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The Phenomenological Comparison between Results from Single-hole
and Cross-hole Hydraulic Test

Kim Taehee* *+ Kim Kue-Young * Oh Jun-Ho * Hwang Se-Ho

Korea Institute of Geoscience and Mineral Resources

ABSTRACT

Generally, fractured medium can be described with some key parameters, such as hydraulic conductivities or random field
of hydraulic conductivities (continuum model), spatial and statistical distribution of permeable fractures (discrete fracture
network model). Investigating the practical applicability of the well-known conceptual models for the description of
groundwater flow in fractured media, various types of hydraulic tests were applied to studies on the highly fractured media
in Geumsan, Korea. Results from single-hole packer test show that the horizontal hydraulic conductivities in the
permeable media are between 7.67 x 107'°~3.16 x 107 m/sec, with 7.70 x 1077 m/sec arithmetic mean and 2.16 x 10~ m/
sec geometric mean. Total number of test interval is 110 at 8 holes. The number of completely impermeable interval is 9,
and the low permeable interval - below 1.0 x 107 m/sec is 14. In other words, most of test intervals are permeable. The
vertical distribution of hydraulic conductivities shows apparently the good correlation with the results of flowmeter test.
But the results from the cross-hole test show some different features. The results from the cross-hole test are highly related
to the connectivity and/or the binary properties of fractured media; permeable and impermeable. From the viewpoint of the
connection, the application of the general stochastic approach with a single continuum model may not be appropriate even
in the moderately or highly permeable fractured medium. Then, further studies on the investigation method and the
analysis procedures should be required for the reasonable and practical design of the conceptual model, with which the
binary properties, including permeable/impermeable features, can be described.

Key words : Fracture media, Conceptual model, Multi-level hydraulic test, Single-hole test, Cross-hole test, Binary properties
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Fig. 1. Regional geologic map around the study site (KIGAM,
2004).

Table 1. Test wells in the study site (KIGAM, 2004)

Well No. Dzr;t)h * Purpose of Installation
BH-1 140
B2 140 Evaluati f basi rties in Test Sit
valuation of basic properties in Test Site

BH-3 140 (vertical profile) e

BH-4 140

BH-5 140

BH-6 90 Monitoring hydrogeological properties at upper
and middle fracture zone

BH-9 40 Interaction between groundwater/surface water

in fractured system
BH-10 45 Investigation of upper groundwater system

* “Depth” means drilling depth from the ground surface.
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Fig. 2. Locations of test wells in the study site (a) and theoretical transmissivity ellipse in the study site (b) (KIGAM 2003).

Table 2. Bulk transmissivities at each of monitoring wells from
pumping test result (KIGAM, 2003)

Pumping well Observation well T,y (m*/day)

BH-2 1.203E+ 1
- +
BHL1 BH-3 9.782E+0
BH-4 1.209E + 1
BH-5 1.IS0E+ 1
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Fig. 3. Variation in water-level at each monitoring wells. (solid lines represents the water-level and bar charts represent the accumulated

rainfall during every 30 minutes).
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Fig. 4. Conceptual diagram for the cross-hole flowmeter test (a) and diagram for the multi-level thermal tracer test (b).
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Fig. 7. Ambient flow rate at BH-1 (a), -2 (b), -3 (c), -4 (d) and -5 (e) (2003. 10 1st measure).
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Al AR Uehd FelERe] EE AsdE A
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ATt Aoz =4 Jehvar Qi 2 3 it
FEHEEe Blgl ot #=A e e RS SRS
o UtkFig. 8). AR, BH-109] 2S¢ 2 77k 4=
PAEEs AR v YehubAY EFrSo R g
A=A AFZHE °F 19~22 m A= FXlolA
TR 7P = ASE UERATHFig. 8(b)). 3HA]
T OE AlEEe] A9E ATEY 2 AF AE U9
AP HHH EFTSS AREHEH °F 20~30 m
A= Afo] Il YERaL Qlo] Zd-Esitiel] ok a1
T8 73 1S B te] AAEA] e
O Al=EoR EAE 73S AARIaL k. A%

L o

= ) 2L M
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S2= Az wat ofgte] polrt EAfshY, A AT
7ho] Akevgytel] oJgt el we) A o A2 o
C(order)®] #ts BTl o], £ 7k AlF A
o A A=E 53 124 E¥xsla s & 4 o
(Fig. 8). TFh, 7} 3= UKol AxoA 107 m/min
ojste] AFTA 2 EFGA Fte] E¥3lal JItBH-
2:45~48 m, BH-5:54~57 m, BH-6:66~69, BH-
9:30 m °J3} ).

4.2. 37t &5 AN

42.1. 37 74 73 - 75 A

I A A - HE AIES 8 AlIE dide] 2 2
e F& AAsI=, 9 AAFJA FU 73 - 75
o] F=ol| M AjFos & 4L ¥ BH-13} -5 ¥
< AIFFeR ARl @ AIES Felslddtt. & A
P A AAF] T 7 - 5SS oA B B
slal, G A ¥igls A5 AR olFRh
A1AAR1 AdgllMe] T 73 - 750 S e o

A Fig. 79 yvehd 2ol I faol d=2A yepste
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Fig. 8. Results of double packer tests at BH-2 (a), -5 (b), -6 (¢), -9 (d) and -10 (e).

U ol #5A1719] Aol w2 A0 AlZlo| ofgt
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Fig. 9. Results of cross-hole flowmeter test : (a) BH-1, (b) BH-5.
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(Fig. 10(a), (b)), 18.5~21.3 m(Fig. 10(c), (d)), 45.5~
48.3 m TXKFig. 10(g), (h))°I™, 33.5~36.3 m 1}
60.5~633 m 77, 66.5~693 m Tk, 70.5~733 m
TRIA T4 BSFOAM TS TSk s A5

2 kgt ok, BH-5339) 505~533 m 73
755~783 m —?ﬂoﬂﬂ 7% Al BH-6239] A% 60 m
XY, 72 m RN 22 mAlgE whgo] ASHUT
(Fig. 10G), (q)). ] = 270 AIF 7% & AR e=
ex W3le] Zo|l Z 505~533 m %173] 35 3=
AleA ol EAAR1 WP ASEA| &= v A
(Fig. 10G)ye 2, 24 éml G 75
o] Y& o= AzieY, Q3w AjHem 250 |
3P} A2 755~ 783 m 7] A EGA NS A
PAR] 259 o|F H I)& Fo] TEo(Fig. 10(r))
AAo] EAlThe AR BRI AN, £ Al &
S5 2% AA9 Hu) seE aEdd, A5kl
7Fs/do] =t

AFAo] e or FlE S A og Aur
H, FHE (O FET7HE 125~ 153 m FRIelA F
A Al BH-633olAe] &% Wah= Fdztol A FHu)
7.6°C W2le] ¥slE HoF=al 9lal, BH-653 WellA &}
gFoZ A3 HAuEe PFoF HAFT QThFig
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Table 3. Injection Intervals for the thermal tracer test at BH-5 and results of thermal tracer tests and the comparison with hydraulic

conductivities at each of injection depths

Injection Interval (m)

Hydraulic Conductivity (m/min)

No Response
Upper depth Lower depth BH-5 BH-6
1 12.5 15.3 7.403 x 107° 1.104 x 107 o
2 18.5 21.3 7.902 x 107° 1.071 x 107 o
3 335 363 6.545x 107° 6.765 x 107° X
4 455 483 9.121x107° 1.041 x 107 o
5 50.5 533 9.110 x 107 9.640 x 107 VAN
6 60.5 63.3 7416 x 107° 1.179 x 107 X
7 66.5 69.3 9.890 x 107° 1.121 x 107 X
8 70.5 73.3 1.073 x 107 6.208 x 107 X
9 75.5 783 8.357x107° 1.895x 107" A

O : measured the response,
X : not measured response,

A\ something recorded but not confirmed
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Fig. 10. Results of multi-level thermal tracer test : (a) injection interval at BH-5 12.5 ~ 15.3 (injection phase), (b) 12.5 ~ 15.3 (recovery
phase), (c¢) 18.5~21.3 (injection phase), (d) 18.5~21.3 (recovery phase), (¢) 33.5 ~36.3 (injection phase), (f) 33.5~36.3 (recovery
phase), (g) 45.5~48.3 (injection phase), (h) 45.5 ~48.3 (recovery phase), (i) 50.5 ~53.3 (injection phase), (j) 50.5 ~53.3 (recovery
phase), (k) 60.5 ~63.3 (injection phase), (1) 60.5 ~63.3 (recovery phase), (m) 66.5 ~69.3 (injection phase), (n) 66.5 ~ 69.3 (recovery
phase), (0) 70.5 ~73.3 (injection phase), (p) 70.5 ~73.3 (recovery phase), (q) 75.5 ~78.3 (injection phase), (r) 75.5 ~ 78.3 (recovery
phase).

10). Y AP ) B 3% GAole] wak o A uehd 98-S FF S ek AR, oF 45 m

Al FEE v, Y Al 9 S5 ofs = AE SR o R vlfe- wE 2% IEAT}F By
o BlE| ANE-2HE] o] Lxg JBEE = 1y 3. JA=|(Fig. 10(b)), = 3l & W=z A8}

Journal of KoSSGE Vol. 12, No. 5, pp. 39~53, 2007



Tt vl f e H

7} frdelo] sldke R ofsdtal S-S ANE F. ©]
o Wkl M FY TZH185~213 m)el AF (H)H
FUTREE 2= ot SFM tE Fde BTl
At} o] 79 BH-6W 9] &% Hil= oF 20 m A%
o] AefA] sl ], FARANN 250 Wsk=
Y AEQ] 20 m AFAAMFE SHEERE Sk B
AR Aol WMshe BEEA] eF=thFig. 10(c). ©1%]
g W3} P2 IEDACAME BlwE HeeiA veht
= o], o] B¢ 259 FEL FREHE wie- wEA
sz FhlEo] F298 FTHS F 308 ©J BH-6 &
FUellA AlE o]z 252 3EHI lFo] RIS
ChFig. 10(d)). o]&gt W3} P @ FY73tolM =
FARH UERdTHFig. 10(g), (h)).

¢

Ir

5. E ol
EalS AW i AS HHP) 5 B hEA

el
A e S A Hedl, st AR
(Equivalent Porous Medium Model: EPM), &
g7 ¥ (Discrete Fracture Network Model), ©l53=
123y Fol olefgh /NEd=Fel siggt. 18 AR
oA gk AlFe] AdE siXstarat k= A, @l
AR RIEA] AERY 5 shs Addlstodof gt st
Aqh, 2 FAE e A2 TEURE vidolA ofugh
Nd 2&o] A7l sl ol7IAl= omgk et
9 SkeF|o g ASE vt Qlvks Aolnt. ol &
Ale o A8 ARs A8e 2 Aqolx] e 34
55 FAXE ER1T o Stk A A= olF A
AlRe] AiellA] I 4= o] # ATFAGS A=l
Agle] Wlad 18 FAds HolFal Sltk(Fig. 8).
EE P oE dEe gF ERFY 52 AFTA
TRro] E3skaL Lo, olfdk ke A kel el
o) 20% w|Tre] iRk sk B g FEe] A
T 10°~ 107 m/min -2 71 ode] FA4E He
SR

A EUjollA A E4 wslel] tisk A A9E
Hlws) B, Eejdoz Ryshe o] 2 o
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