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Comparative Study on Stationary and Trolling Methods of Flowmeter
in Fractured Rock Aquifer
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ABSTRACT

Stationary and trolling methods in measuring flow using flowmeter were adopted to investigate the hydraulic connectivity
of fractures and to evaluate the applicability of the measurement methods. Stationary method was useful for identifying the
inflow and outflow patterns in the measured section, which enabled us to analyze the hydraulic connectivity of fractures
between the wells. Trolling method failed to find the inflow and outflow patterns in the well, but was very effective for
locating the conductive fractures. Measuring flow in the borehole by both stationary and trolling methods was found to be
very efficient for identifying conductive fractures and their hydraulic connectivity in fractured rock aquifer.
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Well Total depth (m) Diameter (m) Casing length (m)
BH-1 102 0.15 16.5
BH-3 80 0.15 15

Table 2. Hydraulic conductivities measured by slug test (unit in m/sec)

Well Test Results Geometric Mean Standard Deviation
. 8.07 x 1077
slug in -
440 x 10 7 7
BH-1 2,09 x 10~ 547 % 10 2.55x 10
1 t '
slug ou 3.11% 107
. 9.03 x 1077
slug in 77
8.66 x 10
BH-3 042 % 107 8.53x 107 411x 107
| .
siug out 8.06 x 1077
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Table 3. Location of fracture and fractured zone identified by
borehole televiewer

Well Depth of fracture and fractured zone (m)
BH-1 16.5~17.5, 30~31, 41~43, 48~48.5
BH-3 15~17
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Fig. 1. Schematic drawings of (a) flowmeter and skirt and (b) water flow through the flowmeter and fracture during the trolling

measurement.
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Fig. 2. Schematic drawings of measurement methods of flowmeter during (a) ambient flow test, (b) cross-hole flow test, and (c) single-
hole flow test.
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Fig. 3. Flow variations with the increase of the depth in BH-1. Flow was measured by stationary method for (a) ambient flow condition
and (b) cross-hole flow test (i.e., pumed at BH-3). Net flow is shown in (c).
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Fig. 4. Flow variations at different depths in BH-3. Flow was measured by stationary method for (a) ambient flow condition and (b) cross-
hole flow test (pumed at BH-1). Net flow is shown in (c).

Journal of KoSSGE Vol. 12, No. 3, pp. 66~74, 2007



kol ] T 8574719
bl
0
(a)

- "
n

=
»
E L
Eow
:
(4]

100

2 5 54 2ol B Hla A7 7
Flow rate|L/min]
0
(b)
0 -
=
10
E =
-E
e
]
60

b

) in flow

Fig. 5. Flow variations at different depths in (a) BH-1 and (b) BH-3 measured by stationary method during single-hole flow test.

S 3] I8k
&8st U FE=5471= s

=71
7} B9 AR oFSuA 4R AdE QA4
o] Zolr} golgol we} 94 winchpl 3= Heo]

Fnu]o], ule] MHA|l~Elo] HRlHow &£eE F7t
AI717] witelth, ols& =] WA= oF +0.1 m/min®|Th.
BH-1914 Z} A1 A] o]52] Sl os) A
2o Fig. 60, Z8)al BH-3049] =43 kS Fig. 7
of Jepiith. T Azl lo] “ ks Hole AL
HZA7P7F ARE SZolHA B U] Agl= A
oz oRF& o)F3slr] wiToltt. Tgt AR QA A
AFo=z slko R fi-so] o AAe 2 FH537]
9] olg&ETt HRIFoR TSI wlelth.
BH-19A S4% AFE AR AAF5Ag 279
Je3ze} WAMEGAIEAT] T o] uig- fAks
w, 71 I Bg IS SR & 4 UThFig. 6a, 6b).
17 m=20 m, 25 m, 43 m, 45 m, 49 mA|FNA <F
1.0 Lmin®] % H3lE 291 & 5 Aok =, 313k
B50] o] Aol Zelzith= Aoltt. o= A7t gl
= AT TSRV = ofEsiaA B8 WY A8t

57} U271 NS Bl B SRR ol
=440 T4 FAE Pl e A B
A7} o] ohje} gelE Sal WA W) )
olch(Fig. 1b). E Helh s/} g 2ol 37
o] W} Qohjerl, ~AES} FAe] W AP B
A1 B3 B4 o) A3t olel o)) uhol
o). olefat of54 ZguHe sk f5delE Huls
P oS- $-83 el A 4 Aok et wARS
AT AQRFAGoITE Asre] BBO] e S
FYEY71) oJF&Eel o) G W) whRel, A=
W fagel Ao Aol7k UehbA ekt webd o5
e Aegel 45 24 Agd Aol 24

A &S 5 Aok SFEREAIES] A9 499 m AHS
AR 3 ol Z7I8IkFig. 6¢). 1= 49 m AF

shel= A3k 5427} lol A2l Aakee] BEol
§Lo7, 49 m Aol We)7} gle] X7k frelela 3L
7] molch, of= 44 Zue] Aok YX|g,
TG el 2 W) BEEE AR o) ARRGAE
3} ARGAIRS] AR A, oleld BE A
s Almel Ak 45 e} BEska 9 AN
o}, BFRAIROE Aol vl SRelA Be A3}

o
=

S7h H0ET AL nedET)
B39 4% o) frael 2 wshh aAsE SN2
olgle] dele) $IXE Tk Aol Wi sl

Journal of KoSSGE Vol. 12, No. 3, pp. 66~74, 2007



72 4719 - vkt - e - 1%

(a) (b) (c)
2 5 [ »
» »
: = Ak ai
= | . — = |
3 I
a 2 |3
3
@ @
%0 » jr
3
3 .
e ! ! ! 100 T - T 10 r T : T :
. . -3 2 -1 0 a0 5 e s 1w
Flow rate (L/min) Flow rate (L/min) Flow rate (L/min)
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Fig. 8. Location of identified conductive fractures by stationary and trolling methods: (a)BH-1, and (b)BH-3.
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