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IW.t:rol\ GAS IBIIR OORDIRSATI V.A8'1'1 - Dm>lf.rat!NA'l'IOR S'l'UDIJB 

L, '1'. Coleman 

Reactor coolant gaaea used in the production reactor• are circuJ.ated through 

e111ca gel drier beda to remove acc\lJll\lla.ted vater. 'l'he water and adaorbed or die

solved gaaea collected on the silica gel are removed vhen neeeaaary by heating. The 

volume of condensate from silica gel bed regeneration is normally measured. and the 

condensate routed to the river or to dry vella . As a reBul.t of neutron 1rra.41at1on 

of the cool .:mt gaa c14- containing specie• are fowid in the drier condensate . 

Concern vae expressed regarding the amount or c14 in the condensate, pa...""ticu.J.ar

~ at the K. reactor• where uae ot nitTOgen-heliua gas 111xturea were being teated 1n 

place of the normal carbon dioxide-heUum minurea. Theoretical pred1ct1ou ot the 

increased c14 production in the gu cool,mt eyatem reaulting tl"0ll this chance in cool

ant gas composi t ion have be n ~resented by Carter(l) and Bunch(2 ) bued on slightly 

different lllOdell. ln both cuee the c14 
increue ia related to the more favorable 

114 (n,p) c14 reaction• over that of c13 (11,y) c14. Ball, Barton and IUll1ganC3) 

coneider~ the radiological aapect ot c14 in reactor effi.uenta. 

14 All a result ot an obaened increate in C in 1C Al-ea drier condenaatea several 

eamplea troll reactor• were analyzed, and metboda tor raoval. ot cl~ were sought . 1'be 

decontallinat1on 1tud:1e1 1hoved mch lover c14 concentrationa 1D the conclerutate then 

anticipated. Reaulta are reported tor Mthoda ineatipted tor 4.econtat.natiag 

the•o condellaate vute• al.ong vitb a general de1cription of tbe vutea. 
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UICLASSIPIBD -3-

SlllMAPY 
-4. 

Pour metho@ for removing rf containing specie• from condenaate aol.u"'1ona nre 

investigated.. 'J.'heoe llllrthocla gave the tollov1ng rnu.lta: 

1. Acid D11tillation 

Diatillation ot volatile apeciea from acid. solution removed 20 to 80 per

cent :,t the ti activity ( exclu.d.ing tr1 t1ua) tor the aeries or sample1 anal.fr.ad.. 

Addition of potaaeium pel'llalllan&te, fllllllODiWll peraultate or potuliua per\o4ate 

to the distilling system appeared to bave little ottect. Barium nitrate acld.ition 

to the reaiduea trom the acid dietillation recluced the activity to leae tban 10 

35 percent of the original activity which auggtJt• removal of S u precipitated 

aultate. 

2. Precipitate with Bariua and Calcium Salta 

Precip1 tat1on v1. th calcium n1 trate in alkAl.1.ne solution removed 27 to 91 

.: ?11:t 
.. if~f 

percent ot the total beta activity. 'l'bia step followed by barium nitrate ad- , 

d1 t1.;m increased removal to gree.ter than 70 percent in moat caeea and greater 

than 90 percent in many- cuea. Precipitation v1 th barium. n1. trate al.one gave 

eaaentially the same effect u tbe coupled calci'ua nitrate-bariwa nitrate a4-

dition. 

3. Ion •ew• 
~u1lib1'1ua data for a •trong baae anion exchanp Y-•in (IRA i.10) &av• It'• 

ot 9 to 1~ tor E reactor cond.enaatee and 10~ tor an P area condeneate. 

4.. Mineral Bed a.action 

'1'he reaction: CeSO~(a) 

1'r'0II 3 to 13 for JC aru vutH. 
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Total beta acthi ty of 'l area wutee (excludins tritium) baeed on c14 
countiq 

efflcieacy, raagec1 troll O.l to U ',11!/ml., Sul.tur-:15 contributed 20-80 }lffClllt ot 

tu 1D1 Ual act1 Yi t;y vbile &A compoaecl the r--.1.nder . Tri til.Ull concentrationa 

are reported to be a tactor ot about lO b.18}:Ler then the total other veek beta ..S. t

ten preaent ( 4) • 

Countty !ecbnig.ue 

All aamplea vere counted in 1-inc'b disbea ir. a gos f'lov counter. 1',enty-f'ive 

to 250 m1crol1 ter al.1quota Yel'e plated on Mahe• to vbich tvo 4ropa ot eaturate4 
14 

buium. ~de were added, Counting ett1c1ency baaed on C atandarda plated 

u the carbonate vu ii. percent. Prec1a1on of anal¥t1cal reauJ.ta vea ua~ vitb

in ~ 20 percent, vher4taa the accuracy 1• considered to be ± 50 percent. 

Acid D1et1Uat1on 

Initial experiment• were carried out in a reaction flask connected to a train 

of cauet1c acrubbera. 'l'be aolution va• apar1ed. w1 th air paaaed tbrou,h an Aacari te 

b~, and the baae1 ancl dhtillate evolTed on boiling were collected. 1n tbe 1crubbing 

train. Bmaplu and reaid.\W van analyud. In tu•• exper1aenta the 1um of the be-1;& 

actlrlt)' towicl 1n the •crubben an4 re1i4ue ecree4 "1th the total beta acUT1t7 

pl'uent in th• original •aple. hb1equnt uper111ianta t111plo19cl acid l4AU. tion to• 

COYend bNker• encl~•• ver-e obtaina4 tor re11clue1 onq. 

111:ceH concentrat1one ot calciua and bar1Ull 10lution1 vere a4ud to 1aple1 
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l~ 
•811Ples vu 1urt1cient to etteet good precipitation ot Ctr. vh1le 1\lltate carrier 

5 35 ~ 
vu iieectecl to obtain aoocJ. raaral ot s3 u ldO~. 

Ion •sene an4 llineral led 11cperimpt1 :; 

A 1tronc bue anion exchange reain (DtA-410) vu uae4 in tu1e expen,11Ut1 . 

'ale aolutions and reain nre equ1llbratecl 72 bour• prior to ~1• ot tM tolU• 

tiona. Distribution coefflcienta reported expNH IJ'OH beta clecontaatnatton vitll 

no attempt to isolate the bol4up ot particular a35 or ,:A apeciH. 

lfbe Jd.neral bed reaction: 
14 

CalO + ~ • 
. ! 

~(,) l(aq) ;' , 

vu investigated 1111ng 35-60 •ah m•ua pU'Uclt1. Kixtv•• ot 5 • IJPIUII •Ultlel 

and 12 .5 al ot condenaate waate vere acltatacl tor 72 llou.r• prior to uai,1e1. 

Acid D1st1llat1on an4 Precialtation 

'1'he metbou 1a.v .. t.1gatecl tor r~al ot c1A fl'Oa d:rier condc.naatea were aelee-

ted tor their a1apl1c1ty ancl on the baa11 ot a llaittcl movlectco ot tM cbeldcal 

cOllpO• ition ot the1e vutea. It vu orici~ .. suaecl tllat -ll of t.M ff'-,. vu 

u •ociatecl with cvbonat• ion, an4 clueical acl4 dJstUlation ancl prealpita\lOQ anll• 

octa ot carbonat.a reaoval were atu41e4, llben 1naf111flne naoval vu oltt.&111-4 llr U..1• 

Mthou, eultate carrier an4 bariua aolu.tiona vere ad4M to ettecrt. naoftl ot eJ5 •· 
• 

11tinc u •ultate. 1'tw IOUl'H ot tlae ~t1Yltr raa1n1111 after botll adcl d.htillaUoa 

and precipitation (2-30 pvcent) vu not ci.term.utl except tMt it Val 4ue pri..-lq 

to nu beta eaittan baY1a, au.1- eaerp• of < 0.2 Nlf. IS.ace iran an~ 01•· 
n14e were found in tbe v .. t .. , 1 t 1a po•11blit that 1tui. c1a1114e OGlll>la•• an 

, .•.• . - 'I' . 
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present vb1ch could ac:owit. for a portion or all of the rell&tninc ff4 activity. 

Other carbOn and 8Ul.f'ur compounds 11111 be pruant, but tw voul.4 be GQeo.ted to 
'Vi'/};fi ·:, 

persist 1n bo1lln8 2 - 4 ! D0
3 

tollovecl by precipitation vi th bU"ia ioa 1n .:ur.- · 
llne aolution. .Another obaenation that cont.r1butea to the exi•tence ot qwde · 

eomplexea is the tormatiom ot a pinkish precipitate on addition ot BCl to tM 

waat.ea. Tbia prec1p11.ate co,u.d be due 1.o copper.iron cyanide ccaplu.ea v'hich 

are quite insolubl<' ln bydro<!blorlc acid solution•. Data tCTt the Geconta.inat.1.on. 

experiments are listed in Table I. The per:ent ot the act~ .ity NIIIOVed. 4uriq 

~.: '. ~~ . ; 
·,. 

n,~ ld distillation trom nitric add vould sec to be limited to wlatile cvbOn ooa

pounda, those oxidizing to carbon dioxide and f'rom cyanicle1. The 41ttennae 1n :re

moval by acid distillation and acid diat1llat1on plWI . bariua 1ultate :preoipitaUOII 

flhould tb"n give a measure ot the s35 concentration. Bued on tbi• criterie., & 

approximation of c14 to s35 ratioa can be obtained. '1'be percent aativitt raain• 

1ng in solution atter precipitation with barium g1vea a atuure of the e.ct1vit7 

in f'orma other than carbonate or eul.f'ate and 111110W1ta to 2 to 60 perc•nt ot tbe 

total. Part ot this larser variation is due to anaJ¥tical tnaccuracies; hovwer, 

trenu are utabliahed. 'DJs apparent 41tterenca 1n the ability to deoonta1nat4> 

apd and current eolutiona 1a bued on s35 decq. Jlr'oa the•• re•ult• one vwl4 

predi.ct, tbat lqJpl"Qld.11&te~ 50 -percent ot tbl ~ ecti'Yity vu 1n the tara of eu\o

nate or1s1n~. The remainder ot tbe act1v1t7 1n ••• HNI al1' 11111.n be clue 11a 

part to stable C)'anida CUll'l.Ge8, 

Ion •ch!:PI! !g>erimenta 

Data tor the ion exchance and m.neral. bed reactiou are :-re•citec11n Tule D. 

'1'he high salt concentrations ot the K area vute• (ab<Nt 1•3 !) voul.4 rect\d,re 

• •" • If J. ' 
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UBL1I I " 

JWmPl'AMIUl'I'llt BY ACID DtS'l'ILLATIOJI .ARD PBB::IPITATIOlf 

Percent Beta* Act1v1~ Beaoved 
Acid Distillation Prec1i1tation Prec1}itatiou =~•Qripn Acid Dlatillation + Precir tation w/Ba 1103)

2 v/Ca 11>3)2 
and.Date ~ v/Ba 11>3)2 

D - 8/_31/.61. 50-65 58-66 63 58 
D - 9/ 3/.61 52-67 70-76 6o 67 
D -10/.~Z6l. ~-66 67-70 48 50 
- - 'i/Jli/62 86-9() 97-99 99 86-88 
D - 9/~/62 66-78 88-92 89 69-76 
D -'lli/_a/62 J..6..30 S4.-98 90 21-55 I 

D -10/_25/62 98 82 ~ 
I 

a -ll/12/_62 37-50 88-96 80-82 72 
D -ll/"YJ/62 56-60 90-?3 88-90 5l-53 
• -U/_"Si/_62 43-49 90-98 93-97 4.1 

u-U/_Y>/.62 42-47 86-90 65-72 64 
D -12/ 'j/62 18-Bo 90-93 82-84 91 

--
ttlllcluclell trl. U uar 

., 

' I 
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rather large quantitiu ot resin tor adequate treatlDf!nt, The la value• obta:lned. are 

conai• tent w:l tb tb11 since one 11 attem;,ting c14 decontam1nation by removal of up to 

1.(! carbonate. In the decontaminl'\tion ot the P Area condenaate one 11 concerned with 

aalta concentrations on the order ot 0,01! and a correepondincJ.y higher Kcs, value 11 

obtained. A column experiment vi th this • Area vaate reached 30 percent breaktllroup 

arter 1000 colimn volUMB at which point the condensate sample waa axhaueted. 'Dle 

50 -"ercent breakthrough is estimated to be at about 1300 colUJDn volume, . 

TABLBII 

IOI P'ltl9! MP MIIIRAL HP DICDIUIIUl'IOB VAWIB 

Condition, - Ree1n end Solution• Shaken f'or 72 Roura at llooll Temperature 
• 

Sanq;,le Origin 
and date 

D - 9/28/62 
D - 9/28/62 
D - 9/2Pi/62 
JCI - 9/ 28/ 62 
JlV - 9/18/62 
r.v - 9/18/62 
D - 10/24/62 
D ·· 10/2'4/62 
lV - 10/25/62 
lOl - 10/25/62 
~ - li/.30/62 
I - ll./30/ 62 
D - 9/1a/62 
1W - 9/1B/62 
D - 9/28/62 
D - 9/2Pi/62 
D - 10/24/62 
I" - 10/2'+/62 

Voluae Wute 
ml 

10 
10 
20 
.20 
20 
20 
20 
20 
20 
20 

100 
100 
12.5 
12.5 
12,5 
12,5 
12.5 
12,5 

3.79 m 4io 
2.96 
4.82 
4.89 
4.62 
5,12 
4.25 
5.00 
4.45 
5.24. 
0.77 
0.77 
4.91 Oypeum 

4.6T I 5.08 
4.45 
5.48 
5.12 

1'otal beta 

Id, • -~•--· ..... r~•-!?i•-1n~
'1'ctal beta 
ml ablution 

13.0 
8.8 

10,0 
13.3 

2,7 
~.6 

11,l 
10.8 
6.2 
5,2 _h 

2 x l~ 
2 .x l~ 
3.4 
3,l 

10.0 
12,0 
10,3 
13.6 

: 
j 
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PhJ!Jcal end Chplcal peacriptiona ot P£1!E Condenaatu 

Determine.Uon. ot chemical 1pecie• preaent in the conclenaate vu not in• 

eluded in the scope ot tb1e work u th1 • upect of the problem 18 beina 1nnat1-

gated. b1 Barton(4). Jtovever, a general deacripti® ot the aoluUona 1• pven in 

'?able III. All lt-._.t Area aamplea were dark blue 1n color and •tronal1 flWIC'l\rtac• 

al, the blue color being attributed to tetralline copper (II) ion. 1-Veat ArM 

aamplea vere dark blue to colorla11 and ale J atrongl¥ 8111110n1ac&l. Salutiona 

frOUl D aacl P Areu vere colorle•a v1 tb a brovni•h, hydrated ferric OXicle•appear

ing aediment prHe.1t in the J Area lulple. 

Valuea .~or total. beta activity, aaluding t.1'1t1ua, ve al.ao pven in 

Table III. 'Dle1e data indicate approximately a ten to a hunctrecltold. hipv 

c14 concentration 1n the K Area ceindensatH compared to thoae ot D and 7 Areu. 

Hovever, in.comparing total cl4 output (taking 1nto .,acoun1. ditferencea 1n vol• 

wnes of condenaate produced ln the two cues) the cl1tterence i • dimlni•hed, 

OOICWSIOB 

Ce.rbon-14 decontaaina.tion taatora of a.bout 2 to 10 oan be obtaillecl 'by 

the method.a in.,e• tigated. lurthv decont-.1.nation appear• to require a 

multiatep proae11 whiah could. beet be •tabllahed after 4et•Nln1nc the c14 
containing •pecie• preeent in tbeae vutH u well u tbe1r relat1-.. conoen

t:ration•. In "liev ot the low ,;J+ concentration• ob1ene4 u wll u the low 

L ~ _-_ __ .,. • I 
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I 
TABL&llI 

Bampl.e Origin Total e* latimated cJ-4 s35 
11101!:?uter and Date 'tJ.C/ml . µ.c/ml µ.c/ml. pH Remark.a 

D - 8/31/61 0.2 0.2 --- Caruonate, cyanide, 
Kl - 9/ 3/61 0.3 0.3 --- T T 

copper and iron prea-
Kl - 10/2';/61 0.2 0.2 --- ent in all. X Area 

condensntes. 

D - 9/28/62 2 l T 9.1 o.~ co3 o.o~ cu· 
D - l0/24./62 6 l to 0.5 
D .. ll/la/62 ll 4 10.4 to I 

D - U/30/62 l o.6 C.l 2 b 

1 ' to 
1tV - 9/'JJ',/62 0.1 o.06 7 l D - 10/25/62 o.6 0,3 .l DI - 12/ 3/ 62 o.6 0.5 

• 
D - U/30/62 0.03 0.02 0.01 5.0 0.02 O.OlM 003 
P .. ll/30/62. 0.02 0.01 O.Ol 7.6 

14 
"'1'otal I) based on C cowiting etfic1enciea - tritium excluded, 

• 

1; ' ~ ~ VI 
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tc t.al c14 output estimated for the drier condenaate etreSIDII, attempts to obtain 

h18)ler decont.mination tactora do not. appear Juatitied at the pre•ent t11118. 

Bart n'a vork on characterization ot the c14 a.t,ecies present in theae wutea<4) 

md BO'llle turther an-3.yaee ot these vutea to obtain a good croaa section ot elate. 

on p;roaa c?-4 releaa'l factors~ encourage a tev additional apecitic type de

contamination exierimenta at a later date. 
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