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ABSTRACT
Received: December 7, 2022 The safety of the disposal repository for high level radioactive waste should be guaranteed for
Revised: December 12 2022 a quite long period so that the precise evaluations are required. The site characteristics of the

discontinuities are essential part of the safe repository design including engineered barrier and
natural barrier systems. The discontinuities act like weak planes and at the same time, they act
as flow paths so that their features should be investigated thoroughly. RQD (Rock Quality
Designation) is one of the most widely applied characterizing methods due to its simplicity,
however, modified designations have been proposed because RQD has some drawbacks,
such as its directivity and dependence on the threshold length. This study aims to evaluate the
applicability of the modified designations by applying them to the rock mass around KURT and
to produce fundamental database that will be utilized in future studies.
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1.ME2

VAP | S22 A7 18] foldo] QI el Gk ulx|R] ¢k $57R] 71Tl AA BAgS
B 4= qlofof gt o= flof] thaet e o] QPAIAIE nisto] Hurd-S A s, SAlel A7 1ol A ZAV BV
5ol et ot 2119] HOlS Zh= AR HAIE ARt AR F2]9] Kok ofet Uit B X5 S AdFAE &
2 0 2 3t 2HERAte] H]o) @A]5] =2 40| FANS WA= gtk TR, S Eofe] o 2 A RAdo] Qo= ol oF
e BAR 4 Q7] wihizoll, thekAlA ARt B7 T B4-AolH o] Rbael, 2 dst, 4-ej21del, 2gfe} 5o tiefet ok
HolZ FZRIKSKB, 1998, KIGAM, 2019)

A 0 =7 o] REEITH of= X[slrE AR ik Fatsto] 2F4 0 & 11| o) Es | whzoll, &2 wil
7} Eh= Aol opu et -f-g-0] vl <J3kS oh= te]l thigh Bt k- S 8ot AR} Mok oF et o] ovto 2 7t
AthH, thR-Eo] 2] f-5-2 205 H-S Fol WAYSICK Zimmerman and Bodvarsson, 1996, Lee, 1999). -5-A]ol] &HF- 214
-2 ofobA] 0 2 AloFHo|™(Bandis et al., 1983), 717e] G 271 5 A V< 1efd m), A7) b el digh A4
9o 8402 2(Hong et al., 2021), Sl o] EALGH 23 £/ WA ofu] 2} o] 2 vtejet F-ru]- oot 77} d-o|ot,

EA(RQD, Rock Quality Designation)= A2dHT ol B, AP, Z[o} 535 -5 ti-2o] fHgor] wiA|et o5
FIet ZQkzALe] 285t TCR(Total Core Recovery)ollA] T4 RQD(Deere, 1963)=, 1 7Hdo] o9 2|¥Ha]om A

(scanline) 2> A5+ A=E B0 & THASKL A|FsHA| 438 & itk 4 Hofl d7] E-85=ofglth RQDE B=02T
T W7t 7Fsokal(Deere, 1963), BA100 tHEZ Q] HHE Q1 RMR (Bieniawski, 1984)¥} Q-system(Barton et al., 1974)
28 Al, 7187} QIARe] shuE E-8ET ESFRQDE RS u)/ ok B4 HEA 0 = &5l el thdeiA 285
olgitt. 9lE ¢, RQDE HIEC 2 o] ' AMGardner, 1987, Zhang and Einstein, 2004), &HFe] 73 (Kulhawy and
Goodman, 1987, Singh et al., 1998), 4to] 2] &= (Ku et al., 2009, Qureshi et al., 2014) 5 o|&5}= H417} =3 =]oigk
Tk olgR &8dol| = E-7-5kl RQD= R 7HA] Tho] EAsHH, ol 5 Hekslr| ffsfl sl o] - Al-Eo] Alqte] 1 Bt
E]ojithSen, 1990, Palmstrom, 2005, Haftani et al., 2016, Sonmez et al., 2022).

A A2 A 2[S5FATAE Q] KURT (KAERI Underground Research Tunnel) S 2-8-6}0] HIAMI o7 [ B4 2t
TAE TRt A5 agslisith. o4 W o] A5 B7FE Hitste], 5 euto] tieh ikt ALS 55l Rtssl, x| Ast,
Feef/ 2ok B3-S welsiolrt. ol= ol (o] E9sT B4 IekohH o] AIFZAL A A ARA AR E v o2 4
= 2THKAERL, 2010, KAERL, 2017). 2 A7 o|2feh 225 U0 2 KURT 9 9I5he] 2A4H . E4S 7okl
RQDE HIRH 7 A |0] 8742 7ok | ol 3= Qlet. o5 5ol &5 &-82 7IWIA=E A dotal o dAlwet 4

2leebz] ot E/dvtel deet T2 melshe 4 A4S g Al=lolnt.

rl

2. Y|4 T Mo

RQD+= Deere(1963)°1] 2Jal] AIRT=| L0 m, 4] Fof Aolof] thal] 100 mm oVl o Zo] ghe] vlg= g ojert. ASTMO]
T2 H RQD A $Jet A5 Zoli= BQ(A7 36.5 mm)olA] PQ(AE 85 mm)7HA] A8 7Fs5tH, |4 3o 371=NX (A%
54.7 mm)°lA NQ(Z7 47.5 mm)©[tHASTM, 2008). A o] Aoli= 7-¢of whef AlF= Th|(drill run), &5 2} Zo|7k|(a
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change in formation or rock type), ¥+ 7-{Kzone of concern)7}A| 2 A &= it} AF=SH A4 H RQDE= 2134 o|m 7HH

| fi,

2184402 Qs B9 FEwlojgkort, FAl] B 74 Hio]l EAfich thEAO 2, 1D Z|o]7] uhEe], 27 W] o)
ofE2folet. Fig. 1914 2 4= G5, FUT ehitel thel 415 o] vFHA RQD'= 0001 (Fig. 1(a)) 97HI(Fig. 1(b)) Hateick

T et

1 %

S, 100 mm 2 2P 713 Zolhreshold)ol OKEole, it ehilo] ket A<,
H
=

[u—

00 mmE 7|0 % :8%FRQDO] A
o A2] 74 0.3 m o™, o & Hlold ' QlelA= ot 2700 thet 8-S AR Priest, 1993). T3 7|5
}—4 Aol et S ke o glrhs A Bl o0& 2|2,
S Rtk Yol 4% FEfQ] x| 4~50] AlotE]o@itt. o & =9¢1, cumulative core index, CCI (Sen, 1990),
weighted joint density, WJD (Palmstrom, 2005), modified RQDy.;wp (Haftani et al., 2016), anisotropic index for jointing
degree, Alj4(Zheng et al., 2018), modified Al;q(Sonmez et al., 2022) 5°] It} 0|5, WID= Ee|o] JALE vHEfo 2 At
A (1)

]
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Fig. 29} 2ol 5, = 2] “JAkdip) 2] oJ4oH, 1, = Teolsto] 8- 7Fs3itt.

Angle interval .
5 1/ sind f
() --

> 60° <1.16 1.0
30°~60° 1.16~1.99 1.3
15°~30° 2.00~3.86 3.5

<15° > 3.86 6.0

Fig. 2. Definition of 6, and f; (after Palmstrom, 2005)
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Al veke]| o491 RQDL}F 24 J, (volumetric joint count)= Hde] §1O™, Palmstrom(2005)°] ©W=H J, 2F
WID= AV -571elet. whebk] WIDE HIEC 2 4S9 RQDwin= 24 (2)2F 2t

RQD,yp =110—2.5 WJD ©)

]_

A )l wtet Al FERI= RQD 2 T F- Shel AlF W de o= A Heksigint. T2t wkfje] do] xiaf =7
& 78-%- oI5 HHgsl7] o197 whzell, Haftani et al.(2016)-> 1t o] AolS Hr<dst

et e el S 575 o]
of 21 (3)3 22 573kS AsIAT

RQD A= ek ofE Aotk of= Bl AlFE FHE v o 2 ks ok wl= 2 o] HAIT, v
AFEHE %%’8 =73, AR EAEH ZA O] oS W Foh=1Rto] B 7]k {1t Zheng et al.(2018)-2 ©|2{FRQD 2]
= AlRtetlt A 2 7|HEO = JF o] 2211 TRQDE 4] (4)€F o] ANt
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TH(Priest and Hudson, 1976).
TRQD=100e " (tA+1) 4)

7|4 t =RQD Z789] 7|5 4o, A = A Yi(linear frequency)E R[St} At B412 Soll B4-2] dejwto] THEtt

A A= Uk A=) = Y Acost, 2 AREEH, o] o o, = FAF YK IAM -2 A5 Wbt 7 Aelito] 42 WlE] Afo]9] ojzt

o2 Holert, A AT BT 4= glong Mgkl HPALS #i7dst™ TRQDE AltobH vkl ke o/
2 2795 4 Itk Zheng et al.2018)2 4] (5)2} 0] 04 7 AL Holsl3ic

IR TR
TRQ ) Q maXlOO Q min (5)

Aljr= 0~100 Afoo] gho= Aptelnd, gho] 45 2 o[/d& ofnIRttt. B2 TRQDmax, TRQDmin ¥l whet A==
Ao, 4 TRQD Zolch.

Sonmez et al.(2022)> 741 FeO] & A& L o XS ARIsIT. A&t ZAH NP1 RQD Alte] 7152
=100 mmo[t}. 015 7IEC 2 TRQDE EASHY, 71 Zolo] 54 H 9] Slofahe ] HAe] izt e Alero] et njn|
Stod gt tigh i Eo] #fsher). %, Ae] 7FAo] uje-

21 g517] oAt whebA ot o] w2 BhE 71 o]

m
o]+=Harrison(1999)°]| &JafiA & X
S 51, 20 el S vt A AR WEHA o] ] LS AN, 1)

15 0] 2 AgHE )\, = A 2JsHA

mlj
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£=0.1484(\) "% (6)

o= 2|4 U R = AN TRQD7H99%E WHE5oh= 71 ol & ofueitt. 252 22 Sonmez et al.(2022)-2 4] (7)2

TRQDt,maX - TRQDt,min
100

A]/jd = TRQDO,I,max X

Al

)9] 7152 Ao+ of wiet A o] 24 RQDE] X[, 4k oW]ght). 2 A o=

05'7 ]}\:I TRQDt maxg} TRQDt min —l 6
£ gl 71ES RQDEF A (3), (7), 7+ 7HA FEo] 8 xS 485l EEH

o
KURT = ¢hito]| /ﬂ ZAol B4
=48 e

3. 924

12 ZA0c eabt Aol 11k ek, At Ao At
e "i**"t‘ﬂo}tﬂ 9172210l M AT o] | 2iel, SA0) kel el chek jer o 2 4
ch(Fig. 3(a)). BT 24} 23, D) RS WA S SRIeL, el shaete] Bt thAl AR Sem sk,

861 sj73eto] 2lE2 TRIGHT QITHKAERL, 2021).

N
(a) Geological map round Yusung area (b) Lineament distribution

Fig. 3. Geological conditions around KURT site (after KAERI, 2017, KAERI, 2021)
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FEA 58 o] g7t FetrLo] A/ ZAL AT, ol 2] 92] Atzi= F o] N30°Wo 1L, ]2 ek NS0°EQ] A
02 ZARE QL. Jeu AT BRI AEEE onlshs Zlo] ofm, Z]epriR] o] s dS SRIgt 4= glon= 2] a Y Z]6}
of| A BRIx= Al o] el HhE=A] AZH Tl TWedd 4= $ICKKAERI, 2017).

3.2 AFS SMI LY

KURT= A3 90~150 m Aol 12151, T2 6 m x 6 m2] FAIS Bl oot Bl'd YollA] 10° staF ZgAte] 2148 X9
(e TRl 165 m 9] EEQEANE =t Y eldwt 2H EHdoll= £ 6712 A RE(research
gallery, RG)°| F55]0] Itk ZF At gollk] 215 A5 ATE Qe i) A|Fgo] AIFE|Glom, 2 Atolx] Z-85t 24
T G H= S BE 6of] $IxIoPH 242 AFS flall A5t 6702 A8, TW-1~6 225 E SA=|QITk(Fig. 4). HE AlSF
2 A} A Fgolm ZpA R Al g AlG Table 13 2c) thgh, TW-6 3-2] 749, A5 Z0] 10 m o] 5-2] E2|@%E Aart-fAlE]

o] 8 715t FHu lste] ALgshict

ofll

h N

- %
s EDZ e,
characterization 1 %
_ Monitoring system Jo,j

d‘-amc[Ee?lsa!bn.lr R n \“ TW-1 & TW-4
T N e —d @w-s Research
Heater test " ‘ e e . :_“F‘ AAAAAA p S TW-5 Ga"ery 6
l‘ = S - s e "*.: o' TW-2 & TW-3
RG2 ] N ; |
i ﬁ h
3 =
3 B ool RG-5
‘t\ e L P
T . O R
‘ q W ﬂ',.&-‘\’
InDEBS RG3 = ‘
RG4

Fig. 4. Location of the boreholes (TW-1~6) used in this study (after Lee et al., 2019)

Table 1. Detailed specifications of the borehole (TW-1~6) used in this study

No. Hole size Length (m) Trend Plunge
TW-1 20.50 S56°E 20°
TW-2 D=101.6 mm 20.50 S56°E 20°
TW-3 (4 inch) 20.90 N45°W 50°
TW-4 21.35 N55°W 50°
TW-5 21.30 N45°W 50°

NX
TW-6 20.55 N55°W 50°
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o %1591 n%ioa 2742 560 57 2A g0, Hefo] dojo} o] thE AEA Sheld 4+ QI TW A B2 2

7H@X43§5J%}71_wh 0 2 F3tslo] BAfslal 1 A E AAA 0 2 wetslad st AT S 6 1| dale] A}
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- LOY dip (j)_ 30 )) 0 15 30 45 60 75 90
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(a) Dip direction (b) Dip

Fig. 5. Distribution of directional features of the joints in RG-6

VA S HIEO 2 moh, A HE 6 2|2 BAGHE T3 71 EW HiRto] 71 AlehH 1 9Jef NS ke
Boime A8 B2 Qle AARS 212K0~30°), 2H(30°~60°), 12H(60°~90°) 0 & FEsHH, 117 A7t 7P -SAlste] 64
7} -G53t 422 Wieke] G5 0] 71sah 7 0 2 mekEIth KAERI(2017)= 9 H'E 2| 8% *% RP2A =2 A, de] &
LS ZAPSE | Sfoll WS At A BE 3~6 X9 ZAM MRS Fetoto] Ao ek S Harsklrt. 11 AvF
7155 N74°~84°W HieJo] 7V A, ZdAF A1 50° o 7 a1zto] SAlsh Al Harsigi). Oﬂ s 69] AT BARHE
=0] Aot vl wohH, AR HollA] oAt Zjoli= §lovt HRFAQ] 7Rk fAKRE .0 2w,

r

=4 def o ¥} HRE vl o Halet 245 sI3al Y= Fig. 6, Table 29F 2. A4 20 745 15°2 A5kl
7‘*311_3_ %‘?—rﬁiéﬂh AT RE6 119‘%011%%—371194 defto] EAlshe Aoz SRIFIT 7H B 31&3}7} Lot del 12

Table 2. Representative direction of joint sets

Set no. n Dip direction Dip
1 79 353 63
2 50 183 75
3 33 275 74

TUNNEL & UNDERGROUND SPACE Vol. 32, No. 6, 2022
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Joint set 1
Joint set 2
Joint set 3

Fig. 6. Joint clustering result

42 32| 2%

2 AFgollM S8 Eele] 9IRS iR e = e FA(spacing)& ARTSIAAL A= Fig. 73 A B TW-62] A== *1
F 4ol 10 m 7Fx]e] AFfolt. Fig. 72 Felto] -2 glo] Alrgolld Aet BE el vigeR o dafolw, thiZol 73
ofX SR B S H STt B {FA-S TW-101141 0.1595 mZ 7Fg 23k o ™, TW-30114] 0.3419 mZ 7V I A S =] E’r.
w{  Mean spacing =0.1595 m Mean spacing = 0.1627 m *] Mean spacing =0.3419 m
(a). T‘\:V-I (b). TW-2 (c) TW-3
Mean spacing = 0.3366 m Mean spacing =0.3033 m .| Mean spacing =0.2659 m
(d) TW-4 (e) TW-5 (f) TW-6

Fig. 7. Distribution of joint spacing

el 74 9 Helt 2] 7S ARTsint. e AlFgolld ARl 1, 2, 30] B USH 9= 1Sl dlE 01, TW-1,2
ANFEgoMe Al 1, 29 HEEQ A, TW-3~6041= Al 2, 3R AZE QT 2 A BE 69] F= Hd o= et 1 o]
A BT 0w, BEC] HpeRolli= ARt 2, 30] SAoHA| EALsh= %
ke 1 Eslo] Aaldt 2] 7HA-S ARSI 0 v A= Table 33 ) A& AAH, TW-1~62] A58 AX7H 7R, B35

O
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5 e]o] 55 iR Skelsh] ofg)y] wjel, Felzo] 44 7&74—3— 7 A5 gl 245 Helka o] Baghe TSk
o, TW-62] 79, Q% 37k0] el Ak §Awlol] el W At Al Aelskaich. Fel 19 44 7120] 03124 m
Y ghen), Ak 29] 24 11240 1.3519 met 7} 2 AISISIeh

Table 3. Joint set spacing and set normal spacing (unit: m)

TW-1 TW-2 TW-3 TW-4 TW-5 TW-6 Mean
n 43 34 - - - -

Joint set 1 Xq 03760 0.5107 - - - - 0.4434
X, 0.2649 03598 - - - - 03124
n 2 2 15 7 10 ®)

Joint set 2 Xq 5.9433 4.6835 1.2405 2.1616 1.3542 (0.9713) 3.0766
X, 22523 1.7749 0.7613 1.1398 0.8311 (0.5122) 13519
n - - 6 14 7 @)

Joint set 3 Xq - - 3.0512 1.1917 0.8603 (2.4463) 1.7011
X, - - 0.8000 0.3861 02256 (0.7925) 0.4706

X4, X, denote set spacing and set normal spacing, respectively.

HERE 1, 2, 30] 7F8 Bl AEE AlE82 42 TW-1(437H), TW-3(157H), TW-4(147H)°1Ht. g Al F<llA a2
e TSP Fig. 83 At 320 7} EA] QRAIR, ZIREAQ] fat= B o] 24 FEtE Hol= A

From TW-1 '\ From TW-3 ' From TW-4

(a) Joint set 1 (b) Joint set 2 (c) Joint set 3

Fig. 8. Distribution of joint set normal spacing

43 YUAS G

Be7i5 A= 9 7o) 27) ARE Fust] PUAE PSS, 712219 RQD(Deere, 1963)244] (3)°] BEIE WD ol
9] 4 RQDyyyup(Haftani et al., 2016)5 285190tk RQD 4V T9H= Hlold 310] HhA(oFs m)E 7120 2 AFgalgt.ond
A= Fig, 99 ek TW-69] 29, Bel75 420] 957} 245]0] 419 /K53 7719 ) RQDynan AXTSIAT.
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100 .
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£
Q
o
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0 T T T T
2-1 2-2 2-3 2-4
Box number
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—~ 60 -
§
a
o
&40
204
0 T T T T T
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2
a
o
&40
20+
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6-1 6-2 6-3 6-4

Box number
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Fig. 9. RQD and modified RQD distribution around RG-6 in KURT
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Table 4. Calculated RQD and modified RQD around RG-6 in KURT

RQD RQD,, ,,p Variation (%) RQD RQD,, ,,p Variation (%)

Box 1 64.19 57.21 10.87 Box 1 70.75 55.28 21.87

— Box 2 89.69 70.97 20.87 TWo Box 2 75.57 71.56 531

Box 3 70.48 29.72 57.83 Box 3 4226 24.55 4191

Box 4 67.62 42.01 37.87 Box 4 52.54 59.78 13.78

Ave. 73.00 49.98 31.53 Ave. 60.28 52.79 12.42

Box 1 84.35 82.55 2.13 Box 1 86.47 74.34 14.03

Box 2 89.21 72.60 18.92 Box 2 98.61 86.05 12.74

TW3 Box 3 92.11 72.50 2129 TW4 Box 3 83.68 70.94 1522

Box 4 95.56 88.01 7.90 Box 4 82.22 95.07 15.63

Box 5 93.55 85.17 8.96 Box 5 90.02 81.32 9.66

Ave. 90.96 80.17 11.86 Ave. 88.20 81.54 7.55

Box | 75.03 72.01 4.03 Box | 76.50 60.29 21.19

WS Box 2 89.93 88.40 1.70 — Box 2 87.20 82.89 4.94
Box 3 88.50 72.97 17.55 Box 3 85.52 - -
Box 4 9245 83.69 9.48 Box 4 91.35 - -

Ave. 86.48 79.27 8.34 Ave. 85.14 71.59 15.92

RQDywp®l 13§ 7152191 RQDe] Hlal 745K 218 8118F 4 91, ehat 1 wishgo] oaiel, 74 stgo]

2 7R TW-1 AJ520] box 3HL.C. 2 712 RQDO HI5l 57.83% AAFI0n, 714 #5}-g0] Z-e JL7kS TW-5 AJZZ9] box 2
HLO2 1.70% WSk 713 RQDS} 712] fA1 ATk Wolrk o] 5, Wshgo] S4s] AL 2k Rt Rl Fig, 103} ek
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