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Relation Between Fracture Frequency and Hydraulic Characteristics
of Granite in Busan Area
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When constructing subsurface structurcs and drilling wells, the precise hydraulic parameters must
be obtained for operating safety and [or developing cnough cquantity of groundwater, respectively. In
this study we conducted waler injection test al different depths on six borcholes drilled in the granite
of Mt. Geurnjeong. Hydraulic conductivity was calculated using Moye and Hvorslev methods. The
relation between hydraulic conductivity and fracture frequency data obtained from acoustic televiewer
and core log was analyzed. From the result, though the correlation coefllicient hetween the hydraulic
conductivity and the fracture frequency from acoustic televiewer data is higher tham that between the
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the hydraulic conductivity and the fracture frequency from core log data on most of the test holes,
the correlation coefficient between the hydraulic conductivity and the fracture frequency fram the
televiewer data is lower than 0.5. This suggests that the hydradic conductivity of granite in the
study area is influenced not only hy the fracture frequency but also by various factors of fracture
network such as fracturc aperture and length, interconnectivity of fractures, fracture orientation and
angle, filling material and so on.
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Table 2. Basic statistics of hydraulic conductivity. Upper values are from Hvorslev method and low

from Moye method.

KJ14 KJ17 KJ18 KJz21 KJ22 KJ4

No. of Data 15 21 18 16 19 16
Min 7570E-11 3420E-10 2.210E-10 2.520E-10 4480E-10 4.650E-10
(m/sec) 1.040E-10 4.680E-10 3.020E-10 3.440E-10 6.130E-10 6.360E-10
Max 5.300E-07 3.040E-07 1.540E-06 1.260E-06 1.430E-06 1.160E-06
(m/sec) 7.250E-07 1.100E-06 2.110E-06 1.730E-06 1.950E-06 1.580E-06
Mean 6.401E-08 8.951E-08 1.42912-07 2.724E-07 6.804E-07 2.43112-07
(my/sec) 3.839E-08 1.224E-07 1.957E-07 3.736E-07 9.312E-07 3.328E-07
Std. Dev. 1.349E-07 2.183E-07 3.833E-07 4.535E-07 5.927E-07 4 42248-07
(rm/sec) 1.846E-07 2.986E-07 5.201E-(07 6.222E-07 8.108E-07 6.056E-07

Skewness 2707 2454 2.79% 1.303 0.052 1421

2707 2.454 2796 1.304 0.045 1.421

Kurtosis 6.465 4628 7.000 0.002 -1.786 0.085

6.464 4629 7.014 0.003 -1.789 0.086

Table 3. Basic statistics of logarithmic hydraulic conductivity. Upper values are from Hvorslev method and

lower values from Moye method.

KJ14 KJ17 KJ18 KJ21 K22 KJ4
No. of Data 15 21 18 16 19 16
Min -10.1 -9.47 -9.66 -9.6 -9.35 -9.33
(m/sec) -9.93 -9.33 -0.52 -9.46 -8.21 -9.2
Max -6.28 -6.09 -5.81 -59 -5.84 -5.94
(m/sec) -6.14 -5.96 -5.68 ~B.76 -5.71 -5.8
Mean -7.859 -8.171 -8.029 -7.669 ~6.768 -7.425
(m/sec) -7.723 -8.033 -7.893 -7.531 -6.632 -7.29
Std. Dev. 0.935 1.025 1.057 1.329 1.128 0.943
(m/sec) 0.9378 1.023 1.057 1.329 1.125 0.944
Shewness -0.614 0.636 0.483 -0.169 -0.863 0.1
b -0.622 0.632 0.438 -0.166 -0.865 0.1
. 0.099 -0.816 -0.651 -1.438 -0.799 -0.679
Kurtosis
0.126 -0.821 -0.658 -1.439 ~0.794 -0.68
Ao oaia M= wws] 2 2z} KJ2E A9 o} Aoty e ATd mEl sl FEA
& RE /\]—7}‘-"5'—94 Sl EEr ATE¥E(Table 2) § Holx Hem dHA UHFreeze and Cherry,
Brls g FEF(Table 3, Fig. 2yl o 7l7k& 1979, Goodrich, 1991, Loiselle and Evans, 1995).
Aoz L':l'Eq'}le}-- olz{dt AF= 7|E ATEH el dukEoRn SEAEEE Axd Wb
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Fig. 2. Histogram of hydraulic conductivity by (a) Moye and (b} Hvorslev methods

(a)
(b)
-10-9.2-8.4-7.6-6.8 -6 -5.2
KJ17
* Vo (=)
3 p— N
0~ 1 1
-9.6 -8.8 -8 -7.2 -6.4 -5.6
5 (b)
4
ES T
2 o I \
1 I = \-\:L r
-06 -88 -8 7.2 -6.4
KJ21
3 — (a)
2 — -
— /’/ \\\
1 e _—
, I
o I i ____‘___ ||
S68-B8 -8B -72-64-5.6
a - (b)
2 - e
;/,
1 e —‘
0 =T

I
-10-9.2-B.4-7.6-6.8 -6 -5.2

fitted with lognormal distribution.

286

O =2 N W & @

KJ14

-6

9.656-88 -8 -7.2-6.4-506

/’“‘\

ufll i

-10-9.2-3.4-7.6-6.8 -6

=51

K.J22

-2.6-8.8 -8 -7.2-6.4-568

I
-8

-9.6 -8.8 -7.2-6.4-56



KJ 4

Hydrmulic Conduciivity (m/s)
1E-008 1E-007
P R A T! ERA W M-

1E-006

Depth {m)

KJ 17
Hydraulic Conductivity (m/s)
1E-008 1E-008 1E-007 1E-006
o——l I S R R NET] B AT R
] I S -
9 x
E
=
=
&
o
A
!
a [ L e A
4] 5 10 15 20 26 30 36 40 45
Fracture froquency {no/ 3m)
KJ 21
Hydraulic Conductivity (m/s)
1E-009 1E-008 1E-007 1E-006
0 = L IR AT |
El
E
£
&
a

Fracture frequency (no/ 3m)

- 2=l A Exe] AT
THEnl=s FEd 549 A
KJ 14
Hydraulie Condustivity {m/s)
1E-009 1E-008 1E-007
[ pE———— ! L Lol tentel
E
£
&
Q
KJ 18
Hydmulic Gonductivity (mis)
1E-009 1E-008 1E-007
0 Ll I ) e alitl L J——
£ 1
S
B
o
o
51 B e e s e e St
0 5 10 15 20 25 30 35 40
Fracture frequency (no/ 3m)
KJ 22
Hydraulie Conduetivity (m/s)
1E-009 1E-008 1E-007 1E-0
g I | o ol f ol
]
- |
E
g —
a |
|
}
<

Fracture frequency (no/ 3m)

Fig. 3. Estimated values of the hydraulic conductivily, fracture frequency from core and televiewer
depth on the test holes. @ indicates test-failed position, and A and ¢ indicate leleview

core data, respectively.
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Table 4. Basic statistics of fraclure frequency. T

means televiewer data and C means core log data.

KJ14 KJ17 KJ18 KJ 21 KJ22 KJ4

T C T C T C T C T C o
No. of Data 15 14 21 21 19 19 16 14 19 19 16
Min - .
(nos/3m) 7 1 13 12 10 12 | 18 7 12 5
Max - . : a
(nos/3m) 33 29 41 43 38 38 44 42 31 38 34
Mean - . . .
(nos/3m) 189 145 | 24.9 244 212 245 221 29 174 | 21.9 172
Std. Dev. . N
(nos/3m) 7.39 879 | 848 7.74 9.07 7.14 11.8 7.76 6.8 6.05 9.05
Skewness | -0.032 | 0.073 | 0.057 | 0473 | 0534 | 0.076 | 0.083 | -0.092 | 0452 | 0.687 | 0.222
Kurtosis -0957 | -1480 | -1.330 | 0198 | -1.134 | -1.047 | -1.119 | -1.333 | -0.961 | 0.416 | -0.411

Table 5. Basic slatistics of logarithmic Iracture frequency. T means televiewer data and C means core

log data.
KJ14 KJ17 KJ18 KJ 21 KJ22 KJ4

T C T C T C T C T C C
No. of Data| 15 14 | 21 21 19 19 16 14 19 | 19 16
[\rﬂg‘%m) 0.8451 | 0.0000 | 1.1139 | 1.0792 | 1.0000 | 1.0792 | 0.6021 | 1.2553 | 0.8451 | 1.0792 | 0.6990
(Mngé/?;m) 15185 | 14624 | 1.6128 | 1.6335 | 1.5798 | 1.5798 | 1.6435 | 16232 | 1.4914 | 15798 | 15315
mgg%m) 12377 | 1.0407 | 1.3701 | 1.3665 | 1.2804 | 1.3608 | 1.2629 | 1.4467 | 12080 | 1.3250 | 1.1601
(Séé’é/s?rﬁY' 01997 | 04002 | 0.1584 | 0.1423 | 0.1845 | 0.1352 | 0.3000 | 0.1240 | 0.1745 | 0.1187 | 0.2589
Skewness | -0.677 | -1.152 | -0.278 | -0.316 | 0.128 | -0430 | -0.8%6 | -0.378 | -0.149 | -0.040 | -0.276
Kurosis | -0.819 | 0.626 | 1457 | -0.377 | —1.440 | -0.759 | -0.493 | -1.392 | -0.942 | -0.431 | -1.465
7 A oHZ(Sagar and Runchal, 1992  chyRlsel fe|ME=ze| 2
Frecze, 1975), €&ilsrl dpaitesst #d& FHREEE BdPe) SYE(DL UE, ¢
7}21-2213 Gotr7] fgte] WANI=E Wrate F odw Ak o), AZA4, 484, gdHY
2 @8ste] HPTHTable 5). 285 GdU=gd  BR)d g4 BFzHoz AAr) uehd, @
o1 tH-r e st /‘4E°ﬂ oFiA Mz vlad & gA @A e e F8 gdel Eee
2 AETO) WA AFRE 2o b A% 5ZL F9 SE T, v FRME =9
TR TEL 5 7]‘77]'7: Aol wrEA vERE, g Aale BRob JehdA g 35E g
AAHeR ATEE(Table 4t dFHTEEL  (Mjyakawa et al, 2000).
(Table 5ol M7k &2} Bl&o] Ao H|ZdA o} B deAs ddne] 5AE Zed Ddun
el o fEARRY BAL delrr] SiF, & AF
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