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Identification of Conductive Fractures in Crystalline Rocks

A 2 (Byung — Gon Chae)* - 219341 (Young — Sup Choi)** - o]t &}(Dae — Ha Lee)* -
Z1%4ed (Won — Young Kim)* - o]%7-(Seung — Gu Lee)* - 715 (Jung — Yul Kim)***

* o AAA kel whdshe Wl Al 59 2 BRI SBE, §54 99 §A Ee
FEAAE s o9 Fasich ehik ) D £ 854 9D FE5] A8 Held Ay =534k
o2 ddEAS Fetyict. ATAGY AR =579 o) dsls B F, 5 iy, 9EE, A
A, 537, SREA, Al A+ WA, Hol, 24, S(aperture), S EA, 2% (roughness), B} A&l &7}
o} 22 gl dAA e =AY 3kE, X £ stol] sl B 54 Fehs 8l ATA G 57 Aol AFE
AAlslod o] 5 B3l 3lr-d IO EE B AU 1 F, I AFTE e g 289 ASS AAB)
o] ©hd 9] Wk n FAEFE TES L 5% A8 E A2 - BAsIc 2A ATl whEw A F W
e Ul E b & GSet 1: N50-82°E,/55-90°SE, GSet 2: N2-8°E,/56-86°SE, GSet 3: N46-72°W /60-85°NE, GSet
4:N12-38°W/15-40°SW ki 0.2 el ofol] W= A#Esl ddF2 HSet 1: N50-90°E,/55-90°SE,
HSet 2: N10-30°E/50-70°SE, HSet 3: N20-60°W/50-80°NE, HSet 4: N10-50°E/ <40°NWZ B#=]gich. o] il
TE & GSet 1 9 GSet 3, 18]35 HSet 1 @ HSet 32 AFA G 71A $-A81A] whdsl= g -Fo|t}. HSet

+ BT FL7H o] 30~47 amo|H, o] T F T (code) 1 FH(AHF, dALD) Fol 21.0~42.9%F FA
t}. HSet 32 55~57 cm?] FHF @d7t4& Holx, S 1 o] 154~269%Z XA}, HSet 4= 239 cm]
H A A S B QA A Fd T F P WL FEHA S AU, S5 1 g9 Bl o] 54.5%]
ol &t 5§ 1 &} A% BAS & ol dntd L o8 449 o) v AdiF o E Fejie
Ao)] Z Aoz d#dA 9S8 E), N55-85°E,/50-80°SE thd 77} N20-60°W/50-75°NE gk 18] N10-
30°E/<30°NW cradyto] AFA WellA Ak §540l 7 2 a7 o s FA4H. ol2dt AL
3IM AFZTE o AR AEF U Fel@S5T AUFUAHANA = =it

Abstract : Since fractures may serve as major conduits of groundwater flow in crystalline rocks, characterization of
conductive fractures is espedially important for interpretation of flow system. In this study, characterization of fractures to
investigate hydraulically conductive fractures in gneisses at an abandoned mine area was performed. The orientation,
width, length, movement sense, infilling materials, spacing, aperture, roughness of both joints and faults and intersection
and connectivity to other joints were measured on outcrops. In addition, characteristics of subsurface fractures were
examined by core logging in five boreholes, of which the orientations were acquired by acoustic televiewer logging from
three boreholes. The dominant fracture sets were grouped from outcrops; GSet 1:N50-82°F,/55-90°SE, GSet 2:N2-8°E/
56-86°SE, GSet 3:N46-72°W/60-85°NE, GSet 4:N12-38°W/15-40°SW and from subsurface; HSet 1:N50-90°E,/55-
90°SE, HSet 2:N10-30°E/50-70°SE, HSet 3:N20-60°W/50-80°NE, HSet 4:N10-50°E/<40°NW. Among them,
GSet 1, GSet 3 and HSet 1, HSet 3 are the most intensely developed fracture sets in the study area. The mean fracture
spacings of HSet 1 are 30-47cm and code 1 fractures, such as faults and open fractures, comprise 21.0-42.9 percent of
the whole fractures in each borehole. HSet 3 shows the mean fracture spacings of 55-57cm and the ratio of code 1
fractures is 15.4-26.9 percent. In spite of the mean fracture spacing of 239cm, code 1 fractures of HSet 4 have the
highest ratio of 54.5 percent. From the fact that faults or open fractures have high hydraulic conducavity, it can be
inferred that the three fracture sets of N55-85°E/50-80°SE, N20-60°W,/50-75°NE and N10-30°E/<30°NW form a
fracture system of relatively high conductivity. It is indirectly verified with geophysical loggings and constant injection
tests performed in the boreholes.
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Table 1. Specifications of borehole in the study area

Hole ¢ . Depth Azimuth Distance Elevation Casing

No. (m) ) (m) (m) 4" 3"
B-1 NX 80.30 195212 270 292
B-2 NX 8010 N 136 4.95 195205 2.10 2.90
B-3 NX 8010 N 158 947 195.210 - 3.10
B-4 NX 8020 N 185 6.85 195.051 - 5.90
B-5 NX 2300 N 165 19.35 195.236 - 1.10




Table 2. Classification for fracture spacing on core sample. The
criteria for classification is referred to Geologic Logging
and Sampling of Rock Core for Engineering Purposes
by Deere et al. (1977)

Grade Description

SOLID  Fracture spacing greater than 20 cm

SE Slightly Fractured; fracture spacing 10 cm~20 cm
MF Moderately Fractured; fracture spacing 5 cm~10 cm
HF Highly Fractured; fracture spacing less than 5 cm

Table 8. Classification criteria for weathering. The criteria for clas-
sification is referred to Geologic Logging and Sampling
of Rock Core for Engineering Purposes by Decre er al.
(1977)

Grade Description

F Fresh; no visible sign of weathering

SW  Slightly Weathered; penetrative weathering developed on open
discontinuity surfaces but only slight weathering of rock material.
Moderately Weathered; weathering extends throughout the
rock mass but the rock material is not friable.

Highly Weathered; rock is wholly decomposed and in a friable
condition but the rock texture and structure are preserved.
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Figure 1. (a) Geologic map of the study area (after Cho, 1998). (b) Location map of boreholes in the study area.
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Figure 2. Structural geologic map showing the orientations of
faults and joints in the study arca.
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Figure 3. Lincament map interpreted from aerophotos of the study
area. NNE direction lineaments are the most dominant
and ENE set is the second dominant lineaments. Dot
is well site.

7V 2-A8kA vERga vk
@ N12-22°W/38-40°SW #3ke] AL AFE
Jezoz BAYD 3o, AokxAl 2
e ®
@

AZANE

2 il M=

285 FAAE

Fm A s,

TL

HZo A FgolEdtE
o}l ZAL AT W2H F

a Qith

() N2-8°E/58-72°SE 33
287 FAREZA 25
5 I0E 55
R'-shear=® 32 el

N22°FE,/41°SE, N52°E /48°SE w-3te]
ZA 9 280 FAHSAA B
of wpE 9 R
3 F3olw
W2 A E(Se)el
80°NE "}3ke] ©

T=

ol yst s}
on, Fo}zAl A
SRR REE

66°W /18°NE
N46°-60°W/72-
80°W,/72°SW &k

S

92

€Y (b

Figure 4. Equal arca projections of poles to fractures on the
ground surface in the study area. (a) faults data, (b)
joints data. (c) contour diagram for fractures in com-
bination of (a) with (b), showing four sets of fracture
groups. Low hemisphere projection.
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Table 4. Simplified core log sheet of B-1. Table 5. Simplified core log sheet of B-2

Hole Depth Rock | Weath- | RQD | Frac- Remarks Hole Depth Rock | Weath- | RQD Frac- Remarks

No. P Type ering (%) turing No. P Type ering (%) turing
Fill HW 0 HF-MF Fill SwW 0
MW-SW| 72-86 SW-Fresh
10.0 10.0
87-100 | MF-Solid
20.0 90-100 | SE-Solid 20.0
- — p11-27.0 Consolidatd
13-67 | HE-SF fault zone
(fault gouge
30.0 s 30.0 & breccia)
: Consolidatd
0 HE | ¢t zone Fresh | 71-100 | SE-Solid
. (fault gouge)
By |20 |Banded 90-100  Solid By | 420 | Banded 23470
Gneiss | Fresh Gneiss S Consolidatd
46.1 17-47 | HF-SF | fault zone
47.0-49.6
0 F i
c0.0 H Highly Fract. 50.0 5 hE Core loss
zone Highly Fract.
zone
88-100 | Solid
60.0 , 60.0 61.5-71.6
—_ Solid Consolidated
fault zone
89-100 30-60 | HE-SF | (i gouge
& .
70.0 70.0 SW- 171.6-73.3 breccia)
MESF Fresh 0 HE }hg}ﬂgnlsract.
z
Solid 28-79 | HF-SF
4‘@0,3 80.1
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Table 6. Simplified core log sheet of B-3

7 A%4
67%= wA VERIW, 47.0~49.6 m T3HS 0%2) S
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FAA T FE/EF 3ol M 22 YEhdt

AFEF ARTZH0~69 m)e] G % Asbd= F3}
so} o, B-133 Zo] WMoz F4d £ 3 EH 3l
A= ot A7 noddl 72 F 21.1~27.0m #34&
FHIAIE X8k o2 Uehta, 47.0~49.6 m 7H2
o}3]4=7} A8 okl FHol&A(core loss) koIt o A8
Z+4 5 cm ©]2ke] HE(Highly Fractured) S5l si4=
Moz "X g xgete ustd dFix glov,
25 HAo] fle iz vetdot. oid ¢
73.3 m Tl = Vel 93, 2 Yelx AR
vl nokf st Sl e o 2
3l o] XHe] Fu3FL N60°E/62°SEQL& &
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o
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Al A FA 3.0 m P2
FHnete s 7449
o] A|FFAAE Ak oF 13.0 m7HA] SWel FaA =& Veh)
3, 12 5= AAsith a8, 49.3~51.1 m E2He okl

Table 7. Simplified core log sheet of B-4

Hole Depth Rock We‘ath» RQD Fr?c— Remarks Hole Depth Rock Welath— RQD Fr:.ac- Remarks
No. Type | ering (%) turing No. Type | ering (%) turing
Fill [SW-MW 0 Fill 0 HE-MF
) MW
53-74 |MBE-Solid 0-23
29-67 ]
10.0 10.0 HE-Solid
sw — 12.7-13.9 °™%) Consolidated
0 HF fault zone
12-73 |[HF-Solid
20.0 SW-Fresh 20.0 SW b10-305
Core loss
0 HFE-MF | Consolidated
88-100 |ME-Solid fault zone
30.0 300 (gouge &
24-67 |ME-Solid|  breccia)
Fresh
40.0 40.0_ | Banded
B-3 |— B4 |— , _Soli
Gneiss 79-95 | SF-Solid
Banded
Gneiss
50.0 149.3-51.1 Core loss 50.0 48.0-55.5
0 HE . Core loss
SW-Fresh Highly Fract 52 HE-SF | Consolidated
17-42 | HE-SF zone Fresh fault zone
4
600 4 Consolidated 600
fault zone
87-100 Solid
70.0 Fresh 83-99 SF-Solid 70.0
80.1 80.2
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Fre A SWel Fa AT Rt} o33 A2 72.5~  Table 8. Simplified core log sheet of B-5.

73.2 m F7ho = vepdth. AR gE 0~7.0 m7kR] 53~74% Hole Rock ) RQD )

2wy JEh}T, 7 sHRs g AR 90% o) Ake] ok B No. Depth Type Weathering %) Fracturing| Remarks
Qlt}. 1y, 49.3~51.1 m7HAl = A X 57 0%o] 3L, Fold Fill 0

Aol WAF use) Prro2A, o] NS FUE YFL N Mw-sw |_0-50_| HEME
65°E/50°SEZ wetH Qlut. 100

AFFobe] SfAEE Mt ez SFlA] Soliddl 3P H]

,PEHoE MEQ RE gt aevh, 4713 49.3~511 B %2;:? 94-100 | SF-Solid
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m FR7Ao] RESE ndde BT WM on wE wi=
A} 93, 1 F PRFo] AR ET3Eo gk 1 8 200
RINE Ao gREe) Bdo] Wy oz HEF o] o, i} 230
2 N&go) vlg due] WA nEgol o B

+ B-4%(Table 7) : & A|3F& 0~3.30m 7¢te] P23 FARX57} 50% ojshz ¥ Uehda, de)7kAL 10 cm 72
7 5o TR FAHngtoR o]Rolx Ut} 33~9.7m ¢ MEAHEelth. e}, 3.9 moll A Al%F ubgkel 23.0 m7tA|
T MWUIA SWel £I5E 7 m glow), 7 355 A = gRE 100%9] SAA5E 7xn], d2)zhde 20 am o4
2F 71751 802 m7pA] A= AAstTh B-13o]A B-3Z ] Solid&t Abejold}.
o ARSI R 85% o4 100% o|ZA|uk, B A|EF  A|FF B-1, B-2, B-30lA] AAF 2LHFAHE AEE A
o] AR GE 22 65-85% FE = F7ho] Bt £3],127  wlste}, 7 AETo] thg AZo|n|A|, ZAolnjx], FHARE,

~13.9 m$} 21.0~30.5m F7H& FAAFI} 0%0) 51, A1t

H
iCH

3w AL w2 Ui m(Figure Sa~c), o] 7}

F

o2
o
L)l

ol 5 cm Hgkl HEZo]th. o] 77he BF @22 7 258 YAFGel} S48 I9es Rdsd Axst g
48 28 wEtioll, YF Tl Zolade] BaT ol AuAel A wekeldrk(Figure 6).
. o] 9 BGe AL FA PN T FHH ek NZEBU SEEZ S4 1 AFTol) 2SHFANEE AT

+ B-53(Table 8) : ¥ NFFL 0~1.0m 7274 wj¥% & 45 u|aste] 2K sl Hel Dol Bad L B4
o2 T4 glof ThE ol vls) slNet Nt & Holth  BAa) wekvh(Figure 6, Table 9). o}8] Bgoz W o
LOm ofshe A2% ez SeR sydrides T48 Dol 9g Wl $U 44717 (mechanism)ol w G572 7
T L0~ 100 m7AXE MW SWe) 358 14, o 28 "ast vk 2 3, T3] 2uE Azt Sl 3
Wo] E35)o] Wshe] Uehdth of F2 10~39mAAe] oz BdW Juvt e F A9 Bde] UL AT, o] B

®)
Figure 5. Acoustic televiewer image logs. (a) B-1 at depth 45.9~50.2 m. (b) B-2 at depth 48.4~52.6 m. (c) B-3 at depth 48.3~52.5 m.
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Figure 6. Equal area projections of poles to fractures, showing
orientations of fractures in the three boreholes. (a) &
(b) B-1, (c) & (d) B-2, (¢) & (f) B-3. Low hemisphere
projection.
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HAEE A2 vEA 2
TUY SHstolA T
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59 AA7| ) 8k,
&L L}E}lﬂt}(Engeldcr 1985). &3,
A3 dgolgte gHo) Agste %52,
ot GEHe] A, & §3F 0] =t gEA| A Ha, o)
o) mz} o] dHE] A3tg FEol ¢ 01 g 42712 4 9
oumg olgg ME OE gdFoR FEIE Zo] nigad
Aot}

« B-1% : & X329 YU ET = Table 99 7o} = A 274
mato 2 yelit}. o] & N60-90°E/>60°SE Wake] ga
& A7y F FRHe] 9 GSet 1(N50-82°E/55-
90°SE)3} ¥x]3}ar, N20-60°W /> 60°NE 3k-S x| § 2 gh)
A8E BA3 GSet 3(N46-72°W/60-85°NE) v o]l 3]
#rh N60-90°E/>60°SE & ddF2 Hg ©Gdt4o] 35
cmZA] R oA A AL E dre] i, N20-60°

“REG ol - HFE
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Table 9. Fracture groups analysed from televiewer log data. Code
means fracture type; code l:clear fracture, code 2:mor-
mal fracture, code 3:acceptabe fracture.

Code 1 & 2 (%)

Hole  Fracture Dip Mean Spacing
No. Direction  Angle (cm) Code 3(%)
N60-90E  >60SE 35 429
57.1
B-1
N20-60W  >60NS 57 26.9
73.1
N50-90E  55-85SE 47 21.0
79.0
N20-50W 50-80NE 56 15.4
84.6
B2
N10-30E  50-70SE 127 13.0
77.0
NI0-50E 40-80NW 141 4.0
96.0
N40-90E  50-80SE 30 24.6
75.4
B-3 N40-60W 50-80NE 55 21.1
78.9
N10-50E  <40NW 239 54.5
455

W/>60°NE ¥3gFe] g% 57 cm®] Hif
ANRThe gdz7e] YA oA 5@
B}

0, ol % gl S

-—a"(codc e
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oz 2eMFNZ
N60-90°E 1y}

N20-60°W 3}
tﬂa‘t o] s
Z N60-90°E
vjs] @

ol 44 B

o B-1%7 v A &2 GSet 1 g
ek A E 9 g GSet 3 &
GSet 2(N2-8°E /56-86°SE)

N50—90°E/55-85 SE H
4T, N20-50°W/50-80°NE
9, N10-30°E/50-70°SE Wake
SGETH A RS ThA 247 o] e 2EAIE 5
t}. o] & &, N50-90°E/>55-85°SE @8 & Wi ¢tz o]
47 cm2 A B-220 A 713 B $d AL 71AY N

R =S B e |
20-50°W/50-80°NE T+ & 56 cme] H# @d74L U

ZO
o

 B-139] o] 0&F gdTH A9 vk, B-13olM= &
AFA L Holx 2gkd NI10-30°E/50-70°SE @dF& 127
cme] ¥l A e FF FArA S 7T

o] G FE0 I @ FFL 23, N50-90°E/55-85°SE
Ararell A 55 1 & 27} 21.0%E A8k glo], HlZ 3 E7HE
o] 33 FEg 5o %‘%fs}i it} o} Fol= Ax 3

A SRS BEE 495 E850) o), o HEes P43
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Figure 7. Equal area projections of poles to all fractures from the
three boreholes. The dominant fracture sets are similar
to those of outcrops in Figure 4. Low hemisphere pro-
jection.
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Bldth. B-139) 21~22m FHAE &9 §&57 5004
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o, @dd Sof o9 ze
(fracture porosity)ol 743t HH, o]
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