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Measurement of Tritium Activity in the Aluminum Pipe of JRR-2 Heavy Water Primary
Cooling System Using Imaging Plate

Shoji MOTOISHI, Katsutoshi KOBAYASHI and Hideya SAEKI*

Department of Research Reactor
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 20, 2000)

JRR-2 is the heavy water cooling type nuclear reactor, which has been operated for
36 years (1960-1976) and in the process of decommissioning at present. For this reason,
evaluation of tritium quantity permeated into the pipe and apparatus of the primary
coolant heavy water circulating system is important.

In the Radioisotope Production Division, activity of tritium in aluminum pipe was
measured with imaging plate (IP), liquid scintillation analyzer and high purity
germanium detector (HPGe).

After acrylic paints was applied for the region except for tritium contamination on
the surface of aluminum pipe, only the oxidized contaminated part was dissolved by
1.5%(1.21M) HF for 3 minutes, and measured with IP. As a result, the tritium was
found to permeate in the depth of 25/ m. Moreover, 90% of it was found to be
distributed within 7 2 m.

Keywords : JRR-2, Primary Heavy Water Coolant, Tritium, Aluminum Pipe, Aluminum
Oxidized, Imaging Plate, Hydrofluoric Acid, Acrylic Paints, Penetrative
Depth, PSL Conversion Coefficient

* Radiation Application Development Association
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1. Fim

JRR-2 i3, 1960 4F 10 B IZ#IEE R 1996 £ 12 BicBlE$5F T, 36 FHORMICEIRI
DHEFE, BF - R RETREBR R CERBE 2 SIEAC A SN TECEKRGHBEFFETH 5,
BfER, BHEORLEEEN EODONTEY ., —RBHHAEKXK CTIRE : 4.3X10"Bq/ cm?,
1997 £ 5 A) D OERRKTHo-EERPHBEH (A7 VA 134 by, TIVIZT A
2RV IfE - BELTVA M) FYLABRYIERICHHETAZLPNERELE 2o TV A,

B M7z o T, PYFVLAREBEZALVE - RHEBMHEETHL I L. HIRVWAESL TRV
2SR REREREOFMAE L, X512, N FILORBERSERDLETT VIS
v LARENEICBLEEFER L, CAPBEEETHLII L0, BFRICH L TH—IZERL T
WABHE D) DOFEHEAEE L V&) REND o 12,

BELR, ARXA-—Y T L= UTFTIP] LEd) 2EHALT, BEHMELLZT v M D
Frepoy 2P % %Ca DB L BT, B TH 2 G OB & BRI L7 25,
[ PiEASHRIEREE (@R, WERENL ERESH S Z LM T, WX ) T % 2
RTEEGEE LTRETEAHMIIELI L, T4bb, [PHIIBEY Y FL—Yarhv s
— (LLF TLSC) &8%) #8tH+TAZ &2k, JRR2 THASAZT VI ZTABRERDT
27y VARERO M) F T LAD, BEHANOBSBIAFBONLOTIEI 2V v) Rl
Lod Lz, HaenEBRPRAA, T/, BECE M) F Y7 205N EFFOREFRITIZL -
THBET S 0Co % X OMSHEECHKISRERD 2 EORADEZL LN, BHES V=T 4
B2 (T [HPGel E32%) &5y BEELFEBIITY, M) F740 1 PHEMEIZS X
B oOWTHEEL 7,

FETIX, H2EIIBVWTI PR HPGe # VAT Y LARUT IV I =7 AEE DRSS
BIRAERRICOVTRRS, FIETIE, TLI oy 2REOBILEREOKELST M) 7 4
B (UM% [NaOH #B#] L57) CX28ME I PRU HPGe & AVZRIERKRIZOW TR
Rb, H4ETIE, NaOH #HICfb Y 7 v bk EEBER (U [HF®E®] Liy) tHw
TEALE DB YL 1 P RU HPGe # BV HIERHRIIOVWTHRRDS, BESETIE, 7=
Y ABREOBIEEOAIOWTER L, EFLEEIC HF BEBRICABHOT 7 ) V&K &« 8B
FTHIELICE), SYEMBEEAEAND F)F 7 LAELFMLIERIIOVWTERS, F6E
Tk, RENEICHE - BELTVAEOCoDIP ICTAHS 2L -0, EEXBEZERL
T ©Co ¢ PSL i % KO L 7245 RICOVWTHBRND, BRFENDTETIX, M) F U LAHEERER
ERLTT VIS AOMEARBTME - HEL, BEICRELTVS M) F 7 A0KE ©FH
L7AERIZOWTHRRS,

2. EAEERED 1 PRV HPGe 12 & 5 FRHlE
JRR-2 THASN-ERBTNVIZILARUPTARAT L AEE% Photo. 1 IZRT. INHDEK
$izoWTI PRU HPGe X ) FHAIELERL 2o UTICHEABOIER L FIEERIZD
WTEREY o
2. 1 HEOMEK
O AFUvUVAERE
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AF Y VAREE, 14 yFERSH 30mm OREED ) HIEH 10mm YL, IPT
DRENBES % &I FEICEMMI LA (SUS-1. Photo. 1 ), Ro 7% (SUS-2)
EVOWEEEY A LY R A L CRRICA LT, FRERDOFEHIIRIE Table 1
DENTHb,

@ TLIZYARE

Ty LAEREIR, 10 A Y FEO—HOYHK (30YX30%X10') T, BEEIYHF % 2
SEL, YUMEEZEYR) ER=)N—Y 2 2FH L TE:FHICHELT, MIFE Al
L7z RKUAFRBEREEEICKUR L/MMIFICEIZ2HELL. FhEN A2 RUALS
L7z FNFNROFEBFIRNIG Table 2 K Fig. 1 D@D TH 5,

2. 2 EAHEERAHO I PRV HPGe I & 5 FiilE

BEH 1DEBIOVT, NA AL XA=T 07T FI74%— (EL71 VAR BAS
5000) ROy MEBHEEE WERHTY 7 b EE7 7 =78 PCGAM—II) ZHWTTH
HEXFTF o720 FD&ER% Table 3 & U Photo. 2 127" . % 3. BAS-5000 DHIESLRAIE. F#I
FREV L VRD TEROEHTITo 72

FHIP . BAS-TR2025 (FVF 7 LEH?)
&G o 3FH

FH—mEEE ¢ 34

REE . S$=30000

] 65,536 FEEA

EALIES © 25um

EHEEEIT, RO PSLMEY 2° 1044 — ¥ -2 28M 2 EE LT,

FHRAEOER, ATV LVARELETVIZYABRETII PHEICBNTTVIZ T AR
BolH PSLED 2KV EWI) WBHLERE b o7 y BIAIEIC L 55 0Co DIGTREE L.
2~7Bq (BRICEIBWMIEREL) THOMAORBC I PHIEERIZEDHEE 2BUENRD
b ol UEOZ EDL, TVIZYAERED PSLEDIREALR M) FT7LATHAL T
LASAAE SN, Photo. 2 DEEREDNS, ATF YLV ABRBIC M) FILARRELTZELTH,
60Co &7z PSL JIEMEAT 500 At TH Y. I PRUETIIRFLHEREZBLIILIIHEL VL
HEF Lo BLEDZERS, TPIZEA M) F7LAOWEICELTRTALIZ T ABREIZOWVT
DHEDBLI L E LT,

Photo. 313, AF Y VAREX*EHEI PICL ) 40 BEEIE L-ERT, REICREZN DD
BITREDELMTZCo B EIHE - BELIHREEZLOND,

724, Table3 IZ/RT Al-1 RUFAL2 D8 °Co BUgTRER IOV T, EEENF L TETRICEKE S
NEbDTHVH IS HE LTS EREL Al-3 DELI S FNEFIRDO PSLED LIZEHE L72fE
AL,

3. 1M NaOHBHRIZCEIAEKHTNI =Y LAEREBMRER
3. 1 1MNaOHBEBIZIATNIZ T LBHER (3—IVF)
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AHIZ. TVIZwARL Y b (20.05%X12.95™"L) #H L, 1M NaOH BH#iC & 558
BOBERTo70 1Ny FULY)DOBERIITEROEHFTIT-7

MW T 1M NaOH #&#®
BWWE . 50ml
BWREE . 54

¥k % . EEK, ZFAVLTALVa-N, TV
AR (REHN pm) &, TVIZTAXRLy bORER L BREOERIEE (ALFE !
2.70 glem?) 5 12X DRIz, R % Fig. 217 T BAKE (54) A7) OBEMEILLN 0.46
mg/cm? GEEHETH L.7xm) T, 1EELAD 55 mg/ /cm? (203 pm) TH-o7

3. 2 1MNaOH##HIZLZ2EKBT7TIVI =Y AREBRER

Al-l ORBEEH L, §E3. 1 :FALEFCEROK. [ PHlE. y RUERVEEEI
LABBERNE L. FOMSEY Tabled . Fig.3 ~4 RU Photo.4 IZ7" ¥, BWE (Fig.3
BH) 2OV THDE, T—)U FREREE X ) BAEEYS ) OBBENH 15 BERE VI &2
FENT, L, IV FHOT VI ARV y 45 JIS H1050 OFFMET VI =T AT
HLDOIH LT, BAEATVIZY AREV TEARETHLILORENDEIILDLIDNDEER
b b, —F PSL Al (Table 4. Photo.4 BH) (2D TAD L, & 105 FHRICBVTHH
5% LARIET. BEAE7 VI ARENES 1M NaOH BRBICBVWTIREALBRLE
W NI IR, COERELT, THVIZYABRENEA 1M NaOH Bl TIEMR LIS
CVEMLEESTER SN TWA D EEZ b, 1M NaOH #IC L AEMERY 105 5 TH
kL7

4. HF BHIZ L AEAKBAT VI =Y AREBHER
4. 1 22%HF AWICLAEKATNI=YLAEE (A1) BRTHRER
Al # (~10mm¢) O—HELIH L. 1M NaOH BFHBIC L 2BHIAbY . ¥ 22%HF &
WL DV BREBRYITo7-. FORE, 11.4742g ORBITOWT 34 10 BHTRIZiE 1.1208g
(10.1%) DBEWETH o720 ZOBWEH 1M NaOH BHHBICLHAERICHLRE P22 L
5. 1L/10 KHRRL: 22% HFEHRTEARAT7 VI =Y AREOERER KA, BRI

FTROEKETIT o712,
X OB AL
BB . 22%HFBA®R
BWBE . 30ml

B . 39
et - B EREA ZFATALI-N, TEEY
HEHT. BITHS. 20ZERBRICEALAZ AL RBEFOFT EHEAL, EORRT Table 5 X
U° Fig.5~ 6128 Yo $72. &Ny FRICRBEZRZ ] PRIEE2EBELIARE Photo. 5 I77
T, 1Ny F Y70 DRI, Table SRU Fig.5056bb25 L HIC67 KT 15 7& Tid
# 15 BOENDHD ., 22%HFBEBICBVTHORBORERBIILESNTVAH I AR S
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N7z, Fig. 613, 22% HFBHWICL 2 BEBENFLEEOIED TH—THH LEL. HHREXK
B2 SEEAFAORS RS PSLETRLAZODT, 523y FHD 15 5 Tid 99% LL EAYERE
CEDBA L, FOBEREBIEIN 24, mThHoTz,

4. 2 15% (1.20M) HFBWICX2EKHAT VI =Y 4RE (Al-2) BHEER

AEEBETIE, fEOFHERLIVAEE LS THILEHMI, HFBHRORKEZED T
1.5% (1.20M) & L7z, EViBEEIZ, 0.1M NaOH ZHEFRIC L VFE L RO, BHREITE
DEHFTIT27

AOH 0 AlL2
BRW T 15% (1.20M) HF&®
BREEE . 30ml

BHREE . 34
el - B BRAK, ZFATAVI-L, TERY
RO#R% Table 6 RV Fig.7~ 817K F, £70, £y FED [ P12 X D HSTHEHIERR
% Photo. 6 27”7,
15%HFSEHICL A2EAAT VI =Y AREOEHREIT, 22%D%E L1212 CHEANTH -
7z (Fig. 7 58B), 12, PSLAEAIZIZ 99% WA T 5 20 m#»72) T—2D L IWENR L1,
FNECREMINL ) OBREGRDT 245, ZhUUEIIEIZE LEE THERT 2N
SN, SHOEETIE, FRFROBERIZBVTE BB L TWwA D LRE LAHE L7,
EABT VI = AREOREESIANO PSLAEE | °°Co DBHEEMIERR % Fig. 8 1R
50Co DVTIE, M8 umTIREALECZD, M) F 7 A PRERE 2IZA CERP RS D
120, mTII%EL 2D, 24, mTIT99.8%F TEW 25 LA HER INTZ,

4. 3 22% R 15%HFBERBE+TO M) F7 L2EOHE
4. 1R4. 20EBRTHEALE 22% R 15%HFBERE+FO M) F748%, LSC %
AOWTHIE L. MERTROEKETIT -7
LSC . LSC-6000 (71 HkA )
HEHFECEE 0 1.5% (1.20M) HF B 2ml
Y vFL—%: AQUASOL-2 10ml
{5 B . 304
PEER % Fig.9 ~10 IR T, 1.5% (1.20M) HF BHIC X 2 BEREROERTIZ, RYD
3BT 62%. KD 35 TIE 30%D + ) F 7 AHERPICKRIE SN, BEAFETANIE, 6
p mBAPICH 90%LA EAE TN TV D Z LR TE L, 22%HFHHIC L 2 BREBROGR
Tik, BUO 35, #6 xmTIEE 86%D M) F 7 ADEHF I SNz, 2.2%HF BB
X AEA NaOH BRERICERALAZDINTH A 00 HREISHEHEL L2265V A 1.5%
HF BREOZKR L IZZFELEMTH S 2 L MR R R,
IPIiZ& % PSLftiE. LSC TKRD7Z M) F 7 ADHREEEREBQYDILETIE, REHFBINDHE
B S 2 EEAHE LT A A, LSC TRoOZBSTEEB X, EMEE 3 TEICHETLT
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NIZAFD M) FYLORERAETH D, PSL ik, RERELBEOBIHKENETSH S
CEIRERLTVA, HIZCIPIZIBMNIFIAQHAIEIZBNTIE, FHIRNF - 12keV
(BAZANLF— 18.6keV) EEWVD, FIZITEE 17ymODTVI=ZTA 7+ 4V (4.4Tmg
Jem?) TLe~NWLZSHE, 132%FTRATAHIELLLTY, FAIDEHIICH 25y m ¥
TERELTVA M) FILADBBYEENET A Z L EHRE2VA, TV I=T AHOEESN
AD M) F I LDFHR—ETHALEHENS L TIHEFTRETH S,

5. FERELY7T 7 VERTHEELLZEKAT VI =Y AERERABOBHEER
HEADO M) FYL0BREFRSPROIZERIE, EAATNVI =Y AREXHPHF BRI
HLTH—ICBERBLTWAE I ERRHRE L TITo/e 22Tk, HFBBICH L THERLIZ W
BEARA L., BRBIEENEOHERANALTAILIZL), SV ERLZBRERIEROLE
Britol,

5. 1 HEOIER

ERIZ, TVIZYATOy 7 RUBKAT7T VI ARECT 7V VEBEE®A LT o7

#0RE %, Table 7. Fig.11 XU Photo. 7 IZ7" ¥ o

O WREXBATVIZIA
WEARBRETLVI=YARAETO Y 7 (204 X1377L) T, 77U V&L 2EED
L7, BEFEIRIE Fig. 11l @) Th 5,

@ BEAEATNVIZTLAERE
FAATVI =Y AREIL, 10 1 v FEO—BWOYH (30¥X 158X 107mt) 2T, K
SHTE (BRE) 2BRS5ECT 7)) VvER% 2E%®Y Liz, &8 Noid Al-4 RU Al5
L7 FREFRORKEIKIE Fig 1l OB ) TH 5,

5. 2 TZUNEED1.5% (1.21M) HFB®RIIHT 5 HRARE

HHOORB R URBAOHE 7T v 71225V T, HFBEHIINT2HERABEIT- 7
FRFhORE L. 1.5% (1.21M) HFBEHIC 1 BERG, sig0oEERNIC LV HEENY
RO, FORE% Table 8 I2FET . KBADREHT 7.66mg cm2 DEER T, REHM
E&T283um BT, —HOREZEA LT, ERMA0.33 mg LidLALHER
&7, RAEFOKES BRTRIEDLLT, HEEOERIRO W adh o7, LEDZ EH5,
SEER L7 7)) VBB, AEBROBMICTIHA DD THL I L 2B L,

5. 3 15% (1.21M) HF##HICI2EAET V=Y ARE (Al-5) BHEER

Al-5 B FHAVTERERYTo72. FO&KF% Table 9 R Fig.12~14 IR Y, 72,
&8y FED T PIC & BHEHREEHIERR % Photo. 8 II/RT

4. 2FEDHB TR IPICIAMESENITIZBCERL I TORMICH2MEERELE
HTHb00, BEFMTRIZZAUERE 2o, TOFRREL LT, BHEEHOEVIEZDL
nto B 4. 20EBRTIE, 1EE»SHEFREOREL D o 7245, SEOERTIIHRED
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BALRES D R kolz b BbNA 21 FEIPLTHole THWIZ T AOHFHEHIZ X 55
BRBLVWBOPH Y, ZOBLVEEIC L 2REREEE L BIER L@ ICBE» LTS D
DEEZOLNDL, FEFENOFERL LTIE, ¥ 25, mTIZIZFRAUEL & 72, AIRINEET
B, EROCRIEREL SO TEAL LTRIBY—IIBI TV AbnLEILNE, LEL, &
BOBLEBETHOADBERERICL ), BEHUNORBRSOLERENL ) EEEOGV DL
ol

B, 0Co DEEHM~OUELRIE, ¥8 umTHIBDOEREIZIZFALERTH o7,

5. 4 15% (1.21M) HF#&@H+ o b)) 577 A BOHE

BiES. 3OERTHEALL 1.5% (1.21M) HBE+FO M) F748%, LSC AV THIE
Lo BNy FEBIHEBLZHFBH 30 m 1 Ooh252m | ¥ 5B LAIEREL Lz, HlESE
fid4. 3SOEBRLEFELE L, AIEHEY Fig.15 1277,

BREBROER. BAD3IHT 62%, KD 3IFTiE 26%D MY F 7 ArEEPIIBRH SN
7o BEHBTANIE, 674 mUHIC 88%LLENEFTNTVD I LA HRATE, 4. 3H
DEBRD 22%HF BRI L ABREBROKERTIE 565, mT86%. 1.5%TiX6.13,mT 92%
DI F I ADBBERPIIRBENR TS, SROZERIT, 2L LTRIZFECHERTH > 720%
HLEPLESEBRFANOEENS VIR E 227,

5. 5 15% (1.21M) HFBBBEIC X2 EKHT VI =7 ARE (Al-6) OBEMEEREZRE
B (T7)VEBEHHEEL)

FrYNEERARAE L ol4. 2HDVERE, T7UVEREEML-SEIOS. 3H
DT, BREEICBVLTREZESNHAIENS, TZ7IAMBBICLAHBOFETEE
BEDLIDE ) POBRERLTo72. £Fi, 4. 2HERAULK 77 ) VEREFALZVE
BT o720 Al-6 REE BV THEBEE IOV TRO R E Fig.16 1287

FORER, BREEIL Fig. 8 LR L 20 43 TIi2Z 99% 2% L. HF BWHIC X 2 EHEORE
PEREE LB SR TVWAIE PR L, BERS D26, mEBRRFALHERE 2275

6. 59Co EHERELAVEABT VI AREFDCoD ] PADESOHIE

y BHEICL o THRINENTZ60C0 A%, [ PIRLZFERRICEDREFS L T2 EHAN
Bl-oic, EEGELER LTI P ClE LktiEE (Bg) & PSLAEDBEMRZHR N,

60Co DIEMEEW 20, | (26.7Bq) . ¥4 70 ¥Ry FTHEL THKITEARIIE S €,
yBHAERFIPIZLDOCo DISHEMELTo70 [ PTR, M F 7 AOHHMKRE L2
WEBTZOIEALEZTVI=ZT AT+ 4V (18.3 mglem?) OFEOWKETHE Lz, £D
k5% Tablel0 & U Photo. 9 127K L7z, ©9Co EHEREIZ, 1Bq 47-9 @ PSL fEid 105 T,
FLIZT AT+ ANEDORETIZH 10%D 11 TTRP LA (20 BEEHIEIC L 5 3 B
HE),

DEDKREY D LT, 3B A3 RUERHK AL5 H00°Co D PSLEILHT5FHF 52 K05 &,
60Co DiETEERE 6.3 Bq KU 6.1 Bq i, 661 PSL R U 641PSL IZHH L, ABOREM 1.98
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X10* PSL KU 2.47X10* PSL ®# 3.3% R 2.6% TH o7z THOERENS, 1 PHIEMEDIZ
EAERPM)FILATHAZ ENHREIN, ZOFGROMEIX, R Al-5 OB EHMEDH -
D PSL fEA ) 15%RV I LICEAbDTH), ABOREFRENZELL-DDEEZILND,
T/, FAK (AL3) T NVI=T AT A4 (183 mg/lem?) ThPUF 7 ADHBE#YEY L 2~
LTl L7: PSL f 158 (40 REREHIEIC & % 3 BFMEHE) 3. LicD ¢ Co BERFEOHIE
D HETEICE Y KD7z TOPSL D 2HETH 72, 9°Co DADHEHHRTHNIE T0PSL (I
PFrLEZOLN, SHRORFAETDH D,

%B, SUS-1D5°Co 2.5 Bq 5 PSLEX#ET 5 & 263 PSL T, #llEfH 526 PSL O 50%
Thotzo

7. BEXRATVIZTARERDO M) F 7 LEOUE

MAHEDNS THELAZMIF Y41k, HFBEREFODDOTH), AHFIZHFINTVS
DFY ABOFMAATRTHE, £0B, Fig17 R T M) FrLoMEEELRIEL, TV
IZYLEAREIEINA V) F Y LAOERBOFME FRIC, BALH RTH T4 ) Ok
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Table 1 Dimensions of stainless steel pipe samples

Size Surface area Weight
Sample No. 2
(mm) (mm®) (g)
SUS-1 98.3L X 11.5W x 3.0T 1130.5 24.8885
SuUS-2 0D344¢ x1D.282¢ x17.4L 1540.7 39.7779
Table 2 Dimensions of aluminum pipe samples
Size Measuring area Surface area Weight
Sample No.
(mm) (mm2) (mm2) (g)
Al-1 199.1 1155.5 6.1225
Al-2 Fig.1 reference 185.3 1014.1 44398
Al-3 315.8 1412.9 8.2039

Table 3 Activity and dose measured for aluminum and stainless steel pipe

Activity of %Co Dose
Sample No.
Sl | e PsL
sus-1 25 e |
SUS-2 6.9 B B 521 )
L Al-1 4.5 % - - 13999m
- AI_L, 3.6 % 11328 ]
A-3 6.3 19808

* ; Activities (Bq) values of Al-1 and Al-2 estimated from PSL value of Al-3
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Table 4 Dissolving of aluminum pipe for primary heavy water coolant (Al-1) by 1M NaOH solution

Dissolution Dose Decrease rate Weight Dissolution quantity
time
(min) (PSL) (%) (g) () (gm)
0 13999 100.0 6.12247 0.00000 0.00
5 14240 101.7 l
15 14262 101.9 6.09723 0.02524 8.10
30 14176 101.3 !
45 13917 99.4 !
60 13868 99.1 6.02297 0.07426 23.80
75 13492 96.4 !
105 13275 94.8 5.95069 0.07228 23.20

Table 5 Dissolving of aluminum pipe for primary heavy water coolant (Al-1) by 2.2% HF solution

Dissolution time Dose Decrease rate Weight Dissolution quantity
(min) (PSL) (%) (g) () (m)

0 13275 100.0 5.95069 0.00000 0.00

3 7175 54.0 5.93308 0.01761 5.65

6 3909 294 5.92105 0.01203 3.86

9 1042 7.8 5.90873 0.01232 3.96

12 170 13 5.89399 0.01474 473

15 48 04 5.87486 0.01913 6.14

— 11 =
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Table 6 Dissolving of aluminum pipe for primary heavy water coolant (Al-2)
by 1.5%HF(1.20M) solution

Dissolution time Dose Decrease rate Weight Dissolution quantity
(min) (PSL) (%) (g) () (um)
0 11328 100.0 443979 0.00000 0.00
3 10055 88.8 443121 0.00858 3.14
6 5532 48.8 442304 0.00817 2.99
9 3937 34.8 4.41595 0.00709 2.59
12 2525 223 4.40940 0.00655 240
15 938 83 4.40272 0.00668 244
18 267 24 4.39302 0.00970 3.55
21 79 0.7 4.38357 0.00945 3.46
24 21 0.2 437429 0.00928 3.40
27 43 04 4.33643 0.01001 3.66
30 30 0.3 4.35437 0.00991 3.63
33 31 0.3 4.34313 0.01124 4.11

Table 7 Measuring dimensions of aluminum pipe for primary heavy water coolant (Al-4,A1-5)

Size measuring area Weight (g)
Sample No. 2 - -
(mm) (mm®) Not applied Applied
Al-4 . 331 9.2010 9.2921
Refer to Fig.11
Al-5 342 9.6840 9.7977
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Table 8 Dissolving of the acrylic paint applied aluminium test piece by 1.5% HF(1.21M) solution

Acrylic Weight before Weight after } Weight decrease Surface Dissolving
paint dissolving dissolving area thickness
(2 (@ 7 '\ (mg) (cm?) (um)
non ap.plied 11.00114 10.89041 ‘ 110.65 ; 14.4644 28.30"
applied 11.11185 11.11152 | 0.33 -

* : Density of aluminium = 2.70 g/cm2

Table 9 Dissolving of aluminum pipe for primary heavy water coolant (Al-5)

by 1.5%HF(1.21M) solution

Dissolution time Dose Decrease rate | Activity of %Co Dissolution quantity
(min) (PSL) (%) (Bq) (2) (¢ m)
0 24662 100.0 6.13 0.00000 0.00
3 22676 91.9 437 0.00324 352
6 16051 65.1 0.72 0.00297 3.22
9 14292 58.0 ND 0.00043 047
12 13031 52.8 ND 0.00013 0.14
15 11285 45.8 0.00056 0.61
18 8694 35.3 0.00063 0.68
21 5675 23.0 0.00106 1.15
24 3043 12.3 0.00142 1.54
27 1661 6.7 0.00210 2.28
30 792 3.2 0.00264 2.87
33 425 1.7 0.00239 2.59
36 268 1.1 0.00266 2.89
39 149 0.6 0.00217 2.36
42 125 0.5 0.00179 1.94
45 88 04 0.00268 2.91
48 48 0.2 0.00263 2.86
51 47 0.2 0.00237 2.65
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Table 10 Influence of contribution of **Co to PSL in aluminum pipe for primary heavy water coolant

by using a %Co standard source

Activity Dose (PSL)
Nuclide Sample No. of °Co Shield plate (Al foil*) Attenuation
(Ba) Without With rate
60cq std. 26.7 2806 281 0.100
Al-3 6.63 697 70

* : Al foil =18.26 mg/cm”
PSL value of Al-3 sample (normalized 3 hour) shielded by aluminum foil = 158

Table 11 Tritium release from aluminum pipe for primary heavy water coolant

1
*

Sample% Release l Tritium collector - Water - 1.5%HF  Total Bq/cm2 | PSL/cm?

. temperature- 1Collector 1/Collector 2 trap éSolution; activity ‘ 'Ba/PSL

No. | time ‘ (Ba) (Baq) (Ba) | (Ba) | (Ba) (x10%) (x10%) |

550°C 100min | g g 7 0 | 23 | 6210 401 549 | 073

A-38  600°C 100min ' ‘ A R S S L
Ratio(%) = 995 01 | 0 04 | 100 - - | =

A-3A 7690"9 100min | 4990 4 0 15 5009 : _4.02 ‘ 5.72 0.71

' Ratio(%) 99.6 0.1 0 : 03 100 @ — —_ -

% : The value which decreased influence of ¥co (3.3%)
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Fig.1 Measured dimensions of aluminum pipes
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Fig.2 Dissolving of aluminum piece by 1M NaOH solution
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Fig.3 Dissolving of aluminum pipe for heavy water coolant
(AI-1) by 1M NaOH solution
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Fig.4 Dose measuring results of aluminum pipe for heavy
water coolant(A-1) dissolved by 1M NaOH solution
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Fig.5 Dissolving of aiminum pipe for heavy water coolant
(Al-1) by 2.2%HF solution
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Fig.6 Dose measuring results of aluminum pipe for heavy
water coolant(Al-1) dissolved by 2.2%HF solution using IP
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Fig.7 Dissolving of aluminum pipe for heavy water coolant
(Al-2) by 1.5%HF(1.20M) solution
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Fig.8 Dose measuring results of aluminum pipe for
primary heavy water coolant(Al-2) dissolved by
1.5%HF(1.20M) solution measured with IP
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Fig.9 Tritium activity in 2.2%HF dissolving solution(Al-1)
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Fig.10 Tritium activity in 1.5%HF(1.20M) dissolving solution(Al-2)
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Fig.11 Measuring value of aluminum pipe for primary heavy water coolant
(Al-4 & AI-5) and aluminum test piece
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Fig.12 Dissolving of aluminum pipe for primary heavy
water coolant(Al-5) by 1.5%HF(1.21M) solution
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Fig13 Dose of aluminum pipe for primary heavy water coolant
(Al-5) dissolved by 1.5%HF(1.21M) solution measured with IP
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Fig.14 Dose of aluminum pipe for primary heavy water coolant
(Al-5) dissolved by 1.5%HF(1.21M) solution measured with IP
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Fig.15 Tritium activity in 1.5%HF(1.21M) dissolving solution(Al-5)
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Flg.16 Dose of aluminum pipe for primary heavy water coolant
(Al-6) dissolved by 1.5%HF(1.21M) solution measured with IP
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Qualtz P
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Electric Furnace Mg(CIO4)2
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Oxidizing Agent

Mg(CIO4)2 H,0
Fig.17 Experimental apparatus for collection of tritium
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Fig.18 Measuring dinension of aluminum pipe for primary
heavy water coolant
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Photo.1 Stainless steel and aluminum pipe for heavy water coolant of JRR-2
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Photo.3 Dose of stainless steel pipe measured with IP (40 hour exposure)
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Photo.4 Dose of aluminum pipe for primary heavy water coolant (Al-1)
dissolved for 105 minutes by 1M NaOH solution using IP
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0 min % min
13275 PSL 1042 PSL
3 min : 12 min

7175 PSL 170 PSL

6 min

3908 PSL

Photo.5 Dose of aluminum pipe for primary heavy water coolant (Al-1)

heating dissolved by 2.2%HF solution using IP
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0 min 18 min
11328 PSL 267 PSL
3 min 21 min
10055 PSL 79 PSL
6 min 24 min
5532 PSL 21 PSL
‘8 min
3937 PSL
12 min 30 min
2525 PSL 30 PSL
15 min 33 min
938 PSL 31 psL

Photo.6 Dose measuring results of aluminum pipe for primary heavy

water coolant (Al-2) dissolved by 1.5%HF solution using IP
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Photo.7 Aluminum pipe samples for primary heavy water coolant (Al-4&5)

and aluminum test piece
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0 min 27 wmin
24662 PSL 1661 PSL
3 min 30 min
22676 PSL 792 PSL
6 min 33 min
16051 PSL ?425 PSL.
9 min 36 -min
14292 PSL 268 PSL
12 min 39 min
13031 PSL - 149 PsL
15 min 42 min
11285 PSL 125 psL
18 min 45 min
8604 PSL 88 PSL

21 min 48 min
5675 PSL 48 PSL
24 wmin 51 min
3043 PSL 47 PSL

Photo.8 Dose measuring results of aluminum pipe for primary heavy
water coolant (Al-5) dissolved by 1.5%HF solution using IP
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Al-3
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(26.7 Bg)
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Al=3
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Photo.9 Dose measuring results of ®*Co standard source and aluminum

Pipe for primary heavy water coolant using IP

33
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Al-3A Al-3B
9154 PSL 7036 PSL
550°C 100 min
Al-3B
4834 PSL
(16 h)
690°C 100 min | ~§00°C 100 min

Al-3B

931 PSL

1. B%HF 40 min 1. 5%HF 40 min

kA|-3A
(N.D)

Photo.10 Dose measuring results of aluminum pipes (Al=3A,3B) for primary

heavy water coolant using IP after release by heating
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# OB %4 B|vy-—~<uautr| Sy J/kg l rem=1¢Sv=102Sv °
% " *®
71| N(=10*dyn) kgf Ibf [E |MPa{=10 bar) kgf/cm?® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 Al 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ 1Pa.s(N-s/m®=10P(£7 %) (g/(cms)) 1.33322 x 107* | 1.35951 x 10~° | 1.31579 x 10~ 1 1.93368 x 107
B 1m%/s=10'St(RX b — 7 2) (em?¥/s) 6.89476 x 107 | 7.03070 x 10~* | 6.80460 x 10-* 51.7149 1
T J(=10"erg) kgfem kW« h cal (Gt&#E) Btu ft « Ibf eV 1 cal = 4.18605 J (t&#:)
3
W 1 0.101972 | 277778 x 107" |  0.238889 | 9.47813 x 10~* 0.737562 | 6.24150 x 108 =4.184J (ML)
¥
| 9.80665 1 2.72407 x 107 2.34270 9.29487 x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 265522 x 10° | 2.24694 x 10 =4.1868 J (RS K)
- 4.18605 0.426858 | 1.16279x 10°¢ 1 3.96759 x 1073 3.08747 261272x 10" (1 g | pS (ILEA)
[} 1055.06 107.586 293072 x10°* | 252.042 1 778.172 6.58515 x 107! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 1077 |  0.323890 | 1.28506 x 10~° 1 8.46233 x 10'® = 735.499 W
1.60218 x 107" | 1.63377 x 10°*°| 4.45050 x 10"%¢| 3.82743 x 10" | 151857 x 10-%?| 1.18171 x 10~ 1
b Bq Ci ﬂ)i’( Gy rad ;‘; C/kg R %‘E Sy rem
ol 1 270270 x 10-1! & 1 100 & 1 3876 gl 100
fit B a &7
3.7 x 10% 1 0.01 1 2.58 x 1074 1 0.01 1
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