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Carbon-14 in Neutron- irradiated Graphite for
Graphite-moderated Reactors
(Joint Research)
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The graphite moderated gas cooled reactor operated by the Japan Atomic
Power Company was stopped its commercial operation on March 1998, and
the decommissioning process has been started.

Graphite material is often used as the moderator and the reflector
materials in the core of the gas cooled reactor. During the operation, a long
life nuclide of 14C is generated in the graphite by several transmutation
reactions. Separation of 4C isotope and the development of the separation
method have been recognized to be critical issues for the decommissioning
of the reactor core. To understand the current methodologies for the carbon
isotope separation, literature on the subject was surveyed. Also, those on
the physical and chemical behavior of 4C were surveyed. This is because
the larger part of the nuclides in the graphite is produced from “N by (n,p)
reaction, and the location of them in the material tends to be different from
those of the other carbon atoms.

This report summarizes the result of survey on the open literature about
the behavior of 14C and the separation methods, including the list of the
literature on these subjects.

Keywords : Gas-cooled Reactor, Moderator, Reflector, Graphite, Carbon-14,
Tokai Nuclear Power Station, Decommissioning,
Carbon Isotope Separation,

This report is one of the results of the collaboration between JAERI and
JPC.
*Radioactive Waste Management and Nuclear Facility Decommissioning
Technology Center
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LTW3%, &&EiX2MBq/g THoT-,

« UWCIIERBREZHFEN TR/ L TN D

» UC DILBRSFBEIEN Y 74— FODRFL VLR THEEV, Zhit.zv
T O TIEAN—=HRE LTERPANLONR TS TH D,

N F T ADHKFEEIX DRF LV B8 50 50720 0.5~70kBg/g T,
SHIE—RETIL R o7,

WE, FEI3BEDEFL LTSGCE ® ADE-3 fFIZ OV TDOHFFEN R &
—hLTW3B, BROBEROFMEEZT S -DICH LT —& 2 BET 53
ERH D,

8.5.2 T AU BIZRITHHFE @36
7 A U J1Clid Peach Bottom fF DY —_A F U A0 75 AT, BHBIZE
R REOGHERITHLRATREY ., ZOBMELLTICRRT S,

(DPeach Bottom {Fid, BEFFEHHM H DIRE 728°C, £/ 2.4Mpa, BH S

[ BRHAIH 116Mwt/40MW @ HTGR T, 1974 FIZEEMMELESh, 20
%, BRREBDOBIT, LER ENRGHT I TN 5637,
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YR FURT T T AT 1971 05 1977 4E% TIZ ORNL TEM &
iz, 6 KOBMBIERIZOWTRRERRP T, RE 14 IOV TIES
RAY =T a7 Ol BAaRERVOFNT v TPOBRBERSITEN TN,
IO, 1 ODOBRBIERKOFWEIRKFE 1 BO¥RFMICBITARE 14 BE
GARRDHT STz, ST —FiX, LT LE+H TRV, Zh bt
EENSFELEEDORBE 14 DA LU M —REHI T,

QRFE 14 D FTIE

RE 14 DSMTIE, WHEY v FL— g VB> TiTbhiz (156keV X
— A BEHE) . RERIT L BEMRBOMmMBFEBoT-BRBRCREL. BA
L7z CO2 % IN ® Hyaminel0-X OKBLS 2 ETe A F T N a3 — Nz
Wiz, PVFULAFEEICOWTIE, HUC OBHTICER L=REHZ 2T,
a—) RN hZ7 v ICRES HTO SR ENEWV XK 5, HTO 28 /kER%E
BEKHEPICENTRE L, ZhiZk Y CO22 UC OO KE B %
BT RN, KEKRETY BRWTNE, —H. CO:%#@E L7=%. Hyamine
PEDRREERE, WEY UFL—F —[CEAL UCEHELT, BEao 14C
DEEEAL TV AEERBHC OV THRERICENT L, FHEROT—Z 10K
Heex B,

@EBRHER -

BHA Y —TBIVOa 7 EETORE MBECEEFAONTIL, RE
TE—27%RL, NECTIIEHETH D L BE SN, REOFHEEOKE 14
. RBIBDDODOBRIGIC X 2130, ER (BER 14 L BRE 1T H—RITE
AL, BELZDTHEEZONS, FFFCERINDAENC. BT
EVIBECRESN THOERBICE > TEKTIBENTWA -, BHE
REREWET D, TOWD, NHORE 14 BESTICR>TNDDTH
A9, aTSEFORE 14 OBRESH TIX, SEANHORE 141ZR ) —7
NER& T2 L, DRVEWVETh-7-, ZhbBERBHERNC. iRy
DEDESEREL TWbeEZILND,

—F . RE 4 BEORETHOL—7 1L, FoELPRS cCEHMIICZERIC
BEINTRE LEZERIZEDLDEEZEZIORZUTHD, 0.5mm LA TFDH
BICRWEECTRE WBENBRNI LT, ZOZLERRBRLTNS,

@ORFE 14 DA R Y —
MBIEROR Y —7RBIRaT7EETOREI4DA VU MY —iL, R
RI4OBELSFLEOLTROLNLTWVWS, FOBREUTIZRDRT S,

- BYWEERS IRV T HBEOLHORE 14 BEIZ2.5X104Bq /g (0674
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Cilg) . 2Ti128Ci Thd, £/-. EWEL»SDLEBEBOEYORKRSE
14 BT 1.3X104Bq/g (033 Ci/g) . {FL2ETIE 3.7GBq (0.1 Ci)
ThHhbH, AV —7TiZ9%Bq (0.24uCi/g) . &4 TiX 78GBq (2.1 Ci)

Thb,

- RERE TR OROOI 27 EBOMIOANELS T, 0.2~0.6mm DFF
BIZIBVT 0.2MBq /g (5.8uCilg) . 24T 5GBq (0.14 Ci) Th 3,

* A Y —7 ONERE 0~2mm OFERK TIX 37kBq/g(0~1.0uCi/g) TH Y,
2 TiL 6GBq (0.15Ci) Th 5,
i, R Y —F OHEETIE 0.2~0.6mm DIV T 85kBq /g (0.6
~28uCilg) THV, 2 TiX 11GBq (0.31Ci) TH A,

®FP +F o7 THOA Ry N — 5%
R 14 DEIT, APROR Y — 7 R0a 7IREIZHE L TR E0n,

OBEFD AL Ry Y —
R 14 BEX, 1388147~ 0.21kBq (5.63X103, Ci) ~0.01kBq (2.7
X104y Ci) ThY, EHIL0.05kBq (1.2X108,Ci) Th 3,

OFBRSFAEROERFROA R Y —

REHE1EZEY H L TRE 14 24580 LEHME L 72, 3BHE 30.5cm ERRET
EXB 4mm O U = — —Z EE» S EEFEIC 11 @RT TV L, o4
WHE LTz, KOOV 7Y vy =——IZ KUV TREDIT, £
FRANEEDTUTo T, SMINZIENWE ZANSDF A FORY H UABE,
7 N5 6~8 mm LINTH D, KRFE 14 BHEOKHIZ3MBq/g

(0.80uCi/g) . F#Hit 1kBq/g (0.040uCi/g) Thd, RFE 14 DEE
SAIE. BEFRTORFHRIIRZ T ONT, R —TRoaT EEOSHT
TELN-RETOY— 7 HEHEI N7,

@K% 13 R 17T b DAERE

REBIBNPODOEREBELFM LR, XY —7 ONETERRA LR
EO9kBq/g (0241 Ci/g) DF30%, FBMESERN I TEEBEBOE
YIRE 25k Bq /g (0.67uCi/g) D 11%PRF1ZICLDHDOTH S LEF
flishiz,

2B, BRITICID2ERERIT, ZOFEERDRVI L &, B klmE
BhA/hSNnZ e bdho TERTX S,
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QORY —T7a7EBEBOREOLY—7

AR L7z & 92, REBEIMTEBETIINE%, R Y —7 TIEH22% BREIZ
REL T3,

2RFYHPITITERON 0.25% B RE 14 IKEBRINDITTERN,
Fizk 72 0.2MBq /g (5.8uCil/g) DREB/EEIZET H-DITIE, KA
#) 540ppm DERPBEE L WV RThiZR 6y, REMTORLEVESR
BEIX 1130ppmv T, BRIEICT 5 & 20— 7 30atm DFFIZ 0.03atm
T ERN,

Z2R (0.8 atm DEFR) FIZRTZ & TIHERIIN 20 ppm LR B RN
b, bo LEVWERSETHELEASACERLTHL, REOL—I RN
EUBHERBZIZN, BRE2EAMEDENBHOBIERECIRALL, &
ERICEE L. HAVIIHEHAM P ~OER RSB OBRAR E S ERDOTRE
HEELTELILLND,

3.5.3 NAIZBITEH5E 688

AVR i3, FEFFH OIEE 950°C, £/ 1.08Mpa, BHA/EKH A 46Mwt
/ 15MW T 1988 FEICHEKINC T v v RF T ER-639, ZDETIZ, BRD
BREIEREMEA SN TEY, BOUEICEE L TRBIERDORE 14 0BRELR
BT DDOHIENIThIT,

OEBRFIE ‘

REIERIT, RETENERIBEE., BOBRERVEH~ NI v X
POBRENTVWD, RFE 14 1%, KFE 18, R 14, BR 17T hbERSHh
BB, TDOBRSERENREIERNO FOEFITEETNL TV 00EHE S
TW5, REBERFORE 14 BEEZ RO B0, AVR TER L7I2REERE
MULRKXESE2ETHRELETS V70K, <~ Y v 7 IRRWVEREERE B
WTERBRBTONT, REBELZ ZBRRBIZTADICEBHR~ N v 7 A LB
DERRBORBZREL., BB FIZoWTII Y it (N2S:07) 128
NlTz, ZTRODREMBATZTHICHRREL. BRBETAEZRHOF A av s
F—, 2T rh— 74 N¥—%EL T, KOH BRIZHTIR I E7,

N L7z KeCOs#ER 2Ry MeEAMLGEROE L, HCl CAOE L7z,

TELRBIZOWTIXHE L T\ 5 Ba(OH)2 T ¥ 72, BaCOs R
BoORSE 14 2E v FL— g sz o TRDT,

BEOBEDIZOVWTIL, BEETOE2TCORBEYD T ZB{LRFBIZH
IR E DD RBERMBYOFITRE L, ZORBRERIIEE
HMORFEI4ED LWR XLy M CHER L,
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QEBRHER

BRFE 141X BITHA LU THEINT 2B ENE Oz, RE 14 DK 26% 5
KRR 13 DEBIZLE2 0O THY, BYITER 14 [CHRT 2 LEEINE,
e, BRITICLD2LOIEHETES, ZhE2ECLTEATOZERE 40
BEIT 15ppm ThHol- L OEENEB LI,

3.5.4 F ORIz G40 :
FRIZBITDIRE 14 OEREBERBEEL2BE. RE 13 HOLEHRLE
R%E 14 ROBSMNE T, B - BELOAR L CREHTITRE. HIVILES
RRETHRFINTVWBRE 14 13, 2000K %8z 5EEICET B ETIo, A%
RILBBE LRV ENLREREMICEELTWS, —F., REFHTERLE
R#E 14 13BHREICULE L. ThOPBELELEAITIE. 4C0 H BV i
UCO2 & LTHIDBZATICHEITL, thET D, £/, EX 14 DAWVITEEE 17 &
DRI TER L2 RE 14 13, BREBLOSCRICYOIREY (B5FED C/H/O
L) L LTHHEELEZR, DDA WITIARERICERIL SN -,
LV IREDBWFEROZFTICBRITTSEIDNE,

BE IR

3.33) A. V. Bushuev, Yu. M. Verzilov, V. N. Zubarev, A. E. Kachanovskii,
O. V. Matveev, I. M. Proshin, L. V. Bidulya, A. A. Ivanov,and A. K,
Kalugin  Atomic Energy (New York) Vol.73(6) pp.959-962(1993)
Translated from Atomnya Energiya,Vol.73, No.6, pp.446-450(1992)

3.34) Yu. M. Verzilov, A.V. Bushuev, V. N. Zubarev, A, E. Kachanovskily,
I. M. Proshin, E. V. Petrova, T. B. Aleeva, A. M. Dmitriev, E. V.
Zakharova, S. I. Ushakov, L. I. Baranov, Yu. I. Kabanov, E. N.
Kolobova, A. G. Nikolayev = The 7th International Conference on
Radioactive Waste Management and Environmental Remediation,
ICEM99 September 26-30, 1999, Nagoya, Japan |

3.35) A.V. Bushuev, Yu. M. Verzilov, V. N. Zubarev, A. E. Kachanovskily,
I. M. Proshin, E. V. Petrova, T. B. Aleeva, A. A. Samarkin, B. G. Silin,
A. M. Dmitriev, E. V. Zakharova, S. I. Ushakov. I. I. Baranov, Yu. 1.
Kabanov, E. N. Kolobova, A. G. Nikolayev ITAEA TechnicalCommittee
Meeting on “Nuclear Graphite Disposal” 18-20 October 1999
Manchester Conference Centre, UK

3.36) R. P. Wichner, F. F.Dyer = ORNL-5597(1980)

3.37) ¥R RFHINVFT v 1989 EHIT A — it

3.38) U. Wenzel, D. Herz, P. Schmidt~  Journal of Radioanalytical
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Chemistry, Vol.53,No.1-2, 7(1979)

3.39) C. Marnet, M. Wimmers, U. Birkhold = IAEA-TECDOC-1043
pp.17-39 Technologies for gas cooled reactor decommissioning, fuel
storage and waste disposal, Proceedings of a Technical Committee
meeting held in Jeulich, Germany, 8-10 September 1997

3.40) A.J. Wickham, B.J. Marsden = IAEA-TECDOC-1043 pp.225-232
Technologies for gas cooled reactor decommissioning, fuel storage and
waste disposal, Proceedings of a Technical Committee meeting held in
Jeulich, Germany, 8-10 September 1997

-
AMEEIT, TR 11 EEND 13 BFE TITfTbhi B ART AR5
Fre BRETHRE () OLERABZE [BHERORE 14 OB
BRI TRLNEREO—ETHD, FEEFTTHCELELT
HxDTRA, THWAROEREEE LEREOBGREICRERLET,
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RS |
EREHRID D DRE 14 OSBRSS B+ 5 HF58EI % O 3CHk

BARRFARE (%) FERERFTR EOENEEYT R AHE CHEEDEH
MR BEM RS & LTER STV, Z0BOEFFEORIERIZH
7o o TIEBHIM FICF LESMTEIRIC AR L2 oM TEVRE 14
DREZERL, LETHNIZZOREZIERT 25K LER T2 - Lasnm
W DBRNOEERBEO—D LI TS,

BARREFARE (B RERESPNIITR 1043 BICEEEELKT L, B
BEOTLDOEL DRFBIMTON TN S, BHEHORY FOEFEERT S
CERREELBRFEBREO—DTHY, FTLFLEHNONE - M4IZE LTIt
K% 14 ORENEEL 25, ZOMELBETI-DOWRO—BLE LT
BB 21TV, 2 2Tk, EITRE 14 OFEBP0NBERSTICE L CHE LA
XEROY XA MEEHL, UTFICEK L, 2B, GCROFaIva=rFic
DNTHEHBEEL OB H 2 DT, HFIZEHONBASIZTER L THWE RS
TE LT,

1. BENEHPICBITIRE 14 DER

(1.1) R. P. Bush, I. F. White, G. M.Smith and NRPB, Chilton
AERE-R-10543(1983) Carbon-14 Waste Management

(1.2) Wallace Davis, Jr.  In Management of Low-Level Radioactive Waste
Volume one pp.151-191(1979) Edited by Melvin W.Carter, A.Alan
Moghissi, Bernd Kahn  Carbon-14 Production in Nuclear Reactors

(1.3) John R. Stehn et al., 1964 Neutron Cross Sections BNL-325
Volume 1,

(1.4) McLane,V. et al. 1988 843p Neutron Cross Sections
BNL-325(Ed.4) Volume 2, Neutron Section Curves

(1.5) R. P. Bush  IAEA-CN-43/26 pp.441-454 Radioactive Waste
Management Proceedings of an International Conference on
Radioactive Waste Management held by the International Atomic
Energy Agency in Seattle,16-20 May 1983 Carbon-14 Waste
Management A Review

2. GCRIckT 555 14 |

(2.1) R. P. Wichner, F. F. Dyer, W. J. Martin, L. C. Bate ORNL-5214(1977)
pp.1-18, pp.128-148 Distribution of Fission Products in Peach
Bottom HTGR Fuel Element E11-7
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(2.2) R.P.Wichner, F.F.Dyer ORNL-5597(1980) Carbon-14 Production in
the Peach Bottom HTGR Core :

(2.3) A. V. Bushuev, Yu. M. Verzilov, V. N. Zubarev, A. E. Kachanovskii,
0. V. Matveev, I. M. Proshin, L. V. Bidulya, A. A, Ivanov, and A. K.
Kalugin  Atomic Energy (New York) Vol.73(6) pp.959-962(1993)
Translated from Atomnya Energiya,Vol.73, No.6, pp.446-450(1992)
Quantitative Determination of the Amount of 3H and 14C

(2.4) E. A. Konstantinov, N. A. Korablew, E. N. Solovev, V. P. Shamov,
V.L.Fedorov, and A.M.Litvinov =~ Soviet Atomic Energy Vol.66(1)
pp.77-79 (1989)  14C Emission from RBMK-1500 Reactors and
Features Determining It

(2.5) Hans Bonka, Guenther Schwartz,Heinz-Bernd Wibbe Kerntechnik
15, Jahrgang(1973) Nr.7 pp.297-300 Contamination of the
Environment by Carbon 14 Produced in High Temperature Reactors

(2.6) V. B. Gaiko, N. A. Korablev, E. N. Solovev, T. I. Trosheva, V. P.
Shamov, M. P. Umanets, and V. G. Shcherbina Soviet Atomic
Energy Vol.59(2) (1985) pp.703-705 Discharge of 14C by Nuclear
Power Stations with RBMK-1000 Reactors

(2.7 Yu. M. Verzilov, A. V. Bushuev, V. N. Zubarev, A. E. Kachanovskily,
I. M. Proshin, E. V. Petrova, T. B. Aleeva, A. M. Dmitriev, S. 1.
Ushakov, 1. 1. Baranov, Yu. I. Kabanov, E.N.Kolobova, A.G.Nikolayev
The 7th International Conference on Radioactive Waste Management
and Environmental Remediation, ICEM99 September 26-30, 1999,
Nagoya, Japan Characterization of Beta-Emitting Radionuclides in
Graphite from Reactor Moderator Stack and Research Reactor Thermal
Column

3. RFE M Z0HERROTICEERE

3.1 WHE

(8.1.1) R. S. Sach and W. J. Williams Carbon Vol.12 pp.425-432 (1974)
The Diffusion of 1#C in Nuclear Graphites

(8.1.2) J. C. Orr and N. Shamoon Proc. 15th Biennial Conference on Carbon,
Philadelphia, 1981 American Carbon Society pp.14-15 C-14
Diffusion in Pyrolytic Carbon

3.2 B

(8.2.1) W.J. Gray, W.C.Morgan PNL-6769(1988) 93p Leaching of 14C
and 36C] from Hanford Reactor Graphite
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(3.2.2) M. N. Ozisik, M.D.Silverman Nuclear Technology Vol.14 pp.240-
246 (1972) The Effects of Transverse Flow through Graphite on
Fission Product Movement in HTGR-Type Systems

(3.2.3) K. Rohleder  Kerntechnik 15, Jahrgang(1973) Nr.7 pp.8301-305
Model Experiments on the Downward Migration of Artificial
Radioactive Materials in Soils

(3.2.4) Leach Testing of Immobilized Radioactive Waste Solids
A Proposal for a Standard Method Edited by E.D.Hespe
Atomic Energy Reviews 9, 1971, pp.195-207

(8.2.5) W. J.Gray and W. C.Morgan PNL-6989(1989) Leaching of 14C
and 36Cl from Irradiated French Graphite

3.3 ®*E 14 oK

(3.3.1) M. Dubourg  IAEA-TECDOC-1043 pp.233-237  Technologies
for Gas Cooled Reactor Decommissioning, Fuel Storage and Waste
Disposal, Proceedings of a Technical Committee meeting held in
Jeulich, Germany, 8-10 September 1997 The Carbon 14 Cycle

(3.3.2) P. C. Schmidt Juel 1567(1979) 108p Alternativen zur
Verminderung der C-14-Emission bei der Wiederaufarbeitung
von HTR-Brennelementen

(8.3.3) S. Nair  J. Society for Radiological Protection 3, 1983, pp.16-22
A Model for the Global Dispersion of 14C Released to the Atmosphere
as COq

3.4 B LobREREHE

(8.4.1) W. J. Gray Radioactive Waste Management Volume 1(1)
pp.105-109(1980) Reaction of Graphite with Water and Its
Implications for Radioactive Waste Storage

(3.4.2) W. J. Gray Radioactive Waste Management and the Nuclear Fuel
Cycle Volume3(2) pp.137-149(1982) A Study of the Oxidation
of Graphite in Liquid Water for Radioactive Waste Storage
Applications

(8.43) H—Rr7Fvr p.l131 Jean-Baptiste Donnet, Andries Voet -
. 85k B WTE=, 8 fBER #7474

(38.4.4) J. B. Donnet Carbon 20(1982)267-282  Structure and
Reactivity of Carbons: From Carbon Black to Carbon Components

(8.4.5) J. B. Donnet et P. Ehrburger Carbon 8(1970)697-705
Etude Cinetique de L'oxydation D'un Noir au Four par L'ozone en
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Milieu Aqueux
3.5 KL DFERIGHELRABE
(8.5.1) J. V. Best, D. A. Dominey and C. J. Wood Carbon 10(1972)
pp.317-322  The Radiolytic Graphite/CO2 Reaction: The Effect of
Carbon Monoxide at 225-375C
(3.5.2) J. V. Best and C. J. Wood  Carbon 13(1975) pp.481-488
The Radiolytic Graphite/CO2 Reaction: The Effect of Pore Structure
on Corrosion in Gas Mixtures Containing Carbon Monoxide, Methane
and Water
(3.5.3) P. Campion and R. J. Blanchard Carbon ‘76(1976) pp.114-119
Pore Structure and the Reactivity of Graphites
(38.5.4) B. T. Kelly, B. W. Ashton, R. Lind and V. Y. Labaton 12th Biennal
Conf. on Carbon(1975) pp.319-320 Development of the Pore
Structure of Graphite by Radiolytic Oxidation in CO/CO2
(3.5.5) J. D. Clark,C. S. Ghanthan and P. J. Robinson, J. Mater. Sci.
14(1982) pp.2937-2940 Investigation of Pore Structure by a
Non-State Gas Diffusion Technique
(3.5.6) J. D. Clark and P. J. Robinson, J.Mater. Sci. 17(1982)
pp.2649-2656  Diffusion Studies of Porous Materials Part2
Effects of Thermal and Radiolytic Oxidation on the Pore Structure of
a “High-Reactivity” Nuclear Graphite
(3.5.7 R.T. Yang, R. T. Lin and M. Steinberg, Ind. Eng. Chem, Fundam.,
Vol.16 (1977) pp.486-489 A Transient Technique for Measuring
Diffusion Coefficients in Porous Solids. Diffusion in Carbonaceous
Materials
(3.5.8) A. Blanchard, J. Ketchen, P. Schofield and P. Campion, Proc.Conf.
on Gas Chemistry in Nuclear Reactor and Large Industrial Plant;
Salford, UK, 21-24 April(1980) pp.129-133 A Graphite
Oxidation Experiment to High Weight Loss under CAGR Conditions
(38.5.9) R. L. Faircloth and H. A. Prior, Proc. Conf. on Gas Chemistry in
Nuclear Reactor and Large Industrial Plant, Salford, UK, 21-24
April(1980) pp.120-128 The Oxidation of Moderator Graphites
Irradiated in Carbon Dioxide Containing Carbon Monoxide, Methane
and Water
(3.5.10) A. Blanchard, Proc. Conf. on Gas Chemistry in Nuclear Reactor
and Large Industrial Plant, Salford, UK, 21-24 April(1980)
pp.134-139 The Development of Transport and Non-Transport
Porosity in Radiolytic Graphite Oxidation
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3.6 BHEMEE

(3.6.1) #r - RFEMBIAF RIBMBESE V7754 X% 199649 A 20 A
BT B 1E [REMBIOERE
1.1 RIEFETFOREE L RFBORFBE  pp.3-7
1.8 RIBOIFHMEE pp.62-68
1.9 REBEOREHME pp.69-78

(3.6.2) WET RFEHMBIAF  REMEFS
7. RBONFEHME  pp.75-85
15. &R pp.187-198

(3.6.3) IRFMEIAF  IRBAMEIFES
REBEOER (RfL) pp.22-30
REDILFHIME pp.74-81
&R pp.163-169

4. RE 14 FORR - o5, BEEREN

4.1 BRFE 14 OHHT

(4.1.1) BEHHERTSITIE
BEHNT  BHERREEYVI—X 25 ER5E

(4.1.2) &BBEEBESTE—BRXOMEICLDIKRE—1 45—

SRR O FEE MEIEAN BERSITL/-

(4.1.3) BRFE Fit, sk BER, B E—. 54 JAERI'M89-224 1990
#£1H JPDRAGERK= 7 V— b, A3 ZHBHE K OCBREHTER >
—NK HPORFMEEOTEER

(4.1.4) Yang Huaiyuan, Wang Zhihui, Liu Wei, Wen Xuelian, Zheng Hong
Atomic Energy Science and Technology Vo0l.30, No.6 pp.509-515
(1996) (HEFE Activity Determination of 8H, 14C, 36CL, 63Ni and
55Fe in Solid Wastes from Decommissioned Reactor using Liquid
Scintilation Counting (L.SC)

(4.1.5) A. Raymond CEA-RT-DSD-20(CEARTDSD20) 1990 21p (French)
Anylysis of Beta Emitting Radioisotopes in Irradiated Graphite

(4.1.6) U. Wenzel, D. Herz, P. Schmidt  Journal of Radioanalytical
Chemistry, Vol.53, No.1-2 (1979) 7-15  Determination of 14C in
Spent HTGR Fuel Elements

(4.1.7) A. R. Doyle, K. Hammond IAEA-SM-245/33 pp.347-361
Proceedings of an International Symposium on Management of
Gaseous Waste from Nuclear Facilities Jointly Organized by the
International Atomic Energy Agency and the Nuclear Energy Agency
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of the OECD and held in Vienna,18-22, February 1980,
The Estimation of Tritium,Sulphur-35 and Carbon-14 in Reactor
Coolant Gas and Gaseous Effluents

4.2 BIEEBREEN

(4.2.1) ICP EEHTiE  LFFHR  ER(IFERA 1994 4 8 A RBAT

(4.2.2) EREE. BIR & S 7%A T2 ADHORERMEFR BN
(B BARTA Y b—T7th% WEF584E9 A 5 BT pp.61-70 FKH
AT X B 18C Do '

(4.2.3) THE # BRFE TANSO 1999 No.187 pp.109-115 B ILIR
(NMR) D EHE & ©° v F O fEHT

(4.2.9% 4/ ERILFEEES NMR, AZE, T34 12 A 5 BT 1.
EBRE,. 24 G, SIEAR (2 EREBELT—FN—X

(4.2.5) #F BE A 7V A = ADT=HDEERNEFR BN
BHBEERTA Y b—TH% BF5849H8 5 BT pp.96-104 NMR
2 & DRERNLIEORIE

(4.2.6) BEEHEE HMRMFE16 FEOLFE BIBEIR 19804F 1A 24

H 21T

F1E RiH pp.l4
E2E HEREORNME pp.526
#®3E EHEREOERKBIR  pp.27-58
EA4E WE pp.59-88

(4.2.7) 4R HRIFEEL KEEEE BREFESRE FR5£E2H5
HZT AEFE 3.5 MLFEOKA  RERAMEOSEE
pp.276-278

(4.2.8) LA FEBR{CFEE 13 XH-FE BRMEFESE FER548A
31 B31T FFE
1. BEERBOER & Bk pp.118-126
5. BHEREOGE, MEOHAFE pp.516-538

(4.2.9) ETEERE PP 4—24 BR4246 A 25 BHIT
MIBERAS, FHEf, RRERE, ST I#wE Kb 2%
KL EEOHEEER pp.229-253

(4.2.10) (L% (F) {bZEEA 19594 12 H 10 A®IT  W.J.Moore
Z BARRE—R #®16E RELFE 13 BEAERE~OKMED
%% pp.543-549
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