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Abstract

In this study, analysis of the disposal tunnel spacing and disposal pit pitch was carried out, as a
factor of the design to estimate the scale and layout of the repository. To do this, based on the
reference repository concept and the engineered barrier concept, several cross sections of the
disposal tunnel and disposal pit were established. After then, the mechanical and thermal stabilities
of the established tunnels were analyzed. Also, an optimized disposal tunnel spacing and the disposal
pit pitch reducing the excavation volume was proposed. The results of these analyses can be used in
the deep geological repository design. The detailed analyses by the exact site characteristics data to

reduce the uncertainty of the site and the modification for the optimization are required.

Key words : Deep Geological Disposal, HLW, Repository Layout, Excavation Volume,
Tunnel Spacing, Pit Pitch

2o

B T olE 2FY WAMIFEZE X2 HBAL ] FE 2 layout A LaF i
A HEHE B 4%_’ ZHA ) gk 498 FPAT. ol E sk, 71E ARNEH T
T JhdE nig o Oket 23109 AREHd 4 AR ES AR, &3 WA % 55
A Ao mE AREE 723, 44 A8 2. B FHE H]'%"OE Al
Qo Fa DHAA Fof shiol FAAFS FAAE F e RS L AT TAS A

-349-



dJ. Kor. Rad. Waste Soc.

3t & @7e Ae 4
& 017 A3t A FAF

FAD]  ARAF AR,

EEXE

I.4 &

IEY WAAZNE AR ERE 4% 7IE
QAT AEALZHE TE WAMIAVIES &
A AA7lE AolH, 028 BEEE
o St HIERG AIAl 7 Sl A AAIF AZA
28 7 A7 ddaA AP E D o aEHH
7182 A AgF7)d w2 2 A B2dE F =,
AEEH AR AT LTI B TEAANTIE2 A
SFYARE AXshke FA A LA = ey
ol=/8Rd AdE T& T AES T3t
o, A AEF7|9] A= AT AR AA} A
o 2EHA7180] .

B ATodME A YE 2 4L M B
O B Aos AHE ARRFAARE AR
o2 33t o]& AAIFAN HEY B¢ A
A 75 ¢ layout 7'd-S F437] A% AEHE 4
AEEe) AL AAse, oldl o A =
A7) Y3t Aet Bl 72, 95 ¢
< ST E40 dad AvEE, VIE

d 2 E8 3y g wet AgAld 7z

o e

& S 4PN B3 TE 23 A7)

e

0

[+3

13

__1?1_
es
24
A%y

L

gxe] g3t

Vol. 3(4). p.349-358, Dec. 2005.

Al ARAE AAN B2 RolR, FF, Ao e B8
4 ABE 5T AT BHo| Basi,

PN 5, A AP Wi, 233, B 34, AR 3H

e =9 B 744 AREY § AR
Agelel $Ae Y A2 BEIAt. BT,
AY 272 viRoz so] AatAld AA F8IX
Fo] shiel AAN BN BABE 2L 5
S AREY L ARE AL AL

ARb

2L Mt o

I.71& A& 79 9 59 o949 43

7t 71E AE 9 FEF WY Ad

FFAAE HEL AT A3t HEAE wiIA
3 A #7118 AX 7447 gd 1HE8-& A
Z33h= Rol Y3, 19 12 A& B AlF
2 #7118 ¥4E A 114L AR5 A Ve
it 9l

AE g 249 e TRAE AX 4L A
B Edn JEge) as TAR AR, F4
TEE 383 g Jdg aejstolof gk 19 2
= A3 A8 ARAF RS 3 7IE AEIid
< ez glor, ofF ] AZE, HT B,
shd ed, 2 AR spde FAEH2 3 =¥, A
sl & ARE I AEFog o]Fo|xH, F3tH
W Fge 2 HeFe uhe} o] ¥4,

CLEERE
AFY 0d

Bg 24 U 284 1Y

+ 83 83

Bl OH Y 823

o2 Z23E X
2SA A2A oYY 1Y

2 B 20 Y
WIS 238 Xl 244 83

39 1. AR B R WNE AET AR 2REA.

-350-



Analysis of the Disposal Tunnel Spacing and Disposal Pit Pitch for ---

39 2,718 A A29 233 e 1.

454 4, HrF £4 FoE 79

Y. He 94 43
A3k ARAL FA3E 715l bt H2EY,

s 2Hom AF WYol A

3Pl sholok

- Zigold - A, £1 2 A7} Pk §ol

ShY B, AR B L AR FOE TAEM, 2 A4 a7
B e Rt AT HE 15e £ 9 s stelok 3.

A wed 2712 FHEY Bd P 9YL F
£ e 72 49
AR 2A, e 270) el siolo Fohd,

- A A AR BRe Faeoz g Stk

B 1. ASAEAVIY B dE 7 R 2]

A FR = ook T

= uwe 2R PSR @ A2

H 12 AFHEALE THFE BYE 75 2
L A/eA/AN ol R 3718 e, 129 38 99 azle Leshe
A4S ARAE F2 B @ 6E dehlx

T+ ¥ 7] ¥ a 7 w3
0 e AgAP el Z\ﬂ*\*é%ﬁl A 3m(®) ~ 6(0)
@718, W, 2L 871 %)
- AtEHY T Y % AY AZE FEHE 7 m(W) X 7 m(H)
S AR edg A93h7) A3 e A3 v Fdol Za Eld 6m(W) X 7 m{H)
A Hde HETL 9AR DA 0w FA HY 18-S AR A HE 5 m(W) x 6 m(H)
HEF AEFHARE AN Sf3te] AR B vigte] FRe A & | 222m(@) X 7.83mEH)

_351_



J. Kor. Rad. Waste Soc.

Vol. 3(4). p.349-358, Dec. 2005.

/ “Qg o /
g 2
§L & g
7000 g‘I_‘
@d 294
5000
]
ap ‘
X .
gL
I ——
b)nagye A B2HEAN RS
9 3. A8} AgAVd Bl g g,

I 718 % A493d 2 72d/99
Ry B4

7. W71 9 AHER 2 #2343
A3 24

A7NE AR 343 B k4o AEE 23
e 4 g ARAAE TR 3L 9istd, 29
414 BT niel 2ol Bd 2443} #7118 AR
A 7o) AAE 18 HY1E 3 ARHEF Ade
A8t LEAAZE e A A
A F2E 718 7 AREdt HEL F 9
718 EZE) 78 F3te] £HE 5 Qo =9, A
FHQ AL Hde F dole AEE w18 28
8 o} W71E XFE AR T F22 F4lo|
7Fssitt. BAd dddA £ ), A3t AEAE
AL A28 & J=E AR HY 1145 H7)
B AX AL YA Aol whE A,

Azt ARAE W Hase] 9 J4e
BHd 145 H71E AR A4S 2Fe Hde 7
4 AR HE EH e T ol dF 2 5
A tRd T U B4 d3E aefstolol g
2 EHdXE B 723 d34E A% 2
o 24 FEZEI} 150 MPag] 33Le NFLE

A B

-352-

|

@
PNy B
i—~~@ X o B
Y E ; i
@ ~ D '
AEED ’ :
i Y
@‘ga ?
[ T e S
D : W NE
x0  : HEEd 23
¥ IS HE AR
*D Xy goig g ARNA
39 4 971 3 A9 A

AAEE 13 FE-$HEL 100 MPaz M3t
gk, 283, 7P s NAe e 4hE 1FES
AHE-FH AR A A EHE B
g 93 4FA LEE 100 T o= FAI3}F
o gFAZA L 75 E A=A @A o &
o Aotk wetA, dF AL Adexrt
100 T o|3t& RAFEA, B de] F24 A

< ZEF 3 V' AA 9 ARHE 74 B4



Analysis of the Disposal Tunnel Spacing and Disposal Pt Pitch for ---

o 923 A7E FYHY. o ko], AR
B4 w718 A% 249 g 28 5 ga)
Aok BpuAE westel F2/QY gL B
gk,

Fh
A A EQ] UDECE o83ttt T2/84 a4
ol 3oix 234 Bdel] oJF X7 3319 o)
% A2 AR A HAFE Ao g Y
I glos], AEge] FUAFHEE HsiMe F
F AR A RASEARE v 33y B
Aol 23 Mg ST Fart Aot

Y. 3y 2d

© =249

st A&l gt 724 AT I A
A4S A3 2de A2 layoutoll M o] A&
T2l Y HH oz Y@sHA v Ee] glopg
A (Symmetric) R & o] 43R}, £3, mle]
T FRHAAE BA B E Gl AFo] 9
=5 SRS AgE nEfstdod, ARF FHd) o
F& vAE ARRFAARY PANER S Bad
(W/tHM) H(T)&= o (DA o2 F¥ EvH2),

H(T) = 2201169¢>*" + 1693, 22¢e T
+ 124,705 + 19 134 0W0T 4 1 420 0%0%IT

A7)M, T 0<T<10° Qo g AT dsy)
AAZ oA HEE T AIZHE vk 919 B3
d AN o2 RE HEFF Zol(250 m)9} A&
F= A(30 m =5 40 m)-& 2#3 3 o} (2), (3)
218 0|23} Heat flux (w/m)E T3t}

F= 20.966—(5.7085.10): + 3.1067(1'859]5'11)‘
+0, 496—(1.5525-12>: +0.0 4GB
F= 12.216-(5.708}3—10)( + 3.056‘(1‘8395'”)‘

+ 0.496“(1'532“2“ + 0.0467(3'17“5’“)‘

-353-

A7)A, 1 0<t<10° o BAM, A8 S AR E
407 YAAIZl F2REY Ao 2 (22 A&
Z719] A5, 3)AL 27) AR F 30d0] B Fo
7350l lojAM A EF7HE 8 m Y w9 AHE2olT}

E AF oA E UDECS o838 2319 AL 9
she], EF2o AT 7HE6, 8,9, 10 MO Hy
29 AEF W AHEFAAZ A B ES
371 (DA (2), (3)2L 083t 22} Heat flux S
AN & 7F A w2 dAT 7149 A9 S
A& YA BB, A& T2ulge] F
FH-E me} 4& IS trench7} e Ao 2 7}
Astart, 2198 s& AREY B3 gig &Y
249 & BT glon, A A FAARE A
53Ny AEF| exH o2 AReA|T, &2 3
Aoe HETd e XEFE ] BT FAl9
ARdhe AR 7kt

@ 271 € FAzxA

AREEHAE MR layout R 2 AEEE ] &
He a9 29 O 3904 BRYFa glon, Aedt
vhel Zro] B Mo i 2d & o 2
BAAZAE o83ttt HEF AL % AAx
Ae wde| ¥= 3 HA MM 2 £3 W o} v}
chollr o] 2 M= DAL, FEAAE AFl
ot geo] FolA= Ao g HA3Y e, 2719
79 g8 27| A8 2ok /M3 &
g, X239 7|5 dAEHE d #A9 FAR
AL el ¥ 77 BAA UG vt 9 d 73
Az AAstgoen, 2 EXE XFHAA 20 ¢,
A2 E W 20 m vk} 0.6 TR S5-I AL R 3}
Ak 23, AREde 23, 7 E HrE A
B, 454 L Hul Al X £HF 02 0] Fof
ot st en, X 28 Ao AMEE ok
A, =l 2 879 Euld E4L

ToeE ‘%E}
At

=
K2
al

£ o

o AE HY € JEF P e 727,
a3 454 24
AR Bde) WAL BE WA 2 AT 2

2i3te] B 39 vebd nhe} o] 4714 Ao thet



dJ. Kor. Rad. Waste Soc.

Vol. 3(4). p.349-358, Dec. 2005.

8T NN S F S W SSA HERSTRTNEL | | JETIE WA SITECFSRBS AR T RABFOR UM | | BT SIS SRS AR EARETATNE. m
/
0 {vin 1) BEC i1 VO fevin 110 L N
/
) a ] " = 4
He 15 958 15 H | A N
e 8 e 84 m e Y
0 it o DU 2 / \(
om0 e = fonife:0hd e o <00 Qe /g‘
g ot i PYR | »
ot ] osntite ; Tt
- i
i
ags M
nEay
H
o ]
w W
ave AT
Aes gA -
= m Z
(
i ] 0y 5
T P— WE || b v ;S
E - o - w E IS | t: | E I (. e
on s
(2) AA =g (b) &+ (o) 355
I3 5. e H3ax)f gt 42 o,

724, 93 WAL BAS O, Z B9 gloIA
AAF ek Vol ASFUAR AEA FEH

2.3V 434, SvieA L AR89 B2l B

3 Q710 whEA ae] W" ozd ol TE 37| 434 | =ieAl | ARSI
A8E VIV, A 9 8} dA 9T kg/m | 27000 | 21000 | 21000 | 80000
£ 233 A REd 714 € 233 3L 3ok @AA%E Gra | @0 | e 40 200

® 23 WA Fols u) 025 | o2t 03 03
93 W9 B4 7IE AEAIZH GA iejstn AGAS, GPa 24.0 0.75 154 77.0
JE AR HEd7d 40 me} AEF 74E 6 mE 7)F QAEE WmT | 32 1.2 20 15.2
o2 BA3tgon, ol oA eRN I gl vle} dggAls 1/C | 83E6 0 8386 | 8.2E6
Zo] JEAT BAQe] 8 HEHE L F 9 g, J/kgC 815 | 1000 | 800 504
B 3, B4l ALgE AREd 9 AT =%
T8 ARG 1Y | AT 2H H i
@3 =) 40m 6m - ABAE 1 200, 300, 400, 500 m
522 AR EAF 12N AR-1 | dom Sm
2z - om -39 100m
WA A3} 2% AE F AsL 1500 2E--1 30m om
A5} 15 AE F A8 250l A& 40m 10m -22 744 150,100,150 m

-354-




Analysis of the Disposal Tunnel Spacing and Disposal Pit Pitch for .-

At Zol 8 mel ¢l F2H 97 Y 2B BF
@ &3 "X AE Aoz vebgd, =3, AE HEd4e 30
AR FAo 26l wel, 502 wix|7F 871 m, AEF 7122 9 me} 10 mZ AAste] FA81H4,

T B AR ARE GEi E5uAE 38t HEZF 24 10 ml Aol 8 7E& BETHE 5).

AREA WS HasE FeU) Qi BEuiAE AE 400 mol] HE3E F 300d0] At F FH

Fe A58 22 w1 len, B aTdAME A EFA HE Aol AR B4 S 40 mE A

O53 22 Aol g3 A5k A3, & 7EA0) 10 m o)to] Hojo} 3, F
- A% 500 me)] A& F YF7IZe] Ad H A= 694 BedF1 gl uhe} o] A|3}&37t 1HH 0] 50

400 m°ﬂ A& B¢ m(AE 450 m)Ql A-$-off 87 WE3A Bt

1% 400 mol] A& F dA7|7te] Ad | A=

500 mol| E3= B¢ N, 25 vu
A 500 mol] ARS-FHARE A F o 30d

o] Al £ A& 400 mof| A= A9l YA+, T23, 97 kAl diste] g a4 A

AR B 7H4E 40 mE AL A EF HE 6 o we} 8748 Vs AE BHd 2 AiE¥ 13

me} 8 mE A3l BAS 7P A3 HEFT 7 232 B 74 Agstden, 28 62 AEHE u)

E 4 3N B4 64 23
AFEd 4 ARF 1 | AR )| e (c) (A F4H MPa)| W I
200 72.6 59.1 LRk
AREG7E 1 90m 300 75.6 64,5 87w
AEF A :6m 400 786 687 NS
500 816 738 agus
5. B3R (A5 25 AY F A% 13 AR 34 483
AR 3 () | ARF AR ) [ ez (O) | A F4E MP)| H I
40 6 111.0 -106.6 L5588 25
40 8 916 925 839N
30 9 97.3 -108.4 L=/88 2%
30 10 918 918 swE
B 6 B3WA (R} 13 AR F A8} 23 A B4 485
ARed Y ARF Y | ARG 30 0Am) | Adex(c) (B F4HMP) | W I
ASE dom 50 9.7 92,0 ¥l “Jé
2 10m 100 9.0 913 %Ezg)_r
= 150 9.0 1265 25898 23
R7.722/9%8 438 053 9 AR o L ART 3E =7
T ¥ HRHE m) | A3 m) | 83 AHRR () (¥ 2
A 3% 40 6 240
B | EEAI0EF 1D 40 8 320
C |E2AICEZF 1D 30 10 300
D | & oﬂﬂxl 0% %2%) 40 10 400

-355-



J. Kor. Rad. Waste Soc.

Vol. 3(4). p.349-358, Dec. 2005.

(a) @ZH =] layout

(b) BF A layout

-l

\l

100 _m

&
-r

(0) AEE Y & AEF BZu)A] oj(£7} 100 m, B GZHE 40 m, A2F 14 8 m)

39 6. ARed WA

2] @& BojFar 9l

& A ARl dolA, HE BHAH AT
7+73-e 74zt 40 mot 6 m(A)7} HAE Ao g Bud
o, 23a, B3 wix e A A3 2% AR F A3
13 289 4% £3F 7+40] 100 m(A3} 23-500m,
At 15-400m)2 A, AEE IR A2F 3
AL 47k 40 me} 8 m(B), 30 m$} 10 m(O)Y W) 7+
z3 97 k3N a4 BE3 ot =3, X3t

150] WA ARSI A3 25 0] AB3E ALE 5

-356-

2 3AE 50 mE AR, ARE LG ART 3HF
& 742 40 m} 10 m(D)Y W), 229 FHEAT

ol dolr =&% AEEAH ALT 49 27
o tiste], Fad AAUAA A BN Bt
g 9iste] 2aag &3, & 8o YEhd v}
o 2o}, AEE 23T 9L HE 449 AR
T2 2 AEF BA g g2, 3d Hd &
ARE ol g 23 &Y Aol 4 27
QoM A& Fof Fhe] e Il Bl S



Analysis of the Disposal Tunnel Spacing and Disposal Pit Pitch for ---

B 8 ARE] AT 14 = 23Fvia

?oe S |3 g0 | AT | (T [ W 2
A S| 3,600,000 90,000 1,807 X 1,897 2,500
B | BEuA 18} 25 F A3 1%) | 4800000 | 120000 | 1549 x 1549 (x 2%) 3413 2287
C 'ETT“HX]‘H (A3t 2% FX3F1%) | 4500000 | 150000 | 1,500 X 1,500 (x 2%) 4143 15,000 71 71&
D | £330 (N3t 1% 3 A3t 2%) 6,000,000 | 150000 | 1732 X 1,732(x 2&) 4208 ]
7t Q9 B9E BAY WRFole fAE Aog A fgsA BeT 5

BLEHEZT), AL e 1749 A& 29 3
S 2709 shd)ol] BE HY)Eo] MEHE Aoz v}
At T3, A71SHE 2015374 o] A7) A
FEAEC g AT 28704 2AE A
02 ANdEE AR AR 36,000 tHMO ZHE] At
Z9 AE-87] 521 15,000 7N E 7)F0 2 31 QoHsl.
E 8ol e v} ol 722 44 +AY @

Ag BE3E AR B ARF H3e] 23l o)
3] Al FHel 2HFS T1E0E AL B
Hxlé e 40 mh 6 me, %3 WA W

ofl WA Hsha 218 150 HEsHs Rol
4@ Ao hehgon, o A% ARE U A
AL 217k 40 mo} 8 m= 2RI Ao] A
oI vl o2 Beten,

V. Z2& 2 3% A48

2 ATIME AEFIARE o St
9 AN HAF ARALe FR
4o Bag axel AREd L AR
Aol gt £4g 5953t ol Astel, 712 A
A R BE P e oz Y 94
3% e B JFE T AAE TRish A2
99 e s AYsn, 9 A 28 20 8
2 W7 @Dl thsted UDECE o188 2%
2o 724, 93 4 AN FUSAc 9,
22 298 wgo s AAY Qold Fad A4 %
o sl AA SR, BAFE waN 4
A AR,

r:L >4'“

layout %

= *:V]T ﬂ—c*l’é *,—11741

357-

A& Aok, FF, A9
3+ B3 AAL Fo)7] ¢35ty Bd&w = skl

AEA 259} 3214 M EL o431 A BA gl
I Aol w2 X4 ¢) £3/1gko] " gsl),

wAe 2

B ATE Bebrlenel fAdEgy] dohe
el Aoz s gEUT

g}|l_',

&Y

[11J. W. Choi, C. H. Kang, “Reference Spent Fuel
and lts Characteristics for a Deep Geological
Repository Concept Development,” J. KNS,
Vol.31(6), (1999).

[2)C. H. Kang, " Preliminary Conceptual Design and
Performance Assessment of a Deep Geological
Repository for High Level Waste in the Republic
of Korea, KAERI and Sandia National Lab.,
(2000).

[3IT. Kukkola, T. Saanio, J. Choi, C. Kang,
“KAERI's Spent Fuel Repository Design
Evaluation and Cost Estimation,” Posiva Oy,
R&D Report 2003-02.

[412354, 243, A7), H94, 229715 H4A
F ARAI2H] ofu) 7 AR A% 71 ot
sl A 2te dF 4, KAERITR-1361/99, (1999).

[5]E. Johansson, M. Hakala, L. Lorig, "Rock
Mechanical, Thermomechanical and Hydraulic
Behaviour of the Near Field for Spent Nuclear
Fuel," Report YJT-91-21, Helsinki, 1991.



J. Kor. Rad. Waste Soc.

[6]d. W. Kim, D. S. Bae, “Thermohydromechanical
Behavior Study on the Joints in the Vicinity of an
Underground Disposal Cavern," J. of Korean
Society of Engineering Geology, Vol. 13(2).
(2003).

[71NC, H12 Project to Establish Technical Basis for
HLW Disposal in Japan, Supporting Report 2-
Repository Design and Engineering Technology,
Japan Nuclear Cycle Development Institute,
(1999).

817229, %Y, “NWAF ARA29 AL =4
A& A4, KAERVRR-2336/2002, (2003).

[9]SKB, "Results from Pre-investigations and
Detailed Site Characterizations; Summary
Report, Aspo HRL-Geoscientific Evaluation
1997/2," SKB Technical Report 97-04, (1997).

-358-

Vol. 3(4). p.349-358, Dec. 2005.



