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iIn mid-Taiwan Mountainous Region:
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Project outline and specific research focus
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® How to identify fractures that are significant hydraulic conductors ?
® What factors govern flow and transport in such fractured system ?

® How can changes in this fractured system be quantified ?
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Where is the probable conductive pathway of ground-water ?
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Procedure of in-situ downhole investigation

/! Start of invest.gation )
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Checklist for quick identification of conductive pathway

Target zone could be dominated by coarse-grained rock where is...

. Low in gamma-ray response in contrast to the average

AN B f
II. High in short normal-resistivity relatively to the long one e
i | ] A
B §
. . . . mE = =
ITIl. Longer sonic travel-time, and/or larger porosity (acoustic- —
velocity derived) | 5 =
. E - - 3 c‘:’__’\'-_:;
IV. Discernible openings - confirmed by televiewer imaging — % e f =
Checklist for identification of conductible segments in borchole ' { J 5 _1’
Depth of interval I HCriteriolll]] v Predominate lithologic type e 3 f 1 ""I‘.—-_. 5 ;’_“-S:I
159m to 17.4m O O O O regolith (saprock) 5 -:.", = j
24.0m to 25.5m X O O O shale E — - _
32.7m 1o 34.2m X O O O sandstone/shale interbedding 3 {3\’ - 3 N
439m to 454m X X X O sandstone/shale mterbeddng ' 1 E ') _.
64.7m to 66.2m O O X O sandstone g ) : J_j;
72.5m to 74 0m O X O X sandstone (mud-filled) w | L é "__
82.5m t0 34.0m X X X X sandstone (mud-filled) 1 é J
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Determination of formation permeability by packer-test

GERC, Sinotech Engineering Consultant Inc. / In-situ Packer Test Record

Catchment| JRwocfuwei | Fostion TakAung GFS | 223935 2686850

No. ag | Feople David, Lee [ Jack Huarg | Froject | TGuizoz

Station CHon DataTime 2011707715 me 1300 o 1450

GW. level ] M| Depth | 100 M| Testing Segmentg &o M~ 615 M

Test — — Double-pachker
CHT PPT Slu Packer R

manner | B — — g — Single-packer

Numbers of drill collars
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Checklist Range
1. Gouging? Ves Mol -
2 Casing? Yesg ol -
3 Reaming? vesf Mol -
Others
Inflation pressure_ 2 kg cm”
4 Hartng time H

Fresture recard | Suface | Un | Maals Dewn

g Endoftest

Estimation cf hydraulicconductivity K= (m sec™)

Verseae |7 Jue 2811
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Determination of formation permeability by packer-test

drill-collars

L T

Top packer

Bottom packer
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Real-time monitoring system developed by Sinotech
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Hydraulic conductivity (K) vs. Depth
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Hydraulic conductivity (on a logarithmic scale) with respect to different types of rock against depth
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Hydraulic conductivity (K) vs. Porosity and Aperture

Hydraulic Conductivity v.s.

Porosity (intra-aggregate pores)
obtained from sonic log

_1_¢ 1-4
VL Vf Vm

Aperture ratio (inter-aggregate void)
defined as fracture spacing /
sealed-off interval between packers,
1.5 m)

Porosity x Aperture ratio

Porosity x (Aperture ratio)?

Porosity x (Aperture ratiof

1.0
Y =2269 X, R2=0.69
Pearson correlation coefficient, r = 0.44 (all identified fractures, n = 45)
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Comparison of criteria for identifying conductive fracture

. . CV for Log K= 0.11
Criteria I-1l-111-1V O Median
I: low gamma-ray response CV for Log K = 0.47
Criteria 1I-1lI-1V |I: intensified short normal-resistivity | O |
[lI: longer sonic travel-time
o IV: discernible open fractures CV for Log K = 0.25
Criteria |- [lI-IV | S|
. . CV for Log K= 0.33
Criteria I-II- 1V | o |
. . CV for Log K = 1.31
Criteria  IlI-IV | S |
CV for Log K = 0.66
Criterion vV | o |
] CV for Log K = 0.61
Matrix | o |
1.E-09 1.E-07 1.E-05 1.E-03

Hydraulic conductivity (m/sec)

Comparison of the criteria for identifying hydraulic conductive fracture
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Conclusions and outlooks

® How to identify fractures that are significant
hydraulic conductors ?

= Itis necessary, and sufficient, to jointly consider
lithologic characteristics and fracture related

properties.

® What factors govern flow and transport in
such fractured systems ?

= The flow of groundwater in the mountain area is
proportionally regulated by the intra-aggregate pores
and the inter-aggregate voids (aperture).

® How can changes in this fractured system
be quantified ?

= Asimple linear relationship was obtained between K
and Porosity x (Aperture ratio)3.



On the basis of 29 vertical boreholes at the mid-stream site of Jhuoshuei River basin, the conjunctive use of geophysical logging and borehole televiewer imaging was carried out for determining the lithologic characteristics. Four hypothesized criteria which assist in indicating the potential presence of permeable zone were proposed, whereby the hydraulic conductivity at the predetermined depths was estimated by the constant head injection method. 
From the information gathered in this study, it is concluded that the identified fractured medium, especially above a depth of 40 m, typically shows more than one order of magnitude higher hydraulic conductivity than the matrix does. In addition, despite only a few fractures being found in metamorphic rocks, the effective hydraulic conductivity appeared to be consistently higher in comparison with the estimates obtained in sedimentary rocks. This accounts for the fact that the occurrence of fracture zone in metamorphic rock contributes as the predominant pathway for groundwater flow as well as contaminant transport; in contrast, the fractures in sedimentary rock are often sealed or poorly connected and thus showing little effects on the overall permeability of the aquifer.   
The flow of groundwater in the mountain area is proportionally regulated by the intra-aggregate pores and the inter-aggregate spacing. For the majority of identified fractures in this study, a simple linear relationship was obtained between the hydraulic conductivity and the product of the total porosity and the cubic fracture spacing. This relation provides an early estimate of the fracture hydraulic conductivity, which allows one to characterize the spatial variation of permeability along a borehole with the use of geophysical logging and televiewer imaging. 
Further testing of this relation with cross-hole tracer tests is recommended. Moreover, more systematic research is required to reveal the influence of tectonic stress on the long-term productivity of fracture.
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