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Abstract

Chemical management of annulus gas system is carried out for the purpose of ensuring the
safety and reliability of the system via securing the integrity of the system, detecting the DO
in-leakage of coolant and/or moderator, and reducing the radiation dose. Since the quality of
CO, gas, which is used as a filling gas for annulus gas system at CANDU plants, has a
propound effect on the integrity of the system material and the radiation dose, CO, gas of
high quality is needed. If the quality of CO, gas does not meet the specification, it may give
rise to undesirable effect not only on the annulus gas system, but also on the environment
due to the production of radioactive nuclei. Therefore, it is very important to check the
impurities of CO. gas. Based on this background, the inventories of C-14 and Ar-41 in CO;
gas that is supplied as annulus gas were estimated using the data on concentrations of the
impurities of CO, such as C, N2 and Ar. The results of this study is expect to give useful
information on optimization of CO; impurities maintenance and management of gaseous
radioactive wastes produced at CANDU plants.
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F2 BYIIA AFLS AT FAYAE A3 COZ AYA Ao o ATLS FARAE ¥
o 7] Wi FTEFIHE COQ #T7l @S AS CO, 24 831 Y= BL£E9 CH
(Hydrocarbon)# e 9] EZ3} Ar @ Now 47 WALsts o] BF7|A AT ¥ YARIFES
Foled 793t @35ie GHnd a1z &4 BASE 39 289 399 A= =
< FIHAREE FHE = Jdoy oI frEo] AT oF HAHE 3§, Pig-Tailo] =3
Al Fane] IALFE W ¢ dernz oy 7teA "W o= 4 Ag, $37H
AT AHEEHE FT4E 474 AHE3le CO9 FA4S AOFA 73T AT gEN F52
YA AF FIFHE COY ¢= ST E¢E AEY 248 AN AFSUHAA 442
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2. COz Al &4

21 Nz BHzA

H7tg 8 A EE AEe 4w CO8t AEE COE AHEsen, £ 352 F2 Ar,
Nz, CO ® THC(C~Co) & 43T 43 &3 & 2311 T, FvissE RH 656 % o]} A
AAEAT A48 BRe2s dA odsgere EEE AlFEAH(T-02-019-2000, KRISS)9}
Gas-MSoj 2J3 &3 & &7k 4 A1@dA (T-02-030-2000, KRISS)E w3kt

22. Alg 249

2.21. GC-DID4| 9% H, OrtAr, Np, CO9J £4

GC-DIDY] EAz7de Ea & molecular sieve 5 A(packed, 1/8" x 6 ft, sus tube, 80/100
mesh, RESTEK), oven temp. 85 T, sample loop 0.5 mL, sample flow rate 60 mL/minZ 3}¢
o 99 FYE CO, MBS TLE CO, AR EPE B¢E YREY F=E 438 Rol7t
Agoz Aze] ARENA AR AR B4E FE9 HEY SE £39 F FFY 27}
28 ASHAT U¥F FPE AR 46 ASH EF7IA(H, O Ny CHy, CO/He)S 4 4%
9] ¥E¥E 935, 1144, 1005, 1074 ¥ 110.9 pmol/mololH, IEE AJ89 E4d AM43 FF7}
29 zZ+ AR Fxi= ZHZ; 105, 11,5, 9.6, 11.3, 12.5umol/molo] t}.

22.2. Gas-MSol| 9§ Are] £4
ANEgFe ArBEEL GC AL SH3AE 29 Ard] Bl E Azlo] 2o}l 5YPHo=
Arg EA3E A& O3] oH Az F Are B4E 8 FEUsks AFEY7)(Gas-MS,
Astga: T Are] oiE FFENS HAFAT

r.l

2.2.3. CH43} Total Hydro Carbons(THC)9] #4

GC-FID¥ hydrocarbons®oll W3t X #=7} g&ko] 0 wlgsts Ao lom Aexgo
2 83y Qi xR Mg deY AR En BEE F CH.E TS THCE AXN/AF
7] 915t AFE3 EE)@e activated alumina(l/8" x 6 ft sus tube, 80/100 mesh)E sample
loop ImL % sample flow rate 100mL/min®] ZZANM dx}Ho 3 WEE ATto] #HL wee]
Y &= & 30T=E 3te £A3n ot 97§ Azto] U a2 F EEESEL IY 2x8
100C & 3o A3t Al F vley} THCE AFEA37]) 43l CHy, CHs CHy CiHs,
CsHs, CGH, 2 G AE8E 713 REZF2E ARG AlE 5 Weg X3 THCG ~ G
& A 2Nt FAA CHy, GHs, GHyol HFEHAT 2EE CO, Al8FY ves FF3}
7] $15t) 1.8137 umol/mol CHs/Air E&712E AE343, THC 4L ¢35t9 23178 1
mol/mol CHs/No ZEZIAE AHEEYTH T3 It THE COA Y 4 AHEE de &
Z7}2E= 101376 pmol/mol CHy/Njolw, THC Bl AlE®H JEFE/lAE 1005.08 umol/mol
CHy/N, ¥ 105.705 pmol/mol C;Hg/N, ©]t}.

3. CO; 247}

31. CO T4 B<E 4

o] a3 ErA YE/A 2 BESE ARREAME GCDID/FID, Gas-MSE A&t 344 A
5% 1¢E A 88 GCDIDE OtArg A% 27 v 47 1435 2 1.55 pmol/mol &
i, Gas-MSE Al43td Arg SHFor AHE3 Ay, A5 Ar BE= 409 pumol/mol o]
. I £ CO; Al89 A9 GC-DID &7 O+Are] ¥4 A o] Fxv} v]F £FL
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2 F712 Ars E43AE Fsith Abk e =gk 1026 pmol/molE JERST %3 FHE
Al59 Nyot CO9) v+ ZHz} 185, 648 umol/molo. 2 Ao, 1145 A8+ 242t 25
9} 0.1 pmol/mol2 ZHEH AT AAHo g EgEo] B2 FHEAEY A$ N CO, CHy, THC
EEY B2 HFES AAFn Jon, 15: AscliEEY ETE AEo AEIA ol
EE ATE FE2LE YENT

4. 33714 As e WAs Inventory 87t

WAbs inventory B7HE $18) CO, 71 Fo &H38t2 UE C-13, 0-17 2 Ar-409] &0 &
< AHE3td e C-13% 0-172 CO; 7IAZFAE dAEANZ FF=Ho Sl7] wio T34
AANEE AHESAL, Ar-402 CO: AA HANA trFe] ECEZ /2 5 A7 9E
Ar-409] EAHle A9H o2 AFAATPHEA At h

4.1. FY7ACOMN S B2 Bom, VCH gl g Mco 4P
A4z AZAMA 14 FHe FHAFSFNS 3] YD PAYAF ) inventory ALY
& e gk

Al = 0 00 N Mt coeeeceeeeeeeeeeeesssseee e essnssre s ssssnre s ssssssere s ennnes (1)

SR (10 S N Y SO )

Q71,46 AR S idA e MC A3 PAS (Bg-al)

¢i: W FAA4 (average neutron flux) (n - cm™ - 's'l)

oi: Z 4R YRS BAY HF9) FAAo) B FE DAY (@)

M: BAAE(EIQR)/ tyy 87, A7VA bz ¥Ce) w7E7), 5730 x 315576 x 107, s)
t: AF AR ZAFAZE (=CF x to, CF: annual reactor power capacity factor,

te FII= FH LA, F)

Wi: 3E49 77 (g

Mi: BREH9 BAF

ki: 99 BHEA 244 Fo BHAAY F

fi: XA FALA: EA

Ay: OlRIIEZ F (6023 - 107)

411. E3QA : BC

W1 =265-10"g (CO), ki =1, f; =111 %, My = 44 g - mol" (CO,),

o =165-10"n-an®-s?, 061 = 14 -107 e’

T = WI KL £l Au/ME  coeceennmsssesssasssssssss s msssssssssssssssssssssssssssssssssssessssessssssssssssseessssoses €)
m = 265-10" g x 1 x 0.0111 x 6.023 - 10® mol” + 44 g - mol® = 4.03 - 10*

A T 01 01 I M b et s et e s s a e {4)

Ar = 16510 n-cm? - s? x 14-107 cm? x 4.03 -10* x 3.833 - 102 s x 21459168 -10 s -a’
= 764 x 107 Bq-y'( 204 x 10° Ci/ Q)

42. 373 (COYMNY k2] YO, a)C* utgo o8 “Col YA
421. ¥3YA : YO
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W, =265-10" g (CO2), k2 =2, fp =0.037 % , My = 44 g - mol” (CO,)

¢ =165-10"n-cm? s’ , 0 = 2.35-10% em®

o = Wz kz fz Av/Mz .................................................................................................................. (5)
n = 2.65-10' g x 2 x 0.00037 x 6.023 - 10° mol” + 44 g-mol® = 2.68 - 107

Ao S 02 02 112 A2 £ e eeeeeee ettt e et e s s e e a s a s e a et s e aee et e et eeae s et e e aeearesseeemranas (6)

A = 165-10" n-em®-s! x 14-10%7 cm? x 268 -10° x 3833 -10" s x 21459168 - 10/ s -a™
=485-10° Bq-y'( 136 x 10° Ci/d )

43. FF71A ATH Ar419] inventory Bt

CO; 71AF T Ar409] F=32 CO; FA HAANN 3= 7] W&o FA YA b
F3 oz AT = UtkE ARSI Ar402] FEE 10, 20, 30, 40, 50 ppmo. 2 WA
A 7t ALdstE o

1 Fete] SAAFFE g3 S = AT dMED] A4 (A)L

O A = QOMMCE/100 coooooooooceeeesseeesse e ssseeereessssesmsssssssssssessessssssssssmeeessessrseeeos @)
AZNN ¢ : EFAHA Y2 (nem’sh)
FAAEFSTDHEE (em)

m . EHAAL AF
A BIHRF (=In2)/ty, ty2=W3ET])
AIZF (315576 x 107 s, 1)
CF : annual capacity factor (%)

431. FFENAFHRY EF LA (Ar40)9 = (m)
o#¥r|A Ft W) &9 : 5231 atm (ZHPA, (14+96)/2 kPa)
OBy FX = A7 AASE B ;10,670 L (=11m® x 0.97)
OFF A B Ul &% : 465 K (192 + 273)
0BHIA W ZE VAL ol AT Y A EAFE BE 7MY B5n)
146,380 mole (¢]471H 9] FeWF4E &, n = PV/RT)
O Are] 8ENAFW FX: 409 ppm (umol/mol, FLE9] 39
O Ar-40¢] EA4): 99.6 %
O Ar-40¢] 9705 (m)
146,380 mole x 409 x 0.996 x 6.023 x 10° atom.mol™/ 10° = 3.592 x 10* (7))

4.3.2. Ar-41 inventory AIXHE A3 A
O BF/NAFTINY FAA Y2 165 x 10" nemZs™
O Ar-41 AA w324 “Ar(nv)"Ar
O Ar-41 %71 (tye, s) : 6540 (109%) °
O Ar-419 2744 (In(2)/tye, t) : 1.05986 x 10™
ek, CF7} 100%=k 3 7FA st 2(7)o 99 #ES U3t
O A = ¢omAtCE/100
= @gomAt
=165 x 10" nem™@s™ x 6.10 x 10® em® x 3592 x 10* x  1.05986 x 10 s
3.15576 x 10" s = 1.21 x 10" Bg/yr (327 x 10’ Cv/)9 &€ 4¢ + Ut
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E 1 YA AT W A AFTE F AT

(C1 /)
w444
C-13 0-17 Ar-40
g F
C-14 2.04 x 107 1.36 x 10°
10 ppm 7.99 x 10°
20 ppm 1.60 x 10
Ar - 41 30 ppm 240 x 107
40 ppm 3.20 x 107
50 ppm 3.99 x 10
1.6E+18 r
1.4E+18
1.2E+18 I~
10 y = 3%10'%x
o 1E+18 -
<
0 BE+17 [
~
6E+17 —
i8]
4E+17 -
2E+17 —
0 1 1 1
0 10 20 30 40 50
B2y H 3 Ars T (ppm)
Y 1. 3971 AW Ar 5230 02 A s g
5.4 &

fAHEA2Y YA AT AHEHE CO BHE ASARAY FARA G PAAG At
g AFH7) WE nexdd FHo 2FEH. B AFAME FUCA AEFQA CO; Fo B
2ol &l de Al dr@ AT viAe IF HrtG BEEEY EXE AT WA
InventoryE B7bste] Egkrh ®#H7](57308)7F AR U7t Fob 87 HEA AFAA 9%
2 T T TAEER(C-1499 BYZL F AR EF ¥ AeR *"37}5131" Ard &=
A AR 10ppm °1F CO; 7k2F o E3H A& AF, 53 FFe) 8 dxol v &
A7) WEA B F 2F)AT AT FANF FHE Foled A 71046‘}5'_& Ar =32

X Ho m[o

5@ @ R fART G, TR ¥ AE AB COp N1AE AET FHE
s @ BEEol I YHEY TSR oldsus JAS ASsE Aol FA BALY
agsh AdAe] IF AR A & A& Aoz sgArh
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