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Report of the Ad hoc Committee on the Chernobyl Accident

The Ad hoc Committee on the Chernobyl Accident
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received October 27, 1987)

The accident, which occurred on April 26 of 1986 at the fourth unit
of the Chernobyl ©Nucelar Power Plant in the Ukrainian Soviet Socialist
Republic of the Soviet Union, was the unprecedented accident in terms
of, among other things, structural damages given to the reactor, an
amount of radiocactive materials released to the enviromment, and a number
of casualties resulting from the accident.

Investigation and analysis of the accident were conducted at JAERI
by forming the Ad hoc Committee on the Chernobyl Accident within the
organization under which Task Group A was responsible for the design and
characteristics of the reactor and the accident sequence and Task Group B
was responsible for behavior of radivactive materials and radiological
consequences to the environment.

The present report is the summary of the investigations and analyses

which were carried out by the committee.

Keywords: Chernobyl Accident, JAERTI Ad hoc Committee, Radiocactive
Materials, Radiological Consequences, Environment, Accident
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TOECHEDED S bHichEEZ OND, TLTIEF » YA VBTIIBIRRTZE T 512
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BM1R (L EET

Specifications and assumptions

Reactor power
Lattice pitch
Fuel pin rod

No. of pin rods

UG pellet

Cladding
Pressure tube
Central Lie rod
Coolant
Moderator
Control rod

Inner tube
Absorber
Cuter tube
Coolant

3,200 MWt
o x 25 om

18 rods in a fuel channel

G rods at 1.575 am, 12 rods at 3.00 cm from
the channel center (Position assumed)

10.5 g/cn® 11.5 nm O.D.

2.0 % enriched 800 K

Zr-Nb 13. 5 mm O.D. 1.0 mm thick 550 K
Zr-Nbh 83 mm O.D. 80 mm I.D. 550 K

Zr-Nb 1% nm 0.D.

HO0 %50 K 40 % void 0.439 g/cm3

Graphite 1.7 g/cn® €00 K

Al 46 mm T.D. 2.0 mm thick
B,C 1.7 g/cm3

Al 86 mm I.D. 2.0 mmn thick
H>0O 550 K

FIL2 - 1% BB O EK (kg/tHV)
Composition of fuel (kg/tHM)*

Burnup 0.1GWD/t 4GWD/t 8GWD/t 10GWD/t 14GWD/t 20GWD/t

Isotope

U-235 19.

U-236

9 15.6 12.1 10.5 777 4.61
0.77 1.39 1.65 2.10 2.57

Puz39 0.05 1.49 2.17 2.3 2.95 2.61

Puz40
PuzAt

0.24 0.66 0.87 1.34 1.94
0.04 0.18 0.27 0.43 0.64

Note * Calculated on assuming an infinite array of the fuel ch.

HI.2-2F 20 GWD/t A 7B LI O B AR O L8 (kg/tHMD
Comparison of isotope composition
of discharged fuel (kg/tHM) burnt
to 20 GWD/t

Present FNC Soviet

work (Ref .5) (Ref.8)
Isotope
U-235 4.6 4.8 4.5
U-236 2.5 2.b 2.4
Puz3g 2.6 2.4 2.6
Puz240 1.9 1.8 1.8
Pu241 0.6 0.6 0.b

cell.
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FI3HK 10GDW! OBKF + ¥ A MCh H ARIER KT 54 4 F4T
Effect of coolant void fraction change on reaction
rate® in the fuel ch. of the composition at 10 GWD/t

Yoid fraction 0% 100% diff.
Reaction Material — - e
Absp Fuel 893 .8 933 .1 44 .3
Absp Tie,Clad,P.T. 32.5 3.5 0.0
Absp Coolant 457 2.1 -43.6
Absp Moderator 8.0 7.3 -0.7
Absp Total 1000.0 1000.0 0.0
Reaction Nuclide @~

Absp U-235 298.9 2774 -21.5
Absp U-238 2577 2822 24.5
Absp Pu239 211 .4 250.4 39.0
Absp Puz40 335 377 4.2
Absp Puz41 2.2 3.2 1.0
Absp Xel3h 23.4 19.3 -4.1
Absp Others , 457 47.9 1.0
Capt U-235 50.8 49.9 -0.7
Capt U-238(R) 179.2 161.5 32.3
Capt U-238(T) 111.0 100.7 -10.3
Capt Puzag 75.5 93.4 17.9
Capt Total 475.0 b16.0 41.0
Fiss U-235 248.4 227.5 -20.9
Fiss U-238 17.5 20.1 2.6
Fiss Puz239 136.0 157.1 21.1
Fiss Total 418.8 472 1 3.3
Kinf 1.083 1.113 0.020

Note * Normalized as the total absorption in the fuel ch. cell be
1000.0.

B4R BEHFRA FERICHT BEOHBT + v 2 L OHE
Effect of vacant control ch. on coolant
void reactivity coefficient™

K+ at K+x at Void coeff,
0 % void 100 % void (x 107*Ak/k /void)
Fuel ch. 1.0632 1.1127 1.61
16 ch.skx 1.0766 1.1043 2.33

Note * Calculated using the fuel composition at 10 MWD/ kg
** K for Fuel channel cell denote K,y and for 16
channel cell K.; .
+xx Calculated for 16 channel cell with control rod withdrawn.
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HU5E WHO2OOKA MRECBYZBEF + ¥ & LT O Kool 2 TOSRAC & VIMD
Comparison of K, of fuel ch. at two void '
stages between SRAC and VIM at room temperature

0 % void 90 % void % 1074 8k/k /Zvoid
Case 1 SRAC 1.1184 1.1277 1.08
: YIM 1.112+ 003 1.133+ 003 1.85+ .40
Case 2 SRAC 1.1029 1.1301 2.40
VIM 1.102+ 003 1,134+ .003 2.844 .40
Case 1 Radial position(inner 6 rods) = 1.65 cm
Radial position{ocuter 12 rods) = 3.22 cm
Case 2 Radial position{inner 6 rods) = 1.58 cm

Radial position(outer 12 rods) = 3.00 cm

Note # Calculated by the fuel composition at 10 GWD/t only with U-235,
U-236,U-238,Pu-239,Pu-240.Xe-135,Sm-149, and 0-16, and material
of tie rod, cladding and pressure Lube is replaced by Zr-2, for
simplicity, and the coolant density is that at BH0OK.

FI6—1%F BEO2OOF4 FRECSTARIEZE 1c> 0 TOSRAC & VIMO H g

Reaction rates™ at two void stages
at room temperature by VIM and SRAC

Code SRAC VIt
Void fraction 0% Q0% 0% Q0%
Reaction Material = -
Absp Fuel 863.1 917.3 859.8 916.8
Absp Tie,Clad,P.T. 3.2 39.2 33.8 38.8
Absp Coolant bS.4 5.4 59.5 b.b
Absp  Moderator 40.4 38.1 42 .1 38.9
Absp Total 10C0.0 1000.0 1000.0 1000.0
Reaction Nuclide — -

Absp U-235 360.4 3622 357.8 361.8
Absp U-238 64 .2 296 .2 261.8 296.0
Absp Pu239 165.7 180.0 ies.9 180.5
Absp Puz40 33.9 33.8 34.4 38.9
Absp Xel35 8.9 29.0 28.7 £8.8
Absp QOthers 16.1 11.0 10.2 i0.8
Capt U-235 56.9 53.0 56.2 53.5
Capt U-233(R) 117.3 147.6 114.8 146.6
Capt  U-238(T) 131.5 131.2 131.7 132.2
Capt Puz39 52.5 53.9 56.2 58.5H
Capt Total 430.9 475 .6 428.2 4755
Fiss U-235 303.5 303.1 301.6 303.3
Fiss U-238 15.4 17.4 16.0 16.6
Fiss Pu239 113.2 121.1 113.8 121.3
Fiss Total 432 .2 441.7 431.86 441 .4
Kinf 1.1029 1.1301 1.102 1.134
+ .003 + .004

Note * Normalized as the total absorption in the fuel ch., cell be
10C0.0.
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F6e 2K FRO220F4 FIREMORESY 021 510 TOSRAC EVIM @ Hoig

Difference of reaction rates” at room temperature
between two void stages and between VIM and SRAC

Code SRAC YIM SRAC-VIM  SRAC-VIM SRAC-VIM

Void fraction 0%-80%  (0%-90% 0% e0% 0%-20%
Reaction Material — oo
Absp Fuel b4.2 57.0 3.3 0.5 2.8
Absp Tie,Clad,P.T. 1.0 0.2 -0.4 0.5 ~0.8
Absp Coolant -53.0 -54.0 -1.1 -0.1 -1.0
Absp  Moderator 2.3 -3.2 -1.7 -0.8 -0.9
Absp Total ——= - — - ———

Reaction Nuclide — ——vmmmmmmmmm

Absp U-235 1.8 4,0 2.6 0.4 2.2
Absp U-238 32.0 34.2 2.4 0.2 2.2
Absp Pur39 14.3 13.6 -1.2 -0.5 -0.5
Absp Puz40 5.0 4.5 -0.5 0.0 -0.5
Absp Xel35 0.1 0.1 0.2 0.2 0.0
Absp Others 0.9 -0.8 -0.1 0.2 -0.3
Capt U-235 2.1 2.3 0.7 0.5 0.2
Capt U-238(R) 30.3 31.8 2.5 1.0 1.b
Capt U-238(T) -0.3 0.5 -0.2 -1.0 0.8
Capt Pu239 6.4 6.1 -0.6 -0.3 -0.3
Capt Total 44.7 47.3 2.7 0.1 2.6
Fiss =~ U-235 ~-0.4 1.7 1.9 -0.2 2.1
Fiss U-238 2.0 0.6 0.6 0.8 -1.4
Fiss Puz2339 7.9 7.5 -0.6 ~-0.2 -0.4
Fiss Total 9.5 9.8 0.6 0.3 0.3
Kinf 0.027 0.032 0.001 -0.004 ~-0.005

+ 005

Note * Normalized as the total absorption in the fuel ch. cell be
1000.0.

RILT — 1% FEBEEEC16 T+ ¥ 2 VBT OK, 12354 5 £ 4 FENR
Void effect on K.¢¢ for 16 ch. cell with
CR withdrawn

Burnup 0.1 GWD/t 4 GWD/t 8 GWD/t 10 GWD/t 14 GWD/t

Void

0% 1.23284 1.17451 1.10g977 1.07735 1.01256
20% 1.23826 1.17842 1.11469 1.08262 1.01841
40% 1.24260 1.18359 1.11831 1.08769 1.02412
60% 1.24667 1.18766 1.12406 1.09262 1.03030
80% 1.25025 1.19157  1.12887 1.00818 1.03740
100% 1.25409  1.19620 1.13500 1.10527 1.046486
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EILT —2F% #HBEZRCIIE T+ v 2 VBT OK o iidd 5
F A FRUGERE 0 8k/k/ %+ 4 1)
Void reactivity coefficients (x107"8K/K/%void)

for 16 c¢h. cell with CR withdrawn
Burnup 0% ——- 20% —— 40% ——— B60% -~ 80% - 100% average
0.1 GWDt 1.69 1.45 1.32 1.16 1.20 1.37
4 GWD/t 1.7 1.55 1.47 1.33 1.64 1.51
8 GWDht 1.95 1.85 1.89 1.87 2.41 2.00
10 GWD“t 2.26 2.15 2.07 2.31 2.9 ~.35
14 G¥D/t 2.83 2.73 2.93 3.32 4.17 3.21
10 GWD/t o 2. 31 2.22 2. 17 2265 2.5 2. 31

Note # Case for moderator {graphite) temperature BOOK

FILE — 1% SHEABA LIS F+ Y3 UBFOK KT 5EA1 FHR
Void effect on Kgff for 16 ch. cell with
CR inserted

Burnup 0.1 G¥D/t 4 GYD/t 8 GWD/t 10 GWD/t
No. CR P2 2 1 i
Yoid e e
0% 1.04430 0.80384 1.02682 0.8S52h
20% 1.04219 0.99493 1.02848 0.9e841
40% 1.03854 0.99184 1.02966 1.00028
60% 1.03369 0.988M 1.03032 1.00114
80% 1.0°9675 0.98259 1.03072 1.00220
100% 1.01829 0.97646 1.03196 1.00407
B8 —2F HIEEEFHALIZI6 F+v YAAETOK 00T 5
A ARG R 10 Sk/k/ B A4 1)
Void reactivity coefficients (x10~"*§K/X/%vold)
for 16 ch., cell with CR inserted
Void 0% —— 20% ——— 40% —- 60% ——~ 80% —- 100% average
Burnup No.CR
0.1 GWD/t 2 -0.97 -1.64 -2.31  -3.27 -4.05 -2.45
4 GWD/t 2 -0.98 -1.51 ~2.00 2.9 -3.20 -2.10
8 GWD/t i .78 0.56 0.31 0.1¢ .40 0.46
10 GWD/t 1 1.G9 0.94 0.43 0.53 0.93 0.72
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BOoER BT A5 B (B

Kinetic parameters Bgff (5*

Burnup 0.1 GWD/t 4 GvD/t 8 G¥D/t 10 GWD/t 14 GWD/1
No. CR g 2 §; 2 ¢ 1 C 1 0
Yoid

0% 706 T B12 618 .558 583 540 543 .506
20% 706 T .610  .B816 .58 .E6I 5328 .bdl .204
40% T 712 .B08 .615 .Bh4 . BBY .B3%  .B3g .B02
80% 705 T2 805 613 DBh2 . BES B3z .B3Y 499
80% 05 TE3 . 802 .B0S 547 551 .BZr B3t . 494
1007 JT0S T4 BS8 . B04 541 bdh B2l .B2n - 488

Note # calculated for 16 c¢h. cell

BII0—-1F BB 52—54 (ms)”

Kinetic parameters A (ms)*

Burnup 0.1 GWD- L 4 GWD,/t 8 GWDt 10 GWD/t 14 GWD/L
No. CR 0 2 0 2 0 1 0 1 0
Void
0% D7 604 029 .bl4 564 560 B8 682 .B35
20% .52l .B0oe B30 .bi18 .56 B2 583 5 B37
40% .BZ7 .56 B34 B2 BB8 .58h 588 B8b .638
60% B33 b2l .B37 .55 B89 56T 0RO . BaT L6338
80% 541 832 .540  .B30 570 551 .59l 589 .B37

1007% 051 .B42 0 bd4 B4 571 w45 B0 .58 635

Note % Calculated for 16 ch. cell

U100 -2F B34 —5 0 (ms)"

Kinetic parameters % (ms)*

Burnup 0.1 GWD/t 4 GWD/t 8 GWDt 10 GWD/t 14 GWD/t
No. CR 0 2 0 2 0 1 §] 1 0
Void
0% .638 527 621 .bl2 .8286 .575 .B832 579 .84

20% .B48 .B31 .B26 b5 .B31 .578 .B36  .Bb83 .B49
40% 656 - B3 .B632 .b18  .836 582 .638 585 .653
80% 864 .B40 .B37 .B1g .B840 .B84 .B645 588 657
80% 676 .548 .B44 52§ 844 587 649 531 .B61
1007% 691 bbbz .650  .B2d .B49 . B88 B8he  bg2 6686

Note * Calculated for 16 ch. cell

BO11F%E 40%BFEA FRICETL 16 F+ v &2 ABFO
s RS BEIRRE AR (X 107% 3k /K /°C)
Moderator temperature reactivity coefficient™

(x10~°8K/K/°C) for 16 ch. cell at 40% coolant
void fraction

Temp B0O0K -— 900K --- 1200K
Burnup ——--em e
.1 GWD/t 1.82 1.47
10 GWD/t 4.92 3.17

Note # Calculated for 16 ch. cell with contrcl rod withdrawn
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W12 % 40 %H 4 FIE, 10GWD/t ITE 1T 3 5HM IR S (X107 8k/k/°C)

Coclant temperature reactivity coefficient™
(x10738K/K/°C) at 10 GWD/t and 40% coolant
void fraction

Note * Calculated for 16 ch. cell with control rod. withdrawn
considering the water density change.

FU13F 10GWD/t LB ZEBHEAH T 16 F 4 VA UBRTICHT 2 BENIGEREGREK

(< 107°8k/k/°C)

Fuel temperature reactivity coefficient
(x10=38K/K/°C) for 16 ch. with CR
withdrawn at 10 GWD/t

Temp Q0K ~--  1200K —--- 1800K ~—- 2000K --- 2500K
Void
0% -1.10 —-. 898 -.829 -.747
20% -1.15 -, 931 ~.835 -.780
40% -1.12 -.833 -.8h1 -. 766
B80% -1.11 —-.245 -, 863 -.764
80% -1.09 -.938 -.827 -4

100% -1.09 -.882 -.806 -.746

FO 14k HUFUREILL 5 10.3GWD/t T 1) 5 UGB FEE O Hheg
Comparison of feedback coefficients at
10.3 GWD/t among several institutions

Institution JAFRI PNC PNLx+%  Soviet
Code SRAC WIMS-ATR  WIMS (Ref . &)
Item

Coolant void* 2.2~2.9 2.0~3.0 1.5~4.0 2.0(3.0%+)

(107 Ak /K /%void)

Fuel Temp. -1.1~ -0.7 -1 .4~ -0.9 -1.2 -1.2

(x10°Ak/k,/°C)

Mod. Temp 4.9.3.2 B.0~4.0 3.8 6.0

(X102 Ak K0

Delayed N 8(%) 0.53{eff) 0.55(eff) 0.48 0.48

Life time I(ms) 0.4 0.83

Note. *  Void coefficient changes by void fraction.
++  Value estimated for the accident case.
4k Clted from Ref . 9.
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\,‘—-<Addi1ionol Graphite

-—____FEquivalent for 2/16 Contro! ch.

) Rodius.of_Fuel ch, \
14.30em "< Cell Rodia

~
N

Tie Rod Fuel “Mwoter

Cell model for fuel channel
FUAR BEF v R2VCHTABTEF L

Cell Radius \

39.89cm

\
A\
\

Additional \
Homogenized ]

C.R. Channel
Radivs 14.10cm

‘Fuel ch.

Cell model for control channel

HIL2E SF + v 2 ATHT BT e
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DO 1O ,0 | (

p 1 O12 | O | (=

D OO0 10| ¢

Homogenized Controf ch,
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[} Homogenized Fuel ch.

Cell model for super cell for 16 Channels

16F « v #vicid 5FET L
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B, LToFIETT -7,

PR, RS, K4 FERELHEEL, SRACT — K Tl L OB R
Uiz $/cma - FEROTHE v VR OREHK 2V OBFERGIERL 7o FRHAERELSE
M1sFEICAs, BEDBEkiT 2 &, B2iHDst48e L,
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DX, EHAHRBHES 18 ~20w /0 OBE, HIEBRKICEMBENICK 40 LT
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MEtE T 1.10 (GWD~ton)
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A2 T 5, EEOFLAKD, SEREEOBEMELT 500, BOEEORL PRI
B L LT ALARSE AT O EELOE A L3 B ENEY T RAG A EE S LB S
Ho LLTHPLANOEBRESHZLUTOLIICKREL B0 XA FRIEEAOHEMNLL
B> TCITATION 2 — Fig & D EEE+ 3,

FOLNOBRBEE SIS, =307/ 7E0OXHE
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oL, FXERICREINAE e -+ Y 7 EEELDLEDT, F v/ T4 VIETIHE
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D EHR A N UG A BESICSHME S B0 0icid . FHRABEINITE T 2EABREBEE S GO
WTHATICHT 2FROLETH 5,

i) RBMK#FCOHAE - 4 57

RBMEKARL T, BRRMAR IR L W AR S BB o0 2 BRIE A SR S T 3, il
BEMEHE S SICEZER] ST T3ElshTh 3, ThoDERBELE -2 oiicH
mETHY, COEEoNe—F RN 11 THE, —F, 17 oficBLBEiI
i, LSS SR AF 0w 72 E NI BAROE-TH5, DA F gy
72 VRICITRIEEDO R ZMEESEEL TO 4, FHHBETOHAY -3 713 15
THBELEMS, RUAFF 42 wNOATORANE —F v 72 EREICT L# 1.3 8
(15711 EFRHINL,

PlEof%aBE 2, CITATION 2 — Fic £ D LIFORISIFLETE AT - 70, $liEE4S
SHERZIREEZIRE L 72o BAHEZREI LD TELI6RITR L, BTHREFVICL 280
Tk, hEFRESEEFEE LSS (Case @), £4 FRIBEIRMN2EX10 %4 TH 5
B, PEFREGEEZEETSE (Case @) F23x 102 dp M BRENS(E B,
—HPLETREEF L CGETLI0BD I L BT o IR 00 E 5,

O HFLAEIC BRI 103 GWd 't OBEE—ICER LA BERLOEE (Case @) I

d, A4 FRIBERLOXI10 40 &5, COEEDHAFHITHEL I alKiTHYST 5,
@ HFoEZ7afCRIOEEE LT, BPOhREEN 1036Wd /1t OB AR L . &

ARG GWd /7t O BEHEER L7386 (Case @) iTid, F4 FRUGEIL 1.81 <1072
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2, CITHREEBEEIRIOTGW Lt THY, SohizEf4 FRIGED 103GWd 't
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U2 s nr R — % v S ARE

_ k (100 v.0) — k {0 v/a)
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5% A FRICERB/NE (5, chid, &1 FERO/DNEV ¢ GWd /'t BT To it

©) &c%b%:?mmmﬁt%éktf,&U¢?4v7twﬁm%¢é%®%%i%o
CTTH, MBEEEOD. 11, 12, 13. 14, 15 GWd ./t OERET + 2 v S EIEBREF + 20
IR T—RIDRETLHTF v YANVDEFALTHEST 2, 7 OEFATOERBTIER
BEEEIZ 108GWAt Thd, TDEEDFEA FRIGEIT178X1072 40 &750, 10.3GWd
BB OIS AR A MIET B &, 1T0X107 Jo NS B, LT, @
DIFELFANT L I8 BREEF 1 FREUI DS A5, QDB I L~EBREIREC X
BEEMAE DT, FBEHTOMAE %2 755136 ERS VB THS,

@ Foit. FLWITKA FRRBELET BHEDR L FRIGEORITAAS 17 2R L
oo TOBFICRTMITHEAT S84 FRICL - THMT 284 FRIGESE ZE SR
LDHhnb,

PLEOBEHCc XD, BOEEDE L FRIGES, FLAORBEESROPETEN M (H
AG ) ICEIFT B LB oIt~ i, Bl ko, COBROBENE, Fn s
TANVFORLEEAHECEET AL 0O bDTEREVDT, T TR L 8 EDHHHE
LD, EHNLEEHDEERT NI LD TH L, FICFREEBICBFRT S84 FREIBE
DVTE, BTHEOMIZU TR CNERARFEMT 520l BH 50T, EESKETH S
EEA D, $h, BEBTHRETRERSNZMSRORIENF & HANEIO0THE
B 5HLENHSL,

FENI15F FLEMEICEBH L Y74 — 54

Parameters for core performance calculation

Fuel cell
fuel enrichment® {(w/o0) 1.0, 2.0
fuel temperature (K) 900
coolant temperature (K) 530
moderator temperature (K) 900
void fraction (%) 0 ~ 100
fuel burnup {GWD/tomn) 0, 0.1, 2.5, 5.0,
7.0, 11.1
Control rod cell
temperature (KD 550
Reflector cell
temperature (K) 900
#* Necessary enrichment —--- Interporation of these

two enrichments
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BI16% K4 FRIGEOZERE 7 LR
Spatial effects on void reactivity

* . 4
. Cell 1 Number of Evaluated Volume V01§ ]
ase Core Energy by averaged reactivity
groups burnup(GWd/ t) {Apx107 %)
@® Cell . 54 k_ 10.3 2.52
*
@ Cell 54 Kk 2 10.3 2.36
eff
*4
)] Core 2(25) LY 10.3 1.99
*7 x4,
@ Core 2(25) L 9,7 1.81
*3 *4
® Core 2(25) K ge 10.8 1.78

%] Cell calculation by SRAC, Core calculation by CITATION

*2 2-region core

*3 Local core model

*4 2-group constant is produced by 25-group cell calculation

*5 Only axial buckling is considered

FIL17T & R4 FESGOBIGENR

Effect of initial void distribution on vold reactivity

Void volume (v/o) Void reactivity

Effective
multiplication
factor (keff)|Ap (x 107%) Comparison (%)

Upper|Lower| Core
half | half |average

0 0 0 1.08311 1.53 100

5 0 2.5 1.09371 1.48 96.7
10 0 5 1.09431 1.43 93.5
20 0 10 1.09555 1.32 86.3
100 100 100 1.11165 —_— ——
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Reflective boundary condition
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Control rod cell

Core calculation model

®IL6 HRDEEE TV




JAERI—M 87-195

Pt : \ \
1.0 2.0 3.0 4.0
( GWD/ton |

\ Fue! enrichment
2.0wth

o

Effective multiplication factor

\w
i \
g*‘\‘%
\
| | | | R
50 100 150 200 250 .

Burn up (days !

Core burn up curve

EIL7 WL ERBET RS R

15
o -4
=3
82 131 3 o
= e
© 12- 12 <
— =
£ 1 11
— =
g o
. 10 o €
=)
2 9 9 g
E =
£ A
e 7 e S
6] 6
5 , . . 5

(0 12 14 16 18 20

Fuel enrichment (w/o)

Control rod worth

FIS X HIMEERICEME



JAERT—M 87— 195

Core center

RN
1
=]
[
(e

(2) Uniform fuel loading

Power distribution in core (1)

AL 71 oy A ()

FEI9a)X

Core center

(WO/M ‘0T x)

£3Tsusp asmog

(b) Fuel zone loading

Power distribution in core (2)

5L H 7T 43 A (2)

FI.9(b) i
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HirhRd A, LA 3200MW D A — R 1 DEERFRE NS OREE(L 4
B ISR T . REED I PEIRETH D, JREC)EASLF S A EROIRETH L, AEL
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AT, AGLE R, PO EHOoBESERE L (BLI1I2EEBE), COEER, 2h oo
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B9 E PG (2L F L)

Initial condition
{(Whole core model)

Reactor power 200 Mut
Coolant (at reactor inlet)

*enthalpy 300 callg

*pressure 70.6 kg/m?

flow rate 1.1907x10% kg/s

Delayed neutron

fraction (Beff) 0.0053

precursor decay

constant ( A ) 0.457 (/s)

* constant during excursion

B2k WHESRE (R——EF L)

Initial condition
(Super cell model)

Reactor power 200 MWt
Coolant (at reactor inlet)
*enthalpy 305.4 cal/g
*pressure 76 kg/cm?
flow rate 1.1907x10* kg/s

Delayed neutron
fraction (Beff)

Precursor decay
constant ( A )

0.0053

0.457 (/s)

* constant during excursion

B2t F KA FIAEDERMBIZEE

Spatial void formation effect

Void Time width Peak
reactivity at 60 v/o Void power
(x 107 24p) (sec) (x 3200 MW)
1.99 2.3 6
1.99 2.3 6
1.81 1.0 6.7
1.81 0.8 7.5
1.78 0.4 11
1.78 0.1 12.5
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Equilibrium state
After disturbance

Disturbance position
16 | Core cenfer -
/2 | 2 R-=about 3m
_ Core periphery . .
(g
E
L2
=
=
“n
§e
P}
=
o
o
4
0

0 24 8 72 9% 120 144
Time {hours)
Horizontal power density change resulting from
Xe-oscillation caused by disturbance in different
position

BILI3R RS- RERICHEES L B E&OFE L RO Xe REFHE

12
Thermal power
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=
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Horizontal power density change resulting from Xe oscillation
(R = 5.2m)
S 14K FEOHHEELSEEEOPEL RO Xe iREIHE



JAERI—M 87 —195

Ay FELUERN O B LTI FMCH & OF A EM X bl H 4 R ST T
{1omod TrRWIBY) MROQZE) uvoTIBITTIISC
ax woij BuTITNSal 3Fueyd UOTINGIISTP Iemod Tejuozrioy

SNoU €01 1Y (9) SINOY 26 SRV (G) SIN0Y g 1LY (b)

a

ats

g < -

o =

o o

3DIs JUBIDT ) sinoy G| Japy () [ dIDis paqunysig ) oy ¢ (2) (31Dis winuigl|inb3 ) oy o (|
——““““‘s mlﬁ_.c MJ:_
-
AL . o

(E37m1 ALIS3) HEa0d

~—

(0381 LIS E3M0d



" JAERI-M 87 -—195

12
— The disturbance is inserted in fop of core.
g Thermal power is 3200 MW.
e
Z 8t Equilibrium state
+*.->.‘ /
g After disturbance
-
=4
a-

O L [ i I
0 24 48 72 9 120

Time { hours)

Power density change after disturbance
(The vertical Xe-oscillation doesn't occur in this case)
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@ Top reflector
@® Upper
= Fuel
o _|® Middle
® Lower
O Bottom reflector

Vertical cross section

— CITATION
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Full core model for COMIC
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Case 1 | Case 2 Case 3

Bave = 10.3 Bave= 9.8 Bave = 9.7
Pt = 1.8 Pf =1.3 Pf =11
4P, = 1.99 x1072 4P, =1, 76x1072 AP, =1.81x1072

Bave : Volume averaged core burnup
Pt ; Power peaking factor
APy ; Void reactivity {4P)

Assumed distribution of fuel burnup (GWd/t)
HBILISK MEBEFEOLRNNE HEER)

<103
40

o o
o
T T

Reactor Power by 7 /37 core (MW )
o
T
1
N
(MWOOZE X ) Jamod Jojapas jojo

2.0k
43

1.5+
-2

1O+
05k ik
OO + - T 1 ! O
0.0 05 10 1.5 2.0 2.5 30
TIME {SEC) x 10t

Reactor power change (1 Region)
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x 102
-3.5
~3.0
Core center —2.5
@ < —— -2.0
® < 7 H.5
®@ A\ — -1.0
@ \ —
N -/ -0.5
© —
© 2 ; I , . . 0.0
00 05 10 15 20 25 30
TIME (SEC) %
Meshwise power change (1l Regiom)
S22 A v v=Foh L (BagiEe 7w
3
x 10
g‘ 45 —
~ 40{ ——— 2 Regions(10.3,9 GWd/t) K =
s | - { Region (10.3 GWd/ 1) o
< 351 16 =
~ D
0 5
> 3.0 -5 g
& 2.5 I
- =
= 2.0l =
& L~
5 1.5 2
g 2 S
& IO_ g
=
0.5 —
0.0 . N 0
0.0 0.5 1.0 1.5 2.0 2.5 1
TIME (SEC) x10
Comparison of reactor power changle
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Void volume fraction
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e (a) 1 Region

8.01

6.0

4.0

Void volume fraction

0.0 05 10 15
TIME (SEC)
{b) 2 Regions

Meshwise void change
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(a) Core pattern in RBMK (b) Model for COMIC core

. Extrapolated
O O Horizontal “TReflector

| OO
ofpl — R ke,

O < O Reflective boundary _1Reflector
condition  pytrapoigted
Fuel channel @ .
(25 x 25¢m ) X ; Bunup (GWd/t)
&3 Cantrol rod chamnel ( Across flats 26.8642cm)
(Al out)

z Super Cell

O Modeled region

AIL23B0 FATR LR € 7 v

Model for local core analysis

e
1.75

(a) Power distribution (b) Power peaking
(x107" MW )

308/

Steady state calculation

FL24E EFRREET NV
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Total power of 6 fuel channels (MW)

o
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o

0.5 10 5 20 25 30 35

TIME (SEC)

T
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x

i2

-0 T
o
D

-8 g
47}
S

-6 é
=

— 4 kg
<
(o)

> g

0

0

101

Power change (6 fuel channel, uniform flow

distribution)

CEILBR AR (6 BEF R, —BRESE)

:Refiector
Fue
(Txim) 50
 Reflector 4.0
—-32.0
Top ¢, @ < —
%% X 7 2.0
VAN —
&® X — 1.0
o B
% \ __/
Bonom @ ! T T T I | ] [ 00
0.0 05 1.0 1.5 20 25 30 35 40
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Power change at fresh fuel channel
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x 103
3.0
25
2.0
Top @ 1.5
. 1.0
iAC
5o 0.5
k2
C) E T T T [ T [ 0.0
Boffom = 500’5 10 15 20 25 30 35 40
TIME (SEC) < 10°

Average fuel temperature at fresh fuel channel

E2TR FEFMMEF » v 2 TOTHBHEREREL

N /[ |

-1.0
-0.9
-0.8
0.7
0. 6
0.5
0.4
0.3
0.2
0.1
0.0

Bottom™ ™ 40 05 10 1.5 20 2.5 30 35 4.0

TIME (SEC)

Void fraction change at fresh fuel channel
B2 X FEMBEETF ¢ A LTOR S FEE(L
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x1071
12.0
10.04
8.01
S
2 60 0.4 sec
(&
g
< 40
.:_>o_
2.0
' noel
fresh fue; dfue\ honng
0. O T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
TIME (SEC) x101

Void fraction change at 2nd layer of axial meshes
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Total power of 6 fuel channels { MW)
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0.4
-2.5
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X
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Power change (6 fuel channels, adjusted
flow distribution)

130 HAZL (6 BEF v v 20, RESHER



Void fraction

10.0

JAERI—M 87 —195
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Void fraction change at 2nd layer of axial meshes
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Peak Power {x 3200 MW}

Relation between peak power
and time width
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EYCEE I L b REA LGRS,

pidan i

B A v FOBR I A vFA0egME, BAUERTHABI A vE~OERRI LT, B
.22 {OMICEEL0E, EAEBENC K-> T—RFDERs s b &, AR 2 v FOMK
LEOHET, IoREZEL DA NFERBEHR T A vEE N> THIHENR S, 61T, FHELK
FicHATNE, ZOBROUBE T A VFBIEODTAREITEELDIES,

INTH, UNERABOBEOLEMEBO | BAREINALEFEEL T, T2 vFAHE
L& %, FHOREMED 300cal/g-UO, TH » o &F4UE, 1693 F + 7 LT,

300 10%x 4.18 x 1693 x 115% 0.01 = 2.4x 10° Joule
LB, EBICHEISICRSUEHM L A vFolthE - foalgitd & 5,
(3) KRE:BEEITLAHT LS

WEEDL OOKERERT, FFREOEEICL >THFLIENT S, TFEHEES DL
N a4 THLpofEED O DERBPEMBEONEC L - TEHRIKILEHah o1, KE
REDRIPIT L BKRERENHVIES, &bk, UOBH&KEORIGIC & - TKESFET
Ao

CCTHEELDHE, BEEROERE L TENTENELORET EKZOBRTIRELT,
PREIE R AT X (3R E R #AE T 2B TH A5, KEKN D, Bt s KkEIFEEICLLH
FrROBELARET 500, WRAIOKERIBROZFOREERTHENOTH B,

F56 MoERERROKRRS &I BO T, BEXTHNICI800°CEIEET S L, 1.5
mg/em’iC 1 F +» A MGG OMBEBEMEEELT,

18 % 0.0136x x 7% 1.5 x 107=0.083kg
2F » VA NTHERLIOKZR, BRQF7 4 N0RHT 20T, FLrLF7 AL TORIE
fd]% 300m* & L, B 300 COEHTENCHREST S L, 1LIMPa DEMKEAHERL S,

— 4, COIREFREICE S RIS, £92.06x107 Joule L7380, #ELGFRERBICHEST S &
TOMPa D& Tid, EFEHEEDS 360keal/ kg TH 5 o,

2.06x107/360x4.18=1.37x10° kg
1 h, THREBREMO0OM K LT, EH%1I6MPa K EES AR EH 2,

ProRBE v oA HBELERNOBR(LEEZOATH S0, HEMSHRILL, &
HRAMEE K EORIGESE S iz, B M TFLL TRERIGTHIEE, 522Dk
FREGEFEIN S, LLl, ThodRTFREAMKET 2720, ERCRB ORIEHET
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H 5,
(4) BEFEICIBZHBLLR

B R BT K DTEFE L, BT TR LB U A RARER, alMaTIENHT
FRAENS, CORERENE, WREZNOERE, KESEBBHEENRBEORMEIC S 5
TRE 2, BN COBEBIICBT 28 FHOERR L, RESESGSFNTHE LT TRELSIK
TRLITTEAE FRBEMETE A2, 20T, ZOBEEANIK, #ARFECHEOETOKSIME
FHLEROATRE, BOEEE TOERM, EHLAL2Z20 5 X WdRENLLT2, LER
i 25m iTd R sstosh, HEL AR, BIF1IR LT, POHOENERCHORES
B TENREEEZELT, F4 FEFL T 4 -7 KBEEFDERD D &, B8NS
Hhbd, 0BG, FIEEHEEEZENO T0MPa & LT WA, KEHEEZORINEAEAE
Fic AN, FRITLSE ERENEZREFDICET20MPa ERET A EFN9XENLLE, Z1Lb
OB SM o ik Hic, WP L, BEEY D BEEY 300cal/g U0, BEE
TH-Th, MFEFAHEHEHTERCUDESL, TORELEHEENEBOKERBEEZOEM
K EDBEASIICRED LD TH S, & UMEEEAHOESEUADERI N7 25 TET S &,
SERLHEII Y, BRSO ATHRENCGELS L,
(5) FEHEEEE & BAE S

Bt k5 icEEORE L. AREBEOMFECBERED & D5 (EE, KEBEFHREDCE
HEK LD SRIZBEREIEAS S, bEACEEIHICL A ERORE FRA T o7
VIR OHELTAS L, REEFE12I6COLETHENORNDO LIS ICED, 571505 1
igicid, SAFEME00°CIKERY, WHEENITEL, Svh oA BEOWRENEREL
OBZTERTS S, BLeIRE LN, EEES - BEO LOHFTHET L&, &
0581, B MOBLET R, FERERATIOBRRENERICHEZ T, BRIERLER
LA EROLHIC, EATDAZHEE, z0EE FRSEESHEFTITBIVSNRLL,
6 £ & ¥

POFEHESHEEsAZERE L THlEENRES VDR,

o BREIMI TALIC L 2 BB ARRLETO Lo N/t HELR
Thbd, £, THEMTHERELT,

o &B- KRIGDRIGEIT & 5 RS FRER P KHEHRE

o EMYEIC & B ENEOWBIGIHET
BH D, INHIE, REOTHOSTEHBZICE STV RTORERICS 5 THE BRI
LicrleEtEdsd %,

o MR T 4 LA FAIC K BHKES

HENEOEUIEES Ca g afEtss D, EHETHELRVEHOIENER, Tnic
DB L EELTE L, R LHELRBRIAWRICEIT LABGITELL6DTH S,

o TR (£
EHTREA L U S ERELL O,
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FEIL 223 NSRREBRRITH-T MM L 2 W FORTE

Estimation of mechanical energy based on NSRR experiments

Energy Peak Energy Mechanical
deposition enthalpy convergion energy
cal/g-U0, cal/g-U0, factor™l % Joule/kg-U0,

350 300 0.0030 4.3 x 10!
400 345 0.0065 1.9 x 102
450 390 0.014 2.6 x 102
500 435 0.031 6.5 x 102
550 480 0.068 1.6 x 103

*1 1/10 deduction was assumed (because of
saturated temperature, two-phase mixture
and small water mass ratio).
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Reached pressure
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Initial press. 7.0 MPa, Initial void frac. o—06 »—08 ©—0.9

o | |
sl ¢ Lf/ 55/ / /»;f/ ;/ /;(/ /
) ) SS S

40+ / / P /'
/ d .
7/ f{ /ﬁ/}{/ /}{ /;{;/’L{ .///M ,//::;/
T / // / '//// / ///
IJ?,C{E/I £ ﬁ/nf’ e o
20 |-1nhai waoler mass vy . o L

Fuel mass N | 0.5] ] [.0 ; 2.0} | 2.0 |

{00 200 300 400 500 600 700 800 900 1000
Energy reieased from fuel (cal/g} (or kcol/kg)

Pressurization of steam due to fuel fragmentation
(for 7.0 MPa initial pressure)

FUS8K MM X 5 BESL LE (F8EH 7.0 MPa)

Initial press. 20.0MPa, Initial void frac. ©—0.6 2—08 ©—09

80 /7
L /7y
bl y/4 oz
/ ey
L V/a T
g Ve e

/ Sy .
50_ /// ///'/ ///-// "/
/d )j}y):/ &’ 7 —
40 '_/// /// /f?’ /._/ //D
30 -//,/ B -
—"‘__‘. i U
20 Initiol water mass M, 05 == 10 ——20 -—=50

Fuel mass Mz [ [ | ] ! |

100 200 300 400 500 600 700 80O 900 1000

Erergy reieosed from fuel  (cal/q) (or keal/kg)
Pressurization of steam due to fuel fragmentation

{(for 20.0 MPa initial pressure)
FILBOR BEMFRIC X AERKTLE GWHIES 20.0 MPa)
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“
3000 /)

o “
2800z, Tube 7
2000}

(276 |- ————
1000
)
0. )
002 02
b L _J_'__O.SL&\\ ' : )

80 - —
4-3-2-10123456 78 3810

Distance from the Inferface (mm)

Temperature profile in the pressure
tube in the case of molten fuel contact,

FN60R EamelofNE L AEIEEORE a7 4

100
;-:; -\
= L
g 10 H—

=

S B Normal
= L Operation
& i Point

10 l | 1 ! [

0 100 200 300 400 500 600

Tube tempercture (°C)

Relation between rupture pressure
and tube temperature of the
Chernobyl pressure tube

FLEIK Fxr/ 74 VEENEORHEES EEERE OBR
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2.4 RBEMREBECEIT AT

(1) Biwi
B4R A B0 S b TORILEIGEE T 0T 1000 °C % TR IEISHESTohhTo
5 Eie, REMEOBRILIC ST b 2000 °C 1K E B 5008 s h T s E %, ET45

EHMOSRHAR FTOMBGEBZIT- FliT R EAERSE 60, T2 TR, ELhA

HHH T BRI L - EROBRELE FORRARE L LHELERICLT, VETF =

T4 BEFHRER AP BE ABEHEOPLEHOBBAMET S T LEHNE L,

(2) BshoEiRE{LEIG

1) 22K eh iR b s
REMEHS £ CESHEOBRILRK ORISR » THEFT 5 2 EK CAISRTY B,

C+0: = CO; AH = —94.03 keal/mol (1)
C+1/20,=C0O AH = —-26.62 (2)
CO+1/20:=C0O. AH = —67.41 (3)

CZTAHBMNTH 5,

ERTTORLIZIE 00 CLUETHR D, B{LOMEITICED CO, COPERKT E205, &
BICHEBIZE CO ERBRAE 1B, CO & CO, &DEMREE .23 B0 L H1cts a5 %),
CAEEN2EZOHHOFTOE S E0CLUETI ERET L, DREQEADLEED
B LA InE (B (3 60 kcal/mol &75 5,

IRAT 400 ~ 2000 °C DRSO EBEERRT e D0 TEBE R4 3D THAT 5,

800 °C U FTREEICEShTL2 PV RRIc L 2 b3 5,

Rr =9.2x10%exp (—34/RT) (4)

2T Rr(3MEERE, TI3EMAE, RIEKMEER (1.987 x 10 keal/mol K)TH 5%,
B CHHS 2000 COMTRFT —FNEBELALNWO THREBEAERTIES S 2EE L7
EEBTIR, #EAEE L T4EEO 28 (IG-110, IG-11, PGX, G- 40 A)Ef o,
AID ~ o RS, %O SRESFHOENTH S, ChLoBRHORME S .24
FRiord, ABRSREE 20 mm, £& 100 mm DIETE S,

mErEEEmE, BEORITEIAEEZLD, FLEEONTHEESN g @ FIUEFE
ZRCTIT- . SETOMNMBROERBE OO L T » IR FOBE T XMA Ko¥
SEM iz & - 770

HRERDEBOTH S, BEREBRZ&BE T -EiIKFRE, EEBORDEBEAZRELS
FO—FlEE N2 Kicrt, ERN0FEBRPVBEIKREICE L THATAOT, Z0aEAE
LEE L L, dEHORBoEEMSCL2BILEEOREEREEAFE163XICRT, &
O LB{LREZEROBEICL > TREED LRV &0 5, BLEE 2SR
Fowich LTEET RS, FLMEPEONE, B{LEFEERRDEICLL - TEE
b3 2R3FTHEM, ZTRENGERKFLAEWTT oY FLTHES, THLDTF -4 %
FTEOTIARDERTERT EXAMBB LN,

Rr =5.21 exp (—6.41/RT) (5)
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IG—110 B&iCBE9 5 1000 CLL P ToREORER PR L TH b, i 800°CLET
BEBONERREALE U TH 205, HHENEL > T3, IALOEBOABRTHIH
SRS OEM(LT & 4 40% Day 5OREICET 2 EREECVL b5 3, THHE
DEFERDHREOECLLLLDTEALH LEZ LN 5,

2) BILEE KB LIETHENTOBE

O ZEXDOFIR

WEAA R < 705 & B LR T 5 Y, (6 Les B

@ HEERiEE

BRFRIRE ORI OB LR I 2, (B 1665

@ iy

BEPOAFMC L A RKENERIR SN0, (E1L64 B

@ BfLF

At EOEIC O REEERENT 245, FUTHITRTLEHICI0~20%ThHo EE
hib,
(3} F s 74 NIEICBD A BB EROWE

BB EBIRO H 5RO I o0 TE TRE 5,

FILATKEDRS » 72 ESEE LTHRLEMENEETE 7w L v EOREDNR
DEELOHERENS,

* VAV TIRE D LT R E TICELAD KR EEK L TR, ETHEFR- L ADE
ERDBBEIOEITIGRICH - Ticl D, 20 &S, BHRESRICH > TV &Eb
ha,

AR EEDAN) 3T —hOoFE LTS E, HFLH-ThENDDH, TOT &
o, B iideo EROAEHI 700 ~ 1000 CRERE - Tt EZILNE, #BHT
WIZE D ERTODT, DU EBAERTRCOBRETH - EBbNS,

T, ROCEHPEFEBRESIN TS, _

s HEHE, RTELSKEZH EAMY, 2 BHICREVEE (dark smoke) 25 E 452 0
gV, KEARSRRYIERR TR AR L TROFBAK A Y 7 THEOA
BIKLffodindE Uit EEhh s, BOBREROBN OS50t wE %
ATHABL TO I bDLRAEFETHES, 72170, BR4A4SRZESETIES 2 L2800
WTSRET A EPBHONTOEOT, THBECELEEVEDESITHK ST TR
5, B, BBIKERERSL WS 5 5P,

HELBERTRD, Lo LEEBEHL T Eh0, REEEORENEL, FD0kHn.E
2 SHI5000 b v oEMsEAshE P sno R boThD, ThEAHNSS
=7,

B.C: 40 + v, HPLUHOFEBTHEIGERE T S 0w,
Fowf b 800 b¥, Bz r 35 WIS S, BEOMBEHT B 06,
Bt 2400 kv, BT pOLF O E H v 7 BERRO 0,
g, Bb. 1800 b v, BEMEMEDO 7 4 s —E LT,
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* SAGBRESETL, FEERBROEBCEELLIEG S, CRRPLDOTFHRNEIW
ERAFALL(BA4AHEAEASHT) clickn, PLMERRBEHEN, 20
LOREPET LD TH S, TOFE, Fod o oREEEO KA ELE L.

PO bxFEibbhesd s, FOEREBEHTERBICKE - TWictEbN %, BLOERIC
BOTRENZEIBRIENE > T, OORLBMIENS - LV S ERT A KK L0
ST, ORI ESTELD, LfZL, BEHETO AW SHERAL N, B
Ao EOEEL Tl E %,

Fab/ TAVIFICE) 2 BEOMBREEHET 210, BRILEEOIRERTM - B0
REOCHBZICET 2ERPNETH L, £F, RO IEOEREIC X 3 Bl 4B,
SAC RSO R ORIZ AT~ B C EIcg 5,

SFULAD KRR THLLRE S FABEN A DRI RE T 2 BIC - B HEEE LTk
LOBELZ BN S,

s Pa =9 A= KU & B FEE

< EHOBRLRIGE

. A

EBEORMOFERICE LI INLORBDLE{LAEL LR L DS, T4, ¥
3= s —KRIGPFEEL, TORBEHASLNTERTT2EEL 005, 1720, SR
THEKOMEESITION S SN 268E5EAH 5,

Wi, FIRETHEHOKSNS TS5 4 OB LD EEAEE IR, BEROBERIESET
43, SR 400 CH FOBRICRES N8, BRORBIENE T T
BLEZOND, RIGADHITE » THBEEFFT 2000 5 BOBEO A BT £ { 5F
HTEROD, £ OEBRADLSATAHEERBOEEL NG, TabL, BHOMEE
HABESESE Lo, BRSO EMIE, Yoo s - KEEH, BEHEOHER
Bttt EbnG,

PRSP EREE» S 3 AME TRA -/ —1BE ST, WHATHSD— G 2BETH
5. (EI68 )

O IBORBESR T oo 2 ANBT AAEENAEL, FhOEMBICHEL, Fig,
2RELTEE 7oy 7OBREOHEEAHRTET S, T IRVICKEEELTET S,

s D3 = A —REROREGER (T 31.6 keal 7 100 sec TH5 A&, 19keal/ min &
WO LTS, TNRESEETERINL EELSND,

« B -ERRICORBGEE IR v 7OBEICHKF TS, 5 v 7 ORES 1000°C &
2000C0 2 >OBEEZE L 5, BHOMLITEE ZE LD DS

1600°C ~ooreeeeees 0.41g/cm*h
2000°C +ererreeee 1.26g/cm’h
LD, F e yRAORNERE Iicm ESHID B8 rem’ & d 3T, ERoMfsENE,

1000°CT 11.3g/h
2000°C T 34.8g/h

*  Zr+2H,0=7Zr0; + 2H, + 140 keal / mol IZHEL, 1800 °C T 100 IS E N/ & S DL 3t s,
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DEETRHRILERT 5, > T1F v i lombich REN Y vy OB & A F80E
B, 1FerFaelem@Fhbn) vy 7 OEBEREENINFN53g & Mdkeal ThH
5L &5

1000°CT  44keal + (53g + 11.3g/h) = 0.16 keal/ min

2000°C T  44kcal = (53g + 34.8g/h) = 0.48 kcal/ min
L8 B, BEDBERITHE > TEALNE, 1 ~3hiTB0TI000°CE Fic &8 bh s,
TO®RI0BRICABROBEIZW0CLIFILHE - T3 EELNIDOT, FHEHE EH
TEBLRETH B,
* BRI B E % 30 MW, 10 BB IS MW, 10 % 6MW (GEIL6S X ; B 75 » -
LEWRITHAZEOHE) L9564, REEHI 1 Fr i lemb/zDTELZL L,

BERERE  0MW e 0.36 (kcal/min)

10h #% IBMW -oomvereens 0.18 (kcal/min)

10day#®  6MW —-oooeeee 0.072 (keal/ min)
L85,

o 3HORERMELAFHIRORE AR OME S L TEE L /AoRFE 9K & $1.70
KThHb, INoDORBSEHeHEL DT, BT oy 70RBIEH LT, FREZEIL
2= L - KEUERASES L, 1Th~ 10h %3 B8 - TOaRICHE BiEdsEET0SE5 &
RO, HHR» CHRERAVKEDEBOFEAXET L L5045 EEBbiLs,

IRIC, TN oOMEIT L 2 BHEEEM OBREEILAERST L TH B, Iz = a - KEIL
B DA EE A BER 30MW & L7 & SO BMNEEMOREEI, 3hig AT =173 °C
THoo CORREHBALS FFLOX D ICHKEEZIOMW Tho, 10 HEEMWELD,
HICES - ERRCBS R EREFREETHLIERET S L, B vy 8oy 20
MEZEIRELEELNHEBELRZXOLSEH5, S1.71 Kh & B RN ES
WI00° CEL Eich b EHEESNS, X, FNT2KD 2 A~ 7 HOBIT 3 AD A
B TOsDd Fo=4 MEEEPSIHR T LA ERLIZBEDEHEHERLTED,
BERBETERLALEDEEDLNS,

LERT &ipo, BRBHERORAOESIT 1000 CLILIKAstbDtEE SN, £0
FLAERRFR, FN YT =Y L KUGET, ZORIZHES - TERCHE £ 0 &FER
EHAHBEATH - mbDLEFLONS,

WLTORBOBBOER, BHMSRBICRI D~ SN, T, BRI KE
BD& ¢ )T ER > TLEEARBLTO 2O EHESN T B, vEOHETIE, B
FREOW 0% D250 b A E 0S5 C ) CORULTORTICE » T, BHOEGA
1000 CREL ESNE, HOEMTERICHETI2BTHE T ELEREINL Y,

BROBLIC LAHERE R ZICHEHOEEOSE/ICHEY 2 HHLLETH 5,
IV, AioLHic, ENOBEEOKBIELR, FI7TINMEIEILTRZKOLHiC
WEEINIH, TCTREBOLHIROE I ICRET %,

O FHREBEHOBRBERT,CTH - &35,

@ EoEERREEICHALTHALL, 5 A5 H 12HIC400°CItE ~72&4 5,
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@ BEBOBLAIBRRRICH - TR S &EET 2, (B4R
A00°C ~B76°C: Rr=9.2x10%exp {(—34/RT)
876°C ~2000°C: Rr=5.21exp(—6.41/RT)

@ T, %600 ~ 1600°C & T 200°C B 2 i L& & Rr 25ET 5,

@DEDPSEFRBEOEHEEORMEMRBELIBROLI TS, Ihid LoicA
NTRrAXRDZEENTAKOERMNESLN CORTEAEROMBEH 105 v v v
@%A¢%%C&o1méocﬂ@@Uﬁbmz%c& , 1000 CE THRES LIS TN
g, #I30%BDF ¥ AT ELROMHBAEINEVEOREFRITH DL HITH260 + DR
ERTBLERFEDIZENITETES,

o EhEENERRICE VT, 1400 CLLETHRESER O P TR ELICE 100 4m
PTFoBTHARE LT OMEah, $0—RE2E5EIL2 IKRd, ORI T
-7 ADT 4 5 —HTFRUEREBD» S T B EMH N7, INSDERDPS,
F /T4 YFOESICE, FREMGEENE >0 b0 LUBEEDOME L 7R BR T
EFRKURICD » TIFO EZEAE L2 - 1o FlgEE A& 0 BEROIE TR L 2EO LR SHD
@Em1~3mm,%%K;OTM7mm@at&wbn%mo%®#%;m%%wﬁﬁa
HENTV -2 DEEZONE, COBEGERKNTRMNE LD, HELLVES
{HNTHRHEEERFNIEZEEANDEI NI, - 1Al 5,

4) F s T4 NFECETEZESROE CBBEOTREEIL DT

BLHIONTO S EHICARPHEAZ L0 H T &I, K%@%ﬁc&v%&6$ofm«%

ML BB TELLVSLETHED, BROBET vy 7 IWRILOREL Y 512 8%

HOMIRAE LIS D ESPTEEICIE L TR TREEREZHRTELL oG

EBTHD, BHVBERCIHNZER[EZEICHTGL, RICICE2RABRENBES/ N7 VAT

BEaBTENE, BANCERPEACHBESLCEEdEE 200, UL, BHDFE

SOEHEMBFBROSERLRICLTELNE, Far/ 74 VEFEOEES, B L 2olfekt:

REDLHTNIV, F=b/ T4 VHEDIEE, BRODBRTT v+ VA NLDINHIAF 2 =T

MEEALETNT FGIT00R) L, Bicvrnof BELGER, ELTWALEZ LN

LDT, Fr i AAPERORELICENELEEBEENS, (o T, MOBKEMSLEIT

LRMHICH 2 HHECBEAME TE 2 E&FMERIN LA LT, LA LKL, &

BT id, FUGHE FRICE ABEORE, S as tkEORIGK L2 RERRHERSE S

b, ZNo6OTNTHRHOBELFICES LD EELOND, oD ERL, Kb

B DAL S TMOBME G TENOSREARCES L. FilESORESTRETH 7072w,

ZEOBRPHETLCEICE b LBABENS,

Vb, Fxr/s740) ASFOHEKRORMEFICET IS ROMEL R~/ 2T,
FHCEOR L7t - oS, B & REBR OIS & NIKE & —BLIREPNER L, KKEITHES
Licc:dEZOoNS, UL, ThSOFMEIRETHL, ZI T HHROBELARED
FTHH EROREBEREPAATH A VA ATH S, T/, BENBEERE, BEF» 20
W@%%jmvﬁ@%@%@ﬁﬂ@%ﬂ%%@%@ﬁmméﬂtthhﬂfw%wmoCﬂﬁ%O
FYRRRASTOLZDODEIDSARETHE, TOLHICFHRICHhIc- TIHEL2AMEARS

— 121 —



JAERI—M 87— 195

L8, BIRERE, REMSEIPTI00CHU LSS &N Tu 2 TfEAs i, 2E0BRHM
HEKTLMBEE T 95 6E£EL 005,

CEEILL.23& CO /CO, &nit DB ik

wE /T CO /CO; e
400 0.23 0.3
520 0.96 1
1000 19 1
1500 74 1
2000 | 28 1

Fll. 24 % [P o (ppm)

£ 4 IC-110 | IC-1 PGX G-140A
Cu Y 1.36 23 | -
Cr 005 116 | 23 -
Ca 0. 82 250 94.9 59
Co 0.016 0.6 001 | -
Pb 0.15 0.14 0.15 ~
Sn | 005 | 173 | 138 -
Al 1,38 20 38.5 -
Fe 4.2 140 A0 | 142
Mn 0.037 0.06 7| -
Ni 0.15 16.3 1.6 13
Ti = 213 16.3 29
Zn - 0.81 0.88 -
Mg - 032 | 084 0.5
v — |18 25 2
Si 18 78 100 ~
Ash 30 1900 1000 530
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XeBEE— MR TFRENES EETHD, £/, TOhEFRIFEREREN I HF
Eib, BB RS ERTELVRINEEES R S, T L TF =/ 74 DRFBEHHRLE
KRB FTOENHERICHIGT 2 Xe—130 BWEE LA, Hid, fEICL 2 Xe—135 D4t
%, RUFA FREAOHFS LML 72,

(1) ERGE
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(61, (V& b 1-135 oEEZ /LI FETIICED S, R TEHINS,
I(t)=a,t+a: +as EXP{-21,t) (])
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I BT i - e &k D, FEEIOEPOKED 1 ¥~y by —HEERESE L
i) e

1986 4% 4 F] 25 H DI 1FE iz B8 rf 5 (AL 0 SEEIR RS 13 10,300 MWd /t TH D, #BEE
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i) E TR A S O o o R A% A AR DV BB

5 A 6 0% TOREEORINRHEDHER &, BFFORHEA v~y ) —idd ik
SRR S TS mfr, CHDD Y BAEN L RS YRy )RR ENTE S,
4) 74 —nTI T =

BE L7 E TR 5 OREHED LR OB TR, TRICL->TRAL L, FAMEORICIIER
HBENINEELZLND . FLTT 4 —NT Y b7 =5 iB0 2EGAR OB RELE Z,
BT TREHE AT C LICk D RFRENTORM M OREELE S HET S 5,
W25 R AARCAERD 7 + — 479 b F— s OHEE LB EEICE T 5 ETIF OB
et R AR 4,

Devel 8 Nature iCE# 7 L ¥ 20 THEOBRBEEAMETIDRFHELF -5 ELTHNECs
— 134 & Cs— 137 OHEHERRIE, BEANONERERE L TOSHEROMASE(REENT
W5, AN FUFHAETAESR, HEEGCeRIEBIGIESELECs- 134D A AT
Ny BOREHRICE B L~ ORRT, T4 b E— I HHDT B, TOXITRIT
P Cs— 134 DERITH VT, BT L A EEETOHENT VIHER R IES A5
Al Cs— 134 BSENEREE N3y Har— s BEHSEE LU0 kS SEEOHNE
T3 Cs— 134 &Cs— 137 OMEHEELRIZ 0.57 DFEEMIE S,

EEDT » — T D b F— s pOEE L AERFICEY ETH O RELRER, Te— 129
m&Te— 132 & DHEEROTKZEERFHTHHEWVETH S, ChIERD, Tx— AT 7L
Fo g OB LB EEEROME, RTRNTOREOEN  HEI R TR N
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2 & B

1) EHEEHH A oot 82

BRBERE 20,000 MWd /t TOEH LEEHERE >0 T, RBMK — 1000 B FHRAOER
FHW/AZORIGEN 2 o — FOERE vEDEZIME S O % TGRS,

HUth Liebtnk (kg /tU BAGL)

| ORIGENZ
34 | EDORGTE (R BMK FI55)
By 45 4.57
a6y 2.4 2.47
*¥py 2.6 2.57
#9py 1.8 1.76
élpy 0.5 0671

ORIGEN 2 D#5E /HOELEHA & —H L THD , B 20,000 MWJ /t OBEELHE L
FTOFERICED BETRABRUBER ST L T0 s 6D EEL L5,

2) MBER e 5 Cs— 134 & Cs— 137 O RS RELLF D ZEHL,

Ce— 13T @ iEARZEIC L >THETH—F, Cs— 134 BHOUERY Cs— 133 Dk PR
BT - THEL 5. COfcHMEMEORFEELE G, BEE kT 60 EELHUTS, #
HERE OMBEEECE AV o4, RBMEK- 1000 BUFE T TiEFEMBE L7 23D, 5%
BT 5 Cs~ 134 &£ Cs— 137 DS BEIEOZEALEH 1. 718 BUIOR ¢ EM SR I £ 288
MER I RIS 215G 1CiE . PR OE /0 Cs~ 134 BB (HE T 50 T, KRR & (16
BRBEDIE G L D/NESKEE, CERCs — 134 2.06%, Cs— 137 30.0 £F)

ORIGEN2 2~ F&LCOMRAD = — FTid, HiRAIEOHEEELREIN S ZDE WSS S
D, CHRBEDERNET — Y DOEBNVCLLEDTH S, B, BRI, HARU 745
FD7 4 -7 9 b F—s oL LBRBERTOCs — 134 & Cs — 137 DR gELERD
HHZRE TR T, (OB, PEHRBEOES LD ARE{, 12000~ 14,000 MWd/t O
BECHS L, vEREECHIMHEESED 5 ORBEEOEBEFELITOJLTOFRP
Ay Xy MYWETIE, BEESTEEE L,

%72, ORIGEN2 7 - FhH 4 58Kk, CANDU FH OERRU D Fiodd 275K
THOREE, 74— T 27— 5 BREHTHEBEERIRBMEKFHOEREAWIBE &
D/hE <, 8000~10,500 MWd /t DFIICSH S ., Ch D OEE TR BMK- 1000 BIFEFiFE
DFP A~y ) ERERHEET 2 CLHRAETH 5,

3) HREERE 34T OIGE
VIR EE OB BT S50k S B 79 RNOBBEE DA % ([E Lz,
BB % 19834F12A 50 400 HHEE - 60 DEHAK - 00 BEHEEL, 5%
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HEiOTHEEHBEROFLFP A4 vy VEHEL 2,

4) FRREFOEE T EEDOEE

Fos TAY 4 EREERRETN | BRERETEEET - T 5, TROLEREIH
51208 i TR0B T IHATERT LU, S0% i i 2 1085t 2o b EMUE T T 5,
CDERSAY — BT ACSITLD, 1 -1330 L 9 M ERBOE 2 O O RERE v
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ORIGEN?2 THo /- BAERORMAERAELE S, VEOETERF 74 — LT Y
hF—sElbicEN 6FEEN. BIRICRT, VEOHEBKEWTHRNEELRERD 2
. Emthk AR AT A, SRAC-ORIGEN?2 OEEDHD 7+ — 79 b F— 5%
B{HELTHD, HKKRu- 106 & Ru— 103 OWMFHELFE LD —HER ., £ OfdE Kk
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257y 235 5D CEREF -y DBHRSLETSH 5EFHCORIGEN2 2 —FTHOTL
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6) HEgEA v v b Y

BREEEEOF v TAVETHEEHASEO 77 F - FEET SO/ BHEEA v~
M) OHEERESY, VEOHTMERFSESHETORMBEEGICEIN. 2TREFIE K
WiRd, VEOHEELIDER, BEAYDOFP RUTI/F=FEET0 LA THL L.
B 27 FiTid . (RAASEE L, SRR R LA R OREHT D DT L fo R AR,
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CNODWMEEEA v v b Y HEEBR Y —2 5 — - NBEETEL560THS,
(3) F&¥
© vEFREXRCERBEERSY, FOBBER OB OBEIE SR E B O RS E
B BHARU 74 ¥ 7Y FD7 4 -7 9 b7 — 5 OEGCEHMBEELELBRR Lz, chd
DEWMCFBELVEELLN S,

@ VEODOFP 4 /v ) HEEREISARIRSR EAELL,

- 137 —



JAERI - M 87— 1095

& AEFTHEONIFP A4 Yy b ) @AM E S NAcBEED Y — 25 — A8
THRUEBETHAL 5,

@ BKFEOEHERCELE, 74— TIbDOCs— 134 & Cs— 137 OHBEELEAEE
BT HBEEIRBMEK- 100 MR TFFAOERERCIBEL D A/NEMICHE B,

— 138 —



JAERI~M 87 — 195

BIL2ZER 7+—MTV T hLEM L BT E

EMFEAES 4B 26 HFAT 182358 (Fov/ 74 JERED
B # H ¥ AV I FTwrRAY | Fre—2
I A wxg | ZEE | Normigdc Konala
ST . 30"" R 4/"28 - ' - ;
BsE R 25| s (E-Sts 100 |4728~5.716 | 4./28~5,715
Al 2 m | BRPEEE | ZEER | ke — : . .
Tiwd | EUPT|BYER SRR BRAL @ @ @ @ @ ® @
ht s -
H)
MO
#0Sr 7 895 6.050 " 0.044
+4.2 R
onRy/esRy | 2% 02t | o EB%F | o 0.93
1Sk, 1275h 0.094 0.0004
1 44% +14% | 0.112 —
w19 e | iy 0078 | s G oz 0.087
Blmeg e 008(}?&%2
] 7 1 | 191189 | 1.5% 1.62
- +16% | +15% 0.578 —
WCs19Cs | s NS (0.53) S el 0.611 0.591 052 0.56
+4B% | +57% -
18:Cs 19Cs | goeg 0965 025 0.295 0.284 0.277 024 0.23
1 Ce” MICe 065 D&% 0.719
|
b O HWOOBELFHRSFETER GUEI0R)
@ STUK-B—VALO44 “ Interim report on Fallout Situvalion in Finland from April

26

@ STUK-B-VALO45

to May 4 18867

" Second

from 5 to 16 May 1986~
D BEE RIGEER2OIRE)

® CRECA E¥

debris

“ Preliminary Conclustions

[nterim Report Radiation Situation

tc be drawn

in Denmark " by A, Aorbrag

- 139 —

from the studies ot

in Finland

C hernobyl




JAERI-M 87-—195

HIL26 K FREFOBAEMKHN LR OHET

% | ¥R M VBOWER | SOk cEN

Wgr,/ E9gr 29.1% . 50.5H 0.086 0.0614

" Ru, ™ Ru | 1014 393 H 0.43 0.259
'B55b,/1%Sb | 2774 3.85 H 0.0960
129mTe, 12 Te | 3368 . 3.260 0.0307
1mTe 12 Te | 1258 .7 3.26 O 0.0877
AR LD 20.814R1.-8.04 B 1.70
13¢5 /137 0g 2.06 %~ 30.0 4 0.65 0.615
138Cs,197Cs | 13.1H / 30.0%F 0.314
MiCe, MICe | 284 B/ 3250 0.59 0.642
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FBL2THR BHREKORKSE, v~V b ) - OHEER

(UL 107 Ci o i)
(a) (B) (B} (A (8) {B)
B | ceEm | | S cang A BB |k R | vaowii | 28R%GaN, | )
“mKr | 4.48hr - 10.58 ~ | =Np 236 day | 840 1,387 1.7
$Kr | 107 yr 0.5 0.6075 1.2} ==py | 878 yr 0.027 0.03645 1.4
89Sy | 505 day | 64 78.30 12| Py | 241x10'yr 0.023 0.02285 1.0
%Sr | 201 yr 5.5 4810 09| 20Pu |654%10%yr 0.023 0.03782 1.1
$sZr | 64.0 day | 130 124.9 1.0] 2Py | 144 yr 4.7 6.064 1.3
Mo 2.75day | 180 137.7 08| 2Py | 387%10%yr 7x107° | 5786 x107° 08
wRy | 393 day | 130 1053 08| 0 Am | 4.32X10%yr - 4387107 | —
Ry 1.01yr 56 27.27 05| 22Cm | 163 day 07 1343 1.9
mmAg [250 day - 005997 | -
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=50 2.97yr - 0.6470 - BB HRELEY) | SHAETHNELTEY | A hdis
1275 3.85day - 6.738 SR %m [?Jv{;’j/{’%%t Eiﬁg%}'im H?{g%t é‘;ﬁffm Qu%t
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15m Te 1.25day —~ 9287 — | =u 014 1.92 02 147 0.2
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133 | 208 hr - 130.5 — || =Np| 0024 0.034 0.031
B 5.25day | 180 166.5 09| | z#*Pu | 1.3%107° 0.015 04 | 0011 03
Lo 2.06yr 5 3827 0.8 | | =Py 0.32 96.1 | 2.47 593 | 193 603
Cs | 131 day - 1951 - || 2ePu | 0012 37 | Li6 278 | 087 272
ws | 300 yr 77 6.220 08 20pPu | 63%107" 02 | 041 g9 | 031 9.7
wBa | 128 day| 140 1427 1.04{ 22Pu | 2.1x167° 0.11 26 | 0080 25
WCe | 325 day | 150 1289 0.9
wCe [284 day| 88 82.72 0.9
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(2) USNRC ; "Reactor Safety Study, An Assessment of Accident Risks in
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(3) USNRC ; "Interim Reliability Evaluation Program, Analysis of the
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(4) A.D. Swain, et. al. ; "Handbook of Human Reliability Analysis with
Emphasis on Nuclear Power Plant Applications", NUREG/CR-1278, 1983.
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in OECD Countries, in press (1987)
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E % | 0.3 0.7 0.43
R E| ol 0.2 0.46
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& | 394 83.3 - 0.47*°

*2 1 394,783.3=047
— 244 —



JAERT—M 87 — 195

BM2.3 -2F% BTFHEo0 %3,/ Sy oBFgEE

% o S (mCi/km®" | *°Sr (mCi km? )" 5r /Sy 1
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Ngr: 3.3 % 107°

i

$9g. - 16 x 107253 (pCit /m?), ¥ Sr,~*°Sr = 10
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1) Finnish Centre for Radiation and Nuclear Safety : '"Interim Report on
Fallout Situation in Finland from April 26 to May 4, 1986", STUK-B-
VALO 44 (May, 1986).

?) Finnish Centre for Radiation and Nuclear Safety : '"Second Interim
Report on Fallout Situation in Finland from 5 to May 16, 1986",
STUK-B-VALO 45 (May, 1986). '
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OECD “NEA® CRPPH (Committee on Radiation Protection and Public Health
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FpOHBELSITHREA - At Y THREE, ROT/ v72—, 747 FARTS
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oliiia A2 7%, 27 LOBBIOBHOELHA O, DEEREGE, RIEESD
BOCEACENFTFECEREEZL SN, SERIN, MECHE R H72S5HBORAHNE 1
A9,

4.2 B3I - DuvNEECHITSEERS

SEIDF = v/ T4 VERC L AWRERERICEAL THE, ST TRRAZFRRAEEIL TH B,
HRICE DL <V TODF -7 ZEFFAFTEH G, BRI~ FESEE L TOFEL,
iR BTRHATE 2WERRLALOECD / NEALATRE Shi-bORIBLATHE, 0
¥, ERORREEUCHT - o SEROMRRRIR I oD F— 5 2RV TE EHET LT LT,
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1) OECD/NEA CRPPH, '"'The Radiclogical Impact on the Chernobyl Accident

in QECD Countries", in Press, 1987.
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FEM. 41— 1% OECD/NEAMEEi LB 3HHEREOHBRTE

Approximate Distance Average Deposition (KBq/m?)

Counery® from Chernobyl (km) Total CaesiumP Iodine-131 s/1
Austria 1000-1500 23 120 0.19
Norway 1500-2500 11 77 0.14
Finland 1000-2000 9.0 51 0.18
Sweden 1000-2000 8.2 44 0.19
Switzerland 1500-2000 8.0 37 0.22
Italy 1500-2500 6.5 32 0.20
FRG 1000-1500 6.0 16 0.38
Greece 1000-2000 5.3 23 0.23
Ireland 2500-3000 5.0 - 7.04 0.71
Luxembourg 1500 4.3 19 0.23
Netherlands 1500-2000 2.7 21 0.13
France 1500-2500 1.9 7.0 0.27
Denmark 1000-1500 1.7 1.7 1
Belgium 2000 1.3 3.9 0.33
UK 2000~2500 1.0 1.0 1
Japan 9000 0.13 1.2 0.11
Turkey 1000-2000 0.08 0.88 0.91
USA 8000-12000 (.05 - 0.19 0.26
Canada 6000-13000 (.04 - 0.10 0.4
Spain 2500-3500 0.004 0.01 0.4
Portugal 3000-3500 0.003 0.005 0.6
Iceland 3000-3500 small small -
Australia 16000 N.D.,C N.D.C -
Notes

a. Countries are listed in order of decreasing average deposition of
total caesium.

b. Caesjum-137 + caesium-134

c. N.D. = Not Detected

d. Based on a limited number of samples
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#1L4.2 — 2% OECD/NEAMBEICH I 2 FRROWBRRE

Collective Thyroid Average Individual

Country Po?giggion Dose Egquivalent Thyroid Dose
(man Sv) Equivalent {(mSv)

Australia 16 — —
Austria 7.5 17000 2.3
Belgium 10 3100 0.31
Canada 25 95 0.004
Denmark 5 330 0.07
Finland 5 4500 0.9
France 55 7400 0.13
FRG 61 91000 1.5
Greece 10 27000 2.7
Iceland 0.24 small small
Ireland 3.5 1800 0.51
Ttaly 57 120000 2.0
Japan 120 8200 0.07
Luxembourg 0.4 160 0.4
Netherlands 14 5800 0.41
Norway 4 1900 0.47
Portugal 9.3 150 0.02
Spain 38 not assessed assessed
Sweden 8 3500 0. 44
Switzerland 6.5 8500 1.3
Turkey 52 5300 0.1
UK 57 11000 0.19
USA 237 3000 0.01

- 320000 —-

GRAND TOTAL
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Average Individual Effective Dose Equivalent (mSv)

Average Individual Thyroid Dose Equivalent (mSv)
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