FProceeding of the Korean Radioactive Waste Society
Vol. 2(1), June 2004

FFE2 A MC 2y B4 9@ oleudAFAd g7 UC B - Fg A% By

Analysis on the Generation Characteristics of "*C in PHWR and the

Adsorption and Desorption Behavior of “C onto Ion Exchange Resin
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2 EAste, FEA ATAME pHIt 5ol 2 F2 o] astea(MC0Oy), BAHHCOs)
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IRN 150 $79 ©428gE9 F 9% =4S AWEy] Y3, $4 pHAAH F2 EAs:
HCO; ©]2% IRN 150 $319} #t¢AA T3 ¥, NaNOs¢t NaPOs 2 HCl, NaOHS) &3
4d& MAsted HCOs ©l&9) 2% 7HeA e Lolrstth Na' o]d & Co™ol& ¢ Cs'ole
o gze Ao WwPHA ggen, NO; ol 2 PO/ o4 9§ HCO; o9 2&& A
5 A=A
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Abstract

The production of YC occurs in the Moderator(MOD), Primary Heat Transport System
(PHTS), Annulus Gas System(AGS) and Fuel in the CANDU reactor. Among the four
systems, The MOD system is the largest contributor to ''C production{approximately 94.8%).
“C is distributed of "CO; H;“COs, H“CO; and 'COs” species as a function of the pH of
water. Of these species, H2"*CO; and H“CO; form are predominant because the pH of MOD
system is > 5. In this paper, adsorption-desorption characteristics of bicarbonate ion (HCOs3)
by IRN 150 resin was investigated. HCOs; ion existed in neutral condition(app. pH 7)was
reacted with ion exchange resin (IRN-150) and saturated with it. Then NaNQ; and NazPO,
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solutions selected as extraction materials were used to make an investigation into feasibility of
HCOs™ extraction from resin saturated with HCOs". Desorption of Co®" and Cs' ion by Na' ion
was not occured, and desorption of HCOs ion by NOs and POs was occured slowly. Also,
the status of ion exchange which is used in Wolsong NPPs and gerneration of spent resin

yearly were surveyed.
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44 AELHLE FU FY9 7I4ESFE CANDU (CANadian Deuterium Uranium
Pressurized Heavy Water Reactor)®d 97o2X4, “C 59 4 Z3} wE o] F+22 PWR
(Pressurized Water Reactor)® BWR(Boiling Water Reactor)38 o] BH]3le HA & ] ojA 2}t
2 H3 gnHl] “Ce A wEde 9Tz BRI vuste fHoz I oF
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O)MC wgo o3 YHHER, BEA AFo] FARAEGA =& AE & 09 F& HuyHe
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1 9428 & "C 44 2 $&F (Ci/GWe - ynIT]

LAz A wes
BWR 26 15
PWR 37 15
PHWR (COz annulus gas) 960 37
HEFEFEY AR LALN R UCe AEA AT Ul BT EAsE FF

44 9

9 Y09 wArsh w0, a)“Clel o8 oF M% ol4te] EAHH, 14 A4E ATH #¥7
A AL, AAR &4 s 2F TAVTHE]L B 1049} Zo] AgFFRAM “Col AAAF
2R o g ANHE ol FE #A&A R ¥AA Fold At BFEAG YAAE F}
AAF2AN BFHOE, HFFFRAN FFD07F AEHEE F5 W "0 EAgFol
0.056%2 7Rt 0018% AE ¥7] @Eo FF24A ©f Be] A4dr. 18 1o CANDUS
Adx2zo)Aq “Co A4 R BFo A ZAEE dEA

g Fo EAge “Ce &A9 pHI W £F olAHEA(MCOp, FEA ©l&(HNCOs), @
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A o) 2(MC0s") 2 'AHILMCO:) 59 td FHE EASEE ©)F 2¥ 201 YED

Total Production
100%

! 1 ! 1
Annulus Gas Moderator PHTS Fuel
0.2% 94.8% 1.6% 3.4%
] ] ]
MOD Coolant
CO\{esro/G as Heavy Water Heavy Water
e 93.283% 1.6% Irradiated
+ 3 Fuel
Waterborne MOD Resin | | PHTS Resin Slorage
0.017% -
0.017%
0.2% 1.5%

Environmental
Emission
1.717%

Inventory
98.283%

19 1. CANDUY 92X “Ce 44 2 wa

Carbon Fraction

"o 2 4 6 8 10 12 14

29 2. €9 pHA W& g4 38F(CO;, HCO; , and CO:%) ¥ X
(H.CO3" = [CO2] + [H2COs])

Mg 2e FS ATEE 459 pHZF €8 ol& Wl E&Asls €49 eyt e =
g “Col AR tF JIdEst & AEA A% €3 pHE 5~6224 MC #Fe F2 ojats

g2MCOne BAHHCOs) S FER EA5tn, 284 o] 2HYC03)E 2%, a4t o) 2(MCoF&)
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2 EAEA gded. BEAE ¥ - o)L nEFAI £ £AE2E EHXEEA F£AY 24
710 H'el23 OH o222 A#H AsHx, #%A9 pHE FI714E "HE &4 £49S
F9sdA pH 7 olA7tx AFstER, & W ojastera(MC0)9 $AHHCOY &
Zasa FEA o] 2(HYC0:) 8L EolA Lol afFRd) o AAGE v &L Z713
. £% pH7 10~112 LAHE 13 454 AFdM “C 85L& Faak oM C0s)olu
A o] 2(MCOM)e HEE A5 o ASY BiAE FZ FFAT MY Lol S
Ao oa 100% AAHS FAg VA AZET 2g 1o YEbERel BARY HA MCe
15%%to] 71A2 d&Hw, ASS Z8E ojengsAd g “Ceol o 955%7F AA P HIL.

Y. A5A 28 L AGEAY

24 dANA HFEAE “C gEo *B/‘éﬂ% Z2EA 2 WA, AHEF dds A% AE B
olvel xH ¥zZh, AA HIE HYAT 5 F MY AFTAA wAAY. FE 25 44 I'E2A
AHE F AT ol2usA AR FFHS UEUAEd F2 AHEHR = A= Rohm &
Hass AlelAd AZE IRN-150 FRA 22X d5$ASGAESS ASFAAEAT 2 44T o2
28 AAF 1,000LE A3 G A5 2000 AAFES /MR Y

EF A4 137] ol AFdA S WA F& 1982 FF 2003d7hA] oF 239,486 Lo W,
ol 94 1379 AARH Ax AA 3749 #HEx AR @#32 F st WA g3 §3Q
200 w< e Folnl o] E 39 et 2 F YCH AR #Aol He AEAAZTWAA
WA HEx e %S 21,411 LEA WA @A) oF 894 %ol sFdTh

44 1% 37149 HEA AFdadz AFdsHo] g d4AY dAdFE ¥ 4 A, 94
127) #A42 AZHI #25 HA AFLFo] 200 Mo 20023 6¥9% HSFA AZHF 146
(725%)% E3Ho] @A Aol Brisste HEA AFHI #1& A8 Foll Ak

L)
rSL rlo
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2 94 1237 A% clengFA A8 A%

37 A & g7 TR F5F A A =
BEARRAE M/B__ |IRN-150(H-OH) 200 2
TRN-154(Li-Om)
&R
2R AE MB | o 10002
L 287 AAIGAE M/B__ |IRN-150(H-OH) 2007
= A Fads M/B  |IRN-150(H-OH) 1000 2
AR g YAAF
AN G AAAS M/B_ |IRN-150(H-OH) 200
qA= L BAS M/B__|IRN-154(Li-OH) 200 ¢
Filler |2 A/C) 200 ¢
M/B__ |IRN-150(H-OH) 200 2
; = A .]
BAAZTFAZAT M/B__|IRN-150(H-OH) 200 2
|8 A/B__|IRN-78(0H) 200 £
Filer |24 %(A/C) 200 £
M/B__ |[IRN-150(H-OH) 200 £
Vs o] 2= 22 40 A
AEAZFARAE A/B__ |IRN-78(0H) 200 ¢
M/B | [RN-150(H-OH) 200 ¢
- O,B- /5 |TRN-120n(ED)
1, 287 A A H 1 EX A F [M/B] MB-20(H-OH)] 200 ¢ J
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® 3. 94 137 Z AFAA 38 AFAY] F (D9 L)

_ AR (dx | BRR | AA | _ZZAAAS
x| eA | e | s | OOFAR8 ﬁi}% g3 A
1986 2,178 1,990 990 1,188 198 396 - - 1,584
1987 990 2,100 990 990 198 198 - - 1,386
1988 1,386 2,970 1,980 594 198 198 - - 1,584
1989 1,188 3,060 990 990 198 198 - 400 1,188
1990 1,782 3,239 1,990 396 198 198 - 500 1,972
1991 1,601 2,991 3,000 198 198 396 - 800 1,312
1992 396 1,535 2,000 0 198 0 - 800 3,715
1993 1,090 1,090 3,040 400 200 200 200 600 1,000
1994 1,200 3,040 1,000 200 0 200 2,200 | 1000 2,600
1995 1,000 1,050 1,000 400 200 1,784 | 2,800 | 200 1,400
1996 1,400 4,080 0 1,000 200 0 3,000 | 200 0
1997 800 1,000 200 2,000 400 200 2,105 | 800 1,400
1998 600 3,000 200 1,000 200 0 7,295 | 800 1,200
1999 1,000 2,000 1,000 200 200 200 (14,210 200 2,600
2000 1,200 1,000 2,000 1,000 200 200 113525 | 200 2,200
2001 1,600 2,000 200 2,000 200 200 7,350 | 1000 3,200
2002 1,000 2,000 - 2,000 200 - 1,615 | 1000 2,600
2003 1,000 1,000 200 - - 200 - 800 2,500
A 21,411(8.9%)|39,145(16%6)120,780(8.7%)| 14,556 | 3,386 | 4,768 | 54,300 | 9,300 | 33,441
3 239,486
H 4 94 12 53 A% 93 AFE A%
T B £2Fm’) | AZFm?) | AF&(%) H] 11
CED] 200 72.4 36.2 AHgE
13.7] e} 42 200 145 725 E34H
AA 400 2175 54.4
CED 200 156 7.8 g%
23%7] e =42 200 30.8 154
2A 400 46.4 116

9. 43 As 2 3

dYH A=

44 AN AHEHL e oJ2nFFAE FE FUHLE dF YVHAE /7] ojundgs
AZA 443 Fol2 A#|FAZ Amberlite IRN 778, 297148 S A#¥FAZ IRN 78S A}
4383, dEE G508 ASHVEYGE & 5ol nFFAI} EFE THE AHSEY A=
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€4 1, 23719 &4 £ 34A AMAAFT 5 98 AFAME IRN 77 $£X1¢ 78 X7 FF
Hl 11 12 &5 € IRN 150 X8 Abg3ta go8[10], & 50 © $x9 27 - 583
E4¢ YA

Aol AH8E A€ IRN 150 224 ¢4 283 Adsted 428 #8d T Agsigo.
AHER AFE BE 2AE SFA%Ger UC 9F S mAY] 98 NaHCOsE Atgstlon =
o] F2oz CsCl, CoClz - 6H207% 22 &4 02 NaNOs 2 NasPOs& A&t th

gy

IRN 150 x¢ &4 FF He& A7 93 d2dA 32 05 1, 2, 5 10g3 0.005N
NaHCO; € 100mE 24A7tE<t &4 wg Ade F3sach =3 &3 godo) o3
HCO; °l29 8% 7s4& H7istr] 93, 5Y 2% FX9 NaNO; NagPOs €9 2 HC],
NaOH €& 2% fd4o=2 HA3Hrt. £do std ol Lol HNegre: 7zt g
I ZoH11].

Na'<NH; <K'<Mg® <Cu®*'<Co*'<Ca*
HCO3 <F <NO3 <SO,* <POs"

94 0.005N NaHCOs;+CsCl®l &% £9& A=z IRN 150 7 3go] 4" ZA 5m
/miné] F£202 C/Co #°l 1& 234 w7tx] FY3A ot CsCl+NaHCO:2 E3A[Z1 IRN 150
TR FY =E2Y FL9 &3 $H(NaNOs NasPO, €9 2 HCl, NaOH £9)8 FY3to A
o W& Zb o] FEE EZAINAT. I¥ 49 FHAHHCO; )09 F - g3 Ag AXE
el Q. ClI, NOs, PO £9 2o]&& MetrohmAte] IC(Ion Chromatography)&, Na' o] &
2 Co¥, Cs' H9 Fo)&L& Thermorte ICP-MS (Inductively Coupled Plazma-Mass
Spectrometer) & A&3te] B3ttt €9 U HCO; °©]2¢ ¥ X+ Shimadzuile] TOC(Total
Organic Carbon) Analyzerg AM83td €4 U &4 =& S F At

¥ 5. Amberlite IRN 77 & IRN 78 o] 22 @ 4 54

IRN 77 IRN 78
Ionic form H OH-
Degree of Cross-linking 6% DVB=*
True density(wet) 1.1 g/cw
Void fraction 327 %
Particle size 04~1.2 mm 04~12 mm
Effective size 05 mm 0.55 mm
Uniformity coefficient 1.8 1.35
Moisture content 55% 50%
pH range 0~14 0~14
Maximum operating temp. 120 C 60 C
Total exchange capacity 1.75 meg/ml 1.1 meq/ml
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0.005N NaHCOs+CsCl €3 =ojs o Az '

+

IRN 150 %] 3go] Sdd Zd 47/} F4] '

ad
£ 409 Y 5mt/ming] F&o2 EF ZogAdE 44 F9

4
C/Co #hol 18 2343 W7tx] & Fsto LTz
.l

0.005N9] 4FF< €3 &9 AZ(NaNOs;, NasPO4 HCl, NaOH) '

3

x3 X7 34 ZH 409 27 §48 474 F4 '

4
Nz Rl we AR 4D F FE 24

a9 4. TEHAd ol FX 2 94 49 AR
3.3 2 113

a% 5(@)°l IRN 150 31 AF ¥t dd @& AALE, 219 5l 4 &9 2F2
ga FFFSE JeEdth 82 AAEL £A7 1g8 W 93%, 2g °13d BS oF 100% #%e
BAXN 3 @9 g2 Ad 92 FAFL 57mg/go 2 Yehgth “Ce ¢ 929 Yerg &
Au7E 10 = @A £33 1gol FFE 57mge] @4 “Colgtn /HAsn WA S AN
W, 003 Ci(Z3 44 A 38 x 107%5)24, & IRN 150 A 1g 7 003Cie] “C& & AAE
4 sieh.

100 ./ ./'
5t
_~ 3
A 2.
s of s
: Z
5 J g 2r
T 4} <
1} \_\
= .
° 1 i A 1 0 1 1 1 I 1
[1] 2 4 -] 8 10 1] 2 4 ] 8 10
IRN 150 % XI &(g) IRN 150 %= XI&(g)

(a) (b)
a9 5. FA 49 AFF @2 AAEGQ@) € FA 99 AFG @2 FAFD)
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29 6] HCOy o)2 NOs(1), POAID °1 € F2 o3t T4& Yehhich 29 6o oat
HCOs ©] 2 IRN 150 #Xo] FH A Zatnm 27158 4350 408 olFd C/Co ol 1S =
FAE 2AEE 4L BRG o)k £A49 DA F28 HOOy o)LL NO; o] &3 PO, o] o]

oz FASEA, £439 HCOs ol &3 R A 239 HCOs o] &o] Hajx o] §25
A7) HEoz dgdrh PO;s o] A9 HCO; ol % NO; o] &3 &% site® AAst] 2]
€ Wz FEHvrt Al 5859 wel $xd F2E HCOs o] ¥ NO; o] 2L @371
TAWA FHdte Aoz et a8z MYsE FA3 o] HCOs(1)<KNOs(1) <PO4(I)
T2 YEtY 228 9E NaNO; % NasPOs S0z HAste YL syt

o] @A 0.005N NaHCOs+CsCl &40 2 ¥&d IRN 150 Ao, 59U k2w sl gz g
TAste 7 o]2E9 2F AFE HrEAT 28 7= 2F 4L NaNOE Al439S
Zt o]2E9 €& AFE Yl 29 7 (@9 93d g3 gdog A 8H Na o]29
£4A FY Cs #9 site FAAM dal 22AE Na oj&0] d3A C/Co #t°) 12 2A4F T,

o] 29 Z$E Na o]2rt HeErt £7] W&o €3go] 2R e Aoz veygn,

El
A

08 -

cic,

06 |-
04

02|

0.0 Le?

. . )
60 80 100 120 140 160
Time{min)

23 6. HCO;3, NO;3, PO ol €9 A FF(ug Fol2 : Na)

201

1 1 1 1 L I 1 == I A 1 1
0 20 40 €0 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time(min) Time(min)

(a) (b)
Y 7. NaNO; &9 2|8 24 B (Na-Cs) ¥ol2 €3 9 248 &o|2(HCO; Cl) €3
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29 8 (b)ol NaHCO3:+CsCl2 ¥ 88 4o NaNO;& FU& e w g3s& HCOs-Cl ol &
T FAHE NOz o] 25 7 vehdideh. FY95E NOsdl 93] Cl # HCOs ©] 29 8% whgo]
LG Ed, HCO3 0l =3 £52 8o JIPHAY. 3o FFA=HE NOs °]22 100%
AN §H4Fo2 FEHOI Azte] BF @ CI-HCO; ol &8 EAA7AA T2 F2
He Aoz yEgth o] AL NaPOS B3 §9202 AE3dly 7 o]2& 23 Afgs
FYHY 2Y 22 NaNO; ¥ NaPOs £4S &3 gd02 288 4 S Co, Cs 59 Yol ¥
Fo] "ol gdez YCi A FEEE $S BA 9€ Aoz BoEHo| HCO; o9 2%
g AP Aoz AZdd aey FP HCOz olLRt Ao Adu 7|¢d Cl ol&
o g3to] o A Ueby] WEe oo Wg B A ¥ A wte] e FHT
g 89 7RI HCIE g3 £do2 AL S o Z o]29 &2 AFS Ygudch

CiCo

Time(min)

(a) 23 ¥o)l&(Na-Cs) &% ¥ pH w3} (b) 28 & &°]2(HCO3-C) &%

Fig. 8. HCIo} 9% 2z} o]-& &3

a9 8 (@ 23t Na H Cs o] & 4to] FRlgd wat g&3&o] A Fristd, 23 &9
£ NaNOst NasPO,Z Al43S A99E Td24 Cs o]20] Na o237 H %3 €388 veh
Aok 28 ER ZAS 293 &Yooz AR HSFAZRE EiEHo 4 Y2 FFE CsH
Co 8§F T& ©z Azt F71 34¢] B8 o2 g 4ol FYHEd we pHE =
7V TAA 3 ol3t2 FAFFAET o GA EAL AT F2 59 EA RE F A9 FIF A
g 40| "asdtth HCOsz o129 A% €94 FEde 57 Z2dgd e Cl o2 HC F
¢ wid %7 Z713ch. NaOHE g&doz Ag3le] HCO; o] &4 Ed AFE 2o 9
g €3 Axe vt E YEgEd, Cs o] Na o9 €383 ul£3 e ngov
pHE %7] 8dA 12 AEE F718 ) Cs o290y Na ©]22 pH 1271A] A ol 2 &4
3t7] W& pH7t F7Hgel & F45E U2 AdL 28R Fotx Huy Co ol 2o &
Agttd nFEME pH 6 oM E JAH7] i NaOHE 23 §Ao=2 A&3te RS
Axg oyt glvh. £ 2% L9 HCIZ AE33S A $9 sz &4 Wz §&9
HCOs; ©o]2 2 Co, Cs o|22 F7} ¥Hol 27HY, 7|25 && §H4& A3 AFA=Z
RE YC HFS FEe A% AL A4 WHIE 2AFol A8 FE Aoz o] o
ol olo] digk A FA] e}

=
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4.4 &

ofob

IRN 150 <Al i 431329 - 23 EAE AHRT] Y5 YA AA AssE
H/OH &%3¥ ol2x &gl IRN 150 xlo] 3] HCOs ©1&9 &3 AT S dolw gt
g HCO; ol&°] F&Ho & HFANERE HCO; ol &&A1717] 93 NaNOs @ NasPO,
o g&goAg Fste F- ol 23 SN HESY e e HEEL ATk

1) Na' o] 2d] 2]8 Co®™ L Cs' o] 29 &ze w3z gt}

2) HCO; o] Ht} Mgyt & o] NO; 2 PO/ 0]&S A14384e o HCOs o229 &

Ze & dojteoy CI o] 9A] &xg ).

A 44 9312 IRN 7802 e Foj2 n@FAd o8 o]23d d23dPEL AAST Ue
b 29 4= YERe]l HCO: °]22 FX o MeXAo] vy fFo & Lo]o] &A%

ol 2uFFAZ AA e Aoz A4 22 dFgoz o2y ) 35
= 84 FES AAY A, NasPOsoll 93 Edyio] H3 g Aoz Addn a2y g
ZgBGE AR HFAZRE FE 0] 8 AAT A9, A HIE SAZo) FFY Ao
2 qAFHER AFe HZo] 98 Ao dddd,

A A

e 2
2 d7e AdAYRAAN FBe AYAAA TN ARG dgtoz FPHUSYTH
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