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In the prevention of nuclear disaster, there needs the information on the dose
equivalent rate distribution inside and outside the site, and energy spectra. The three
dimensional radiation transport calculation code is a useful tool for the site specific
detailed analysis with the consideration of facility structures. It is important in the
prediction of individual doses in the future countermeasure that the reliability of the
evaluation methods of dose equivalent rate distribution and energy spectra by using of Monte
Carlo radiation transport calculation code, and the factors which influence the dose
equivalent rate distribution outside the site are confirmed.

The reliability of radiation transport calculation code and the influence factors
of dose equivalent rate distribution were examined through the analyses of critical accident
at JCO’ s uranium processing plant occurred on September 30, 1999. The radiation transport
calculations including the burn—up calculations were done by using of the structural
information about the conversion test facility and other facilities inside JCO site, and
the established “trend pattern of neutron counting rates” . Radiation transport
calculational parameters were searched to reproduce the dose equivalent rate measured at
the second floor of the office building looked down conversion test facility directly. The
addition of water content of 0.15 g:cm® to the autoclaved light weight concrete used in
early analysis brought reasonable result. As the consideration of the building structure
at measuring point and the instrumental structure of the precipitation tank, it was possible
of lower water content in autoclaved light weight concrete. The calculated results were
obtained within factor 3 of dose equivalent rates in the other monitoring points. There

needs the more detail modeling of the internal facility structure in the conversion test
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facility and the other facility structure in the JCO site to achieve the more precise
calculations with the validation of the measured dose equivalent rates. In the analysis
of gamma-ray dose equivalent rate produced by the residual radio-activity at the cessation
of critical state, the accurate dose equivalent rate was obtained by the few ambiguity.
The ratio of fission numbers was obtained in burst period when the critical power changed
abruptly and in plateau period when the critical power changed gradually till the end of

accident. The value showed good agreement with that of “trend pattern of neutron counting

rates” .

Keywords: JCO Critical Accident, Radiation Transport Calculation, Neutron, Gamma-ray, Dose

Equivalent Rate, Residual Radio—activity
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X, BESRHRa V7 ) — FOBEZ L O TIRRRHME L 2 o7,

2. 2. 4 ASHEKOFHE'Y
FRREEFFERFOSPEIE., ] COBRFHTRETICKE SN hETOEBE, %
5 % ENDF/B-IV'2 7> b VERR L 7= BE R & FIV =8 V7 W L 31 =2 — K MORSE-CG'Y THE L7,
NI OBEE D % £ & LR ABRONITIC, LR SRR LT A7 MLz SRR
TRETDHLEL LI ES 20cn OBRESADL 7 ) — NOBETHEE LY 7 VRABRED 750
BEAERRBROELCERE L, THEFOREYBRAERRUBHELYT  FVERBAET
DHRWETF ALY CARTEE LR, BPHFOFERREVIETFRELBOFAE TIREAD
BEEIC AR 2 o THY . BRABRBONBEEORE L. RIERED TOE~VRE
EORNTHEORMBH D L LT,
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3. BHAOFMETT NV EAWEREY BERoMITFE

EHABHOBMET VR OZEFEOE~VRHFICRBITIRERE 27 U — FOMAREH
WEHE T, “PHFHEROBME Y- RFERTERN- 20, GRABREOE
METLRR] COBMMANDOMOBEZETAT I LICX Y BERGEHE—F
(MCNP4B) THEMUEESMHEEIT 7,

3. 1 FE#EZR

Fig. 3.1 KB OHAETTNVEETRT, LKEBEDORXT LV VAZRF— LV RUKTHENLTVWS
IS, WY 7 S VBEBEAE TN Tz, EEORBE I IIRPEBSEN S VLT n, A
PomE Ui, 72, Fig.3.2 K¥@aL 7 ) — FROBRSEI L2 U — hOBTHER
Hlo HIMBABRMOHBET TNV ERT, XFOFHZ I ENS 505em TH Y, KHAMIIEES 10cm
DERBERA= L7V —FThB,

Fig.3.3 IZ ] COMRRNOBRFEBRZRT, TNODOBRED I L, BEERERUAIA V¥ A
VRO REEH E CEANWEICR B FREESR H ARFICOWVWTET MEE T2, T VL
L7=BE% Fig. 3.4 1T T & L b, TOABELUTIIRT,

ORI

@F 1 v T AR
@F 2 v T RBH
@F 2 7 7 U RBRBHE
OF 3 v 7 AR
O

@a—n FREB
®% 2 HFFEMK

O%F 4 BABEEDIREHR
O%F 2 EEEEDREH
DYk v 7

@UF, R &1

@ 1 0 TR

@R A eI

ERBROHKS 7 DFETAIZEO 2 F 8% Table 3. 1 ITRT, MRONTFEIRHAT
HEEHER L, £/, ] COEMBROBANLIEFHIIATTHEETIE S 2n, EE 3en
Dary Y — bELET ML LT, X512, AEHMICH B RERAOBMIT LA In K 2o T
WARZ EEEZBRLETMEEIT- T,

FEORRICEDADA VXA VREBET 0, HoeBElfEiRzs L3 L e bic, #imic
LH8E (V7 Fov A U BR) ZEBTDHIOEES 30cm DHEEET NVICTANT,
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3. 2 BRASRY ML, KT —% ROWERET — 4

FHET ABERITTHET L yBRTHYD, PHETERIAE LRI PHF L “ky BRERHE L.
BORBIGITHED vy BREBRIRE LRy ROBEFET D, L7z o T, yBRITOWVTIE, #
SRy BEPHTFICE A TRy BROBBE LD D, FHEF SRy ROBIHARY b
& W ORI D PHEF B R U FHE Table 3.2 ITRT,

T RV X — ORBURBREIEEHE o — P MCNP4BY) TR - AHEHERL % Table 3.3 IZR T, B2
MUDTERITITEHR Y BORREUELEEBL, 16 (g'n®) OARZEED, GRABREOEH
ROKHFHM, GBREABRBUAOBEMHICEDRL TVWEEERE IV 7 V- FOMBRERUEE %
Table 3. 4 (277" ¢, AFTiE, BADE 15. 0vol%DEESTIE= 27 U — b (ALC-5) ZRAWHER
WZOWTiRRD, ALC-5 OEREXE=2 7 U—MI, 4. 18 TRRD K5I “PHEFHEERD
B RIE L 88— ICf o TR B DO 7] 860W THEM 2 MABETOPHTHREYERDOE
HEE2EERT 2R TH S,

W7 — 4 & LT, V7~5EWWBH’“%MWMBmk@ﬂLtMmm37—5747
Z V=15 R,

3. 3 FMESRRORHESE

BREYBRROFMAIL, BELYBBOEIERSH S 18 RTH S, iHEAILFig. 3.5 F7T LD
i, ERABRMOESFNMIZH S,

e EE LR VWEHl T, ERABREE PO LT IROA TR L ABRROERIESIE
AT&ED, LML, JCOBMANTRE, BEERRVORANA ¥ ¥ A VBROFAELEEE LR
PEET LD, ARHBERVE, THEACBT3PHFRERy RO AT MUZH LT, F
HFROHFIZHETS Ion RELE~OBRERE'® 2R FTIZLICL0. HBELYERLIMEL
7o

3. 4 HEHRRUOEZE

HERRZ, 77 b—HBD9IA 0 AD20KND 10 A1 HD IKE TOEAME L B LT,
ERE L LTI, ] CORBMNEREIY A 7 MV EOH N OB ICEHBERME CRIE LT —%
L. FHBESEHONATRHE LT —223H Y, REYBREAHEORRIIT —F H b FH
BEEEH LI AV, EAfED—&HK A Table 3.5~3. 81277, £/, PHEFRTESIR y
MOBARIFNT Y ORBLUERHERL R LY, BEFRREBOH A% 860F & LT Table 3.9~3.10
WRT, SIS, LEHED O ORI 2P FREYEROHEEROCEAEL Fig. 3.6 1
R L LI, FOREERFig 3. TIRT, 2B, J COMRAD y RV TE=FIZT I,
75 h—#M 9 A 30 H20:45 55 10 A 1 A 3:30 DERKEOHAREIXIZIEF—F L R 5
1)

b FICB LTI, Pl EBRARBRBUICE < 2 512> TEHHERR L ERMEDE (C/M) 23
2.0 {75 3.2 L KEL RBMEMIH D, 1272 L. BEET LVOEENRKEXVIHEMLE®, @
WCBLTiE, FEFREIC X AEAME L R LT 2{ELUT Lok, ERFMEMEDOICE L T,
BIEMEAS 10 (mSv-h™) TR TWAMN, BIRDO K S, ZOMBETO vy L OBRBEYUEBROLR
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At D BRAT AL & LB LT/ SV, BIRD D OFEBEAS 100m A5 230m (AT TiE, C/M 28 13
SHEMZER L, 200m DHATIZCMIT 1.4 £725, EHITHRENODEMARESRD L C/M
T2 2HZ 5, EHEH2BORESIIRHLTITL2 EroTl,

yEBOBRYERIT, BN yBREZRYyBROBEETH S, HERRTII Ky RORE
WMBROFSIIR yBROBELEED 0.4~0.5 Thd, y RRELYEROERFE LHERROL
L 0.50~3.2 2o THY, PHFHREYBROEAMEEHE/KRLOL L ZER CERA TS
B, i, PHTRELUERL yHBEYBRION (-yH) 22 E, HERBRIT¥EDO
TR A5 CEANE D + 20%6DFEFIZ A > TV e, FHEMEOICRIT D n-y LOERIE 4.2 13, O
EVVEHBALE TO n-y LD ERME 8~10 RUOMLE TD n-y LOFEME 8. 4 1ITHA~THSWN T
DI Enh, FEAQTIIPMFHE Y EROERIEAE R ORI EGE 28X TV D TaEED
HD,

HEHREL ST h—HEDI B30 BD2081510A 1 HOIRE CORBYBRRNET —F
OB TIE, BERREBOHNE 860W & LIz EZDC/MIIT7 77 3 LIRTHD, IHIT,
BBUBREOEMEYBERTI-HI0T, MRMBORE. HIERABEBEEEORE LORH
NEERTET S & L BT, BB TE IR T AERERN OB, BRABRBIIIVERD
NI EEDET BB EICRD, L L, EREOESME, AF TE 2EERRIRN OB -
BFZICHETAERICIIBARH Y, ZhU EOBES BT -BTIIRETH S,
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Table 3.1 Calculation model of facilities and tank.

% ME K
5| ERFORHK w1 | oo |mmEe | o | %
cm) (cm)
@ | iR BH ALCY 10 av))-h 30 A | KH®E & 505cm
ORERIWIPL U ALC 10 i3
@ |®2wT RABK ALC 10 4
@ | 5 2 v T RBEIREN ALC 10 i
® | FE3 v 7 RBRH ALC 10 48
® | Broe ALC 1.0 i3
@ | 23—/ FRBREH ayy)—p 0.6 ® | AHAL—L
5 2 AR g 0. 06 ALC 0.9 || &K EER—F
Q | 4 AEREEDREH av9Y)-p 12.5 | av2y-h 18 i
© | % 2 EEREEDRER av9)-} 18.5 P2
O | PekF 2 g - | 0.16 A | E£300 & & 540cm
@ | UF6 fRE B avy)-p | 5.12.5 g 0.4 i3
@ | %1 MIRERE VAR il
@ | APk av))-h izl
NWBRBZHEI Y — b, ) @RI T Y—
Table 3.2 Source photon and neutron spectra.
Gr. y % _EFR y BRERTR R IR
TR )VF— (MeV) AT RV AT bV
1 0.05 0.0
2 0.1 0.0
3 0.2 0.0
4 0.3 0.0
5 0.4 1.3
6 0.6 1.7
7 0.8 1.1
8 1.0 0.72
9 1.33 0.78
10 1.66 0. 50 MCNP4B == — RN D U-235 %47
11 2.0 0.35 B~ v (Watt D)
12 2.5 0.32
13 3.0 0.19
14 4.0 0.18
15 5.0 0.62
16 6.5 0. 027
17 8.0 0. 0028
18 10.0 0.0
19 12.0 0.0
20 14.0 0.0
WY ORAE 2.2X 10" (ph-s™) 7.5X10° (n-s™)




JAERI-Research 2002-025

Table 3.3 Atomic composition and density of materials

used in radiation transport calculation.

=% B EEERE (X10*atoms-cm™)

7| il st B S B S -
H | 1001 | 5.85E-2% 6.674E-2 | 7. 199E-9 | 1.003E-6 | 9.77E-3
c | 6012 2. 173E-3 7.585E-9 | 7.585E-9
N | 7014 | 2. 18E-3 3.910E-5 | 3.910E-5
0 | 8016 | 3.75E-2 3.337E-2 | 1. 054E-5 | 1. 104E-5 | 3.48E-2
Al | 13027 4. 88E-3
Si | 14000 1. 696E-3 1. 16E-2
P | 15031 6. 921E-5
s | 16000 4. 457E-5
Cr | 24000 1. T41E-2
Mn | 25055 1. 734E-3
Fe | 26000 5. 787E-2
Ni | 28000 8. 112E-3

U-234 | 92234 | 1.43E-6

U-235 [ 92235 | 1.78E-4

U-238 | 92238 | 7.59E-4

BE (g-cm™®) 1.52 7.91 0.9982 | 0.001205 1.7

*) 5.85X107%, *k) ZEXHKIE 15g-m”

Table 3.4 Atomic composition and density of autoclaved light weight concrete

used in radiation transport calculation.

BE(g-em®]) (HEY%

ALC-1 ALC-2 ALC-3 ALC-4 ALC-5
" 5. 933E-3 7. 111E-3 1. 004E-2 1. 678E-2
(1.2 (1.4) (1.9 (2.8)
0 1. 140E-1¥ 2. 536E-1 2. 630E-1 2. 865E-1 3. 398E-1
(23. 8) (50. 8) (51.5) (53. 4) (56. 9)
Al 8. 003E-3
(1.7
s{ 1. 030E-1 1. 371E-1 1. 371E-1 1. 371E-1 1. 371E-1
(21.5) (27.4) (26.9) (25. 5) (23.0)
S 7. 998E-3 8. 227E-3 8. 227E-3 8. 227E-3 8. 227E-3
(1.7 (1.6) (1.6) ( 1.5) (1.4)
Ca 2. 470E-1 9. 518E-2 9. 518E-2 9. 518E-2 9. 518E-2
(51.3) (19.0) (18.6) 17.7 (15.9)
a3 0. 480 0. 500 0.511 0. 537 0. 597
= i (100.0) (100. 0) (100.0) (100.0) (100.0)
st s 5.3 6.4 9.0 15. 0
ﬁﬁﬁf 00 =2 TH(ES | =2 TH(EA | =2 TRGES | =2 %S
' A)+2.6%(H | A)+3.7%(H | AK)+6.3%(B | AK)+12.3%(8
B K) A K) H7K) H7K)

x) 1.140X 107!
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Table 3.5 Time sequential data of neutron dose equivalent rates measured by JCO staff.

27 AR (m) FHEFREYEE (mSv-h?)
A A | B 9/30 | e | o Jeo
E£2 | (m) < y ) 21;04 22;08 23;25 00;13 T g;

21:19 | 22:20 | 23:35 | 00:28

® 39| 34.4) -17.7] 1.1
® 55| 52.1| -17.7] 1.1
® 99| 97.9| -17.7] 1.1
@ 123] 121.9) -17.7] 1.1
® 1481 146.9| -17.7| 1.1
® 166 | 146.9| -77.1] 1.1
@ 195] 146.91-128.1| 1.1
234 | 146.9-182.3] 1.1 0.35 0. 30 0.28 0.35 0.32| @®
© 235| 164.6|-167.7| 5.0
[0} 332 146.9]-297.9} 1.1 0.18] 0.15 0.13 0.18 0.16 | @
@ 269 0.0]-268.8] 1.1 :
@ 240 | -113.5 | -211.5| 1.1 0. 25 0.25 0.27 { (0.15) 0.26] ©
® 93| -76.4] -53.1| 1.1 1.80 1.80 1. 30 1.80 1.68] @
® 70| -67.8| -18.8] 1.1 3.00[ 3.00 3.00 3.00 300 ®
® 62| -62.4 3.1 1.1 3. 50 3. 50 3.30 3.50 3.45| @
@ 83| -20.2] 77.9] 0.1 1.80 1.80 1.70 2.00 1.83] ®
@ 731 14.6| 71.7] 0.1 3.50| 3.00 3.30 3.00 3.20] ®
85| 54.2| 66.0| 0.1 .

S
N

— 21X, EWEEZIEER L TR,

Table 3.6 Time sequential data of neutron dose equivalent rates measured by JAERI staff.

Al A (m) ik R E M EER (mSv-h?!) AERT
FRA R | ERE 9/30 10/1 —_— gﬂ'l’ix:’
£E | (m X y z 20’;45 23;58 00’;55 01;58 02;58 | BB
[©) 39| 34.4| -17.7] 1.1 10. 00 10.00| @
® 55| 52.1| -17.7] 1.1 7.10 7.10] ®
® 99| 97.9| -17.7]1.1 3.35 3.35| @
@ 123 121.9| -17.7] 1.1 1. 97 1.97] ®
® 148 | 146.9| -17.7|1.1 1. 42 1.42| ® |
® 166 | 146.9| -77.1[ 1.1 0. 86 0.86| @
©) 195 | 146.9-128.1]1.1 0.72 0.72 ‘
234 | 146.9]-182.3(1.1 0. 30 0.30] ©
® 235| 164.6|-167.7 (5.0 0.55 0.55
® 332 | 146.9]-297.9[1.1] 0.08 0.09] o0.08] @
@ 269 0.0]-268.8]1.1] 0.14 0.16| 0.15| @
® 240 | -113.5| -211.5{ 1.1 0.35 0.20[ 0.28
® 93| -76.4] -53.1|1.1
® 70| -67.8| -18.8] 1.1
® 62| -62.4 3.111.1
83| —29.20 77.9[0.1| 2.40] 2.70] 2.50| 2.40 40| 2.48] @
(D) 73| 14.6| 71.7]0.1| 3.20| 3.70] 3.10] 3.00]| 4.10] 3.42] ®
85| 54.2| 66.0]0.1
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Table 3.7 Time sequential data of gamma-ray dose equivalent rates measured by JCO staff.

24 A (m) y R EYER (mSv-h)
spin s | pERE 9/;0 . ' 19/1 Joo
£2 | (@ . ; ) 21;04 22;08 23;25 00;13 T gg
21:19 | 22:20 | 23:35 | 00:28
[©) 39| 34.4| -17.7] 1.1
®) 55| 52.1| -17.7] 1.1
® 99| 97.9| -17.7] 1.1
@ 123 121.9] -17.7] 1.1
® 148 | 146.9] -17.7] 1.1
® 166 | 146.9| -77.1] 1.1
@ 195 146.9[-128.1] 1.1
® 234 | 146.9|-182.3| 1.1] 0.035| 0.025| 0.024| 0.025| 0.027| @®
©) 235| 164.6 | -167.7| 5.0
D) 332 | 146.9 | -297.9| 1.1]| 0.020| 0.014| 0.013] 0.013] 0.015| @
@@ 269 0.0 -268.8| 1.1
® 240 | -113.5 | -211.5| L.1| 0.023| 0.025| 0.024| 0.025] 0.024| @
® 93| -76.4] -53.1] 1.1] 0.210| 0.200] 0.180] 0.200] 0.198| ®
@ 70| —67.8 | -18.8| 1.1| 0.440| 0.410| 0.400| 0.400]| 0.413| @
® 62| -62.4 3.1| 1.1| 0.410| 0.420| 0.410] 0.400| 0.410] @
@® 83| -29.2| 77.9] 0.1| 0.200| 0.200[ 0.180] 0.180| 0.190| ®
@ 73| 14.6| 71.7] 0.1] 0.400| 0.400| 0.360] 0.380] 0.385] ®
® 85 54.2] 66.0] 0.1

Table 3.8 Time sequential data of gamma-ray dose equivalent rates measured by JAERI staff.

AR (m) y R EYEE (mSv-h™) AFRI
AT A | B 9/30 10/1 5 %ﬁ
E5 | (w X y z 29;?5 2§;§8 09;?5 0{;?8 0%;?8 e =ZE
) 39| 34.4] -17.7]1.1 2. 400 2.400] ®
® 55| 52.1| -17.7[1.1 0. 850 0.850 | ®
® 99| 97.9| -17.7]1.1 0. 350 0.350 | @
@ 123 121.9| -17.7[1.1 0. 200 0.200] ®
® 148 146.9| -17.7[ 1.1 0. 100 0.100| ®
® 166 | 146.9| -77.1[1.1 0. 065 0.066| @
@) 195 | 146.9|-128.1[1.1 0. 055 0.055| ®
® 234| 146.9-182.3[1.1 0. 030 0.030| ®
® 235| 164.6 | -167.7|5.0
® 332 146.9(-297.9{1.1| 0.011 0.011] 0.011] @
@ 269 0.0 -268.8[1.1] 0.020 0.018] 0.019| @
® 240 | -113.5| —211.5 | 1.1 | 0.045 0.025| 0.035] ®
® 93| -76.4] -53.1}1.1
@ 70| -67.8| -18.8[ 1.1
® 62| -62.4 3.1]1.1
@® 83| —29.2| 77.9]0.1] 0.220] 0.270| 0.300] 0.330] 0.300] 0.284| @
® 731 14.6| 71.7]0.1] 0.400] 0.500| 0.450 [ 0.460| 1.000] 0.453| @0
® 85| 54.2] 66.0[0.1
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Table 3.9 Neutron dose equivalent rates at monitoring points corresponding to 860W power.
(F=F ) THENH DA, BE 0.597g-cm™ D ALC-5)

) b m | Joo s JAERT 7
quﬁﬁ:;'ﬁ TR (mSv-h) (mSv-h™) (mSv-h)
ik w st 5 FSD (B) o (©) o
(A) (A)/ (B) (4)/(C)
[©) 39 36.3 | 0.052 (10. 00) (3.6)
® 55 18. 1] 0.014 7.10 2.6
® 99 7.00 [ 0.019 3.35 2.1
@ 123 4.17] 0.024 1.97 2.1
® 148 2.611 0.022 1. 42 1.8
® 166 1.33 | 0.073 0. 86 1.6
@ 195 0.98 | 0.052 0.72 1.4
234| 0.64] 0.062 0.32 2.0 0. 30 2.2
© 235 0.66 | 0.034 0.55 1.2
D) 332 0.19| 0.048 0.16 1.2 0. 08 2.3
@ 269 | 0.46| 0.061 0.15 3.1
® 240 | 0.69| 0.085 0. 26 2.7 0. 28 2.6
® 93 5.64 | 0.078 1.68 3.0
® 70 7.98 [ 0.050 3.00 2.7
® 62 11.1| 0.055 3. 45 3.2
(G} 83 4.13] 0.034 1.83 2.3 2. 48 1.7
@ 73 6.31| 0.050 3.20 2.0 3.42 8
85| 4.54| 0.030

Table 3.10 Gamma-ray dose equivalent rates at monitoring points

corresponding to 860W power.

g | SO0 MopEREs R Qv | JOREE | T EfE
ST ‘ — _ mSv-+h _2_ (mSv-h™)
gy | f KR =SB LB o | | © £
m = = a |E.
FHRME | FSD| BRME | FSD) T /(B) /(0)
@ 39 2.57710.011 1.73410.017 | 4. 311 2. 400 1. 80
® 55 1.179] 0. 017 0.801 | 0. 026 1. 980 0. 850 2.33
@ 99 0.54110.014 0.325 | 0.037 0. 866 0. 350 2. 47
@ 123 0.324 | 0. 021 0.205 | 0. 051 0. 529 0. 200 2. 65
® 148 0.202 | 0.023 0.12210.053 | 0.324 0. 100 3.24
® 166 0. 020 | 0. 057 0.015{ 0.098 | 0.035 0. 065 0.54
[©) 195 0.0191 0. 053 0.0191 0.205| 0.038 0. 055 0. 69
234 0.0300.134] 0.021]0.164| 0.051|0.027 1.89| 0.030 1.70
® 235 0.017 1 0. 087 0.013(0.068| 0.030
i) 332 0.005!0.050| 0.005|0.022} 0.010(0.015 0.671 0.011 0.91
i) 269 0.03010.072 0.0201 0. 148 0. 050 0.019 2.63
@ 240 0.040 | 0. 053 0.023 0.032 0.063 | 0.024 2.63 1 0.035 1. 80
@ 93 0.2231 0. 065 0.159 | 0. 061 0.38210.198 1.93
® 70 0.509 | 0.031 0.5291| 0. 205 1.038 | 0.413 2.51
i) 62 0.7351]0.044 | 0.497 | 0. 056 1.232 1 0.410 3.01
@® 83 0.216]0.055| 0.145]0.047| 0.361|0.190 1.90 1 0.284 1. 27
@ 73 0.278 1 0.037 | 0.224] 0.061 0.502 { 0. 385 1.30 | 0.453 1.11
® 85 0.091 | 0.073 0.089 | 0.062| 0.180
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Fig. 3.1 Calculation model of precipitation tank.
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Fig. 3.2 Calculation model of conversion test facility.
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Fig. 3.3 Layout of facilities in JCO site.
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Fig.3.4 Facilities layout considered in radiation transport calculation.
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Fig.3.5 Evaluation points of dose rates. (monitoring points)
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Fig. 3.6 Neutron dose equivalent rates against distance from precipitation tank.
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Fig. 3.7 C/M of neutron dose equivalent rates against distance from precipitation tank.
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4. BREEFOPHFRELYRICHET IRHREEHE LONT A4

RIENCIE, ERABRMOFMET VR U] COBMANDMBEEZETNMALT S Z LKV Ff
FRORyBROBRBUBRAHEL, FRAMELLEB LN, BBLZE7 7773 O@HAICIIA-
TS, BIEMEIZ L o> TR/IEHEB R » Tz, £ TORIENE ORE Y BER % RRFIITH
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Table 4.1 Atomic composition and density of autoclaved light weight concrete

used in the search of water content.

5t r—2= 1 r—2= 2 r—23 F—R5 | Fr—R6(¥
(Table 3.4 | (Table 3.4 | (Table3.4| 4—x4 (Table 3.4 | 1w 7 =
ALC-1 #83Y4) | ALC-2 ¥HY4) | ALC-4 FHY) ALC-5 YY) AR )
* BElg-cm?] (RE%)
" 5. 933E-3 1. 004E-2 1. 338E-2 1. 678E-2 9. 230E-3
(1.2 ( 1.9) (2.4 (2.8 (1.4)
0 1. 140E-1*Y | 2.536E-1 2. 865E-1 3.131E-1 3. 398E-1 3. 224E-1
(23.8) (50. 8) (53. 4) (55.1) (56.9) (49.7)
Mg 3. 237E-1
( 0.5)
AL 8. 003E-3 8. 645E-3
(1.7 (1.3)
si 1. 030E-1 1. 371E-1 1. 371E-1 1. 371E-1 1. 371E-1 1. 581E-1
(21.5) (27. 4) (25.5) (24.2) (23.0) (24.3)
s 7. 998E-3 8. 227E-3 8. 227E-3 8. 227E-3 8. 227E-3 1. 391E-3
(1.7 ( 1.6) (1.5) (1.5) (1.4) (0.2)
K 2. 093E-3
(0.3)
ca 2. 470E-1 9. 518E-2 9. 518E-2 9.518E-2 9. 518E-2 1. 392E-1
(51.3) (19.0) (17.7) (16.8) (15.9) (21.4)
Fo 5. T46E-3
(0.9)
& 0. 480 0. 500 0. 537 0. 567 0. 597 0. 650
0oF (100. 0) (100. 0) (100. 0) (100. 0) (100. 0) (100. 0)
Koy E 0.0 0. 053 0. 090 0.120 0. 150 0. 082

*1) 1.140X 107!
*2) PEKEHIZLD
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Fig. 4.1 Neutron dose equivalent rates against the water content

included in autoclaved light weight concrete.
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Fig. 4.2 Neutron dose equivalent rates at long distance from precipitation tank.

(p is the density of ALC concrete)
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Fig. 4.3 Temperature, water content and rain in critical accident.
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Table 5.1 Gamma-ray spectra from residual radioactivity per 10'7 fissions

produced in burst period for QAD-CGGP2 code.

B R ¥ — AT kv

i MeV) (photon-s™
e photon-s™)

1 0.010
2 0.025

3 0. 0375 1. 772X 101
4 0. 0575 5.919X%X10°
5 0. 085 3.227X10°
6 0.125 1. 958X 10
7 0. 225 3.198 X 1010
8 0.375 8. 136X 10°
9 0. 575 9. 486X 10!
10 0.85 5.423X10'°
11 1.25 2.923X10%
12 1.75 6. 995X 10°
13 2.25 7.593 X 10°
14 2.75 1. 028 X 108
15 3.5 1. 860X 107
16 5.0 2.885X 10°
17 7.0 7.988X107!
18 11.0 9.184%X10°2
Xl 2. 728 X 10!

Table 5.2 Gamma-ray spectra from residual radioactivity per 10'7 fissions

produced in burst period for MCNP4B code.

- FRzFAX— | FTRR=RINAF— | FHZRLX— | AT L HE
(MeV) (MeV) (MeV) (photon-s™) AT kv
1 0. 020 0. 000 0.010
2 0. 030 0. 020 0. 025
3 0. 045 0. 030 0. 0375 1. 772X 10%° 6.497X1072
4 0.070 0. 045 0. 0575 5.919X%10° 2.170X 1072
5 0. 10 0. 070 0. 085 3.227X10° 1. 183X 1072
6 0.15 0.10 0.125 1. 958 X 101 7.178X1072
7 0. 30 0.15 0. 225 3.198 X 100 1. 172X 1072
8 0. 45 0.30 0. 375 8.136X10° 2.983X107?2
9 0.70 0.45 0.575 9. 486X 10'° 3.478X 10"
10 1.0 0.70 0. 85 5. 423X 10'° 1. 988X 107!
11 1.5 1.0 1.25 2.923X 100 1.072X 107"
12 2.0 1.5 1.75 6. 995 X 10° 2.565X1072
13 2.5 2.0 2.25 7.593 X 10® 2.784X 1072
14 3.0 2.5 2.75 1. 028 X 108 3.769X10™
15 4.0 3.0 3.5 1. 860X 107 6.819X10°°
16 6.0 4.0 5.0 2. 885X 108 1.058X 107
17 8.0 6.0 7.0 7.988%X10" | 2.929X 107"
18 14.0 8.0 11.0 9.184X1072 | 3.367X10°®
X 2. 728 X 10! 1.00
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Table 5.3 Gamma-ray spectra from residual radioactivity produced in plateau period

for QAD-CGGP2 code.

(per 100W at reference time)

ML) R — AT bV

w (MeV) (photon-s™
e photon+s™)

1 0.010
2 0. 025

3 0. 0375 7.717X 10"
4 0. 0575 3.084X 10
5 0. 085 3. 400X 100
6 0.125 7. 865X 101
7 0. 225 2.016x 10!
8 0. 375 1. 144X 10"
9 0. 575 5. 346X 10!
10 0.85 5.124x 10!
11 1. 25 3.935x 10!
12 1.75 9. 548X 10'°
13 2.25 4,967 X 10
14 2.75 2.616X10'°
15 3.5 8. 464 X 10°
16 5.0 1. 400X 108
17 7.0 7.988X 10!
18 11.0 9.184X107?
=1 2. 157X 10"

Table 5.4 Gamma-ray spectra from residual radioactivity produced in

for MCNP4B code. (per 100W at reference time)

plateau period

e RNV E— | FR=RINVF— | FHZRXNALF— | AT b HEb
(MeV) (MeV) (MeV) (photon-s™) AT v
1 0. 020 0. 000 0. 010
2 0.030 0.020 0. 025
3 0. 045 0.030 0. 0375 7.717 X109 3.578X 10
4 0. 070 © 0.045 0. 0575 3. 084X 10 1.430X1072
5 0.10 0.070 0. 085 3. 400X 10% 1. 576 X 1072
6 0.15 0.10 0.125 7. 865X 101° 3. 646X 1072
7 0. 30 0.15 0. 225 2.016x 104 9.346X1072
8 0. 45 0. 30 0. 375 1. 144 X 10" 5.303X107%
9 0.70 0. 45 0. 575 5. 346X 10" 2.478X 107!
10 1.0 0.70 0.85 5. 124 X 104 2.375X 107!
11 1.5 1.0 1. 25 3.935x 104 1.824X 10!
12 2.0 1.5 1.75 9, 548 X 101° 4. 426X 107
13 2.5 2.0 2.25 4,967 X100 2.303X102
14 3.0 2.5 2.75 2.616X10%Y 1.213X 102
15 4.0 3.0 3.5 8.464X10° 3.924%x107°
16 6.0 4.0 5.0 1. 400X 108 6.490X%X10°°
17 8.0 6.0 7.0 7.988X 107! 3.703X10713
18 14.0 8.0 11.0 9.184X107? 4.258X 10714
XL 2. 157 X 10 1.00
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Table 5.5 Atomic composition and density of materials used in QAD-CGGPZ code.

HER D 7 =)V AFVVARF-W ALC
TE | HomE % W EE % HoEwE %
(g-cm™) vt (grcm™) vt (g-em™) Wt
H | 0.0979 | 6.46
N | 0.0506 | 3.34
0 0.997 |65.79 0.114 |23.75
Al 0. 00800 | 1.67
Si 0.0800 | 1.01 | 0.103 |21.46
S 0.00800 | 1.67
Ca 0.247 |51.46
Cr 1.50 |18.99
Mn 0.160 | 2.03
Fe 5.37 | 67.98
Ni 0.790 | 10.00
U 0.370 | 24.41
AFt] 1.52 100. 7.90 100. 0.480 | 100.

Table 5.6 Gamma-ray dose equivalent via residual radioactivity

produced in burst and plateau periods.

23— 2 HAR Bif7 mSv-h™! per 107 fissions
BYEIMAEE 2. 728 X 10" (photons-s™! per 10'fissions)

B A (m)E! | QAD-CGGP2 MCNP4B
x| oy BTk
1 | 1.6 0 3.16 2. 46
2 | 1.8 0 2. 41 1.95
3 |20 0 1.88 "~ 1.59
4 | 2.2 0 1. 50 1.32
5 | 2.4 0 1.22 1.12
6 | 2.6 0 1.01 0.96

75 h—HAR BA7 mSv-h' per 100 ¥ (75 F—HIRI£A T 2. 57X 10" fissions)
FRIEAREE 2. 157X 102 (photons:s™ per 100 W)

S8 A (m) = | QAD-CGGP2 MCNP4B

No. & & (m) =S (m)

LX | 6 7262 | 1,126 %2

1 | 1.6 0 34.11 27. 88
2 | 1.8 0 26. 08 22.10
3 |20 0 20. 46 17.96
4 [ 2.2 0 16. 39 14.91
5 | 2.4 0 13.35 12. 62
6 | 2.6 0 11. 04 10. 85

(ZE1) :r. ¢ I3 QAD-CGGP2 1 ERE, x, y X MCNP4B FHHEE,
(E2) : BEHFHTHREPOMLBEICHEY,
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Table 5.7 Estimated power in plateau period and the ratio of total fissions

in burst and plateau period.

R | R R B
45 D
R () T; j“;" (‘;3) Sz LR | 75—t
1.28 X 1018 1.22X 1018
1.6 471 (51%) (49%)
0.78 X 1018 1.72X 1018
18 666 (31%) (69%)
0.27X 1018 2.23X 1018
2.0 865 (11%) (89%)
T Z
a9 g < E
= PO
12.63
N 1262
\\ -~ 1261
h XZE 3259
) s 1258
SH=n ALCI
oo\
Y
_ -12.58
_-12.59
__-1260
—-1261
1262
-12.63

Fig.5.1 Calculation model used in QAD-CGGP2 code.
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! S— 2 b HIH DR RE -
; _ & MCNP4B -
ey e QAD-OG(P2

v BEEYERE mSv- ! per 10" fissions)

2 2.5 3
I BAE Hs & o FE B (m)

Fig. 5.2 Gamma-ray dose equivalent rates from residual radioactivity

produced in burst period.

40 N S N N N B N N B N B B B

77 b—HR O RE -

30 - MCNP4B -

v B B4 B SR (mSv - b per 100W)

2 2.5 3
TEEAE H> & D FE B (m)

Fig.5.3 Gamma—ray dose equivalent rates from residual radioactivity

produced in plateau period.
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J COY T UMTITHICBT B ERFHEE OB TOREY BEHM 2 B REEF RIS
LR L7, AT ] COBMMNOBFERUMEOMRER b EN TR MW tlic
SLEBEAEEBREBRN ST, FO%K, HBELHALMIRDICON, L VFHEHRET VIS
FHERTEDZLY IR, REYEROMEME COFEERIIL, BEREMEOT 77 5 —
SPRICAD Lo TEEN, KERITLHDEERLE, L, RERDOERRMERT
EAEOBEBRMEL & bio, ERARBREMONBHEER G ] COBMNMIER DT 7 LD REE S IZ
BRALTWAbDEEZLND, LA L, BEREEHEZL->TIET 77 ¥ — 3 THEHAD
HHF RNy BORBEYBRELTFRTEX LI LICE Y, BT AHEHRFCERERE OB KR £,
I OBEHREEHEIC L VBEROMBE BT RV — AT FOFRRFEREEMLETESHZ
MR LTz,

e, RFORLZFRLV I VMIIBERFLRAEZRS TREL TS “fHETIHERD
BERZE L S 2 — o7 IS T RIS K 0 . Bt NS O TR Y BRI RIE T R R et R
EDRTG A= %R L, SEOERETTIX, BRI 7 Y — MROKGEP RN
NG XA—=BD1OTHBEMN, AHEE0.16g-en* LT 5L, “FHFEHEBONREIL F—
- THEEMK 2 BEHE COTHFREYBROEMMHESS0 4 Sv-h'ZBERTE 5 Z L 0B30H
oTr, SEIOHN T, KREORBBEZEGAL, NEBFTOBRFBELZEL TWRVOT,
LTI BEEFERT D LADEITLLENELSTHREY, ZTHHORERIE, oV
— L HHERRLEVEAN LN TS, REEAL LT, &HERARED HA250nEh 7 EHIR
oMLEHEY, CRABBLEZERBELIERL L TRARES, ZOHRORBEYBEROENIE
i, FVBEVVIBETOMERBEYBRUEHRBAEBEOPHFE=FOFEEL b, RIEHHAN
BARoTWAIHELLT, BENLNTWAZ L PBNRBEHEOKR. LNk T,
EVEBTORETREY BT, ZRTOKSVRELSEBEBTHLEEZLNDIN, SERIOER
EHEFICR T A RBEFOESFEMEN D AT, BRELEERHAL & D DEEN XD PHEF#R
BYB~OFBIINEVHO LM TE S,

X i, FHREEZD y RREYBEROEAMEICR T 2T THL, BRXE=27 Y —
DA BOEBEN/NESVDT, HEBIEEORVFHENTE /2, Z Ol TH LI/ —2 MY
ML 75 F—HFORESREICKTT AL, “PHEFHEBEREORME Y —" EFELT
VNRYY,
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