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The 4th NUCEF seminar was held at JAERI Tokai Establishment on 18 February 2000.
The NUCEF seminar aims at the promotion of effective researches and the encouragement of
research cooperation through the discussions and information exchanges by researchers in
the field on the nuclear fuel cycle back-end. This seminar was divided in the following
sessions: Criticality Safety, Reprocessing/Partitioning and Radioactive Waste Management.
Especially, considering highly regrettable impact of the criticality accident at JCO, the
Criticality Safety session including the Dose Evaluation focused on the evaluation of JCO
Criticality Accident. Presentations and participants were total 14 papers including 1
contribution for the special session.

This report compiles the papers presented and the related discussions.

Key words:
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Management, Criticality Safety, JCO Criticality Accident
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Test Using Spent Fuels in Alpha-Gamma Cell at NUCEF

B &HF R
Japan Atomic Energy Research Institute
BB - ZERE - EER - PEER - KHE - BH—R
RS - R - EIUERSS - BEE - NILER
T. Asakura, H. Mineo, S. Hotoku, Y. Nakano, S. Kimura, K. Kamei,
M. lizuka. S. Fuiisaki. M. Watanabe. M. Goto. G. Uchivama

Small scale reprocessing test line, which had been installed in an alpaha-gannma
cell at NUCEF, was used for reprocsessing test of PWR spent fuel (SF). 1.5 kg of SF (8,000
MWd-t1), or 1 kg of SF(31,300 MWd - t-1) was dissolved, respectively. Molybdenum showed
complicated behavior during dissolution. Iodine and carbon dioxide were recovered from
dissolver off-gas. The composition of precipitates in dissolver solution was examined.
Behavior of U, Pu, Np, Te, or more, was studied in extraction test under Rokkasho flow-sheet
or PARC flow-sheet. Dissolution or extraction results were comprehended by simulation
code, respectively. Solvent washing was also performed.

#ZE NUCEF o v ZIAICIZ, NEFLERREENREIN TS, PWR BHEERE &L
T, HRBEEE 8,000 MWA-t1 (19.5 FEHH, BLIRK) OHD 1.5 kg, KU 31,300 MWdA-t! (17 &4
H., HBEENE-ZIRE) OBD 1kg. TNTNEANVTHUERRZTo7=. A\v RIVR
TRERHARTI, 22LONy FABHEZFERAL T, SEHICOWTHBRELE, BEEBERVOITEBEN
HUBHIIE, A7 R %, AgS (O HHERHEER) IUERBEREFHRELEZAS L, TIVAY
KB E ANTZREN AR S > T IWCEBA LTI HARBR DT o/, IUEBVWHLEDER
BT, ZEROHER T 2 NI —THEBEGBL . MBI RICHB L. £, BEET 4L
7R T, BREERO—BELHERAS TV > 74 NI —THliE L CHHEEITBYE 587,
B TREARTIE, 068LOIFYE RS (MS) 3EZBWTHERY ik, UPu HBET
BRRZEBL. Pu/kBAKE U EMAE. SLXVERFICHOBELZ. UEHAEMN DD S
CHRHERICIE. 22 LOMS #H e, AERE TEREZRTIX. FHKAEZ 042 L O MS
ERWTEELE. £, S40FEFI— REZAVWT, BRARKOHESBRBRERDI I 4
L—arEfrolz,

Ny R RTEHEARER O FHESHE REE 8,000 MWd-t1 & 31,300 MWd - t1 DiAfE &
T 5 &, ANEEREREIOBIROEN (8,000 MW -t HIZBRIR. 31,300 MWd - t'1 138 5%
WINE S 72RE) k205 VMR OENAR SNz SREEICBITS. Mo 2KR< FP T
#FNMUO TRU TEDBMBHRIZT 5 > EIFIERMTH D, Kr © NOx DL, &7 5 D iAf#EEM
BRICEBDBATRE LS BHIEN/. Mo OBEMIGIZIE. 75 2 OBMEIE & DERMNE

57z, 8,000 MWd-tt DFEE. 2. 3EIEHDBMT. MDTTHEE WA TS NI RN S T
ERERUE, £/, 1~3EEVWTNTD., BER. —ELRLUABWRELE. 2L,

31,300 MWd-t1 DS, 1 EEOBMRTIE. —FRENERL/-REHRL=2. 2. 3EATIZ
BEEINICHEMLUZ., 2EBTIE. U3 00T 3HBNENN, 3EIETIHMBOTEEDE
Widiah o7z, BN TR, TUTTF OB IZILEERD ETHUHBERESNE, @ F
JHREEE Origen I EEMEICH L. fifE X N/- I EDOLRRIL. 8,000 MWt DBE T 62%.
31,300 MW t1 DIFET 66% THolz. INODEIL. LAFifT- /= AR 1-131 2N

ARORFITIE. BRERMTZUIE DR CAS 70t AR 2RI AR RO (1]
WETOE A I— RIS OREVNEGENS,
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TS UERBRTESNI YT HE,. 74%. KBBDREESSETH S, C- 14 HEDOHEREMNS
. WTFNOBRBEETH. BEHITHICE TN EFMEZOEEENI~5 % L#EEEIN~.
@ BEEZ NS —5E 8,000 MWd-t'1 DEFEIT, HESINZILBRYOEEMKIL. Rud3%,
Mo30%. Zr17%, Pd15%. Ag5%. Rh BMETH o7z, 31,300 MWd t'1 DIFE. Rud2%.
Mo35%. Zr9%. Pd3%. Agl%. Rhd %. Tc6 % TH o7z,

BRIBEBFTI—-F BRTESNZAMERE, SFa—RIC&DPIa2l—2a3ld3TL
T&E,

B - SBER @O PARC ZO—>— FEEE MR 8,000 MW -t DEFRFBREIGHRE (U R
257 g-L1, Pu B 0.90 g-L1. WHEEIRE 3.09 N) AT, Np&i - #BETHE. Tc HBETE
D PARC 70— — b B E1To/z. Uld. 02% 5 Np Bl EX Te BRIZ. B4 EEN
T2HDD, 99% M U EMBAHEOE TH - 2Bt Nz, Puld. BUNIVEERARBBITEY, &4
0.2%7%5 Np BB U Te BIRICE ENDHATH o7 dD D, U EMBEIZ 50%MNEEN. 50%
DHBMNPuBHE L THEEEI N, Np 13, HEBRRTET. 50683 MH I NTITE L RIVERAB
L7z, Teld 99% i E iz, #iHE N7z Np. Te DIFEA LRSI ETHEEIN, Pu
BBRADBITERN, Np T1%, Tc T4%, UBBEANOBITENN. Np. TeEBIZ1%Thol=.
Np. Tc DBEEIZZIRANTHEAEL /=A%, Np i, U/Pu DEICEEN K- . @ _Asrfrza—=
— RS MAKEEE 8,000 MW -t DEFFMENAREK FRIZOLAL) ZHNWT, Arrg—
A INDT7O—2— bEEELERREIT> 2. EREHI. U MNEHEBN 99.4%. Pu MESH
~N97%. Np 23&E LAV A 50% . Pu Bfh~ 43%., U B 5%, Tc M Te BB 90%. Pu
BIRN8 %, TNFENBITLI. 31,300MWd-t1 DFEFERENAREK (U BE 202-213 g-L1,
PuiBfE 1.31-1.46 g-L'l, BBIBE 3.1 N) OHEITIE. BIFEEZ 546 KU 435mL-h1IZE X /-
HBRZETH 7. HBRERID. BEREOETABTROELEH 2B 56T I EZ2RY LNz,
U I3ERBEAN 9% L EBITLRDEEZZITR0W, BLNIIVEEADOBITEN 0.1%M05
04%IZ LR U PuldBEREDETICE > T EHBANOBITRMN94.7% 15 94.0%ITET L.,
m L RIVBEBEADBITEN 5.3% M5 6.0%IC LR Uz, Teld, BEREFEDOETIZL > T, HAMAl
NDOBITENRLERL., U BEWAEAOBITEMIIZ0O NS 18.1%ICERL. Pu #EADBIT
REH28%M5 16.1%IT LR L=,

HETEI-RBR 2EEOASNsr7O0—3— FRBERICOWVWT, ¥Ial—Ya  itE%:
Ty, U, Pu. BBEOHHBH 2B BURBEHRTE R,

BERS O KEBFFUDAKESHE WRFEE 8,000 XU 31,000 MWd-t1 TOHIH - 7B
BRCRALUFEREBE (DBP BE& 4233 KU 510-630 ppm. oXHERES %1240 KX
320-400 Bq-mL1, BZFEBES 425 KT 140-170 Bq-mL1) %. LIVNTKET MU U LA (MS
4B%). W (MS2E) ZA\. AKFE 500 mL-h'! THE L EEROFEEL (O/ALL) %5,
7.5. 10 EEZTHRE LU=, HiBEAEDO DBP BEIZS 410 XU 100 ppm THolz, okl
DYeEIL O/A LT ER T BRRRITE £ 10~40 RO 10 FBE . IBEEAT 30~50 RN 2 ~30Bq-
mLl, BHFEDEEIT O/A BEWIFONEIFT. O/A Lt 10 THREREMNE 480 RUX 50, BEE
138 40.3 RU3Bq'mL! THol=. @ FFIFI Mk OERBOMEAFRG (AL
DBP #E & 442 RN 190 ppm. o BRI 4650 KT 710 Bq mL'l, B HEHIIEEE S| 2820 K&
1¥600 Bq-mL 1) &I AMIHL 7FIVT 2 Ik BEERBRE1T o 7. (it + DBP
BRI 4 3ppm KRR 25~30ppm THo /. aBREDIRYHREKIT 540-650 KX 120-1100
THREENT 1-1.2 KU 0.6-6 Bq'mL'l, B HEMOMRELRKILE 4 270-460 KT 50-100. HEIZ &4
1.8-3 XU 6-11 B mL1tTho7=.
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NUCE FizBiF 2857 D0t 2 ZERGR
Partitioning Process Test W1th Real High-Level Liquid Waste at NUCEF

HARRFHHAF DERZEHER
Department of Materials Science, Japan Atomic Energy Research Institute

HEFA, IWOE+R BE K, DFEEE, AREER

Yasuji Morita, Isoo Yamaguchi, Takeshi Fujiwara, Harunori Koizumi, Masumitsu Kubota

The first test of 4-Group Partitioning Process with real high-level liquid waste was carried
out in the Partitioning Test Facility at NUCEF. About 2 L (370 GBq) of the first cycle
raffinate from Purex Process were used without concentration. The present paper gives the
results of this test, focusing on the separation of actinides.

More than 99.999% of Am were extracted with diisodecylphosphoric acid and 99.98% were
back-extracted with 4M nitric acid. The ratio of Np extracted was 95.9%, but it would be
improved if the extraction condition is optimized. The quantitative recoveries of Np and Pu
from the solvent were achieved by back-extraction with oxalic acid.

F U

NUCEF®D a v L I)VHICRE U HOMAREBICBNT. RAERBPO4HHSME DX
WZDOWT, BIEOERS L ~IVIEEEEERZ AW =FERCR Y MNBDZER Lz AWEEERIE.
B U )V AOFLERARMERIC BT 5. BREEES000MWA/td i i B O BB T R4 L
HDTH D, SHDF Y VAR TIE. Purex 70 AHEBRRTED T 7 4 2 — MU2LEB70GBq)
PEBETZOEFEANV .
ATREOBET O R

EHEELVRVERENSE LCHR L 47D X0 70— %Fig 1ilRd, 2O 70
2T, £9 BMEIRCBV TRV NVERALLWHRREE 205MEEE TTIF 5. #
HITRETIX. A & L TDIDPA(diisodecylphosphoric acid)Z Fivy, 0.5M DIDPA —0.1M TBP
—-n-RFh Bz, BY S o EBTRUDRVUZ—EE LUzE. AMEE TAn, Coo KT
S84 K&, Y2y TNp, Puz, REF NI D ATURZZNZNEICHEHH T %0 Am, Cm
LS5 H )4 REDOHEX. 2941 2 )V TDTPAIZ X 5 ZIRAHEHHIZ L D175, NUCEFO#
SHRBREETIX. BIVA 2N 2 UBEMEIEECHRT I LI TE D, Z0OR, T
BHSOMBHREL D, BEERECTC R HSK TR Z., 1 4 o R ERREE CSr R Cs %
FNZENIBET B,

Ty bRBR TR LESTERZIBEC B U AR LD, XBRE T TE COTRUS B EEH)
COWTiRS, BB, Bl TROKBRCIE. BEIC X 2HEBEE OR0.EMADRHEIIEE L
BOEBREINE, Te-ASBETEABHICONTIE, &

BEERE AWz =)V FERBRTRu, RhEUPAD M BEEL ~IUEE

BRY LTH90% %, b L —Y—RNOBERERZ

At Ik MR TTcOWMBER L LT9%6.2%% FHLE (BN

8720 CsHUSrOERESBTETIX. Ty MR > wr& DIPA vfrhiﬁ
BT, CshRifefai e U108l L2/, 2
TRU%E@S';%& 7 i faysimwl—-'lssmiquw

Fig.21c . HIHCTE). PEv B R UMM & 3
G R ST ¥ —t b S —c BB
Am R UNpDEE FFE TR To AmiZ DWW T,
99.999% Ll _EhsHH S . 99.98% B3 4MAHEEIC X D
BE LD B SNz W EBAR®No.12~16) -
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1) Y. Morita, et al., “Solvent Extraction 1990”, Proc. Int. Solvent Extraction Conf. ISEC90),

July 18-21, 1990, p.585, (1992).
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New detection method with high sensitivity for measurement a tierce

amount of fissionable material in concrete solidified waste
BENEE S
Japan Atomic Energy Research Institute
EAE— FILFEK SR KRk
Y.Sugimoto M.Haruyama M.Takase T.Osugi

There is an active neutron method in order to measure fissionable material contained
in the TRU waste. Generally, the active neutron method has been done in the irradiating by
thermal neutron after moderating 14MeV neutron emitted from neutron generator. However,
This conventional active neutron method has been a great problem that the detection
sensitivity has been a great difference dependant on the fissionable material locations of the
solidified concrete waste. In order to solve this problem, we have developed a new detection
method that employs the neutrons moderated by the waste matrix itself.
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1) H. O.Menlove et al., LA-13054-MS (1992).

2) T. W. Packer and W. T. Swinhoe, AERE R 13137 (1988).
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Solubility of Metallic Selenium under Anoxic Conditions
H 2R F 7 Z2rr
Japan Atomic Energy Research Institute,

REFBA. FEAF. (LOBRE. FILE—

YOSHIHISA IIDA, TOMOKO NAKAJIMA, TETSUJI YAMAGUCHI, SHINICHI NAKAYAMA

Selenium-79 (half-life: 10° years) is identified as one of the radionuclides that
dominate radiological hazard in long-term performance assessment of geologic disposal
for high-level radioactive wastes. We have performed dissolution experiments of metallic
selenium under anoxic conditions (O, < 1 ppm) to acquire thermodynamic data of
selenium.

The measured concentrations of selenium were higher than the values calculated
from a thermodynamic dataset. The equilibrium constant of the dissolution reaction of
metallic selenium was obtained based on the expected dissolution reactions of metallic

selenium and involving selenium species.
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1) D.D.Wagnan et. al., The NBS tables of chemical thermodynamic properties, Journal of
Physical and Chemical Reference Data, vol.ll, supplement No.2 (1982).

2) A. J. Bard et. al., Standard Potentials in Aqueous Solution, Marcel Dekker, Inc., New
York (1985).
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Criticality Safety Analyses for Emergency Response Actions of JCO

Accident
EE Nl

Japan Atomic Energy Research Institute

LIAEEL, AR, PRk =i
YAMAMOTO, TOSHIHIRO NAKAMURA, TAKEMI NAKAJIMA, KEN MIYOSHI, YOSHINORI

On September 30th evening, criticality safety analyses were performed for reaction
termination procedures of the JCO criticality accident. The reactivity effect of the water
coolant around the precipitation tank were calculated, and its reactivity effect proved to be
approximately 4% A k/k. Boric acid injection effects on the precipitation tank criticality were
also calculated. It was found that an addition of 10 liter-boric acid water with 20gB/L was
sufficient to make the solution fuel subcritical. In this report, these criticality safety
analyses are discussed from viewpoints of the reactor physics aspects.
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1) BEfHt, JAERI-Data/Code 96-015 (1996).
2) Alcouffe,R.E, et al., LA-12969-M (1995).
3) Briesmeister, J.F., Ed. LA-12625-M (1997)
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Thermal Power on Critical State
Evaluated during the Criticality Accident

B AR+ B ERT

Japan Atomic Energy Research Institute
R 2] 41 i 52 K BR
Hiroki SONO Kotaro TONOIKE

A solution criticality accident occurred at a nuclear fuel fabrication plant in
Tokai-mura, Japan on September 30, 1999. The Japan Atomic Energy Research
Institute supported various activities to recover from the serious accident. This
report describes one of the emergency support based on the outcome of dosimetry
experiments at a solution-fueled supercritical facility, TRACY.
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S5 L 9% o5 * 5:/9{[“5&@ 1 cm 57:/&.%2@ 0.3cm
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Verification test of confinement of radioactive materials with TRACY
and application to analysis of criticality accident in JCO facility

B &R F R ZERT
Japan Atomic Energy Research Institute
FE -, BREM AHF F. DhEE @IS HEBRE. AILER
Hitoshi ABE, Shinsuke TASHIRO, Hitoshi NAGAI, Tadao KOIKE, Seigo OKAGAWA
Mikio MURATA and Gunzo UCHIYAMA

To verify the effectiveness of confinement of radioactive materials (radioactive gases and
aerosols) in a facility undergoing criticality accident, data concerning the release and
transport of these materials has been acquired by the simulation experiments in TRACY.
In this report, evaluated results with TRACY about the release behavior of the
radioactive materials will be presented. Furthermore, estimated results about
radioactivity released to the atmosphere under the criticality accident in JCO facility by
applying the TRACY results will be reported.
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Analysis of TRACY Experiment and JCO Criticality Accident
by Using AGNES Code

B &7 F IR
Japan Atomic Energy Research Institute
WABHE—. SRR, LAEsh, PREIE, =FEHR
YAMANE Yuichi. NAKAJIMA Ken. YAMAMOTO Toshihiro.
NAKAMURA Takemi. MIYOSHI Yoshinori

A one-point kinetics code, AGNES, has been developed in JAERI for the purpose
of the analysis of TRACY experiment. Four of the experiments performed in ramp feed
mode were simulated by AGNES code, and the power, temperature and total fission
number were evaluated. The calculated values of them were in agreement with the
experimental values with +15% error. In the analysis of JCO criticality accident, three
supposed cases were considered, and the total fission number was evaluated at 4~6X
1017 for 1.5~3.0% of excess reactivity.
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Space-Time Kinetics Simulation of Criticality Accident in Solution System
e A 7 VBRI RETFEt 5 —

RH FE B Fi% BEH T8 R B g —%&
TOBITA Yoshiharu YAMANO Hidemasa FUJITA Satoshi KONDO Satoru  SATO Ikken

We performed the computer simulation of an early phase (a few minutes) of the recent
criticality accident in a uranium fuel fabrication plant in Tokai. A system of a large computer
code SIMMER-III, which couples the two-dimensional multi-phase fluid dynamics with space-
dependent neutron kinetics model, is used to simulate an overall accident progression including a
series of power bursts. From our analysis, it was shown that a typical event sequence is suitably-
simulated using the modified SIMMER-III code. The behavior of power oscillations during the
early bust phase was predicted to be consistent with the former calculations by the computer code
specifically designed for criticality accident analysis.
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Radiological Doses Due to Radionuclides
Discharged into the Atmosphere

HARFHHEN REREMEDR KEBEWET I —7
Japan Atomic Energy Research Institute
HEF BT, FE BoE. IWLE SAE. HlL S8, M K. B EE
Akiko Furuno, Masamichi Chino, Hiromi Yamazawa, Nobuaki Umeyama,
Takashi Hayashi and Masatoshi Takahashi

Abstract

JAERI-SPEEDI estimated radiological doses due to radionuclides discharged into the
atmosphere. The estimation shows that the doses were considerably lower than guideline
values for sheltering even at the vicinity of the site. The maximum of effective dose
equivalent was 1/10 of the dose limit for 1 year to the public. Thus, it is concluded that
radiological doses due to radionuclides discharged into the atmosphere have no harmful
influence to the human health.
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BRRIC. B RER T LECHEE S NZEARBE2HN T, z&}ﬁ-wu@ﬁﬁé‘fﬁ%rw PRWDA21
kD, MRMBOBE, UHFR. HRREOFEZ/KESMEGE 250m TITS5. PRWDA21 1.
BEEYMEERTRBRTFHEBHTOIRTFILNETIV (S5 LAY+ —TFEFI) THB, 7
FIT X D BRI R B R OB R IO TIIDONTIE, H2 0l TE2BRHEFEEL THE
HE5EMBEITDHIET. BEORPFUENS OBRFLEEHIIT S,

4. FEMHER

(1) BITEH TR OHE

HFABARESEN S 17T BEETIIA P OMBENERL TH 0. B EIIIARE I mA S mdL g A1
IKMEINTND, 17 FLARRITEY 7 MEFHTIRENWEMNSMEORICE{L LIRS, ZHITHHIRL
THHEEZIZPRIMICHBT Uiz, 0% 20 FFEN S OJLiEIC & 0 B E I3RS mIc ik X
N, FHETA IO SEEMERS LSIHM L. TOXI2RFIZE A 03 Mg X TH LA,
FOEOREMIISHT U H—E Tl <. BIHER LU IO BB ERLE. JORK
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12, BEoA Y VR AMETHUEZINH O TROECHBRERBOBHEEBLICODEHKOE— &L
TROND. 04 BLIFHON 4 OEE# TIE, JL3EMN S OB WEIZ & D KBS EIXRE EAIC
Faniz. TORGEIZ, BESERELEERSNS 6 BETIEEAELLL Tz,

(2) TS T8 (BRIERER) EOHE

FFRUOKBROBREE=S U 2 VR S DESRINFREZR LR SPEEDI D&t B RO tug
%1{7> 7. SPEEDI TIZHAIMHZREL TN LD IHEIHEDEIZTER WAL E—J#ED
HIRFFRIE OGN SFERBROZ LM EZFMTE S, LERERTIE. BRI EEN R A
FERORDAZA NOFHEZEBLIEEZEZ SN, ERALLBATERV. YHMLSKHEITMIT
RBHAORIEEMASEICHITTORZ ~ Grall. FESE) THRZESRMEN, SHEMET
bEBHICE-I B TFUEINTNS, ZO—BEEZPRIBBNIENS, INSDOMRTOHEE
ROCHBEHEE L. HIBREFMENTRETH 5.

(3) FTH A BB OHEE
HEPA 74 IVIDBHREL T, EIXHFHANBHEINZEEZOSNE2D. BRERNS HHERE
BN B S TOLEERNEBRRIIFTHANSD Y BFELEI OGNS, FO-0., HlEHEs
1Bg/h OBHZEIRE LU FHHT AL B ELRIRBEROEBEMEOHRIT, 1ZIFEHHT A BHRIZHE
%95, BHAMEE STEMEDLLRT, HSNICHRENICHR T2 E— 7O ZAWTEEL TWA,
MHBOHEB AR TR0, SREOEEHERICKERTENZNI ENS, FHAMHER
EEMEHIZE DK 8x 1012Bg/h EHEEL .

4 S ER BRI B DT

FTHAZ X BN EREEOBIZIL, QTHELAZKIHE 8 x 102Bg/h %, 1 Bg/h ZKEL
EARERERBRIIRTHIETHE L. A—AMANAF EEMICHENZILBEBR U EE~EEH
THBHINREEFEENES WL EAEHL .

BREICDOWTIE., BHEAREOBRKREMN 5X102mSv THY . FE 3km LE T 103 mSv %
B2 DHAITEN, —HHEHETIINTHERYEITH L T 10~50 mSv TRIEEZIERL T
WABN, BHEEN2FH AL ANBERBRBEITI N EERTEINITNE WY, T Bhoay
FZOWMAILLHDNHHBERE CEYHRBUBHREM K 2.4X102mSv) EB5ELTHEAEMN
#01mSvETFTHD, NROEMEDBRELEREE L mSv D /10 LTFETHMEWNETH 5.

(5) ATHEDOWAI L BNERHRRE

AVFEONHRHBRHREIZ. 1Bgh DBHEERELENTHBERBICIVEOHRBRERT S Z
ETEHETE S, BEOWICENT, IaUROBEAOKHBEIEIIBKTE iz,
BESEBNSRDZIVHRERED 5 %HHERE 5 2 THARIKKEENZEL T, 3TED
M EH 1x 101 Bg/h SIREL =,

B SOEEOSTERTF CHELULBAREN 4X101 mSv T, ¥%E 3 km PAET 1X102 mSv %
BA S AId0, BROERAKNELZFRIBRBYUYEE L TIREINTWNS 100-500 mSv &tk
LTIRANMINIBETH D, EPHRBYURICHEB TS EFURRBRMRITIEISICH 120 &3, &2
B, AURICI N BERERIIFTHATFED 10 EBETH - /=,

5. £&D

AR & N7 B EME D © O#RER It 2 ® AL SPEEDI Z AW THERE U745 R, MK
HHEYEIC K 2 SRR SO 85 T B BB L BRI E D EENIT/NEL, /RO
FEHIOEHRBYEBED /10 BETHD. AMKICHEEZEX D XD 2MRTIZ M o7,

BE Y
1) "RENEETNERWRBRRBOBMNGERSIME TFUFEOMRE" BART ¥R,
Vol.41,No.7 (1999)
2) "Nuclear Fuel Cycle Facility Accident Analysis Handbook", NUREG-1320 (1998)
3) "JNDL Nuclear Data library of Fission Products", JAERI 1320 (1990) :
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Assessment of External Doses to Residents from Neutrons and v Rays
Emitted from the Precipitation Tank

HARTAMRRR RIEWELR
Dept. Health Physics, Japan Atomic Energy Research Institute

HEEE 2, 0 4836, R4 #R, BEE—, HEEE
A. Endo, Y. Yamaguchi, Y. Sakamoto, S. Tsuda, M. Yoshizawa,

External doses from neutrons and < rays emitted from the precipitation tank were estimated for the
residents around the JCO site. Relations between dose equivalent rates of neutrons/ rays and the
distance from the tank were determined from radiation monitoring data. Shielding effect of houses were
evaluated from the calculation of transmission factors of building materials for neutrons and -y rays using
DOT-3.5 and ANISN codes. Individual doses were estimated by applying the radiation doses in free-field
and the transmission factors of houses to personal behavior survey during the criticality accident.

1. [FU®IC

JCO BEARBHITBIT 291 MNALDOERDBHEGHI I, U5V BERSENNZILBEA O
BARRKISTRELEFEFREyRIE>THREEEINE, £IT. ALEROKIEIHEESE
BT B72DIT, JCOBUBBNIMNT BT D 'S ) D U#HREERNWT, BRFBED SBEREILEF
TORIREIBIZHIETFROyHORBYUBEZHE L, k. REEHBRT 2E. BRE
DEMITH T ZHEF RSy ROBBEEFEL . REBHEOENNHREZFMELZ. Thd
DR BEHREZARFOTHAETCEAL. SEAOREBEIML /2.

2. BOBAICHIT 3B BONE
JCO BHM D 1 MTHMRRREE 1 BTU 7 ESS ORBICETE, BREOBBEEOMKY
FL> K% Fig. 1 D& SICEFIE U, BHRBED S 25 SHOHAZEAHE L LES (/N\—2
ME) &, TORBREILETOWS (75 h—8) KATTRBEHELE, 75 F—H0®RE
BT B 72012, BRAERITER. B 2 SR JCO MEM L 7= P TR y BOE=
&0 UIRREMIL. lom BRUBREFHEEN S OEROMEEET T4y 51 L IRE
BTz (Fig. 2). ZORTHED SNHHRUBROZMAEN, Fig. 1 DEFINOBR L > RT
HBTHLOLREL. 77 F—BORERREEE L,

10°

S—Z D FSh—t0 \ L L T T
P = 9H30H 20450 B ETF—4
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Fig. 1: BEROBMZEOTTN b o WS RS R & 7 0954 > Tl

N—2 MROSRIZ. THEB S EH ) 1. 7kn OFHBFIHEAI IS 1T 35
EZH UL IRA b No.l(MP1) FHEFEZ S DRBEEMITL. FMLIE. KU TF L b
SHe WAIFHIERT = &10k 0. BRI L TIE SN TUV | DHORES REE, £
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Y OMEFREERNWTHEBECER LU, B5NEFEEEN—ZA ML 75 b—HozhZEh
OBV THEL, BMEHROEZRAWTN—Z MNROKREZFMEL = (Fig. 3). TDHE.
BEBBOLIE. N—ZA M : 75 h—#8 = (11£2) : (89+2) THo/. FHEIN/N— M
DHEEETS F—BOKERICMA. EREVRECEOEEREEZSZ. 51T, FEHEIBN
TEHEINHETFREyBARYT MVEEIZ, lom BELEN SEVRBUENOHUEZTT-
7z FHEASEZ Table 112RY,. T b6}, RICRTRRIE TEOERMOBMIERKITZBEDOH
HTFEyBOESHBETH D, ZDIEAROFEHIL. 5REETH .

10%g 3
o ESROREELL g
. 10'k N—RMR: TS—E=(11£2):(89%2) | |
8 4 ;
# 1005-\ T5b—18 .
,,ﬁ | SR MO ] Fig. 3: BRAMEIF O MP1 F#F
g 107, Sun 1 ESHOREE. NyIIUCE
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Table 1: EZHRBEYEDFEHER

EPHEUE (mSv)
Bl || 9/30 10/1

FERE 11:00 16:00 21:00 2:00 6:15

80 m 11 44 66 83 92

100 m 6.1 25 38 48 53

150 m 2.1 8.6 13 16 18

200 m 0.91 3.7 5.6 7.1 7.9

300 m 0.24 1.0 15 1.9 2.1

350 m 0.14 0.58 0.86 11 1.2

500 m || 0.033 0.14 0.20 0.26 0.29

3. REDEAWHROFH

DOT-3.5 ZRWNWT. (LB, S JICO FALORBIGET HHHETFRIy O FRIINF—AXRT b
V. RBANOAFAESZEE Lz, FEGENS 350m T, FHEF, v HEICHD EHNS
ARTHBHEBRAMETH oz KiZ, BEFMRICKHRBAGROEM OREEZIIZ, EE
SNz 23 FMEOBMOMAASHEIIX L. ANISN ZANTHETF RS y ROMTEBRZET
Liz. FETFAROBAE, BRRIEIAIAE (BEE 3mm) D 0950537 ) —k (JAZ 200mm)
D 0.08 DETH o7z Tiow yRAFOHE, BRBIIAM (10mm) D 0.96 n53> 7 U—1
(200mm) ?® 0.11 DA TH o7z, LALOFEREIIC, REBMDEOZEGRZFML 2.

4. EAKREOFTM

FIEERIEM S 350m AN D 200 £ DERE I U SEFSEN U /=T A ORSRIC, BHMNC
B AEMEORMAGREVCEBOBBROT—F @M L. MAOBIREEL . MR &5
TTAEROHERIZ. BKRK2ImSy THholz, Fio B LN 272 350m LLEOFERIZDWTIE, &
ROBERBE (FF ImSv) FBATWRWEHEEEIND, FHichBRBIIMAZDAEND L &
HIT, SEROBEEHOEDODELE S,
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Outline of Interim Report on Dose Estimation for the Patients
at the JCO Criticality Accident

TR E FR B R FRRT
National Institute of Radiological Sciences (NIRS)
JCO BEHREHEEEI N—T7 (OEE  AEEN)
Working Group on Dose Estimation for the JCO Accident (lecturer: Nobuhito Ishigure)

For planning of the clinical treatment to the three overexposed JCO workers, the dose
estimation for them was started immediately after their arrival at NIRS. Four different
methods were employed: measurement of specific activity of 2*Na in blood samples, in vivo
counting of 2*Na body burden, analysis of chromosome aberrations, and blood counting for
lymphocytes, etc. The doses tentatively determined were from 16 to 23 GyEq for patient A,
from 6 to 10 GyEq for patient B and from 1 to 3 GyEq for patient C. Further investigation is
in progress, including more accurate evaluation of non-uniformity of dose at skin, depth dose
distribution, y-ray to neutron dose ratio, etc.

Td#FiX. ICRP Publication 28 b0k Th D,
2H I OAMEBEDIER, 16K, FTRICETAY < —

BRI ESR (BRI E R or FIEEMERDY) HEIERIRRE R

BRER 1Gy~2Gy  2Gy~6Gy  6Gy~10Gy 10Gy~15Gy  50Gy LAk
b=t R SIEE e TBREZD FIREMEHY SHERTE SHIERR T
FEERE EMFRE HLE GRV NG LS
FER gEOH EED BBk, SR, T, FEE R,

i BRYs R, i, 3Gy<TikiiE EH)RH
RS 0 0~80% 80~100% 90~100% 100%
T EFHA 247 238 2 H
SR H ifn ~ e /NS IR b7k i

TOERNTTINT, BEEZITDIEEFOER  FRMEERECI > TRERD D EROHERZ
FHRIL, IBRF S5 THOE, IR EZ BRI ET DN ~AEETHD,

HMEFTIX, 32DEREFIISBZELETLY HFRICZIT AN, MBR-VBROED, Ll
BORBBEE. ILIETO *Na O EHEEE (B2 Na/g®Na) . BEOHR—NVRF AT 2 LDEH D
2Na OMSREENSHIISREBOHEERTT T, TORER, BEHELL T, BAF A:16~23 GyEq, &
# B:6~10 GyEq. &% C:1~3 GyEq 2’ &bh iz,

BRI SRAE T, IROBREHEE F O, ZITANEROE RS, At b A EE B 04
WF — 2% REFRRERISLLTEMLEZ DY L REH BICEbAHSERH L. ANE
Tl R E SR ETMEIC A O MK T 2Na Ol BERBEIC ESSREHEIZ OV TEITR S,

2B ZOBEHOWIOBEHIT. REORREPMT Ly BEBIBELTWEZE, BIXURES
HNARE—Thotel e THD, LNLEND, BAESICEASNAREROREHEFENLEBLND
FRIZTOTHL L OFEHRETHY, T, PHEFLy BROFEONRICETIEZEMNRIERLE A
TRV, BRRRE &1 BE T — X O 4T, TS B B O HURIRG ORI ARAT | RO R
I TEBFIT R ER BB KT AR S ol —ay BREREBICIABREOERS
IZRY, ISR EBDOFEEIDIALNTT A NENRDH D, TNOORBIC AL THREEED RN
BONTRER CREREEEZLVELDDHTETHD,
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Dose Evaluation on the Basis of *Na Activity in the Human Body
for the Criticality Accident at JCO Tokai Nuclear Fuel Processing Plant

KRR A 7 )V B SR

Japan Nuclear Cycle Development Institute

HWRE AR MEE SHRR MER BRE
T. Momose, N.Tsujimura, T. Tasaki, K. Kanai, N. Hayashi, K. Shinohara

Abstract
Sodium-24(*Na) generated in human body due to neutron activation was measured by whole body
counter (WBC) in INC Tokai works. Total 148 persons (JCO employees and contractor, public member,
fire fighters, etc.) were measured and **Na was detected in the 62 persons. Neutron energy spectrum
around the facility was calculated using ANISN and MCNP code and estimated mean capture probability

& of neutron for human body at this accident was around 0.25 — 0.28 at any distance from the center of the
precipitation tank. Effective dose equivalent for the 62 persons were estimated based on the calculated
conversion factors from ?*Na specific activity to neutron dose. Maximum **Na activity was 7.7 kBq (83
Bq(**Na)/g(**Na)) in total body and the evaluated effective dose equivalent was 47 mSv.

1. Z=VEF41 - WV F L DHE

WY x— - ¥— . F— (JCO) WEBBEMIIBITIHERBHICH> FEBFHO—ZRE LT,
YA 2NV CIERYE»SIJCOMBREDEE Y VY HEREM Lz, WEEEML:-E
148405 b, 624 (BIERFE S THELZ L QW =E74. HiBREHEEIS. BRIy
7=JCORt Bz 2364 (BUREFRATRMICHEINE3LERL) RUERAEKREIES -
DOEREIZHE L=JCOMB164) 25, HHETFIZ &2 ML & D RRIZER X hi=""Nass
BRSOz, RSN E2ED ' NaDBABRIZ7.7kBq (HL/E15E83Bq(*Na)/g(*Na)) TH > 2o
2. BB

JCOABRY D% L IFMNGBE2EE LTV ARP oD, £EhY U FIZL D Nafis
fEOREBRICHESEUTOFIETCHBHIEIC X 2R 2 FHE L 7=,

(1) RIEBOYEM (PR11E10H8H v o VNI LIGHEABSMHAEZERTHE)

IAEAOR Z— 2 7 )WVINZRENTWAERFEMA (1Bq=0.5~3uGy) ZRAL. £8hv
FICLDPWEL FIT L TCHEADRIRERZHE Lz, COFE. 62L0BE VNNV TIIRZE
BEIRRLBRNVRIVTH S eDHD D, BRI OEZNUEBEDSE L R 5IEHMF R I H
7Zo
(2) B UBLONME (FR12FE1H31H FEFHEEZESTHRE)

YRG0 S TE L ORI B IC BT 2 PHEFRO X NV F—4 i % 1 IRJTSNEXE T — FA
NISNE O SIRITTE VT AN DOBREESTET— RMCNPZAWTCEHE L=, COBRICHEIE, A
HICAF LB 7 Vv Y 247 ) o FBREKA I h28le (PHETHEZSEEE) @
WEANWTHNaDENICBIT 2 EHE L B YR OBR (MERE) ZEMORBEHE LT
BHUE, Wit RS S 2Lz 24, BED S OEBEOENZLZ AR
FMVODBNZH E DkEET0.25~0.28TH D, XED D Bh—H Uk, COBEREZ
AWT, #*NaDRIEED 5 PikEFHRIC K 5 E#RE 4 E(ICRP Publication 51). lcmifEME
(RIT7EED) . EHE(CRP Publication 74)% i U=, HEREOBEAGEIZ. BHED
520mPAZE LY 71, 20m~75mAEZxL ) 7II, 75mbiEZ L) 7l L TZEN2NONREE
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ZESD. FIZHIEL Lz ) 7OBRBEREEZBAICER LUz, vEIIOWTE. Bty
TP —RARA—FIZLBHETFRE ¥ BOBRAED BB LB Z KD, HEFOREEE
B LTYBOBEZEHRL, ChidHFBOERBZ2AE L TEAADAREIEHEEL L,
UEDFHKIC & DEBFEFEE 2 Table 1IZTRT o SHEHMIE L LTHRZKREIE22D0E
HICRBLAEICOHBREFAREREHZ2EALTHE Y, NUCEFIZBIT 2 YUEHE OREER
(ZEE DV TEHili U 7= i F OB B R EIL, Fig. LIZRT LS, *"Nalz #5 < SR{fif R &
Bh—B Lk,
3.
EAD*NaDRIERBRICETE, AFBIE I L 2EEZMME L. COBRIREZNEE
TRABREFHOBREBO—BLTED., BARECARBOEEEL2E T, /2. WBCIZ
X BNalcZE D < B FREMAILEE GHRER) THHREIBW D, BHRBHEFOMEA
HEDRIEE - FHlilcHESTH 5,
Table 1 SEEEYEIFMER

“NabtRH I N | ROEEUE (PHEF+H Y <)
X4 =R iy
ANEL B/ME~BKRE (V2 —~)V )
I R T IC W e — R RS )7l 7 6.7~16
HEAEER Y 7Iil 3 4.6~9.4
JCO#HBESE ) 7II 30 1.5~47
JCO# B% =V 7l 6 0.6~8.2
JCO%LE (E%ﬁ‘é%%léﬁ&’ﬁ%tﬁé%) )71 16 5.9~45
B
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Figure 1 “'Nalz & < i FHEBEHIFSE L NUCEFCRE X W B RGBS ORI ERE RO S
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SE R

[1] TAEA Technical Report Series No.211, "Dosimetry for Criticality Accidents : A Manual®, 1982

[2] W. G. Cross, "Neutron Activation of Sodium in Phantoms and the Human Body", Health Physics,41,105-121, 1982
[3] W.G. Cross, H. Ing “Sodium Activation in the Human Body” Radiation Protection Dosimetry, Vol.10, No.1-4,1985

[4] FRR1R2EIA3ABSERF TR RESEREISHIRESEEMN
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JCO B HEHUTDOUNT
Overview of JCO Criticality Accident

B ARSI FERT
Japan Atomic Energy Research Institute
T o
Isao TAKESHITA
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B NUCEF, {REEHEEFEEDEBE]ET D,
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£, BAR 14F) THD, ZNHDZLIE, 1950 FEARER 00 60 FERBTHTHT TRAEL THDHH, B
7% 1997 EITH R BN > TVB, 4D JCO B FHIL., RV CEELILEE B OY
SUBSIRDY L TN EIZEY, D TE 2.5 X108 THY, FHOFETIL, 3 BFHORESL
7o TCNB, ZOEMIZEVERER 3 423 T 439 L3I,

JCO R REH D ELRFEIILL T DEY TH D,
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THD,
2. LB ORBLIBHBAT L AU TR BN E R B L7,

RO =2 T RESIT, BWERICESIR B DT T BB M R A T R ALY — | LU TH
BB EDSERROIE ., BEHREORIE ~NEIZELTHERITOILLLIZ, TOEMIZEH L
77
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WAL R S ERER . RAFERET R D =&Y R AN BT BT B Y BRE=F— O A,
JCO LEBHEN LY TFY T BHFIEDRE., YU T NVEBRER OO, VTGS L%
S DA, TRACY ZILB T ~RE=FOKE, FEROFISEFTM. LEBREFOMARES
RER. TRACY (LB 7 7 hA RS (A REFR AT ~OW ) ELEH LI, . RF IR
2EER BIEHNT. KIRBRE~OFEMROIRELREDH 1HITo7
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R4EFHA i kR | BESIRE PN
1959/10/16 |Idaho Chem. Proc. Plant(3) | U &i& 4 E+19|11 4 0.02~0.5 Sv
1978/10/17 |Idaho Chem. Proc. Plant (k) UBiE 2.74 E+18|7:L

1999/ 9/30 |Px—-—F—RBEEM | UBK 25 E+18|3 A REMIFEF
1958/ 6/16 |Oak Ridge Nat. Lab. Y-12(3k) | U &% 1.3 E+18/8 4 0.28~4.6 Sv
1962/ 4/ 7 |Recuplex(3) Pu Bk 8 E+17|3 % 0.19~1.1 Sv
1963/ 1/30 |Siberian Chem. Comb. (Z&) UBik 7.9 E+17|4 4 0.06~0.17 Gy
1965/12/16 |Mayak Enterprise, Urals (£2) UBi& 7 E+17| &K 0.003 Gy
1961/ 1/25 |Idaho Chem. Proc. Plant(3K) | U &k 6 E+17| ~0.55 mSv

1953/ 3/15 |Mayak Enterprise, Urals (E&) Puisik 25E+17|14 10Gy. 14 1Gy
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