20024 H)IES 4 sl LS

AAF FEAAL AT
AA % FZAALATL
v o A FRARA 7L
r g A4 AT 2
1. A&

AT PGl Bsted AFAGL doE AW AAVAZHL ZAFES A
gxgion, oz 448t A, FAANY, A%, FBds ARFL AFARA2Y )
%3 PAAY A AAARR o SHER Hof ot

B A¥E o) Q7N (RUE 24, OB §4 Fig. Dol 419 24N T Goko
283 dARo} (BHTV)E ol§ste] J¥HESTFE (rock block scale)ol X o] waAAe] &

TU ZPPANAIE ARATE S5t 000D RE 20024747 33 ol BH S
€l

Table 1. Specification of the boreholes
in the study sites.

Study |Borehole| Depth | Elevation
Site No. (m) (m)

GS-01 | 500 | 105
Goseong
| GS-02 | 350 | 105
= g SLLLLEE O YS-01 500 82
YS-02 | 300 81
Yuseong
YS-03 | 200 81
YS-04 350 91
Total 1,650

Fig. 1. Location of the study sites and
boreholes.
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aplite’} HolH o=z
2E EAS Bt (AAFY, 2001). FFAAHAFAE A Yo HAEE FAATAYG
o] AL Fer] THE BERIFFozA IXHoZ vkt AALEE G Holu} AFA

ARAASR A4 2 474 RUHGE BHo2 ¥ 69 NX 279 34 2AHE

& Adx349 e (Table 1; Fig. 1).
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A4 AE(F 500m)E weiste] AERS BF F5L A
dated 1 GEREEHS AN

g FEAE

FHANPE olFHAE o184 YATTIEm~1mE @7l FU/48HAE R (short
term injection/fall-off test)2.Z AlPHAU} (Fig. 2). A1¥L FYI A (injection phase)$}
F93% DA(fall-off phase)Z FE3te] 242t 208 WY Z ASFHUAYG FYFt 799
AEFE ol &R, FALE HAERE Ast oF 200m~30me] HYo] ZIEE FF
Eid ER3E JAR HAFA.

FUs 2 Ay AAHE ¢EAE 01 kg/em” AR BEF 15 wY GEAES AHgE
Aok FAF] AL} AF HF T8 FFAE Gilmont Instruments A} rotameter
AZHAEZ FHIAES AFAAD. I 975 84S A7 gst9 &
FA Z4ztel AU A2YVEJE AAHJST. AL FFAS] AL L Fig. 3% 2on,
29 57 29 734 ASHEAE FA 22 £/min, #2 1.0 m/mine]

wat
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3m— 10m Double Packer

Packer Setting

2-3 bar

Flow Measurement Steady Syate
; Analysis
Fall-off Transient
Measurement Analysis

20 min

Fig. 2. Procedure and activities for Fig. 3. Photograph of the rotameters implemented
the hydraulic tests. in hydraulic test.
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All Fractures GS-01 GS-02 All Fractures YS-01 YS-04
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-100
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Dopth (GL.m)

s e
SO0y TTT I T TTTTTT
0 5 0 2 a4 0 1 0 100 200 O 2040 60 O 102030 0 204 6 O 50
Fracture Intersection Frequency Fracture Intersection Frequency
(a) Goseong site (b) Yuseong site

Fig. 4. Variation of the fracture frequency along the depth in the study site.

o fAAY Argge] 554 vd
A7) 221270 Bl BFE NNE 533 NW F@e| nAAEH 799 ARz on
2REG (Fig. 5. 2APIZel 12 ug2as ud Ase

oF 53% Z7F (3,38470)st = dl,
2

HEEol AR E HFT S

0]

A RAAES wdxt SASA B3y HEol %

)
oF 106% %A, GEXEE H|F 2 Set 1 (13%), Set 2 (9%), Set 3 (8%)¢] wolth.

=

Fig. 5. Fracture set identification in the Yuseong study site.

Table 2. Statistics of the conductive fractures from lower zone in the

Yuseong site.
Set 1 2 3 Total
Fracture| Opened 5 (12.8) | 6 (13.0) | 2 (40.0) [ 13 (14.4)
tvpe (%) | Semi-opened | 34 (87.2) |40 (87.0}| 3 (60.0) | 77 (85.6)
Raw Proportion (%) 39 (43.3) |46 (51.1)| 5 (5.6) | 90 (100)
data Mean | Dip direction | 279.7 214.4 102.5
X attitude Dip angle 70.3 58.6 17.7
L Fisher k 7.68 11.66 11.08
Fig. 6. Stereographic Modifieg | COMected number of |4 oy 7y 164 wag)| 5 @5) | |
pole of the conductive Terzaghi datav(/o)' : (100)
fractuyes from lower corrected M.ean Dip direction | 280.5 2135 102.5
zone in the Yuseong attitude | Dip angle 75.7 62.1 17.7
study site. data Fisher k 744 | 1185 | 11.08
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B 96m (Set 1), 11.0m (Set 2), 142m (Set
e Ho] AFoln|X2HE Ay ddEe AL lognormal X2 FEAY (Fig. 7).
AA Az 7B (AFEHT)E 083%Bmm (2.34dmm)e)x, T4 ©Ee] F2 Set 13} Set
29 718t do] o 45mme|th
GdAe 718tegd REEAE o4t HEFFo] AAHE L mepd dEe W=
£ J=39t (Fig. 8). &, 499 Aline)o] 3 ZeidA wHze 28 AL 3¢, ¢
WA Ee] AME Bt BE AA/AIFAl 2 layoutdl wWEl #EHoZ Y £ U= ¥
1 GEVNEE AbHd &8 F Utk FAEAHL trend 60° S wd Adge 7

Hogs Btk o] W, 35 Jqe Hd FENEFL 270/m 7l

1

-

® AlFrachres of
the Goseong
Site
S 1 » Al Fraciures of §
% the Yuseong g
0 4 Site 2
£ < e « Conguctive g
5 % ocomae. 3
O 0 4 @
s %1 2
2] :
i 2
14 2
0 30 80 90_ 120 = 150 180
000000 000001 0OODID 000100 000 010000  §0000O Tunnel Orientation
Aperture (m) i L
Fig. 8. Probabilistic fracture frequency
Fig. 7. Lognorma! probability plot for the intersected by tunnel layout in
aperture size. the Yuseong study site.
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GS-01 oA ©9do] B¥stes F719 FYHAEEE 1E-9 ~ 1E-8 m/se A E 1A
o, 71 ©de] BX&A ¥ T F%FA AZ FAXA IE-12 m/se 2 st AT
P Algel AN B ~ 1E-9 m/s9] HAE /MR e, AL 259 §F
gdol A AFTte] F4AHL wgEy] gEolth GS-02 F9 ARFiedE ©dol
FolA gkon S YR Fho] TAHO BRI ©de] EXIe ANETLY FEA
Ex+E 1E-10 ~ 1E-9 m/s® ¥ ¥ Ao (Fig. 9).
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A% GS-013% GS-02& Y Euel AAAsu, olAADNE % 100m2A o5 ¢
2% 72 Ue U AL S4¢ BgskE AOR IFY & A Aelth Fig. 99
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(a) Borehole GS-01 (b) Borehole GS-02
Fig. 9. Hydraulic conductivity distribution in the Goseong
study stte.
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goll ozt AMEE FFE Bt FEAAGE 249 o] My FJo] HA ¥ &
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m/s, 723E-10 m/so.2 BAF A7 o 29 7k 2 A AXdHAGD (Fig. 10a).

7] Regression Plot

7 —1 Y=0.979509 +1.11749K
RSq=878%

LOGK_ S
1
Percent

YS-160_Ks
. YS160Kt
+  YS500_Ks
.~ YSS00_Kt

’ ———Log K_s = Log K_t 1 4

_1I1 -1,0 .lg .Ig .17 _[5 29 -2‘4 -1‘9 ,1‘4
LOG K_T Data
(a) (b)

Fig. 10. Linear regression of the logarithmic hydraulic conductivity between the steady
and transient state analysis (a) and the effective hydraulic conductivity of the
hydrogeologic units in the Yuseong study site (b).

ANZ 4AY 4 Atk -160m RE ¥ GG vishd o} we T4 uA o
A, 4 ATAD 9 4P FeA gAF S A 99¢ T -160m AR, 2
P12 olatE % dYoz 44T 4 om, dRe YA A A 54
AP, FEFUVEE 22T, 4 J9E 527E-10 m/s ~ 86IE-10 m/s, P
& 245E-10 m/s ~ 5.96E-10 m/s o ¥HE zt=vt (Fig. 10b; Table 3).

Table 3. Effective hydraulic conductivity of the Yuseong study site (LN K m/s).

Upper Zone (0 ~ -160m) Lower Zone (-160 ~ -500m)
All Data
Steday state | Transient state | Steday state | Transient state
LN Mean -21.3642 ~20.8725 -22.1282 ~21.2412
ca (5.27E-10) (861E-10) | (245E-10) (5.96E-10)
Standard Deviation 3.1077 2.5067 2.9490 2.6604
Minimum -27.6310 -27.6310 -27.6310 -27.6310
Median -21.9055 -21.3797 -22.7723 -21.0506
Maximum -13.8412 -14.3676 -13.8288 -15.3592
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