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Student : Kuan-Yu Chen Advisor : Dr. Liang-Cheng Chang

Department of Civil Engineering
National Chiao Tung University

Abstract

Since groundwater, resources play a vital role in regional water supply,
groundwater protection and Conservation is an important issue in Taiwan. A
systematic approach to. assessing high recharge areas is a key factor in
groundwater conservation. Therefore; this  study ~proposes a systematic
procedure that combines a factor-based method and geographic information
system (GIS) to determine-the-spatial distribution of recharge potential and
define high groundwater recharge areas.

This study selects seven factors to determine recharge potential: land use,
surface soil type;-drainage density, average annual rainfall, the correlation
between rainfall and groundwater level variation, the variation of unit aquifer
storage, and hydraulic conductivity. Calculating the recharge potential requires
three steps; defining all factor scores, determining the weighting of factors,
and summing the weighted factor-scores. The purpose of the first step is to
define the recharge score for each factor. A high factor score value represents
high recharge potential for that factor. Second, the determination of weighting
among factors was based on Shaban et al.’s factor analysis method, in that a
diagram of logical relationship among factors is defined and the factor weights
are computed based on the diagram. After determining the recharge score of
each factor and its weighting, the total recharge score was obtained by
summing all weighted factor scores. A high total score represents a high
recharge potential. This study uses a GIS system for analysis, and all the
values, including recharge potential, were spatially distributed.

This study applies the proposed method to Choshuihsi Alluvial Fan.
Results show that the proximal area has a high recharge potential that
decreases in the distal area. These results are similar to the results of prior
studies using Resistivity Image Profile of the Schlumberger Array and the field
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investigations conducted by the Industrial Technology Research Institute of
Taiwan. This case study demonstrates that the proposed procedure is a reliable
and efficient method of measuring groundwater recharge potential, and is
therefore a useful tool for groundwater resource management.
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3o DRASTIC % 5u#-¥ g2 = -k 2 3 F S s B4+ 0~10 » 2 4~ ¥k

oo &P AT

(1). D (3 Tk i=iER)
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D&7¥ 6 Iy T REZIFRB3L-) - a3 - DEF | R T oK

XER27 g3 Horithahs o )3 o 7 G 3] B R R
> [ 2

H¥RZ & #,E %o

Oepth to Water

Water Table

Unconfined Aquifer

~ Confining Layer7-

T 7 7 7 17777 /7
. Confined Aquifer

Bl 3.0-1~ ded sk k2 pd 2-RE2ZH T KRR
(2). R (E L%
AR FENE R AR GRRLEF D B Io kP A2 AL
KEHRET T LN K @31%]5{ FRhgar 4 o B xv v L 312 &

7T °

%3.1—1‘Df,§_i$’l§]£ A E A %3.1—2‘Rf§_1§@l§]£ L EE B

# [F](Range) b BE R # [F](Range) b BE R
14 A (Rating) 128 A (Rating)

0~5 0~1.5 10 0~2 0~0.6 1

5~15 1.5~4.5 9 2~4 0.6~1.2 3

15~30 4.5~9.0 7 4~7 1.2~2.1 6

30~50 9.0~15 5 7~10 2.1~3.0 8

50~75 15~22.5 3 10+ 3.0+ 9
75~100 | 22.5~30 2
100+ 30+ 1

(). A(z kA& 4T

12



oKk A F AT TR E a4 (BN E P2
@ﬁ;?]ﬁ iz ~®m 7 0 A HF2Z %‘f“q E‘%}@J“I‘ﬁl@? R H GBS G
f;ﬁ%@g’ﬁ4?ﬁﬁ$@%o%%@ﬁ@&#ﬁ%%%o%3m3
For AR AR E o BE B o

%313 ~AE2ZHFFZE BT

# 7 AE R | LA EE R

(Range) (Rating) | (typical Rating)
B B 2 (Massive shale) 1-3 2
5% /% 2 # (Metamorphic/igneous) 2-5 3
bofb 2 ST e 345 4

(Weathered metamorphic/igneous)
BREASTFAEST BR 5-9 6
(Thin bedded sandstone,limestone,shale
sequeuces)

Bk 7) #(Massive sandstone) 4-9 6
Bk £ A (Massive limestone) 4-9 6
F) 3 Fﬁ?‘ %(Sand and gravel) 6-9 8
7 (Basalt) 2-10 9
P2 ATE T ’i # (Karst limestone) 9-10 10

4).S(2# AT

S A &g AtefrR s b INA P iv% P A2 380 o & DRASTIC i %

P - BT REAIREIA)UPL L IR E oS EHITLESL

*

PO N S Rt TYIEE - FARERIEE £ SR VI Y

SR T T A A 304 KA H A A o
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#3014 S E2 2 SRS

e R AL

(Nonshrinking and nonaggregated clay)

.%é 3] AR : S SN

(Range) (Rating)
& &% & (Thin or Absent) 10
%) #(Gravel) 10
#j(Sand) 9

IR
(Shrinking and/or Aggregated clay)

F) %3 2 (Sandy loam) 6
3 4 (Loam) 5
& 5 4 (Silty loam) 4
¥ FHE 4 (Clay loam) 3
1

(5). T (8L R)

TEN S EL - PRTE S =SS

CNEZ IR B E S B RATER2 5L E‘E'ttiﬁlr’% o &t P ¥

F% £ 3.1-5 > kTR Ar¥ e Boo

&
At

£35S TiE 2 e RE A B

# ¥l A E R
(Range) (Rating)
0~2 10
2~6 9
6~12 5
12~18 3
18+ 1
(6). 1 (% 4 fe s B )
e

Pt R AR E R TR BB

T2 g ek iR d FoRAdRE Tok s 2 bk o 4 A iz s ¢
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fosEim -~ CEF o 3P E a4 $308

Ao gt rho gt B 3 RIS A B2 PR A

"#\fﬁ"'fré] v

R L) SRS E

230612 2 A s

I |

% 3.1-6°

# R AE | LA L BE R
(Range) (Rating) | (Typical Rating)
& /4 2 (Silt/Clay) 1-2 1
7. # (Shale) 2-5 3
% % # (Limestone) 2-7 6
)3 (Sandstone) 4-8 6
BT AR B Tk 48 6
(Bedded limestone, sandstone, shale)
P2 RE I N T8 R 4-8 6
(Sand and gravel with significant silt and clay)
%5 #£/% 2 E (Metamorphic/igneous) 2-8 4
F) 3 ﬁ?‘ % (Sand and-gravel) 6-9 8
7 # (Basalt) 2-10 9
R AT T ”i 2 (Karst limestone) 8-10 10

(7). C (5 e fy k(i)
ISR EEY S S

R R VR S Ty A

2 3.17-CiE2 fPRE A SN

# [Fl(Range) L BE &
Gpd/ ft” Cmd/m” (Rating)
1-100 <4 1
100-300 4-12 2
300-700 12-28 4
700-1000 28-40 6
1000-2000 40-80 8
2000+ 80+ 10

NERY AP AR A R T kR F A

15



DRASTIC s 3t¥ "/T‘ja - BEF AR gk e R Sl - A
@_%i ¢F s ¥ fr}g\,-‘%%ﬂf’fi%{;w; g\,%«gz@ﬁ—% ;\::’gg%g\g\,_{ é] » ¥ T oK

T NFTLLRERP A AL EELIRNEERL(R 31-8)

K+ ¥ F % #& - BRERERE
D (Depth to water table) 5 5
R (Net recharge) 4 4
A (Aquifer media) 3 3
S (Soil media) 2 5
T (Topography) 1 3
I (Impact of vadose zone) 5 4
C (Hydraulic. Conductivity of the aquifer) 3 2

2. DRASTIC i3 % 3% 4p 2 4 T

Ae g bt -k 2 o B B2 & dicie (Rating) £ 8 £ & (weighting)
60 Hip 2 fdo™ 5 DRASTIC /5 4= 51 @ > 45t 3.1-1 757

DRASTIC=D,D. + R R +A A4, +S S, +T. T+ +C C, (3 3.1-1)

T AR r % % 4 #ciE (Rating)

TR w it & 48 £ i (weighting)

@ i DRASTIC # @ 22 & 513 BEE2 55 %5 2 3 430
& —Ff;‘%%’é”i’ FPt AFT 7 434 Shaban & 4 FlF gLl w2 22 0 &
AR E RS LR RS gt R E o T 4 Shaban ¥ 4

(e ah 2o
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Shaban et al. (2006)% # {*(Lithology) ~ /@ ,i (Drainage) ~ % 3] 4§ i¢
(Lineaments) ~ # # 4] * /% # (Land use/Land cover) ~ £ 3 % #* (Karstic

domains) ¥ T 58 Bk TR LER L F R EF TS EG R T Mo A

P

BrgFpe LR 2 TR AEE R 2RI T T RBT B

3]

\\\

‘i\

B i &R PM 2R B M T RIS WL R 6

P58l 3.1-2 3 TR LR AR 3 BT LRSS K ot g

3]

F)F i (7 A B 0 A0 sy F e A Bi(Weight) - BB 5 10 A 0 B s ]
v drd 3.1-9 1T o e E L e 2w LTS AL aafg £ L ) (Rate)£? TS
POER2A Bt (8 AR E (Welght) /8 7 5] 3% 55 P 304 s T ok

A B ke 30410 A
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o i » Lineaments [@-=-=-==—====-= 1 l
1 1

1 1

1

A A
> Land cover/
Drainage P liiid iige
T A4
Ly
I Ly
Lyl
_: 1
arsti === ]
Lithology ———— Karsflc - -= |1
domains 1
I
A A 1
] I
- _ _____JI______—___ J
—» Major effect
= == Minor effect
B 3.1-2 ~ = T oRAT 2 BRI 5 2058 F] < 24 Bl(Shaban et al., 2006)
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% 3.1-9 ~ ¥ ToRAT LAV R TS 24 £ % (Shaban et al., 2006)

Factor Descriptive level Proposed Domain of effect
weight of effect
Lineaments Very high 10 =40 (lineament per 25 km?)
High 8 3540
High-moderate 6.5 30-35
Moderate 5 25-30
Non indicative 5 =25
Drainage High 8 =75 (segment per 25 km*)
High-moderate 6.5 T5-60
Moderate 5 6040
Moderate—low 35 40-30
Low 2 =30
Lithology Very high 10 40-50%
High 8 28-35%
Moderate 5 10-20%
Low 2 5-10%
Very low 1 <5%
Karst Very high 10 Distinct with lapiez
High b Distinct with sinkholes
High-maoderate . 65 Developed karst
Moderate 5 Apparent karst
Non indicative 5 No karst
Land cover/land use_ High-moderate 6.5 Dense vegetation, rural and excavated land
Moderate 3 Sparse vegetation
Moderate—low is5 Scattered settlements, thin soil cover
Low 2 Moderately thick soil
Very low I Dense human settlements, compacted soil

% 3.1-10 ~ ¥ 77

KA VLA F) S B2 585 4 =5 (Shaban et al., 2006)

Factor Descriptive scale Weight (a) (1-10) Rate (b) (-4}, Weighted Total
rating (axb)
Lineaments Very high 10 3 30 104
High 8 24
High—-moderate 6.5 20
Moderate 5 15
Non indicative A 15
Drainage High 3 2.5 20 63
High—moderate 6.5 16
Moderate 5 13
Moderate—low 35 9
Low 2 5
Lithology Very high 1 4 40 104
High 8 32
Moderate 5 20
Low 2 8
Very low |
Karstic domains Very high 1 25 25 87
High 8 20
High—-moderate 6.5 16
Moderate 3 13
Non indicative ] 13
Land cover/Land use High—moderate 6.5 25 16 46
Moderate 5 13
Moderate—low 3.5 9
Low 2 5
Very low | 3
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3.2 B TR LA AR

AFT g MG RE A B2k e T S B T RS
TLARM Y e BB T K S(GIS) ) e B T R A G AR
VLGt AR S ARG 7R KRR S T ORAT LS A AT 0 T AR e )
3.2-1 75 o

hp T KA LR TS > AE TS

|k
-
J e
Nl
-4
“3
[
Ny
K-
4=
el

M T AR T KR A T iR T

AT G RS KRR Bk B R S e TR
M2 AT AR r*’vﬁk AL B TR ERCE e > B H e (A
W OKGE AR B TR BSR4 0 A LIERCRR Ao B] 3.2-1 #T o
bk 23 TR TS S om0 2 Sy AR e TR e 8RR R
FENISE R -1 Xk

B 3.2-1 2 B3P TORFIERT R FAG TE A T RA



FoRET - 2T A2 EREFT RS LAILER T 2 GISRE &
FRErL FP AR EAR TR LSRR - 22 05 2
PR TL A AELE o
BT ETR TR AFRFFEFITHRRE 2 o REFLART

rgEah g A6l T WIS T+ M GBER & T e
BT iR g B o éﬁﬁ@i;ﬁk TR F) S M GRMER ) 7 B0
AR TS BT % SRR Gy W TR gt M RIS T - o 3R
" EA LA R @ LR E | 2 AAH AL RIS T ] % B R
34 P o T AU TR B3 i ton a4 i SRR LR B3 1R
Fpf AR S L B F Rt e R TR RS e £ AT L R
AR L o

TR E AL RS P RE | 2 105 R MG B R B A L

FlF B2 L o T3 E R Al B TG 2 B B R TS R A
TR EEFRIL FIFRAEALET A S0 2 BS AR o B F]F DR A

SR e BV I L N N SEL YAk I SIS SR

CHPE RIS I T L R TR E R S i
T2 A (3 32-1)  F IS TR E B RAL - 4 0 A FRL
J BT E RPN EE] S R T A R L TREE RS s

2 < S U i g VA
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BT AR TS B2 e R 4 2 75 Al B2 8T
RALERF]F e 2 Al LFF R T AL L

_L%; ;'Z—)/z r‘]'_)_7 A\ﬁ'g:éctﬁ_ "—_71/ IJ \P_:’h_},&ﬁé‘ff,ga%%‘ﬁév\(‘&f”\‘322

BT ) o
ZArea(J)XRFm,( )
AWA,,, (i) =
> Area( )
e 3¢ 3.2-1)

N
TRFCﬂO = a)(i) X A WACI’IU (i)
2; ...................................................... (7 3.2-2)

AVAL D 2 55 At R AT SR B Y 0§ cno B B2 FS B
O i o

REaiU) s 4 it A0 15 S B - % no B fap 2 % |48
S A e

Area() : % 4. 5 j 48 503V EE R Harhd 5 -

Moot 82 2 % cno B e p % Higcd -

o) 1 (LR QAR T i

S x - L e T

TREwy © % 4 &% cno B e Fo o el HAF 2 B4 A i
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d Al AR TR LR RER 2T MR AL
BLGME R EE AREAPIcs B FgRME iﬂﬁfﬂi"’&ﬁi{”} BT
kA% /L (Bou Kheir et al., 2003) » 82788 % R B E € 3 4 247 0 B0
KBFEIE AR A LAY RE (DEF RN E Ry e
NRATE R AL E O RE R FEFEE A QERFTF T EL L E RS
EREET O QSN Bk AR A TR N R A R A ARk
% F v & »cdk ik T R4 /2 (Shaban et al.;2006) - Bromley et al. (1997)
g2 AN R FCERERE TRAERE L Z R ket A B e AT

B4 6 H R o Leduc et al. (2001) R 3 7 R f= it R4a 7 2 2 A

FEG R B N8 BT NG LB TS o
AL EE L ]
2R AR I IR LA RBAS R EA g
UV AL R e S G A N BT T ORY a3 S F Y
LT L T ORAT LSRR F]F 0 4o Murthy (2000) ~ Jaiswal et al.
(2003)% > g hFF Y AR A BN N B TR ILER TS o
EERE - MNAE S

% -k 3 K (hydraulic conductivity)z. + -] & &7 2 3 P -k s 2§t
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ARR 0 FIUH RBRLRE A4 3 KR 2 AT ST AT g K et
7| G AL ERGER F]F 2 — o
TSP AR R
HoREFF R TORAALE KARIER B AL mAE Y R

P A RBER N TRMALER TS o AT R&* Greenbaum (1985) T_& 2.
@ & & B % & @ (Drainage-length density) » # ¥ =5 f#/® 4 Z & & o /7

ERTREEF TORAWAFREFZARMIE P LR R TR EAAZ L RS
R AR S B T RATLE e 3F S :‘?dﬁfau PUITE B T R LA F] S
4 Krishnamurthy et al. (1996)~ Edet et al. (1998) ~ Murthy (2000) ~ Shahid et

al. (2000) ~ Jaiswal et al. (2003) ~ Sener etal. (2005) v Yeh et al. (2008) % -
3.3.2 -k % ¢ ]

K2 FE R AL E 5 B RS ARG 0 et S TR
Fl P [Z] /
B oM RE - H RGP e
AR AR ST EDI e BEIR RS AR R
B 2R@BRNan IR SHFTER - B FAFRDR AL o
KAV KRR R X RIE R MRS A 0 F S E H B TS e TR
HA =5 F15 > 4o Murthy (2000) ~ Sener et al. (2005)% o s 22§ 77 B-F

TyoE s R o B TR AL ER TS
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333 %L %4

FEFIR LA HEVERERN G BRI A E B RHF T ke H
FHMEF o e e R AL A R E R AL AT T
ZANBEF]F o AR B WML R TR R p s BB LR

FEF AR TR A B3 -

WA LB F) G 2 U st SO R e TR g L E R
vy - TF

R B AMASATELERFEFAHEL (G g &2 T 7ok

AR o T AR R AR PAT VLS S B AR R g -

Wk il ToKA FORE R B ER S0 Y ROk BT SRR 7 kA
MR R AT AR B2 gk GBGE AT N R S

dOEAT LR BB 2 Rk TRk o

o IR LRE R TR o KM MR RGN D HeR
BGokKIA R EESE L BE KRR o FY R BE T K
Ko BREK GRS 191107 > B M RETY 1%L L(LEEE
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2004b) -

YT NS EREE Y S ERAES SR TP N
B T dUR R AR i B 2R R RS ] T G R
GEREER A AF I RA AT THE 2 F KBS ) A2 T
Tok gt AR L B K AR R T FRd SRR F a2

o
34 LA L F3 P AR

SR 7 AN B S TR e A RPN (E PR A o )

Z_Bf % o F4t A #2744+ Shaban et al. (2006)£* Yehret al. (2008) % = 3¢
BH 3 AL RIS REE L B 0 B 3401 5 ATILER R R TS B )

HPAIES P EFF T R p A FH > FRAEL D

FOp o Tiade T okmgidphil, 2 TEEFREgn 2
B A& ERG 22 nd Mdadpe T Regiphl Halde
ERERT ) R Tadm TR gipllE, ZF THEEELE
Rl 5% opd PR E RIFH BRFR I TR ipR B P
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e bldrd - REAREPREBEDR TR ERIET FF AT
EE2 ARH KRR > F TR TR g R TS
ERARMME §MBE TR L A THEERERM ) ST
KR Ll R R 2 o TR T A e TR
PR Y TH =5 LR g0 ) b il s LB
ATHEZRESL T add T RSt Ml S XEP
oo THEZE RE R ) SR e MMa e TR iphiid, &% o
TH KRR G TR R B Rk A A AR
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LEFzZBERF AN 0 A 341 TEHAELAFIEL L o2
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Ao - BACLER TS LAY o SRR T LB R R
#3100 & 0 % & K RUARE S TR LR <[RS
SRR TS NN AR Al b4t B0 L ET A L 12%
Flp e d I F] S LA %2_*%3&4 TR AZ LR E A 5 100 & 0 A g
L12 A (100x12%) 0 @ 57 "1 A 3 B 1% F]S 0 BEGE KL B E T kA
AR E RPN e L AT L 12 A > BARA AR BELEH Tk

AL R KR A R S

BREKEY
it

Bl 3.4-1 ~ ¥ TR LR F) S M %R
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Fe34-1~ B TR AEA TS ELE L

eJ. "': Y ’V
Sl

1(1)+1(0.5)=1.5
3(1) =3.0

1(1)=1.0

2(1)=2.0
1(0.5)=0.5
2(1)=2.0
2(1)+1(0.5)=2.5
R

) = BB E(0.5)
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SR i s

B Fhba 2
rd

& mF) 2
¥ 5;7‘?3974?} B
‘mry 4
Aew) 4
[
0.22~0.36
0.36~0.50
0.50~0.64
0.64~0.78
0.78~0.92
1000~1240
1240~1480
1480~1720
1720~1960
1960~2200

[S—
[S—

3

Ap B 4

T 39 E %5 % § (mm)

nlpalwlivl—lnlslw (O]~
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A E 2 8 ]

0~0.2

0.2~0.4

0.4~0.6

0.6~0.8

0.8~1.0

0~0.024

0.024~0.048

0.048~0.072

0.072~0.096

0.096~0.120

® A (km/km?)

0~0.5

0.5<1.0

1.0~1.5

1.5~2.0
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