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ZAEYRANN FIHET0 et FRESH et T4
Analysis on Scale Effects to Hydraulic Conductwutles
in Crystalline Rock
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Hydrogeologic characteristics of crystalline rock including discontinuities is defined by the hyd-
raulic data from the in situ test and by analytical method. Mefhodology and procedure of the
in situ test are used in accordance with test purpose, site condition and characteristics of host
rock. Hydraulic conductivities in crystalline rock including disconﬁnuities such as fractured zone
and joint, are defined by packer test and slug test. '

The results indicate Hvorslev's theory of ground water flow in NX borehole that the shorter
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of test interval is, the higher hydraulic conductivity is. This is an indication of the fact that the

hydraulic measured were governed by scale effect of test interval, even at same borehole. According
to the result of packer tests in two boreholes, it is understood that hydraulic conductivities show

variations according to the effect of as order of tests. In the comparison of hydraulic conductivities
from both of open borehole tests, the results are relatively well correrated in values. The hydfaulic
conductivity in the test intervals including hydrogeologically significant discontinuity shows relati-
vely higher value of hydraulic conductivity in vertical distribution of full depth.
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Fig.1 Schemtic of downhole sel-up festing using the double-packer system.
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Table 1(a). Packer fest sheet for borehole of AW—2,
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AW=2 A1EFNA 2m HHo2 AE
A dmFH em7tA oA HiH
437X10 cm/sec® VBRI H, 44m%E 46m
A F7H A A2 QL 1.68X10 °cm/secE:
JepTh 6m 208 AHH diks o

B
-

Cont. 2m Infenval ém Inferval Ful Distance /YT

Depth(m) K T ) K T K ™ o (=K/Koe)

03-20 475 950 |

20-40 204 | 588 _

40-60 4368 8736 16.46 1008 048 061

60-80 276 552" '

80-100 379 758

100-120 485 970 394 189 1134 048

120140 317 6.34

140-160 356 7.12

160-180 | 317 6.34 322 221 1326 069

180-200 293 5.86 '

200220 398 596

- 212 | 9540

220-240 272 544 298 226 1356 0.76

240-260 3.24 648

260—280 379 758

280-300 404 808 384 145 870 038

300-320 367 7.34

320-340 449 898

340360 422 844 414 229. | 1374 055

36.0-380 372 7.44

380—400 381 762

400420 276 652 2.85 185 11.04 065

420-240 198 396

440—460 168 336

460-180 205 410 203 | 156 936 0.77

480-500 236 472

Tofal Ave. 493 986 493 295 1769 212 95.40 061

UNITS : K(K', K")=10"cm/sec
(T, 7)=10"%m/sec
* K Ave. : arthmatic average
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Table 1(b). Packer fest sheet for borenole of AW—1.

cont.| - 2m Intenval 6m Infenal - Full Distance 7T
Depth(m) K T K ave. K T K" ™ (=K/K ae)
15-20 - '
20~40 17600 | 35200 ‘
40-60 3000 6000 | 6982 | 3945 | 23670 056
60-80 346 692
80-100 249 498
100—-120 17| 342 183 194 nes | 1.06
120-140 129 258 .| |
140-160 290 580 _
1180—180 244 488 | 243 1553 93.18 640
180-200 194 388
200-220 287 574
220-240 150 | 318 | 190 581 3486 | 456 | 20520 304
240-260 127 254
260—280 121 242
280-300 375 750 269 | 789 4734 305
300-320 - 281 562
320-340 200 400
340-360 485 970 379 1477 8862 389
360-380 | 453 908 |
380400 5170 | 10340 , ,
400—420 4100 | 8220 | 4703 | 2004 | 12024 043
420-440 4830 | 9670
440—460 5020 | 11840
460-480 367 | 734 | 2254 594 35,64 026
480-500 476 | . 952 ‘
Total Ave. 1899 | 3798 | 1899 1392 | 5887 456 | 20520 233

UNITS : K(K', K)=10"%m/sec
T(T, T)=10""m/sec
% K Ave. © arithmatic average

B 8m7tA o FhelAM 190 101X10
cm/secE WENH, 26m%E 32m7tA #7t
oA HAAY 145X 10 cm/secE VFERAT
A7t Qg FAAEEE 212X10 % em/
secE VERITH 2 mTtALE A EE $8A
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Fig. 2 Schemafic of Groundwater level’s changes in Down and Rise Slug Test Systems.
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Table 2(a). Slug test(rise) for hole NoAW—1.

RISE
Blapsed fime(min.) | Water level below MP | Displacement(m)
05 476 0.18
05 476 0.18
0.55 472 0.14
1 470 0.12
025 469 01
15 468 0.10
2 467 009
3 487 009
6 465 008
8 4645 0.065
10 464 0.06
25 463 0.05
40 463 005

SWL ; 443 below ground level
MP 5 0.15 abowe ground level
MP : measuring point ‘

Table 2(b). Slug test(down) for hole NOAW—1.

DOWN N
Blapsed time(min.) | Water level below MP | Displacement(m)
0 445 0
05 450 005
1 458 008
2 458 0
3 458 0

SWL 443 below ground level
MP 5 0.15 above ground level




Table 2(c). Slug fest(rise) for hole NoAW—2.

RISE
Elapsed time(min.) | Water level below MP | - Displacement(m)

05 - 476 018
025 504 0.14
0.75 598 0.10
1 498 008
15 497 - 007
2 496 006
3 495 - 0.05
4 494 004
5 493 003
7 492 002
10 491 0.01
12 4905 0.005
15 4905 0.005
20 49 0
25 49 0

SWL: 484 telow ground level

MP

;0,06 above ground level

Toble Q(d). Slug test(down) for hole NoAW—2.

DOWN

Elopsed fime(min.) | Water level below MP | - Displacement(m)
0 47 02
05 475 0.15
1 479 011
2 482 008
3 485 007
4 . 486 004
6 487 003
8 488 002
10 489 001
13 490 0
16 490 0

MP

SWL: 4.84 below ground level
1 006 above ground level
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Fig. 3(a) The relation curves of time-waler level change in
rising slug fest of AW-1.
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Fig. 3(b) The relation curves of time-water level change in
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down slug fest of AW-1.
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Table 3. Hydrulic conducivities of each borehole by slug

fest.
Hole [nifia! K
Methods | Depth | Head, s | Rw | Re
No. Change. cm/sec
AW. : RSE | 4557m | 0.24m |0.038{0028( 317X107°
DOWN |+ | 005m |0038]0025( 458%10~°
W2 RSE | 4516m | 020m 0038|0025 303X10~°
DOWN | ». | 0.15m |0.038]0025| 295X 10

| T 2te| A

a2f-4Gab)E E9454Y
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—23¢ A% 10m7I e F3 o) (4me A 6m)
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AAT B AT o] &} g8t
FEAEEHE VERATE AW-248F
AW—1AEZ XY 6mT4 FEl A==k
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Cont, Discontimuities 7 les. [Ra
' Nusher | Aparture [Weathering|Ciush| (%) | (x)

Depth(s) open |[closs | Zone Ix10ca/sec '51:10"“/ soc
0.3-2.0 10 |7 ] 3 st 0 |00 | o35 |
2.0-4.0 8 |4 | 4 s 0 |98 |5
4.0-6.0 5 4|1 m |70 {9 |05
6.0-8.0 s |o|s Fr 0 100 [100
80100 | 2 [2 ] o Fr NEXEX -
100120 | 3 [3 ]| 0 Fr 0 [100 J100
120140 | 4 |2 | 2 st o | 985|985
14.0-160 | 4 |3 |1 ;K BEYET
16,0-18.0 1 o |1 e | o |wo |00
18,0200 | 4 Jo | 4 st 0 [100 |oe
200220 | 4 |1 |.3 st 0 (w0 J100
20240 | 9 |1 | 8 st |20 [9 |as
24.0-26.0 8 3| s sY 4 | 97| 97
26,0280 | 4 |3 | 1] = 0 |98.5| e
28.0-30.0 [ 5. |4 [ 1 st o [100 o5
30.0-32.0 8 |3 (s sy 5 | 98.5| 98
32.0-4.0 | 15 |5 |10 s 5 |o7.5| 73.5
U030 [ 13 [ ]9 | s |40 [o5 |
36.0.3.0 | 5 |3 ] 2 M- | o [0 |95
3.0400 | 12 [2 |10 st |20 |o97.5] 8.5
wo420 [ 12 |2 |w0 w15 |95 |s2s
20440 [ 10 |[2] 8 W |30 |o7 |ses|
44,0-46.0 9 . |2 |7 s 9 | 93.5{ 62.5
46,0480 | 12 [3/| 9 st |30 % |m
48,0-50.0 15 i |n " § 36 | 92.5( 63.5

—_— 2 n Interval
— & u Interval

---- Full Interval

Fig. 4(a) Vertical Disfribution of Hydrauric Conductivifies for differant fest Infenvals in AW-2 Borehole




453

Cont,
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Number .Apertuns Yeathering|Crush| (%) | ()

Depth(m) open|close Zone 1%10 ¥ cn/nec Ex10"cw/s00 1x10%ea/zec -
1520 | 3 |1 ]2 su o |00 |80 .
2040 | 13 |76 W |78 | 8156 i XX (I
4060 | 1 |5 |6 | w |8 |ers| 3 ! \ Ii
6080 | 4 [z | 2| s | o 100 |5 . '
8.0-10.0 6 |3 | s st o |00 | o975 : .
10.0-12.0 | 10 [2 | 8 st 12 | 92.5| 70.5 :

120140 | 10 |1 | 9 st 6 |95 |90 ! ]

4.016.0 | 9 |5 | 4 wmo |45 |95 |ses I i

1160180 | 12 |5 | 7 sv 0 |00 |93 : 3
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20,0220 | 12 |7 | 5 W |10 |95 |80 I o
2.0-240 | 6 [4 ]| 2 v 9 {95 |90 :

24.02.0 | 9 |1 ] 8 st 4 |orns| e25 .
26.0-28.0 | 17 |3 |4 sw 11 |95 |85 | :

28,0-300 | 17 |8 | 9 "] 19 | 97.5] 51 {
30.0-32.0 | 14 |4 |10 st 0 [wo | 725 ! L
320340 | 9 |4 ] s w |46 | | N .....!
M.0-3.0 | 20 |8 |12 | 0 |92.5] 35 E'J ' i
36.0-3.0 | 13 |6 | 7 w55 |5 | & : i
8.040.0 | 13 |7 | & w |43 |80 [sa.ss ‘: ’ '
40,0420 | 16 |5 |1 s 8 |95 | 725 :
2040 [ 13 |5 | 8| mw |7 |ezs|2ss ':
4.0460 | 9 [s | 3 st 18 | 93.5| 85 !

46.0-480 | 10 |2 | 8 st 0 |100 |95 |_,"]

48050 { 7 |5 | 2 =] 0 100 |100 !

' ————{ EGEND—————

Fig. 4(b) Verficat Distribution of Hydrauric Conduciivities for diffiersnt fest Infervals in AW-1 Borehole




ARFAPA AN FAFERS D FRES 28 £

Table 4, Hydraulic conductivities of 2m inferval, 6m inferval
and full distance for each borehole and their relatio-
nship each ofher.

“ Hole No. Interals |K e (0" %em/s)|  Relation
N c2m -] - 493 -
AW—2 6m 295 | To=080T,

Full Dis. 212 Ti=043T,

2m 1899 -
AW—1 6m 1392 Te=0.73T,
Full Dis. 456 T=024T,

71” 2m71_}259_
‘—’J(' 60%) 3F3s, A7 APeE FI

AR FFEFAF(TIE mtFAe2 44
do] 7 B FLHAF(TIY & 43%0]
gk

AW—-1A B2 A omPihd HE Fad
EEE 190X10 ‘em/secol T 6mTHE Hit
FYAETE 139X10 ‘cm/secol o} £& A
Fez 3 FIHUAEEE 456X10 *em/sec
ot} omtA L2 AAsA T3 HiE
AeLrt emitAoe dRsted 738 Hit
FUAEERT Ay mitFez 4Asly
T Y FUAELIF AL 2 AAF
78 Hy FEARERY ag, & B,
A2 v s B emtF o2 73 #d

T FrFAFE 2middog 73 E4g
A49) oF 73% o) B3, AL Aldo s
T3 ATN BEFAL(TIE miFde=
ANEY T BE FFFAF(TISY &+ 24
%ol jFEct

Z AEFNA 2me} 6mLﬁ°§ A2y 5t
Asz By A" 4 FE fYAEEE
FAA 7Y o] FEFE FHARE

8} YaBEFFAs7t AR (Grisak, et al,
1986), ol g AFE-E NXAEFolA 3¢
FUNEEAN A, WALE G AIETY F
WA dojutal A] 1502 5 £/278
A NG BF FHol o M E
ﬂ%m],Hvorslev-J o EHE FYAEEEIn
(C/r) s ARAA7} 9l 7t .27},5}“5
FE ARG 1A Er 7Y AEE
A o]FHAY AL FA AAsH F
UAE L AAEH 18 EE (spherical flow)
of w& FAFeo] TAS YA 44dy 4
Al B d B ez Fo| T3 (zeig-
ler, 1976). :

AI@*’—J -'-{U'IE-ICHI Eh:
ne2E ’—“.'%"‘.’;*(Scale effect)

AW-2N Y EE WA AZGE TS
AN B AFe] AW-2N Yo BRH
46m AT AN AW-1EFL A3
33, AW—2 ZEeIA ] YA YL AN g
#Md wapa 2N YL féﬂi%}‘}a;}. (
S E-59 A9 2ol WA AFEE FHSE
AW-2/1RF M m2E, 6m7td @ AF
ez ANE NgAFE Ve 2 73
HE AAE AW-1NETAAN 78 22
T8 g 4AEEEY 2% A4
ghdt), F AW-208FE A4 e,
AW- 148 Fo] sl AN ES HAsze
odte 46m FAT AW—-1AEF <9
FEAAA GG o] Ade A Ggg o}
2 EBd&de] Tyslol Ay FHAol
ZUEE Wasl S, AW-1A 83 ¥
T EIX*EH} AW—2A1 ¥ %1-4 By



£% B} ok o—gu) ZA Jehta ¢vkn
AT ol# T HAL AW-2 T AW-14]

T TUAYI 46m AR HA %]

- HEd AW-1 N¥2 289 $ax2 &
AT V1R Ed&H] gAH Udd o
- BAdo] A¥s)e] UzAY A1E(dead end
porosity) FE| 2 2E o] Wl wH va@
o3} APFFo] AW—-2AEFNAM FL&
FQl4e) ghgoz Qale o]0 HE o
A¥ F=(through porosity) 22 H&E%7)
el Aoz #ddd & AW~1 AEF
Fue FYAARH] AW-2 A|FF9 F
YA EL 2 JTE VA7) JRLE A5 H
th. & 46m A8k AX g 270 A1 F A
6m AAL2 T FYNG A A 93w
AW-1 N EFY §d4Axe] & 774E A
QT FYAEEE AW-2 AP T 9 A&
P FHARRET B A ek
ol & AIAER u|Fe] Hel BY AHEA
A FAAEE AT FLF 170
Add Wy FUAEEE AT o]
Holil, ZAMAAG U] AX ANEHH
N8R Azl wHNE FEEEYY
(scale effect)d] #AE el & &
A& Zuh( Sterrett & Nelson, 1985 ).

Al o x}0] (Packer
Test, Slug Test)ol. 2/t
TR A

AN G FEHL o L] AdF,
AT FHUAREE T317] A8t 23
INYE ANSFYT AW-1 2 AW-2 A
A9 BEFAERTE B-5A A9 2ol
A9 Tt EMHAT ¢ & Yoy
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UZo A48 AW-1 AdB) M) $ad
TE7 AW-2 ANE3Hg 2% A7) e
e B8-S Hola glth ol 3L A
AW—2 NEF9 FULez <& 2y
AW-1 AEF 29 B4 P 4LH
X el BAEHe A9 (displacement) 7t 7

o YA 2RSS FAB.

AW-2 AgFL 94 Z&stn, AW-2
Alggol i3l HAANEE dAEEEH
AW-2 N8BT FHe] pExddAo] 97
Q FES WA & FEHA A=
B 22048 o AT FPAEEs
333 d&ste golth

Table 5. Hydroulic conductivifies of each borehole from by
Packer fest and Slug Test, and their relafionship

gach other,
Test Slug Test Packer Test
(1X70~%m/sec.) (1X1075%m/sec.)
Boreholes| Rise Down | #%2m Int.| % 6m Int| full Dis.
AW-2| 307 295 493 295 | 212
AW=1 317 458 | 1899 | 1392 | 456

* Aithmatic Average in 2m’and 6m infervals
E9 H HEE

ARARAY RNA FAPERE T3}
7] fete] deize g FaEe FEBAHA
) AANGH 2aMPor T
AAgta O dd4e 4a vHasoh

AAA RN o FHTHo] EFE 2m
BN AAE FEAERY o)FXe 1
53798 2 Qv 6mitANA 44
T FUREEHIAE AT HFS e
ATy olHE A dalA AldTEe 5
Ahe) B3 AAAY 2, A&
SAo met 2AALA 9 st o) G g7
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olfe FYUTL FHAA THEEY 4F
idg 2" AW-1 AEFY AR
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A e AW—2A1 83T 46m FAS 43
3 AW-1 A1E39 AN G 3te &3y,
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E30] 45 YzAY A (dead end
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YN8 A S $A9
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FE ALY AAE o] §3te] ZAZ A
RHee ARE =S e Ao dadd,

#Ate 2

E Q7o gas FFzAAEY AT

ARE & F4 @ddAYelPY FAY

sAbd 38T 2T AgFERAAE
o A g =8y, B3 =44
EEE N E R B CE R EE E
7Abe =gdch
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