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". Fhbs 7T L-1 Kiev, Ukraina 35 100 1971 1978.5 MPS MPS
Folbs 74 -2 Kiev, Ukraina 35 100 1971 1979.5 MPS MPS
FrrhsT{ N3 Kiev, Ukraina 95 100 | 1975 | 1982.53 | MPS MPS
E | 5o JI,-'):_7’»1’ Ne~4 Kiev, Ukraina 95 100 | 1873 1984. 3 MPS MPS
FRAR 2L Kursk 35 100 1970 1976.12 | MPS MPS
7w T A T=2 Kursk 35 100 18971 1979.8 MES MPS
TN 7=3 Kursk 95 100 | 1975 1983.12 | MPS MPS
L=y ¥F—F-1 Leningrad 95 100 1970.3 | 1974. 11 | GKAE GHAE
F jLarrF-F-2 Leningrad 95 100 1970.6 | 1976. 1 CGHAE GKAE
w5 —F-3 Leningrad a5 100 | 1873, 17 1980.6.29| GKAE GRAE
Lz 3=F-d4 Leningrad 95 100 | 1975.2 | 198L.8 GKAE GKAE
{75y +-1 Ignalina, Lithuania 145 150 1977.1 | 1984. 12 | GKAE CKAE
AELyA7-1 Smolensk 95 100 1973 1883.12 | MPS MPS
REL YR T2 Smolensk % 100 {1975 |1985.5 |MPS MPS
Fales T4 L5 Kiev, Ukraina 95 100 | 1981 1986 MPS MPS
FrhS T -8 Kiev, Ukraina 95 100 1982 1988 MPS MPS
|47y F-2 lgnalina, Lithuania 145 150 | 1978 | 1988 GKAE GKAE
)= =2 Kalinin, Volga 95.3 100 1974 1986 MPS MPS
& | TAPaw-l Kostroma, (Volga) 145 150 1981 1987 MPS MPS
2 buT-2 Kostroma, (Volga) 145 150 | 1983 1988 MPS MPS
B | LR 74 Kursk 95 100 | 1975 | 1986 MPS MPS
RElLyRA7-3 Smolensk 95 100 1981 1987 MPS MPS
AEL YA T4 Smolensk 35 100 | 1982 1988 MPS MPS
{7+ +-3 Ignalina, Lithuania 145 150 - - MPS MPS
R ol o Ignalina, Lithuania 145 150 - - MPS MPS
TAMaT-3 Kostrama, (Volga} 145 150 - - MPS MPS
H | 3AFav-4 Kostroma, (Volga) 145 150 - - MPS MPS
PR 75 Kursk 95 100 - - MPS MPS
| AR 75 Kursk 95 00 | - - MPS MP3
TR 7T Kursk 95 100 — - MPS MPS

MPS : Ministry of Power and Electrification

) "EGFRTHEESR
GKAE : State Committee on Utilization of Atomic Energy
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No | radio- half-1ife inventory ALl Hazard %
nuclide [ day ] L 168 Ci ] [ kBa/yr. 1) [10% wanl
Nobie gases
3{ Kr-85 3,350 0.0056 2,
4| Kr-85nm 0.183 0.24 - 2
5| Kr-87 0.0528 0.47 ?
61 Kr-88 0.117 0.68 ?
35| Xe-133 5.28 1.7 ?
36 Xe-135 0.384 0.34 ?
lodines
30§ 1 -131 8.05 0.85 2,000 314.50
3141 -132 0.0958 L2 300,000 2.96
2201 1 =133 0.875 1.7 10,000 125.80
33§ ) -134 0.0366 1.9 2,000,000 0.70
34! ) -135 0.280 1.5 60,000 18.50
Telluriums
22| Te-127 0.391 0.059 600,000 0.07
23| Te-127m 109 0.011 9,000 0.90
24| Te-129 0.048 0.31 2,000,000 0.11
25| Te-129m 34.0 0.053 3,000 4.36
26 | Te-131m 1.25 0.13 10,000 9.62
27| Te-132 3.25 o2 3,000 111.00
Alkali Metals (Cesiums)
7| Rb-86 18.7 0.00026 30,000 0.01
37| Cs-134 750 0.075 - . 4,000 13.88
38| Cs-136 13.0 0.030 20,000 1.1l
39 ) Cs-137 11,000 - 0.047 6,000 ~ 5.80
Volatile oxides
16 | Mo-99 2.8 1.6 50,000 23.68
17} Tc-99nm 0.25 1.4 6,000,000 0.17
18} Ru-103 39.5 1.1 20,000 10.70
19| Ru-105 0.185 0.72 400,000 1.33
201 Ru-106 366 0.25 100 462.50
21§ Rh-105 1.50 0.493 200,000 1.81
Alkaline earths
8| Sr-89 52.1 0.94 . 5,000 139.12
9| Sr-90 10,300 . 0.037 100 273.80
10| Sr-91 0.403 1 | 100,000 ~ 8.14
40 | Ba-140 12.8 1.6 50,000 23.68
Nonvolatile oxides
1{ Co-58 71.0 0.0078 30,000 0.19
21 Co-60 1,920 0.0029 1,000 2.15
111 Y -850 2.67 0.039 20,000 1.44
120 ¥ =81 59.0 1.2 4,000 222.00
13§ Zr-95 65.2 1.5 5,000 222.00
14 §{ Zr-97 0.71 1.5 50,000 22.20
15| Nb-95 35.0 1.5 40,000 2775
28 | Sb-127 3.88 0.061 30,000 1.50
29| Sb-129 0.179 0.33 300,000 0.81
41 | La-140 1.67 .6 40,000 29.60
12 | Ce-141 32.3 1.5 20,000 55.50
43 | Ce-143 1.38 1.3 60,000 16.03
44 | Ce-1414 : 284 0.85 500 1,258.00
45} Pr-143 13.7 1.3 20,000 43.10
16 | Nd-147 11.1 0.60 30,000 14.30
47 | Np-239 2.35 16.4 90,000 134.84
48 | Pu-238 32,500 0.00057 0.20 2,109.00
49 | Pu-239 8.9 x 10°® 0.00021 0.20 T77.00
50 | Pu-240 2.5 x 10¢ 0.00021 0.20 777.00
51 | Pu-241 5,350 0.034 10 2,516.00°
52| Am-241 1.6 x 105 0.000017 0.20 62.90
531 Cm-242 : 163 0.0050 10 370.00°
54 | Cm-244 6,630 0.00023 0.40 425.50
Total 56.405 10,678.56

t:ﬂazard=(lnventry[lﬂacijx108x3.?xlﬂ’9)/(ALI[kBq/yr]x103x50[yr.]))/103

Inventory data are quoted from "Reactor Safety Study”,Appendix VI. p.3-3
Table Vi 3-1:WASH-1400(NUREG-75/014) (0ct.1975)

3200 MVt PUR

A Three year refueling cycle and an 80X capacity factor.

Equilibrium core at a time when the three regions have average burnups
of 8,800, 17,600, and 26,400 MVWd/MTU charged (end-of-cycie).
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o) |REREE 67 2 RNPG vorer BUHE 0 3 W
0 1,435 1,240 13,800 3,450 10.6 17,250 225,000

1 265 221 2,890 1,330 9.19 4,230 17,400

3 101 105 1,870 432 8.42 2,310 9,720

15 287 . 29.0 1,280 39.7 7.50 1,330 5,600

30 6.74 4.77 - 947 9.35 6.40 963 4,060

60 0.494 0.784 656 6.32 4.76 666 2,350
120 0.00282 0.659 401 5.90 2.76 410 1,740
210 0.00000309 0.648 = 244 5.56 1.36 250 1,100
365 0.00000218 0.630 146 5.17 0.614 152 659
1,097 0.00000218 0.553 47.3 4.45 0.324 52.0 204
3,653 0.00000218 0.353 17::9 3.27 0.132 21.3 67
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Data are quoted from 'The safety of Nuclear power Reactors
(LIGHT WATER-COOLED) AND RELATED FACILITIES': WASH-1250 (1973).
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A reactor hall at the Chernoby| plant is shown in this 1982 photo (Source: AP/Wide World

Photos)
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Scheme for a nuclear station containing RBMK-1000: 1) stack; 2) wet gas hold-
er; 3) delay gas holder; 4) helium purification system; 5) compressor; 6) gas loop
condenser; 7) FC integrity monitoring system; 8) pumping and heat transfer system in
CPS; 9) cladding sealing monitoring system; 10) separator; 1l) control unit; 12)
emergency feed pump tanks; 13) FC; 14) CPS channel; 15) reactor; 16) MCP; 17) cool-
ing pumps; 18) regenerator; 19) pipe to purification system; 20) cocler; 21) emerg-
ency reactor cooling system; 22) compressed air; 23) emergency pump; 24) technolog-
ical condensers; 25) superheaters and separators; 26 and 27) turbine generators 1
and 2; 28) condensers; 29) KN-1 condensate pumps; 30) condensate purification; 31)
apparatus for burning explosion mixture; 32) pipeline to delay gas holder; 33) low-
pressure heaters; 34) deaerators (0.7 MPa); 35) electric feed pumps.
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1 Hanger 6 Supporting rod
2 Pin 7 Sleeve

3 Transilion piece 8 Nose piece

4 Stem 3 Nuts

5 Fuel slement

RBMK fuel assembly design (Source:
Nuclear Energy, October 1981, p. 388)
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Type RBMK-1000{Chernobyl-1V) BWR(Kashiwazaki-11)
Thermal Power [MWt1| 3200 (3140) 1, 2| 3293
Electrical Capacity [Mwel| 1000 ( 960) 1100
Core

Active hight [m]] 7.0 3 3.7

Activce diameter [wm] 11.8 (12.2) 4, 3| 4.75

Number of fuel channels 1693 6 764(fuel assembly)

Number of control and

protection channeis 179 4
Max. channel power [MV ] 3.05(1.8%),3.5(2%) 3, 2
Max. linear power rating
of fuel [W/ceml 360(1.8%),385(2%) 3, 2| 440

Power density CkWw/11}) 4.14 2 50.0

Specific power [kW/kgUl| 17.8 24.8
Coolant

Material Boiling light water Boiling light water

Nominal pressure [kg/cm?]| 71.4 2 70.7
Reactor inlet

temperature LTC1} 270 4 279
Reactor outlet

temperature [*C1|285 2 286
Average density [2/cm®] | 0.516 0.73
Nominal flow rate [ton/hr] | 37500 6 48300
Steam flow rate [ton/hrl| 5400 6 6410

Moderator

Material Graphite (1860ton) _ Light water
Densi ty [g/cwe] | 1.67 3 0.74
Average temperature [C]] 600 283
Process tube holes 2488 holes,total 3

Square pitch [mm] | 250 3

Diameter [mm]]| 91
Cooling gas - | He(40%) ,N2(60%),weight 5

Process tubes (Pressure vessel)

Material Zr-2.5%Nb 3 SUS
Diameter [mm] | 1D=80, OD=88 3 10=6420 , Hight=22900
Veight [ton] : 750
Average temperature [C]1]| 300 9 302




Type

RBMK-1000(Chernobyl-1V)

BWR(Kashiwazaki-11)

Fuel assembly

Number in a fuel channel -2, stacked 3 1
Fuel rod
Number of pins 18 (plus unfueled 3 62 (8x8)
per subassembly support rod)
Cladding Zr-1%Nb Zircalloy-2
Length Cmw] | 3500 3 4200 (with plug)
Diameter [mm] | ID=11.7, OD=13.5 2 1D=10.58, 0D=12.3
Thickness [mm] | 0.9 3 0.86
Average temperature [T]| 291 286
Fuel
Fuel material 1.8% enriched U0 5 2.23% enriched U02
(2% for refueling) 5 (2.7% for refueling)
Density [g/cm*1| 10.5 3 10.5
Pellet diameter [mml| 11.5 3 10.4
Average temperature [°CJ]| 546
Burnup,nominal  [MWD/mtUl | 18500 5 18000/29500
Core loading [mtU] ] 192 6 133
Control Raod
Number and type 179 total 4 185 total
125 radial power
shaping (RR)
12 automatic
regulating(AR)
21 scram (AZ)
21 axial power
shaping (USP)
Poison material Boron carbide 3 Boron carbide
Fuel balance
Uranium barnup [MWD/ton] | 18500 5 21000
Initial 235U content
[kg/tonl | 20 (equilibrium) 5 30 (equilibrium)
Final 235U contentlkg/ton] | 3.9 2 10
Pu production [kg/ton] | 2.8 9 7
Annual fuel input [ton] | 50.5 2 30
Annual rod consumption 900x18 9 254x62
Annual natural uranium
consumption [ton] | 169 5 160
Opperation period [FPED] | 1000 (1100) 2, 9| 900

_10_




IV . 22 5= 57 & #8 39 e =4
BEHHEE. ECCSHRRODVTORBMKEBWROKER
Type RBMK-1000(Chernobyl-1V) BWR(Kashiwazaki-11)
Containment
Type Pressure suppression T Pressure suppression
Enclosed gas Nitrozen Nitrogen
Gas pressure [kg/ce]] 1.0 1.0
Design pressure [kg/cw?]| 3.66, 4-5(MCP,GDH etc.) 7 2.85
1.9 (Core)
Reactor vault
Size 21.6m¢ x25.5m 8 25.9m¢ x 48m
Material ss + PC 8 ss + PC
Enclosed gas Nitrogen T Nitrogen
Emergency Cooling
Accumlator LPCS (1) 1440m3/hr
I.1ton/s x wmin.10-12sec| 7 HPCS (1) 350-1580m3/hr
Injection pump >500m3/hr| 7 LPCl (3) 1690m3/hr
others(turhin condenser | 2
cooling water)

L3 H3CHA] (ChRFENSA—YHEBXRTHLES., )

( 1) ﬁEEK;F$HE¥&Vﬁ®§éEE®%iﬁJ(IQBGEBHIOE)( 2)

The Chernobyl accident - Special report;Nucl. news p.87(June 1986)

( 3) N.A.Dollezhal’;Graphite-water steam-generating reactor in the USSR;Nucl. Energy,
Vol.20,No.5 p.385(1981)

( 4) FE¥hHhEH No. 186 (1986. 7. 1)

( B) E.V.Kulikov;State-of-art and developement prospects for nuclear power stations
containing RBMK reactors;Soviet Atomic energy Vol .56,No.6 p.368 (Apr. 1984)

( 8) N.A.Dollezhal’ and |.Ya.Ewel yanov;Experience in the construction of large power
reactors in the USSR;Soviet Atomic Energy Vol.48,No.6 p.137 (Jun2. 1980)

( 7) |.A.Emel’yanov et al.;Safety of power plants with boiling-water graphite channel
reactors;Soviet Atomic Energy Vol.43,No.6 p.1107 (Dec. 1977)

( 8) Nuclear Engineering International p-48 August Supplement 1985

( 9) N.A.Dollezhal’ et al.;Some characteristics of and experience with the operation

of nuclear power plants with RBMK-1000 high-powered water-cooled channel
reactors (RBMK);Soviet Atomic Energy Vol.54,No.4 p.263 (Apr. 1983)
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Fig. 1. Schematic diagram of circulation loop of
RBMK-1000 reactor: 1) reactor; 2) separator; 3)
main circulating pump; 4) pressure header; 5) dis—
tributing group header; 6) leak limiterss 7) level
controller; 8) pressure regulator; 9) turbogenera-
tor; 10) water tank; 11) emergency core-cooling
system (ECCS) pumps; 12) ECCS water storage unit:
13) quick-acting ECCS valve; 14) ECCS header.
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(1) C. Hohenemser et al.;”An early report on the reactor accident at chernobyl”

(2) T7TH27H#BHE '

(3) L.Devell et al.;Initial observations of fallout from the reactor accident at
Chernobyl;”Nature” Vol.321 p.192 (15 May 1986)

(4) SHGHE1OMYEBRFRFHEES

(5) GBHI19HxAYY ) IKREEZ2R

(6) ”The Chernobyl accident - special report”;Nuclear News June 1986 p.87
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VI . S IEd < X =& D D> D el e
7 o e, Z r — 22K B S - Zk 2= FE = 5

ENE—X
{(88/2)2-(80/2)2} x m x 7000 x (1/1000) = 7330 cw®

wEE (ENE—-KH)
{(13.5/2)2-(11.7/2)2} x n x 18 x 7000 x (1/1000) = 4490 cw?

1693%kH%2FE2%5L&
(7390 + 4490) x 1693 = (10%) = 20.1 w?
ZrOokFEWEG. 52, W-T. 2ZrEHU
20.1 x 6.52 = 131 ton
Zr—kKRER
7r + 2020 —> Zr02 + 2ZH2 + 1560cal/gZr
131 YBOZrIRNTHRIBUVEEZORRBU
1560 x 131x108 <+ (10%8) = 204000 Mcal
= 854000 M)
= 237 MV+hr
ZrOBEERE01. 22, #->T- 13120 Z 1
131x108 = 91.22 = 1.44 x 105 mol
ﬁoT\131b?ﬁ@ZrﬂfNTZr—KEﬁ&ECUEE%KﬁEféﬁﬁi
[ §
1.44 x 105 x 2 = 2.88 x 10° mol
—F. KEOBHERELW
Mo + 02 ——> 2H20 + 115.6 keal
TNTK%@@%%QG3OKcaI/Kgoﬁof‘lbyﬁ®§%ﬂﬁ
630 x 1000 = 6.3 x 105 kcal
FRPTOLILE—REUIEZORLAERKFOELEU.
6.3 x 105 = 115.6 x2 = 1.09 x 104 mol (= 22kg , = 240m3)
ﬁjT\%@ﬂ%&iUéﬁ%Kﬁ%ﬁZr—*ﬁﬁ@ﬂ%ﬁ‘
1.09 x 104 + 2.88 x 105 x 100 = 0.38 % (EhBRULTE~TE)

TH 3o

BHBK\PWR,BWR@%n%anbT\ﬁﬂﬁ%&ﬁﬁ?%twﬁﬁgﬁm
%m%uTNTkﬁm&ﬁbrmezt<%ﬁ§p}p§: (11)

Rupture Level (lb. TNT)

gtru_cture PWR BWR

Reactor vessel 95 160

Containment 900 100
(GHEE 5bU]

T“Eﬁ%£;0§5%®53ﬁ7m\fﬁbi?OOOmm@&%m@wwhaf\
700mm?5%@®&5ﬁﬂ§bfﬁ@ibko%E»TNT?]FDB@E%E
o xEZRHEE. 2MFLD0. 38%. TRDLE6~TRFOENES XUKRE
EORETAN BRI ERRYVE VR, FEEREVEBRVULVET.
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X4 e >
EmEd
{250 x 250 - m(91/2)2} x (700 + 0.5
ZHOLER1. 67, A>T, 2BEHNETU
1115 x 1.67 = 1860 ton
EROBHEHUI12EhoBLRHBE IS L
1860 x 10 + 12 = 1.55 x 10® mol

+ 0.5) x 2488 <+ 10° = 1115 m®

REOUTHE R KIS\ & F e H
(12)

(1) C+0,=C0,+97.0kcal mol™*
(2} C+1/20,=C0+29.39
kecal mol™!
(3) C+C0,=2C0—3822
keal mol ™
(4) CO+1/20,=C0,+67.61
keal mol ™!
(5) C+H,0=CO-+H,—28.36
kcal mol ™ /J
(6) C+2H,0=C0,+2H,¥18.50 keal mol™!
(M CO+H,0=C0,+H,+9.85keal mol-1
(8) C+2H,=CH,+18.05kcal mol~!
(9) CO+3H,=CH,+H,0 +48.98 kcal mol~!
10 CO,+4H,=CH,+2H,0+39.13kcal mol ™!
() H,+1/20,=H,0(g) +57.75 keal mol~"!

logK

—

§00 300 T000 — —T20 1400
o % (c]
EFEOFHES L BEEOMME -

K. CORHMDI1UBBELEAUTEARETZEZOBRHBIZILY i

150 x 1028 % 0.1 x 97.0 x 10-%

73
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1.50 x 10% Mcal
6.28 x 106 Mj
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e ) 77| 7.816.3| 90 | 4,505.9| 39 239.2| 2]12,561.4/131
2|7 "F SR 3810642 | 245661 10 702.4| S| 6,969.6| 66

3
(e b ;
Hat

2.719.5| 43 | 3,650 | 35| 3.600 34| 9,969.5] 112

A | 2,468.6 33 1.017.8 | 11 627.5 6| 4,113.9| 50

F o4 wl| 1.693.4| 16 729.3| 7| 1.345.6| 10| 3,768.3| 33

A | 1,078 35 463.21 7 118.2 1| 1.659.4| 43
+ | 1,034.3] 15 601 7 1,635.3 | 22

T 986.5| 12 986.5 | 12

clo|lw|la|lu]s]|cw
P DI AR R N 8 BN
Av

O 570 7 : 570 7

Wi (s . ) 514.4| 6 187.2 2 701.6 8

2! fiL| 2,665.6| 52 | 3,433.2| 51| 6,181 70| 12,279.8 | 193
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REXRLBUBPEZIZEThE. 795 APEBEACERLOD,

EORERENA TV S EL7PEORN. HEAEGBENTEERRAELU CKkRDP>E
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SEOChernoby | ETAREHROEHIL. REE2ESNELTHE->LEDONHH
BRELELSBO>TERKTCV S, HHOBERHO—B—S0RROI A RETHRENLE
HUCERYVHERESTUMEBDRARELEEEOIZ 2 2RV, MAOEKRFL
HETRZIRHARE->TE. SHOGRUMNOERTAIVLEZ A TEP»RThIETR
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