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1.�Introduction

� Central Geological Survey initiated a full-scale projectg y p j
entitled “Ground-water Resources Investigation Program 
for Mountainous Region of Taiwan(2010~2013)”.
1 potential yield of ground water resources1.potential yield of ground-water resources 
2.the amount of ground-water recharge 
3.hydrogeological databasey g g

In this study
29 borehole data (2010)

Hydrogeological framework 

(Winkler et al., 2003)
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1.�Introduction

porosity

GroundwaterGroundwater
conceptual modelconceptual model

in mountainous region in mountainous region 

R

Alluvium, Colluvium, and Backfill
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2.�Study�Area

� Philippine Sea Plate V.S.Philippine Sea Plate V.S.
Eurasian Plate

O ll l f T i� Overall geology of Taiwan:
1.Coastal Plain
2 Western Foothills (WF)2.Western Foothills (WF)
3.Central Range

(1)HSR

Lee�(1994)�and�Lee�(1994)�and�TengTeng (1990)(1990)
(2)WCR
(3)ECR

4 C t l R4.Coastal Range
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2.�Study�Area

W t F thillW t F thillW t F thillW t F thill

Central RangeCentral Range
(HSR)(HSR)Mid-Jhuoshuei River (Qingshui & Chenyoulan catchment)

Western�FoothillsWestern�Foothills
(WF)(WF)

Western�FoothillsWestern�Foothills
(WF)(WF)

Pleistocene~PliocenePleistocene~Pliocene
1577km2

N-S :41.6 km

Pliocene~MiocenePliocene~Miocene

Pleistocene PliocenePleistocene Pliocene
ltlt,�,�TkTk,�,�ClCl W-E:35.4 km

Oligocene~EoceneOligocene~Eocene
Sc,�PlSc,�Pl

Pliocene~MiocenePliocene~Miocene
ClCl,�Cs,�,�Cs,�KcKc,�,�NcNc,�,�
SkSk,�Ch,�,�Ch,�SmSm,�,�TlTl

EoceneEocene
Cy,�Ys,�Cy,�Ys,�TcTc,�Sp,�Sp

ProfileProfile

5(Revised�from�CGS,�2007)(Revised�from�CGS,�2007)

ProfileProfile

3.�Methodology

� Work Items

Core
Surface

filed survey

Borehole

Hydrogeological
drilling

description
filed survey

Borehole
Hydrogeological

Unit
Investigation

Well 
logging Hydraulic

Packer test
Other
SPacker test Survey
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3.�Methodology

1.Hydrogeological drilling and core description

Drilling & Cord record   standards:
•Ministry of Economic Affairs Central Geologic Survey (CGS, MOEA)
•ISRM(1981) and others

Engineering geology database:
•Geo2010

100m
7

3.�Methodology

1.Hydrogeological drilling and core description

ItemsItems
��geological unitgeological unitg gg g
�� rock&soilrock&soil descriptiondescription

sedimentarysedimentary
colorcolor

17.8m�17.8m�
b d kb d k

colorcolor
graingrain

�� fracture indexfracture index
�� RQDRQD bedrockbedrock�� RQDRQD
�� SPTSPT
�� water tablewater table
�� drilling waterdrilling water

100m
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�� drilling waterdrilling water
consumption and returnconsumption and return



3.�Methodology

2. Well logging
•high resolution acoustic televiewer (ACTV)Televiewer •high resolution acoustic televiewer (ACTV) 
•optical televiewer (OPTV) 

di t f ll

1. Image of borehole
2. Distribution of fracture 

Caliper
•diameter of well & fracture zone

3. Distribution of caliber

Electrical log

•64”and 16”normal resistivity
•single-point resistance
•natural gamma radiation (�)

1. Distribution of stratum 
2. Distribution of aquifer
3 Strength of Materials

Snoic log

•spontaneous potential

•sonic travel time

3. Strength of Materials
4. Estimated prosity

S o c og

•heatpulse flowmeter 1. Permeability of stratum 
2 C ti it f f t

9
GW flow •Impeller flowmeter 2. Connectivity  of fracture

3.�Methodology

3. Hydraulic packer test

(A) constant-flow tests
(B) constant-head tests
(C) slug tests
(D) pressure pulse tests(D) pressure pulse tests

(NRC, 1996)

•hydraulic conductivity (K)
•storativity (S)
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3.�Methodology

4. Borehole Hydrogeological Unit  Delineation

BH-24

seepage
in the outcrop (BH-24)

Bear (1972)

3.�Methodology

5. Borehole Hydrogeological Unit Nomination

(Borehole)

scale
increases

geotime1

(Borehole)
Hydrogeological Unit

Nomination
stratum

rock type

2

3

hydraulic
properties

rock type

aquifer

3

4properties

addition5

V.S.
Mio Nc Ss/Sh G (fr)

1 2 3 4 5

Example Mio~Pli Kct Ss G (fr)BH-24

1 2 3 4 5 1 2 3 4 51 2 3 4 5
Mio~Pli, Kct, sandstone, with more fracture,

K is good as a good aquifer.



3.�Methodology

5. Borehole Hydrogeological Unit Nomination

Holocene(Hol) gravel(Gv) (G) (fr)Regolith(R)

geotime stratum rock type aquifer addition1 2 3 4 5
( ) g ( ) ( ) ( )

Pleistocene(Ple) soil(R-s) sandstone(Ss) (M) (mud)
Pliocene(Pli) backfill(R-b) shale(Sh) (P)
Miocene(Mio) colluvium(R-c) Mudstone(Ms)

Oligocene(Oli) alluvium(R-a) sandstone and shale(Ss/Sh)
Eocene(Eoc) saprolite(R-sl) slate(Sl)

g ( )

Eocene(Eoc) saprolite(R-sl) slate(Sl)
saprock(R-sr) quartz(Qtz)

(b)
(t)

(lt)
(Tkh)

(Tks)
(Cl)

(Cs)
(Kct)

(Kcs)
(Kck)

Lists of each element
in this study

(Sk)

(Kck)
(Nc)

(Ch)
(Sm)

(Tl)

(Ys)
(Sp)

(Sc)
(Pl)
(Cy)

4.�Results�and�Discussions

Borehole Hydrogeological Unit Map
Central RangeCentral Range

(HSR)(HSR)
Western 
FoothillsFoothills

Pleistocene Ple~Pliocene Pli~Miocene

Miocene EoceneOligocene~EocOligoceneWF HSR



4.�Results�and�Discussions
HydrogeologyGeology link to

Table: Geological and Hydrogeological Characteristics in the study areag y g g y
Rock type Aquifer

Regolith good

Regolith poor

Regolith none

l N A 20 40% N A 20~40%

Lithologic Description
Hydrogeological unit

Geological time Geological unit (stratum) K (m/s) Porosity (%)
Well yield

(L/min)

W
ho

le

Holocene Regolith

(l ) gravel poor N.A 20~40% N.A 20~40%

gravel poor 7.0×10-7~1.2×10-8 10~50%
(gravel:20~40%, with mud:20~25%)

10~50% 20~40%
20~25% 7.0×10-7~1.2×10-8m/s

gravel none 6.6×10-8~3.9×10-9 10~30%

sandstone poor 1.7×10-6~2.4×10-8 30~50%
30 50% 1 7 10-6 2 4

sandstone none 6.4×10-8~4.4×10-10 20~60%

d t 5 8 10 60% ( d 20%) N A

Pleistocene

21.67, 62.76

11.67, 22.8(Tks)

(lt)

(Tkh)

sandstone poor 4.1×10-5~4.7×10-8 10~60% (coarse sand: <20%) N.A

sandstone&shale none 1.8×10-8~2.5×10-10 <40% N.A

sandstone good 6.2×10-5~5.5×10-7 <30%

sandstone poor 5.2×10-5~1.4×10-7 <15%

sandstone none 9.0×10-8~1.0×10-8 20%  (fracture zone: 20~45%)
20%

sandstone&shale poor 1.6×10-7 <20%
20% 1 6×
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0.6, 5.8, 6.8

ot
hi

lls
 (W

F) Pliocene
(Kct)

(Cl)

sandstone&shale none 1.8×10-9 <15%

sandstone good 1.8×10-4~1.9×10-5 <10% (middle sand: 20~60%)

sandstone poor 4.9×10-6 <10%
10% 4 9×10-6 /

sandstone none 5.8×10-8~3.6×10-10 <10%

sandstone&shale poor 1.6×10-7 <20%
20% 1 6×

sandstone good 2.9×10-4~1.2×10-5 <20%  (fracture zone: 40~60%)
40% 40 60%

N.A

310

W
es

te
rn

 F
oo

(Nc)

(Kck)

sandstone&shale poor 2.3×10-6~7.0×10-8 <20%  (fracture zone: 40~60%)
40%

sandstone good 1.1×10-4~9.1×10-6 <10%  (fracture zone: 10~40%)

sandstone poor 1.1×10-5~1.1×10-8 <50%

sandstone none 3.3×10-7~2.1×10-10 20~40%

sandstone&shale poor 7.1×10-6~2.1×10-7 <10%  (fracture zone: <50%)
10% 50%

shale poor 2.9×10-7~2.9×10-7 40~55%
40 55%

40, 88.3

11 85

310(Nc)

( )

(Sk)

(Ch)

Miocene

shale none 5.3×10-9~1.4×10-10 <20%
CaCO3

shale none 6.7×10-9~1.5×10-10 <25% 8.08
25% 6 7×10-

quartzite poor 3.2×10-5~2.3×10-8 <10%

Eocene quartzite poor 5.6×10-5~4.9×10-7 <15%  (fracture zone: 20~40%)

Oligocene quartzite poor 5.4×10-5~2.3×10-8 <5% N.A
5%

eocene slate poor 1.6×10-6 <5% 706.67
5% 1 6 10-6 /

106.94

11.85

(Tc)

(Sp)

H
SR

Oligocene
(Sc)

(Pl)

(Ch)

4.�Results�and�Discussions

Hydrogeological Framework



4.�Results�and�Discussions
Central RangeCentral Range

(HSR)(HSR)

Hydrogeological Framework

Western 
Foothills

Good rock Aquifer   * Good rock Aquifer   
i t h tin upper catchment

* WF geologcial unit. 

4.�Results�and�Discussions
Central
Range

Western 
foothillsCoastal PlainHydrogeological Framework

Mountain RegionMountain Region
JhuoshueiJhuoshuei River AlluviumRiver Alluvium

Mountain RegionMountain Region
in Midin Mid--JhuoshueiJhuoshuei RiverRiver



4.�Results�and�Discussions

Applications

le
ve

l

BH-26 station
Elevation:1172m

Deep well

W
at

er
 

Elevation:1172m
Regolith:8m

0 Shallo well
O t 88

17
Oct. 8 Oct./17

date

25

32

Oct.6~8
Total Rainfall:
20.5mm(m

m
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32 100
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100m
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4.�Results�and�Discussions

Applications Groundwater flow direction
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