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At present, underground structures such as road tunnels, railway tunnels, underground petroleum storages and radioactive
waste storages are being constructed in numerous places in Korea. For the construction of underground structures, it should be
accounted for natural factors (geology, hydrogeology, soil, vegetation, topography and drainage patterns) and human-social fac-
tors (land use, urbanization, population, culture and transportation). Especially, hydrogeology should be regarded as an impor-
tant factor for evaluating the safety of underground structures and their impact to groundwater system around the structures.
This study aimed to recognize hydrogeological characteristics of shallow formations in the area from Dongrae crossway to
Seo-Dong where 45 boreholes were drilled for the construction of Line-3 subway in Busan Megacity. Slug tests for unsatur-
ated and saturated zones were conducted on 30 boreholes in the study area. From the result of the slug tests, it was identified
that average zonal hydraulic conductivity in the unsaturated zone was higher than that in the saturated zone. Besides, the slug
test result in the saturated zones may reflect hydraulic properties of the upper most part of the saturated zones.

key words : underground structure, hydraulic conductivity, slug test, unsaturated zone, saturated zone.
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Fig. 1. Location of boreholes (black circles) in the study area, Busan Megacity (upper right figure).
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Fig. 2. Geology of the study area (modified from Son et al., 1978).
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Fig. 3. Geological cross-section based on borehole geology.
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Table. 1. Thicknesses of landfill, alluvium, weathered zone, and soft rock in the study area.

Landfill Alluvium Weathered zone Soft rock
Min. thick., m (A) 0 0 0 0
Max. thick., m (B) 5.50 25.00 14.00 313
Range, m (B - A) 5.50 25.00 14.00 31.3
Arithmetic mean, m 1.32 9.68 2.27 9.23
Median, m 1.20 7.50 1.00 6.60
Standard dev. 1.11 6.27 3.9 8.44
Skewness 1.11 0.83 1.77 0.74
Kurtosis 2.90 -0.17 3.19 -0.45
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Fig. 4. Schematic diagram of slug test for unsaturated zone.
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Fig. 5. Schematic diagram of slug test in saturated zone
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Table. 2. Hydraulic conductivities in unsaturated zone.

- BT - AAE

LA - 7

Borehole Test zone (m) K (m/s)
BA-3 Alluvium (7.0-7.5) 1.46E-6
BA-3 . Alluvium (14.5-15.0) 2.19E-6
BA-5 Alluvium (4.0-4.5) 1.08E-6
BA-6 Alluvium (4.5-5.5) 4.68E-6
BA-6 Alluvium (9.0-10.0) 1.27E-6
BA-7 Alluvium (5.5-6.5) 6.67E-7
BA-8 J Alluvium (5.5-6.5) 1.38E-6
BA-12-1 Alluvium (3.0-4.0) 9.97E-7
BA-12-1 Alluvium (5.0-6.0) 4.33E-7
DBH-14 Alluvium (1.5-3.0) 2.13E-6
DBH-17 Alluvium (3.0-4.5) 3.19E-6
DBH-1-1 Alluvium (2.0-4.5) 3.05E-6
BA-4 “Soft rock (15.0-15.5) 1.81E-5
BA-5 Weathered zone (9.0-10.0) 1.44E-5
BA-14 Weathered zone (19.5-21.0) 6.23E-6
BA-15 Weathered zone (15.0-16.7) 2.67E-6

Maximum 1.81E-5
Minimum 4.33E-7
Range 1.77E-5
Mean 3.75E-6
Median 2.16E-6
Standard deviation 4.59E-6
Kurtosis 6.34
Skewness 2.45
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3.84E-6~9.14E4 m*s (a3t 229E4m’s) 182 AR/
Ao 6.61E-4~1.37E-3 (B3t 9.10E4)0|t}.

3, S8 QY £7EAHAEL AASKAL, Hvorsley
o2 T3 FEHAEEE 574E-7-6.80E-5 m/so B, Ak

- AR 1.98E-5 m/s°|th. Bouwer & Ricetloll &5t 42

AEEE 4.56E-7~5.53E-5 m/so|, A A7k 1.55E-
Sm/se]t). C-BPH| &3, FEATs= 3.23E-
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Table. 3. Hydraulic conductivity estimates of test sections of saturated zone using slug tests.

Borehole Test section (m, DTW) \Yi ell.)%::;;: 1 K }g?)i:l) evby Ig ogrvir]irs- )ngg
BA-1 Alluvium (6.0 - 7.0) 3.60 1.29E-07 1.10E-07
BA-8 Alluvium (20.0 - 21.0) 9.40 2.94E-07 3.23E-07
BA-9 Alluvium (11.0 - 12.0) 2.50 3.25E-7 3.73E-7
BA-11 Alluvium (6.0 - 7.0) 4.30 1.35E-6 1.58E-6
BA-18 Alluvium (5.0 - 6.0) 3.50 8.02E-7 1.01E-6
BA-19 Alluvium (10.0 - 11.0) 7.20 8.68E-8 9.63E-8
BA-20 Alluvium (15.0 - 16.0) 12.50 1.91E-7 2.50E-7
BA-21 Alluvium (13.3 - 14.3) 7.70 5.94E-8 7.59E-8
BA-22 Alluvium (12.0 - 13.0) 9.10 4.89E-7 6.02E-7
DBH-9 Alluvium (10.0 - 15.0) 3.50 3.66E-7 3.69E-7
DBH-9 Alluvium (15.0 - 20.0) 3.50 2.69E-7 2.65E-7
DBH-10 Alluvium (3.0 - 4.5) 3.58 1.30E-6 1.46E-6
DBH-12 Alluvium (6.0 - 9.0) 3.81 1.71E-6 1.79E-7
DBH-13 Alluvium (3.0 - 5.0) 3.82 6.31E-7 6.94E-7
DBH-14 Alluvium (4.5 - 6.0) 3.29 9.47E-7 1.07E-7
DBH-14 Alluvium (7.5 - 9.0) 3.29 1.10E-6 1.21E-6
DBH-17 Alluvium (6.0 - 7.5) 5.48 1.25E-6 1.43E-8
DBH-17 Alluvium (9.0 - 10.5) 5.48 1.37E-6 1.64E-6
DBH-18 Alluvium (7.5 - 8.5) 3.88 7.80E-7 9.74E-7
DBH-1-1 Alluvium (4.5 - 6.5) 4.18 2.62E-7 2.80E-7
BA-9 Soft rock (14.0 - 15.0) 2.50 1.55E-7 1.76E-7
BA-12 Soft rock (10.0 - 11.0) 9.30 2.96E-6 3.53E-6
Maximum 2.96E-6 3.53E-6
Minimum 5.94E-8 1.43E-8
Range 2.90E-6 3.52E-6
Mean 7.65E-7 6.96E-7
Median 5.60E-7 3.46E-7
Standard deviation 7.00999E-7 8.19E-7
Kurtosis 3.22307 6.01330
Skewness 1.56546 2.20336

6~73TE-4 m¥s0) 2, IS 1.93E4 m¥set), 22812 A
FAISE 733E4~137E-30| 3, B3-S 943FE40]th,

0|2 K& FEIMETo| A

A7 @ 708 S52A "] 33 o)) AAd
BA-6, BA-9, DBH-14, DBH-179] thslx], Zo]d X2z}
TFHREEe IAE A BETHFig 6). Fig 6914 =
= FeldEEsS UehY, A7 o715 EA I ¢
g TR EET AErHYEH 3 =R g2 84
315t BA-6ZZNME X BEEHE $3Z0] 13m7HA,
T3 13~14m, 7192 14.0melslE =Hof Utk &
AZ F7H4.5~5.5m, 9.0~10.0m FH 7]HiglolA A
H 730N ARESE, AFI FEHERS] 34

g nul, 2420} 7luilel <
=27t 3 Jehdn, ARFYEE
71t Aol wsle) Qe Azl

BA-95-3-| A

. == =,
= FHZF0

BRI
A= & o, ol
oz puEn.

| AE~12m, 7|92 120m

FE I o3l A= Ut $4F(11.0~12.0m 77h),
7IHRH(14.5~15.5m 72F) 2] AA) 77l thshM 47
SAAE 23 A FRiFERS] AAE B, F3
R} 7] AT Avkes AS € 5 ok

DBH-14339lX = A E2RE HEZFHE~1.8m),
Z21%(1.8~7.5 m), F31H(7.5~10.0 m), 7]%HFH(10.0 m©]
3l o2 o] Ut DBH-143-ZX & vjgs: @ =
A3(0.530m 77, T4F@.5~60m T7h), T3
(7.59.0 m FZHellx AXSE SHEFEAIEEN A3 o)
3 2 2339 SR 7MY 33, 233
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Table. 4. Hydraulic parameters of whole section of saturated zones using slug tests.

2

well No. K(m/s) by K(m/s) b.y K(m/s) by T(m?/s) by S by
Hvorslev Bouwer-Rice C-B-P C-B-P C-B-P
BALG Injection 1.98E-5 1.65E-5 7.49E-6 1.97E-4 6.61E-4
Withdrawal 2.07E-5 1.29E-5 4,03E-6 1.06E-4 7.33E-4
BA.7 Injection 7.30E-6 5.77E-6 8.50E-7 2.32E-5 9.02E-4
Withdrawal 5.35E-6 4.48E-6 1.42E-6 3.88E-5 9.02E-4
BA9 Injection 9.44E-6 7.25E-6 8.34E-7 2.26E-5 8.13E-4
Withdrawal 8.70E-6 6.85E-6 2.32E-6 - 6.28E-5 9.02E-4
BA.10 Injection 2.48E-5 1.76E-5 3.44E-5 9.14E-4 1.23E-3
Withdrawal 6.80E-5 5.53E-5 2.T7E-5 7.37E-4 1.23E-3
BA1 Injection 2.03E-5 1.37E-5 1.66E-5 4.36E-4 1.37E-3
Withdrawal 3.45E-5 2.76E-5 1.52E-5 3.99E-4 1.37E-3
BA_17 Injection 4.60E-7 2.87E-7 9.85E-8 3.84E-6 6.61E-4
Withdrawal 8.75E-7 8.06E-7 1.35E-7 5.28E-6 7.33E-4
BA20 Injection 5.06E-7 4.17E-7 1.13E-7 5.09E-6 7.33E-4
2 Withdrawal 5.74E-7 4.56E-7 7.15E-8 - 3.23E-6 7.33E-4
Maximum 6.80E-5 5.53E-5 3.44E-5 9.14E-4 1.37E-3
Minimum 4.60E-7 2.87E-7 7.15E-8 3.23E-6 6.61E-4
6.75E-5 5.50E-5 3.43E-5 9.11E-4 7.09E-4
1.58E-5 1.21E-5 7.95E-6 - 2.11E-4 9.27E-4
Median 0.07E-6 7.05E-6 1.87E-6 5.08E-5 8.58E-4
Standard deviation 1.84E-5 1.48E-5 1.13E-5 2.99E-4 2.61E-4
Kurtosis 443 5.36 1.25 1.31 -0.92
Skewness 1.91 2.13 1.51 1.52 0.82
Table. 5. F-test and t-test with respect to test section and hydraulic conductivity.
F-test t-test
Correlation —
coefficient Critical Calculated Slope Intercept
value
-0.1646 4.08 1.00 0.80
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3} Ao AlFe] YARE.08)E} A}, wlEhA, F339

N@F7} SRR AWEE S A0 Yepith
Sejckant STl A

5] d5tdle SR E B 9 4
g & 93, i Z B4 Soivt Askr 7ee F
8 B2 9% & & Ut v FS5F(BA4, BASS,
BA-6, BA-7, BA-12, BA-14, BA-15, BA-17, BA-20)]l
A E3h), A9 T3 AAEre] 7 A73AES A
AlBtRoH, SHEEH TR HAE 4R
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Fig. 6. Hydraulic conductivity with geologic cross-section.
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Table. 6. Relation between hydraulic conductivity (K) and distance from Dongrae fault (D).

FHE -

G - HAB

L BNE - B - BN - HES

Location (TM)

e v D (m) K (m/s)
BA-4 189073.2 208898.0 1794.45 1.81E-5
BA-5 189126.2 208899.4 1792.15 1.44E-5
BA-6 189253.6 208969.8 1853.60 1.98E-5
BA-7 189307.1 209021.5 1901.55 7.30E-6
BA-12 189692.7 209304.4 2157.29 2.93E-6
BA-14 189922.0 209378.9 2215.62 6.23E-6
BA-15 189969.6 209378.8 2212.16 2.67E-6
BA-17 190080.8 209448.2 2273.78 4.60E-7
BA-20 190235.0 209599.6 2414.35 5.06E-7
Table. 7. F-test and t-test between hydraulic conductivity and distance from Dongrae fault.
Correlation — F-test Hest
coeflicient Critical Calculated Slope Intercept
value
-0.8929 4.08 -5.25 5.92
U 237 NE QU A9 333, ek, Al A AL

583 AL goleiytt. 91 A3t AsHEFAE
el 22 & 458 AlFF F 3070 Al &3
SANGRA S AAE

SE7EAANEEN A, Bxse] #7h Felds

= 433E-7~181E-5m/s 9ol e HApS
3.75E-6 m/s0| 32, E3MH o} F#71H T A== 5.94E-
8~2.96E-6 m/sH Il o, B 7.65E-7 m/s°]Th.
g F3 A 774 FRIFAEEE 4.60E-7~2.48E-
Sm/s HYo 1ow, BHL 1.18E-5m/solt}, wElA,
Faie] #7hE FElAEETE 7P W2 3k Holm,
Foh) AA77R) Uig e sElAEer Easie
TP FEREE Hapkdo oF 3 7 =A veld
o} T3, A3 AlGA RS} R e 3)HEA
A, FHZU AlF4ES FRIAEE e Aol

= ALF Uehsitt.

TS 2 HEY A7t 17942414 m HAY df,
SUEEoBRE A FelHEE IHENE
AN A AAlEE 0.892901%00H, FElgkEo R
HE] A7l QojdeE AR TT) fhdhe A=
LIESIT

B A7e 2 sEvete] SAAEGENM FE T
AJe= A5k 5o AeHRE A #AdE FeAEe
A 2ol Ay Hrio YR HEE deu B2

Z T AN

2 A7e 2147] g A77PEARIel A
A&7 FR7IENEAIETY] AHIRLERAINE 34-
3yl o8l SR, ol A=At 3 A=A}
A8 E ATsd T4 GFreorridel gA=dn

A TBY, S=EFARIFAL, 2003, FAKRE X&) 7|
ZZAF HIA, 10-23.

FAE, SAA, AeE, A, AAF, &8, A7,
2007, B4R T4 FEIRIREALSA AsiR)E i
SAtele] BEA, AAFE}, 17(3), 367-379.

Azl zwe ol XAA, 7EE, A5H, &2,
o]lHFE A, o]FA, o|Hel, HATFE, 43714, ol
3, FAQ, AAE, Ay, AAS, A, FHEA,
ARy, 23], A4, 9XF, AL, v, AF
3 AlEel 71H9 1999, A3kE ogHx] 2 24
3} 71EdFEAAY), s=EA AT A, 541p.

&7 oMzt AFH, Z1Q0S, oA, 2007, A =4
2ol A3} AATFZe} TE&AtT #EE AANEE
BA A8AR1E, 40(1), 87-101.

EX) 5 o)t 197, NS, AP, 1978, d=A1E
T 5 - gHEF (1:50,000) 2 A, AR7NEA
T4, 27p.

ZAe)S-, 7rEE upMgl 3AE o] 5%, 1983, HAE
T BA7IEEE (1:50,000) 2 AWA, I=FEA)
AA724, 22p. '

ZHL 2001, ¥ARG ] AR iR &
7, 7ABg sy Gukst o]3HtAL S, 164p.



FAEN TR HFAEe| E B4 67

o7]%&, 1998, AWIZAPY, =MER H817|E, 799p.

A1, e, A4S, olHd), A3, 2001, <A
Al ot 3R F e el R w4k, A
238, 11(1), 63-79

A, 2&F, ALY, 2005, FAF AR v vAST}
7o) FelRlE B4, Rl%‘-a—@, 15(4), 407-421.

A, 434, o1, AAE, 4 93.-'?} ?‘P‘é, 2006, 74t
A AR Asie 4 B4, AQBAAE,
39(6), 753-770.

Bouwer. H., 1989, The Bouwer and Rice, Slug test-an
update, Ground Water, 27(3), 304-309.

Bouwer. H. and Rice, R.C., 1976, A slug test for deter-
mining hydraulic conductivity of unconfined aquifers
with completely or partially penetrating wells, Water
Resour. Res., 12(3), 423-428.

Butler, J.J., Jr., 1998, The design, performance, and anal-
ysis of slug tests, Lewis Publishers, 252p.

Butler, J.J., Jr, 1996, Slug tests: Some practical consid-
erations, Kansas Geological Survey Open-File Rept.
94-16.

Butler, JJ., Jr. and Hyder, Z., 1994, An assessment of the
Nguyen and Pinder method for slug test analysis,
Ground Water Monitoring and Remediation, 14(4),
124-131.

Cooper, H.H.,, Jr, ].D. Bredehoett, and 1.S. Papadopulos.,
~ 1967, Respose to a finite diameter well to an instan-
taneous charge of water. Water Resour. Res., 3, 263-269.

Fetter, C.W, 2001, Applied Hydrogeology, 4th ed., Pren-
tice Hall.

Freeze, R.A. and Cherry, J.A., 1979, Groundwater, Pren-
tice-Hall, Inc., 604p.

Hamm, S.Y,, Kim, M.S., Cheong, J.-Y,, Kim, J.-Y,, Son, M.,
and Kim, T-W, 2007, Relationship between hydraulic
conductivity and fracture properties estimated from
packer tests and borehole data i a fractured granite,
Eng. Geol., 92, 73-87.

Hvorslev, M.L., 1951, Time lag and soil permeability in
groundwater observations. Bull. 36, Waterways Exper-
iment Station Corps of Engineers. U. S. Army. Vicks-
burg, Mississippi, 50 p.

Hyder, Z, Bulter, Jr, C.D. McElwee and WLiu, 1994.
Slug tests in partially penetrating wells, Water
Resources Research, 30(11), 2945-2957.

Hinsby, K., Bjerg, P, Andersen, LJ., Skov. B., and
Clausen, E.V, 1992, A mini slug test for determination
of a local hydraulic conductivity of an unconfined
sandy aquifer. J. Hydrol., 136, 87-106.

McElwee, C.D., Bohling, G.C., and Butler, J].J., r., 19953,
Sensitivity analysis of slug tests. Part 1. The slugged
well, J. Hydrol., 164, 53-67.

McElwee, C.D., Bohling, G.C., and Butler, J].J., r., 1995b,
Sensitivity analysis of slug tests. Part 2. Observation
wells. J. Hydrol., 164, 69-87.

Nguyen, V. and Pinder, G.E, 1984, Direct calculation of
aquifer parameters in slug test analysis, In Ground-
water Hydraulics, J. Rosenshein and G. D. Ben-

nett(eds.), American Geophysical Union Water Resour.
Monogr. 9, 222-239.

Papadopulos, 1.S., Bredehoett, ]J.D., and Cooper, H.H., Jr,
1973, On the analysis of "slug test" data, Water
Resour. Res., 9, 1087-1089.

U. S. Bureau of Reclamation, 1958, Earth Manual., 253p.

Zieger. T, 1976. Determination of rock mass perme-
ability. U. S. Army Engineers Waterways Experiment
Station, Technical Report S-76-2, Vicksburg, Mis-
sissippi, 88p.

Zlotnik, V, 1994, Interpretation of slug and packer tests
in anisotropic aquifers, Ground Water, 32(5), 761-767.

20083 2¢ 79 Y2HS, 20083 3 124 AL

BAME

e IR B 7 P Bt 1 v

609-735 FARZFAA] FAF AAF A 304K
Tel: 051-510-3453

Fax: 051-516-7767

E-mail: rsh80@pusan.ac.kr

M

TSI A RPN ) SR

609-735 FAFERA 4T AHE AF 304A)
Tel: 051-510-2252

Fax: 051-516-7767

E-mail: hsy@pusan.ac.kr

pSI -

=7l ARk

411-712 F7\ 5 ZGA] A2 disks 2311917
Tel: 031-910-0378

Fax: 031-910-0211

E-mail: jjhcivil@kict.re kr

eHE

Er5oa kg

HARZEAl S8 FAE 1033-284A]
Tel: 051-580-5653

Fax: 051-580-5650

E-mail: sjhan@dage.co.kr



68 FAE - IAG  AAY - 98T - AL - AN - AR

A Uss
gt A3 A 2 B A FAL SRR AT
609-735 FAREGA] S48 AHF A 3007 305-730 thHFHA 24+ AT
Tel: 051-510-3453 Tel: 042-860-0330

Fax: 051-516-7767 Fax: 042-8670-0592

E-mail: jjy@pusan.ac.kr E-mail: hskim@kwater.orkr
e

SeE& Al AAd T RN 3AAEE
641-733 73 LA B 152 242(835F 8-3)
Tel: 055-269-9462

Fax: 055-261-8612



