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ABSTRACT
Received: December 6, 2023 In this case study, detailed survey of the Excavation Damaged Zone (EDZ) evaluation for the
Revised: December 15. 2023 deep geological repository for high level nuclear waste was conducted. Oversea and Domestic

case studies were compiled and investigated. EDZ is considered a crucial factor in the
performance assessment of spent fuel disposal, leading to numerous studies worldwide
aiming to understand the characteristics of the EDZ and quantitatively assessment of its extent
through field and laboratory tests at Underground Research Laboratory (URL) sites. To
enhance the understanding of EDZ, this study begins with defining and exploring the history
of EDZ, compiling factors influencing EDZ, and summarizing the impacts caused by EDZ.
Subsequently, an analysis of EDZ and rock properties is performed, followed by presenting
generalized outcomes, limitations drawn from previous research, and proposing future
research directions.

Accepted: December 15, 2023

Keywords: Excavation damaged zone, Spent nuclear fuel repository, Underground research
laboratory

2=

= AR EFOME AR lAR {2 HES 2ot =2 HYH(EDZ) 7t L L 2SAFAR
S elotl ZAIGIULE 2AEHYH2 MEFHA= 22 Y| 5870 S25% 242 HFE|H,
TURl o2 Z70fM R[5t APAIE B 2 A AlRE Sall 2Ed e £ Oiet 2 1 He

® @ (© The Korean Society for Rock Mechanics and Rock Engineering 2024. This is an Open Access article distributed under the terms of the Creative Commons Attrib-
ution Non-Commercial License (http:/creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in

A any medium, provided the original work is properly cited.



16 * Jeonghwan Yoon, Ki-Bok Min, Sangki Kwon, Myung Kyu Song, Sean Seungwon Lee, Tae Young Ko, Hoyoung Jeong, Youngjin Shin, Jachoon Jung, and Juhyi Yim

2 YYHo= WEBtNA} st HTS0| SAUE|OfSUC BEELAAO| I3t 0512 2l5t0] 2L
@olo| Hol, AAS AIZOZ BUANAN FSS T 2011 BUANAAOR 0I5t A2 He
SIICH CHEo2 B2HEAYoIT} ot S0 BBt 242 SUHAOD, MBATES S5 S25 At
Shel 20k} B, 3% A1 WS AAISIICH

AEEI S (Disturbed Rock Zone, DRZ)O[3H Z2E0 2 Q15| oIHte] oJ5ha], G2, =2]%, sf5k4 E/0]

|
]tk (Martino and Chandler, 2004). ©|2fgt 92 =2 22, 35 4, 56 271, A A= 2 d7
Z}
2]

243 Bot ARhe gl ofmjgict

FH2FGAL B3| At 2855 Ta]n A3 o] S48 11 o] A e, X|sles Fel d, 4], skl
A 2ol H7Het P vl HrkMalmgren et al., 2007). 25500 mel| A w= AT SR A2t 22 FEEelA
o] T2HQ P Faste], FAIY 0 7 <Igt ghute] B4 wishe AR S SR A EFO) P Aol A kg A
k. Tsang et al. (20052 24 Gl o] Af2-& o] Y 2 7|2 3h 0] A0 & Slal] ko] =4 At 2]

(o]

N
3
i
L
o

A~
T

HusKLOm, ofefgh B4 A40] WSk ST AR AR ] A1 5 G HAA ol 0 52
|z A

5 AMSFIAR A QPES SFSHE Al 918 9471 E 7RsHo] Ak 4t ohale] QAL G, Telw
! SR AT A O] 5 PO ShEAI] AL, N0 2 AR A Bl Aol SRS

B T
n
i)
M
o I
e
iy

n
3
1o
rE

o] 29 Z|o} Aol TAE FEEoM 2R F A 0 ® QI o4 o] B4 HslE FaE0] QPAdel RS mIAIH, o2t

H7]0f| 5 o =7 ol A= R[5} At A%d(Underground Research Laboratory,
URL)S 714351 T A5 =385t} (Sugihara et al., 1993, Sato et al., 2000, Biickblom and Martin, 1999, Emsley et al.,
1997, Bossart et al., 2002, Bossart et al., 2004, Tsang et al., 2005). ©|2{¢t AdS0f4 224G ol EAAS Hrlokal 1 HY
S A2 0= Wrish, 224G oo WA HlAUSE olslishr] Siet @7 B A4 Aelo] 4= it

3
=4
EAR AN e 228 E G0l o] H S A HAl 22 G Qi e AT A ARE ARfshH 22 2L

e
3
i
=)
HH
ne,
rf
>
i}
=
T
e
:
I
>
o
or

M SATHES 091, TF0IA hin o] WishE S0 AP 9] B S-S Ak

2, ALY IE B2t HA

=24t S(Excavation Damaged Zone, EDZ)-> B]'d 220} Z-2- Q152401 2H5.0 2 Q1o =1 P4 0] 27| EAJo| HA ]

TUNNEL & UNDERGROUND SPACE Vol. 34, No. 1, 2024



Oversea & Domestic Case Studies on Excavation Damaged Zone for Deep Geological Repository for Spent Nuclear Fuel « 17

ARG A0 Qe ide AR yeRn). b Zep =2t dgell A BE 21

o
e =
o]-g 2] A= o) ojeb, B, 521, SlekA Sl 4 ES) MRS 2o BAEIAS BT, o714 3

2 QIEe] &4 oS o] metollA] ebds] EelEl wFE P (Failed Zone), MZE-2 o] T
Yo 2 QI AP A0 A F SR AL & 0] 715 Y] EAdo] Pto] Wk 1711 /4 S (Damaged Zone), AHHE4
o] Walglo] -g=lolut 49F Hare] vkt IA¥oh= et g (Disturbed Zone)'s Z 3 O JEoHT] Tsang et
al.(2005) AHEEAYY A Se2| ek, A)5teld B4 HIkE 7|F 0= Aol -5 B0 & ¥IgkE o Iok= 48] <fek4 - 7]
stebd Mt iAok 1 He 22239 H(Excavation Damaged Zone, EDZ), >8] &84 2|2}el4] ¥gle] ozt 25} -5
EA M} gl RS 22k 9(Excavation disturbed Zone, EdZ) 2714] &0 2 Hgslod A oJst3Tt.

N
>,
of
18

Fractures Groundwater Flow

cavsrtion Damaged
Zone
LA

Fig. 1. Development of EDZ around Underground Tunnel (Sato et al., 2000)
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Fig. 2. Defining terms related to EDZ around tunnels (Perras and Diederichs, 2016)
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Fig. 3. EDZ Research Timeline at Major URL
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Table 1. The extent and properties of the EDZ measured in URLs (modified from Lee et al., 2011, Biackblom, 2008)

Excavation Tunnel
j MP.
Country Project Method EDZ Extent (m) Diameter (m) E (GPa) o.(MPa) Reference
Room 209 Drill&Blast 0~0.3 3.6 70 193 Chandler et al., 2002
TSX Drill&Blast 0.3~1 3.9 65 238 Chandler et al., 1996
Read and Martin, 1996
Canada i 1~ >
BDAP Drill&Blast 0~0.6 4.0 66 220 Chandler et al., 2002
Mine-by .
) Mechanical 0.2~0.3 3.5 66 220 Chandler et al., 1996
Experiment
Stripa Drill&Blast 0~0.8 3.6 69 207 Gray, 1993
Drill&Blast 0.3~0.8 5.0 69 195
ZEDEX Emsley et al., 1997
TBM 0~0.03 5.0 69 195 SKB, 1999
Sweden
. Emsley et al., 1997
APSE Drill&Blast 0 1.75 76 211 SKB, 1999
Prototype TBM 0.01 5.0 81 224 Autio et al., 2005
NFTP Drill&Blast 0~2 3.5 114 28 Marschall et al., 1999
Switzerland
FEBEX TBM 0~0.003 3.5 56 152 Bickblom, 2008
Drill&Blast 1.4 3.5 64.3 151.9
Kamaishi Mine Matsui et al., 1998, 2003
Mechanical 0.8 3.5 64.3 151.9
Japan . Drill&Blast 0.8~1 6.0 2.8 6.6 Sugihara et al., 1993
Tono Mine >
Mechanical 0~0.3 6.0 2.8 6.6 Sato et al., 2000
Horonobe Mechanical 0~0.2 4.0 1.82 154 Matsui et al., 2007
Korea KURT Drill&Blast 1.1~2.4 6.0 56 100 Leeetal., 2011
Finland ONKALO TBM 0~0.02 15 55 jog  Autio, 1996

Autio et al., 2006
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