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A Study of Direct Disposal Technology in the World (2)

HirokiHattori*, Hiroo Okubo#**

Abstract

There are two methods of handling the spent fuel generated from the light
water reactor; they are 1) direct disposal and 2) reprocessing-plutonium
recycling. At present, Japan is following the line of “Reprocessing-Plutonium
Recycling,” but in the rest of the world, the movement for reviewing the
plutonium recycling is spreading, and in the future, the world opinion and
pressure from overseas countries will increase against this method. Under these
circumstances, Japan must compare the two methods to clarify the meaning of
plutonium recycling.

In this investigation, an overseas document by which the spent fuel had directly exam-
ined disposal was investigated. And, the content of those documents was arranged. The
case of which directly disposed in Japan was set and the basic specification and the cost
were evaluated.

As a result of the investigation, the disposal cost became 54,900,000 yen/tU in the
case with our country. This evaluation value is about 25% higher than Sweden and Finland
where the cost is the highest in an overseas case. In cost items, the ratic which the article
expense occupies is high. Moreover, the cost of construction and the close of underground
facilities occupies the entire haif for our country. This investigation is an evaluation based
on in the case of the evaluation the current. Therefore, I want you to note geing as for a
technical detailed examination. However, the guess of the cost when directly disposing in
Japan pounded.

Moreover, the nuclear material control of the spent fuel is not evaluated. I want you

to note cannot the comparison for that with the disposal of the glass solidification body.

Work Performed by Mitsubishi Research Institute, Inc., under contract with Power Reactor and Nuclear
Fuel Development corporation

PNC Liaison : Hirohide Kofuji, Advanced Reactor and Fuel Cycle Development Section, Technology
Development Division, O-Arai Engineering Center
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F#l—1—1 XT—FrOEEMASIX FMHERZR
Summary of cost results for the Swedish spent fuel digposal facility
M SEK, price level of January 1990
Facility Encapsulation Repository Total
Cost category
Investment 2830 3343 6173
B | Operation 5318 562 5880
.
L Reinvestment 127 42 169
'1_- .
¥ | Sealing. 2013 2913
DPecommissioning 254 44 298
Toal 8529 6904 15433
Cost category
7][3 Investment 4.48 5.29 9.77
% Operation 8.41 0.39 9.3
4 | Reinvestment 0.20 0.07 0.27
’% Sealing 4.61 4.61
F | Decommissioning 0.40 0.07 0.47
)
| Toal 13.49 10.92 24.41
Cost category
Investment 18.35% 21.67% 40.02%
= Operation 34.45% 3.65% 38.10%
43 Reinvestment 0.82% 0.29% 1.11%
2
* | Sealing 18.89% 18.89%
Decommissioning 1.64% 0.29% - 1.93%
Toal 55.26% 44.74% 100.00%

a)No discounting has been done.

M

(8) X YMR IEMK




| —1—5 XJz—FrOEENS 7Oz MIBT3ERBE/I2—

Cost distribution in 10 year periods In 1991 constant-money value (MSEK)

8000 000
Total : 20 G SEK2 )
7000 [ (1991 prics level) i o0
o 6000
o 5000
o 4000
3000 -
2000 2000
" 1000
" . :
1980 2000 2010 . 2020 2030 2040 2050 2050
Year

1) The Swedish cost estimates,which are included in the Countries Annex,are used as an

example. - : - . ,
2) SEK : Swedish Krona.
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WTHEER | UH 3 A, RE bV AN, MHA P AN
©5 5 TR

ik ;740 m X 500 m

#HTF ;250 m X 860 m




Work shaft

Personnel shaft

Central tunne!’ _an:ster transfer shaft

Disposal funnels —

——  Fuel bundle

Steel rack
Filling material




(2) WDEEH

ﬁ%%ﬁﬂ@ﬂﬁﬁ%u\mmLMmmwammmwg#w:x&—awwﬂ%ﬁt%
DoBREIE NS, THEBICIHIEIZAY . — 72 QUSRS F L CE £ 450cm, BE
80cm TH Y, BiOE S 138 60mm, HFSSmm DEF105ecm & o Twa (I -2-2&08),

FOHIZBWR O FREEA G 9 (1L6tUHY) AU S o RIS TEE (koD 5E)
THE IS, '

®M1—2-2 7«>3>F®ﬁﬁﬁ%ﬂﬁ%ﬂ%§%_

Bolt for inner lid

Welding seam /

Copper canister .—
Steel canister .~ ——

Steel rack
Filling material

Fuel bundle —/
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DY Y Y PRI T ORGSR O LR b0 FERONEEIZE -2 - 3
WRTEBNTHD, BRROBMIT9610m* TH Y, ZZTEM60A, 204/ T 1,200%
DRSS BEINHEENS,

RETREKOEY Thb,

OBEFROBMA, WA, —BAHL)

OBEE R O EHRRE LI # L, A5 ERICEE
@ZEWER & HAR O H T

OFERICEL Lok, BE

@ ETREE

DR

@ BRI — RSB L7tk 0T AL St

KIl—2—3 74232 FOFERBREIDCT 1 2 a s JHERIRE
SALO

Instaliation of canlster lid,
Inspection and machining

Electron beamn  Flnal Inspection
welding :

Recelving of Emplacement of fuel Cadnister {illiing
transpori cask bundles In canlster with particutate

BT AT A
i R ﬁifgﬁi 4

Place of cooling Unloading of . 4l - ' oo

and Mushing transport cask e EIUIMMESE e I
- Transfer cotridor Interim store  Canister transfer
- for canlster Into the spent

fuel repository



(4) TR HFERE

 REASHERTS00mOE ZHIMEL, BELRIFOIATHITNTVE, BT -
2 -LITRTEE VTR o FRRERAOP LR Y A VIR T, L5 7T
CBREINTwA,

HF LS RS DR EEI 81 240,000 m* Ty 20 ) HITHAT32,000m? LG b ¥ F VA
136,000 m*, &1 D 72,000 m’ A3HHE b 2 F IV EFHERBAO A R— ADWHI RIS 5,

s
SEDUHBENZNKD L > BEEEE B LTV 5,
- VS B
A
ER (MU, SRR A)
B BEHESOEIT 5 . THONER20m® (5mX 4m) HEOKS S LENER
Bo

@A b > AN B & ISR — N

Mo P Y AVOREIERI -2 -4 IRTEB DT, B8 46m, W33mOBRRTH2, &
SFETERZZLO0, FIZAT2—F Y0 b Y AN ERUBK TS B, NI DR S
N Ht, EHELMIE. BEAY b4 FORAWIRG NG, Y AVOMHEIE -
THEDRALEPELLN TS,

WAy R— NV EAY 2= 7Y LA CEENLSm. BEHTSmE BTV S, F—IVEO
BEIE62mThb, AAFERITTOF—NOFIIHEE Sh, ZRICITESN & LTESR
Ry bFAboTOy 2 BEEEINS,



| —2—4 Deposition hole. (71 >35> K)
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~
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Sami-tpninnits
BisakiRt BIv2n

401

_ Sarage-burdonsis
ekl 3G
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Bantardte Bocks
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2.2 MAHpAZXM

(1) TEHIAX b

T4 %Y FORBERBOLSAHBBBEIL, B -2- LIORT £ Ic588f I
V(9IETAORFAVRE, LTHEL) ERBLLNTVD, 74 ¥ T ¥ FCOREMHICS
W, Z O THRER PR &DRAS & U*‘%d){tﬁ%ﬁ%’ﬂ‘%&:%ﬁ;% BHRPLTE F
EENTHHILPD, ThEEDLLT6HIFVERS,

WERERIZBITEI VT4 a sy I IR EBTHE TOLS TR TR HE DO HH%3.66
B FVICH LEEI22MFVTH Y AT 2 —F Y OBELRABIIAY T4 a2V 7T
BOFVRAVPPH LV IFHEL 2o TV MIHETRE IV 71 Y = = 7 HER
DIEERFAD 2655 L BB FE <. 246D 45.07% & EHE L & EDH TS,

E%:z$f%:y?49a:7%%%#%%%Fw€&%0kﬁl@ﬂ?ﬂﬁ%ﬁam'

BEATHY, 22THaryF42as sy FBBOIAMEEL oTind,



FI1—2—1 T3> FlobldaBEENS DX MMERZR

Price level of December 1990

Cost item '_ Cost estimate(M FIM)
Investments _
— Encapsulation plant 470
- — Final repository 430
Operation
B | = Encapsulation plant 1310
Ed]| . .
i@ | — Final repository 490
H Decommissioning and sealing
— Encapsulation plant 30
| — Final repository 170
Toal | 3750
Investments
— Encapsulation plant 0.95
— Final repository 0.87
* Operation : ‘
K — Encapsulation plant 2.65
N | — Final repository 0.99
E Decommissioning and sealing
— Encapsulation plant 0.06
— Final repository 0.34
Toal 7.6
Investments
— Encapsulation plant 12.50%
— Final repository 11.45%
% | Operation
4> | — Encapsulation plant 34.87%
% | — Final repository 13.03%
Decommissioning and sealing
— Encapsulation plant 0.79%
— Final repository 4.47%
Toal 100.00%

Wi (1) £ DMR IfER



(2) W53 Efh

FREOBRM LR (B 18000, RAFE1200%) THB L, BFBEHERO L >
(A |
- EEEA 31957 F F A /U (4110 EHM./ tU)
MEL I FA=138011 (19917 FiyB% L — MgA)]
P GAELTY 4900 F PR (67.62 HAHE)
EREMTIRAT -T2 LD b EPICE R oTWE, LB LAT -V (UGR) 0
EANE, ATz —FUIDbREVEVIFEMLTRTSH S,
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(1) BE
B4 CIRIBT FA4 v BLR, %00 OEEaHarRat ST a4, Bifl,

HEREIST T { BRESLVAVEED R U —®IJLS T 5 ZEHNASPEICRE S
NTws, ZOLFHETIE, POLLUX ¥ ¥ X7 WG HFEER LN TV A,
EBWASTIL, 3560000 OFHBRE 2 RST A2 LR SR TWED, ZORR

BROBY TH 5B,

LWR B AR 10,000tU
HLW 25,000tU

HTR ## 565tU
AT 1283004 (7275 L, POLLUX ¥ ¥ A 7 DIAkc, 7 AE{bEZ EL &8 &

FEIZLT96,000m° T b,

BB, WHOEEYE I S0 EHSBESATVS,
Bt ENTWa RSB ILEER TH ). NSBHOEEIIOMTH S, Ao ITH

DAVFAYary FEREBTRMEPOBRENE,HI-3-1IIRT LI, #hEHE
LW TASEORIE 2 RDIIMIC L o THEITN TV L TASHEITT— A1) 7O,
BEHZRADOF Y AVPE-TBY, SHICHT 7 AEMLELGENEAR (Emplacement

Borehole) 758 HIZTFAMEUFTV 5, HITFAMIEDEREIZEE T 66.5ha TH D, K4 1.33ha

VLIRS N D, _
O g CBiEE
@OWATHFRE 1870m
€)%
S L EERP S+
HT AR D B2 AR, WA R AV (Access Drifts) . HES b ¥ AV (Exhaust
Air Drift), 5 b~ %V (Emplacement Drifts), B4 FHER
(Emplacement ﬁorehole)\ F=ER YT
OHE& : 1.33haty (66.5ha)




[ —3—=1 FIYO@#TASRENESE

Shaft 2
" Shaft % Exhaust air
|Yarintae Radloactive
‘ material haulage
1 Man riding
Garages
Fire brigade

(2) MAEH

FAYTRERLTICHEATIERELT POLLUX % % X % ’a’:il‘ﬁ%T LTwb, POLLUX
¥FrA7id, REFBLRRATOMAIELL L) ICHREN-EB T K -3 -212F
F &) 2 150mm B X DOWELT > 75 (Inner Container) &, M %I 0 & CERH DO+ —/5—
N I ROBEEINTV A NBI Y T FOFHEIER Im, BE5mThH B, Z0HIZid,
BRERETIHIFA MDY, 2SS MEFREED, pvr ThhIZ S
5 BWR THNIE 20 BB ANONE, THIREEIZL T4 VYT 2R TCHL,

(3) A>Frvazih®

AYTAany FRREIBTLRTED LICERINDIFETH 5,2 2 CidfEEmE
DHAPOLLUXF + A 7 KFED LN, HLWORBIITbh R v, HLWIZDWCTid20%
B TABEINE FETH S,

AYTA Va3 =y TR OLEREST 250~ 350U L HEE STV 5, R YIZ I3 B
j?»—NyTE%¢®¢%Hﬁm®:y?493:&7®N4Uvbvfﬁy%b&%%



B 2 CHRBERAI LIRS,
BRBERBIIIY 74 Y oy FRBICRASAD b, REEIFBRINT, BEEL 4
BEOBER L 2 b D, SISO ZR— RAGEEFLSE DD Thb,
73, ERRICPOLLUX ¥ ¥ X 7 DHITEED b N2 BREOMR I, I BREORERH
BIZL o TH b, —BIMRLE 5 TR B b TRV,

T4 ay b-T70 (BBH3SU) OEREICETLARBIISNATH S,

Bl —3—2 Pollux cask

A Shielding cask cap G Fuei element insert lid
B Secondary lid H Fuel elements
C Primary lid | Fuel element insert
D Structurals insert lid K inner container
E Structurais (compacted) L Neutron shielding
F Structurals insert M OQuter shielding

N Trunnion

Credit: Gesellschaft tir Mukiear Service (GNS)



(4) WTRDHEY

T A5 HERR 12 H T 500~600mdD & 2 A ITHHEH D, F2 75“62‘6L300m®ﬁ<é“(‘9&

(Emplacement Drifts) 12X ERE OV 572 POLLUX ¥ ¥+ A 7 DB & 2 h, W5 Bt
FIZIHLWON S AFE{LEPHEBEE Sh b,
EEDOIRHIR L 2,500,000 m* TH DA, WRITADEY TH 5,

VB &L OHE 913,000 m*
WEE b AVE 436,000 m°
WATF Y Ao 1,147,000 m?
@3z
| YHE2HRTH Y, 1 FHEREOAMARVBROZ R RS, b ) —KIBEEDOMA
LRI R R D, |

REYMAHOUIIEL POLLUX ¥ v 2 7 3 A TAH-DIIrR YOS ZAPETHY,
64mX2.6MDKESOWARLL X—% —PAL P ITOMERIVEE S5,

QAL X— ¥ (hmstmg facility)

POLLUX ¥ v A 7| i65 H S @Egﬁ% N, &6 uﬁﬁ&}fﬁmﬁiwﬁizo FrERmMAS
. FDERILS T /b_%)f;e%o \_z"LLH@EE%%%wOm% YFIF AN EE LTl
N=FPLETHDL, (K1 -3 -35H)

®EH P A, RFH AL

s b Y AV EHERAOHKE BAED M4 VEZKORKICEG > 2K E S0%E) 5
AREZEETREN S NS (B -3 -4 88), CO-DIHERIZ28m’ b 5, 05
ALY 2 NVORER#E14m* TH 5D,
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guida rail

rollar guide

holsling caga

o

Inler -
madiale
cige
hotlom
suppait for

charql'rlgmi

]
yahiclo %{;
Al

 Emtr e 43
BT

<N

locking
davice

A VG

\ charging
un

In1ermadla-l”a-
cage boltom

[—3—4 (1) $&RB8EICS BPOLLUX casks. Bk

1—3—4 (2) POLLUXcasks.DEE B1—-3-4 (3) EHRL.




3.2 MHpaXb
(1) IEFIX b

KA Y OBBAEBRBORSIAPHERMIE, £ -3- LITRT L5 104608 FIL (1991
FTRORFLVRE, BTAL) EREL ATV,
CHEMRICB AV T4 Y =Y /TR LM TR TORS TE TR FIEOH 7.9
BEVIIH LEEFRIB NV CH Y BTHRECOLSTROLFFEENIH,E L
HERoTVE, BIHIETRS L TR OREEEA 3.1V ERbAE ¢, o
D285%% HDTV 5o F 7T HERE OMIEE A 114245 1V L BTk & RHEFIC 2 o
TWaEY, FAVOBE, BEERAPSEINTHZWI P s, EEFFOHICEDREL
BIUBMBIR MFEERTVEODLELDNE,

A4V a Y FTRTER YA DI BAE RNV RO E o T h, ¥ 4
27 DEREHRS 2R B DKE AT B EDF D, |

(2) 5B
LROBALASHRE (ER3556510) THB L, ASEMIKO LS 1hB,
EEE 12934 F KA/ WU (78SEFM/ W) S
 [EL1 Fr=1380118 (19917 FHBE L — MRA)]
EREMTEAY 2~ 77 LY bEHPCE o TVE, JOBHELTRHRAY < 2
Uy PEE B ASHEPERERROLTE CHLWAEH LM TORB b THD LV

. Rbo



E|1—3—1 FAYVICETI3EELSIX FFEER

Results of cost calculation
Million Deutschemark, Price level 1988°

Cost item Conditioning Repository Total
Investment 650 2559 3209
Operation 775 2229 3004

Casks 1645 — 1645
igé Taxes and Insurance 423 — 423
| Reinvestment — 697 697
Toal 3493 . 5485 8978
* Investment 3.33 13.11 16.44
F | Operation 3.97 11.42 15.39
%lé Casks 8.43 — - 8.43
% Taxes and Insurance 2.17 — 2.17
f}iﬁ Reinvestment —_ ’ 3.57 3.57
& Toal 17.90 28.10 46.00
Investment 7.24% 28.50% 35.74%
Operation 8.63% | 24.83% 33.46%
g Casks 18.33% — 18.33%
#8 | Taxes and Insurance 4.72% — 4.72%
Reinvestment —_ 7.76% 7.76%
Toal 38.91% 61.09% 100.00%

a)No discounting has been done.
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4.1 AHEE

(1) HBE

717 ¥ ORFIFREIE RO CANDUIFTH Y, BRSPS LTELE -V ¥ A 21T
B BEBLTRRRE L2FRTH5, _@f_&bﬁ-j‘ﬁ“fﬂil%ofﬁﬂ‘.# BB D7
DOBEAHED b TV, | ,_____u__j“_j”

7 71991 ERATISERAME, 143480 DRBHEIIRELTBY . 551 AE
1,281tU DERAEREIRET L L FHSR TS, ZORKRE2035FEE TIC 1'9.1,1.'3'3ttf OffE
REBREPERETHZ LIk 5,

TG OEFFEIREHL 20 EIEH S 7, ASBFRICANS UTHT 1000 m D55
Iy EN B HRAPRET ENT WS, BB OFEWRG I 41 €8T, FEIATIRONSE
BRELSTHZ LIRS, L.hﬂiﬁﬁﬁfﬁk’kﬂﬁﬁztmw912{4;&**5%1?%@;*&65

W DWB I E SR EZ AR E Lfﬁ‘]‘#ﬁ:bﬂ'cmz—, IEII 4- 1 hzrﬂ‘at
)1, MAHRRABLEOTY 74 ¥ 2 =Y R E TR D R A 1B, TS
ITEEE1000m DFTICERE S b, b EHERE ki&ﬂ&ﬁ‘% 1 5RO THIIN D, U HER%
2 kmUADEIEZRNEET S,

Qs 5 EE I 41 FE RS

@55 C19F WU — MR 140,256 A -
€)% DKEE (TERE)

@UTHRE 11000 m

O

M ERRE D 22774 Y3 = FHig% (Encapsulation satation)

HWTHERR | PS5 A, #EH P A, A5 0 — A
O TE T
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| —4—1 HFAOERFBHAERLSEOBE

Container
Used-fuel bundles

Cross section
of a disposal room

Ha o (1)



(2) naBEH
FEREREOLSERIT, 757 VEOBRIPEESNTWS, “FEBYIZ 1 CANDU JFR B
DRESIZEHET, EE2246mm, BEE642mm Th D, BEOE ST 6.35mm TH s (F
[-4-228), ZOFIZCANDUFOMERFREESET2ME (137UHAY) 2N sh s,

| —4—2 Thin-walled fuel disposal container (HF4)

Diffusion-bonded ¢losure

Bundie-retaining tubes
Spacer ring

Used-fuel bundle

Packed particulate

f! Packed-particulate
fuel isolation
container

2246




(3) HTFRDHER

REATHIBT 1000mD L ZHICMEL, #ELESFOMHTRHENR TS, BT -
4 -1IERT I, RG) TIEERD b Y AV L o TEFREGH SR TB Y, 57
DH TR DI LR TV HHIC, MAEOEEIZT) B TED SND,

WT SRR OLEHIRIL7,215,330m° Th 5, 2B, BHl SN EHITH FHER T

SN, SHITREM ERYONTEDOR LHCEEZNS,

D5
5 ADIHIFZRZRD & ) HliEE B2 LTw5,
HRSUE 2%
WEA 1A
MGEEEAN 1A
R 1A
& BENE S DERT 5 L. THOMEIZ20m’ (5mX 4m) FEOKS S LR A
5o

QMG+ R NB X TRG A — L

WA b AVOREIRE -4 - LISRT EH DT, 18276 mBE. 5 & 475 miEEOBRIK
Thbo AW 2T EEAB EDEDKE CBoTV D, &b IS F— LA 3 RIEA
THEOND, WG F— N OEEIF 124em TH Y . A5 F— NV OPLR ORI 210cm & %2 o
TWb,

A A — VIZEES 124cm, BEVSmTHH, F—NVHEOHBIR62mTH S, RGHE
BEEZ0R—VoBIZHEE Sh, ERICIIEEHITESIRS,



4.2 fMHaX B

(1) IFEFX b

ﬁ%ywﬁﬁﬁﬁﬂ®ﬂﬁK##5%§mH\$1-4-1K%T$5ESWB%F»
(1991 £ 7T ROXR FABRE, UTHEL) LR|OLN TV D, #+ ¥ TOEMICBWTI,
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BRIV ERD, R
HEBRISB B3> 71 Y 8 =0 y TR EBTFRRCOLS TR TR HE0HH 433
ﬁFWKﬁL&%ﬁ%&%F»T@U\HV?495:7¢Iﬁ®ﬁﬁ§mﬁ##5km
5¥ﬁaﬁofwéoﬁmﬂﬁﬁﬁét:7?4&a:yﬁmﬂoﬁQ%QFBMFFw
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@ﬁ%:zk&muﬁF»&#&U@iW%ﬁbTméﬁu%ﬁﬁ@:xbﬁ%wmm
40% & HH TV 5, | o ;
BEETR M TOIY A T8 =Y S HRABAGH IV TH B DITH L, W TS 456,09
BEVTHY, 2ZTLAVFT12azr FHBBROTRMIEL ZoTnd, HF 70
£, WEIESIEE 2B VEIC I T H @E&:xfﬁ¢é?§&@#%%

(2) 4045 B

LREOEHZANMEE (ER 1977 WU, LFER 140256 %) THA L, RSB AD
LIk A,
- ERH Q2BFFL/ WU (583 FHFM )
[fBEL 1 F=13801H (1991.7 F A% L — FRA)]
RAFHEY ST20FF VR (189EFA/EK)
@®@®Lﬁimkﬁﬁ?%k~h¢éw&% IKhoTwa,
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AT B HEELS X MHEFER

Summary of estimated costs for a used-fuel disposal cebtre

1990 M $Canadian

Progect stage fi lcl:;-lfii(i::s Repository Total
Construction 1005.5 723.5 1729.0
B | Operation 3928.3 3130.1 7058.4
;&8 | Decommissioning and sealing| 221.6 525.7 747.3
1
Toal 5155.4 4379.3 10339.7
% | Construction 8.46 6.09 14.55
;g: Operation - 33.05 26.34 59.39
H Decommissioning and sealing 1.86 4.42 6.29
&
> | Toal 4338 36.85 87.00
Construction 9.73% 7.00% 16.72%
;'-l:j\ Operation 37.99% 30.28% 68.26%
| Decommissioning and sealing 2.14% 5.08% 7.23%
Toal 49.86% 42.36% 100.00%
et o (1) L HOMR IfERK
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Personnel shaft

e LIS ek e LR 1]
‘.“.,\_." oy Rreaas | Y i T atls %3
T I Work shaft

EI-1-2 712352 FICHT3ERFREELD DOBRE

HiE 1 (10)



Shaft 1

@Air intake

1} § Man ricing
Garages
Fire brigade

Bli-1-3 FAYIs5EHEHREAEZELSOBKE (1 -3-1548)

B C (1)



Conltalner
Used-fual bundles

Croas saction
of a disposal room
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1.2.1 Lo (ERBERAE
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£-2-3 (1) EEMHIZ NBESH | —BEOPE BERTRLES)
FERYy — 2| r—212| r—RX1-3
ﬁ%&ﬁ}‘i i 20504 £ T | 2030F £ T | 204056 F T
PRENH S04F 304E ] 404F
WDEE M5 ERE 70,000 42,000 56,000| &
Mo EE 100,000 60,000 80,000| t U
X " Xl
Hh b R R 2,265 2,265 2,265|1%H
T iR R 16,057 9,663 12,882 | &M
HEt 18,322 11,928 15,147 &M
ax
MERRES
R AR 1,133 680 906| %M
T R HER 6,022 2,174 3,865 &M
Nat 7,154 2,854 4,771 &M
BEiE
- A 1,050 630 840 | &M
T HERR ST B 175 105 140} &M
/NaEt 1,225 735 980 &M
Y \
AN =Ny 4,655 2,793 3,724|%&H
FoIEH B H 1,120 672 896 | f& M
R 7,324 4,512 6,025 (&M
/NEE 13,099 7,977 10,645 | &M
=TT 325 195 260|1&H
HEF 21,803 11,761 16,656 |
FETE - PRSR L
Hb b R AR 340 340 340 (&M
H T e PSR 14,452 8,697 11,594 &M
HET 14,791 9,037 11,933 %M
a&t 54,917 32,726 43,736| &M
Bl ol 78.5 77.9 78.1| EH Mk
BEEN4CD 54.9 54.5 54.7|&@xA MU




®IN-2-3 (2) EEASIXPRESH 1 —REOFE BMTRAEHE)

(BN BAH#)

HRF— Rl r—212 | r—2A1-3
pop: 3 L 2050E % T | 2030 F T | 2040 F T
R S04 R 304E B A04E
NHTEE WomR 70,000 42,000 56,000
o EE 100,000 60,000 80,000
2 - %0
B F R Y 3.24 5.39 4.04
Hb T R RS 2294{  23.01 23.00
FET 26.17 28.40 27.05
MRS
b - hEER AR S 1.62 1.62 1.62
H T HEER & 8.60 5.18 6.90
NET 10.22 6.79 8.52
BZiE:
b bR T R 1.50 1.50 1.50
H TR HE 0.25 0.25 0.25
/NEF 1.75 1.75] 1.75
% HHE .
NN L - 3 6.65 6.65 6.65
FCEMEH 1.60 1.60 1.60
TEEE 10.46 10.74 10.76
/NEE 18.71]  18.99 19.01
254N F4 0.46 0.46 0.46]
rhEtT 31.15 28.00 29.74
Hb R R B 0.49 0.81 0.61
T iR sHE 20.65 20.71 20.70
FRET 21.13 21.52 21.31
&5 7845 7792  78.10




Fl-2-4 ESASBEMOBREMM 2 —EBEOVE

HEARr — 2 r—22
H5E HEaEE HiEa
Mg W EARE 70,000 70,0004
Mo EE 100,000 100,000| t U
g3 * axlg
B R 2,265 2 265{%&M
snms HERCE O AR
M R R 16,057 17,840|%&M A11 1% 12 B D
paEt 18,322 20,105 | &M
MR
b bR R HE R 1,133 1,133|%&M
T MR HE R 6,022 6,690| %M
/ET 7,154 7,822 |%&M
gz _
LR 1,050 1,050|%&M
T REERFEE 175 175 |48
/NEE 1,225 1,225|f%&M
Bk |
A-n -0y B 4,655 4.655 |
FEIEHE H 1,120 1,120}
=B R 7,324 7.324|1&H
/INET 13,099 13,099 | &
=TT 325 325{1&MH
FpEf 21,803 22 A71{4EM
LS |
b HERE REE H 340 340| &M
H T MR B SR 14,452 16,056|1&M
HET 14,791 16,396|#&M
&5 54,917 58,972 &M
MpBE mamls-n 78.5 | 84.2| EFMHE
'ENLD 54.9 59.0|BFHU




3. REMFHMED L LD ESHEORE

BB E TR & D1, RABEDEET CEELS %1T) L L6, #EE0&LD
BWeERTAHE, FNEOFML D A2 NESII R EXTFHERE, HiIZKEVD
it BT CORBENTS £ ), RAEOBEHIEL ) bk - BB A bok
BN EFMONTVAY, EELSOLIIZ, ZOIR FOLR) OSHFLA - B
THAHEIBTUT 2y MIBVWTIE, TOERITRENTH S,

ARENCBW T A MERPIHIE, FFRETICPH 5 T X MIEFH L Ty,
ﬁﬁ@@ﬁ%%%iék:@;ﬁ&%ﬁ@:zb%ﬁﬁ?%&wﬁatk%w:&ﬁﬁ%u
BESND, Lo TInb 230X MEMZIT) &, ENEL D L S 5ICHFZIC
% AR S 5 2 L AR SN D, |

F7o, BAREZT TR L, BENEOREHIB W T M E I E PR AR OB A, S Ot
BBLTEFNICPPEIAPOFHEE Vo2 LiZonTiRENLN TV RV, LA LAads
LERIZTNV P27 A BUFERAEREOGE, TORPEEHOZL FRPFOEHRIISE
L ENDHERE, RAWIHLWD TS AE{LEDSE& LM CIZidE#kE v, Lid o TERIC
EELG T L2, 2IVotEoRBLENRS Z EITHEST. IS BEEHEICEY
DE) BHBERIZTOPLE oI L bBRHIMETH D, ThoICETAHESHE
DREL LTHRENT 5, /

FBREFICBV T, ERNICEHENEOFME THE L LA LD ETHY, o ¥ =
?Uvﬁ%&%ﬂ&ﬁﬂ%%t%mfﬁ&woLtﬁof:x%¥MK%tofmwrmé
BEOROME, BIOFMIC BT A REMEE ZOETRALTEY ., 380 rOMEI
DVTiL, BRI S RREHC B0 B B ER M LTV e b DIz
WTRZY V=7 VIR ER T, JVHEOSVWHETERI ShL Z LA ELE
ZboNb, LELEFL, EREICEITHEMEIRX, COLILZRELXELTVWEL00,
AL TORFEICSITAERLS I A P OFMEMEE LTTFERERFOLDTHL EER
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A, FHAFERBAS A PHEHFEICET S »ZE

A, 1 RFy—-nHofEgEEwEs /OB 7 70 —F

OECD/NEAODTF—& Vaefwn, MEFRNEEASRZAETH AT
X, USA, AVz—FY, 745K (AL, FAVK2WTHLBEMEL L
THMAZ) OBBHERLSYOIR FOBBEBRERKHTIAr -V (AU Y )
%ﬁ%ﬁabtazé,ﬁ%%ﬁm%fﬁx%mmam57fv?4vﬁﬁ%ﬁ
Bonk ((DRABM) . Zhid, BELZISY PRTEDATY 50, TR @
KBEEHRWHMELEAS. 2ORr—VHIXBHETESZLRET 2DE, H
ROADWSICH L, BEROABETRADIMNWERESFATRSE VO IAMNEH
ETHZLLTRTH S, |

Cv=a'V"_1 ...... (1)
ZZT, Cyv: BEKAOHMI YD R b (1991, 7k$/0f ]

Vo BRSO HEH(d)

n : A —)VEK
ff. 1LOF—-& &Y,

a =4,388X10°

n=20,8672

BABKAXIROL 2 B TROEBIED b — % L AREOHAEEF T,
(DREVEBEAOAREZYDO IR N2 KD THSB L. 20304 F TL2050EF T
DENFROBEADO M- ZNVERHEICH UL, 87k$/d. 7k$/d A Y, Zh %
EREAEYKHBAETAEEN T 210k8/tURT 170k$/tT (M EWFh b 1991
7USk$) L RBMOHB.



#. &1 FHHERMERLASEBEAEBLBUA2BEAOEBEHYD IR
FEADHRE B EL O S HE h—&J-2R b
Ed| . % U0 ax b Cr
V (i) Cv(k$/nm) =V X Cy[k$)
sl + & 99,000 90 8,910,000
K 1 W 96,000 96 9,216,000
8] S A 92,300 110 10,158,000
AWz —FY 12,900 250 3,225,000
745V R 2,600 280 754,000
4, 2 FHERNERLASKBERAELBU2EERAASEHBE THEHE 2 A
BEHEHAo HEEHSoH [ T # 8 | TEEI2AD
s B BEYVosT |2 A M l@F-3R2AbIC
3| |HEl 2R b & & B L=
v Cv Cr C!/CT
(Mnd ) ($/m ) = v XC,[(k$) (%]
il a A a,1 4290 3,822,000 37.6
(R 4 W 7.2 560 4,032,000 45, 3)
U s A 2.5 1,100 2,750,000 29.8
AT —FY 0.8 1,400 1,120,000 34,7
745 VR 0,24 1,200 288,000 38.2

. #3 HEHFERBERAUSRAAECBY2BEEAERLE YD

HHERBOEE B E & 0 E &2 h—&N-2RA K
E[ m % vooh a A }" CT'
‘ (t0) Calk$/tU) =m X Cnlk$)
H + A 191,000 48 8,786,000
u ] A 96,300* 100 9,630,000
F 4 » 35,600 130 4,628,000
AU E—F 7,840 410 3,214,400
T4 w5 R 1,840 410 754,400

* HLWoOBMLAHENmOSBSD

HUS (1)




A. 2 RErRBENHEHKIBZZ O0—-F

BHETR, #AEOM—AVaAXA MNP OEABRNORMERD 2 WITHHERY
YOIXbzHELEDN. ZZ2THE, BEBEBR, BTHERCBIHEE 2L T,

EhEh, BRaAL BEaXbM, (BREL&) Falyvaz-y¥yazxbhil
DEABOHILME (4. R42H) POOEELEToE. PORREM. 250
%Hﬁﬁﬁ?uiﬂ%@ﬁﬁ%ﬁ&kﬁét.xﬁ:"?v.74V§DF\ﬁ
+ﬁ(,USA)®F~&ﬁ%®ﬁ%Tm\B&%&%~m1ﬂ%ﬂ7mﬁ$)a
&U,%§¢®§E§Uﬁm,mwAMWMmit,ﬁﬁﬁ§Ufu.u~m

k$/M L WS EABOH, ChOOBMEOEREN, BFEHTRDE20508E TOH
ROEREBILHIETIHRMICHEMBEVWZ EPRINTVWS, i, AV —F
PETAYIVERDT—EZDHND DT, 341~377k$/tU (B B Wi, 142
~157k$/m ) EH &b,

. 4 FEAFBRBEELSERBFEOBEDALSI X MAR"

(1) #+ &
Sumnary of estimated costs for a used-fuel disposal centre
1990 M $Canadian

: Surface
Project stage - | Repository Total
facilities

Siting(Screening and evaluation) 805. 0
( 6.77)

Construction 1005.5 723.5 1728.0
: ( 8.46) { ( 6.08) | ( 14.55)

Operation 3028, 3 3130.1 7058, 4
( 33.05) ! ( 26.34) | ( 59.39)

Decommissioning and sealing 221.86 525, 7 747.8

Total 5155, 4 4379. 3 10339.7
( 43.38) ( 36.85) ( 87.00)

Hi#e: (1) YUMR I



(2) 745> QKR
Cost estimates for encapsulation and final disposal of TVQ's spent fuel
~ Price level of December 1990

Cost item Cost estimate(M FIN)
Site selection, RE&D 530
( 1.07)
Investments
— Encapsulation plant 4790
{ 0.95)
— Final repository 430
( 0.87)
Operation
| — Encapsulation plant 1310
( 2.B65)
— Final repository 490
( 0.99)
Deconnissioning and sealing
— Encapsulation plant 30
( 0.086)
— Final repository 170
( 0.34)
Other costs
(administration authorities, etc.) 320
( 0.865)
Total 3750
( 7.6 )
HH#: (DEYMR IER
(3) R4V
Results of cost calculation
Million Deutschemark, Price level 1988°
Cost item Conditioning Repository
Investment 650 25569
( 3,33) ( 13.11)
Operation 775 2229
( 3.97) ( . 11.42)
Casks 1645 -
( 8.43)
Taxes and Insurance 423 —_
‘ ( 2.17)
Reinvestment - 697
( 3.57)
Total 3493 5485
{ 17.90) ( 28.10)

a)No discounting has been done.

e : (D& YMR I FERK



(4) A z—-Fv

Summary of cost results for the Swedish spent fuel disposal facility
M SEK, price level of January 1990°®

Facility Site service Encapsulation Repository
Cost category
Investment 2959 2830 3343
( 4.68) ( 4.48) ( 5.29)
Operation 14861 , 5318 562
( 2,31) ( 8.41) { 0.89)
Reinves tment 182 127 42
( 0.29) { 0.20) { 0.07)
Sealing 2913
(  4.81)
Decommissioning 201 254 44
( 0.32) ( 0.40) ( 0.07)
Total 4803 8529 6904
( 7.80) ( 13.49) {( 10,92)
a)No discounting has been done.
Hi: ()X YMR I fER
(5) USA |
Repository cost estimates
Millions of 1988 dollars
Phases
Cost Category Engineering Operations Closure and Total®
and decommis-
construction | Emplacement Caretaker - giening
Hanagemnent and integration 275 34 17 23 ‘ 349
{ 3.15) { 0.39) { 0.19) { 0.26) { 3.99)
Site preparation 178 124 10 40 351
( 2.04) ( 1,42) { 0.11) ( 0.46) ( 4.02)
Vaste package N.a. 1777 6 Neds 1784
( 20.34) ( 0.07 ( 20.42)
Surface facilities 444 2302 136 80 - 2962
{( 5.08) ( 26.35) { 1.36) ( 0.92) ( 33.90)
Shafts and ramps 88 23 12 5 128
( 1.01) ( 0.26) ( 0.14) ( 0.06) ( 1.47)
Underground service systems 165 1002 129 181 1417 .
( 1.20 ( 11.47) ( 1.48) ( 2.07) ( 16.22)
Underground excavations 86 1458 3z 168 1745
( 0.98) {( 16.69) ( 0.37) { 1.92) {( 19.87)
Total® 1177 6720 . 343 498 8737
( 13.47) ( 76.91) ( 3.93) ( 5.70) (100 )

a)Columns and rows may not add up to totals due to independent rounding.

¥ () WoBER.
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#.% 5 3 A b F Y- b

—06—

E3| ATz —FY | T4YIVF F oA ¥ |A  F  H|U s A (1)* ﬁ; E*(z)
| v F 4 (| W OB f | 7840LU/27% 1840tU/204 | 35600tU/50~ 704 | 191000tU/404 | 96300tU/504 100000tU/504F = 2000tU/y
P A A F fzggogl/%w T000 /0% | G6000d s50T0 | 9900w fabe | 92300 /o 240000 /504% = 4800 /y
m =478 /y =130ui /y =1371~19201 /y =2475u{/y =1846n{/v
@ BHRIARE ) 4.48 0.95 3.33 8.46 5.08 10.10~16.81 | 68.75~75.97
B W OB = 0.20 - !
w =E B W !
% W a3 R b (%% A7 8.43) 20.41 ! ,
# % 3 A 8.41 2.65 3.97 33.05 27.91 41,94~61.81 | 64.22~69.22
Fasyyvazyd 0.40 0.08 1.86 0.92 2.43~4.76 * 11.30~12.76
B 13.49 3.65 43.38 54.32 54,47~ 83.48 I: 144.27~157.95
F ot iER ' ; '
(% 1 F ;
#—EX) !
Bt 7.60 i
#o| @ B M K (Md] 0.8 0.24 2.5 7.2 13.25 . . 13.25
i3 # OB B @ g
3 W oW I 2 p 0.98 ;
#® B B 3 X R 5.29 0.87 13,11 6.09 3.19 9.28~12,66 | 127,08~142,65
t- ) I S 0.07 3.57 ‘
wa(EA®) |8 & W = 5
Y | :
W OB o3 = 28,42 ;
¥ % a3 X b 0.89 0.99 11.42 26.34 30.41 32.53~51.34 21
AHREL |(#®» E LU AW | £69.34~76.05
HH»RLIX 4.61 1 0.3 442 Y 4.05 18.21~13.65 !
Fazva=vy 0,07 J 1 J J E
it 10.92 2,20 28.10 36.85 37.65 51.02~77.65 1 106.42~218.70

#) JABWI1991,7.USIE S

A (DoBEE, . F60F—2McETE, A V. YSVYFE. AFHY (L USA) 0BBOT 4o T4 IR (. #748) JUEEHLE
b, £, FRH(QoBEARK. AVz—Frv. 74 SV E0HMHEFLEDD., EL. FEREX. HHEEETY24 P TENESERBI VESR.




— 16—

#EtR RSB EDHOELEE A HKER

& # o 2 BE(HESEELEE [FE] ] o= B B [1991.7.USf8 &1 T it B [1991.7.USf8 8]

: - #®(x B (% W2 H Fazv¥a mAGE %) [ EBEL &

M= Vr ‘Ms Ve A bl A ~y¥axk A O O N R EEE LA TN

[£0] [l [tu/y] [od/y] Ce: Czu Czp Cer Coeu Cer

T4 vIvF 1840 2600 92 130 0.85 2.65 0.08 0.87 0.99 0.34
AT =T 7840 12900 290 478 4,48 8,41 0.40 5.29 0.89 4,68
Uu s A 86300 92300 1206 (2918) | 1846 (2797) 5.08 27.91 0.92 3.18 30,41 4,05
A F X 7 191000 39000 4715 2475 8.46 33.05 1.86 6.09 26.34 4.42

B)USA® () o¥Mik

. EBEMM % caretaker _phase*&!& {IFEMLLEES.




i, #7 #HEMNIA B#EFRX
(1) AP LB T EEROIAMEN (FAVOHERLS Y —X)

HEMr. MR
i 5] # it o MHEGRK |(# # B | TwzA LT E
in & ¢ G
(I 1) Cgr:1=0.,0765M " 288 ) 0,886 6,52
(I'2) Cgrr=0,0250V p0.4902 0,911 11,5 6.(0""12.5
5.6
BB AR (I 3) Cri=0.1TIM,0 209 0,889 6,00 0 13
-------------------------------------------------------- .1
(I 8?) Cer=0,198M 40222 0.872 5.55 (9.09)
(I 4) Cp1=0.0513V 40 0148 0.931 12.5
(M1) Cgu=0.055M¢p9 5237 0.988 26.5
(M2) Cru=0.0138V 0-072 0,999 57.1 2%.4"“?1.3
21.4
- i A (M8) Cru=0.177M,° 843 0.879 23.4
-------------------------------------------------------- 12.2
1 {(M8*) Cgu=0.196M 40 218 0.986 21.4 (41.7)
(M4) Ceu=0,0394V 0887 1.00 61.3
(D1) Cgp=6,18X10"4M4°% 857 0.959 1.19
(D2) Cgep=1.14%10"4V p0-828 0.969 3.04 1.0~3.4
Fazva (0.9}
= My I (D838) Cep=2,44X%X10"%M,0- 7256 0,960 1,03
T R R e T 2.18
) (D8’) Cep=3.03X10"8M % 75! 0.850 0.912 (2.15)
(D4) Cpp=3.70X 1074V 1 0¢ 0.982 3.41

#E) T X FIE1091.7.US68 $ ‘
I3, M3’, D3’RT( JWKH. USAoM.E2¥R0( )HoBHEKEs FLEF-X

(2) ABHFICHBTIHMEBEBROTIA MR (F4Y, USAZBLIFr—2R)

WS 2. MBI
% g # it o WM | B | Tz R E
moE R
(I1'") Cpgr=0.0564M 0 228 0.900 7.63 _
(1 2') Car;=0.0116V 70 5988 0.953 16.9 6.5~ 16.9
[ e R A
(I 3'') Cer=0,154M0 493 0.890 6.52 12.0
(I 4°’) Cg;=0.0343V % 727 0.954 16.3
(M1°') Ceu=0.0603M % 525 0.986 25.3
{(M2'") Cgu=0,0116V ¢ 592 1,00 1.8 21.0~61.8
B -
{(MB37’) Cgu=0,202M4° ¢1! 0,082 21,0 11,9
(M4'") Cau=0,0418V % #63 1.00 58.9
(D1'") Cpp=4.56X 10" %M 087 0.863 1.40
;:sy; (D27} Crp=4,44X 10-5V o2 239 0.992 4,76 1.1~4.8
- My
3 X bk [(D8’') Cap=2.31X10"2M,% 8% 0.858 1.08 2,36
(DA4A’') Ceo=2.40X 10-4V o' 18 0.992 4,47

B) I XA 31991,7.058 ¢



(3) RBHICBY M EBBOTR NEHF(KAY. USA., HFX BB 7 —2)
AVz=FTY, 745 FOBTHIFTEr—2

B>, HBEKY
R Z; H# # = WHEEE | H ([ CToxa iR
i i O
(I 1) Cpr=3.05X10""M " 7 1 68,3
(I 2) Cer=4.68%X1(0-2V 0 68 1 76,0 60.8~76.0
#gEaAk
(I 8) Crr=2.11X10"5M," 3* 1 60.8 68,8
(I 4! Cepr=2.88X10"8V 5t 1¢ 1 69.9
(M1) Ceu=6.64X10"*M 0 797 1 63.9
(M2) Cru=9,14X10"3V 0. 7281 1 69.2 58.7~69.2
HEaA R
(M3) Cru=0.0280M," ** 1 58.7 64,2
(M4) Ceu=0.0353V % 887 1 65.1
(D1) Cep=3.20%X10"%Mo!- 3! 1 11,2
i—':i-y; (D2) Cep=5.41%X1¢-8V 1 e 1 12.8 9,7~12.8
= v
I A P |(D8) Cpp=3.4IX10"5M,! 86 1 9.72 11.3
(D4) Cup=4.99X1075V 51 48 1 11,5

4) ARFICBIT2HETHREOI A MES (FAY, USAZBIY —R)

#H oM HEe. HELK
L) B i it = #OE M (T PR E
B ® mESE B # A E
{(I1°°) Cer=0,100M,° 857 : 0.782 6.13
(1 2°77) Cu=0.0218Vr°"‘“ 0.864 12,7 5.3~12.7
B#HMIaORAR '
(I 872') Cor=0.,237M% 419 0.768 | 5.35 9.28
(T 4777') Coar=0.0560V g% 099 0.865 | 12.2
(M1'") Cuer+Ceu=0.0234M %% | 0,803 ] 23.4
BB R
) Cor+ Cou ‘ 18.9~64.0
(MZ“’) 1.00 54-0
+ =3,75X 10-%V ;0. Te7
41,8
MBI [(M377) Cort Cou=0.0830M,% %% | 0,989 | 18.9
(M4°’") Coar1+ Couz=0,0160V %972 | 1,00 60.6
5.03*
#» E L
+ 13,.6* 4.2~13.6
FA3¥a |Cep=0.416C ;1 22 0,996 .
375 4.17* 9,21
a A b
13.0*

¥ BBIAPMROLF - ADEHBEEENRFARALTRDES D



(5) ABHAICBY2HETHEROIX M (FAY., USA, HFHEBRLI Iy —X)
A —FY, 724V SVIFORTHHATEFYr—X

- s EEe. HBERE
® H ' # &t 2 A E| TV A R
¥ nE g AT E
(I 1) c1=7.48X 10" M} 3% ) 1 126
(I12) Ca1=1,23X10747 118 1 143 110~ 143
o A M
(I 3) Cer=T7.11%X10"%M,' 57 1 110 127
(IZ) Cer=1.02%X1078V 41 3¢ 1 130
WHEIAR I (MD1) Cout Cep=T7.91%X10"*M," °88 1 68.9
+ .
MHRELE& | (MD2) Cout Cop=1,18X 1073V 10 954 1| 76.1 61.9~176.1
Fa3va
= ¥ F1(MDB3) Coeut Cer=4,72X1073M,*- 25 1 61.9 69.3
= R S
(MD4) Cout Cap=06.20%X10"3V 5t 100 1 70.4
BBIAF + | (UT 1) Cor+ Cout Cop=5.57X1074M " *0 1 179
W aAr +
BHPRELE&E |(UT2) Cor+ Cout Cop=8.68X1071V 2 #07 1 200 159~ 200
F33x¥a
= v Fl(UuTa3) Car+ Cout Cop=4.00X10"3M," ** 1 159 ’ 181
3 A b
(UT4) Csz+CEH+Cnn=5.53x10“aVal'aa 1 184

) BEEIXFORIEE., BroHRNAEvWED, T E OEHEL+FIIYavyJIaRAL
., #HBEAEBIZAFOL4EEL LdED, FRLEHLEEOHETHRIHIARTZIZTCR
MmN HEAE TS
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BROELTICRT. BABOMAM. ZNIEDWTh, KB TOHEH R E S
RIBOBARERNOBEL LE,
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