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“eter trentment wysteme for preperirg Mt meinte inirg hich purity vater in outof- 
receto ar r-enr-M test loope mre becamina inereesinly : portant . In out—of- 
reector experimente presence of lonie impurities in the -s er tas a aarked iw-
rlueree on f1lm farmtlom ar oorromion ratee. It therefire, tmperative that 
tese Lmpurities ho mminteinet m tte loveet practieal eoncentra izon.

Ne rmport explalna the -nter trentment methods UM in the out-of -reactor loope 
in tle 1" • KE Bualldine- The dsta obtaine concernire the operation of these nyetema 
hae teer tabulated a ls incluled in tnis repert.

The deta obtained durirg operstior of the out-of-reac tor loope 1ndicnte thumt both 
the CEP (C wrroelon Equlpment Prototype) feed and bleed zthod and the EMD Erper- 
mental Lonp Mock-up. Out-cf-Reactor ion ezlarge method of •fff lty loop umter 
elean-up mre setlsfactory.

The make-up uter pretrestment syetem consistently produces -nter with ;«m than 
0.01 perte par m1ll1on disnolved solids as celcium carbornte and leec tran 10 
per billlon dimeolved axygen.
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DISUS

The out-of-renctor facilities now operating in the 1706 EI bullding imluie the
KLD an GEP facilities ane the mock-up tubes. The argamic loope are not 
here ainoe no water treatment equtpment le nmedod far these loepo.

conaidered

The mock-up tubes normelly operste with process water so no farther nhahl eel 
purir loation le wood. 1—1 t amounts uf sodiu dichromte end mulrurie aw 14 are, 
hovever, added to the water to proride corroelon inhibition and pR control re- 
epectively. The mock-up taboo ere equipped to aperote with serviee water, filtered 
water, rew water or procese water. A planned revision of the filter system now 1* 
etietenoe ane eddition of a settlng basin will mexe it pomsible to begin with raw 
river water and produce partried process water for th* mock-up Thie eystem
would —lobio the operator* to deterzine the effecte of tori — treat —et procedures 
ard -h—1 ii al edeitives on the solid — teriela present la the water. Sinoe the mock- 
up vaboe do not operate with high purity water, they will me t be conelaered further 
in thie r epi art. The fellovine dimouneton portal— '• t— EU and eE f— Ha2e”

Sinoe the opersting eonditione fer the vmrioas experimental loope are not oonetant, 
it la at re eery to heve e water trestment wystem cmpehle of meeting the epeciricstiena 
far the loop with the higheet water qumlty requiresnte. Sinee some of the locpe 
are operatine with very high parity water. (- .01 par** per million diesolred **114*
** caleium emrbonate) the water trestment mystem mist he empeble of purifying the 
water to e apoelf le resistanc- of et lenet 10 milllon otm-centimters.

The requtred water qunlty Tor the loope opereting wit: t Lgh purity water la obteined 
by tea ear hen** techniques. The rilterei water mupplled to Lhe buildina le eeat 
firectly to a duplex seperste eat tee end mnion ezotarcere demi nerel l sinc eystem 
where som or the dieselved sol ide are removel from • a water end th* specirie reeimt- 
anoe la Inereemed from ebout K thousand to » M ’ thousmnd oh cent imeters. At thie 
point 'he prred cminant Impurities in the water are oxgen, cmrbon dioztde, sodium and 
sillca. The water thee pesses ttrougt • mizel bed (mizmd cmtion and an tea restns) 
delonizing column where the water la further pur if led to a mpecific resistance level 
of at lesst 10 alii ten oh centimeters. At this point the water eontaina -Tra’ 
mmounte of diseolved solids buut an epyrreciable mmuunt of diesolved oxygen ta still 
present. The water .a therefore pa weed througt a coper baeei deoxygenater Where 
the oxygen la chemtomlly removed. Durin the deoxygerat ion etep oovper le released
from the column ne cupric tea and Lhe water 1* therefure paaeed through another 
mull tee ezchmng column to complete the pur ricat ion etep. Th* water then panses 
late the loop mmke-up storage tank- The water mdditi one to the loope requiring 
nlch purity 1nfluent vmter are thee drsu fr— the zkeup storage tank and eddod to 
th* logpa hr make-up pumpm. ED-7 le the only exception te thie rle. Thie loop 
le equipped ith fa own ear* << mystem. The mizmd bet deloniser effluent ta split 
before it enters the deorygerator. Par- of thie streem follom the previously 
described peth mnd some of it goee to the EM- ' mmke-up myetem. Thie nystem then 
errects a deoxy gerat ion ami final purification step etmilar to but irdleperdent of 
the Tmin mystem.
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After the delonised water hns been mdded to the loop it comes la contect with the 
loop piping and test pieoes end picks up some dissolved eolis. This process 
decreeses the wuter purity tmed * ately. It is therefre necessary to utilise a 
loop clemnup syeten to mmintain the loop water purity st the deeired level- 
The oleasup eyeteme far the ED end CE loopa are entirely drferent. The CEP 
elean-up la effected entirely by the feed and bleed method; thmt la, the loop 
bleed rate le set at euch a value that there ta a oomplete water changeover in 
the loop nw every four bours. Thio eliminmtee the raw a far an ion exehange

to remove the 1mpurities pie «art up ia the loup. There are eome drriculties 
engountered la tala type af operetion, bowever. ft le very imortent that the feed 
and bleed retes be oarefully adjunted and mmintaned if eng retsonmble pH oontrol 
le to ba echiaved. Aiwa fur systeme operatina at pH conditions coneidmably 
different than the mekerup water pH. rrequent chemioml edditione or other water 
eonditloning methoda have to be provided. Since this method of efrecting water 
eleenup oms no involve speoial prooeesir water trestment it will not be 
conaidered rurther. Unless speciriemily etated otherwise all further reference to 
"oleenu eystems" shall refer to K epet awe. The F.M elemn-up eystemn are mnmil 
flou bypess looos an the erpmrimental loope. A mmll portien . about 0.51 of the
total flew ta divertet through the clean-ap myetem to maintmin the required water 
qumlity. Figure I representa a typical ELMo cleanup mystem.

I

Operetire ewerienpe hae sheumn thmt the —ter qunlity cer be mnintained at an nocept- 
mh-e level by contimouely purifyina on y • mall portion of the locp unter. or 
ecurse better mter qum)ity could be obtmined by purifyira all of the unter but this 
-ould 1mpose tremendous operetine probleme. e.g., coolin eral retestire all of the 
loop -ter eontinuously. Therefare the ultimmte unter qunlity has been sacrriced 
alightly to mke op-rntion of the faciltien mch BMW msai mre economtenl.

At preent there are out-of-reectam loope operatin« a* low 4.5), neutral ( 7.0) and 
high (10 : p> wt-h derlonisef water. The lo- pi systeme are maintained at'pH 
4 * * - by phospharie meid edditi ne ar use of a phospheric ecid regenmra ted
mixed toed lor ezhage recin ( hydroger-phoephate form in the clean-up myete- The 
eutra. eye-ear pH ' • are operst ec without chemicml niditiona and neutrality

ie mintainad by regulatine the clemup systea n w rate through a hgdr ogen hydraxyi 
form mixed tod lon eztangr reeir. The high P syeteme are anintnined at p# 10.0- r. 
bp Uthf* heur axide edditions en ane of a lithium hydir a:de regenerated tbi* toad
lon eactge ltthiumyroxide forn resin la the loo cl 4 myetem.

1b general the loop clenrup ystems should be designed to meet the follovine 
requtremente.

1. They sh uld help malntmin the desired loo pH.
2. * =y should erreot ensent ially clete clemnup of the loop water.
3. They should mmintain the comeutration of the emtarged tona at « constant 

level.

Since the elemrup mystema I see Ficure 1 are really notning mare than ton exn hange 
wyteme, the mbove requirements mny he etab. ished ms th resin opereting requtre 
menta. These reqremente can impose very revere oeratirg probless if they are 
not comr mleed uith some rocz mllovi for vuint ion from tte ideni sitamtion.
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utimately It is hoped that resine «1ll be avmileble that (AU be eepable of fulf1ll- 
ing all three of these requtresente atau taneously, hovever, such le t-t the cese 
at the present time. Therefore these requtremente hav been comrgmised to obtain an
ayranle syetem. The pH eontrol la effected by lon excherge methoda in the tmutral 
syeteme only. In the high end lov p# systons ohemtcsls are added per -e1ically an
nmeded te help maintain the requtred loop pH. The comcentrat lon levela of the 
exmhanged iona in the loop ter are controlled by varyine the amount of feed and 
bleed in the loop. As the eleas-up system cperstes the oomeen trat lon of the exmhanged 
ione tende to inereame. Hovever, by oontroll ing the amoant of make-up water added o 
and the ni------t of eater r ed from the loop mn equ111 b 1 un level ie moon esteblisned. 
It seems sbvious that some control over the angt itude of thie equilitriu level oan 
be obtained. Thie control La l1mited only by the feed end bleed flov rangee avalleble.

Ezperrimental programe mre no underuz to determine some of the p yslcal and eh—l w.; 
prropertiee of the phospho te ecid and l1thium hyiroxid besod resine na wll ma their 
operatine charscteristtce. Hovever. at this t im the data nvmileble are not euf- '
fisient to permit us to define the resir ctarecterimtlcs. 7 - genersl obeervstions. 
thus fer, hevever. irdiomte thmt theee resire mre rurtionire setimfactor1ly In the
out -or-rene • er rme 1litien.

A oomprehensive exper imentel program as b-en corduted to deteraine some of the 
mmteriale present in the loop umter of the veriuum fecilities aa uml1 ma ph end -ete 
qumlty vnrialonm. The Tollowira tmbles intcete tt- exerimental -ork done Ml! the
anmlytical resulte obtainec.
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Loop Mkeup
ELMD-" 
nM-e
E M
CEP 1

0.04 
0.04 
0.0
0.06

0.40
0. 36
0.r2

0.009
0.005
0.010
0.100

20
19
31

0 -04

0.06 
c.04

0.01
0.02
0.03
0.03

0.004
0.003
0.005
0.006

0-005 
0.004 
0.00* 
c.045

No are available for CEP-1 since eample fmcilitiee haw not been installed.
Thene facilities will be inatalled -hen the loop ie ctarged to high operation-
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Ome consistent prohlem hms twat the eccurste determ 1 nat lon of the pmrticinte erud 
concentretion le the E-* weter. A previous test ebout two rears ego ntroduned 
eignificant amounte of sllice iz the locp. Sinoe that tim dirrieulty hma been 
ezperi enced with arud probes plusging- The date Far the perticulste erud . iW 
trattona 14 thererore mot corclum:ve.

The specifie resimtene velues reported re ectuml experimntml walune. Hoever. 
due to the iwpurities thmt mre introuc- durine the e=mpltre it le belleved these 
vmlues ure ofr by • fectar of orsofrcm the ectumi weter in the loope. No 
serious rk hme beer mttem ted to determine q-mnt it mt ively untat hmppena to the 
mpecific reeistance of nigt purity ueter durin eem . ne.

Theme remua •• indicste that in all cemem the MM . ved molide gnseoun lapurities
mre beine mmintmined •’ very lov, almet nes tgible This indicstes tlat 
emmll r. u rete clem—ug eysteme Mae fe= aw bieiuc myeteme toth functlon setie- 
factarily. The det- mleo shous hmt pi eantrol tms been very effective umine the
ion —iWMf u WT lira-* midition setno • - 4 systems.

The methods by which the hemiea. •m ymee -ere btaired hmve great signrieame 
mince we ere talk « about comcertrs ons M < « M» perta pe billion The metallle 
* irr i 1i— were determined b mpectrogrephie i»* mmission mnmiysee, the dimeolved
gasee by maee mpec trometer enal ymee erad he anion Impur it lee mnd minoel laneous dete 
by et chenteel mnmlyees - dhe: concentrat ona ere referred to as leee than eome 
value, the value mentionet te he lo-est iet ectetie « orcentret ion.

HEIOS
The remulte of the exper Lmentml work uith the ut-of-reme tor rectlities hmve
1 nd lested • tat ,

1. The wmter pre tree tmen t syete= le emellent.
2. The over-al . loop -mter c. emr-up erriciencies are met ifectory.
1. Either ion excrane or feed and bleed clean-up eysteme mre set isfactar.

[1)o.R.,3ngctzanlemta
(2) Daniel. J.L. end Ko, I

■ too. Via itf *■ _ Jarm-mry 10. 195

HH-4 K" . Mmy 7. 1954 .
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Future work will be concerned uith correlsting deta and preparing • aimiler rayart 
fom the 1706 tn La raaatar fecilities. Mar* on the phogphcric ec1l and l1thtum 
hydroride resina Mill ba completed ane the resulta Mill ba reported. A program 
•111 aleo ba initisted to determine the feasibilit- of removing suspended perticulate 
matter from the uuter.

U— ■

The ensistance of Goolant Testing Operstion, m9 who operate these facilities as 
well aa Mesers. H. J. Anderson, R. E. Perey end their staffe vho performed the 
enelysee la ratefully eknovledged. TLe help of L. O. Perrigo, Jr. vho socumlated 
a crest deal of the required experimental data. La aleo mppreciatod.

____ •.ek
flaNBM f. Banal t*
Coolant Systeme Development Operation
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