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Abstract

On September 30, 1999, a criticality accident occurred at the uranium conversion building in the JCO
campus, Tokai-mura, Japan. The distinct feature of this accident was the continuous release of fission
neutrons to the environment without an appreciable release of fission products. To evaluate the neutron
doses to residents living near the JCO campus and environmental effects, radionuclides, induced by leakage
neutron, in soils, concrete and chemical reagents was determined by y-ray spectrometry. Na, %sc, **Mn,
e, ®Co, %Zn, ¥Br, %28b, **Cs and 1401 2 were detected in the samples. Low level **Mn, which is
produced by Fe(n, p)“Mn reaction with fast neutron was determined by combination of chemical
separation and low background well-type Ge detector installed at Ogoya underground laboratory. By
using c.a. 280 data of measured specific activities of neutron-induced radionuclides, thermal, epithermal
and fast neutron fluence were roughly estimated. Neutron transport calculation was performed by using
MCNP code. The calculated value corresponded with the measured value on thermal neutron fluence and
fast neutron. Directional dependence of neutron fluence was not obviously recognized. Origin of
abnormal 2*U/*!U isotopic ratio in soils was investigated from the viewpoints of radioactive equilibrium
between ®U and Z°Th. The results of analysis of U and Th isotopes showed many kinds of U

contamination were existed independent of the criticality accident.
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1. Frig

1999 49 A 30 B, KM EFICH S ICO REFERO D 7 VU MLTHER Th D EHAREIC
BWT, AL RZBEREMNRA L. WENRBELEDRN- T, U oaEE
BOREIZDV2L, FCPHEFRFR LU EVXRELORETHS. IMBICHE Shi- b
FIZL D, JCO WEOFBMET T, BBIEDL—RERETLRFREZITS L EBHIT,
S XERBREVHEHIBEHLENE. BARIZBWT, BEREEORFHERE o1, EiE,
REEMT OB EEREZRASIRBESh, BRAFRORBORENTOI. 1999 £ 12 A
24 ACEMFAEEBLSDRRBENREREN, S—AVRTF L DD F—, T4 NANRyY, T=
FYUTRANDT—Z2EEFALTICO B2 b CICEROBIBREFMMB 2 S, Lx
L, FLoRDEROERBEIMIZ, +oRBRABRENRVEE, JCO FHBDIOE=%Y
VIRAMOTF—F LRBRREAVCTEHRICEMME LT ERY., Fk, FMEEOEWICEIIH
HEFIP 2 EERLEZE L HY, TRAOKREFMMICT2EEEZERNEL W B3EELS
V. EEFEEERSOEFEEEERTA DL, EoHFNLRIENILOREFENEETHS.

FFREBOFEMIZIE, BRHENEREMFOTIL U ABIRTXNEF—ZRT MAOEREY
BAVERDS. BHIZX VIR LI PHTIC LY ML SN =B E R OFEA R D
WRSEEEERIET 5 &8, PHFOFERREMEEORERFES,D L5, BloERMIT,
P FREHERTOBICERRERE 2D, KE-RIGEFE»D 50 ELEARBLTVAIZY
b bY, PHEFHEMAEEEOENEELZE LD LW IHIRLDBBEELITOI T2 RIES
25 &, REHICBVTHEMOBE X HICEEHEE L TV DTSR EEEOZRME %
BTILIIEETHAELERD. _

AL TIE, JCO BHNICH B 1, a7 U — bR I UMLERERE ) b P FHEA
EROEMER VB A bux M) — 2k 0B5. LB -RFES LR, #EhdFic
Yo THEE SN HAMEREOEAEIL, SHROFRICL 3T FHRREFRIMORI, BE
RF—FERD. XIT, MEDHEL RDEEOBREDT® BHTERIT OV TILROHE- s
T, BNy 7 7790 FHFE HP-Ge BB AWT, TEARIVEHROT—¥%2B25¢ %
RAHD. MCNP AV hEFEEHEEZTY, HHEMEL BAMEL OBE1TS. Fi, ICO %K
HNBIOHEROY T U RAEROREZ 20 & 2'Th R P OBANLERT 5.

2. ABHERELyBRARI b A BY—
. DHERBORBMAEN 18X O 2 IR T. B 1 KAE T, 50mm xS5cmERBEERL
TREEER L. SHEMEETHS ¥Na (T)p=14.96h) < “La (T;,=4027h) OHEXER
LT, BREHEEE, ROAEOEE 0mm®x37mm O 5 RF v 7 BBRITED = b O Ly RER
HpEE U7, Ge HEERHBEFERL, £3REFH ORERE CEEMKNEZEOERELIT-
7o, PIEP—EVET Lk, R 2B CRESYE, 2mm D5 WVINT, k2 AV TY
B{tLk. 60mm®x22mm DFFRF v 7 BER/CEED, FERFRK2 B CyA7 bt by
—%ER L, “Sc (T1,=83.82d) ® ¥Fe (T;,=44.50d) 2 ¥ DEMPEBHEVEBOEREIT
ST, 82 KAETIY, WEEOD I ERFRBREEDE L UPHEFOERK E 25 K& REZEHHN
2V, BN S BRI AR, MESFRTREZER UL, RBOREBICIE, 47 mm*x 10 cm
BREYECEAL, 3 #A0RR Ty FTRETEPER UL, $ir, HEKEEEEORE
SIETRDTD, 4 AT mm* x 30 ecm MRBLFEA L, I 7REEEmM L. = 788,
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Repth: AQ-2em
90-10em
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1 F£—RJICO BIAREF DT 1# 2 FEZRJCO BB LR
SRHFER R SRHRE R

KEPOLS5em BIZHEIL, ENThEAEREE Lz, $2 KBSHITRTAK L, AT
fEL7BIZ 2mm D5BWIHT. ZhE60mméx2mm D7 T A F v J BRBIZEDT- L D%
YRREIERRELE Lz, Ge Y EERHBT 2 BMT OB EMEEEEORELRIE L. 0B
B 22m OHAND IV Y — T uy 2 #EERLE. 2027 Y — b7y 23 12 806H 4
BL, BROTHEELL, 60mm®x2mm DFTFRF v 7 BBRIZFEDE S OERRAIERRE E L
To. TEBIED DRIRAY 65 m ICALE + 2@ RBM D bR 21 R 2R L. RE3Q
BEEY, 60mm®x2mm OFFRFy 7 FBRICHEDLLOELyREARE & Ui, ok
BRFFICTHREFRESIT 2T 2 ik, ERBORETELFER L.
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FEMAMEELE R EOR RO — 2R ] om

Specific activities (Bq/g-clement)

points “scsse "FelFe “CoiCo “Mn/Fe
Rt B, av ) — ) , AREREBIN G, $S-1 290 £ 20 0055 % 0.009 325 No detoction
MFETHUMIEREL 19 B ('Na,  ss  wosm  onson  oies  Nessn
%Sc, 5ICr, ®Fe, ®Co, $Zn, Br, ¥Rb, USt, 55 sesrn  omsen ass  esesn
®Zr, ®Nb, "Ru, ""Ag, '28b, Cs, 'La, g1 amess  ossem  mar oo sem

(MCe, TBu, BECVEW, ETHETHE w0 wwew  awsim  men e
Vﬁ% 2 &E (54Mn SSCO) %&ﬂj l_/ 7@% $S-10 5430 + 10 149 £ 0.04 309 & 14 0.039 + 0.005
E ] ’
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4. HBHOE LU MM DER

FEREEY IR A7 br A LY —TiX, BHLL
Eh T HE R EREOERN P2V (M,
%Co) 5 ziz, B LR oL i, &E
HEFOIF S BEPHETF XY bERREICKRE <
HEE5THED, EPREFICIVAERT HHED
F—HIEETHS. AFRETIE, LREND
10 m IRD 4 RO HERABB IV 22 m D=
V7 U — FREFCOARBE L *Mn ICERL,
FHPOBELREZRETIIETIVELD
AT BT B RE ARSI

B5Mn DRI B 834.8 keV Dy & IZIERI L=
FNX—2RED, PMn REOBRKOGEL RS,

Soil sample (30-200 g)
1

Calcination (800 °C)
1

Decomposition
(BNO, +HF)
1

Drysp
Je— Ditute HNO, +H,0,
Centrifagation {1901y

Res.

Suj

P Pick up scversl gfor
stable Mn measurement

N:OH

rHydroxide brecipitation l
T

Centrifugation

Sup.

PPt
1
Dry up

1M BC
{100-200 mD)

Solvent extraction
(Bi-sopropyl ether)
Org. Aqu.
1
Dryup
Je— M EHC (S0m)
Anion exchange column
(8 mm?x 12 cm)
{Dowex 118, 100-200 mesh)
fe— Wass wits oM HQ
Dryup (50m)

Conc, ENO, (50 mD)
KCI0, (100-500 mg)

Centrifugation

F|P|- Mn0)
Dry
1

54Mn and stable
Mn measurement

B4 TEPOELAIL M0 BIRRDOEZDHDD
BERF—LA

28p . DB THD PRa%e, LT FUBEIC L VEL RS PCo R K REEBREL, Mn
BT B HDLFENEEESY FL——FRICIVEE L. K4 IZ2OHTAXF— L 2T
BI%E Ui bl L, RANBHTRIERDEA Ay 7 75 U FHFE Ge BHBEEAHEDED
ik, REMENS 20 m BIAO 9 RENT ¥Mn ZRIHT A Z LB TER. SS-14 ABD{LFE
4y BERT D IEMEVRIIE B & VYL BES OyRBIE D AR RV E R 5 ITRT. FEIRRIE T,

W TIHFE SN T ¥Mn BRI CTE R o R, (LESHRIIHBR Mo OE— 7 2B5 LR

&, B *Mn OHERERE 2 1TRT.

(a) Non-destructive y-ray spectrum

Sample name: No.8 (§S-14)
Meas. Date ; 1999.11.15
Meas. Time ; 1340 min,

§

»

cpm/keV
S

1000 1500

Energy (keV)
\ (b) Radiochemical y-ray spectrum

] 500

%)

Sample name : No.8 (55-14)
Mesas, Date : 2001.4.23
Meas. Time : 9916 min.

Ac-228 338.7(12.2%)

<«—Mn-84 834.8 (100
Ac-228 910.2(27.2%)
K-40 1460.8 (11%)

€— Annihi. 511

- cpm/keV

2000

1000
Energy (keV)

xK 2 {EEDREEENYDTSOUR
Ge BHEERNTRARELE JCO B

D M BE

Sampling $*Mn/Fe specific activity (mBg/g-Fe)
points Radiochemical Non-destrucitive
§S-1 047 + 0.07 No detection
§8-2 1.19 + 0.13 No detection
sS-3 26 + 08 No detection
SS4 026 = 0.05 No detection
§S-5 1.01 = 0.15 No detection
$S-6 333 + 043 No detection
$8-7 No measurement 73 £ 18
SS-8 306 =25 281 =41
§8-9 6.52 = 0.61 No detection
Ss-10 382 = 2.7 389 + 5.3
§8-13 8.1 £ 09 No detection
SS-14 591 % 0.53 No detection
S-9 No measurement 754 + 4.6
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5. MCNP % A\ - e Figtsta

MCNP ZFWT, FHEFEEHE LTk, GEEBRER I UBRIOBRYOMER L OYLER
FERBTGEWE CTHEICEAAN, CBREH O P F 2 RAE S, RESEIPHTIT 1x 10°
BL L. & SRARHERHAIIZ 50cm? x Scm DK X S TRIHEEEPEBL, T F VL ostEl
FOARTIPHTORE XN X —2E L. BELIBHETFIRE R —05, Skt
¥, BOPEF, PEPHET, EPEFBICETPEFOTIAT R FEHEL, EREN LA
e B Uic. WBGRERAE L PHEFEEHEN OB EHEDOIHTF L 2 %% 3 ITR
T BT, B, FE

HF & bEE L ERIEIT 3~4 %

£ 3 MCNP ZRUTHBULEPHEFIILI VR

Sampling Neutron fluence (am™)

o)ﬁﬁw"@l < —.& L—Cb\é k peints Thermal neutron i neutron I dizte neutron Fast ncutron Total neutron
N §s-1 (1.11£008) x 10°  (1.55+0.08) x 10° (7.640.5) x 10° @8205) x 10' (1.39:008) x 10°
v VZ Z) . 882 2940.2) x 10" 4.4£0.1) x 10° (35£01) x 10° QA4£0.0) x 10 4.0202) x 10°
$8-3 2.1£0.1) x 10 (0£0.1) x 10° (2072009 x 10> (154009 x 10° @8x0.1) x 10°
~
EP'H‘E?‘ TN A 0373@@«{??@ sS4 (14£00) x 10°  (2.00£00% x 16°  (1.08+006) x 10° 74206) x 10° aszon x 1"
$8-5 3.7£02) x 10* G.1£0.1) x 10° (3.5£01) x 10° 26£0.1) x 10° @8£02) x 1o

Z S e - =
%;—;ﬁ’\ 6 fh Bb ‘“—: @%‘iﬁf{ﬁﬁ& 556 G.1£03) x 100 (1472002 x 10° (1.04£002) x 10° (75402 x 10°  (1.24£0.03) x 10"
887 (L13£004) x 10" (1.93£0.03) x 10" (1.542002) x 10 (1.32£003) x 10° (161 £0.04) x 10"

ﬁﬂ)&’i’ ":% l@: L/y m@@ 75‘ 6 16 73_ §5-8 Q.95£0.06) x 10" (5.70£008) x 10™ (5.02£008) x 10 (5.4420.06) x 10" (4.56£0.06) x 10"

Ly L. - ¢ §5-9 @602 x 10° (68202 x 10° @4£01) x 16°  (2172001) x 10° 5.9£02) x 10
MiZH 5 18 m DALEIZ 50 cm® x 5 S0 (2894006) x 10" (580+005) x 10° (5234005 x 10° (5312006 x 10°  @53£0.06) x 10"

. §8.13 9.8£03) x 10" (1472002 x 10° (1.02£002) x 10°° 66202) x 10° (1.29£0.03) x 1o"
cm @j{% Sy T;lﬁ mﬁ!éﬁ% s EF'HE s5-14 63£02) x 10°  (L.03£0.02) x 10° 78£02) x 10° 60%02) : 10 7402 x 10°
‘?‘"ﬁ%%‘l’ E % ﬁ - 7‘_:. %‘\' EP ‘lﬁ %’ s-9 (3874007 x 10" (8.22£006) x 10° (7.52£005) x 10° (8.082007) x 10° (6.25£007) x 10"
%ﬂ¢ﬁ%,#ﬁ*ﬁ%,E*ﬁ%%&ﬁé*ﬁ%@ﬁﬁ%ﬁ%@6k%?.%Bﬁﬁ&ﬁﬁﬁ

%5%*&%?%,%k&%¢®%ﬁ4%&§?bb.ﬁﬁﬁ&ﬁ%ﬂwﬁﬁﬁﬁ%ﬁ#ﬁ&%
DL LIITE o,

(a) Thermal neutron fluence ( < 1 &V) {b) Epi-thermal neutron fluence (1 eV-1 keV) {c) Intermidiate neutron fluence (1-500 keV)
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(d) Fast neutron fluence { >500 keV) {e) Total neutron fluence
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6. _JCO +#th o PUAtU Fif fkk

B3y & BOTh MRSt EEOBLAD b 20PN R ORE ZAD0IZ, JCO Biio
1O UBLBTh AR Z R AT b A Y —BEICICP-MS ICX D o7 L7z, LN
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Wo A7 fbrA MY —it kY, UB LT s 1

Th FHE G OMSTEERBIE L7z, ICP-MS %8 S
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by, TOBE PUPU RLKEE, . | o, TEE ..
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By ookt LT, PUPAU Rl E ey FLES SRR TIORY. gL Uol—
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5 ERAIER <, UDHERERE—DOBR TCIIRS, SEIEREHFEEO UDHEENboTZ L
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TR (HEERE) ZEEMNICERLRAERBIE Lz, BBy RAET 0 EROBRNEREZERL
i, BEQENY 77502 FRETHOHRHEEZHE P THEEE M-54 OBFEREICRIL TV
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