dual-purpose plant is shown in Chart No. 3. 
Also shown on this curve is the 'first cure' foelI cost and tile 
'avera,, el cycle cost over the plant lifCtimez for both the con
.ervative and Optimistic cases. It can be seen that if the optimistic 
fuel costs arc achieved shortly after reaching fuel cycle edluili
brium, the cost of watcr has )een overestimated bv approximately 
4€/1, 000 gal. Since not all of the predicted cost reductions may 

be achieved, or will be achie ved late in the plant lifetine, it is 
likely that, the saving actually achieved will be in the order of 2 
or 3¢ per 1, 000 gal. 

E. Power Credit 

Israel Electric Corporation has estimated that the cost of producing 
power in a single-purpose (power only) plant of 175-200 \We salable 

power capacity \Voild be 5. 1 to 5. 3 mills kwhr based on 1965 costs. 
The Israel Electric estimate has been reviewed. A ground rule for 
this studV is that the annual costs of the cual-purpose power -water 

plant are credited with the salable power of 200 .MWe\ at 5. 3 mi1ls 

per kwh r. 

At soIe time during the 30-year lice of the plant it may be possible 
to genc rate the Lase load of the Israel Electric system more econorn

icall V if this clual-purpuse plant is not base-loaded. To the e-xtent 
that this )ccurs, a base-load plelhlt v will result frol the opl'ation 
of the dual-ptirpos(e planlt as a base-load planlt. Such a penalty, if 

reVired, will redlce the' power cre.dit used herein. l-lo\'ever, off
setting this pote, ntial p(nalty is thC fact that the probable plant operat
ing fact',)r f the p wr plant is in excess of 85 per'cent (sec subsection 
F) and dlri n thu(se 'cars whe'n this ptant is base-loaded, the annual 
power Cem dit may L)2 Ili gtleCr than calculated in this study. 
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CHART NO. 3 

EFFECT OF ANTICIPATED REDUCTION 
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TABLE XV 

COMPARISON OF CONSERVATIVE VS OPTIMISTIC 
FUEL CYCLE COST ELEMENTS 

Cons er vative Optimistic 
Assumptions Assun-mptions 

Ore Price, $/lb U 3 0 8 	 $ 6.00 $ 4.50 
Conversion to UF6, $/Kg U 	 $ 2. 70 1. 10
 
Eiiri chnient (Sep;iaiti\'c,Work), $/Kg 
 30. 00 $.0?. 00
 
FabricIation, 
 s/!<g U $100.00 $70. 00 
Spent Fuol Shippin , S/Kt U $ 15. 00 $ 5. 00 
Rep roc (, s i i i.,,
 

ChernicW Sa,t rat on, / , U (1)
 
UraniinL. (,)IW ir.-l tl, 
 /g U $ 5.60 $30.00 

Fis:sil,, Pu Crcdit, S/gm $ 8. 10 $ 8. 10Uraniurn Sell-ha ck, S/K<g 	 (2) (2) 

(1) 	 w 

$/Kg U $23, 500 (1, 000 + T) Where 	w Batch size, Kg 
T Turn a round li me, days 

8, if8 1, 000 524 

T w/3, 000, if > 24 
1,000 

(2) Same value as feed uranium of same enricl-ment 
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F. 

. 
ant Operati Factor. 4 4 . 

The.plant operatnfactor was asume- be 8 percent durin 

-

-- 44The patoperatingfactorwsasmdt e8 percent durmng: 
I- Phase I. During Phase II, a study was made of the plant operating 

- factor by estimating availability factors for the plant components. 
The study was based on the following assumptions: 

-

4 

S. 

1. When each discrete water plant train is operating, it will be" 
producing the designed water capacity. -It is assumed that 
some loss of production will take place due to gradual accu
mulation of scale. This factor is compensated for in the 
fouling components in the heat transfer rates. It is also -

assumed that wear on the pumps will cause some loss in their 
capacity. This, however, can be compensated for by design-
ing the pumps for slightly higher initial capacity. 

-

-

-{i! : 
2. A planned 

shut down 
or forced 
the water 

outage of the 
plant. 

steam generating plant will 
. , 

- 3-. During an outage of the turbine only, steam will be supplied 
via a bypass and pressure-reducing station to the brine heater; 
auxiliary power obtained from the Israel Electric grid. -

-

> : -, 

11 

-:... 

-

--

-

4. Planned-maintenance outage of the desalting plant will be 
scheduled for completion during the planned outages of the 
steam plant. 

5. Planned outages of the steam plant are taken as 8 percent of 

the available time (=700 hr per year) and the' ' forced outages 
will be 2 percent (=175 hr per year). 

-

-

-

,- i 
I 

i 

-

, 
- -

i 

-

.... • 
6. Outages of the dual-purpose plant, either planned or forced, 

due to marine fouling in the intake structure and facilities 
(not including the reject and make-up pumps) is included in 
the 10 percent outages of the steam plant discussed under 5--
above. 

-

.. -; 

-

-

-" 

- --

"7. Salinity level of the product water is not to exceed 
-total dissolved solids (TDS), including 69 ppmn C1-

125 ppm 
content. 

-,.----

- 8. The plant operating factor was evaluated on the basis that the 
water plant-has gone through a period of "debugging" during -

test operation period, and all the failun"s that are due to faulty 

-

14 
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materials, faulty fabrication or assembly will have been 
corrected. It is realized that this "debugging" period may 
take as long as one year during which time the plant operating 
factor may be below 85 percent. 

9. 	 Failures in any component which will force the plant to shut 
down will not Occur simultaneously with other components 
which cause the same effect. 

Thus, the c ombined effectiveness of the two components is 	 the prod
uct of the effectiveness of each. 

A num-nber of Ic ato r,2S were incorporated in the desalting plant des;gn 
to increase the effccti 'ancss of 	critical conponents such as: 

" 	 The heat reject section, consisting of three stages (of which
 
on-0 is tue deacrator), has one tubi bundle straddling two
 
stages and t sei)arate tube)undle in the dCeacrator stage.
 
Since the (leacrator stage represents tl most severe 
cor
rosion environment for the tubes, this design permits the
 
deacratur )un(lies to be equippe d with 
 m'iore corrosion re
sistant iubes than tile upstream heat reject bundles. These 
tubes May be bimetallic (stainless steel on the outside, 90-10 
coppcr-ni'kel on the inside) or titanium. 

" 	 The air cooling section of the tube bundles (heat recovery and
 
heat 
 reject) sienilarly represent a corrosive environmient. 
These tubes. repre senting 4 perCent of the surface area, will 
be bimetallic. 

" The brine heater, because of the high operating temperature 
and the need for maximum reliability, will be tubed with 18 
BWG 90-10 copper-nickel tubes. 

• 	 A fifth heat reject water purnp will act as spare, not only fora 

cooling water pumping, but also for \vater remake-up.
 

* 	 At each train there will be installed: 

3 recycle pumps, each having 50 percent recycle capacity 
2 blowdown pumrps, each having 100 percent blowdown capacity 
2 distillate pumps, each having 100 percent distillate capacity 
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The plant availability factors assumed for the plant components are 
as follows: 

1. 	 Turbine generator (excluding overhaul time 99% 
during nuclear steam supply shutdown) 

2. 	 Pump and pump drives (because each critical 100% 
service has an installed spare) 

3. 	 Vac uum Cituipnket.t (because each unit has an 100% 
installed spare) 

4. 	 Evaporator struct:ure (assuming leaks could be 100% 
repaired without shutdown) 

5. 	 Instrume nta tionn, control and auxiliarv 99% 
equipment 

6. 	 Evaporator tube (1ff.'ctiv.'eness 

a. 	 0. 1/ failures will occur in 10 years. t k 
b. 	 Total number of failures is expressed by F = 1-e a 

\vhe re 

F fraction of tubes which fail (total number of tube 
failures/total tumbe r of tubes) 

t time in ,,ears 
k 2. 5 
a a cons tautt deteritined by failure rate assumption; for 

0. 	 1 in 10 y,:ars: a : 159. 
c. 	 T,be failure will occur because of a pitting type of corrosion 

and the hule diamete r will increase linearly at the rate of 
1/-inch e,vCry 1t) days. 

The foreL,,iW C, nle i.\'ti 	 \were it)t labi lities combitned analyze the 
availability ,,: t1,c ) r plant systc,ms !(,I 'idll-lo)ad qpertation ttvcr 

:>: iWlatnt. t system estilthe life ti.. 111 nc lea steAm S11 )ly is ated 
to have t. (t td ,,k-tlc, u t 8 Jhlt.. . f t >rt.,i , a Id 2 pCe rCe_,nt on
schd!.C l ,ttioia e; te net of 90 pirccnt availailit\ is consistent with 

thI predicted avaiL bility ()t new nliuClear puW,,er plants in tle U ited 
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Repairs to the turbine-generator can be scheduled at the same time 
as the 8 percent scheduled outage of the nuclear steam supply. The 
turbine will not be furnished steam during the 2 percent unscheduled 
outage of the nuclear steam supply system, and will not be operating 
during its own additional unscheduled outage of One percent; this 
leaves a turbine-generator operating factor of 89 percent. However, 
from the operational point of view, it may not be possible to run this 
power plant at full load during the entire period of its availability, so 
the overall turbine-generator operating factor is set at 85 percent 
for this study. 

With respect to the desalting plant, the evaluation consistecd of ana
lyzing the specifications for and the conditions to which the various
 
components are exposed, and assigning an effectiveness factor for 
each g roup of components The tubing materials are by far the most 
susceptible to corrosion attack and their effectiveness appreciably 
influences the plant operating factor. 

After allowance for a nuclear steam plant operating factor of 90 per
cent, the desalting plant will have the following plant operating factors: 

First year of commercial operation 88 percent 
Tenth year of commercial operation 86 percent 
Fifteenth year of commercial operation 85 percent 

Twentieth year of commercial operation 84 percent 
Thirtieth year of commercial operation 81 percent 

Overall thirty- year ave rage 85 pe rc ent 

These values were calculated on the ass umption that pe riodic shut
down of the trains would be required to plug leaking Lubes, but that 
no general retubing would be done. 

At the fifteenth year of ope ration, or at any other appropriate time, 
the pattern of tube failmukes wotld I)c! xa mined . If the tube failures 
were concentrated in the t bc miIn(lls (o4a t.v stages, these bundles 
could be retubed , r.turnii li t,pl]nt to a hi,,gh Oplerating factor. 
However, if the tuoc. ailr,- occurrC(I at ran om (an unlikely situa
tion), it would have to edt, mmmcd il i cconomic basis whether 
thc cost of total rettibing wuill Dc jiistificd I% impiov(,t'ment in plant 
oper/atilg factor. 
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IX. CONSTRUCTION SCHEDULE 

A. 	 Introduction 

The construction schedule for the plant described herein is pre
sented in the form of critical path networks (See Figures 29 and 30) 
and a construction schedule bar chart with key events identified 
(Chart No,, 4). 

The application of the Critical Path Method of planning defines the 
chain of activities (Critical Path) that controls the length of the 
project and also defines the activities the schedules for which have 
some latitude of execution and completion. Delay in any of the 
activities along the critical path, unless corrected in the subse
quent critical path activities, will cause a delay in the whole pro
ject. Likewise, early completion of certain activities on jobs along 
the critical path may indicate during progress reviews, that other 
activities have instead become the project controlling factors and 
that a new critical path may have been established. 

B. 	Construction of Modified Critical Path Network 

The construction of the modified critical path network for this pro
ject is based on the following information and assumptions: 

1. 	 Use of a pressurized water reactor steam generating source. 

2. 	 Use of a steel sphere containment building for the PWR reactor.',

3. 	 Manufacturers' estimates concerning the manufacturing and de
livery time of major equipment and components. 

4. 	 Proper shipping time allowances (two to three months) for heavy 
pieces of equipment due to lack of high capacity unloading facili
ties at point of destination. 

*Use of a LWR and vapor suppression containment will fit within the 
critical path shown in Figure 29. 
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5. 	 Adequate time allowance for Customer review and approval of 

drawings, specifications and contract forms for major equip

ment items and construct ion contracts. 

6. 	 Adequate tin e allo\vancc tor ClIsttnler reprOsentativ'es in tie 

United States to approve 1)rocu re iVe nt of ninor equipi-nent iterns. 

7. 	 Adequ ate propos[al tileI allowainces to per iit n anu fact' ire rs and 
contractors to arriALv at meal is tic prices and costs. 

8. 	 The construction contract is divided to lnininniz construction 
costs, illovy -in and set- up ex pnses and med'c kceilite rl'r en ces in 
work areas. lILw w ,-nk is s.,parattd according to cOntractol's' 

capabilities and fieids of specialization. Based on thw albOXe con

siderations, the naijr civil and st ruictural \vork is divided in the 
following separate coitrv, cts: 

a. 	 Major site excavation and grading. 

b. 	 Site inipro,,nwnts. 

C. 	 Reactor foundation 

d, 	Reactor containiment fabrication and erection, 

e, 	 Construction of reactor auxiliary beUildilig, office and health 
physics buildings, concrete structu re inside the containment, 
turbine rooin and radioactive waste disposal facility. 

f. 	 Water plant facility and appurtenallt structures. 

g. 	 Intake structu re. 

h. 	 Submarine pipe intake. 

9. 	 All requests In; construction bids will be issued only after 
adequate- ,nginec.ring drawings , vork scope' specifications and 
other reqired infornttion in aailabl, thus reducing tIle 

cost lof e:,tras" tndt enih;ancing the possibility of awarinlg lump

sufli conitratcts-. 

10. 	 The San Diigt. Salin(. atmr -lst l.'acilitv will be in operation by 
January 19()8 and will pro-. id t least five nonths testing time 
befL' the start )f the' final emplant in order towalcr design phase 

capit ilize on this niodiile uperation data. 
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The construction schedule shown in the critical path diagrams 
(Figures 29 and 30) is based on selection of an Architect-Engineer 
prior to mid-1966. The Architect-Engineer would prepare detailed 
plans and specifications which would permit procurement of all the 
dual-plant components on a competitive basis from suitable sup
pliers. Construction would be performed by one or two principal 
construction contractors 	and local subcontractors. 

An alternate to the above 	approach is the selection of the Architect-
Engineer to prepare power and desalting plant performance speci
fications and to obtain vendor turnkey" bids. The Vendor
Contractor(s) would tIhen 	dCsign, procure and construct a complete 
nuclear power plant and 	a complete desalting plant either separately 
or together on a turnkey basis. This alternate, assuming selec
tion of an Architect-Engineer prior to mid-1966 as above, will 
allow only one year from 	mid-1966 for th preparation of perforrn
ance specifications, qualifying of bidriers, preparing of bids (by ven
dors), review and normalization of bids, and the selection of a 
"turnkey" power plant contractor (and two years for the selection of 
the "turnkey" desalting plant contractor) to achieve conmnercial 
operation on the same schedule as above -- by November, 1972. 

C. Major Events Sequence 

The CPM network shows the following sequence of major events: 

January 1966 	 Start the conceptual design of the 
OSW test modules. 

May 1966 	 Start preliminary design of dual
purpose plant and start preparation 
of reactor specification. 

May 1967 	 Complete reactor bid evaluation and 
order the reactor. 

June 1967 	 Start construction of OSW test mod-
Liles (per OSW (DiLuzio) letter of 
November 10, 1965). 

September 1967 	 Start Israel site improvement work. 

November 1967 	 Place order for containment structure. 

January 1968 	 Start operation of test module. 
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June 1968 	 Freeze final design of dcesalting plant, 
utilizing information obtained by 

operation of the test module. Place 
order for major dcesalting plant equip
me nt. 

December 1968 	 Begin construction of desalting plant. 

July 1969 	 Complete erection and test of reactor 
containment and begin construction of 
c ontaiinint internal structures. 

January 1970 	 Delivery of and start installation of 
desalting plant equiprneint. 

June 1970 	 Delivery of and start installation of 

major reactor ccuijineiit. 

August 1971 Comnple tion of reactor tquipnment in
stallation and begin pre-critical test 
period. 

December 1971 Completion of first evaporator train 
and start operation. 

March 1972 	 Completion of second evaporator train. 

June 1972 	 Completion of third evaporator train. 

September 1972 	 Completion of fourth evaporator train. 

November 1972 Commercial operation of dual-purpose 

pl ant. 

D. Concrete Containment Vessel Alternates 

The utilization of a p restressed (r reinforccd cor cr rte reactor con
tainment wo-ild cause! a delay of pproxiim ately six inauth s in the 
above averall s c hod ll for the P()\ er plant P)0 rtioin a f the project and 
therefore, ,,peration c o uld start tuntil of 1972. Atnot Ine that time 
three ovapo)rator trains could be read y fo," operation. 
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E. 	 Conclusions 

The analysis of the critical path network leads to the following con
clusions: 

1. 	 Start of the preliminary design of the plant and start of prepara

tion of nuclear plant specifications cannot be delayed beyond 
May of 1966, if the late 1972 date for commercial operation of 

the dual-pu rpose plant is to be met. If preliminary design is 
started earlier commercial operation of the power plant could 
be realized with atte ndant financial benefit. 

2. 	 The execution of the OS'V s developm ent program and the opera
tion of the San Diego test nlodutes by Jamiary of 1968 is of ut
most importance, as it is vital to incorporate the experience 

obtained from this pilot installation in the final design of the de
salting plant. As the schedle shows, the cMUitical path for the 
desalting plant allows for only six n1o)nths' opelrattio of' the test 

modules prior to freez ing design of the desalting pl ant. Any de
lay in acquisition of the test mocule operating data will delay 
the commermcial operation of the de.sgating plant by an equiivalent 
time. 

3. 	 The installation of the brine heaters and er-iergency cooling 

water line should be completed by the time the power plant por
tion is completed to be able to obtain the full electrical output 

of the plant while the construction of the three renaining evap

orator trains continues. 
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X. RECOMMENDED DEVELOPMENT PROGRAM 

A. Summary 

A basic tenet of this study has been that the reference dual-purpose 
plant will be an operating utility rather than a developmental type 
installation. Therefore, every process concept, every material of 
construction, and every piece of eCipnent utilized in the plant must 
carry \Vith it the maxinium deg ree of confidence. Since plants of the 
size being considered in this study are not in existence, inevitably 
there \vill be a reluireinent to conifirm the a(leluacy oif certain design 
features prior to their inclusion in the plant. This confirmlation, 
then, is one objective of this develol)ient 1)rograM. 

A second, and equally inportait belefit it this proposed developlent 
program is in the area of cost e' t tin. It is entirely possible ald 
practicable to build a plant of th si/ sl.,cted itsing e(llillnt and 
design concepts available t,,ly. \ hiqh (te ree o1" assiratnc i,, a- ) 
assuned1 with respect to the qcrAtio(n Lf a plant so, desin'ed. Ilk. 

ever, such a lplant \I'thoer stpplied it,,de saltintg t)lant vendr or 
based on a design simtilar to the rei, rcn ce plant described herein 
would include overdesign andiv i.ba lan~e in the capacity o,t"the 
various portions of the plant n l. - it %v\erethe iiiore expensive wil
tiple version of today's smiall n s:s. [lie second objc'tiv of the de
velopment programr is, thus. %. r,:'iclion of cost rsultin, fCron 
overclesign and of A1. tleuse sniall 1d contiru-,Iatiilo ()I capacity 
balance an ong the vari,, pi l : .-,. !:ns. 

The developuent pri,2,r2 . o , hrae principal areas of \ ork. 

One area involves !estin, "I Oul-scale, riicodales of the refe rence 
multi-stage flash plant. Uhyv %ill I lare en ougi aid suffici ently 
close in concept P) th, final plant t" re(uvire nlitinii utn cxtrapolatjil 
of test inforniat 10W1 f, :pplicaLimni L,,dtailed design. Fhe basic 
concept of this lirt : the devehl vpti:,,nt ,i r a is to) confirtoi those 
design criteria ,hi h Are not yt tivel in co tlercial p~ractice. 
Typical itens ,t iiie.:.i atin ,.,,ld he the relation of briinC Iass 
flow vs disen; eainq sqrtace area. tlh po)ssible requiretnent for de
misters. and tihe iio o flashini dlevice's. 

The second area of ,v,)rk is the testing of seawiter properties and 
related occai,, t 1i)c phenimpena affecting the desalting plant design 
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and operation. This vork should be performed in Israel, using sea
\vater near the proposed plant site, and requiring relatively inexpen
sive equipnent. 

The third area of work involves obtaining test ilntormation relatie 
to the possible use of concrete [or the evapt)rator shells. Sotn, work 
of this natur,, is already under way at, the U.S. Department of Interior 
BIur.atl of Reclailtation, and additional testing could be done in Israel. 
The latter wo)rlk would be co ncerned with protection of concrete fron. 
the effects of "distilled"' water. 

The schedule presented by the U. S. DepartLment oA Interior, Office of 
Saline Water, for the construction of the San Diego SaIine Water Test 
Facility s ws that there will probabl)v be six nonths' pera tino data 
from the test no(,dules prior to the time when the design of the Israel 
desaltin l o u t imliQMst. he " r zc& ". Fhus, any delay in the Fest Fa
cility schcd' ii, \wiii und,O ledly delgaV comiipletion of the Israel project. 

The module development )r),grall p)o posed herein is cabble of ac

complishient in the San Diego Saline Water Test Facility.
 

If this portion ,fthe d(evel0) ment pr ,gran e re not implemented, it 
would be necessary to design more conscrvatively for the reference 
plant and this cuuld add to the capital o st as shown in Table XVI. 

TABLE XVI
 

EFFECT OF DEV-LOPMENT PROGRAM
 

ON REFERENC;E PL.,ANT COSTS
 

Increase. in (st o)f Dec rease in Cost of 
R0terc(t lanit it Reference Plant if 

De veloputent Development 
Pru))irain Is 'Not Prgrani is Fully 

Item to be Tested Successful Successiill 

Mass flow and n,,nequili- $9. 000, 000 () S 2, 500, 000(2) 
brium alIowanec value s (4) 

Use of L'un' te t f Cur Iculusure 3,600,000 (3) 

Demiste" r'cr(piireilentS to 2, 800, 000(5)
 
obtain ")-7;ppii; puiity (due to
 
Car rV\( C)
 

Lining of -stalcS (concrete 2,500, 0 0 0 (u) 

$9,000,000 $11,400,000
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(1) Reference plant mass flow design value is 1,000,000 lb/hr-ft o" 
weir width with an 0. 7F nonequilibrium allowance. While this 
value is considered reasonable, the highest demonstrated value 
(Pt. Loma) is 500, 000 lb/hr-ft of weir width. The reference 
plant design is based on steel evaporation enclosures whose cost 
would increase by approximately $9, 000, 000 if the higher mass 
flow is not demonstrated and it becones necessary to dcesign the 
reference plant for a mass flow of 500, 000 lb/hr-ft of weir width. 

(2) Contingent upon the devel opinent proram confirriiing a mass flo\w 

value of 1,500, 000 lb/hr-ft of weir width is suitable for the refer
ence plant desi,,n. 

(3) Concrete evaporator enclosures could reduce the reference plant 
cost by approximately $-, 300, 000 if concrete is s ho\n to be suit
able for these service and environmental conditions (for a mass 
flow valte of I, 00(). 000 LI),/hr-ft of weir width). 

(4)Should the Use (,f c on,:rete be confirImed for evaporator enclosures, 
but the inass flov value of 500 , 000 be required as describcd in Note 
(1), the net increased cost of the reference plant would be approxi
mately $2, 100, 000, instead of $9, 000, 000: obtained by a saving of 
$4, 300, 000 as in Note (3), and an increase of $6, 400, 000 due to the 
lower miass flow. 

(5) Contingent upon the dcve lopme nt P rog ram confii-Ming that product 
water of 25 ppm is obtainable Without demisters. (The reference 
plant estinate include s the cost of dcll isters and the thecost of 

heat trans fer surface increase rc uired by the pressure crop
 
through the clemisterEb 

(6) Contigent upon onfirming that ;t suitable lining fo the concrete 

evaporator enclosures can be obtained for cents50 per n(I ift, in
stead of the ,.*2. 00 per sq ft used in the reference plant estimate, 
a further saving of $2, 500, 000 would be realized beyond that de
scribed in Note (3) or (4). 

- 155 



While this cost saving is sufficient to justify the deelopnent pro
gram, a result more important than the savin is the fact that the 
data therein developed is sure to pernit a better klan t (esign pro
vide a means of correctLng conaponent imbalance; inprv the con
ficlence in the reference design; and mui)st itlportati, prevcnt, a sub
stantial lentothening of the ,;.,' i-tiup l riol. 

Kaiser Fi1nincrs Mad (LVtaltic ;straiction (o pany trong'y rec
o tflve nd all parts of thais rec on,: to,tidcd dh1c.e Iopltent progratn t)e ac
complished, and every eflot I)e Made to :.'oid any dleiav in the sched
ule of the module test at the San Diego Saline Water Test Facility. 

B. Backg round 

One inportant basis fo r this study is that the reference plant be an 
operating utility. To nmeet this re ntire ,'_'1t it is necessary that the1 

process and component techn()lt.y be proven at the presenlt lime, 
or there must be reasonable assurance that Auter d"l, 1,, nt 
work will b(, necessary to prove ott" those features not currtenthy 
in comtercial opratkon. ,vill W su.c ssfullv c,wWli in tamle 
for c n igl )H rant a tie. rpo,)te ; ),aL a. id - I T72tinre a ,, dnat1-p p 

This operatin tity co0 ncelpt is consistent with the stat_-Lf-the-art 
of the nuclear p\ver pli-nt rtion of the dua!-purpose plant. Re
actr of the type and capaci v required in this )lant will be in oper

ation by 19 68. 

Since no desattg plants of the size required in this dual-purpose 

plant are in ope ration or tllder construction, it is la(ecessa r to have 
a plant for "proving utL" those features which are extrap,,la ti ns of 
the state -of-the-a rt. 

TI.- developirent i~ra described herein is reasonable in cost 
and can provide the re(jui red data (assallling no ilippac of its sched
ule) before t h d,.altin, plaint design is frozen. 

In response t) t e IndusLt v Smvrv,. several vendors smlmnitted pre
[ininary r i .tw nor de saltin 2 plant )a, k ,s LAS East Cmast andt i Lns 

erectel in Israel. The prpsed deelp,, . prgrat slooil r ol'
vide in f 'r ati, ,, enaLi W1 thu r vet d,rs t redic e .r- d hinta a l
lhovantc s a d threblv r,.,,c t ir , ,ttatins in idlditi , to pr(,viding 
(Ia ta * . +e , " , the d des-cribed" is( 'al - . aItlin.. plant 
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herein. The proposed development program should also provide 
information on hydrodynamics of full-sized modules which will re
duce the tie required from the end of construction to full corn

nercial operation in the dual-purpose plant. 

C. 	 Recommended I)evelopinent Program 

The needs for nprou ee 5s a nd coniponent validation and/or development 
lead to a p , rai; , ,%ith thesc p rincipal parts: 

Erecti,) and testin, otf [till size inodules under conditions com

parable wvith the rc fe re nce plant. These miodules should be lo
cated at the OSW San I1ie c, Saline Water Test Facility. 

" 	 In'esti gation ()f the oc'eanog ranphv and seawater characteris

tics ,.d(er c )nditions contel )latte( for the reference plant. 
This . r,k xi, n he do(,ne in is -;e I 

" 	Testing c nrete u nde r conditions contemplated for the 
rt'ferenct pla.n This wvork xvould be done both in Israel and 

the United States. 

. odule T,..;t Facility 

The inf,)rniation expected from work in the San Diego Test Fa
cilitV %vOIldCs jst of the foloving: 

a. 	 A deterntinato otf the ability of this type of module to per
for~m p r,,lJ~ rv ,llt(, cl~ itiions imposed by the process 

thr-igheit the tetiejrature i:od pressure ranges eniployed. 
This ,. : i rl t'apPt r shells tubet 1v;,udtt and foundations, 

bundles, seals, c,,vr, . expansion joints, vactun equip
nient, demisters, veirs and flash promotion equipment. 

h. 	 A validation of the stage geonmetry considered, including 

ni.as fiw, disengag ing rate , teniperature and press ure 
drops and brine deptnh. ,ver the entire range of reference 
plant teniperatures. 

c. 	 A validation A the flashing devices being considered, in
chuding de-terininatin of flow c haracteristics as a function 
of tenp rat re ind pre ssure. 
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d. 	 A dceterrn ination of brine entrainment as a function of flashing 
devices used, flow, temperature, pressure and an evaluation 
of the need f~r denisters throu''huut the ptant. 

e. 	 A deternination of the abilityt f tll dca e ration dcevices recorn 
mended to reduce dissotvcd o\×yg'(n aid carlbon dioxide to toler
able levels. 

f. 	 An evaluation of the pumps, particularly of the recycle pumps, 
to perform s;tjs factoril i the suction anunder conditions dclis
charge head cxistin, in the actual plant. 

The module test fn ciqi y to be used for dtvelopnm.'nt of the above 
inforniatin re l"iired to filalize the Is rae, K:,'-a.:. design \\' oultd be 
located in the Sti l Die gu Test Facilitv. 1o a tire that the mod
ules will he desiuncd t" ive stirt c pA,-an etc rs oA a plant of in
terest to this rep )r. it is ,ss,'nti i that cl, liaison be main
tained with the OSW uitring the de.niqn "f these modules. 

The test idiles should b" s, con'strucLed Is to pernit variations 
in mass flow ,f from, -100. 000 l1)/hr-ft uf weir width to 1,-400, 000 
lb/hr-ft of \ir ,iidt:h. rhis variation culd probably be accom
plished best by artificiall' lnatri'owing thie_ flashing brine stream 
in the test module to Sinulate c un ditions of higher flow.mass 
Further, the -odulc should b so designed as to permit disen
gaging rates varytin, rom atcpprximnately NO lb/hr- sq ft area, 
to ZZO lb/hr-sq ft area. 

It would he particularly valuable to achicv, t capability for opera
tion of the m o luies at conditions corresponding t those in any of 
the stages uf the reference plant. To achieve this capability the 
brine heater should be designed t) operate at a steam supply pres
sure of from .' to 5i2 psia. Also, provision must be made to per
mit recycle of a p)rtion of the o ther\ise rejected cooling water 
iS( 	 c in the hett rejectiol stages. 

g. 	 In addition to the i ao \ list, I ther iten is which should be
 
check d in 
 'a test facility include evaporator body coating's. 
There are thre,e principal areas of investigation: 

0 Corrosion resistant c,,atings for use oil areas exposed to the 
flashing brine stream. 
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* 	 Coatings for use on areas exposed to the distilled condensate. 

* 	 Coatings for use on external areas for insulation. 

It would appear that there are no problems involved in applying 
several selected coatings to discrete areas of the test modules 
and observing their performance over the complete range of 
pressure and temperature conditions encountered for the period 
of time the module is in operation. Tiis would give background 
information with respect to methods of application and cost as 
well. 

2. 	 Israel Oceanography and Seawater Characteristics 

The investigation of oceanography and seawater characteristics, 
to be conducted in Israel wouldl have the following objectives: 

a. 	 An evaluation of the effect of hcal water (n mate rials of con
struction proposed for tlh2 Israel plant. 

b. 	 An evaluation of the extent of marine life in the feed seawater 
and a dete rmination of the effect on this marine life of the 
ch'emnical treatments being considered. Thiis would also in
clude the effect of chemicals such as ammonia, resulting from 
a reaction between treatment materials and marine life, theon 
materials of construction. 

c. 	 An evaluation of the variation in seawater analysis, including 
dissolved gases (primarily CO, 02, N-13, and 1-1S), through
out the vear, and the effect of this variation on the rate of 
scale f'rrnation. 

d. 	 An evaluatini of the possibility of reclucing acid treatment of 
the seawater behL\v 100 percent stoichioinetric requirement 
without creating a scaling condition in the evaporator. 

e. 	 A determination of the effect on rate of scale formation of 
various brine !A'mperatures and cnice ntration ratios. 

Following a decision with regard to site location, a program 
should be instituted to determine the physical, chemical, and 
biochemnical characteristics of the seawater, as well theas 
oceanography of the sea in the surroundings of the intake. For 
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a 100 MGD plant with 220 F maximum brine temperature, the flow 
through the intake will be about 562, 000 gpm, 25 percent of which 
(135, 000 gpm) will be processed through the plant. The remain
ing flow of 427, 000 gpm of seawater plus the flow of 66, 000 gpm
of brine (at a concentration of 7. 7 percent by weight) at a temper
ature of 12 F above that of the feedwater, will be rejected to the 
sea. 

Handling of flows of this magnitude will require better knowledge
of the characteristics of the sea, particularly with respect to
 
backrnixing and dilution of reject and blowdown 
 streams. The
 
proposed location of the 
seawater intake should be surroundecd
 
by a number of 
 test station belts, suitably distributed and marked 
by floats. Similar test belts will be located in the general area
 
where proposed have canal
it is to the effluent discharge to the
 
sea. At appropriate time intervals, temperature 
 readings will
 
be taken at each test station and at varying depths. A sample 
of
 
water will be collected and tested for pH, free CO 2 , 
 O, NH 3 ,
 
alkalinity, hardness, turbidity and dissolved 
solids. In addition 
to temperature recording and chemical cesting, willit be neces
sary to count and identify the various 
living organisms as well as 
possible bacteriological contamination. It will also be necessary 
to establish the seawater currents the areasin general of the in
take and outfall and between these two 
locations. 

Logging the data collected will seawaterestablish temperature
 
and current profiles, possible stratification of the sea and the
 
seasonal variations in its properties. It will also permit evalua
tion of clilution properties of the sea at the outfall.
 

Certain physical properties of the seawater which have a direct 
influence on the design of the water plant also bemust determined. 
It will be required to record the boiling point elevation, specific
heat and density versus concentration and temperature. This can 
be accomplished with conventional laboratory equipment. 

The effect of brine tempe rat ure at the brine heater outlet on per
formancc of the plant beshould investigated. Scale, corrosion, 
and structural problems become more severe at hi gher brine 
temperatures, and in this study 220 F has been taken as a con
servative upper limit. However, it seems that more favorable 
water cost economics may be realized at higher temperatures; 
consequently, some investigative work in this direction appears 
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justified. In order to base the design on firm data with feedwater 
taken at the specific site location being considered, it is proposed
that a test apparatus be constructed where the full range of condi
tions, particularly those existing at the brine heater, can be simu
lated. Operation of such test apparatus will facilitate testing the 
scaling tendency of brine at various methods of scale control. 
Figure 31 shows a flow diagram of the recommended test apparatus. 

The operation of the proposed test apparatus is based on the flow 
path taken by the brine. Brine at the desired concentration and 
temperature, and at a controlled rate of about 20, 000 lb/lir, is 
pumped through the brine heater into a collecting drum. Final 
adjustment of the brine temrnerature, prior to entering the brine 
heater, is effected by means of a temperature-controlled electric 
heater. The capacity of the brine in the drum (about 100 gallons) 
allows for enough residence time to simulate the conditions in a 
real plant situation. The temperature of the brine flowing through
the heater is raised to the desired level, controlled by neans of a 
pressure controller which regulates the flow of about 300 lb of 
steam per hour into the heater. From the drum, a major portion
of the brine is introduced into the flash chamber where about 300
 
lb/hr flashes into vapor, effecting increase in concentration and
 
drop in temperature; the balance 
of the brine under flow control
 
is blown down 
through the make-up heater. The flashed vapor is
 
introduced into the 
heat reject exchanger to be condensed on the 
outside surface of tubes cooled by seawater flowing inside. 
Treated make-up water is heated to the flash chamber outlet 
temperature in the make-up heater utilizing the heat released 
by cooling the blowdown and distillate streams flowing inside 
the tubes. 

To achieve full benefit of the test apparatus, provision should be 
made for operation using raw seawater acidified to various de
grees. Making runs with seawater acidified to levels from 70 
percent to 1 10 percent of the amount theoretically required for 
complete oecomposition of the carbonates and bicarbonates will 
yield data which may result in a saving of as much as one cent 
per thousand gallons of product water. Further, by combining
these runs with runs at brine heater outlet temperatures of from 
220 to 235 F, it will be possible to evaluate the merits of plant 
operation at temperatures higher than 220 F. 
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Also during operation of this test apparatus, some data should be 
developed regarding chemical products resulting fron action of 
feedwater treatnent chenicals on the rgan isms in the seawater. 
Certain pro ducts ntight be evolved which \Vould have an extremely 
deleterious effect on the materials of construction considered for 
the plant, an exatitple (f this would b amlmonia. Only if accurate 
determinatioin of any chentical by-products" resulting froni treat
ment chemicals isntatde can appropriate precautions be taken. 

3. Concrete Testing 

There is a good possibility that the use of concrete for evaporator 
shells could result in a significant saving in construction cost. 
Under conditions in Israel, preliminary estimeates indicate that 
the use of concrete evaporator shells might yield a saving of ap
proxiiately i. o million dollars. 

Practically all saltwater evaporating plants in service have been 
provided with netallic shells. Although there is alnoust. a total 
lack oIf experience Vith cuc rOte in distillation equipmlent, there 
appears to be no overriding reason lich Would prevent its use. 
For a top brine temperature 0)f 223 F, it should be suitable for 
all of the stages provided it is properly for tlated. reinforced, 
prestresse(d or post-tensioned to prevent craclking and adeqlately 
protected. At brine temlperatures above 220 F the shell must be 
designed as a pr,-'ss.ire "c ssel. The design of the structure will 
require a thorough stress analysis to ensure against cracking 
from the rmtal g radients. 

The OSX"V has awardedit studv contract to the U. S. Departn-ent of 
the Interior Blureau of Rcclalation to investigate the problem s of 
sealants, protective coatings and concrete formulations for use 
with seawater at various tenperatures and concentrations. 

While the que.Stins regarding coatLngs and st'alants for various 
exposures can be diermind fromit tests of the types being con
ducted at the Bureau of Reclamation, (;iestions regardi'g the 
ability of the concrete t, \vithstand strtictlral and lhertal strain 
from operating cnnditiois as well as the prllcms associated 
with Lhe actual onstruction can best be resolved 'ron; actual 
construction of an peratin4> :iodule. Furthermore,. iasmuch 
as the pr,'purtics )f coicrrte are ite dplel nde nt on the aggre
gates used, the test module should be fabicated of the same ma
terials (i. e. cement . sand, aggregate) a., ,vould be tised in the 
reference plant. 

162 



K AISEP EENGINEEiRS 

In addition to the work being sponsored by OSW, a number of ex
perienced vendors are actively at work developing appropriate 
protective coatings. If suitable nonmetallic coatings are not de
veloped, it should still be possible to line the concrete (where 
necessary) with a carbon steel sheet of the appropriate thickness 
-- possibly as much as 5/16 in. -- and let it serve as part of the 
form for the concrete. Unless a concrete module is built and 
tested, it is probable that steel would have to be specified as 
the 	material of construction for the evaporator shells. 

An area of concern has been the ability of treated and untreated 
concrete to withstand the leaching action of the distillate product 
of the desalting plant. To evaluate this fully, a series of small 
test blocks should be cast, treated in appropriate ways, care
fully analyzed and weighed, then placed in the vapor spaces and 
product water channels in an existing desalting plant. Periodic 
inspection of these test blocks should provide cumulative infor
rnation which will make trend determinations possible. These 
could lead to conclusions as to the advisability of using various 
coating systems in the reference plant. 

D. 	 Relation of Development Program to San Diego Saline Water Test 
Facility 

Since the final de si,,n of the Israel Desalting Plant \vill be based 
partly on info rmation de rived from the San Diego Saline Water Test 
Facility, it is important that the recquired information be available 
in timely fashion. 

The critical path for the israel plant (Figure 30) shows that desalt
ing 	plant equipment installation nust begin in January 1970 to be 
able to meet the start-up date of late 1971. This, in turn, requires 
"freezing" the detailed design in June 19068 only six nonths after 
start of final design, to alhow for s ubseCjuent bidding, purchasing, 
fabrication and delivery by the end of 11)b?. Detailed design of the 
desalting plant must start no later than June 1968 to meet the above 
require ments; but de tailed de sign is dependent on re suits obtained 
on 	 the test modules aL the Sn lDie o Test Facility. Therefore, it 
appears that the OS\V schedule (ICttei- dated Novemn ber 10, 1965, 
from Frank C. Di Luzio to C. E. Fnnis, copy incluided herein) will 
allow approximately six nonths from January 1908 thr,,ugh June 1968 
for collection of test data after start-up of the San Diego Test Facility 
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modules. The above analysis shows the critical nature of the de
pendency of the Israel project on the San Diego Test Facility sched
ule as well as test results. Any delay in the Fest Facility schedule 
will undoubtedly delay completion of the Israel project. 
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TIN REPLY REFER TO: 

........ 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

OFFICE OF SALINE WATER 
WASHINGTON, D.C. 20240 

601 

Mr. 	 Charles Ennis 
Assistant to the Executive Vice President 
Catalytic Construction Company 
1528 Walnut Street 
Philadelphia, Pennsylvania 191 02 

Dear Mr. Ennis: 

Subject: Program for the San Diego Saline Water Test Facility 
and its application to the proposed Israeli desalting plant 

We recognize your interest in determining our plans for the use of the 
San Diego Saline Water Test Facility as it might apply to module testing, 
and your suggested development program for the Israel desalting plant.
Although our plans are not finalized in regard to the type and size of the 
modules to be tested, it is possible to delineate the program which will 
lead to decisions of this kind. Our plan is essentially as follows: 

1. 	 An early selection of a capable architect-engineer firm wili be 
made to prepare designs and bid packages for the module. It; is 
hoped this firm will be selected by December 15, 1965. 

2. 	 The architect-engineer will be required Lo prepare a preliminary 
con;ceptual design of a 50 mgd stream of a desalting plant. This 
design should meet the general requirements of both the Metropo
litan Water District (MWD) and the Israel plants. This conceptual 
design will include the most desirable features from the various 
studies which will be complete and on hand at that time; i. e. the, 
MWD study, Kaiser-Catalytic study for israel, the ORNL flash 
plant conceptual design, and the 15 50-mgd conceptual designs 
prepared for this Office and now under evaluation. The requirements 
of the MWD and the Israel desalting team will be taken into consider
ation to the fullest extent possible by consultations and review of 
designs. 



3. 	 Upon approval by all interested parties of the preliminary conceptual 
design described above, the architect-engineer wili proceed with tile 
design of a module for construction and test at our San Diego Saline 
Water Test Facility. This module will be no larger than is necessary 
to insure that it duplicates as nearly as possible the hydraulic, heat 
transfer, and structural requirements at the low temperature end of 
the 50 mgd stream of the pilot plant. This module is expected to be 
complete with one recirculating brine pump, several heat rejection 
stages, the required number of full-size condenser bundles, flash 
chambers, deaerators, vacuum pumps, demisters, and product and 
brine pumps. 

4. 	 Upon approval of the module design, again by all interested parties, 
the architect-engineer will proceed with specifications and bid 
packages. In this way the modules can be placed oii order in the 
early summer of 1966 and, if necessary, the large items of hardware, 
i. e. , pumps and tube bundles, might be placed on order at that time. 
Schedules for the design, procurement, and construction will be such 
that the module will be in operation by January 1 968. 

Although we cannot assure you that all of the propose d development 
program requirements included in your letter of September 17 will be 
realized in the OSW module, you will have ample opportunity to review 
the requirements of the Israel desalting team with this Office prior to the 
time the design is finalized. 

Sincerely yours, 

S" 	 _.-"rank C. Di Luzio 

Director 
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XI. EFFECT OF VARIANTS
 

The capital cost and unit water cost estimates reported in Sections VII 
and VIII, respectively, are based on quotations from vendors of major 
components and on construction experience in Israel, and are believed 

to be realistic. However, because desalting plants of this size have 
not yet been built, it is prudent to examine the sensitivity of the capital, 

annual and unit water costs to the major design and co' parameters. 

Table XVII lists a series of variants and the effect that changing each 

of these variants has on the capital, annual and unit w- ter costs. It 
should be noted that the effect of each variant is reported in the table 

for the condition where only that variant changes. 

The values of the capital, annual ald unit water costs were estimated 
without reoptimization of the design parameters. Experience has shown 

that reoptirnization, while necessary for accurate evaluation, will re

sult in capital, annual and unit water costs only a few percent lower 
than those resulting from un-reoptirnized design parameters in the 

ranges of power and water production selected for the reference plant. 
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XII. 	 EQUIPMENT LIST 

The nuclear power plant and desalting plant major items of equipment 
which are required for the reference plant are listed below: 

A. 	 Power Plant 

1. 	 Nuclear Boiler 

a. 	 (A Itc rnate 1) Indirect Cycle Nuclear Boiler (PWR), 1,250 MWt, 
designed for steam conditions of 780 psia (min) and 0. 3 percent 
moisture (max); feedcwater conditions of 270 F (inin), including: 

(I) 	 Reactor Vessel System 
(2) 	 Reactor Control System 
(3) 	Reactor Coolint System 
(4) 	Auxilia ry CoOlIlIt SvSteIl 
(5) 	Chemical and Volume Control System 
(6)Safety Injection System 
(7)Sampling System
 
(8)Vent and Drain Systems
 
(9)Steam 	and Fedwater Systems (steam generator, feedwater 

controls and valves only) 
(10)Fuel Handling and Reactor Servicing Equipmen, 
(11) Instrum,,ntat ion aod Control Equipment (for systems listed 

above) 

b. 	 (Alternate 2) Direct Cycle Nuclear Boiler (BWIR), 1,250 MWt, 
designed for steam conditions of I, 000 psia (rmin) and 0. 2 per
cent moisture (max); feeciwater conuitions of 70 F (muin), 
including: 

(1)Reactor Vessel System 
(2)Reactor Control Rod and Drive Systern 
(3) 	Recirculation System 
(4)Shutdown Reactor Cooling S vsterm 
(5)St.andby Liquid CLn)1-I System 
(6 )SupplemeI'Luntal Coolin, S\ySteINS 
(7) 	 Reactor Water Cle,-aump Sy.,teIN 
(8) 	 Fuel Handling and Rgctur Servicing Systems 
(9)Miscellancuus Nucleat" Sor'vice Syst ns 

(10) 	 Main Steani System (Stcv o lines up) to and illlluding isolation 

va\ v s only) 
(II)Condensat., 	 NINk-Up ;rnd Feed,.,aLer SysLens (reactor 

feed\va tir controls and valv,,es nlIy.) 

(12) 	 Cont ,ol and .Jonitoin In 'truimunt- ;In(I Painels 
(13)Process Radi=in MlunHuriLing Elnil)nefnt 
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: 1. 2Waste Disposal System 
a. Radioactive Waste Collection Tank 

One (1), vertical, flatL bottom, dis1l'ied top 1, 180 ft 3 capacity, 
carbon steel, API code design. 

b. Gravity Drain Collection Tanks 

Two (2). vertical, flat bottom, dished top 650 ft 3 capacity, 
carbon steel, API code design. 

c. Dernineralizers 

Three (3), mixed bed, 10 gpmj-/ft 2 capacity, tank material 
carbon steel, rubber lining, ASME code design. 

dl. Waste Holding Tanks 

I4 

7 : -

? ' 

,, 
-
; . 

' 

:: ' 

" ' 

; 

c 

, 

Two (2), %vertical,flat bottom, 
carbon steel, API code design. 

i -; ' - ; - * ! / 

e . u : : ' , ' , = % :''-I . , , " 'U 

dished top 
'' "' 7 

m . ", ' < ; < " , . ,i 

5, 000 ft 3 capac"'ltyW 
4 - ; "d , ' , * . % 7 ": -. 

; . 
, ! - ' 

iU : , :, ? M . : > 

: 

-

-, ' "" "i 

%' 

- : 
e. Spent Resin Tank 

'o .; V .:'.... . . ": -:,';.,,.. 

- /:- ' :" ' ...! -7 b! ' ' :." 

/ v './'-'• ' 4 . 

%"j- , ' q.¢ ; % '2 ": % '! 7,i ,i 
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.. . .- :. ...' , ',- '.;. '.'X'.? <L ,.%,- -;. '%. 

U

- .'% 

----

One (1), vertical, flat bottom, dished top 750 ft 3 capacity, 
stainless steel lined, API code design. 

. omresed Gas Receivers 

P'AWR Thirec a)cvecr tical, dished bottom and top, 60 ft 3 

B'SR F~our (4), vertical, rCished bottom and top, 100 ft 3 

':apacily, ASME code design. 

ill St~Sr~pper Pumps (PW R Only) 

t~ ) n t~ rctiugal, all stainless ste.el, tdh, 150 ft, 50 gpm Ca 
200 F. drive mnotor 3 hp. 

V V 

Len (140). 

'00 Fdie 
centrifugal. 1,1l 

oo 3 h.i 
stainless steel, tdh 150 ft, 50 gpm @ j 
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i. Demineralizv r Pum-ps 

Three (3), centri'tugal, cast iron casing, tdh 150 ft, 20 gpm @ 
200 F, drive meoor 2 h1i. 

j. Radioacti , Wgas to, CollccLion Tank Punmps 

Two (2), cL.ntri1Uw a!, cist iron casino, tdh 230 ft, 200 gpm @ 
200 tF, drie, motor 20l) hp. 

k. Gravity Dratin Ta;nk Pum ps 

Four (4), centrifugal, cast iron casing, tdh 100 ft, 50 gpmr @ 
200 F, drive motor 2 hp. 

1. Gas Compressors 

Two (2) multi-stage reciprocating compressors, last stage ex
haust u ', 000 psi, drive motor 150 hp-BWR, 75 hp-PWR. 

nf. Vent i latt in t'La.o; 

Two (2), 3, 000 cfm capacity exhaust fans, discharge pressure, 
6 in. of \vat c r, drive motor 5 hp. 

n. HyclrauLc Baler 

One (1), total pressure 16,000 psi, package size 1 ft 3 . 

o. Gas Stripper (PWR Only) 

One (1), pac1,ed towe-r 2 ft diametcer, 15 ft height, stainless 
steel casing, capacity 100 gpm. 

p. Gas Strippe'r Prc hc,to r (PW, Only) 

One (1), rem--iovablc bundlc, all stainless steel heat exchanger, 
temperature in-s-cl 230 F, ttibis 60 F, t'mperature out-tubes 
130 F, design l)r(-ssure-sh,ell 50 psie, de(sign code TEMA. 

q. Switchgeair 

Me Lal-clad, dead front, low voltage, s\Vitchgear including dr% 
type transformer, 4. 16 kv/400 volt, 3-phase, 50 cycle. 
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r. 	 Motor Control Center
 

Metal-clad, 400 volt, 3-phase, 50 cycle.
 

3. 	 Steam Turbine - Generator Unit 

a. 	 (Alternate i) Steam Turbine - Generator Unit for Use with 
(PWR) Reactor. 

(1) 	254.000 k\w t0(i) n -conmp )nd four flow , 3,000 'pnI nuclear 
Ste am tulr il d Iesined i or throttle steam conditions of 
75). 7 psit. I,I'1 . . h, 0. ) percent nioiStUre, CXIhausting 
at 26 psi a (Qcnsta nt back-pressure), including suitable 
In ()oisture s, p Ztti-; c(uipment. 

(2)320,000 k\ i hvdr.,en inner-cooled generator, 0. 85 PF, 
0. 58 SCR (0 -I5 psi", 50 cycles, 3,000 rpm, 3-phase. 

(3) 	 Brushless excitation system 

(4)Standard I landljok Accessories 

b. 	 (Alternate 2) Steam Turbine-Generator Unit for Use with (BWR) 
Re ac t, r. 

(1) 	25 5. 000 kv tandem1-com11pouCInd two)flow, -3, 000 rpm nuctear 
steamu tu r'bile (1esi uIletl 'I r throattle steam conditions of 965 
psia, 1. 1,1. 2 h, 0. 28 i wt-cent moisture and exhausting at 
26 psit. (constantlxA;'-l)i sstu(), il1ding suitable mnois
ture sepitratnco cculiplleit. 

(2', 20, 000 kva liquid l,,)nductor-cooted generator, 0. 85 PF, 
0. 58 SCR (ia 4n psi ,, 0 cycles, 3,000 rpm, 3-phase. 

(3) 	Gear-Drivein Exciter 

(4)Standird [andbook Accessories 

4. 	 Other Power Plant Cn-ponents 

a. 	 (Alternate 1) for PWR Steam Source. 
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(1)Boiler Feed Pumps 

Three (3) (one spare), multi-stage centrifugal, chrome 
steel split casing and internals, tdh 2, 500 ft, 5,700 gpm 
@ 365 F, motor rating 4, 500 hp. 

(2)Booster Pumps 

Three (3) (one spa ie), centrifugal, horizontal, split-case 
discharge, tcih 400 ft, 4, 300 gpm @ 241 F, motor rating 
600 lp. 

(3)Feedwater Heater Drains Pump 

One (1), pit type centrifugal, tdh 100 ft, 2, 500 gpm @ 289 F, 
nrotor, rating, T hp. 

(4)Hotwelt Punmps 

Four (4), pit-ce ntrifugat, tdh 90 ft, 2 , 100 gpm @ 240 F, 
motor ratin_ 00 ht). 

(5) Feudwato r -catcrs 

Tw..'o (2) vert.ical U-tube heaters arranged in parallel. Tube 
Side: tcmpe rture in 2-t0 F, terperatu re oUIt 363 F, design 
pressure 200 psi, fl(,w%((,ach) 1,940,000 lb/hr, Shell Side: 
teminperaturc F)') press 180 flow', (lesigl re psji, (each) 
.323, 00C lb/hr'. ,''rial5: Shell. CS(A-285-C): Channel, 
CS(A-285-C); iobe,Sheet, CS(A-212-13); Tubes 70-30 Cu-
Ni, 'Tc,tal ht at trans feir 2150 x 10 ) Btu/hr per heater. 

(6)Instrum ent Air Comiprossor 

One (1) double.-sta e i-cCiprocatin compressor, discharge 
pressure I I - psii,, calpacity 150 scfm, drie motor 50 hp. 

(7)Service Air Conipi-,ssurs 

Two (2) v;an-ro~t rv coipressor with water jacket, Clis
char, ree I I - , 500 fm, c1-iveressure P . capacity sc motor 
100 hp. 
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(8)Instrumient Air cet'eiver 

One (1), ' c (lishpd b)ttnm and top, capacity 120 ,"ti,:l. ft 3 

carbon steel. dosior pressure 150 psig, ASNIF design code. 

(9) So rvicu .',iB , i r's" ,' 


Two (2) ,' dished bottom and top, capacity 120 ft3 , 

carbon sta.cl. i,:SiU pressurc 150 psig, .SME design code. 

(10)Deminralizier Wed Pumps 

T\o (2), 'e rtical pit, cast iron casing, tdh 150 ft, 150 gpm, 
motor rating 10 hp. 

(11)Condensate Ma he-Up Pumps 

Two (2), pit type ccntrifugal, cast iron casing, tdh 140 ft, 

500 gpm. motor rating 30 hp. 

(1 2 )Sump Pumps 

Four (4), vertical pit type centrifugal, cast iron casing, tdh 
900 ft, 100 gpm , motor rating 5 hp. 

(13)Gcneral Service Pumps 

Two) (2), vertic:al pit. cast iron casing, tdh 200 ft, 500 gprrl, 
vI otcor rating -lU hp. 

(14)Service Cooling Pumps 

Three ( ) (one spare), horizontal centrifugal, cast iron cas

ing, tdh 80 ft. 5,000 ,,m,motor rating 150 hp. 

(15)Service Colina Helat Exchangers 

\vo) (2) (one sptre), sinle-pass double-head heat exchanter, 

Tube Side: l'.1mparat irt in 110 F. temporat urr'out 95 F, de

sign prossur, In () psi. l,,' I 000 pni. Shell Side: tomper

ature in S9 F. t-rptrntar_ out ,' F, design pIressur' 50 psia 

flu" 15, 000 pm.NM at,.rials: shell CS(A-25 -C). channel 
CS(A-255-C), tibe shlt Nluntiz metal, tui)es admiralty, tota 

heat transfer 25 x 10' . 
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(16) 	 Condensate Storage Tanks 

Two (2), 4, 500 ft 3 capacity, concrete, aluminum lined. 

(17)Condensate Surge Tank 

One (I), horizontal, dished heads, 48, 000 gallon capacity, 
carbon steel, API code design. 

(18)Treated Water Head Tank 

One (1) horizontal, disied heads, 6,400 gallon capacity, 
carbon steel, API code design. 

(19)Service Cooling Head Tank 

One (1) horizontal, dished heads, 6,400 gallon capacity, 

carbon steel, API code design. 

(20)Reactor 	Polar Crane 

One (1), polar-gantry, 88 ft span, 100/15 ton capacity. 

(21)Turbine Room Crane 

One 	(1), travelling bridge, 80 ft span, 100/15 ton capacity. 

(22) 	Office Air-Conditioning Unit 

One (1), package unit including roof evaporator condenser 
50 ton rating. 

b. (Alternate 2) for BWR Steam Turbine Cycle 

(1)Boiler Feed Pumps 

Three (3), (one spare), muti-stage centrifugal, chrome 
steel split casing and internals, tdh 2,700 ft, 4,700 gpm 

motor rating 4, 500 hp. 

(2) 	 Booster Pumps 

Three (3), (one spare), centrifugal, horizontal split case, 
tdh 450 ft, 4, 500 gpm @ 241 F, motor rating 600 hp. 
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(3) Feedwater Heater Drains Pump 

One (1), pit-centrifugal, tdh 400 ft, 150 gpm @ 258 F, motor 
rating 20 hp. 

(4) Hotwelt Pumps 

Four- (4), pit-centrifugal, tdh 90 ft, 2, 300 gpm @ 240 F, 
motor rating 75 hp. 

(5)Condensate Deineratizer 

One (1), prea ssembled 'Powdex' process full flow deminera
lizer-filter, complete with equipment for backflushing, resin 
replacemeint, instrumentation 6nd controls. Flow - 4, 320, 000 
lb/hr at 240 F. 

(6)Feedwater Heaters 

Two (2) vertical U- tube heaters, arranged in parallel. Tube 
Side: tcmieratiurc in 240 F, temperature out 252 F, design 
pressure 200 psi, flow 2, 160, 000 lb/h, Shetl Side: temper
ature out 257 F, design pressure 50 psi. Materials: shell 
CS (A-285-C); channel CS (A-285-C); tube sheet CS (A-212-B); 
tubes 70-30 Cii-Ni. Total heat transfer 27. 0 x 106 Btu/hr 
per heater. 

(7) Instrument Air Compresser 

One (1) double-stage reciprocating compressor, discharge 
pressure 115 psig, capacity 150 scfm, drive motor 50 hp. 

(8)Service Air Compressors 

Two (2) vane-rotary compressor with water jacket, discharge 
pressure 115 psig, capacity 500 scfm, drive motor 100 hp. 

(9)Instrument Air Receiver 

One (1) vertical, dished bottom and top, capacity 120 ft 3 , 
carbon steel, design pressure 150 psig, ASMvIE design code. 
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(10)Service Air Receivers 

Two (2) \,ertical, dished bottom and top, capacity 120 ft 3, 

carbon steel, design pressure 150 psig, ASME design code. 

(11)Demineralizer 	Feed Pumps 

Two (2) ,vertical pit type centrifugal, cast iron casing, tdh 
150 ft, 150 gpm, motor rating 10 hp. 

(12)Condensate Make-Up Pumps 

Two (2) pit type centrifugal, cast iron casing, tdh 140 ft, 
500 gpm, motor rating 30 hp. 

(13)Sump Pumps 

Four (4) vertical pit type centrifugal, cast iron casing, tdh 
90 ft, 100 gpm, motor rating 5 hp. 

(14)General Service Pumps 

Two (2) vertical pit type centrifugal, cast iron casing, tdh 
200 ft, 500 gpm, motor rating 40 lip. 

(15)Service Cooling Pumps 

Three (3) (one spare), horizontal centrifugal, cast iron 
casing, tdh 80 ft, 5, 000 gpm, motor rating 150 hp. 

(16)Service Cooling Heat Exchangers 

Two (2) single-pass double-head heat exchangers, Tube Side: 
temperature in 110 F, temperature out 95 F, design pressure 
150 psi, flow 10, 000 gpm, Shell Side: temperature in 89 F, 
tenperature out 99 F, design pressure 50 psi, flow 15, 000 
gpm, Materials: Shell CS (A-285-C), channel CS (A-285-C), 
tube sheet Muntz metal, tubes admiralty, total he at transfer 
25 x 106. 

(17)Condensate Storage Tanks 

Two (2) 4, 500 ft 3 capacity, concrete, aluminum lined. 
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(18)Condensate Surge Tank 

One (1) horizontal, dished heads, 48, 000 gallon capacity, 
carbon steel, API code design. 

(19)Treated Water Head Tank 

One (1) horizontal, dished heads, 6,400 gallon capacity, 
carbon steel, API code design. 

(20)Service Cooling Head Tank 

One (I) horizontal, dished heads, 6,400 gallon capacity, 
carbon steel, API code design. 

(21)Reactor 	Gantry Crane 

One (1). gantry, 95 ft span, 100/15 ton capacity. 

(22)Turbine 	Room Crane 

One (1) travelling bridge, 80 ft span, 100/15 ton capacity. 

(23)Office Air-Conditioning Unit 

One (1) package unit including roof evaporator condenser, 
50 ton rating. 

B. 	 Desalting Plant 

I. 	 Equipment for Heat Reject and Recovery Stages 

a. 	 Brine Heaters 

Four (4) box type construction, each 33 ft long x 17 ft-6 in. 
wide by 30 ft-9 in. high with 4 tube bundles, each having 
2,827 - I in. OD x 18 BWG 90-10 Cu-Ni tubes (surface each 
brine heater 51 ,470 sq ft). 

b. 	 Flanged Expansion Joints
 

Eighty (80) 0. 164 in. traverse.
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c. Flanged Expansion Joints 

Eighty (80) 0.74 in. traverse. 

d. Flanged Expansion Joints 

Eighty (80) 0. 97 in. - traverse bellows, Monel, two corrugations, 
flanges - forged steel -- epoxy coated (Van Stone). 

e. Heat Recovery Tube Bundles 

Two hundred and twenty-four (224) heat recovery tube bundles 
including two water boxes each. Each bundle has 3, 687 - 7/8 in. 
OD tubes; 20 BWG 90-10 Cu-Ni tubes in the major areas and 
20 BWG 90-10 Cu-Ni/stainless steel bimetallic in the air cool
ing areas, all tubes 44 ft-6 in. long (surface 37,612 sq ft); 
tube sheets: carbon steel, 90-10 Cu-Ni cladding one face at 
15 percent of tube-sheet thickness; baffles and int.rmediate 
tube sheet of carbon steel. Sixteen (16) out of th1e 224 bundles 
will have the same number of tubes and material, only that the 
wall thickn,..- wih be 18 BWG. 

f. Heat Reject Tube Bundles 

Sixteen (16) heat reject tube bundles, including two water boxes 
each. Each bundle has 3,500 - 7/8 in. OD tubes 20 BWG 90-10 
Cu-Ni tubes in the major areas and 20 BWG 90-10 Cu-Ni/stain
less steel bimetallic in the air cooling areas, all tubes 41 ft 
long (surface 32,850 sq ft); tube sheets: carbon steel, 90-10 
Cu-Ni cladding one face at 15 percent of tube-sheet thickness; 
baffles and intermediate tube sheet - carbon steel. 

g. Heat- Reject - Deacrator Tube Bundles 

Sixteen (16) heat reject-deaerator tube bundles, including two 
water boxes each. Each bundle has 3,500 - 7/8 in. OD 20 BWG 
90-10 Cu-Ni/stainless steel bimetallic tubes 20 ft-6 in. long 
(surface 16,425 sq ft); tube sheets: carbon steel 90-10 Cu-Ni; 
cladding one face at 15 percent of tube-sheet thickness, baffles 
and intermediate tube sheet - carbon steel. 
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2. 	 Major Pumps 

a. 	 Heat Reject Pumps 

Five (5) heat reject pumps, 112,000 gpm capacity, tdh 56. 5 ft, 

motor rating 2,000 hp syn. 

b. 	 Recycle Brine Pumps 

Twelve (12) recycle brine pumps, 72, 500 gpm capacity, tdh 
219 ft, motor rating 5, 000 hp syn. 

c. 	 Make-Up Water Pumps 

Four (4) make-up water pumps, 35, 500 gpm capacity, tdh 31 ft, 

motor rating 350 hp ind. 

d. 	 Blowdown Pumps 

Eight (8) blowdown pumps, 17, 500 gpm capacity, tdh 46 ft, 
motor rating 300 hp ind. 

e. 	 Distillate Pumps 

Eight (8) product water pumps, 18, 250 gpm capacity, tdh 57. 7 
ft, motor rating 350 hp ind. 

f. 	 Chlorinator Water Pumps, Horizontal Centrifugal 

Two (2) 75 gpm capacity, tdh 75 lb/sq in. , motor rating 5 hp. 

g. 	 H 2 S0 4 Metering Pumps 

Two (2) -12 SOz metering pumps, 630 gph capacity, 95 percent 
H2S0 4 , tdh 50 psig, motor rating 1-1/2 lip. 

h. 	 Vacuum Condenser Water Booster Pumps 

Four (4) vacuum condenser water booster pumps, 4,000 gpm 
capacity, tdh 25 psig, motor rating 75 lhp ind. 

i. 	 Condensate Pumps - Vacuum Systems I 

Four (4) condensate pumps - vacuum systems I, 25 gpm 
capacity, tdh 25 psig, motor rating I hp ind. 
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j. 	 Condensate Pumps - Vacuum Systems II 

Four (4) condensate pumps - vacuuizi systems II, 15 gpm 
capacity, tdh 25 psig , motor ra ting 1 hp ind. 

k. 	 Condensate Pumps - Vacuum Systems III 

Four (4) condensate pumps -. vacuum systems III, 25 gprn 
capacity, tdh 25 psig, motor rating 5 hp ind. 

3. 	 Vacuum Equipment 

a. 	 Vacuum Equipment for System I 

Four (4) sets, each set - 2 precondensers, 2 jets, 2 after
condensers.
 

b. 	 Vacuum Equipment for System II 

Four (4) sets, each set - 2 precondensers, 2 jets, 2 inter
condensers, 2 jets, 2 aftercondensers. 

c. 	 Vacuum Equipment for System III 

Four (4) sets, each set - 4 jets, 2 intercondensers, 2 jets, 
2 inte:rcondensers, 2 jets, 2 aftercondensers. 

4. 	 Electrical Equipment 

a. 	 Lightning Arrestors
 

Twvelve (12) 161 kv.
 

b. 	 Switches 

Eight (8) 161 kv, 600 amp, group operated, side break. 

c. 	 Oil Circuit Breakers
 

Three (3) 161 kv, 1,200 amp.
 

d. 	 Transformers 

Two (2) 20/26.7/33. 3 MVA 161/4. 16 kv, 3-phase. 
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e. Metal-Clad Switchgear Line Up 

One (1) outdoor switchgear assembly, 4, 160 volts, 50 cycles, 
350 IvIVA interrupting capacity consisting of: 

* 	 Four (4) 2, 000 anp incoming breakers, one (1) 3,000 
anp buts tie breaker. 

* 	 T\o (2) auxiliary compa rtmnents, each consisting of 
three (3) PT's and three (3)lightning arrestors. 

* 	 Twelve (12) sta mtin', breakers and field equipment for 
5, 000 hp synchronous moto rs. (Motor excitation sup
plied by nI manLat W[ Itores.oto r c 

f. Metal-Clad Swit:h' ear Iine Up 

One (1) uutdoor swithLea r asseinblv, -4, 10 volts, 50 cycles, 
250 M VA initerrtpti ng caIpacity cv's is ting of: 

* 	 Two (2) ( o im rtments f-o' CurPrent limiting reactors 
rated at 2, 000 almp (to redolce the interrupting duty 
from 350 \IVA to 2,10 MVA). 

* 	 Two (2) 2, 000 a1p inucont ing b reakc rs and two (2) 
2, 000 amp tie 1)reake rs. 

" 	Three ( i) a ,.xil iamy conpartments, t\vo consisting of 
three (3) P-T's and three (;) lightning arrestors and one 
(1) cnsistin , of ,nly three ( i) PT 's. 

* 	 Twentv-six (20) sta rting breakers for induction motors. 

* 	 Three feede m breakens. 

* 	 One spare clll)l tnLliclnt. 

g. Battery Ass.inbly 

One (1) ;issen )1ly ',f hatteries, battery racks and chargers 
for abov batteries. 
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h. Transformers 

Two (2) 500 kva, 4, IbO/400 volt, 3-phase. 

i. Low Voltage Switchgear Line Up 

Two (2) outdoor, 400 volt to include 5 compartments for in
coming line, tie and feeder circuit breakers, bus entrance 
and metering. 

j. Motor Control Centers 

Six (6) outdoor to include compartments for reversing and non
reversing motor starters, circuit breakers for lighting distri
bution and power receptacles and space for future units. 

5. Miscellaneous Equipment 

a. Gantry Crane2 

One (1) gantry crane, 50 ton hook, span 75 ft, 40 ft lift, hoisting 
speed 14 fpm on main hook, hoisting speed 60 fpm on 5 ton hook, 
trolley speed 100 fprn, bridge speed 100 fpm, diesel driven 
generator, arranged for power rotation of tracks to permit 
travel at 90 degrees to main runway. 

b. Degassing Tower 

One (1) degassing tower, remove 7, 800 lb/hr CO 2 from 135, 000 
gpm of seawater, tower approximately 150 ft long x 40 ft wide 
x 20 ft high, polypropylene grid packing, five motor driven fans 

20 hp motors. 

c. Chlorinator Units (1 Spare) 

Two (2) chlorinator units, 8, 000 lb/day capacity each, includilng 
vaporizers and scales for I ton C1 2 cylinders. 

d. Sulphuric Acid Tanks 

Two (2) 2, 000 barrels, API cone roof storage tanks for 95 per
cent 1H2SO I . Complete with loading connections, level gages, 
vents, manholes and punp suction nozzles. 
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