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Abstract

This project was scheduled on the basis of “Groundwater hydro-geography and
recharge model research” (2013 to 2016). The main objective was to estimate the
area of groundwater recharge and to understand the local groundwater recharge area,
as well as the amount of water resource, which directed the groundwater resource
management to sustainable utilization. The executive strategy was made by year and
area and this is the first-year project. The research area was focused on Lan-Yang
plain. The research results included recommendations of the main groundwater
recharge areas, main recharge influence assessment against groundwater system,
analyses of available groundwater discharge of pumping, gravity measurement, and
establishment of hydro-geology model.

For the perspective of recommendations of main groundwater recharge area on
Lan-Yang plain, this project synthesized information of drill core, spring, dissolved
oxygen, two-dimensional resistance to ground, and hydro-geology model. The main
recharge area was estimated at the upstream of Lan-Yang river, including Yuan-Shan
County, Sa-Hsing County, and Tung-Shan County. The supplement area is about
80.32 km?, 22.35% of Lan-Yang plain.

For the perspective of estimation of groundwater recharge and discharge on
Lan-Yang plain, numerical model revealed the annual vertical recharge was 103.92
million tons. The lateral recharge along the mountain was 133.07 million tons. Net
effluent to the shore was 16.20 million tons. The discharge of the first confined
aquifer was 190.20 million tons. The discharge of the second was 29.61 million tons.
The total recharge was 236.99 million tons, and the total discharge was 219.81
million tons. By using hydrograph to analyze, total annual recharge was 267.16
million tons, while the total discharge was 204.26 million tons. The results of the
above two methods were quite similar.

For the perspective of impact assessment against main recharge area of
groundwater system on Lan-Yang plain, the recharge area was about 22.35%.The
vertical recharge, by using numerical model assessment, was 59.85 million tons,
57.59% of the total. By using MODPATH simulation, the contaminated matters was
transferred from recharge area to the first confined aquifer (F1) in ten years once the
area was polluted. Some contaminated matters further infiltrated to deeper confined
aquifers (F2). The result revealed that the main groundwater recharge area is very



important.

For the perspective of the analyses of available groundwater discharge, the
numerical model and Hill method were used in this project. The annual discharge was
219.49 million tons.

For the perspective of terrain measurement, earth physic method was divided in
two perspectives, resistance to ground and gravity measurement. For the resistance to
ground perspective, one-dimensional resistance wires were completed at 36 sites, and
35 two-dimensional wires longer than 300 meters were placed. The total length was
9120 meters, two times more than the required project progress (at least 4000 meters
in total). In sum of the results of the current one-dimensional and two-dimensional
resistance to ground reverse calculation and compared to the drill core records with
the observation wells nearby, the resistance rate was more than 100 Ohm-m in the
gravel layer of Lan-Yang plain. Most of the resistance rate of the thick clay layer was
less than 10 Ohm-m. However, the resistance rate was less than 100 Ohm-m because
of clay content in sand/clay layers or gravel/clay thin layers. Therefore, 100 Ohm-m
was selected as the standard in this project to use two-dimensional resistance to
decide boundary layers. On the basis of this principle, the analyses were performed to
estimate the boundary layer of alluvial fan top and gravel layer by using
two-dimensional resistance to ground in this project. The results were also used to be
the important reference for the main recharge area.

For the perspective of gravity measurement, gravity monitoring of five stations
was performed in the drought season (April) and the flood season (September). Water
level and gravity difference were larger between the two season for Sa-Hsing and
Ta-Yin station, which can be used for specific effluent assessment. Moreover, gravity
tests were performed along with pumping tests at Na-Cheng station. The difference of
gravity and water level was measured to estimate specific effluent and to compared
with value of pumping tests.

For the investigation of earth chemistry, the boundary should be at the eastern
side of Ta-Chou station, which contained giant gravel in the drill information of the
recharge area on alluvial fan top. However, most of the springs and lakes were
located at the western side of Ta-Chou station, revealing the area was the cross
section of confined and unconfined aquifer. Moreover, most wells of groundwater
dissolved oxygen more than 0.5mg/l were located at the alluvial fan top from water
quality investigation in Lan-Yang area. Dissolved oxygen of Ta-Chou station was
obviously lower, which confirmed that Ta-Chou station was not inside the alluvial

v



fan top recharge area.

For the perspective of the establishment of hydro-geology model, this project
integrated the construction and the constants of hydro-geology to establish the
three-dimensional model. For the construction of hydro-geology, the
three-dimensional construction was established by using interpolation method, after
the geological sectional drawing was recorded by numbers from Central geological
Survey, MOEA. For the constants of hydro-geology, the constants were estimated by
using the information of resistance to ground and gravity monitoring. For the
resistance to ground applied to estimate the infiltration constants, the estimation
method and the three-dimensional infiltration constants field were developed in this
project, which was based on the formula and information of resistance to ground and
pumping tests. For the gravity information applied to estimate specific effluent,
information of the groundwater level and gravity was collected to obtain the specific
effluent with numerical model. This project picked up Sa-Hsing and Ta-Yin station,
which contained larger difference of water level and gravity, to estimate specific
effluent. The specific effluent is 0.07 at Sa-Hsing station and 0.25 at Ta-Yin station.
The specific effluent is 0.37 by using information of gravity monitoring at Na-Cheng
station and pumping tests. If the uncertainty of the absolute gravity device was
considered, the reasonable S, value at Na-Cheng station should be from 0.19 to 0.55
with 68% confidence. Value was 0.17 from estimation of pumping tests, closed to the
bottom limit of gravity estimation.

Key word: terrain recharge investigation, resistance to ground investigation,
gravity investigation, water quality investigation, hydro-geology model, groundwater
hydrograph, numerical model of groundwater value
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1 02030111 | %P (1) 6 27 3.97 335491 | 2723599 | 5.09 1-1
2 02080111 | % J£i(1) 28 49 1.27 | 329505 | 2725780 | 6.47 1-1
3 02080121 | * .L(2) 68 86 1.67 | 329505 | 2725780 | 6.47 1-2
4 02030311 | #4&(1) 13 37 437 | 331568 | 2726058 | 6.80 1-1
5 02030321 | +%6(2) 60 78 3.92 | 331568 | 2726058 | 6.80 1-2
6 02030331 | #%(3) | 100 118 2.31 | 331568 | 2726058 | 6.80 2-1
7 02030341 | #46(4) | 136 151 1.96 | 331568 | 2726058 | 6.80 2-2
8 02080311 g 15 32 prh | 326363 | 2727985 | 8.98 1-1
9 02030211 | f1:%(1) 16 34 2.33 | 333141 | 2729240 | 4.03 1-1
10 | 02030221 | fl:%(2) | 158 170 -2.42 | 333141 | 2729240 | 4.03 2
11 | 02100111 | = ‘*£(1) 38 62 9.76 | 321310 | 2729412 | 40.64 | 1-1
12 | 02100121 | ~*‘'£(2) 136 160 498 | 321310 | 2729412 | 40.64 | 1-2
13 | 02090111 | I %(1) 3 15 3.68 | 330057 | 2731668 | 3.89 1-1
14 | 02090121 | 7 %(2) 29 41 2.78 | 330057 | 2731668 | 3.89 1-1
15 | 02090131 | 7 %(3) 64 82 2.32 | 330057 | 2731668 | 3.89 1-2
16 | 02090141 | 7 %(4) | 152 176 -3.43 | 330057 | 2731668 | 3.89 2
17 | 02100211 =% 26 44 32.13 | 314969 | 2729321 | 92.86 1
18 | 02100311 | ~* #'(1) 25 43 2.03 | 322731 | 2732157 | 17.79 | 1-1
19 | 02100321 | *~#'(2) | 102 120 prE | 322731 | 2732157 | 17.79 | 1-2
20 | 02070211 | A 3 (1) 10 28 29.94 | 313166 | 2731959 | 104.81 | 1-1
21 | 02090211 | ¢ #(1) 15 45 2.41 | 327278 | 2732049 | 6.23 1-1
22 | 02090221 | * #(2) | 100 130 1.13 | 327278 | 2732049 | 6.23 1-2




23 02090231 ¢ 82(3) 180 192 -1.75 327278 | 2732049 6.23 2

24 02090241 v 8(4) 224 230 -10.55 | 327278 | 2732049 6.23 3

25 02070111 o 7 49 4.26 318700 | 2734050 | 37.29 1-1
26 02060411 = A 24 36 3.38 332212 | 2737115 3.87 1-1
27 02060211 | A R(1) 54 72 2.49 329122 | 2737853 2.00 1-1
28 02060221 | AR (2) 112 124 1.88 329122 | 2737853 2.00 1-2
29 02060231 | A F(3) 162 174 -1 329122 | 2737853 2.00 2-1
30 02010111 ® E(1) 19.5 344 1.64 324620 | 2738180 6.69 1-1
31 02010121 | ¥ A (2) 109 133 -1.7 324620 | 2738180 6.69 1-2
32 02070411 e 2 41 50 7.7 322822 | 2739979 | 17.07 1-1
33 02050211 | £ #(1) 31 90 3.02 325944 | 2743274 6.71 1-1
34 02050221 | % i5(2) 138 156 1.54 325944 | 2743274 6.71 1-2
35 02060311 | + %(1) 31 43 2.86 329932 | 2741080 2.91 1-1
36 02060321 | + %(2) 100 118 3.77 329932 | 2741080 2.91 1-2
37 02050311 i 23 41 3.19 328104 | 2744848 2.00 1-1
38 02060111 ~ 46 9 39.5 4.5 331460 | 2744155 2.62 1-1
39 02050111 %) 25 39 3.64 329180 | 2745890 2.72 1-1
40 02040111 | EE3¥(1) 7 19 4.15 332895 | 2751096 6.65 1-1




B 1.2-6 T RBERF =% B



% 123 WHET R

B - T

| s on E X A fE Y B
1 |V | E R E B Dok 8 BL(MVE ) ) 326396.274| 2735939.873
o |EP  |FWMEEC REBELIE(FPE]) 326413.857| 2738598.878
3 [BP|F W RERELE ST i 140 BL(E P R 335491504 2723599.394
4 |[F1E|E RIS E ke 15-3 5 333141.394 2729240.220
5 TR | WEFRELE B 13T £ F) 331568.963| 2726058.532
6 (BB |F RIS Y L F R 282 5L(FE W) 332895.690| 2751096.650
7 |FEF |FRRESEST L AZR28E(NE R A H) 332155.416| 2746813.077
g8 |E¥  |FWBEESRE HHTERTIEE SRY) 325045.843| 2742344.435
9 |[FEE |z WHAEMEE R 99 2 11 5508 Bk 2 F) 327171.665| 2747062.465
10 |73 |FHRARSRT 2HT 38 8L(v % R]) 329950.976| 2740986.361
11 |2 FORRRIE S o Bl w (CF R AR R v iT) | 332210.315] 2737091.238
12 |B%  |FERER LY L REBLE(E L B h) 313166.428| 2731959.033
13 |FE TSR LREEH & R 266 SLOFER]) 322338.600| 2735579.297
14 |F® T @HE LRATS R 84 2 48 (F £F]) 322814.713| 2739950.104
15 |EE|E Y LIRS H AR S BLT (TR R 326363.043| 2727985.288
16 |[FH [T WRY LSRN § BB B350 BL(A N R L) 330057.093| 2728775.945
17 |T 8 |FWHI BRI SHANE LI 2/]) 330057.330| 2731668.543
18 |P® (BRI S BHY B RETHR(CC 2R 327278.655| 2732049.697
19 |*HR |FRT BAEL NS C R 332885.832| 2733709.723
o0 |*E |FWRAZ R RAEA A R 129 8L (2 AR 321310.426| 2729412.187
21 |= & |[FWRAZ BESRZ BELT B B63L(= 2 W) 314969.382| 2729280.662
29 |d ¥k |F R B RS Ry F 316733.283| 2732419.735
03 [P T EAZ B R4 P MRS 5500 3(2 M RL) 322738.358| 2732132.750
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(#) k= b f 2

% 1.2-4 % F;r?}!,f,-_ﬂ': LR 2 k2 B %‘rxgg;g\ v Aok GBIk e -'Vfﬂ_“%
(1)~ (D)~ EQ) s 23~ %AB1) > 2 R LB = gk

MdRE o %ok ok >t 50(m/day) e oo
% 1.2-4 WHT Rk e TS84

132+ 1 ¢35 p 2 p

(=)

B
-Fé'

g s Wk il | ok |, - s RE-K Tl | Bk
() (m/min) () (m/min)
02010111 # E (1) i 0.0401 |02060411| 248 i 0.043
02010121| % B (2) i 0003 |02070111| p 3 i 216
02030111 | pzl[‘)ﬂ'l‘ ; 0.003 | 02070211 | " 5‘(’41?” i 0.0015
02030211 | 11:% (1) i 0.0126 |02070411| F % i 0.0562
02030221 | 117%(2) : 0.0011 | 02080111| * (1) i 0.1275
02030311 | #:76.(1) | 0.00216 | 0.024 |02080121| * L.(2) i 0.072
02030321 | #°76.(2) | 0.000521 | 0.00313 |02080311| 5= i 0.031
02030331 | 5 46(3) | 0.000196 | 0.0126 |02090111| 7 (1) = | 0.00815
02030341 % 46.(4) | 0.000428 | 0.002 |02090121| 7 %(2) i 0.108
02040111 | *F i’i’f‘ | - 0.0597 |02090131| 7 2(3) : 0.00197
02050111 | fti%(1) i 0.047 | 02090141 7 %(4) = [ 0.00287
02050211 | % (1) i 0.029 | 02000211 * #(1) = | 0.00815
02050221 | % #(2) i 0.029 |02000221| * #(2) i 0.0299
02050311 | - 4% - 0.047 |02000231| * #(3) i 0.0081
02060111 “‘?ﬁ”‘ ; 0.04775 | 02090241| * % (4) . 0.01
02060211 | # FI(1) i 0.592 | 02100111| ~ ‘(1) | 0.00146 | 0.0243
02060221 | # F1(2) - 0.0002 |02100121| *'£(2) | 0.0002 | 0.0103
02060231 | % F1(3) i 0.0001 |02100211| = % i 0.0777
02060311 | = % (1) i 0.0138 | 02100311 | ~ #'(1) i 0.0243
02060321| = % (2) = [0.000389 [02100321| * #(2) i 0.104

102(4)£ & -
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Hood TSR A Lk ST BB T ML T
£ AT ETL T Rk MG A TR

2.— M TREMALAL L EF- AR TIEREEFER T FET RE TK
BAFFHE 7 20 k2 % BEE(S00 2 € )- s TILERIL IE o T ERIRS
100-150 = = = % » Hpae 7 fEE T J\ % 100-150 = = 7Rz R~ ¥ F % fﬁfj"‘ )
SRR FEFRE A R T RRLR T A RR FE AR e

«—)\

SR RIEA BB Kk B TR @*:ﬂ%mwkwﬁlﬁ
TR ART E‘E%@ WITE TR 0 A B RIEEFER o BRBER T
& 4000 = = v ,;geiwé;?d;;é%f] 50-60 = = =% o T Ip it A RATILE
Bler k= 3 TR RO TRpg vl £85408

433 & 4 ?_/P'J ’%ﬁ’*’fw\%‘r Fd GHE S ﬂ/PJliﬁ‘" T R A RA
AFF R FRP  ELERFR o AN TS FEERFRES FRE
DR KERFESA R RGP R LE 2 :'17}415‘_ Sy & (Specific
yield) -

(EQER M &
Ly 6 2 3 TR RTHREE AT SFHFE T REFP M BREFE 2K
F%"v‘réﬁﬁ”v\%‘r"” FAIRZ R S B TR Z RS AT R TR 2
RE 2 IR EE ToRZRF IR AP E RS TR IV o B T ORE
?’EP/ ;&Edﬁg_ B VAT LA AN AT & ’ééﬁ#«"ﬁ KA LR A H
PRz Eyp e HE TR TRBRRFRAAL 2B -2 G0k 10 B2 = Tk 40
BABBEARE A (B CRERECERARBF ARBE L7 ) (i
1.3-1) -

2.3 TORERING AL CALFHET R TOREPIY DERI G o fEE
B R MR TR B r’v’ﬂﬁ’“ﬁ”’ °

BHEEWHE T Rk FAATF REGERAFER  RERSEAR

b BT R -
7 1.3-1 KE A~ 4738 P

b I P %P P
1 L3 6 3 11 2 16 &
2 B R 7 Y 12 4% 17 Frit P
3 pH 8 Frpiie 13 3%
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5 ] 10 4w 15 4
(z)d TR ALEZ KT T

LRF FHLE AEFETRE T ARRG L k2B AL B8
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21 ¥ TORAILE A F 4R B R M 2
(-) Reiph s

ﬁ*%”%TJwi REHHA R AN ARG EREFEY (L

B 7 RRALE (Crltlcal Aquifer Recharge Area, CARA) % Findy Wl g

k471 % | (Groundwater Recharge Area District, GRAD ) » H p F #Eif 40 o
1LERERE N TER ZREALTE

FREFY TER G REAAT o 7 5 RER TR KR K

KeoFhikdps "L sg;a,v;; , (Growth Management Act) » * %2

-~

R EELF
/z‘%ﬂlr‘/
AEEMOKE -

K& @ 3
REAGEATLRINAACLRUR AAREY B AELRT
TSz T % F 51200 % (USEPA, 1995) -

Possible aquifer border_ 37
’
--------- = \\’4,
SN
2 o : ’
AP ! = GIOIlp B =i
" PHiVate Wil 104 “arzal. - \ ==
Gloup h\\
el 1-‘ a s
J Jif
P g
R 7o (A | . 15

B 2.1-1 3¢5 O 2 gp Rk

TR R EIE P ER S g T HIR T £ & 3w (Critical Areas) >
B¢ TE£& 7-kEA4L% ; (CARA, Critical Aquifer Recharge Area) % & 5 : %
LA CKIR2Z KR A2 % 5 (Areas with a critical recharging effect on aquifers
used for potable water )

FEREEAAFHRT G ke r TR A S o RO AR
WEAEAIRE Bl AL RRI e o NELRE A B E o RER
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AZXALBLERYAREARTR AFFFRADLERRG K > T
TARBHEZ R U NERERAIRE o T L FRERE T KT R RN
(Morgan, 2005) :

f - GROUND-WATER POLLUTION
EF 7 a1\ [ [ (s / SUSCEPTIBILITY OF GEORGIA

| - At /\\\ DIGITAL DATA

B 2.1-2 % K Georgia " 2_ /5 L AR B & &g

@ 7 N

LEGEND

CARA CLASSES

Class 1 - 1 &5 year
Wellhead Capture Zene 7

Class 2 - 10 year
Wellhead Capture Zene

Cless 3 - High Aquifer
- o Recharge Area
i “Son

CRITICAL AQUIFER
RECHARGE AREA
('L‘”""; || CLASSIFICATION MAP

A
B 2.1-3 Issaquah 7 2. & & 3+ T (KA L RE T H1K
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King County
Critical Aquifer Recharge Areas

June 9, 2008

Logena
s Aquitr Rocharge Aress —
Catsgory
Catgry s
£l

Attachment A  [===v

|22 pe——. poant 012 4 6Mies
e —— LT e T S |

Bl 2.1-4 % @& F 4 King County 2 & & 3 T -kt i1 iR & 4%

? L % Ik http://www.kingcounty.gov/environment/waterandland/groundwater/maps-reports/maps.aspx

(L)5%% (ldentify) R A mde V% 20 T-RFR > RSB TR 0F
z }-[ l%q*‘FLrl’ » 1L &, J\F, /}glﬁ.agabt’z. J\%]A}?'F o P@E;% J“%’J”%TW’J(’J(;,“I ,*ﬂj"
EY

B F > om 2 g RE A+ (Wellhead Protection Zones) T E - EEF o Aizok
= S NS ii#@ﬁ&:%%%oﬁﬁ éﬁﬁ’u ﬁ‘—ﬁ‘z
&~4&¢:@% W R o R L d 25 4 7oK
& ts » #E 3R i Z 2 pFE R (USEPA, 1989) &rﬂ 4.1-1 #7517 > Bl® ‘2B 5 A
ok s R ELHEREY o kB ERT 4 * -k | (SDWA, Safe Drinking

Water Act) 2 > Z# A4 * RiRFiT2 ;gﬂliﬁ Jk (Potential contamination
sources) o FH-F F AL H - EimiFE o mfg E (RERY )4 S EIE o

(2)73 % mcR & (Susceptibility) g p SRiEELF 3 2 X33 % 0 bldos T
koo~ K >~ FoRE B R s TRk SR o REMOE T RE L
AR Bl ¥ v * DRASTIC = 2 2 4 » 4r@ 4.1-2 #7717 -

(@) & (Inventory) = *# s i3 Lk @ blhod ) ~ TR~ =& B~ B EE
wE

(4)75 % &% (Vulnerability) *dp* 2 BFESFRE pRFE B2 5 LHF
o

(5)#13 (Designate ) &£ & 7 -k k4L ixE® @ b E%‘U PR 4 B 0 4
BEE AR~ FoREFERIZE g KRR o T IF AP R R AR
*oRRZER M o 4ol 4.1-3 fror 0 Bl R FRER #;T H Issaquah # 2. & & & T
KA RER B FERLSIZHF F - R s 15 ESYEERER Y%
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http://www.kingcounty.gov/environment/waterandland/groundwater/maps-reports/maps.aspx

10 #NH g FRER - F =2 F s 3HLE o

(6) 3£ (Protect) @ &% = Fefpiipe > BFF~ 4~ A ~ ¥
(£ % o

(N7 447 (Ensure) W7 g 133 o

Byk& & m: xf@vﬂ Rzo @ o BARFR A E O WERER A A o

Wi 2 FE e T A e 0 B IR R L EE A Y King County & B o 4
B 2.1-4 #75F > % P@&w‘hkﬁﬁ%ﬂﬁﬁgwﬁﬁﬂwa(th&meZMO)
T [ Al NP A i S - FFF - TEE Mg nté‘i’qwf;ﬁ
7_BMP (Best Management Practlce) = Ry FaFE - Jod® 3 E S
B3 30 S B3 7 2 E (City of Issaquah, 2009 ) » 123 TR IRE R %Lgﬁ‘i 7 o

2. o I M ehE T ORA L R

FREF oLV ToRALE B RE R EE R (Water Resource Districts )
- 3G o N HVRFIREE R A SRS LB TORAILE ~ RE KRB K
% ~ ;7 (Georgia Department of Natural Resources, 2010) o H # & T k41 %
K > L& RIpFoL P AT RIS 18 8-k < B (Hydrological Atlas 18,
1989 Edition) - 1345 Blt A L F R > 4oBl 4.1-5 “7F iRpF 20 LK< B
— 3 T oK 4 a7 R Bl (Groundwater pollution susceptibility map) » #-# T kAL
AAEZE IR AR BRE MBI o RS AFRTD G 5] FEL B
b2 S e E’*é?‘ T g & MR A R (AR ) o B
R E KR E k2 ?Eﬂ"xiﬁﬁﬁ °

TSR TR R 2 4 2 * 2 4 (Georgia Department of Natural
Resources, 2010 )

(D 2Rz 8H > LFO6604hm  FFEADEH (- LRIINE
B~ 7 ?ﬁ%a‘%%’%)

QRrERAFLFRET G 7 %’Hﬁ‘i?ﬁ%& °

BVt 7 K5 K 2 75 -k LK

(A)Ar% FiXF p KA J\/%@Eﬂ_&*’ P FHRFRET DG TR FURIL o

(B)F KL ? g HE > F FHgEER -

(6) & T 4 e & & 45 Resource Conservation and Recovery Act % 312 T AR
T 45 F BT ¥ (hazardous materials) Az - H APF > F 43K 7 Bk
o FAEFBIEE BN ER o

(NFATH B KRRT & K 7 SR A o
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MOST SIGNIFICANT
RECHARGE AREAS OF GEORGIA
DIGITAL DATA

rrankliv \ SCALE 1:633,600
HART 1 inch represents 10 miles

. [ * * »
[ S— ————

Eleerg \ EXPLANATION

CLARK \ COASTAL PLAIN PROVINCE

; N, MIOCENE/PLIOCENE-RECENT
PRERTHORRE ~. UNCONFINED AQUIFERS

WitKEs . FLORIDAN/JACKSONIAN
LiNcoLn AQUIFER SYSTEM

\ CLAIBORNE AQUIFER SYSTEM
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# 352 BweE o
BTORBR B TR EERT € ¥ AR 81 # ik preny ok E fidy
BB A B TR EE S 213 (5 WSS AL S

23 k2 » TR ER BN LS 2

AR FELRE LR EFAATHE ARG RAS TR
MR R R Y B AR e AT Rk B FROMEL Y
e (e et al, 2000)4F 34 4+ Zm IR AT 2 B R L - T
By M= L EA (2 Loet al, 2004)F)* wrE B L R B A I
s 2B ST RE R LT RART LR A »%f#mmfﬁéf"* P PR L (2011)4F

B ¥

HRATE § AT TR *%W%lﬁmw§f (SR, 2008) 11" GPS
,ﬁwﬁﬁﬁi_wlaamgxa%%,%ﬂ (ﬂﬂ A

2008)ztwm i 15 T R EE I SRR LR (55%1.—— et al., 1995)R] 44+ jF
By B ff s EEEAY W r.(ﬁ"%% 2, 2009)~ 47 L v AR R
B RFirEA(REIr~ 87 0 e §F FH';&, 2009) 4~ 17 ¥ W LT 5
T RSN FRE B AT (FHE A 2006)"1 g 2 EZ HET RS KBtk
AR VR DR L PR PR B 1S R 20 AR TS LIU(LIU 1995) ¢ Sibuet (Sibuet,
Deffontaines, Hsu, & Thareau, 1998) 7| 4% 3¢ ﬁﬂ%l VR RE s ]
PTORBCERGS R AR T TR F R E 2 4a 0 0 H Y Sk e ok ik
EN S R 4 ﬁi%J ~ %% (Singh, Singh, & Singh, 2005) (Sikandar & Christen,
2012a) » FIt TR OB RERFARBE B2 o8 % o R o B K

S = *’3"4’ M RBEERE S ERE s A RF fEE N z\#%]ﬁ“?’ﬁ ek
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PR wmil Wy UL ke AT ke e Tl B
%R e R MRRE e b TR K SuEHE 20 # Fr 4+ (Soupios, Kouli, Vallianatos,
Vafidis, & Stavroulakis, 2007) o Z 3§ e k< 3 B S8z 7 B AR > A F Ry
TERE ZRSES ZREZLEE AL Wk THRBIZFRAR A
Bl 4o

()™ & TR BRI AT TRE T

it gk B2k d R RN T g E e i Ap B (Kelly,
1977; Mazac et al., 1985; Huntley, 1986; Mazac et al.,1988; Boerner et al., 1996;
Christensen and Sorensen,1998; Rubin and Hubbard - 2005; De Lima et al., 2005;
Niwaset al., 2006) > F]pt & T IEE RIS F g it » ¥ F K4 RHcng it » &
AP R TIPS G Ry BF RS ST URF kB F S
ER

BAERIEZRALL EHER ORI - l?a"lj‘lm%’gd T koo
R ATEFZRE > FROEFES THRE 2 PFETRE R T RE A
i (external geometry) 2 # p 2% 4 33 (internal structure) 2 3% 4 (H|ck|n, Kerr,
Barchyn, & Paulen, 2009; Hubbard & Rubin, 2000; Mele, Bersezio, & Giudici, 2012;
Purvance & Andricevic, 2000; Zarroca, Bach, Linares, & Pellicer, 2011) » 5|47 %
BRZRIEFFIWREE R ?]t“%gﬁ PRIEEREE VREFEETRTE
;2. % B & iw (Beresnev, Hruby, & Davis, 2002; Danielsen, Dahlin, Owen, Mangeya,
& Auken, 2007; Ortega, Benito-Calvo, Porres, Pérez-Gonzalez, & Martin Merino,
2010; Taheri Tizro, Voudouris, & Basami, 2012) o iT A+ & & » 2 & 8 T [27% {
- R AR TR B F S8k 4t 5 (Mele et al., 2012; Park & Dickey, 1989;
Sikandar & Christen, 2012a; Soupios et al., 2007) -

Archie (Archie, 1942)% % 3% 11 5 4758 & 45 i 2 W%;ﬁ: B+ TRETRE
ISR G BTG T TR ﬁ%zk@ Zr RSN L ET R
B TORET R g K %1 F)5 (Formation factor) & fﬁfifﬁ‘g Tt AR WARA R
g TR 2 fFp 2 B =% E P~(Stephen K. P. and Stephen K. D., 1989) - #X
m oo E}”’SA]\%“‘"}d]‘lii%f/\fﬁmrs)i—)algﬁ”?ﬁég@ Fi~ k3R A

ZRFREERIE > FIPE AN EER LR BT YL § B2 % & (De Lima
& Niwas, 2000; Soupios et al., 2007) o d ¥k F 3 E A 27 EF 5 F]pb i g 7 ik
R TR kY gt R ER TR BG S iR T2 E T LS (Mele et
al., 2012; Vinegar & Waxman, 1984) » 2 §# 3 #-k WHET RSP > ¥ & > H
Archie = #2;% (Clavier, Coates, & Dumanoir, 1984; Sen, Goode, & Sibbit, 1988;
Vinegar & Waxman, 1984; Waxman & Smits, 1968; Worthington, 1993) - = if
Archie = f23% &2 3o 4] 2 f23% » g & % F 48 K %4 F15 (Formation factor) -
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AL R 2 FE X H kS 4 R K B %]+ 0 4o Stephen and
Stephen (1989) 12 F-KE T B 5 B fﬁzﬁi I HETR G REREEFRLE
oM w S 2 A S T L8k B4 T+ 2 il Niwas (Niwas, Tezkan, &
Israil, 2011)## Tizro(Taheri Tizro et al., 2012)7 Zv& jk e 58 > = TR F L
ﬁi@%?ﬁﬁi“mmi,’Aﬁq+’ﬂﬂ?ﬂpfﬁﬂﬂﬁpi&%%
Mz S Rl 15 3 S - Chukwudi(2010)#  Sikandar and Christen (Sikandar
& Christen, 2012a)7 ru4pfe (Ei2 i K 7]+ » £ R-2 g2 0 K B 7]+ 235
K dcw &ﬁ?#]ﬁ’ MRS o Bl 2 R REE R SREF]F Y RES K G
Soupios (Soupios et al., 2007) 14 4p e T2 48 iz 3= & F1+ > L 0= B Fl3 @ HcE -
& ,m RS Tl L @ﬁ% & » P I8 K F1F (intrinsic formation
factor) » £ r/ptdeE IV M F 0 2 {8 #-3L  F &~ Kozeny-Carman-Bear equation
(Domenlco & Schwartz, 1990)4& .-T*\sﬁ 7L % ﬁ“x o FRm it 2 /‘Jc PR “f 7 Stephen and
Stephen (1989)“F » H &2 4p i < /]?e wRE R 2B L Hy kg B+ I
A R %ﬂué FitHFeaEHL "‘ﬁii&'p F L-“FEL’T“} o v it Q}]?F 'f”
;v,g-s‘vr%: i ’{)i_v\,{ﬂ » H ,,\r_z #v/” B R REZ KA 9}@'
tb > 7 ;ig:t&ffi,ﬁi%fgﬂ P EIRE Bz ok Sl s XA ;@w 5
T EZFT REP o

C)e* £+ Bpls %ﬁz

TAFPE LRI IFIPRHORE > TR GRS ek
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4 ik
vz ok
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3¥- - Hasan(Hasan, Troch, Boll, & Kroner, 2006)>f# 5 ik f B * 2% &£

BIE A B2 BRSNS A i’lfﬁ MEA AL bta,gg—,fr,]\ + %’&?'f
AR R LG BAEAM B X Aefr KEMMIEES -

e b Wb E A BRI T R E(Sy)2 4% 0 Pool and Eychaner
(1995)*+ % R I 44 4 » > 1991 # 2 ¢ $ 1993 # 3 ¥ £ 5 B g5 2L g jp| & 4

B T 4 B EE TR BB LA RE s HE A 0,168 ~
0.213 2. B « USGS (1997)7 & % R fld prie 7 4 £p > »> 1992 & 12 *

11994 # 1% 25 RppFFEERE4 B ,%‘mgi#ﬁﬂz%’* MR Py o
R A3015~034 2 F 5 F AR GBS A kE 43 0.07~0.18 20 BF o
USGS (2003)*t % R 4c ' i& 7 b i1k ;é,%;- VR ER N Eer U 1
kg Rz kg E s Z RSN LR GE 018 H3a kv @ E 4 H 4
66( micro-gals) - Christiansen % * (2011) BT REBREFERS TREEE A G
HPEZ R Y A BRRITH 2 R REB T BF RN A
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31 Py  Faaf

SIHFBTREFR LRI R EALEN B AVEREFE T RS
FEFAL dek Tk s A £ ok il Bk lcE GIS B EAp M TR
4

() B Tokims HokrdRE Bk RETR

AV EARFHET R ToREPIEZE 2 AMBEREL Y O WE kA
~(F)~ 7 k& = (F)iER p # T RBBI 2 £ 40 32 H-kiadk s Bkl R
KEEEEFTHR > I AR E R KT RTRE L AB i Y A
Py TR A F®eed 31-123.1-2 2 313 9057 o H & # 2 A Bl4cH]
3.1-1 22 3.1-2 #75% o

% 3.4-1 5ok K - (FL)¥ & kil 2 F427] 4

# % TMX | TMY | T(m?/min) | K(m/min) |  ®&# F4 % £
7 B (1) |324620 | 2738165 | 0.6155 | 4.13E-02 2000~2012
# £ (2) |324620 [ 2738165 | 0.0721 | 3.00E-03 2000~2012
% M &) (1) | 335500 | 2723634 |  0.036 | 3.00E-03 2000~2012
f14(1) 333200 | 2729300 | 0.2274 | 1.26E-02 2000~2012
F546(1) | 332000 | 2725800 |  0.577 | 2.40E-02 2000~2012
i46(2) | 332000 | 2725800 | 0.0563 | 3.13E-03 2000~2012
545 ® /) (1) | 332900 | 2751100 | 0.7261 | 5.97E-02 2000~2012
k(1) | 329180 | 2745890 0.4 3.01E-02 2000~2012
% (1) | 325944 | 2742374 |  0.493 | 8.36E-03 2004~2012
% 75(2) | 325944 | 2742374 |  0.028 | 1.56E-03 2004~2012
- 328104 | 2744848 |  0.421 | 2.34E-02 2004~2012
< 4H ) (1) | 331460 | 2744155 | 11461 | 3.76E-02 2000~2012
s FI(1) | 3291222737853 | 0.3454 | 5.92E-01 2000~2012
F(2) [329122] 2737853 | 0.0043 | 1.36E-02 2000~2012
+ % (1) [329932]2741080 | 0.799 | 6.66E-02 2004~2012
+ %(2) [329932] 2741080 | 0.007 | 3.89E-04 2004~2012
24 332212 | 2737115 | 0.396 | 3.30E-02 2004~2012
o 318685 | 2734452 | 2.9208 | 6.32E-02 2000~2012
p 3 B (1) | 313700 | 2732700 | 0.0264 | 1.47E-03 2000~2012
e % 3228222739979 | 0.175 | 1.94E-02 2004~2012
4 0,(1) [329500 | 2725778 |  1.53 1.28E-01 2000~2012
4 0,(2) [329500 | 2725778 | 1.4358 | 6.70E-02 2000~2012
W % 326363 | 2727985 | 0.0145 | 8.53E-04 2004~2012
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% 3.0-1 7 kA - (FL# = kgl 2 T2 % ()

E TMX | TMY | T(m*min) | K(m/min) BEFTHERE
7 4(1) | 330000 [2731600| 1.6561 | 1.38E-01 2000~2012
7 4(2) | 330000 [2731600| 1.2975 | 1.08E-01 2000~2012
7 %(3) | 330000 [2731600| 0.0355 | 1.97E-03 2000~2012
¢ (1) | 327300 [2732000| 1.2903 | 4.30E-02 2000~2012
¢ 2(2) | 327300 [2732000| 0.8998 | 2.99E-02 2000~2012
¢ 2(4) | 327300 |[2732000| 0.0603 | 1.01E-02 2000~2012
% 1£(1) | 321300 [2729300| 0.608 2.43E-02 2000~2012
+1£(2) | 321300 [2729300| 0.2479 | 1.03E-02 2000~2012

B 314970 [2729321| 0.658 3.66E-02 2004~2012
% (1) | 322731 | 2732157 2.8 1.56E-01 2004~2012
% p(2) | 322731 |2732157| 1.88 1.04E-01 2004~2012

% 3.1-2 ZokA = (F2)y = -kpipl & T A7 £

e 2 TMX | TMY | T(m*min) | K(m/min) BEFREEK
#46.(3) | 332000 |2725800| 0.227 1.26E-02 2000~2013
#46.(4) | 332000 [2725800| 0.0243 | 2.03E-03 2000~2013
JI3%(2) | 333200 |2729300| 0.0128 | 1.07E-03 2000~2013
7 %(4) | 330000 [2731600| 0.0688 | 2.87E-03 2000~2013
¢ #(3) | 327300 |2732000| 0.0978 | 8.15E-03 2000~2013
M F(3) | 329122 |2737853| 0.0001 | 8.68E-06 2000~2013

# 3.1-3 & ToREP Y gk E R &
2 ¢ 2R AR ok E R
w B (1) 6.6 2 = #4757 204 2% 3 355 2%
7 E(2) 8.4 ¢ AT 110 2 3 134 2=
5 /R (L) 51 o= 45T 68 1 12828 ~22 3 28 2%
1% (1) 40 2= 45T 168 2% 3 348 2%
1% (2) 40 o= #7 1595 2 31 1715 2%
3548.(1) 6.6 o ¢ AT 142 223 382 2
3T46.(2) 6.6 o ¢ #7608 23 788 2=
346(3) 6.6 o ¢ A7 1012 2% 1 1194 2=
346 (4) 6.6 = ¢ 45T 13743 1434 2% 1465 % 152 o ®
EE 15 ) (1) 6.3 2 ¢ AT g a3 200
RIE(L) 1.7 2 A5 T 282 2% 1 402 2 %
2 35(1) 6.3 2 ¢ 49T 311 %491 2% ~7823% 90.2 2 ¢
£ 35(2) 6.3 o ¢ #4757 1390 2% 1 1571 2%

BT 352« AFT 287 2% % 417 2%

AR (1) 2.6 2% HET 12208 3 36 0%
(1) 37 2 ¢ #ETE5 A% 3 7328
HF(2) 3.7 2o ¢ #57 1132 2% 1 1252 2 ¢
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% 3.1-3 » ToRERBIY Rk E 2 AL ()

¢ ERET BkE =R
2 7 (3) 37 2 ¢ 25T 163.4 2 & 3 1754 2 %
+ 2 (1) 27 2% #FT 318 2% 3 438 ¢
+ %(2) 27 2% £ 100 2 3 118 2 ¢
155 B (1) | 1046 2 ® #5111 2% 3 281 2%
e # 16.5 2 ® # 75T 415 2% 3 505 2 ¢
£ 0,(1) 6.4 2 % T 312 0% 5 492 2 °
£ 1,(2) 6.4 2 % £ 714 2% 3 887 2%
e 11128 [ 2757 16373 224 2% 274 2% 3 334 2 ¢
7 (1) 39 2 ¢ #3308 5 154 28
I %(2) 3.9 o ¢ AT 297 2% 1 417 2%
7 203 39 2 ¢ 47T 653 2% % 8342 ¢
7 %) 39 = ¢ # g7 1533 2% 3 1774 2 ¢
¢ 2(1) 6.3 2 ¢ # T 16.3 2% 3 46.3 2 ¢
¢ 2(2) 6.3 2 ¢ 25T 1015 2 & 3 1325 2 &
¢ 8 (3) 6.4 2 ¢ £ 5T 181.3 2 & 1 193.4 2 <
¢ 2 (4) 6.4 2 < 25T 2256 2 & 1 2316 o <
A C) 40.3 = ¢ 4T 3800 7 62 0%
< 1%(2) 40.3 2 ® 25T 1363 2 < 1 160.3 2 <
B 923 2 ¢ #5 T 253 & ¢ 5 43.3 o ¢
< (1) 182 2 ¢ HET 2621 3 44 2%
< (2) 183 2 ¢ #5102 2% 3 120 2 ¢
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B 3.1-2 5 k& = (F2)6 v ¥ T -kpipl 2 & % B

() kAT
EFARTORPIF T T R A B A TR AT Y R o B R
71\?%% ‘/E IE”Z}F'AI\%]A)‘L"’ 6_,\-!:- ‘lif’%\314er_r°

% 3.1-4 Fﬁf%l}g’%@ Fh }\Pé‘r%g'ﬁ /P“PJ;]’J‘ oS ;4

SA6(1) 324620 | 2738180 0.00216
S16(2) 333200 | 2729300 0.000521
S45(3) 332000 | 2725800 0.000196
S16.(4) 332000 | 2725800 0.000428
£ (1) 321300 | 2729300 0.00146
£ (2) 332900 | 2751100 0.0002
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() *EFH

PAF R REEAICRF AU BT RE PBELRERT A EA R
v ok AT 1?\7%3‘1'-‘3371“% 'j‘l?(#' VRA A Fﬁ”’%l}%""t’ékg TLi% 0 UE 'ﬁjﬁi'
T d N HELRC xﬁmp‘.w%l Rgig o re R T R Y BT LR 2

Pk g kR ER R AR 245 B TR 1150 4ok 3155 477
pU ek GRIRR IR L3 16 B o R TR K 85k 0 ek 316 o 0 HARRE =
% 4@ 3.1-3 ~ 3.1-4 #77 o

%315 fHThR& T (P L F % Rhite)

k7 TMX TMY R TR
T 324822 2740221 2004~2012
15 330664 2750039 2004~2012
Ik 325912 2746289 2004~2012
7 7] 328206 2738024 2004~2012
£ i 317067 2734797 2004~2012
B4 324112 2731295 2004~2012
=4 1 314561 2729862 2004~2012
Rk 320879 2725862 2004~2012
AL 328669 2725690 2004~2012
P 324399 2724927 2004~2012
Ik 329136 2731735 2010~2012

% 316 WHT R& EEFTH (G E L)

7 Ba TMX T™MY EEFHET
w02) | w R 302481 2723084 2004~2012
%) | TR 325314 2724656 2004~2012

£, R 328554 2725850 2004~2012
FAB | TR 324962 2730838 2004~2012

7 i T 324721 2747542 2004~2012

X T 01w 303537 2710100 2004~2012
ok T 314439 2722915 2007~2012
EARRE | AT 338782.4 2764691 2004~2012
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(=) GISEA T
W T R 2o 3 123 Ki(Geographic Information System, GIS)[ & 7 &4t

TLfEIR b TR F e WERIE KiRdcd 3.1-7 1T e

%317 AP EAERFT TR
1 A S B & ok
PSRRI R
(2007 )
AP EL R e R
¥ 5% #7(1997 &)
ToEFa T AN T NSl

BT T MFCIRR 2 R P (2007 #)

LB Tk Frete k£ & g R F s r(1997 #)
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K o8 % T RERREY - B3
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P AR R SRR E SRRk 11§
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321 ¥ Tk AL B R A

d AR T 2 ToRELRIRE R AR 9 F 11 ¢ ERIEET 2003
ERAER Y SARTRESTL - RIE &S T E FRBIE 2004 3 2012
£ o
%ﬁ'%@f?éi‘émgﬁ;ﬂg o

R L TR AT R A RS £ 321 RS
Frab =8 AR HRAE TORFRZ EEZRE A o 23220 F AL b2
iR PEE o

St

&%ﬁ K-t 2R BETREBEFLE S, GRLIR  4oB 32247 - #
PRghZ TR LR W doT & &’ﬁ?ﬁﬁ hd B dow 3z TR R AT
T PFE o

T BHESGEVHBRL o A BRI R BLRIF B FATER
%%ﬁﬁnﬂ?“ﬁ“"$lk@ CHRIT LB )2 TR FpE R
R B H AT Rt - R R R QAEZEFHE  wF HFET
iémﬁhoﬁ&éﬁﬁ LB 2 L BPEER piﬂwﬁ*%mﬁﬁ%
Lo A RPEE > okt 44 2004 3 2012 & A1 LRI ok i AT o
?13 B R 52U Ak R X B T AZE S X o 7 “%‘1’}\1“&3&%%%10
X f’r;;;ggﬁ»]u A2 P AR Bl 2 10 X U p B RAEa T A
B S AT R BERZPBEYPRFREHF A X ERVAPPNEEFHE o L&
o b H32%®6’~5ﬁﬂ@*mﬁﬁ Lc#ﬁ%&’ﬂﬁ#ﬁ%%
10 R > FIP B RN AIRFE LS BEETREN AAAE 0 A RS2 K AR
3.2-3(0) 777 © 4k ok ik iR X BoAZiE 10 X 0 P F % AR 2 BBk ik (R
Ao AT ¢P1ﬁ$m4ﬁ%,o

HFw S E 2 FA G BRT Y 2 TR AR o T I T
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B 4.2-2 = k& zh35 (TLW

Sets Sets
Cumulative Mean; 978886046.20 pGal +/- 1.35 nGal  +/- 2.04 uGal Cumulative Mean: 978886066.60 pGal +/- 1.11 uGal +/- 2.09 uGal
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Sets Sets
Cumulative Mean: 978900297.65 uGal +/-1.21 uGal +/- 2.03 pGal 50 Cumulative Mean: 978900297.66 uGal +/- 3.37 uGal +/- 238 uGal
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Sets Sels

Cumulative Mean; 978902214.26 pGal +/- 1.15 nGal  +/- 2.04 uGal Cumulative Mean; 978902218.39 pGal +/- 2.55 nGal  +/- 2,12 uGal
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Bl 42-11 ¢ 25 4E 4

Sets Sets
Cumulative Mean, 978904636.32 pnGal +/- 3.62 nGal  +/- 2,12 uGal 50 Cumulative Mean, 978904635.74 pGal +/- 5.39 nGal  +/- 238 uGal
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5.1 34 & = iz & R3]
5.1. mooRE BT ORERR S 2

BooCOREERT R FS G kSR o AR L A REFE R BB
F oo o PR GE  w e R B o Bk o BT UER BT 7T
BiEp 0 A3F 2 £ K Hydrolab mini-sonde 4 & Bl » =k £ (B
5.1-1)
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rfﬂff'w;vﬁ Ao FpE sk ok R H 5-10 cmh HrgffHEmraes 1@ 30

*ﬁ"fi i LJFL‘}%‘-”?’J*’H ;,!;'_',‘; v B 24 FE*:F\ %’Pf —J.'-‘ﬂ:jl -j‘-‘t—'@ 4;_‘%1‘_17_7}1;& ? »
ARILRH g o

BTk AT A SRR RO R B R (T)
(PH) ~ 5 B R T = (ORP)~ 7 B(EC)E - I+ R
R (ET RS 1412pS/em ~ pH = 2y 5 4.0-7.0-10.0 ~ i3 o R I
3 LB RFT E54280mV) 0 PR F P 3R o RS 4

% (DO) ~ & #+ kR

-0 o S TR PR
¥ 7%

EE - B S ¥ S
B (flow cell) » iz 5@ > » L% NET AR (F ® ORION Cond

130) ~ i3 % (4t ® WTW Oxi 315) ~ pH 2*+(4¢. B WTW pH Electrode SenTix 21) »

4}‘&59 Fl =1 A pH EC~MBA g =82 F-kis > & pH 2
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# 5.1-1 A2

FozF Ve 175

EP Rt H =
1. ERR T3 |uS/em
2. BR T3 5 C
3. pH TRz
4. F LR RT = w35 mv
5. ] TR mg/I
6. # K ¥ mg/|
7. * B+ A4t | moll
8. Fir iz 49 B+ K47 | mgll
9. £l R 3t mg/I
10. 4n kR mg/I
11. 4 F T mg/I
12, 4% ¥ T mg/|
13. % wd gk mg/|
14, V27 R4 mg/l
15. 4 AA mg/I
16. & AA mg/I
17. Fi it e e d jE mg/

B 5.1-2 %

AFERE ST

W$ﬁ%¢ﬁ7? % k413
:}j‘? s 1] *;;? 'F’ ]% 7 % Bﬂjfﬂlﬁ

L Fe m/ﬁ'ﬁ }\’Frﬁiiﬁz

7ok Rk 25t & Bl(Chapelle,2001)

4o 5 Hp ends TR EE P PR S

BTk

FOREBCRE SR~ A PR E TR B Dl

110

(% 5.1-2) -



A L 47 - # * Mann-Kendall ;2 (Kendall, 1975) - & % & S 2 = ;¢ 5.1-1
c T

sign(Xj-X)=1 % X;-X,>0
sign(Xj-Xk)=O —}_:"X,—-Xk:O
sign(Xj-Xi)=-1 & X;-Xk<0

Xi 6Fj23E Xy sPFF 4728 (X3 nFE) BFESLL
AR i‘aﬁ%\%“'*’pém’z\’ﬁw/ﬁ‘ ARE o HEFH2Z 45 f(2)
Fod R (82 KLt (Zm) 3 ﬂﬁﬁ:VAR(S)i#&E :

Nifichh o gHeB L5 p BHEL Bdp Bl BBME2 B2 E
(Z i)
% S=0 p] Z=0
% $>0 B Z=(S-1)/[VAR(S)]*?
% S<0 B Z=(S+1)/[VARS)Y2 oo, (;¢ 5.1-3)
At 1(2)

I\)‘N,\,

f(2) = % ................................................... (

- A1 90—95% 5 BEF R T > A E 0w 00% ; K WTE_E oA FARY o
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% 5.1-2 &% KR Z EEH J\;ﬁ"fﬂ}
W RIIE B Hix |[imFagr |[BinFegr BT K
Kok [kekmeky | RTERR
s s
v z
1. kg T c | - | <35
2. I ER pH| - | - e 6.0-9.0
3. Fi+®R7 =~ ORPfMV(@25 | - | - | -
C)
4. A3 DO mg/lL | - | e >3
5. # % B (at25C) pS/em | - | e 750
EC
6. 4iAf2F4 TDS | mg/ll | - 500 | @ -
7. 4% Ca mg/L | - | e e
8. 4% Mg mg/l | | - |
9. HE Hard mg/L | - | e e
10. 4= K mg/lL | - | e e
11. 4p Na mg/lL | - | e e
12, %4k & Alk. mg/L | - | | e
13. # @ CI mg/lL | - 250 175
14. Frpate SO42 | mg/lL | - 250 200
15. Afpe®F  NOs-N| mglL | - 100 | -
*W e g okoRk s P kok C#Er ol Bk s SR ks
o 2 ARRpR SRk KK
512 » T RE R B A
BPTORGVEREE G oF R B ToRA A B ToRAE ~ 2 B R R DR
Fo b RAEF e T oo FIA SRR TR g > e T ORR MR E
ﬁﬁ&#o)T$~»@’i#?uﬁ%%Tﬁﬁéoﬁlﬁ%Eéiﬁr—
z /PJ %2 m]\m_pl CBRIERITE S T F s B AR B TORE DG o
IBERAP B a2t (B 51-3) »%&4 9 v 2z #83q » &4 T -KKED

@,@EJGWm@mﬁaﬂ#,ﬁwéiizﬁ«@io

£-3 2R G BRI E o @ Troll 200 Bl#( B 5.1-4) 5 i » ¥ TR 15 o
FRHE MR- Bk Ry FRERETIC 2min FIEZER R KR
Vo TP HEEZEFORR c BRIFd AT E- K - 87 ®F 10min ¥

oo f?fiﬁ‘ﬁ—‘ﬁi""r’}i&ﬁ%ym F P T @'_ro
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% & In-situ troll 200 %
#-20—80°C ~ & A 0.1C ~

2%

¥

Brr ik 0.1%(4p % > 2cm) ~ {247 A& 0.005% (1mm) -

A2 TR T e gy o

KR ET A

_‘;5 :w =

£ - PrEaviR

f2+47 & 0.01°C ;

& B?}‘E“ T g’t;}%iﬁfmu ° ’J\‘m’.ﬁfz‘u >

R e B \5-7}_51‘;1__01(:}’\ i&@”‘f"
o RBAVKFFEE R ERENH FEAL L 2em o
s
(A) K & (C)
20
0
30
N i
3 60
m [ -
= s 5
1 4 K-+ 20080320
B 5 %% 20071015
120 |- 6 4 — 20080915
- 7 B 1993
| 8 4 — 20080915
150 7 9 ® /) 20080915
(B) i
g1 2 3 4 6 8 9
0
e N " W R R
% A B c
50 40 30 A KF
g B AN
(m) 60C 50 C Wil
100
B 5.1-3 (A) R A2 EIw (B) "kiE2e
"5 JHp 20 50m Lz }w.,L T }i—

s o B AR
&4 B PR T E 350m KR -
SPlEIR P RN

FUE R

i
m

#ETRERL o KRR

FEW R

T e R b

B 5.1-4 % & In-situ Troll-200 -k & ~ -k %2 E T B p 2B
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513 P I~ BB E (g Z)
d @R ERE PR MBS B THLEERIRERR 0 L PF
Qu-» T g & QI %kt Re 5 A K4 (B 5.1-5)
Re=Qu-Q) weeeerreeeeenmmrreessnnneeeenn. X 5.1-5)
FERPERE  VEVRZFE RIS PERZEF @84 S k@
o FRIE AU BRI AR 2 o Hre BRI - AR FRE Y - ﬁ—’—‘*le‘&W%
E(A# 73 5 30cm) & Bl-kKiFD)2 w2 (V) m# P85 ke ™ 06 #iF

(Holmes Jr, Terrio, Harris, & Mills, 2001) » 3% 8h2 inig 432 8 g ff2 T 15
it > H-Hi2 n g %

QrEWXDX V) woerreeernsemnesennnnunen (X 5.1-6)
FADIM2Z B E T L EER 0T 0 FaETR L3 NE

Q:ZQn ................................. ;\ 51_7)
SOBRfREPIEEL > F - BE¥re ‘Frﬁxé‘.f‘r ZEHER o AT 2 nE G

74 JDC 2 # 4] Flowatch 4] (%] 5.1-6) » £# 2 /= 6cm % 2cm ~ & ijni# % 0.03
m/s~ Bk 2% o

(A) (B)

Bl 5.1-5 @ iR BE P HE N FEF (A) mwE%e =% 5 (B) AR R
2.7k (D)g i &R e

B 5.1-6 332 JDC = @ % Flowatch 4] "' /g 3+
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5.2 kA %%
5.2 ¥ g okE K TR F 2 AERBY

WHE RAERERZE TRBF ZAERBERIE 5212 £ 52273
ER2Z AT 4B 5213 F * 3 05my/lchd L maE 4 ﬂw’vwn—ﬁ~
AEZ RS 2R LFHOT R bldet Lo~ FRIEZE B o oo T oRATL 0 R
THEBBIERGRR D BT F IR TR KRG LR BB RG] R bldeot
FEFCE S FDORLEE P LR o G R BREEE R EITLRET R
B Fw> 2013 # 4 7 FEG D GRS RCEW - P AR B kY i
'”?a'fifus i 7~9mg/l (% 52-3~%524) » A7k kTagi =4 ¥ 2%
FERERER BT EHNB -

ATl TORHERE RRTAF (£ 5.2-5) o HRLL R kR iRA
WERT FF 02000 £ 3 2013 & enficdp it o R S AR F JEA <3 1 mg/l
¥ 5ol Ao v = ks pig o~ RS 2 S o AE R BRI (2013 #
4 % ) MRl B EE ER B F 225 mo/l o FwBIF AL AR F o X T
LSRR (R 52:2) o F o ke RS G = ik RERGE c Reruk (5
swrbe b 25) 204 mg/l ~ & T EUE (4 Lkt 25) 3.66mg/l ~ #7385 0% (FT4L

F5) 3.68mg/l » SR Rl e B § K~ 3 0.01 mg/l -

S TEA LR e ] 0 1L ﬁ?%éﬂ&ﬁ%’uﬂﬁiﬁﬁ%‘EJE
E#FZkED: 5 E%  BARPERGAWEEY B Btz izg
<% 05 mo/l & ikgp (B 52-1) > Bl 7~z (2 zks o2 E’ﬁi%‘a‘? :
0.5mg/l)> ~ webpes Beng 2 kL H3y 2 AEL R F 5P & 0 (R 5.2-2)

£
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%521 » Tk 3 s A KRF(013E 4 7))

e pH 2] FrRRRE | AES
S5 #* ¢

uS/cm mg/l mV mg/l
1 £ (1) 321 5.79 2.07 118 0.06
2 £ 0i(1) 306 7.65 0.91 -188 0.16
3 £ 01(2) 313 7.96 0.92 -204 0.21
4 (1) 384 7.97 0.79 -190 0.12
5 T46.(2) 996 8.75 0.94 -206 0.28
6 T46.(3) 1425 7.80 0.32 -221 0.15
7 FH(4) 1473 6.89 0.18 -141 0.48
8 WE 230 7.32 0.33 -143 0.09
9 1% (1) 218 8.15 0.75 -193 0.02
10 1% (2) 831 7.13 0.15 -163 0.26
11 % (1) 256 6.85 6.05 142 1.63
12 % £(2) 416 7.25 2.12 105 0.32
13 7 %) 783 9.06 0.44 -216 0.30
14 7 %2 576 8.66 0.42 -195 0.02
15 7 %) 925 8.92 0.42 -207 0.31
16 7 %(4) 882 8.90 0.14 -178 0.25
17 = 489 6.94 3.39 72 0.48
18 < (1) 564 7.09 0.44 -130 0.10
19 < 7(2) 517 7.59 0.24 -140 0.01
20 i 5 (1) #k
21 v (1) 409 7.25 1.07 -146 0.08
22 v (2) 489 7.46 1.47 -152 0.22
23 ¢ (3) 510 7.33 0.13 -144 0.37
24 v (4) 513 7.25 0.12 -138 0.16
25 N (1) 180 6.94 571 174 0.60
26 o 2350 8.72 0.29 -269 0.12
27 A= F(1) 583 7.92 0.61 -159 0.10
28 = F(2) 1115 8.25 0.29 -188 0.10
29 A (3) 908 7.56 0.15 -150 0.34
30 w R (1) 318 6.37 0.10 -219 0.36
31 w7 E(2) 303 6.49 0.64 -179 0.24
32 o 2 319 7.61 0.17 -183 0.31
33 2 5(1) 430 7.16 0.40 -152 0.27

116




ET R pH ] FrBERT ™ ARG %
S5 * ¢

uS/cm mg/Il mV mg/l
34 5 (2) 224 8.26 0.28 -206 0.10
35 + 2 (1) 522 9.11 0.63 -151 0.01
36 +2(2) 6460 9.27 0.14 -249 0.18
37 -3 341 9.43 0.23 -185 0.08
38 R 23300 8.19 0.22 -186 0.16
39 (1) 234 7.05 1.45 76 1.43
40 HIE(2) 190 7.15 3.42 150 2.25
41 F 5 (1) 255 8.64 0.27 -113 0.44

%522 » Tk 35 EAKKF(QR013E9 )
$T R pH ] FrERT = A F
S5 L

uS/cm mg/l mV mg/l
1 5/ (1) 403 5.92 219 180 0.07
2 £ (1) 311 7.68 0.23 -248 0.21
3 £ 0(2) 322 7.86 0.22 -274 0.07
4 () 430 7.07 0.22 -240 0.06
5 1.02) 1402 8.35 0.21 -328 0.24
6 R AE) 1603 7.64 0.12 -245 0.15
7 1.(4) 1613 6.62 0.19 -194 0.51
8 WE 318 7.00 0.32 -281 0.43
9 113(1) 240 7.38 0.11 -260 0.09
10 1% (2) 1750 6.83 0.18 -250 0.26
11 < (1) 320 6.83 5.69 129 0.68
12 < 12(2) 461 7.03 2.19 88 0.14
13 7 2(1) 981 8.04 0.32 -313 0.16
14 720 636 771 0.16 -281 0.27
15 7 203) 1045 8.14 0.35 -259 0.36
16 7 2(4) 941 8.05 0.04 -227 0.29
17 B 556 7.06 5.85 212 0.68
18 (1) 627 7.30 0.22 -217 0.05
19 < #(2) 586 7.33 0.32 -167 0.04
20 p % (1)
21 v (1) 441 7.05 1.23 167 0.12
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s e ETR pH i § FBRT g
uS/cm mg/Il mV mg/l
22 v o#(2) 553 7.09 0.14 -225 0.24
23 ¥ @ (3) 566 7.04 0.39 -213 0.37
24 v (4) 564 6.98 0.20 -235 0.15
25 m (1) 186 7.04 6.30 29 0.38
26 o4 3800 8.06 0.39 -305 0.05
27 A F(L) 625 8.03 0.16 -223 0.56
28 ) 1189 8.36 0.21 -283 0.12
29 # F(3)
30 7 B (1) 346 7.63 0.26 -238 0.40
31 2 L(2) 337 7.60 0.38 -219 0.27
32 ke 5 450 7.62 0.47 -294 0.47
33 2 5(1) 417 7.24 0.32 -229 0.19
34 2352 249 7.99 0.25 -282 0.08
35 = 2(1) 557 7.99 0.23 -203 0.24
36 = 2(2) 6620 8.20 0.41 -273 0.10
37 . 12 342 8.33 0.14 -297 0.15
38 LB 22100 7.36 0.29 -271 0.28
39 2iE(1) 251 7.15 115 55 113
40 #E(2) 187 7.13 0.14 -78 0.41
41 5 (1) 289 7.36 0.39 -164 1.08
%523 B HokZEA-kzni A RF(013 & 4
e o 1R pH ¥l FrRERT AR F
uS/cm mg/l mV mg/l

1 ARG PR 165 7.53 7.75 256 0.44
2 B v x 257 7.66 8.77 224 <0.01
3 o] RE # K
4 I+x 162 7.71 7.32 150 <0.01
5 FB IR 141 7.15 8.55 175 2.04
6 W E 473 8.10 8.32 147 <0.01
7 U R o
8 Lz o 269 7.23 7.75 138 <0.01
9 £ T 180 7.48 7.82 197 3.66
10 AT R 184 7.95 8.13 214 3.68
11 R 7K 35 4.80 8.45 233 0.23
12 R 7R 61 5.20 8.32 274 <0.01
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#52-4 ¢ mokE Aok 3 F FHANMKEF(2013 £ 9 1)

®TR pH k] FiItRERR AR F
B #* ¢
wSlem mg/l mV mg/l
1 MBI FUE 166 7.13 7.32 217 0.28
2 B3 v 284 7.32 8.52 239 0.12
3 <o RE 181 7.55 7.61 245 0.21
4 I+ix 153 7.34 7.17 119 0.69
5 e PR 109 7.04 8.37 173 0.21
6 R 295 7.65 8.91 153 0.50
7 B 251 7.83 7.51 164 0.18
8 A 290 7.54 7.35 194 1.33
9 % T4 221 7.74 7.59 184 1.40
10 FrES K 231 7.68 8.56 212 0.27
11 5 39\8 30 4.70 8.11 211 <0.01
12 5 39\8 45 5.05 7.46 217 <0.01
. 7.75
A ﬁ/ﬁ']-ﬁ' Al sE A %ﬂd’ﬂ' OV Af a1
3.85 2003 4 ] 3.85 ?013# 8.77 b4
O EE>0. Smg/l % #.>0. Smg/l 342
SO EA>1 mg HhiEA S EAO1mg/l *”% -
Y B T Mk
O HmK A
=7 Al = o 2 A =,
R ki 732 ) A%
Af B AE
» “Ranm\| o D\ i hanm
IA3‘8 \](,0 A 8.550 A57 \ 2
B A 1 4 A 07
&% 1.16 M\ @. g5 ;-m7
B> _:_é A AT A_:E_\%A 8.32 " = " gg, o 4 Aﬁ‘%’A 75
=" 0% A 45 A3 S SN an . A #]3
= B3 (268 = O Mygze 091 01
: 2 1A N R92 0.9
e .5 W.85 w O % i 007
\ ETIN \ ‘e i Y
\ 7 =I=-‘\ W 775 182 & =,‘=|=_'—‘§‘
A 8.13 A

SRR AT R PR
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2003 8.8 3

&% B §.>0. Smg/l

0

A 20134
B84 B £50. Smg/l g
@
O @K

0.44

B15.2-2 T R T -k fae®i kR ; (A)2003 & ; (B)2013 & 4 *

% 5.2-5 @Lp| ¥ BrE A @ § kAR (mg/l)

%% | st | 89&AR | OlER | Q&R | 93ER | 94ER | 102&4° 102 & 9 ¥
1 smp@) | 0058 | <001 | <001 <0.01 0.01 0.06 0.07
2 £ (1) 0.37 0.27 0.15 0.01 0.16 0.21
3 £ 0(2) 0.09 0.15 <0.01 0.02 0.21 0.07
4 sr() | 0063 | <001 | <0.01 <0.01 0.01 0.12 0.06
5 w2 | 0558 | 0.24 <0.01 <0.01 0.01 0.28 0.24
6 W@ | 0068 | 0.24 0.42 <0.01 0.01 0.15 0.15
7 @) | 0455 | 042 <0.01 <0.01 0.01 0.48 0.51
8 g % <0.01 0.15 0.01 0.09 0.43
9 f#@Q) | 0152 | 038 <0.01 0.15 <0.01 0.02 0.09
10 | 4@ | 005 0.51 0.15 0.2 0.01 0.26 0.26
11 Lrg(1) | 0329 | 137 <0.01 1.03 0.15 1.63 0.68
12 Lsg(2) | 0065 | 017 <0.01 0.35 0.04 0.32 0.14
13 | ya@) | 005 0.44 0.4 0.16 0.01 0.3 0.16
14 | 7@ | 0509 | 041 <0.01 <0.01 0.01 0.02 0.27
15 | 7@ | 0049 | 042 0.31 <0.01 0.01 0.31 0.36
16 | 1) | 052 | 034 <0.01 <0.01 0.01 0.25 0.29
17 =3 <0.01 2.27 0.3 0.48 0.68
18 < (1) <0.01 0.17 0.01 0.1 0.05
19 i (2) <0.01 0.15 <0.01 <0.01 0.04
20 fa@ | 0123 | 044 1.05 0.16
21 ¢ @) | 0065 | 006 <0.01 0.15 0.01 0.08 0.12
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Mt 8 2 89 & g 91 & & 92 & & 93 & & 94 & & 102 &£ 4 *» 102 # 9
22 v o#(2) 0.049 <0.01 <0.01 0.15 0.01 0.22 0.24
23 v #(3) 0.063 0.25 0.45 0.15 0.01 0.37 0.37
24 v (4) 0.053 0.09 <0.01 0.15 0.01 0.16 0.15
25 n (1) 0.8 <0.01 0.82 0.08 0.6 0.38
26 N8 <0.01 <0.01 0.01 0.12 0.05
27 = F(L) 0.09 0.15 0.17 0.01 0.1 0.56
28 HF(2) 0.09 <0.01 0.1 0.12
29 = EF(3) 0.12 <0.01 0.16 0.01 0.34
30 A1) 0.07 0.41 0.15 0.01 0.36 0.40
31 ¥ E(2) 0.06 <0.01 0.14 0.01 0.24 0.27
32 ke 2 <0.01 0.15 0.01 0.31 0.47
33 2 5(1) 0.35 <0.01 <0.01 0.27 0.19
34 2 5(2) <0.01 <0.01 <0.01 0.1 0.08
35 +2(1) 0.2 <0.01 0.02 <0.01 0.24
36 + % (2) <0.01 <0.01 <0.01 0.18 0.10
37 s 3 <0.01 <0.01 <0.01 0.08 0.15
38 < AR <0.01 <0.01 <0.01 0.17 0.16 0.28
39 H—iE(1) 1.43 1.13
40 HIZ(2) 0.06 <0.01 <0.01 0.01 2.25 0.41
41 55 (1) 0.137 2.34 278 <0.01 0.07 0.44 1.08
522 ¥ H K2 ¥ T2 KT R

MR R
B 5.2-4 (2013& 47 ) o K& 113 kREkaET R

T % m’]\ Dk

B AaH

£ % 150~250 1 S/lcm (B 5.2-4)

TR AR ET RRE X
525) v X2 LR R RTRS Kk J\%“'ﬁ.,}iﬁ*'q‘ » X 1
BARAFFTAEGE - Ko

121

ik @ WP%,+/5&’J\67%'E“5iT§L‘3%?“‘ L

ToRBEESDET R4 5.2-60 4~ K A F 4o 5.2-3 (2003 &) 2
i &«E—g Ao g L
V%L o ol Fe PP B TR ET }i‘F"K %> 500 uSlem s
P 3 oL R K 71\ T RS B
L TR KA LR e

b5 QAR S 7]\51‘«&

N
° *{1;}7%\
& 400~600 ¢ S/cm( B
150~250 «Slcem () 5.2-6)




% 5.2-6 @il frE ¥ T & (uSlkm)

% | b 89£R | 9lER | 2ER | 93£AR | 94ER | 102#£47 102 & 9 0
1 £ (1) 322 374 399 458 502 321 403
2 £ (1) 446 286 315 312 277 306 311
3 £ 0(2) 212 166 164 252 195 313 322
4 | ) 311 321 333 361 420 384 430
5 | #4602 1283 1328 1292 1301 1312 996 1402
6 | w403 1561 2430 1695 1723 1858 1425 1603
7 HA) 1574 1535 1498 1483 1575 1473 1613
8 W % 241 340 300 235 230 318
9 1% (1) 230 190 174 171 169 218 240
10 | 1) 1646 1842 1875 1809 1851 831 1750
11| <) 234 161 215 303 398 256 320
12 | <) 413 379 411 425 195 416 461
13 | 1) 517 681 843 853 813 783 981
14 | 720 525 522 525 536 518 576 636
15 | 120 930 964 941 955 949 925 1045
16 | 10 800 802 793 784 800 882 941
17 Z 3 501 527 644 536 489 556
18 | 4w 485 560 568 516 564 627
19 | 2w 423 651 750 520 517 586
20 | g 303 353 388 152
21 | ¢ () 402 373 386 384 563 409 441
22 | w2 468 440 468 473 442 489 553
23 | (3 522 543 531 563 518 510 566
24 | ¢ m(a) 530 510 524 527 506 513 564
25 | pmQ) 164 154 169 191 166 180 186
26 >l 927 561 2590 2060 2350 3800
27 | mmRQ 459 575 546 576 597 583 625
28 | mREQ 1102 1054 1062 1115 1189
29 | mREE) 897 938 926 932 933 908
30 | 3R 331 282 428 326 310 318 346
3L | 3R 295 270 269 203 253 303 337
32 b 258 221 239 201 319 450
33 | 201 285 642 477 375 430 417
3 | 240 232 237 225 212 224 249
35 | =z 475 506 513 505 522 557
36 | 222 45800 | 46000 | 46100 | 47000 6460 6620
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Ko s 2 89 £ B 91 # B 922 £ B 93 £ B 94 & B 102 & 4 * 102 # 9
37 - 210 481 443 416 341 342
38 R 27630 30000 29100 29400 23700 23300 22100
39 it (L) 234 251
40 HIL(2) 190 187
41 g5 (1) 225 234 248 249 256 241 289

R Yoo e
- EERE B TE
500uS/cm % {4 42 500uS/cm % {5 4

F15.2-3 HT R kA K2 ET A (2003 &)
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#1-147k & (0-60m)

D
A BalH (60-150m)

500uS/cm % {8 4% 500uS/cm % {A £

g
p69 LN
3 Xrmn

F35KR
(200-250m)

FlaKR
(150-200m)

A908
e 3

B 5.2-4 WL e T kA K2 ETR(013 £ 4 7))
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% F FuS/cm

2002 2004 2006 2008 2010 2012

Eoar

B 525 WH LE-k2FEET R (Byp Xk % iFF edw.epa.gov.tw)

300 4 N
£l T B A PR
250 | 1000
200 A E 800 ¢
\g & 600 *
% 150 5!35 d
4
: 100 - e o * 0.
B 200 mﬁﬁmﬁm “K 4
50 4 Py *
0
. R 1976/8/28 1990/5/7 2004/1/14
2002 2004 2006 #_5}2008 2010 2012 HE

B 5.2-6 (A)* L7z B)ars itk FEET R (Iip ik %
edw.epa.gov.tw )
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523 ¥ G KE = ToRZ 1B L

BiEs B G kel BapF kR4 527 F AV 4rk 52-8 4 Tokz 1 &
W kR4 529 F A dek 52-100 A B FERT B 5 KE BT RA
%7 P 4 4T (L E 19>60% 2 47>50% ) ~ AL 4 40 (RRAE & $9>60%¢ 4
>50%) ~ & it 40 (& >80%2 44>60%) o ¥ & ok AL H R AITRILF 0¥ IR
Bt 450 Bldo D B P~ 2 L(1)(2) ~ EE ~ < E(L)(@2) = &~ 2 (1)(2)
2B B RS o UFE 2 PN T e B 4 0 blde
FHEE)ME) ~ T F2QQE)@) ~ ¢ =@~ 2RLQEB) T2 Q)% - FsET
vEL AR N o LE S 2 5 3 (2) > 4de (B15.2-7) -

Jui

£ 527 ¥ G KZ Ak BT & A (mgl)

spif | fas | mpp | aes | sws | sws | sas

ARTLILE 75 7.5 14.7 15.4 3.6 8.8 3.4
[ A 116 7.5 15.9 25.4 7.4 16.7 2.7
I+iE 74 6.6 11.8 16.9 3.1 9.7 2.1
Fo 70 5.6 10.4 16.7 35 6.9 1.9
W E 195 4.9 75.1 58.4 13.8 12.4 2.8
L= A 103 6.3 514 23.7 9.6 7.5 3.7
& T 86.2 6.5 12.7 195 6.5 9.5 1.3
FTiSE 85.1 5.1 10.7 18.9 6.4 8.9 1.7
K 10.8 5.4 2.6 14 1.6 4.2 1.0
K 12.4 6.3 24 13 1.9 5.7 11

2528 Ko okEAKLEHT EA(FAW)

R 1T £ P b 44 i
BTG IUE 70% 12% 18% 50% 19% 31%
[C a4 78% 9% 14% 47% 23% 30%
Itix 4% 11% 15% 54% 16% 30%
Fe B 5% 10% 14% 57% 20% 24%
B 65% 3% 32% 62% 25% 13%
A T 57% 6% 36% 49% 33% 17%
& T 76% 10% 14% 50% 28% 23%
RIS R 79% 8% 13% 50% 28% 23%
oK 46% 40% 14% 17% 32% 51%
oK 47% 41% 12% 13% 32% 55%
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% 529 ¥ Tk g3 %A (mgll)

L4 RETR | #48F | AR T+ Gy o ek A
/(1) 132 7.6 50.1 41.5 8.5 7.5 2.4
(D) 126 8.6 15.2 317 5.7 21.6 2.9
*(2) 138 10.9 11.7 36.5 45 17.4 2.1
(D) 173 19.5 7.3 317 6.2 36.1 3.7
F1(2) 627 15.4 11.8 45 3.6 217.0 8.5
F1(3) 734 61.7 1.1 19.6 16.7 293.0 6.2
(4 691 116 2.7 16.7 8.3 275.0 19.6

g 132 4.7 3.4 21.8 8.6 11.2 1.5
1% D) 117 8.3 6.7 18.5 6.3 115 2.7
1% (2) 518 13.6 1.5 32.8 21.3 94.0 29.6
< (D 91 5.5 335 25.7 10.6 8.1 2.5
< HE(2) 159 4.5 50.7 44.4 16.8 14.3 1.6
780 449 5.9 7.6 15.4 7.7 147.0 11.6
ERE)) 313 4.4 9.1 30.8 21.2 66.3 4.4
7203 543 4.6 2.6 6.0 5.3 201.0 16.7
7R 525 5.7 2.6 20.8 20.4 133.0 22.7

! 189 7.8 72.4 61.4 15.7 7.4 3.6
(1) 190 5.8 80.4 70.2 20.4 10.6 2.7
L M(2) 195 45 74.5 65.2 19.3 11.6 2.3
A (1) 211 5.3 12.7 35.4 11.4 25.3 2.2
¢ @ (1) 221 4.4 30.3 52.1 15.4 23.7 2.9
¢ 2 (2) 291 4.1 1.2 50 14.2 33.4 2.5
v 2(3) 276 45 1.4 31.4 9.9 69.4 2.3
v 2(4) 59 5.5 28.4 19.8 5.9 5.1 1.8
mos (1) 84 590 85 50 48 290 22

o4 333 6.6 3.1 12.7 14.6 91.4 115
AR 680 5.7 4.6 7.5 6.6 226 20.7
AF(2) 530 45 5.4 4.4 2.9 210 15
AF(3) 170 4.2 2 25.2 8.2 30.7 2.5
7B 159 4.7 1.9 28.5 9.6 18.3 2.8
¥ R(2) 165 6.9 7.0 29.9 8.8 14.6 2.9

o 230 8.5 3.9 30.8 13.8 38.7 5.1
2 75(1) 101 5.1 14.4 21.0 5.6 17.0 1.9
25(2) 285 5.5 2.4 135 12.8 83.7 11.9
+ % (D) 128 1692 29.1 188 69.5 798 58.4
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L4 RELE | &S | B & Gy o ek A
+%(2) 164 5.3 15.4 76 2.4 63.2 15.7
e 210 5982 1100 146 310 3262 138
X 3 108 6.5 10 15.0 3.0 18.0 11.5
iz 95 5.6 7.6 19.0 2.8 8.7 2.7
HIE(2) 88 10.5 17.2 21.6 5.6 19.8 4.2

# 52-10 # ToRAERHF LA (F )

¢ L E 1R F 4+ il S G4 4 4 B
/(1) 63% 6% 31% 65% 22% 12%
(D) 79% 9% 12% 52% 15% 33%
A (2) 80% 11% 9% 61% 12% 27%
(D 80% 16% 4% 42% 14% 44%
A (2) 94% 4% 2% 2% 3% 95%
AL (3) 87% 13% 0% 6% 9% 84%
(4 7% 22% 0% 6% 5% 89%
g 91% 6% 3% 47% 31% 23%
%D 84% 10% 6% 46% 26% 28%
1% (2) 95% 4% 0% 20% 21% 59%
< (D) 64% 7% 30% 50% 34% 16%
G 69% 3% 28% 52% 33% 15%
7 (D) 96% 2% 2% 10% 8% 83%
7202 94% 2% 3% 24% 28% 48%
7803 98% 1% 1% 3% 4% 93%
7)) 98% 2% 1% 11% 19% 70%
! 64% 5% 31% 64% 27% 9%
= (D) 63% 3% 34% 61% 30% 9%
L (2) 66% 3% 32% 60% 30% 10%
poae(l) 89% 4% 7% 46% 25% 30%
v 2(1) 83% 3% 14% 52% 26% 22%
v E(2) 97% 2% 1% 48% 23% 29%
v E(3) 97% 3% 1% 29% 15% 56%
v E(4) 56% 9% 35% 57% 28% 15%
r (1) 7% 84% 9% 13% 20% 67%
N 96% 3% 1% 10% 20% 70%
AR () 98% 1% 1% 3% 5% 92%
AR (2) 97% 1% 1% 2% 2% 95%
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% B | fat | BER | g@s | @ | segs
AR 95% 4% 1% 38% 20% 42%
# B (D) 94% 5% 1% 46% 26% 28%
7 RE(2) 89% 6% 5% 51% 25% 24%

fe s 92% 6% 2% 34% 26% 40%
295 79% 7% 14% 46% 20% 34%
£ 5(2) 96% 3% 1% 12% 19% 69%
+ %) 4% 95% 1% 18% 11% 70%
+ %) 85% 5% 10% 10% 5% 84%

gt 14 2% 86% 12% 4% 14% 81%

~ A 82% 8% 10% 36% 12% 52%
BIED 83% 8% 8% 58% 14% 27%
HIE(2) 69% 14% 17% 43% 19% 39%

~ Mg K Cl'+ SO, 80 80 Ca™+ Mg”
" TR 60 60
7R 7K
40 40
ﬁzé %@ﬁ
% Ay, i
Mg 0 -1:-?"3 OS 0,
80 20\ ( 20 80
60 OND S 60
WAVAV/ 60 ::'"d“ XY 60 /S 40
SRS 33 AVACAVAVAN NRY Y
A0 00 o o T AR A TAYA (e ek
cof 100 go¥te oo /o
Ca> 80 60 40 20 0 0 20 40 60 80 100 ¢

Na+ K" HCO,+ CO,’

B 5.2-7 » @ K% ¥ T2 O RIS LN
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524 ¥ Gk B TRz X B A A

B oBB AFT30.66mg/l (£ 52-11) ;3 T kg
B0 BB A fIE- 1087 mg/l (% 5.2-12) o ¥ 5 kg fi
2 EAR LR E S e B F
BF 2% > Vi AT ASFRET BRE BT

i FROVKERA S AFRRE BUFSE kK 0 A
FLRREE SR RRER B KT R TG RIRT O GBI ERR R
B

ey L
~ ¥
ETIRS

A6

d

BPowmoREUBHI T4 B 0 BB 2 AR re0.67 mg/l (£ 5.2-11) ; ¥ TR HuB

B OUFR 2 KRE 0 B 5 482 5.14mgl (4 5.2:12) o ¥ 5 ok ik
4 3% BF X TH053 my/l; TR AUREET PURK DE RRE 0 8RS
45+ 2.28mg/l -

G ok PR T e g SRR g

] B o Ay Fr it 4

AL FUE 0.13 0.67 0.35 <0.03
[ 0.35 0.17 0.11 <0.03
I+ 0.21 <0.05 <0.05 <0.03
e R <0.1 <0.05 0.08 <0.03
W R 0.64 0.51 0.33 <0.03
Lz A 0.32 0.09 0.24 <0.03
& T 0.66 0.55 0.53 <0.03
e L <0.1 <0.05 <0.05 <0.03
(3598 <0.1 <0.05 <0.05 <0.03
(3598 <0.1 <0.05 <0.05 <0.03
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% 5.2-12 ¥ TRz S & a3 & A (mgll)

L4 Z ¥ i+ oAy i
5 /(1) 0.26 1.47 0.27 <0.03
(D) 0.11 1.35 0.11 0.04
*(2) 0.13 <0.05. <0.05 0.15
(D 0.12 0.16 0.32 <0.03
F46(2) 1.24 0.24 0.36 <0.03
(3 2.47 0.69 0.21 <0.03
(1) 3.54 2.37 0.18 0.04

g 2.22 1.67 0.17 <0.03
& (D 0.17 0.64 0.15 <0.03
1% (2) 10.87 3.27 0.19 0.04
< (D) <0.1 0.31 <0.05 <0.03
G <0.1 0.18 0.37 0.04
72D 1.28 0.62 <0.05 <0.03
7202 1.27 0.37 0.28 <0.03
7803 3.75 0.28. 0.22 <0.03
7R 6.87 0.62 0.16 <0.03

z i <0.1 0.37 <0.05 <0.03
< (1) <0.1 0.14 <0.05 <0.03
< M(2) <0.1 <0.05 <0.05 <0.03
Ao (1) 0.15 0.69 0.09 <0.03
¢ (1) 0.63 1.74 0.17 0.07
v 2(2) 0.79 0.81 0.16 0.05
v #(3) 2.51 0.39 0.18 <0.03
¢ (4) 1.24 3.33 <0.05 <0.03
r (1) 2.34 0.32 0.28 <0.03

O 1.15 0.47 0.33 <0.03
AR 2.57 0.35 0.15 0.04
AF(2) 391 1.17 0.19 0.05
AF(3) 1.08 1.13 0.44 <0.03
¥R () 2.11 0.28 0.34 <0.03
¥ E(2) 0.54 <0.05 <0.05 <0.03

o 0.78 0.58 0.39 0.06
2 95(1) 1.57 0.47 0.31 0.07
£ 5(2) 3.54 1.36 0.61 0.69
+ % (D) 3.22 4,57 0.67 0.61
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¢ % % A oAy i
+2(2) 2.48 2.56 0.37 0.21

gt 4 2.75 5.14 2.28 <0.03

~ A 0.47 0.27 <0.05 0.04
HIE(D) 1.24 0.34 0.19 <0.03
(2 <0.1 <0.05 <0.05 <0.03

53 ¥ TRERIIFAAE S
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B~ (Z) » Tokind gk o FHR R BERIE TR TR RIS
4@ 5.3-1 -

(- ) Atk BRE

HAFSE (ZE A E SRS ) FAREEKMK 20-2C-HPx ups i
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52 kiR B 22.0-222 C o ek p FHE L Mok o B TR R
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(Z) #EH A
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C/A00m) » Gl4-X 5 0.8°C/100m ~ AR 1.2°C/100m~ =< *%£ 1.7°C/100 m - 3=
B REER SR EZHEEF S 8 C/A0 m- E541%F 95 6 °C/100
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® 6.1-5 5 RockWorks #ic#82. 3L B 78 4 » 2 AR 5 & & (project) ¥ 2
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#iE 5 k2 it & TR 4 (Hydrochemistry) Bl 32 4R 8k & ﬁf-bb’ S e p)h A AR
2R BIFIavRFE N k2 BRI F A4 (HdroGraphy) BlzséxE e &5 3 Y
2RI AT ENE R E o

\'-L

-—\

-

152



g Project
% 7 A 4 4
: Borehole e
*+ Utilities
B Manager
i Geophysics Hydrochemistry HydroGraphy
% Gk iz) (kxAe%) €& )
v Y v
ID
(% z #%) Date
Easting e (38 3] 85 Fa)
(48 %) .
(&) . Easting
m . Northing
£ Northing (%) (&)
(#E) e Northing
Mangnitude (4 %)
(R $fh) B Precipitation
Comments (%6 8)
(fif3E)

B 6.1-6  Utlities 71 & 78 #

(z) &* Rockworks & * 7k &
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* Utilities 22 = 6.1.2 & 1R 3|2 2 REHF- - FTHREZ L* B
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M oA Ara B oanT s 2R BRI T30 2 1% Rockworks 2o Utilities 34 2
i 2 B A e (template) 5 A A > 2 6.1.2 897 RG22 A REF 0 Aol
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riﬂﬂﬂJﬁ?ﬂiEL?ﬁfwﬁ‘”mﬁﬁﬂiﬁi f~a’i*§%*
Utilities 2. HdroGraphy table izékip|gheithi=% ~ £ R P B THBEL %R
Bk ATH - I e kRiE L

%6L1?ﬂ&%%%

i 5E APFHETHA Rockworks’  Table

A AT Location

s Lithology

Ko Ak TR Stratigraphy

dackE BE TR TR Well Construction
P ISENES i I-data

B &R iR A Water level

BT OROREE R R T-data

BTORE R

e 2RI P-data

154



6.1.3 & P ‘}f'f;;"‘ F AR Y E T

VU B2 BRI o T 0 51 RockWorks poaE 2 E RN Eor T
Rz zZaHPEr®t » 2 AFE% 2 44@% ’6‘:7}’%{‘0

Sl B T WL EE LN A, S BN ufgﬁﬁ NEEEY > F I AN mR) 0 B
d N EfERE ES NARE RN AEBERNETFE T R RE A TF o e
HMJ#ﬁoéﬁwfili’ﬂ*4ﬁ?ﬁmﬂw%ﬁ%ﬂaa
ot s FER AR T AERAY R A EE) @‘sﬂ\—ﬁﬁ
4B 6.1-8 #71 ; t“ﬁ%ﬁﬂv Ex bl M2 BLE FEH2ZLTEL
oG E“v*%%"iﬁ Bz Mo Ea R 4o 6.1-9 #5777 o pb el 7 3 i
//%‘3?14@’?11»:%’1* TERELGEFERAEPEFE REPEEPZZTEFLF
blde A 2t & 5045 gﬁﬁimmwzgmmﬁﬁ P AT R K 2 e B 0 T
R B AEMEEGNY BEAS 0 TV REI 2T F A F 5 4oB 6.1-10 P17

I EERBTRETAREC RN B RERATRELFHRAT R
=B F o 1 F kR EH S b o Stratigraphy table ek 7 ok g 22 pe ok K 2 iR A 2
AE R BB AEAH AT RS KRB KR ZEAT o ph s AF
#3707 24 » MODFLOW 2 ff # f > i (FALS i B 71 > 4ff] 6.1-11 #
RN S A ) SR RN R PR R T

o A2 TiE
T4 T 2w BRIL-K A (TO) » z«ﬁr—ﬁg\r%k%(mywlﬁ*k%:ﬂ?)’%
ﬁﬁ?ﬂ%ﬁéﬁﬁa;ﬁ;ﬁﬁﬁ’ﬁp FROTHRAR IR E A 2
B W8T P AL R o = Aﬁ&°

155
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6.2.2 Sk < SBE 2 B

(- ) &5 2 &Hi:

w1 L H(EOR)V #- BEZFSEITRL I BEF S s Faosi
FRITRNROF LR RELSERFER A2 8 PR R S R AL
¥ 5 #ic(Hannachi, Jolliffe, & Stephenson, 2007; Hotelling, 1933; Pearson, 1901) -
43¢ 6.2.1

X9 = 36,00, 9

;v 6.2.1)
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an an an
. S==X'X
o3 ahsgireds 0N » EOF = 2 ehp R E45 5| - &£ 35 7 4p B
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(04)

Depth (m)

6
Iteation=4 RMS=2248% L2=5434 Electrode Spacing=10m

(07)

Depth (m)

Iteration=2 RMS=218% 12=033 Hlectrode Spacing = 10m

(17)

Dopth (m)
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(22)

Depth (m)

(23)

Depth (m)

(24)

Depth (m)

lteration =4 RMS=241% 1[2=065 Electrode Soacine = 10m

(25)

Depth (m)

" “temtion=3 RMS=296% 12=098 Hlectrode Soacing = 10m

(29)

Depth (m)
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%632 k¥ ¥ T4k

o BE # ¢, T(mmin) | K(m/s) | §-kAgic | 482 T(m*min) | 42 S
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8 g % 0.0145 1.42E-05 el
9 11 5% (1) 0.2274 2.11E-04 7
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KA RERE T o B TR d @ ow KU 0 B SRS S B AN
AR SRR avkizg < R (LELRIE vk o BT VAR vkt
Bpiwo & BN 'rfﬂw‘ FRKRE (44x10°) » LB T RE Lk -k+ HR
g (1.0x10°) o B Fe FOEAAE T G 2 TR S ARHE R Z e sk
ToRkEEATe T 0.23-0.65m » T HFA L 2Pk e

4 6.3-3 BT Rpp Y 2 ki

2013 & 4 7 -k i 2013 &£ 9 7 -k i
K # ¢ % (m)
it A 4% () i A 1% (M)
1 £ (1) 5.09 3.87 1.22 4.08 1.01
2 % .0(1) 6.47 2.09 4.38 2.40 4.07
3 % .0(2) 6.47 2.25 4.22 2.47 4.0
4 T 46(1) 6.80 4.81 1.99 4.93 1.87
5 T 16(2) 6.80 6.70 0.1 4.75 2.05
6 £ 16.(3) 6.80 3.44 3.36 4.22 2.58
7 =10 (4) 6.80 2.4 4.4 2.88 3.92
8 g g 8.98 bl >8.98 I >8.98
9 F1% (1) 4.03 2.38 1.65 2.80 1.23
10 F17%(2) 4.03 p ot >4.03 p ot >4.03
11 +'Z(1) 40.64 11.36 29.28 11.36 29.28
12 < '2(2) 40.64 6.41 34.23 6.10 34.54
13 7 2(1) 3.89 2.74 1.15 3.0 0.89
14 T %) 3.89 1.77 2.12 2.20 1.69
15 720 3.89 1.76 2.13 1.81 2.08
16 I 24 3.89 pog >3.89 p ¥ >3.89
17 = 92.86 34.36 58.5 31.22 61.64
18 < (1) 17.79 1.89 15.9 1.89 15.9
19 < (2) 17.79 poid >17.79 p g >17.79
20 A (1) 104.81 ok <104.81 ES <104.81
21 P (1) 6.23 1.57 4.66 1.36 4.87
22 P E(2) 6.23 0.66 5.57 0.64 5.59
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2013 & 4 7 ki 2013 & 9 7 -k i
B 2 ¢ % (M)
BEd T A 3AR% (M) JE ¢ #3158 ()

23 ¢ #(3) 6.23 B g >6.23 p g >6.23
24 ¢ 82(4) 6.23 p g >6.23 p g >6.23
25 n 35 (1) 37.29 4.46 32.83 3.87 33.42
26 oA 3.87 2.66 1.21 3.02 0.85
27 = F(1) 2.00 1.93 0.07 1.18 0.82
28 A #(2) 2.00 0.6 1.4 0.88 1.12
29 A #(3) 2.00 pot >2.0 p ot >2.0
30 7R @1) 6.69 0.9 5.79 1.02 5.67
31 7 B (2) 6.69 p ok >6.69 p g >6.69
32 fe 17.07 7.87 9.2 7.12 9.95
33 2 5(1) 6.71 2.4 431 2.24 4.47
34 2 5(2) 6.71 1.32 5.39 0.92 5.79
35 + % (1) 2.91 2.06 0.85 1.17 1.74
36 + %2 2.91 0.6 2.31 0.88 2.03
37 i 2.00 2.65 -0.65 3.17 -1.17
38 = A 2.62 2.85 -0.23 3.20 -0.58
39 THIE(D) 12.53 6.10 6.43 5.14 7.39
40 BiE(2) 12.53 6.34 6.19 5.07 7.46
41 (1) 6.65 3.46 3.19 3.72 2.93
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=

AF1-1 4 (/s || AF1-2
(0-60m) 0 SKm (60-150m)
KA (m)FHEAS 5 kA _Q
A—:?%i'}‘ A b=
AE—’;%AH%@
79 5k N
)
A P A
k.
=1
A A
P LTS )\
£ TR
AF2 AF3
(150-200m) (200-250m)

B 6.3-17 ffHE T s T kA k2 -k (2013 & 4 1)

ok kR AR 91 E ey (£ 6.3-4) HHETRR L A JEAR<ITU
i T ok 4 1953 & 2 % ehE ok o £> 1TU B 3 1953 & (4 4F 2 endt-k (FIsLH
2002) - ¢ B 63-18 7w gokA 1150 <AR2 L9500 F L 1953 & @A R
RTR S ZoRE L2 RN A EATR S BARIRE RS Tk 22 7ok 3
EJ‘J"%’K{—% koo
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WL R2013E 47 3 T ok g o ing ot B0 T ARkt P F Rk
MAE BT TRk FE R (B 63-19) o F B inF s kAT 4o
6.3-20c B M B Z = BT3B F E 5 ~AHH-26° % - Z KK M RIDER
0 65 160 m RIEH L 0 947 265 FAEDE -2 = ZokA 09

%634 WHEThE T R2ZFEFER

E R 0 3D 5180
1 £ [ -20.7 -4.71
2 £ 0(1) -24.9 -5.5
3 2 L(2) -25.6 5.1
4 4L (D) -24.7 -5.2
5 F4.(2) -24.0 -5.3
6 F4.(3) -25.8 -5.5
7 (D) -36.8 -6.60
9 1% (1) 2.3 -25.9 -5.3
10 F1%(2) 0 -34.2 -6.5
11 ~Z(D) 1.9 -35.2 -6.3
12 < 2(2) 0.3 -36.3 -6.6
13 720 1.9 -34.9 -6.5
14 T 22 0.3 -35.8 -6.6
15 7203 0.2 -34.5 -6.5
16 72 0 -34.2 -6.4
17 = -43.0 -7.3
18 = (1) 2.6 -42.7 7.1
19 <M (2) 4.9 -42.3 7.2
20 ¢ E(p ) 1.2
21 v @(]) 2.5 -29.9 -5.7
22 v E(2) 0 -37.0 -6.8
23 ¥ 2(3) 0.1 -36.0 -6.5
24 ¢ ®(4) 0 -35.3 -6.5
25 po(ER) -36.5 -6.5
26 A 35 -23.4 -4.5
27 AFCD) -34.3 -6.5
28 AF(2) -35.2 -6.5
29 AF) -35.7 -6.5
30 ¥R -33.4 -6.2
31 ¥ E2) -33.0 -6.4
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2 0 3D 5180
32 e 1.6 -32.6 -6.2
33 25D 0.4 -30.5 -5.8
34 2 35(2) 0.3 -32.4 -6.0
35 + %) 0.3 -32.7 -6.3
36 + %(2) 0.2 -33.5 -5.8
37 g 2 1 -32.4 -6.0
38 * A& -14.3 -2.6
39 kT (R) -37.1 -6.4
40 HIER] -36.0 -6.5
40 iR GF) -35.6 -6.2
41 15 1.4 -33.2 -5.9

o fiedy kR o R (2002) & F B
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AF1-1
(0-60m) 0 st

R E(REIH)

AF1-2
(60-150m)

AF2
(150-200m)

AF3
(200-250m)

B 6.3-18 WL ha kR A7 @
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Y Ty
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Delta D

-40.0 A

-50.0 A
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-70.0 T T T
-11.00 -5 =700 =500 300 -1.00

Delta O
B 6.3-19 TR 102 # 4% TRz i kFiE2& I kM (F71=2002)
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AF1-1
(0-60m) 2

£ E 4 & (20134)

AF1-2
(60-150m)

72

A sgA
A,6'O

A& A
64 AR m

6.2

Fib

6.5

AF2
(150-200m)

AF3
(200-250m)

B16.3-20 WHTR102& 49 2T ki § kA kAT H
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; %%‘E’ k2 L@F\iﬁ » R RS T B
B3 LR Rk BT

N PIRPEALESE BT R TS
T RRRE O TITLTS ‘§$:na 11*}3“*;_7 o6
-k % #(Hydraulic conductivity, K)£7 - 4
‘ R A S WU P ST SRS
3

-k £ (Specific yield, Sy) 5 &% -k 4 #& 4
T EA §H$%ﬁﬁﬁw’tﬁ}.

6.4.1 /] &P ; @ Aok E IR

6.4.2 | &P o

6.4.1 f* = IR K RHcdE T

(— ) FR AR
";F’FE' “‘--‘ic;,‘g,]pg J\l gﬁ.»#g_lp/u %_1’_‘;1"—4%]641 :r 4; & 1[3; l%o
ﬁi» W - s TSRl R R FETATHEE T R TR A

(%]

3~§ ™y

It R

IR L 'ft”*"‘ Kok FHET R & F15 (Formation factor) ; 4 % - ';47;4:3
LT EEY  E e wﬁﬁﬁﬁﬁa,mép+wﬁmg,§»aﬂuﬁ@
(regression ) CIRE RS IR S RE R GE EE AN WL/ élu\%xaianp
PR E PN F R R S - S feall VA
TR - B KR ~ A AT
|
Rk SRR Ak ik B
Bz g NE AR T
B 6.4-1 ¥ 3 /42
(=) 73 >
1 FHE S
FRBLTHTHA AN - SRR RAPMTA > 2 L RRE BT
oo LRI e Ap B FoR e #*’J\?*%-*)i KRR Ee o LFRT AU
BRI 2 K F i B~ KRR R B AR m AR TR RS- &
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PRIEFEH O T R e
Q). RFETRFTH
0 BRI E 2 7}4%‘WL5§B’~‘§' VO Sk R EICH kR e iE (Pore water
resistivity) » 14 % 5 {2 4§ & ]+ (Formation factor)#& iz 2 * o
(2). # -k 2
d BRI E 2 W RRBHRFTHEEE > 7% KT R AMTE 2 TR
fo FlRFF AL AT R e foz Kk o FlR Rk T8 RIEFF KT
i R fr oz LR R R &y o
(3). o FH

%
ﬁ

T
E

ol

b
|

d BLIRIE 2 B T HRERE 0 T Y STRLIRIY B ARIT - e TR RIREE AT
By PR AT AR 0 TG - Ra g ’F#%**’%FP' “LL#'L%&»‘;@% T
FEfE > m kB 4 X mfesklz F PR B LK o 'ﬂ”‘%ﬁd VR T P Fles — e 7
FE2 GRIEW A0 TG HUTA 2 3 FHEE e N E o
(@). - ¥ RIEFA
d A TEERBE T K3F I T e & (Bulk resistivity) » 1 (¥ 4

{4+ & %13 (Formation factor)4i iz 2. * o

N
hd
B
o
4
A

=

1)

(1)- - P Rk /fﬁ-ﬁ
—HEFETERIEDFZ A FHPES T RE IV EF SV
kEXZERE PR ARRRC RS P EOE R T I > N E E R
PTARTEFPERZ G A DAoWE - BRERS - A %ﬁﬂmmi’%ﬁ
Ep TR 2T RFRIE o T2 2RI R ’wi BT R MR
mEREd - HTHRA B AR T N T2 A 1T BT - 1T
(M ~ N) | &

PETH L M- NWL&w“WW%§€L %%ﬁﬁ%?E
(Apparent resistivity) > & @ £ i3F % F fat B 2 R4 R K E 2 T e g (True
resistivity) o A3+ F @ % 2 - e TEEF KA P L A & 1992 £ FH T R -
M T IEFR 0 £ 6L Bk XA A FACR 6.4-2 9T o AP E B FHE
FHcrt o LR IPI2WIN - M FIF %Y 475 (Bobachev, 2003)it 7 & jF
FoRuprr Rl TR AH RFE AT
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e

-ty
Legend
@ eI

B 6.4-2 - ‘2 TILPIET A F B

(2). # & ¥+ (Formation factor - F)3* &
Archie(Archie, 1942)# 13+ k& %]+ (Formation factor, F) » * 1y iffa ~ g% m2
MR B E SN L MR
g s et (6.4-1)9F A o

F= a¢p™ =202

PR (T A Ro)E FC MR TR E (T

M Rwz
Al AR FELHR

(% 6.4-1)
» 2 L3 E Ry E2 Ry 78 48c o
Ry M %8c> d v A2 F 9 G g
Conductivity, ™~ f§ i Ew) > #

a0

L chE R 0 Hsegkend - 5 B 7 A (Electrical
S EAETRETIES T
FEBE YL IR T

v

T

3 & o FAFR
)
Flp FREFHE Y o FIP R FETREIHRRILF i Y
5T

=y

3 fé Roi Rwﬁjé‘%%-ﬁ - I;( ’
R, = 10%/E,,

AN
)

3¢ A4r;Y (6.4-2)

(% 6.4-2)



£
iR R EFE RIEF > B FH - e s - T pLp K
HoAKLZRAT S AL EFAHIDA TR FAIL > B TP E
2.4 T] 6. S e

5

(3) : Fl AR PERR L - 2B TIFA S P ERPTRL
*ﬁ B RIERL s AT G ﬁ%—xﬁ,-ﬁbé}ﬂffyﬁﬁi}g‘_ﬁ Bl & BiT2 8 T IREL> o
4):F-#as  Broppipis FRERFLTINE AR ER
R 2 TR E AL 0 Bl AR T IRRIFE Y R LR Y 2 B e AT
- RooF - RPN PEE

(5) : *H FA)7 > F TILRIFEY R PRIF 2 e F - 3o PR

FPET - BEATRRE 2B EAHAMB)IG) EISEN L s
Fiﬂiéﬂtéi °

(Qlﬁiﬁ%ﬁﬁﬁv$“‘9’%L§Fgﬁ§&M%M£E%@ﬁii

’

'SP

4y

E.

(D:uﬁ@#ﬂ?ﬁﬁ%%&%@iFﬁo
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- 3y 5 B R R —
(1);7‘ hiE BRF - (Z)EEFSE,&E’%B\.&/? B 2

‘&/ » 1’:4-_/3\714@1“,1‘1]]\_1 '\HF\7“ Fe gL |
S AT
\J
(3)#" 1% pEpLip]
BT BRI
@ﬁ%ﬁ%
// \\
N ¢ B
- me R EREY .
METFEE
HB- R

LS
v

E)F Bt FFP 2 TG

d
)

m643 fqé]r—]—*p ﬂf/llﬁiﬂ

3. AL
d (Archie, 1942)#74% 14 k& F]F > 4oX (6.4-1)F 50> F 22 g chm= > & F
oo @ (Bear, 1972) 77 g Y ¢ & K2 S > 403t (6.4-3) 471 o

_ (pwe) (4% \/_¢2° X g4
K= (B22) () (2252 ) (+ 6.4
CFB K2ZEF §a s tdp bt A d ol Fiof KiE - X

6417 2k m AR EIR KRB IERBERPM > HEFI L

B3l > FPLEmid mitin- 2.8 7 % M N2 $BaR - 4~

TE I BEBFPREAELS OB NI BEEPITNL ZF RS LR m R
fod pt— 2T
e = P

_../47\-}.3{,7‘

B PRI EFEARFRENZTHFRL R o 2 ﬁ
Pﬁ%%pxF?“—&ﬁ@iﬁ%K@@ﬁ?Wﬁﬁ’éi“ %z KiE
iﬁﬁﬁﬁoﬁﬁwﬁﬂ&&%@6¢¢%ﬁ’éﬁﬁﬁﬂﬁfr:

(1) RinEBEFL® P FF RS L OFFES T B oo RS Rl

iaﬁl rt 3 lﬁf’bﬁa«f”"‘ RN S SPINS 5\?#@ °

(2 ZZREAEEFATR IFIRFZZLEERFERTR > ¥ BRBAR
s 2l AMBRRESTFTLE T RBIKEAREFS® o AP FE R
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AR R R Y B IR BT

(B) B 43 3 kAFEFFLEEAT FEBRZE KPR E LR
FI 2B RE B IEAATRMATIEZF B AT ERAET G2 S
B, PRr@ Ry 232 E2F Ko m ARy mUpFEFSEYS
i 2. % T #= [Fl(Beresnev, Hruby, & Davis, 2002; Danielsen, Dahlin, Owen, Mangeya,
& Auken, 2007; Griffiths & Barker, 1993; Loke, 2000; Ortega, Benito-Calvo, Porres,
Pérez-Gonzalez, & Martin Merino, 2010; Taheri Tizro, Voudouris, & Basami,
2012) - Khalil, Abbas, Santos, Masoud, and Salah (2012) 7 45 1} 4 #8 7 /- &2 3 #-%
RABEARI R ZTIEFH od LT FH AT kK2 Wﬂﬁ%Jﬁ’%
BRI KA 2B RE > RERFIEF B FF LI 5 kK2R
ko R Z R 2@ R IR ERRT R G Ko

HAFFRELAIZFREFRETZREGFA R LG AR RET TR
PERET o RE Y ERT  BF P LR

@i A B RFREFSHE d HBLIHBE) 7R BB @

BERZFEET RS F RFERFLREPZFTHE Aok REE KE
gfﬂ,@ggﬁgﬁ,ﬂ%%%@a’%%wjﬁ#ﬁ»iﬁw%A&w’
A FARAH

R

(iR A % Q)i g k&~ K B)EZIRBEE LT

(4)#-F ALtk p #b a3 T A
T

] 6.4-4 % 35 475~ 4% B

4. Fok edegr o By 713 M h e
”*Wﬁ%é%ﬁé@,ﬁﬁ ¥z KB FzBte 223 %ﬁ&m
¥ 72 7 % % (Chukwudi, 2011; Sikandar & Christen, 2012) » &l w jF = K& F
Z2_ B 5% o
5. = ik e BV A T i
BKEzZ B ghRIBRFE S EF 2
Gk iz B AT o RARE4-B) 6.4-5 47 0 & H PP 4T
(1) #£% Ro&E Ry B2 Z B A& @ % R, & Ry B 7 6 2 (Inverse
204

%



distance p #&)48 5 2 A7 7 ® 3 0 H F B 247 & 5 1000(m)*1000(m)* 3(m) -
'

(2 #+E ez FE: FI RE RyEZFEFLAGE » 23-F 150
(6.4-1) > 35 2 gz FiE o
@) ez AFZ RRHEFZF AT | RRAFFMHTNL T BELRRLF
EA A p Rz Kozt 27 Kigde iz o
e AERAE BRAE 2 %
i o th
FH&EEZFE
G ERGHE
o A

Bl 6.4-5 F& 5 K 342 B

(=) #71 =
1. % é"\ziﬁ‘“ S AR A
B RIEFARE VPR TIEE TR A 54(6.4-1) “’mk"’}éi ¥+ o 4o
% 6.4-1%771 o 2o p = 78 S 8c¥icie 4 W 1L B 6.4-6 T B 6.4-8 E » AR LH
TREAFT L HY 8 BARE A A HiEAR o

1641 T BB T E R

b % 2 SREEE |FHKTEE| ¥R
02010111 8 -9¢D) 54. 2 31.4 1.7
02050211 25(1) 35.6 23.3 1.5
02060311 + & (1) 48.9 19.2 2.6
02070411 fe % 51.4 31.3 1.6
02080311 g g 61.7 43.5 1.4
02090111 720 38. 3 12.8 3.0
02090121 7 202 50.1 17.4 2.9
02090211 ¢E(]) 59.8 24.4 2.4
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=5 ¢ IHTLEE | FHRTERE| ¥ AT
02100111 <D 368. 2 39.1 9.4
02100211 = 511.2 20.4 25.0
02100311 < # (1) 205.0 17.7 11.6
02030211 F1& (D 167. 2 45.9 3.6
02060411 Dk 43.9 4.3 10.3
02060111 = im 5.0 0.4 11.7

B 64-6 1 WTILED > F B 6.4-7 3tk RIZEE B
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2L%Waﬁ@ﬁ*%mw RIpck 2 P BT REA S
%ﬁiﬁaﬁ 3R @ao-ﬂguas PN et 2 = ok 3 R ()
#4 > 58 RockWorks 2 B B # st A4 2 B Y 22 BB A G > B 6.4-9 B 7 #
2Th53 7o ELsm o HY gégpi*%?,ﬁﬁ]g'ﬁ:#@o
FERHEARTEALFLAFTIALERFEZELRE o

Lithalogy

. clay

D find sand

. course sand
. gravel

+ : =

BR O PN ERFELELR R ZEBE ST B
6.4-11 A 5 A BB P o LRRIE 2 KHFZ4cH @ - o B 6.4-11 7 4> 7 iF
FEA A HLBEARIFALABEL S AERELREHE F X9 4 1
b RE 2B AT

o
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B 6.4-10 ZF % &7 2k ®2ZBPIE L H

F1-1
250

#
K AL m-

=
g‘; o AEHD)
';1 100 As=D -KE‘J‘H(U
d A (] it
a 50 H iz LJF ( );J‘F# ]
3 tfhm%m

10 15 20 25
¥ B B F

B 6.4-11 & @ip| & 2 14 K hHc¥ 2 47w B
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BESSSTHEEEL F & SRR 2 K ERFRFA - B %o
6.4-12 #i7% » £ R %2 W FS st (6.4-4)41 7 0 B R*E 087 X BT 2 ¥ F
£ 4o (6.4-5) 77 » H R®% 0.92 -

K= 100.7F —14L1.84. ..o, (;% 6.4-4)

K= 8.A264F — 24.0.20.....uo e, (;% 6.4-5)

F1-1

y=101.7x - 141.84
R?=0.8673

y=8.1264x-24.021| M=12
R2=0.9077 -

0 5 10 15 20 25 30

Fl 6.4-12 3 & F15 2135k ez v F B 74

4, zaF K Gz FArt i
AKE2 i ZARRFE L3 » 2R KEFLHGA ficz @
ok iz B ® o SLARRACR] 6.4-5 41 0 EHBFT Y S R BT AeT
(14 R Ry B2z FA G @ BAing BT 4oBl 6.4-13(a)(b)£ B
6.4-14(a)(b) #7+ > #iE 7 B p 48> 2 (Inverse distance)dt iz 2 7 § % & >
& % 4r B 6.4-13(c)(d) = B 6.4-14(c)(d) 71 o
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W 6.4-14 kFTlmsmAH
(a)},%zﬁ“““fﬁﬂ"‘ B g pam s (b) 4Tz F =g RIARRE
(C) R ;}@5 ]\F’ A 4R 8] (d) P\i&;ﬁﬁ"’}{?ﬁ'\:{rﬂfﬁi Fé&/v\?""fﬁ'l
AR B8]
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QFEFitehze FE #FINREREZZHFAGE » {7 #mifs g
SHIROAD)EFIE R F B2 2B AT > Bk oW 64-15 ¢

N o

W»

=

Formatian factor

Formation factor

28
26
24

(a)

B 6.4-15 ¥ k& F|F 2 @A
(@ # & F1F 2B~ % 4B ; (b) » & F1F 2 - F RlIALE

Q)RR E KGHEIFAT  CREREAIRTE > B2 e FiE

ZYpE R TR RED FRE (AR 6.4-10) 0 4 B R x 38 (6.4-4) 2 &
(6.4-5) » & {7 K B4t 5 > % % 4] 6.4-16 #77

213

/\



(b)
(d)

{1000)_contral

K_cells
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B 6.4-16 15k it A H

@) Bk Glcz A F piE (D) Sk GlkZ FA S RILE
(C) ¥ £ 15(m) -k ez BAH 5 (d) ¥ &7 30(m) ok s A E
(€) ¥ % 45(m) -kl BAE 3 () # 47T 60(m) kAl AT

zk%ﬁa’ﬁrﬁ;;g AFE RS H KT T REITREE TR - R
L 34T R P TREN L 0 7 )‘Léi@-' PN E R s A & R R a
2 Fk AR ERE SEAS T R LA RZEE KIE 753 TR 2
FoK Az B o AP R T2 BT o AR S 0T dok TR kAL
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6.42 B+ €4 £k da T

WAk ES)fa A B AH L 2GR ES FE TAREEASLR
iCpE s RBEITRE 2 £ 4 34 % o B, D. Tapley (2004) £ John Wahr (2004)
TdvEp £ 4 R AR LMY R H OB - M. Rodell and J. S.
Famiglietti (2002) £ Matthew Rodell (2007) 745 41 ffd # T -k =2 jipl & »
PR TR KRR kA BRI RS R REHES 2P
2% - Shaakeel Hasan and Peter A. Troch (2006)P| & * &2 & + REPIE 4 F2 pF
}E‘\(“%TL’?‘%’- iiﬂ éj]%"%‘-%“"bta#‘éﬁ"fr}é]/l—r’}(f‘}';‘%@iigﬂ’ﬁ%}ﬁ
B e d BT B ES ERFTREAG LRI - FFLE
Flpt A F e T ’JiTiE'uiE‘lié“ﬁijé’{g_ﬁ_‘ " A e s Bp o TR B I T
bz B TOREFR ] £ E R RER TR RBER S
HokE(Sy) -

- LA kERBIAR

AR R AR AR ] 6.4-17 #rF 0 F A B R T okEKE %Br N g
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2011/6/30~2011/7/13

2012/7/2~2012/7/13
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A gE

It
e

2004

2005

2006

2007

2008

2009

2010

2011

2012

02100211 =) 2004/7/12~2004/7/25 2005/6/24~2005/7/4 2007/7/11~2007/7/24 2008/8/12~2008/8/24
2010/8/8~2010/8/19 2011/6/29~2011/7/11 2012/6/24~2012/7/4

02100311 (1) 2004/7/9~2004/7/16 2005/6/17~2005/6/23 2008/7/28~2008/8/7
2009/8/10~2009/8/18 2010/7/28~2010/8/4 2011/7/11~2011/7/15 2012/7/7~2012/7/11

% 813 WHT h¥ Tk - HARTRRAR L
S & g 2004 2005 2006 2007 2008
2009 2010 2011 2012

0210111 7 R (1) 2004/2/12~2004/2/20 2005/3/5~2005/3/22 2008/3/11~2008/3/20
2009/3/14~2009/3/19 2010/2/20~2010/2/28 2011/2/22~2011/3/1 2012/3/13~2012/3/17

02030111 5 /R 2004/2/9~2004/2/28 2005/3/3~2005/3/25 2006/2/28~2006/3/19 2008/3/11~2008/3/29
2009/2/9~2009/3/2 2011/3/12~2011/3/22 2012/3/13~2012/3/29

02030211 F1% (1) 2004/3/2~2004/3/16 2005/3/12~2005/3/27 2006/2/28~2006/3/18 2007/3/6~2007/3/16 2008/2/27~2008/3/7

2009/3/7~2009/3/17 2010/3/6~2010/3/16 2011/2/14~2011/2/18

02030311 Q 2004/2/15~2004/2/19 2005/2/28~2005/3/2 2006/2/8~2006/2/15 2007/2/28~2007/3/3 2008/4/8~2008/4/13
2009/4/3~2009/4/11 2010/3/20~2010/3/26 2011/4/4~2011/4/11 2012/3/24~2012/3/27
02040111 | sEH R (1) 2005/3/2~2005/3/16 2007/2/19~2007/3/3
2009/2/15~2009/3/1 2010/2/20~2010/3/7 2012/2/28~2012/3/9

02050111 HIE(D) 2004/3/9~ 2004/3/14 2005/3/9~ 2005/3/14 2006/3/11~2006/3/15 2007/3/4~ 2007/3/7 2008/2/24~2008/2/28
2009/3/5~ 2009/3/10 2010/3/1~ 2010/3/6 2012/2/14~2012/2/19

02050211 £ 750 2005/3/4~ 2005/3/9 2006/3/11~2006/3/16

257




2 5 27 2004 2005 2006 2007 2008
2009 2010 2011 2012
02050311 B 02 2004/2/15~2004/2/21 2005/3/4~ 2005/3/10 2006/3/5~ 2006/3/12 2007/3/3~ 2007/3/8 2008/2/24~2008/3/7
2010/2/23~2010/3/7 2011/2/23~2011/2/28 2012/2/4~ 2012/2/9
02060111 | = 4& & -] (1) 2004/2/16~2004/2/22 2005/3/2~ 2005/3/13 2006/2/28~2006/3/4 2007/2/11~2007/2/17 2008/2/23~2008/2/28
2009/3/13~2009/3/19 2010/3/2~ 2010/3/7 2011/3/12~2011/3/17 2012/2/28~2012/3/9
02060211 | 2RI(1) 2004/2/18~2004/2/24 2005/3/3~ 2005/3/10 2006/3/7~ 2006/3/12 2007/2/26~2007/3/4 2008/2/10~2008/2/17
2009/3/14~2009/3/19 2010/2/22~2010/2/27 2011/2/22~2011/3/1 2012/3/20~2012/3/26
02060311 + 2 (1) 2004/3/7~2004/3/10 2005/3/6~2005/3/10 2006/3/3~2006/3/12 2007/2/21~2007/3/3 2008/2/27~2008/3/2
2009/3/14~2009/3/21 2010/3/10~2010/3/15 2011/3/11~2011/3/17 2012/2/12~2012/2/19
02060411 o 2004/3/6~2004/3/15 2005/3/5~2005/3/20 2006/2/10~2006/2/17 2008/2/20~2008/3/7
2009/2/16~2009/2/27 2010/2/19~2010/2/26 2011/3/12~2011/3/20 2012/3/13~2012/3/28
02070111 2 2004/3/7~2004/3/13 2005/3/16~2005/3/25 2006/2/28~2006/3/17 2007/2/19~2007/3/4 2008/3/10~2008/3/22
2010/3/10~2010/3/25 2012/3/13~2012/3/27
02070211 | f 5 B (1) 2005/3/8~2005/3/23 2007/2/17~2007/3/5 2008/2/24~2008/3/19
2010/3/5~2010/3/20 2012/3/5~2012/3/20
02070411 EEZ 2004/ 3 /11 2004 /3 /16 200534 200539
2012/ 3/19 2012 /3 /31
02080111 % (1) 2004/ 2 /14 2004 /2 /25 2005 /3/2 2005 /3/10 2006 /2 /11 2006 /2 /22 2007/ 2 /18 2007/ 3 /2
2009 /3 /7 2009 /3 /22 2010 /2 /26 2010 /3 /12 2011/2/9 2011/2 /24 2012 /3 /152012 /3 /23
02080311 g 2005 /3 /12 2005 /3 /17 2006/ 2/ 27 2006 /3 /5 2007 /2/4 2007/ 2/ 9
2009 /3/2 2009 /3/ 7 2010 /3 /12 2010 /3 /17 2011 /3 /11 2011 /3 /20 2012 /3 /19 2012 /3 /27
02090111 7 2(1) 2005/3/2 2005/3/ 7 2006/ 2 /27 2006/ 3/ 5
2009 /3 /7 2009 /3 /11 2010/2 /19 2010 /2 /22 2011 /3 /11 2011 /3/ 16 2012 /3/ 132012 /3 /17
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2 5 2 ¢ 2004 2005 2006 2007 2008
2009 2010 2011 2012
02090211 # #(1) 2004/2/27 2004/3/2
02100111 <& (D) 2005/3/6 2005/3/21 2006/2/18 2006/2/26
2012/3/12 2012/3/22
02100211 B ! 2005/3/20 2005/3/28 2007/2/23 2007/3/3 2008/3/18 2008/3/26
2010/3/8  2010/3/20 2012/2/27 2012/3/10
02100311 % (1) 2004/2/20 2004/2/28 2005/2/19 2005/2/24 2006/2/27 2006/3/9 2007/2/20 2007/2/27 2008/3/10 2008/3/17
2009/2/7  2009/2/14 2010/2/22 2010/3/4 2011/2/13 2011/2/22 2012/3/12 2012/3/18
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LY. T DY

AFERF2ZREFERZHAGHFE LT RZ B LEEZRRLE - £ 814 5
GBI LT A o AT RS o T R & T35 J}é_;é 267.16 7 7 ¥ >
£ Tok kg 5 20426 F B o 4 815 5 L TmER IR BAET ’?I;‘Jfa‘

S FBLIFER VA BLI6 CEeFEA LT 2P A S R 8.1-13 3 F’
AT R KA FRAE LY T 12 iz ok H F AR S H
AR (L)% B 5% R) L)k 2 G5k fficge 2R A w5 0.039 2 0.012 5 & 7] % 4741
B VF AR TR LE o
# 8.1-7 3 % ﬂ’}é’}iﬁﬂﬁ-—ﬂﬁyﬁéfﬁg’]{gﬁgﬁi: I R L, J\ NEX X .ﬁ
SARRE)@) 2 EA)FHA) AR Q)ET BQ) B AL
-0.166 ~ -0. 107 ~-0.092 ~ -0.069 £ -0.049(m/day)4- ] 8.1-12 &1 i3 }\;4"' <k e
AR 0 RS ) R AT R OR S RE T E P o

<

)
—

4 8.1-4 i ¥R T AT A
Ep | EREEAgE | EpkE | EREE | E2anE g
2004 4.84 213.11 252.31 34.35 3057
2005 -11.82 213.41 280.71 79.78 3683
2006 12.37 201.04 247.18 34.54 3274
2007 12.29 194.82 306.73 100.22 3899
2008 -35.05 193.62 255.65 98.95 3364
2009 19.74 212.68 259.71 28.28 3858
2010 5.94 210.91 282.85 66.51 3026
2011 30.92 202.75 274,75 40.34 3203
2012 -29.08 195.98 244,58 78.29 3282
= 1.13 204.26 267.16 62.36 3405
kEHE =100 (mY); sAa R E = (mm)
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4 815 ¥ TymagrBERAE 4

W {2 4 e ok e gt &'—:ﬁj@ kE £ k’aﬁ:}a“ e
(10°M" /year) (10°M" /year)

1 = 0.1278 106.61 147.84
2 = 0.174 31.63 44.95
3 (1) 0.1945 21.54 27.45
4 £ 00(1) 0.107 17.20 16.67
5 ¢ (1) 0.0437 9.19 8.07

5 5B () | 0.01267 5.06 7.24

7 =~ 4& R (1) 0.03971 5.65 5.68

s | FHRIQ 0.056 2.29 3.14

9 ~ 0.03628 2.08 2.52
10 1% (1) 0.021 0.93 1.25
1 T 186(1) 0.00216 0.82 0.80
12 5P R 0.01382 0.43 0.61
13 < *2(1) 0.00146 0.35 0.52
14 720 0.00052 0.17 0.17
15 A7 (1) 0.00065 0.15 0.15
16 + 3 (1) 0.00026 0.04 0.04
17 7 B (1) 0.00018 0.03 0.03
18 iE(1) 0.00014 0.03 0.03
19 o 0.0001 0.01 0.02
20 gl £ 0.00011 0.01 0.01
21 X 75(1) 0.00006 0.01 0.01
22 Mg % 0.00003 2.14E-03 2.02E-03

£ > 1 2004~2012 &
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% 816 ¥ =5 fF T 0E L BRI 4

- s o 4 f Hig i kd | Eid F1E
(m2) (m/year) (m/year)
1 = 1 30494136 3.50 4.85
2 = 24248347 1.30 1.85
3 < (1) 20488088 1.05 1.34
4 £ (1) 13053079 1.32 1.28
5 p s (1) 9623774 0.53 0.75
6 = A5 B[ (1) 8155610 0.69 0.70
7 v (1) 18663885 0.49 0.43
8 EH5 R (L) 11730905 0.20 0.27
9 ok 12451699 0.17 0.20
10 & PR 6559619 0.07 0.09
11 F1% (1) 13407596 0.07 0.09
12 T 15(1) 13432917 0.06 0.06
13 < (1) 24973074 0.01 0.02
14 7% 19703919 0.01 0.01
15 A (1) 17558056 0.01 0.01
16 + %(1) 13367850 3.01E-03 2.81E-03
17 FiE(1) 15314572 1.86E-03 1.84E-03
18 ¥ E1) 20598676 1.53E-03 1.55E-03
19 12 12041811 9.19E-04 9.13E-04
20 fe 22 19072476 7.59E-04 8.57E-04
21 £ 75(@1) 14021461 5.22E-04 4.81E-04
22 Mg % 20406824 1.05E-04 9.88E-05

£ > 1 2004~2012 &
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20817 &rbtakH B - P AeiEid ok sAL % 5] 4

5L 22 X Y |4Eok Tk A S (m/day) | - # A2 EiT 0k A 5 (miday)
02010111| = (1) | 324620 | 2738180 -0.03414
02030111 &P B-| 335491 | 2723599 -0.01778 -0.00445
02030211 F1% (1) 333200 | 2729300 -0.01088 -0.00976
02030311 £46(1) 332000 | 2725800 -0.09236 -0.08603
02040111 #¢ 3= B/ (1) | 332900 | 2751100 -0.01399
02050111 BIEQ) 329180 | 2745890 -0.04703 -0.02512
02050211 X 75(1) 325944.4| 2742374 -0.03224 -0.01076
02050311 gt 14 328104.5/ 2744848 -0.03346
02060111| = 48 & -] (1) | 331460 |2744155 -0.06996
02060211 A F(1) 329122 | 2737853 -0.04641 -0.02112
02060311 + %(1) 329932.2| 2741080 -0.04457 -0.00728
02060411 o AR 332212 | 2737115 -0.01846 -1.6E-05
02070111 P 318685 | 2734452 -0.03004
02070211| p 3 ®-]-(1) | 313700 | 2732700 -0.16644
02070411 fe 2% 322822.3| 2739979 -0.02997 -0.00182
02080111 % (1) 329500 | 2725778 -0.04935
02080311 g & 326363 | 2727985 -0.014
02090111 720 330000 |2731600 -0.04999 -0.06265
02090211 ¢ og(1) 327300 | 2732000 -0.041 -0.017
02100111 ~*2(1) 321300 | 2729300 -0.03812 -0.00178
02100211 =3 314970 | 2729321 -0.10712 -0.01018
02100311 ~ (1) 322731.5| 2732157 -0.02166

£ > 1 2004~2012 &




A & 4]
FLES SR SRS
EA R
o -0.16

B -0.01

Bl 8.1-12 fHE T J s A iR+ ek 3k s 5
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B @ L8
ERER
mAM: 1.7

B 8.1-13 WH T R BRI E g ff TinEiE

drikfp R F RN LA IE R LE AR E 0 BIBL-14REIRK
FREREEGES2Z A EZ A A AL E M GE o KBl R E
MAE R 2 BTk

—_
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# ik E(m?)

3y R T Ry SR 0 & B A (2004~2012)

140000000

120000000 ¢

y =62533x + 710336
R?2=0.7142
100000000
¢
80000000
*
*
60000000
¢ *
*
40000000
¢
20000000
.
*
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
=2
% v & (mm)

B 8.1-14 3='% & £ 2141 £ B % §1(2004~ 2012 &)
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BT ORG B E R R

AEREP BT R B TOREBEFNEE AR KT A E A B ML
THAL RS TR AR E R R B e g A G 821 Hp T OREKE
1‘3‘-;\7\@‘;‘5;,”7&3% 7‘155‘? » 822 & @A A HATEHEY 2 TR HE SN
MODFLOW 2. % B 4z » ¥ B 7 BT Rz # TkHENEY 2 S8k T % -

8.2.1 ¥ ToRBE P EE AR

A E e TR HG 22 B AR 8.2-1 T 0 T A G AL kA
o R IR S R S . o LSl S U C L)
821ﬁﬁ)°ﬁ“%ﬁ?%@%?ﬁﬁ % 2. MODFLOW ¥ T [ fid 50
WgFT 7 B2 T kR % 5 (2 8.2.2 MODFLOW fj /) 2 MODFLOW & -
o FATARAFT RB LT BRDIE AR EHE B ERER
TR FLRAAIEEE T RA Sl (doif ok i s Bk Al I RE S 3
kA ERE ’—‘%]4'*7) Ble 7 & 7 kR 2 ToRima i~ m%a i~ #55K
T e BRI ARTRE AP ERY RS D R R £ R
Bk B B4 2 UCODE B H5 (2 822 8k 23 2)eF it B %
TR FREEE (2004 £~2012 & ) ¢ > Ep A EEMIEEFEEPLE > RiBAFK
.I*ggﬂv\a}fro
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AHER T A | \

| %K i ek ik :
F oK EER Bk |
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| A2 4 |
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DER S R LY T2 N
BIRR R E
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| v
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|
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AkTEAYE T — \

| ﬁﬁuﬁ 1E |
&Kok

il 8.2-1 Pq’fjxﬁizs CSNaE B AR T J B

8.2.2 ¥ T oRBFEHS

- ~ MODFLOW fj 4
BTk BcE RN A 1950 & Nk Hp e A e TR HEN w’%%%ﬁm
MET o T M BTy < tp e R BT EE S 2 A Hretag o 3 1970 & AP B g E A

268



AT M R A ok B Aok BTt 2 2 e TORORVNEBCE AR o
MNWMM/{%W%?ﬁE%&SGSﬁ*Njffkﬁ&ﬁﬁ’ﬂﬁﬁ?
Rfpz s =z ik e TORGERAE FOREBET A S pd IR 2R
BRGKR o R FHEPELAEY BT B2 S0 A E e ik T
¥ 4 f= MODPATH ~ MOC3D ~ MT3D 2 MT3DMS % -k B o3¢ » 7 i (7K %7:3;%1
g o ¥ b 7 e MODFLOWP ~ PEST 2 UCODE % 4-#cif:E #75¢ (Inverse
modeling) » % " # %9 MODFLOW ##& 2 2 # T -k fiis @ efvk v 34 f Sodfc o
* R T 4 5> 1983 # & 1 MODFLOW 4% » 1 1987 # { #7 2 MODFLOW
88 = A » g 3 1996 & f£ { 7 MODFLOW 96 '®= &~ > @ & T & ;
MODFLOW-2005 - MODFLOW ¢ »* H 2 5% E & #24 i 7 ~ ¥ 5 i~ 5 f'&’l
e H U ox4 M‘S—E‘ P R RN RS B R IR F]p s 5 awl%’“ﬁxﬁf\/'—“ Kk

N,

AR 0 F P RABEE VST o A B RF L
PM(Processing MODFLOW) Visual MODFLOW -~ Groundwater Vistas 2 GMS

~3+3 p @ * Groundwater Vistas 6.0 &7 MODFLOW #HE3vaE = o
Groundwater Vistas (GV)+d Environmental Simulations International (ESI)#7 & % >
?ﬂ“,l%“'ﬁﬁm@i%ﬁ > ¥ 'lﬁ‘f’l’x%'ﬁ-ﬁﬁ‘* 3D ¥ Tk 0 B fEH
h,F»zI\ * ¥ 3 MODFLOW?2005 » F] ~2+% » 7 MODFLOW2005 ¥ % @5 T J
Z_obn TR RSN o
SR EC RS
LbTQ%ﬁﬁ

MODFLOW iz 3% .+ > ¥ #- 5 /KB A 25 33 5 k g & 24002 3
’k/%)’i",ﬁ\ ﬁi] i/\@’liijgr_gﬁ.’ff'}%f r’gﬁ j\—‘:;.l.%uaﬁ_‘f;%frﬁﬁmr
Rz k2 T2 B ((FRRFLI 25028 24) ZRA#H 54 B “h itz
WL P d A kaE 2 et 2 2k f# H P4 A K 4ol 8.2-2(z B k-2
e oo w2 B 4B 8.2-3 1T ﬁizsﬁ—‘\*’ oo E A AA 2ae)dtor od @
T i ok k- (FL) s ek - (TL)E 2k k= (F2) o IcEm B3N UL » & 5

R#H > H s Gw ko deBl 82-4 4T o AP ERE AR FORAERMAR Y 2
Tok k- (FL)» st B 2k & ¢ Mo 3L Rord 22505 Kk »o > @ %
Sfest P 2Pk - (T 2 kK = (F)R]E S0 - 12 B 2267 ekt
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0 12525

B 8.2-3 ‘s th-242lm 2 AA 26 =% B

Bl 8.2-4 fHET B st A K (AA D5 )
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2HCR BT A g A

T Rt S A 25T RS AR AP LAY Y 4
BT T Rok o s WA KR TR BT RE TS T PR
B RIRG LB TR A R R WA R A S
A TRk R TR ZARATREL R > UEET RE T kR H
,}:}_o

BF g R AT E L L
ERRR N D S BT

PRI NS SN
(No flow)§ B i 2 (Neumann boundary
condition) » A VB VB 3F 5P VK ERE T R B AR LR~
TG B TR RAY T T BT }%r)@-; < 4L lp L B R e
>oor e R R LT e ROREE S SR L R E o M RORERR T

- ~= \wb -E N

A

aEP 7 kR - (F1)#rp BRI E 23 & FARx 32 5 LRI 2 p T 393 T |
o Bd B AR AEEP TI0R TR FAMLY F o 4oB] 825 4T 0 @ FR
Aoy y=0727x—- 04739, R? =0.9866,

bAtm v Bz R 0 RSB ToKEE(B 8.2-6 ¢ 2 K F i) ¥Bd2y
~3}¥’I‘%‘r§%i’dw"ﬁp??§’-’ BN B A BEORE e PR T R o

c.BZ b kEp(hy)e H 7 255 T LB F (hops) 2ok =% 5 T & (Ah) » m Ah 3
B RoKER P ook i (hy) 8 T S BGT LRI Y p ook i (hops) 2 £ 0 4o 34 821
T o

Ah = hy — hg ;. (4 8.2-1)

T2 BE R T A ECTELR Y k4 P Ah s T RS T RER & PR 2k
o 4o 3N 8.2-2 #7or

thy = hops +4Ah (g 2.9)

—\
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80
70 y=0.727x-0.4739 _ -~
& 60 R2 = 0.9866
¥ 50
\L 40
.2, R
K 30 4
i
3 20 //
T 10 * s
0 / | | 1
10 20 40 60 20 100 120
Wk 542
Bl 8.2-5 BT R 4 F A2 p o8 T ok Ay fF

doF R e 208213 HAN S g R do 82197 ARIVED LT
BOREER S B F(1)Ri2F 4 1585 =8 5 FF v EN L e BOREER 5 2 Ak
27.37 =& J’E,sa:"dyr‘,ﬁgwggf;ggﬂaﬁé - 3 : A

»

L
B4v 3429 2% S RHEN LT BORER P EF (1) ng 4 4163 DGR
Kiz® 4 57.87 o= 5 # j@diie BoREER 5 4
Li(1) k% 4e 30.83 27 5 AR v Mok g H A4 (L) k =8 e 30.69 =
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% 82-1 WH T % T RER T

e mpIR B g ﬁ;jlﬁ R, k@4 (Ah)
EHPGE 26.19 1857 HHEL) 272 15.85
B3 rix 39.18 28.02 = % 0.65 27.37

) RE 70.69 51.14 fe 9.51 41.63
a1 82.15 59.21 fe 2% 9.51 49.70
T Lz 60.86 43.80 fe 2 9.51 34.29
W1 % 160.02 11585 s R (1) 7422 41.63
XS 121.77 88.07 kg (1) 30.20 57.87
% e 49.47 35.49 £ 0(1) 4.66 30.83
}TH 0k 45.84 32.82 F46(2) 2.13 30.69

(H i 2x)

YL R ifﬂﬂi“fﬁ'«% TE S FM R A E R K S R E R F
i (Dirichlet boundary condition) > "k =% 5 0 2t =% o o bt v a3 v o i
445] L a3 s 3 34F FEFTRFREFEMRDERT 2 &* 1km*lkm
% pEeniL e > 4o 8.2-6 1T o
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‘“;k‘ruﬁb%‘“fj‘rn

— 'y
B 8.2-6 WH T R T oKERE R

B

w*7ﬁ”?ﬁé%*vﬁ&~é@é«%%\%~%%‘w*«ﬂ~£%
BTORRESHAEEFREE o NTREPZEFHE T RE T ORI
(MODFLOW H£5%) » H o S 49 F 23 Tk 4 & Sl 2 Rmag gy » THL o &
%”RFKQ%T:
1.3k thik

BLP| b ez B pF > ZEPIY 0BT H F AT KRR o Flet BT L R
#3072 e 7ok K e B ok e (Transmissivity » T &) IR 35k B > & 7
MODFLOW #-3¢ #7 % %8 5 1% -k 2 #c(Hydraulic Conductivity » K &) » F]pt #-35
BRI SR i £ AR ok ER (b) v @i £E5 K Gl gt
R RS % ORI Y RIS R L S 'S AT S - l‘zﬁ:‘?' ISR
EARZRR o AT FETHEZALFER - BI82TER82-84 45 7 kA -

274



2 RkEZ2Z BB RR 2P A B TAATZIAARES o BNk -
2 A H R R TR BERRE? £ élmfi‘* Fundamentals of
Ground Water (Schwartz and Zhang, 2003) ¥ #£ 32 @3¢ > &t 2% 7% 4x107° (2 &
%) “”’ﬂ”#kﬁﬁ%ﬂ4%~$lviékﬁﬁ &&»&%%éé$
w&a%iva&ﬁOﬂﬂéﬂi/?ﬂﬁhéﬁzr @
b(he 3~4 2w 2 b )2 R K o T PR K A T 5
KR o RS F T @ﬁgﬁ%@¢’wﬁ?ﬁ7&,
P B RR 7 R R RV and 2 4 F] P ip R
PR E B2 Sl o AT E AR T RE - 2% : AT
ZoPEoR B W (B 0R K W) o AFT R MR ARK 2 b TTARR AR R~ Bk R )Y
o - BLBIE 2o m RBLBIR AL > 2 (L A ek R 2 S lcE > AT VIR
4o BETT

BARARKY B THEFE B E BRBIE > 2 REPR 25 - FRIORE
ﬁ%EW’i?%E&iﬁ#@miﬁ4%&;m¢@$&f§@;gg¢@
s )ik 3 KA RIE 8- H A7 BLiRl 2 2% o B B ahE e T ok
o FARTLE TORELREF PR ATGART G I RTE o R T
kR EB2Z BB FAERF2Z REARE 0 B - R PP RGK T kLR
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TEI
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B 8.2-7 7z k- %HEBE; LT B1828 z Kk -thBN AT

2%k thlgcg o Ak E
d SRR BB R E R R TAF Y B oRESR A A KT Ft RS R
Btk B2 B R RN AR R PR RS AR T
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R
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Ao Y (TR 0 P AT

AP EFALEBERPEG Sk AR ok Blied e 0k 2
MK GBH Bk Rl v DR R BRI FABREF > T RE Gk
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2004 86.16 27.14 135.09 9.49

2005 92.66 31.26 134.60 17.35

2006 81.76 29.41 132.63 16.61

2007 82.17 29.59 135.16 17.37

2008 106.11 30.85 134.37 15.84

2009 79.49 26.72 132.09 16.64

2010 83.64 29.65 131.30 16.55

2011 70.06 29.99 130.86 17.32

2012 94.30 31.84 131.52 18.60

T s 86.26 29.61 133.07 16.20
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5 201.67 § 3@ > @ 2004~2012 & 2. T2 -k 5 21981 F R o AA L E
ERa 0 3 2010 £ A AR bS > eI E R "éfﬁd:ﬁ»ﬂ%c w5 26175 7
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% 832 b Tk E AT RS

R T T e T

LS SRR S SR LETE SIS S -
2004  104.26 135.09 190.44 27.14 9.49 12.30
2005  102.74 134.60 195.42 31.26 17.35 -6.66
2006  106.34 132.63 188.12 29.41 16.61 4.85
2007  97.20 135.16 179.39 29.59 17.37 6.03
2008  92.16 134.37 198.28 30.85 15.84 -18.42
2009  97.22 132.09 176.73 26.72 16.64 9.24
2010  130.45 131.30 214.11 29.65 16.55 1.45
2011  101.60 130.86 171.68 29.99 17.32 13.49
2012 103.27 131.52 197.61 31.84 18.60 -13.23
T35 103.92 133.07 190.20 29.61 16.20 1.01

(8= 7 F)
% 8.3-3 ¥ TR on AL

(LFRle+  (FLF@k+ . e § % £ (mm)

T i) F2 3 k) = =
2004  239.35 217.58 9.49 12.30 3059
2005  237.34 226.68 17.35 -6.66 3684
2006  238.97 217.53 16.61 4.85 3274
2007  232.36 208.98 17.37 6.03 3899
2008  226.53 229.13 15.84 -18.42 3365
2009  229.31 203.45 16.64 9.24 3858
2010  261.75 243.76 16.55 1.45 3026
2011  232.46 201.67 17.32 13.49 3203
2012 234.79 229.45 18.60 -13.23 3283
T35 236.99 219.81 16.20 1.01 3406
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8.5 B T KA B K TR R K T B A

LA A TS TR A2 BELH

Li- b PRI RHERE TR R I RPRR 0 A E A wst
ATzt B ed ol R E2F A 0 & 851 G FEFHT Rdw it
AREHA TR AR A 0 d 27 4002007 LT L At
L BB B 0 % 66.71% 0 @ 2010 EATL R 2 LAt B ATt Gl E K > g
» 49.44%  FFd £ 8524470 VR B HIF AL FHE M TR kAU
2ZERP BT RE TORERG A9 35038 T3 28 5 AR A9 8032 T
S22 ARG AL FETRAG A 2235% 0 @ BT R E T 001§
L1032 FHW AT E Lod e i E L 59.85F F R Fli v REAILE
2 dw i gt F LA L2 5750% d BV A FALEFN EL L A
BAE S ARMERFENS KRG H AR A FERFWALE PR
kT EE gy o

7 851 ML RA I ELFWALEMN A

P TR Wit ¥ il ¥
it g ot d RS A RO
2004 104.26 64.96 62.31%
2005 102.74 57.07 55.55%
2006 106.34 55.16 51.87%
2007 97.20 64.85 66.71%
2008 92.16 60.02 65.13%
2009 97.22 54.24 55.79%
2010 130.45 64.49 49.44%
2011 101.59 57.19 56.29%
2012 103.27 60.66 58.74%
T35 103.92 59.85 57.59%
(B = F &vp/#)
% 852 WiL® o4t 2 Lot L8 st £
& ## (km?) WL e (F Fw/E)

WL R T k% 359.38 103.92

WL RALR 80.32 59.85

A 22.35% 57.59%

290



QAR TR TR ARF A2 B

Rk TORBER ZEE SR TR Mk TR SR R
MODPATH ;‘iiﬁbfﬁiﬁlﬁ;;‘ P B AL L PEALEPN DTRG0 R LR X
=412 F i B8 F B o MODPATH (Pollock, 1994)* £.d % R ¥ 4 &
(US.G.S)*iB % » H 5 MODFLOW #7582 14 % A2 4258 » F1H % -k o5 42
BokmingE o ok SRR TRIBERE A ES E BN
(Advection) 4¢ > MODPATH ;2'%ﬁ#§(ﬁ(mﬁmmnTam) BN W I
(Adsorption) & >z i > ® BRI R FEE S G X DRGSR TR (FE
#2006 ; FAwzs 0 2009) o

A4 7 MODPATH 42 % p @R B 2 ¥ 4R E ALK BREFLF
Bz FERE S FRREFEFRTS S A PR R R R R
BEA B G 10 &2 100 4 0 Fu i R 5TV L QEPF @5 R
8512 R 8527 » & F s F1E F22 KR EBHERF > =REL FET LA
AR R4 REE 10 -&?g—tzlﬂ}b@ﬁ%%]ﬁ % d RBE S 100 £S5 T4 EE /]%
B o

BlP B r 8% 10 £ SMAFLF WAL " AR 245 FiEbd ¥
4 ?’K%(Fl)i';é N ER T ORE(F2) AW A R FRFEE S AR A
FORR(FL > DnI T A RS 0 1 100 £ > BTG A e s b

A%

¢ o
g-‘ﬁb' F%l}%’ ?"T J\/H e i}?" d’—/\;iil\_—l}]q\i ‘:JJZ‘TLLIH( TEIJT’EWZ:?‘ l'g;,
Lo EALTH2ZALERR e ARBE D3 €osd e dFic WA
/Z'\’J‘/%](Fl)/ '—}r’-‘?ﬁ/m:_—‘_y?v ,LIE-»%;P‘ ° 5'”5",;;/%.’ g /%](FZ)"; m ood 3 ;:_%] /Z'\ J\
id;'rj‘#dvﬁ»ﬁﬁa\/’l%xp}\mﬁiﬂ gra»,ﬁ-ﬁ] el SRR Y f';«g_/:jlb,}tﬁ%ﬁ’ ~iE

ﬁﬁ

TR 0 R A SRR -
‘s,fﬁ@'é‘flﬁéo\’}‘%?fz‘r’ AIMAEAFRLAR A O R A AR
A T KR PN IERR A kR R R RE T kALY kAL R 2 b2
BB ORI RREE RS LL 2 RT R

291



— WA E R — LB R
| —rF1ns iy | —r2ns
—Flokfe ¥ 4 > 2 — P2k Sl
104F1 %518 104F25 58

1004719 4B R } L004F2% % 4.8

292



F1F RHhgeR

-~ B
(=) ¥ T RkIBHFIRHIR

AR EE S ke R A s e T ‘;gf;;/pg
ABAAIE T T A BAL fv?"ﬂ""f/\f%?]‘;‘/-;— - :Fﬁ
BE LR o AT R 2B
iiﬁa&%@ﬁﬁ %T@wmo

(C)# TARAEEPRENRT

A3 - B T R 2004~2012 & Lﬁuﬁ*' B TR L AH S B BRI
FWHETRR2 E5Lei 25 10392 5= > L Rwid g 5 133.07
B AR ARG 16207 L e 7ok - #ﬂv kB3 19020 F H 0 5ok K
Sk B R 2961 F B sttt i B oL 23699 F H R i J\i % 21981 F
Fom o KRR 2B B % S EBARILE N 267.16 FAYE o R okE G
20426 FHHE - A 2 2 AN AT E NN REZ GRS #ﬁ B BT o

293



() ¥ TARFALTHF TRISREKE S KRFLEF

AP EBERGS A B AR EE R 6 0 R BALFHE TR R
BR kB 2o RPEFHTRAS T ARG RAE AR IR L 0 FE LA
AT WHETRE TR F S 35938 T2 02 s Lo g s 10392 § F
MR ARG AE 5 8032 T3 22 (NEFHET R T RTG M2 22.35%) 0 AL
WPh2ZdLwAlE 5 5985 F EER(N ML e AL E 2 57.59%) c F]ptE A&
ﬁiﬁﬁ%iéﬁﬂﬁﬁﬁﬁ’m%ﬂﬁﬁﬁmkmﬁ*%’%ﬂw i Al
AT BT R

woRE @ a*gﬁc’l\ B H58 (MODPATH):g (737 7% » IR A& X L § 323 & 47
AFPDFAGEL > w10 AP F R TRBEL S - 7 kA FD)Z T HicA
Buo RN G AFFRE- HREIER G KEF) BRI IFHFHET R
2y TR ARG ER o

zZ_

ﬂ\

() ¥ TAF* H-kEHE

WK R gk R F AR FG 0 %2004~2012 & & & R 2 ok R A
S CHE 4 10% ~ RAE A R E 5 10%% 2 B R o BN AR R By
$2 Tk s o B gk BEK e Fr 0 e ks S 02
RpE ARz 2V R oRE S 21949 F R o

(T) PR LHRE
AP AL - R MM IR FE S E T - KBS 2 Ep

%@cb Wﬁ*wﬁlﬁﬂf@%@mL h%”l%Omeméﬂ?h
Bowre R % 100hmm'1"’~'a1\?,€//,ﬁ.“1'@],—\‘;g%}.g'i:/_”ﬁ_“?@],;ll']
A2 Mg & F e L 100 Ohm-m v F o Bt & L%‘yﬂlllooohm[n|tﬁ
S REE R e BRI o PRt - HETR P 0 K T e T IEE R BLT
AT ERES G HRTRASREAER L FL LB AITER L T2 2
LES BB DR BB > 2 R AHRE@G )R REOQ 2)T B
iii*ﬁﬂ’i~ BB R RBHREFTIRE Bk %ﬁ#ké*ﬁké%w

fez 24 BPIFHE T H UGERW I RE o HEEEAT = Ehz b kg G
007> «*gxbz 1t Ik E 5 0250 @ pisxbd BERR S Vordem 2 v Ik E
037> F4 B EHE 4 RAPLPIF TR > & 68%:NfE w-kE? - P BBbnS,
ERERREA 0193 055 F » ad k@& r 2 S ® 5 017 g e

“ \ac LT T

294



jais @ﬁ#[ﬁi—r”‘lo

()P EHFALA R

BT R FUHRT AL L TRy E AT TR
YR IRLIE P QIR I - 3 - S e} *%W$u6’a%§% e X R EZE
%@7'%7\’3&?}°”"}’F} }\?ﬁ‘:@ﬁ oo R R TOKAE <Y 0.5mg/l g
# g#ﬁn@’?u¢;%¢05mna&%’ﬂﬂﬁéﬁimﬁ%@’ﬂ

A
PV e B TEA L R m%::%] 54 sk o

(5) Zdke @ FHNEE

AR RE kY B PRk B TR B2 2 ke B Rl ke
(

PR 4GRS P e e L 3G
IRRALE )E 2 2 ok B od Bk B F SR DRt BT e g

LA
éJ%%?%’*’%ﬁﬁr°fﬂ%mw@*“ﬁlakﬁ
2 *FF Bl RFEHRTHE S LGN B S =

GEcH o TR B TR N 2 Bk iR B o @
=]

\%W
é\% ’\* -ﬂ\q.

’Jifé ol BBl TR AL S TR BEEE S E LR AR
¥ o
(~) FREREF R

?}'EL &?F%l}"?—».—-@ﬁ_ﬁ SFmJ)FZ“ﬁ—/_‘-ﬂ#H—'E ’ j\‘L%E‘ G\'%F%J‘

REBFHRLE > dop TRy~ BER TG B L GEE GISBA SM T
o AP EF IR - EEFERAEERIMEE > 20 BAT FT R 2004
£33 2012 #FF 2 TREFHRE S RAFHET R A0 T RRY 8 Tkl R

295



=~ 23

() TAREFHRFRF 2B a R P2 2 FE - B2 SEFCETHELE
A fE o Tt g TR BRI F R SR 2 ﬁ**&’zmﬁ e THLES
WrxgF 2 Mat BIEFFenbpe BER TR

c)ﬁyg?mg4%w@<1%$’?ﬁ%mg;meﬁé’ﬂﬁ?%ﬁ%
FERTIHE RR > EF ARG

() ¥»EF ZEFPROLFEEOTER LLL;EHJ\'@
PERF c 2 RE TR EER K b
48R

(E)FHB TRz TRAEILY L 0%E 2 L0%e 3 r P T o BT
REBARE L 0 - Tz TokA D L Re i o ART R R F
TR o i FREE OEGFLERGE > TERSRGEEIIRHRE

()R B2 28k 3 TR A LRSI E BKE W%ﬁ’ﬂ%

AP AL ER Ry o ERARTEZ K p FREERGHS > p &
iz ok FalE LML FEp 2Py 2 Ad -

*h!t
4
H\
b 3

(\x,

296



10.

11.

12.

13.
14.

%34 P &
Abbott, M. B. (1991). Hydroinformatics: information technology and the aquatic
environment: Avebury Technical.
Archie, G. E. (1942). The electrical resistivity log as an aid in determining some
reservoir characteristics. Trans. AlMe, 146(99), 54-62.
Awwa, A. (1998). Standard methods for the examination of water and wastewater.
Washington, DC Standard Methods for the Examination of Water and Wastewater,
20.
Basagaoglu, H., & Maritio, M. A. (1999). Joint management of surface and
ground water supplies. Ground Water, 37(2), 214-222.
Bear, J. (1972). Dynamics of fluid flow in porous media. Amer. Elsevier Publ. Co.,
NY.
Bentley, L. R., & Gharibi, M. (2004). Two-and three-dimensional electrical
resistivity imaging at a heterogeneous remediation site. GEOPHYSICS, 69(3),
674-680.
Beresney, I. A., Hruby, C. E., & Davis, C. A. (2002). The use of multi-electrode
resistivity imaging in gravel prospecting. Journal of applied geophysics, 49(4),
245-254.
Berthold, S., Bentley, L. R., & Hayashi, M. (2004). Integrated hydrogeological
and geophysical study of depression- focused groundwater recharge in the
Canadian prairies. Water Resources Research, 40(6).
Black, G., & Black, A. (2012). PEST controlled: responsible application of
inverse techniques on UK groundwater models. Geological Society, London,
Special Publications, 364(1), 353-373.
Bobachev, A. (2003). Resistivity sounding interpretation IPI2WIN version 3.0.1
(Version version 3.0.1). Moscow State University, Moscow.
Bobatchev, A., Modin, I., & Shevnin, V. (2001). IPI2WIN v.2.0, User's manual.
Boyle, D. P., Gupta, H. V., Sorooshian, S., Koren, V., Zhang, Z., & Smith, M.
(2001). Toward improved streamflow forecasts: Value of semidistributed
modeling. Water Resources Research, 37(11), 2749-2759.
Carrollton, G. (2002). Water resource districts. from http://www.carrollton-ga.gov/
Chang P.Y., C. L. C., Chen W.F,, Chiang C.J. (2012). Constructing the
Hydrogeological Model of the Choushuichi Fan-delta in Central Taiwan with the
Electrical Resistivity Measurements. Paper presented at the AGU Fall Meeting

297



15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

2012, San Francisco, CA, USA.

Chapelle, F. (2001). Ground-water microbiology and geochemistry: Wiley. com.
Chau, K. (2003). Manipulation of numerical coastal flow and water quality
models. Environmental Modelling & Software, 18(2), 99-108.

Chau, K. (2004). Intelligent manipulation of calibration parameters in numerical
modeling. Advances in Environmental Research, 8(3), 467-476.

Chau, K. (2005). Selection and calibration of numerical modeling in flow and
water quality. Environmental Modeling and Assessment, 9(3), 169-178.

Chau, K. (2006). A review on integration of artificial intelligence into water
quality modelling. Marine pollution bulletin, 52(7), 726-733.

Chau, K., & Albermani, F. (2002). Expert system application on preliminary
design of water retaining structures. Expert Systems with Applications, 22(2),
169-178.

Chau, K., & Albermani, F. (2003). Knowledge-based system on optimum design
of liquid retaining structures with genetic algorithms. Journal of Structural
Engineering, 129(10), 1312-1321.

Chau, K., & Chen, W. (2001). An example of expert system on numerical
modelling system in coastal processes. Advances in Engineering Software, 32(9),
695-703.

Chouker. (1971). Methodische and theorestische Untersuchungen for
geophysikalischen Grundwasser Erkundung.

Chukwudi, C. (2011). Geoelectrical studies for estimating aquifer hydraulic
properties in Enugu State, Nigeria. International Journal of the Physical Sciences,
6(14), 11.

Clavier, C., Coates, G., & Dumanoir, J. (1984). Theoretical and experimental
bases for the dual-water model for interpretation of shaly sands. Old SPE Journal,
24(2), 153-168.

Commerce, W. S. D. 0. (2003). Critical Areas Assistance Handbook: Protecting
Critical Areas Within the Framework of the Washington Growth Management Act.
from
http://www.commerce.wa.gov/Services/localgovernment/GrowthManagement/Pa
ges/GMSPublications.aspx

Commerce, W. S. D. 0. (2003). GMA Update: Issues to Consider When
Reviewing and Evaluating Critical Areas Regulations and Natural Resource

298



28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

Lands Designations. from
http://www.commerce.wa.gov/Services/localgovernment/GrowthManagement/Pa
ges/GMSPublications.aspx

County, K. (2011). Groundwater-related maps. from
http://www.kingcounty.gov/environment/waterandland/groundwater/maps-reports
/maps.aspx

Crosbie, R. S., Binning, P., & Kalma, J. D. (2005). A time series approach to
inferring groundwater recharge using the water table fluctuation method. Water
Resources Research, 41(1).

Danielsen, J. E., Auken, E., Jargensen, F., Sgndergaard, V., & Sgrensen, K. .
(2003). The application of the transient electromagnetic method in
hydrogeophysical surveys. Journal of Applied Geophysics, 53(4), 181-198.
Danielsen, J. E., Dahlin, T., Owen, R., Mangeya, P., & Auken, E. (2007).
Geophysical and hydrogeologic investigation of groundwater in the Karoo
stratigraphic sequence at Sawmills in northern Matabeleland, Zimbabwe: a case
history. Hydrogeology Journal, 15(5), 945-960.

De Lima, O., & Niwas, S. (2000). Estimation of hydraulic parameters of shaly
sandstone aquifers from geoelectrical measurements. Journal of Hydrology,
235(1), 12-26.

De Vries, J. J., & Simmers, 1. (2002). Groundwater recharge: an overview of
processes and challenges. Hydrogeology Journal, 10(1), 5-17.

Domenico, P. A., & Schwartz, F. W. (1990). Physical and chemical hydrogeology
(\Vol. 824): Wiley New York.

Giarratano, J. C. (1993). CLIPS User's Guide. NASA, Lyndon B. Johnson Space
Center. Information Systems Directorate, Software Technology Branch, Houston,
TX.

Gorelick, S. M. (1983). A review of distributed parameter groundwater
management modeling methods. Water Resources Research, 19(2), 305-319.
Griffiths, D., & Barker, R. (1993). Two-dimensional resistivity imaging and
modelling in areas of complex geology. Journal of Applied Geophysics, 29(3),
211-226.

Harbaugh, A. W.,, Banta, E. R., Hill, M. C., & McDonald, M. G. (2000).
MODFLOW-2000, the US Geological Survey modular ground-water model: User
guide to modularization concepts and the ground-water flow process: US

299



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Department of the Interior, US Geological Survey.

Harvey, R., & Linquiti, P. (1989). Wellhead protection programs: tools for local
governments.

Hasan, S., & Troch, P. A. (2006). Modeling the Hydrological Effect on Local
Gravity at Moxa, Germany. Journal of Hydrometeorology, 7(3), 346-354.

Healy, R. W., & Cook, P. G. (2002). Using groundwater levels to estimate
recharge. Hydrogeology Journal, 10(1), 91-1009.

Heppner, C. S., & Nimmo, J. R. (2005). A computer program for predicting
recharge with a master recession curve: US Geological Survey.

Hickin, A. S., Kerr, B., Barchyn, T. E., & Paulen, R. C. (2009). Using
ground-penetrating radar and capacitively coupled resistivity to investigate 3-D
fluvial architecture and grain-size distribution of a gravel floodplain in northeast
British Columbia, Canada. Journal of Sedimentary Research, 79(6), 457-477.
Hill, M. C. (1992). A Computer Program(MODFLOWRP) for Estimating
Parameters of a Transient, Three-dimensional, Ground-water Flow Model Using
Nonlinear Regression. Available from Books and Open Files Reports Section,
USGS Box 25425, Denver, CO 80225. USGS Open File Report 91-484, 1992,
358 p, 17 fig, 3 tab, 80 ref, 3 append.

Howle, J. F, Phillips, S. P., Denlinger, R. P., & Metzger, L. F. (2003).
Determination of specific yield and water-table changes using temporal
microgravity surveys collected during the second injection, storage, and recovery
test at Lancaster, Antelope Valley, California, November 1996 through April 1997:
US Department of the Interior, US Geological Survey.

Hubbard, S. S., & Rubin, Y. (2000). Hydrogeological parameter estimation using
geophysical data: a review of selected techniques. Journal of Contaminant
Hydrology, 45(1), 3-34.

Hwang, C., Kao, R., Cheng, C.-C., Huang, J.-F,, Lee, C.-W., & Sato, T. (2009).
Results from parallel observations of superconducting and absolute gravimeters
and GPS at the Hsinchu station of Global Geodynamics Project, Taiwan. Journal
of geophysical research, 114(B7), B07406.

Issaquah, C. 0. (2009). Doing business in a wellhead protection area. from
http://www.ci.issaquah.wa.us

Jie, Z., van Heyden, J., Bendel, D., & Barthel, R. (2011). Combination of
soil-water balance models and water-table fluctuation methods for evaluation and

300



50.
o1,

52,

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

improvement of groundwater recharge calculations. Hydrogeology Journal, 19(8),
1487-1502.

Job, C. A. (1996). Benefits and costs of wellhead protection. Ground Water
Monitoring & Remediation, 16(2), 65-68.

Kendall, M. (1975). Rank Correlation Methods: Charles Griffin. London, UK.
Ketchum, N. J., Donovan, J. J., & Avery, W. H. (2000). Recharge characteristics
of a phreatic aquifer as determined by storage accumulation. Hydrogeology
Journal, 8(6), 579-593.

Khalil, M. A., Abbas, A. M., Santos, F. M., Masoud, U., & Salah, H. (2012).
Application of VES and TDEM techniques to investigate sea water intrusion in
Sidi Abdel Rahman area, northwestern coast of Egypt. Arabian Journal of
Geosciences, 1-9.

Kim, S. M., Benham, B. L., Brannan, K. M., Zeckoski, R. W., & Doherty, J.
(2007). Comparison of hydrologic calibration of HSPF using automatic and
manual methods. Water resources research, 43(1), W01402.

Kumar, B. P., & Sharma, R. S. (2004). Effect of fly ash on engineering properties
of expansive soils. Journal of geotechnical and geoenvironmental engineering,
130(7), 764-767.

Lee, M. W,, & Collett, T. S. (2006). A Method of Shaly Sand Correction for
Estimating Gas Hydrate Saturations Using Downhole Electrical Resistivity Log
Data.

Leiriao, S., He, X., Christiansen, L., Andersen, O. B., & Bauer-Gottwein, P.
(2009). Calculation of the temporal gravity variation from spatially variable water
storage change in soils and aquifers. Journal of Hydrology, 365(3), 302-309.

Liu, C. (1995). The llan plain and the southwestward extending Okinawa Trough.
J. Geol. Soc. China, 38(3), 183-193.

Loke, M. (2000). Electrical imaging surveys for environmental and engineering
studies.

Madsen, H. (2000). Automatic calibration of a conceptual rainfall-runoff model
using multiple objectives. Journal of Hydrology, 235(3), 276-288.

Madsen, H. (2003). Parameter estimation in distributed hydrological catchment
modelling using automatic calibration with multiple objectives. Advances in
water resources, 26(2), 205-216.

Madsen, H., Wilson, G., & Ammentorp, H. C. (2002). Comparison of different

301



63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

automated strategies for calibration of rainfall-runoff models. Journal of
Hydrology, 261(1), 48-59.

Matsumoto, K., Takanezawa, T., and Ooe, M. (2000) Ocean tide models
developed by assimilating TOPEX/POSEIDON altimeter data into
hydrodynamical model: a global model and a regional model around Japan,
Journal of Oceanography, 56: 567-581.

Mazi, K., Koussis, A., Restrepo, P., & Koutsoyiannis, D. (2004). A
groundwater-based, objective-heuristic parameter optimisation method for a
precipitation-runoff model and its application to a semi-arid basin. Journal of
Hydrology, 290(3), 243-258.

Meads, L. N., Bentley, L. R., & Mendoza, C. A. (2003). Application of electrical
resistivity imaging to the development of a geologic model for a proposed
Edmonton landfill site. Canadian Geotechnical Journal 40(3), 551-558.

Mele, M., Bersezio, R., & Giudici, M. (2012). Hydrogeophysical imaging of
alluvial aquifers: electrostratigraphic units in the quaternary Po alluvial plain
(Italy). International Journal of Earth Sciences, 1-21.

Mele, M., Bersezio, R., Giudici, M., Rusnighi, Y., & Lupis, D. (2010). The
architecture of alluvial aquifers: an integrated geological-geophysical
methodology for multiscale characterization. Paper presented at the Proceedings
of the Second National Workshop ‘“Multidisciplinary approach for porous aquifer
characterization’’. Mem Descr Carta Geol d’It XC.

Mendoza, G. F., Steenhuis, T. S., Walter, M. T., & Parlange, J. (2003). Estimating
basin-wide hydraulic parameters of a semi-arid mountainous watershed by
recession-flow analysis. Journal of Hydrology, 279(1), 57-69.

Michot, D., Benderitter, Y., Dorigny, A., Nicoullaud, B., King, D., & Tabbagh, A.
(2003). Spatial and temporal monitoring of soil water content with an irrigated
corn crop cover using surface electrical resistivity tomography. Water Resources
Research, 39(5), 1138.

Micro-g LaCoste (2012) g9 User’s Manual, Colorado: Micro-g LaCoste, Inc.
Moon, S.-K., Woo, N. C., & Lee, K. S. (2004). Statistical analysis of hydrographs
and water-table fluctuation to estimate groundwater recharge. Journal of
Hydrology, 292(1), 198-209.

Morgan, L. (2005). Critical Aquifer Recharge Areas: Guidance Document:
Washington State Department of Ecology.

302



73.

74,

75.

76.

77,

78.

79.

80.

81.

82.

83.

84.

Niwas, S., Tezkan, B., & Israil, M. (2011). Aquifer hydraulic conductivity
estimation from surface geoelectrical measurements for Krauthausen test site,
Germany. Hydrogeology Journal, 19(2), 307-315.

Ortega, A., Benito- Calvo, A., Porres, J., Pérez- Gonzalez, A., & Martin Merino,
M. (2010). Applying electrical resistivity tomography to the identification of
endokarstic geometries in the Pleistocene Sites of the Sierra de Atapuerca (Burgos,
Spain). Archaeological Prospection, 17(4), 233-245.

Park, S. K., & Dickey, S. K. (1989). Accurate estimation of conductivity of water
from geoelectrical measurements—A new way to correct for clay. Ground Water,
27(6), 786-792.

Poeter, E. P., & Hill, M. C. (1999). UCODE, a computer code for universal
inverse modeling. Computers & Geosciences, 25(4), 457-462.

Pool, D. (2008). The utility of gravity and water-level monitoring at alluvial
aquifer wells in southern Arizona. GEOPHYSICS, 73(6), wa49-wa59.

Pool, D. R., & Eychaner, J. H. (1995). Measurements of Aquifer-Storage Change
and Specific Yield Using Gravity Surveys. Groundwater, 33(3), 425-432.
Purvance, D. T., & Andricevic, R. (2000). On the electrical-hydraulic
conductivity correlation in aquifers. Water Resources Research, 36(10),
2905-2913.

Randall, D., Cleland, L., Kuehne, C. S., George, W., & Sheer, D. P. (1997). Water
supply planning simulation model using mixed-integer linear programming
“Engine”. Journal of Water Resources Planning and Management, 123(2),
116-124.

Rayner, S. F, Bentley, L. R., & Allen, D. M. (2007). Constraining aquifer
architecture with electrical resistivity imaging in a fractured hydrogeological
setting. Journal of Environmental & Engineering Geophysics, 12(4), 323-335.
Resources, G. D. 0. N. (2011). Comprehensive State-wide Water Management
Plan. from http://www.gadnr.org/

Rodell, M., Chen, J., Kato, H., Famiglietti, J. S., Nigro, J., & Wilson, C. R. (2007).
Estimating groundwater storage changes in the Mississippi River basin (USA)
using GRACE. Hydrogeology Journal, 15(1), pp 159-166.

Rodell, M., & Famiglietti, J. S. (2002). The potential for satellite-based
monitoring of groundwater storage changes using GRACE: the High Plains
aquifer, Central US. Journal of Hydrology, 263(1-4), Page 245-256.

303



85.

86.

87.
88.

89.

90.

91.

92.

93.

94.

95.

96.

Scanlon, B. R., Healy, R. W., & Cook, P. G. (2002). Choosing appropriate
techniques for quantifying groundwater recharge. Hydrogeology Journal, 10(1),
18-39.

Scanlon, B. R., Mace, R. E., Barrett, M. E., & Smith, B. (2003). Can we simulate
regional groundwater flow in a karst system using equivalent porous media
models? Case study, Barton Springs Edwards aquifer, USA. Journal of Hydrology,
276(1), 137-158.

SCHWARTZ, F. W., & ZHANG, H. (2003). Fundamentals of Ground Water.

Sen, P. N., Goode, P. A., & Sibbit, A. (1988). Electrical conduction in clay
bearing sandstones at low and high salinities. Journal of Applied Physics, 63(10),
4832-4840.

Sibuet, J.-C., Deffontaines, B., Hsu, S.-K., & Thareau, N. (1998). Okinawa trough
backarc basin: Early tectonic and magmatic evolution. Journal of Geophysical
Research: Solid Earth, 103(B12), 30245-30267.

Sikandar, P., & Christen, E. (2012). Geoelectrical Sounding for the Estimation of
Hydraulic Conductivity of Alluvial Aquifers. Water resources management, 26(5),
1201-1215.

Simandoux. (1963). Dielectric measurements in porous media and application to
shaly formation. 18(Supplementary Issue), 22.

Singh, B. N., Singh, R. B., & Singh, J. (2005). Effects of ionization and
penetration enhancers on the transdermal delivery of 5-fluorouracil through
excised human stratum corneum. International journal of pharmaceutics, 298(1),
98-107.

Solomatine, D., Dibike, Y., & Kukuric, N. (1999). Automatic calibration of
groundwater models using global optimization techniques. Hydrological sciences
journal, 44(6), 879-894.

Sophocleous, M. A. (1991). Combining the soilwater balance and water-level
fluctuation methods to estimate natural groundwater recharge: practical aspects.
Journal of Hydrology, 124(3), 229-241.

Soupios, P. M., Kouli, M., Vallianatos, F., Vafidis, A., & Stavroulakis, G. (2007).
Estimation of aquifer hydraulic parameters from surficial geophysical methods: A
case study of Keritis Basin in Chania (Crete—Greece). Journal of Hydrology,
338(1), 122-131.

Sun, N. Z., & Yeh, W. W. G. (1985). Identification of parameter structure in

304



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

groundwater inverse problem. Water Resources Research, 21(6), 869-883.

Sun, N. Z., & Yeh, W. W. G. (1990). Coupled inverse problems in groundwater
modeling. 1. Sensitivity analysis and parameter identification. Water Resour. Res,
26(10), 2507-2525.

Taheri Tizro, A., Voudouris, K., & Basami, Y. (2012). Estimation of porosity and
specific yield by application of geoelectrical method—A case study in western Iran.
Journal of Hydrology.

Tapley, B. D., Bettadpur, S., Watkins, M., & Reigber, C. (2004). The gravity
recovery and climate experiment: Mission overview and early results.
Geophysical Research Letters, 31(9).

Taylor, A., Martin, N., Everard, E., & Kelly, T. (2012). Modelling the Vale of St
Albans: parameter estimation and dual storage. Geological Society, London,
Special Publications, 364(1), 193-204.

Urish, D. W. (1981). Electrical resistivity—hydraulic conductivity relationships in
glacial outwash aquifers. Water Resources Research, 17(5), 1401-1408.

USEPA. (1989). Wellhead Protection Programs: Tools for Local Governments.
U.S. EPA, 440(6-89-002).

USEPA. (1995). Benefits and Costs of Prevention: Case Studies of Community
Wellhead Protection. U.S. EPA(813-B-95-005), 74.

Vinegar, H., & Waxman, M. (1984). Induced polarization of shaly sands.
GEOPHYSICS, 49(8), 1267-1287.

Wabhr, J., Swenson, S., Zlotnicki, V., & Velicogna, 1. (2004). Time-variable gravity
from GRACE: First results. Geophysical Research Letters, 31(11).

Watkins, D. W., & McKinney, D. C. (1998). Decomposition methods for water
resources optimization models with fixed costs. Advances in Water Resources,
21(4), 283-295.

Waxman, M., & Smits, L. (1968). 1863-A-Electrical Conductivities in
Oil-Bearing Shaly Sands. Old SPE Journal, 8(2), 107-122.

Wenzel, H. G. (1996) The nanogal software: Earth tide data processing package
ETERNA 3.30, Marees Terrestres Bulletin d'Informations, 124: 9425-9439.
Worthington, P. F. (1993). The uses and abuses of the Archie equations, 1: The
formation factor-porosity relationship. Journal of applied geophysics, 30(3),
215-228.

Yapo, P. O., Gupta, H. V., & Sorooshian, S. (1998). Multi-objective global

305



111.

112.

113. 1

114.

115.

116.

117.

118.
119.

120.

121.

122.

123.

optimization for hydrologic models. Journal of Hydrology, 204(1), 83-97.
Zarroca, M., Bach, J., Linares, R., & Pellicer, X. M. (2011). Electrical methods
(VES and ERT) for identifying, mapping and monitoring different saline domains
in a coastal plain region (Alt Emporda, Northern Spain). Journal of Hydrology,
409(1), 407-422.
Zecharias, Y. B., & Brutsaert, W. (1988). Recession characteristics of
groundwater outflow and base flow from mountainous watersheds. Water Resour.
Res, 24(10), 1651-1658.
R, (1995). 3 3y 3LIF R 5 = K v 2 Bt S8 R TOREBIRE S
- #PE. oA o
vk B A7 (1999). SRR R TORELPIES - B3R ORIEM R -
< PR AT R4S Taipei, Taiwan: ‘;,h AR U A
22 7.(2010). B* B R At E TORHEGN Sk w2 7 — U KR
Bl (FAL®m?), W2l ~ g,
A A3%.(2000). B* B RIEEAYT 28T 54 BAT Roat { TR & > AT
BE R LK), R kL
7 rclade % . (2013). > WFREB K F E R T . from
http://wq.epa.gov.tw/WQEPA/Code/?Languages=
LA & Pz (2008). B KEFFE B P TOKCKIRIEE E ] T2 bk
LR E, AR, & MR (2006). i TORFER A TIEIERE ORIEFMH S

2B TToRT AL KARRY & T Eb’“riziljiﬁ-L 1 %5, 61-90.

LA, FAR, MR, & F 2R (2004). B LT R ToRAELEZ ok
B3P, AN L TR AT % L - 5, 21-51.

L EE, TP, Mg, & i & &, (2005). §oRiEFFE B TR RZAIL
T OA L RE. AR L A AR R L \%i, 1-28.

X+ 2, (2012). Z tk¥+ " 0§ J\/+/‘J"7f§ Sk TORAT L B ?ﬁ’ﬁl’f,g, ER R LR -
(FAlih~), W= 2852+ %, K+ . Retrieved from
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dnclcdr&s=id=%22100NTOU5S
135007%22.&searchmode=basic

PR 2. (2011). 3= ToRBfEF WS EFWH 2T — LW F A TRk R
PR BEFMOOR 2RI FATR)ERIFEH R (FALH ) K
= ax 5 8 4La 7. Retrieved from
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dnclcdr&s=id=%22100NCKU5
397002%22.&searchmode=Dbasic

306



124. ﬁi!?ﬂ H.(1957). SR, SRR 6, % 424 T

125. s8R f5. (2008). F1* GPS BLP|FAIFEF & L R R4 - %
%‘f#« FHAEFT T8 =3 (2008 #).

126. #+ > 5. (2013). &% & 4 fHEp e ToREBER AR B —1 G kR
7f;1 5o . (A’ﬁ—_l_’/‘v) R i+ 5,

127. 442 2. (2007). Jo* # Tt i A 3k N A2 TRl 4 4F. (L%
<), W2 i = %.

128. % # B (1995). ®eiifrs Ak ToRBGWAYERN Y. 24 H
FHELR§.

129. t # F.(2011). 445 e e T L H TR LR T TS 45 SARK
1%

130, i ZRFLHAE R L > F FLD 7. (2000). S E B TR LE B SARTk
p‘ DI

131, B2 4 1 EH AT 7 F2. (2012). 101 & B & 4 A a2 o) A & PR
%,

132. B+ %, 3% ¥ 1, & 32 ,(2008). = # &3 2 B0 255 4 LETE &
HIHETR mfﬁﬁ% B ¢ EANRE TE ¢ ¢ 7] (Western Pacific
Earth Sciences), Vol. 8, % 17-42 F.

133. ki@ . (2011). & * & ROk “fw“fﬁ‘f A Tk S TS L FE. (R
), Wi+ g,

134. 32, &5, Had, B>, Mk, & T (1995). & HILE &R
2 %‘A?E“‘b %i 5 ek qjgﬁygz ;E .

135. i~ WL, ERE rauw;, HrE, EFA, R, ... £ X% (2000). F-
L AT 5T 30 2 B - ,umw LA A T g

136. = oL, R+, £ #¥E P15, T 2, pE- ¥, ... %D, (2004). it
MRBEOLERP B —AFHLEN2E, FETREELT RARITLE
pRREF r}h}#lg Il % '_'_/gﬁ,\‘;‘lsc‘ 2 ;."r?g, Er’ﬁrﬁ;ﬂ

137. piEs. (2009). F1#* = s TREAERI G ZH AT » RAKEM R BTEE
TKHARER AT (AL H), 22851+ 8

138. i E37. (2008). B * B ROk AT E ToRHN A B Sk 2T (L%
%), M2+ F,

139. 7 F:2.(2005). * 1 FEBL L FoAi I BHE S F IR

140. 753 - .(2003). B* E R EZ2 B A A TRAZF T cF0 a5
FERERZR (BLwm~) B2 &5, ¢4,

307



141.

142.

143.

144,

145.

146.

147.

148.

149. &

150.

151.

152. %

153.
154.

155.

156. ;

157.

AP 5. (2012). £ HEA B IRPIE A (ELHT) H2d 8,
Retrieved from http://thesis.lib.nccu.edu.tw/record/#GT079216817%22.
F.(2008). ¥ = Ay TR EFTLS _{ijmxﬁﬁjﬂi,é,\m7 &ML
T -(FAL#m=), i f—%gﬁi’}i g.
ﬁﬂﬁimm)@?ﬁ@ﬁﬁéﬁ?%eeaegf;%ewﬁgggi
PREARY.(FELwm) A2d+§, R
BWiE% MITE & M2 (1991). - Rk mpliedp 2 5 R

T,

JER N
l;_,ﬁ\;‘fi ¢ o2 b %‘rﬁ, EL g (1999) %{_,ﬁfw A s 7K§U;EIJ‘3@ 5 — ) ;J.% /% Kk
*ﬁﬁﬁvﬁﬁﬂepﬂ RN S LN i

GRS LB T B 97, (2002). A B R T ORBRIE S - B E B LT

ROk B R AR RAR L AN A B

+eﬁﬂi%?&3w(wﬂ)e#eeefkexvx?aﬁiefﬁ

F~ il I-;p BT kAL ,ﬁ%i’l‘—x; BT }\ﬁ‘o\ﬁka

+,mf5 -k ‘,}iz)%h,& ;’aﬁ‘ﬁv‘ L FA AT (1997). BAT ROk FA A
fﬁr’ ;—/:% Re 2 3= ??%E’;L’r-

i%ﬁ‘%?g&ﬁwﬁmm%)mée?ﬁﬁp;ag%m;wgﬁﬁ

IR ILAR R R SR E 2 R (AR s TR B Trans) o %

2 g
PR TORBEURIREE - B E L AN & T A

FRVde, EAT, TR, RERE, MR, & F12 2. (2012). rAEEA T2
FER TR R 1 ERE €7, 28, 1-18.

A kAR, SARTY LA A er & GRIURA] P, (1995). ki

5ok BTN BRT R AEARTS  TE
FIR7.(2007). 3 R o * SRR H TORBRLERTFE T (LB ),
RN
#ie % (mm)W%E@QMﬁ%?ﬁﬁ&ﬁiﬁéxﬂii%ﬁﬁk?
SHEAT. (2006). 5L RELAKD R kD BAE FLE R P 2 kA
BEE RIS E L, B - B TS ek P B 5357
FEEAL, %2 g, & MR (1998). % 3 H KT RE LA fe 0k 20
Paper presented at the % 4 E-kf|1 28734 ¢, F4HF.
Feorde, B EE, BRI & F R (2009). B R ET FY T ALK
I%?‘/Hfr =7
#Rid #. (2010). 11 ’**iea%l*a” RABL ORI R A ABE S B (AL
W), W= i <~ 8§,

308



e A R £

309



éié%%?%T$R%¢$%%@SI.W&%fUX’o%ﬁ £ K
ol R i L?pw’éﬁfﬁﬁﬂia»%%mé@gﬁﬁg%%
ToREEA ?p‘“ e b2 ¢ A B K P Fa AR Ty - B 04
im3 iF t

G AR Tk R e AR
LD P TR (T B B -
K

IS "?iﬁ#ﬁﬁ'*ﬁﬂ’;}ﬁ; Hg_ﬁfs_ok,;j.&;g—r,kﬁ;ﬁ{
ot o LIRR R o B TR B R T 3 % ;if{':\_hf&ﬁn«’ BEH ¥ T T ?
®R P iRy o Bl XL FFE L ;’gfg“v;%élm,&%,ufq G R e
AL AT 0 S L LR R AT L hd & 1
ﬂ?’ﬁﬁﬁwmﬁaﬁ%f¢mﬁ@ﬁa€’%mﬁv/ R H

*é%?ﬁﬁﬁiﬁoﬁﬁ%&’iﬁgﬁﬁbﬁ%wfﬁlwﬁ69189?
FRI2013 kv 3 AL TORHGNARY § > FH RN MR EFE LAY
ﬁ%,ﬂﬁgﬁW%gﬁim%owgﬁﬁimtﬁﬁ?@ RAPN B RE
O RRGL TR AR LR SR e BT el R A
ﬁﬁpz’w%<rﬁkp@% AR AT S R AR o BRI HEREP

s &1 PRI AR P o

AL 4

AERFFE TG RN MR FEF AL AN A B TR A
Beorh Wz P & A B FF 0d@ 1R ;r]»;%xmlw-ugﬁ*¢mmm
Tsai)@l3cde ~ B 2R 304 F 7 4 =4 (K|m|h|to Nakamura)#c#2 - & & & %27 J%
LR %ﬁ?fi@fﬁﬁ%’ %+ & A-lo

AL RREARE TG EFRE A TR EAM S

e 1
A i A ek

gia s

BB RFFERL
EF |[FEFTALT - WRRIRF2 7SI RTA e FALTE > R
iy

310



- ENER IR & KR
B AW68 EAziE s FAAAHL ~HE R R A ERE S BITE
SERER S R O W
TR 1~ %3 TkR ARPEER
AP 2~ B TR R A B ART B2 5N
A AE B 2
Ea £F % s
AL R T N e
Cornell University Ph.D. Hydrology 1969
2R Syracuse University M.S. Hydraulics 1967
Rz o#+8 A28 x581 1064
2010 - Date, ®#* ¢ # 2 % # (NSC Endowed Professor), Bl @ & + 5 g% & 57
AT
2000 - Date, Provost Professor, Dept. of Civil and Environmental Engineering,
o University of Central Florida, Orlando, FL.
- 2007 - 2011 B+ ¢ &« § k< $8 AR K2
2009 - 2010 R 7F %A L o o PRb B -KFF T P L H A BT R
1989-2000, Professor, Dept. of Civil and Environmental Engineering, The
Pennsylvania State University, University Park, PA.
e A TR B RBIAEAF ?%%EJ'\? ol R o L SR A A
A B 3
Ex Fr 4 B
BRAL HEAR I b

SRERE I

|

311



Ph.D. (2002) University of California, Los Angeles, USA M.Sc.(1995)

g M.Sc.(1995) National Taiwan University, Taiwan
B.Sc. (1993) National Chung Hsing University, Taiwan
2009 - Date Associate Professor, Louisiana State University, Baton Rouge, LA
Kl 2003 - 2009 Assistant Professor, Louisiana State University, Baton Rouge, LA
2002 - 2003 Postdoctoral Fellow, University of California, Los Angeles, CA
% £ d oAkl RFTIRIAR S Tk
Groundwater flow and fate and transport modeling in aquifer systems, groundwater
inverse problems and experimental designs, geospatial heterogeneity reconstruction,
o electrical resistivity tomography (ERT), saltwater intrusion modeling and management,
1 surface water and groundwater conjunctive use, water resources optimization and
management, multi-reservoir operations optimization and hydropower optimization,
and coastal environmental modeling and management.
AR B 4
o ¢ 4o 4 42 (Kimihito Nakamura)
ISR S LT T RN BPe T
A Agricultural and Environmental Engineering,
Faculty of Agricultural, Kyoto University
F REAERL (RE)
1997 - 2001 5. 3% ~ § 7 24 72 (Instructor)
Ky 2001 - 2011 5. 3%~ 5 247 (Lecturer)
2012- Date 7 3%+ § & 3
B EAR R FEFEE R
3 148 | Eco-friendly plot and basin scale water and material management in agricultural area
Environmental water and nitrogen management in paddy and upland fields.
3 PE | Water-saving water management in paddy area. Application of methane fermentation

digested liquid to paddy plots. Modeling of water and material transport in soil.

312




A2 FARRGE %P

ﬁ*ﬁ&@ﬂ‘%“fwﬁﬁom ke FEAES R T OREGNEY § 0 FEP Y
2102 # 67 180 (Y FRERPAPMAERF L LR S0 0 Fid BP B R
?%é5¢°/?4#*“T¢K*P*ﬁ$’ﬁéiwpi‘ﬁ%@%iB
oK IR T FRAT 2 BRI P R F R SR 0 B
%ﬁ*&%‘]%{r’z\ AZ’"’TTF °

A2 B L FRREY § AR

B ERE ) EE EFE
09:10~09:40 F 3
09:40~10:00 B ES
10:00~11:00 | ® ¥ TokB A" i B SRR KPR
s [¥ & 35 B A7
11:00~11:10 (S N
11:10~12:10 | An Integrated Media, | ¥ & &% #A % LEE TR
Integrated Processes /R ? &8

Watershed Model
12:10~13:10 = B
13:10~14:40 | Reconstruction of Rroa gl M~ A6 &R

geological [ % 87 7R 2= & Fo
architectures and g
groundwater model
development for
Southeastern
Louisiana
14:40~15:00 [§ S
15:00~16:00 | =+ B~ 5k 2 3 LA SIS £ 24 55‘:1%’] Bl
Tokinds 24T [3 38+ % #
16:00~16:20 et
16:20~ A

A3 7 EA
AERFEEFINT2018 k2 g FaEfpers TOREGNEY 6, 0 d k9 R

313



ISR St Lﬁﬁﬁ%&%ﬁ ﬁp AR A FER
LEP K EF ﬁﬁ TORHR B AE2 4 L4 ﬁ% RS

\Xr

BER AR f‘f TR T R R T ’La’% hiEl g o Eﬁ?l* PL A RFES :"iﬁ
éﬁﬁ;‘fﬁirAn Integrated Media, Integrated Processes Watershed Model | ~ % R §: %
grg RN = x B 322 & (Frank Tsai) &) ##2 % # " Reconstruction of geological
architectures and groundwater model development for Southeastern Louisiana ; ~ p &
3 3’31 R SIS 3 I A A 28 ToRGR R F X RPN R
?\ﬁﬁﬁﬁ;ii’% » 4@ A-1 #7oT o

Bl A-1 5 ¢ % = s

314



315



316



e B %7 DR

317



e B K R

AERFTYHGEN 102 E 69 19 p ES L RATEN SR ke
(il ] w@@WﬁmﬁP HAEATAT o

=3 & 55
B.1 3 ﬁﬁgﬁ
*ﬁﬁﬁ VIREGFRN S FEH 2 L ’ﬁlyﬁiiﬁ*ﬁ%%Wﬁ
ST R ~ F RS FTXI0N 2 ?fxr = (Frank Tsai)# o N ¥ e
TR B FEF BT 5T A Bl
% B-1 ?I q ;J"f:ﬁiwgl’ %_-EF ﬁ? 'ﬁ pﬁﬁ—'-fi’#ﬁ Rl % E

53
‘.%.

SEEE B .
A EribE L

il Mzl ~FELEPY R

E @4 AL

. WK RE I B B Sl T

1. Experimental Study on Imbibition Displacement Mechanisms of Two-Phase Fluid
Using Micro model, 2009, Environmental Earth Science.

2. Joint Impact of Scaling and Hysteresis on NAPL Flow Simulation, 2009,
Environmental Modeling and Assessment.

3. Effect of connectivity and wettability on the relative permeability of NAPLSs, 2009,
Environmental Geology.

7 PE |4 The Assessment of Groundwater Recharge and Conservation Area of Pintung Plain,
2012, Journal of the Chinese Institute of Civil & Hydraulic Engineering.

5. The Estimating of Hydraulic Conductivity Using 1-D Electrical Resistivity
Measurement - A Case Study of the Shallow Aquifer in the Zhuoshui River Alluvial
Fan, 2013, Journal of the Chinese Institute of Civil & Hydraulic Engineering.

6. Identification of Regional Groundwater Net-Recharge Using Expert System— A
Case Study of Pintung Plain, 2013, Journal of the Chinese Institute of Civil &

318




Hydraulic Engineering.

A AE R 2
¥ Brd Bl
B A BB BT PR 2% B g e
Ph.D. (2002) University of California, Los Angeles, USA M.Sc.(1995)
2R M.Sc.(1995) National Taiwan University, Taiwan
B.Sc. (1993) National Chung Hsing University, Taiwan
2009 - Date Associate Professor, Louisiana State University, Baton Rouge, LA
iy 2003 - 2009 Assistant Professor, Louisiana State University, Baton Rouge, LA
2002 - 2003 Postdoctoral Fellow, University of California, Los Angeles, CA
% dohokfladz s kFRIAR S 2Tk
Groundwater flow and fate and transport modeling in aquifer systems, groundwater
inverse problems and experimental designs, geospatial heterogeneity reconstruction,
. electrical resistivity tomography (ERT), saltwater intrusion modeling and management,
1 T

surface water and groundwater conjunctive use, water resources optimization and
management, multi-reservoir operations optimization and hydropower optimization,
and coastal environmental modeling and management.

B.2 FAzLF e & ¢

AERKTVR ByEp P L 1026 7 19 p > KT VVRAE S AZEE PR
SRR LS dEd BN MR R F B2 ok B TR B ERRP &
WY F P B P BB H PN A ¥k 2 THEERASEE D 3
BRE L 4o 4 B-2 91 o

319




3 B-2 &7y RERAEAL

P WAL E HE L
9:30~10:00 i)
10:00~11:00 gok v B R RCAE B AR dA
B B4
Bk A
ZEz A glEkE
11:00~11:10 k4 pF R
11:10~12:10 | Rockwork #ic#84% (F&2-k > 3 F B EZE ¥ d A
Bt £4
ek FHeE
i ;i A
Rz A plE

12:10~13:30 =R
13:30~15:30 ok TR B R A
Frd s
15:30~ W

B.3 # 71F7)

AERFTVRO RPN TEREF F Lk S TR EFRP 2R
SR s 1 %’kéﬁﬁé’fﬁi‘ﬂf?“ gAs2 2| 4 -
i« EERHE Ly R Tz ek i ’ﬁ*m'ﬁﬁn AN LI
"Rockwork #it 884k (T2 k2 = WEFHEZE |~ T EgARR G F
* § =7 = (Frank Tsal) @] e s 4 = - J\v R = RN e BT
33-55:'%4; » 4o B-1 #7177 o

320



Bl B-1 &5 3" 3§ % 307

321



W C A ER LI E B

322



x|

M3 TRk FRAIFNEL-HLRHERETRETR /4,

/J

/4

¥-Zx1iEg Rk
£ Riedk
Bg i 3/21(e) =58k

F:'ng"'i‘:—?é: ERTEEN- 4. %,J‘lﬁi:%:;zgg;i‘i

B AL EFALAM AR R R TORERE L B b

FRG - £ FRPHAFEG &5 P28 F RPHETFR
#4

CE R AL AT B iRsk 2 R BEE BT IRk 5 R P T 2T
BOR R % R 0F R T BRI o TR 80 i H S =

KEHE S EEATARBERAALA -

E“§4

PR IR L R A KRR AL 2 B T IRk H AR B2 -
PR B dcP BT VA -

EAR% LA BRFAZREM T P ORBRFAEFTER R AR T
2 ¥EF O PIPFARG BL o
T & ok 2 R
A RSP L

1. TR KRR BT E S SR IR > BRI TR R

323



R RERE RIE A B TR

ii. R EEN LE - PR BR KA KERIC R R E A g
B. B8 & 5k 2 P gEiE B

L. SRR RGBT B TR AR RN E A B TR B

243 iE 18 - T AE B3 P ERELP] > A W] LN B BRI k2 L Y LR

Bhoo A Y sk R E TR 2 g ok R

o

MR - v ERE 2R
Fla oo B BPIEE2 B R G TAR o T ROV E S A P

2 TR TR R RS A G2 2 0 B AR DRk

\v

Z 4 & B

11.

?,\A’Q
B
ke
—
-
doh
&
o
o
gt
A

5 - RUE B R g0 A Y

»/

ETTRS
P
l_
oS
*@
i
_trﬂ
I
=
%
*\rm
qL
-:\_

TR IR TR L R o

324



T ARKEE BAERXAE-FHEE I ZRFTRE T
(1/4)

FoRTEeE

Meesr c 1024 3218 (Efm) THFHE

— -~ BEeER 0 3/21(m) FTHHhEs

e XBALIARARIE -3 EHRE

Z - HREMRARRE
B4 x4
4575 30 S B A
bk = K 4
B 4 of A% Sy
e 4, ﬂ% 7 P
B R AL
S8 B3 TEIR
TR
Sh o sy 8 34 Mo W0 ¥
BR K A BY T 3 4% v 5}5 %4/

325




%@ A .
%4 3t 7 Ay
BB Bt
i
RAEE (IT' /ﬁ,‘

35 R E H f—g_,\@, e
=

B AR+ @ fh
BRF X+ [ S Y
B+ 7 ¥ H
BR T # &
e -5 (&
EX -} i &
SR 5 D 4% 3%
W X Ay W = zi\
LE %

s13%% S 3 7%

326




5 Hahi 4 4
% Ak
B A E@)

327




My TRk B FRFAIARSEL-HARIXRETRESR (1/4)

!

Sl h

I=q

C§

¥oZ1ivg Rk
§ Biedr

pFERF D 5 gp(e) TEZB

b gLk if*‘}iﬂ WA - 413 R

PHRRE R

AL f"%*p’%ﬁhﬁar’swﬁ~w’<%‘3‘fﬁl\ﬁé}rﬁ’a‘4 AR5 PE i
“HEBB R FRARAEBG  @RHHAHE - FRPEHERE

);‘Tet‘.l
Fi «5\ ﬁp:‘ g—;%f; “E“)iﬁw\-‘o
IR B R

LIIN AP R E 2 ToRA40 v R REEEE 5 K 10 R A
%£ﬂ$2ﬁi%ﬁ’m%TLm§€*ﬁE°%‘?##E’T
R EREY o

AN B9 P BEF A RTHEE LA ARASAASL

B HRLERIAKATAGER ZL I EHFEIACEET
W - KT

P e m AR RREplSRE R 14002 HERIL F(F 4k - BT

e o~ FErp P AR A o A E 2200 2 2 4FR L F (9 10— &
BRI e

Fos o Y @R aipw iRl - R TG B G - ak T
mov A ’?ﬁr’biﬁbiﬁui:é;;g 2% o ?;gb;c R
"éjrsf——lffl—"

oo </|'El? FoBaor 50 o S@ER o RFEE R
HRERG s BRI GR ?’”’f B) R T 5 R ",«IEJ@QEE;&;Z
V2o b KRR A2 *f‘“"_}\ﬁ'/l&i;g%"

CRRR -

"o CRFERT LR REL A B

o ov A 5/10 ALK R ARG AN RBR A S AL S

_@‘*,l/ﬂfﬁ,ﬁfjg,]\‘:ésg%ﬁ'rygrj:# g—zg,;_%wo

BT ORAT LR R A 4T

T RAERS ST ARTEEE AR FHESE E Tk
‘ﬁ:gﬁiag | * 22 4 K 4%(;15];]/@] AR

z v FEP5/1T 2 lum$4orkwﬁj*ﬁL°T#WAfﬁ¢¢

t ‘§ i n\f'/a\#‘r&r EOF & 47 ~ -k i frafz 223 7 -k p ficst g # o
328



.

S TR E PEUREE SR B R E R L Y

Lo A iﬁ,:ilj%}g/,\ .

7o T4 BB S/I0 7 AR R AN R EBRG S RG
FARME E > fe g D/1T % T 4 kRS 0 ARt R R KRR
T2 E S BRI o

oo~ PREBG D FE R TR G EE A 30 2% > FRER

TR R R /EJ@ME%@ Fip T ERE T RGN
i S Pl SR b SR e SR
RIARE e

329



36T KK SR XA R - B B3R R R E S AE(1/4)
FoRTAEEBREI R

|

“HER 5 A98(W) FTHF=%
A EE C BERPES A HE

ZERRRE Hi

W HERMAAR

Yk v Y A %3]

I PRHAER | R 4+ | ST
. wrd | e *de P
; L L I
O wouk | GG | o P1IF)
: sk | YA RO e
: it | B £ 1t o4}

7 et % pAzR AR%

; LI VYT 10D S

g wkk | F2 | ARE

10 Ashrafsami | c+u g ot A 5h.zg/,;>ﬂ£3"

11 & A HEY pp2g 51 B

12 XBAP RRE (T | (T B ©
b mEx  [tHeth| 3957

14 g | R | Habori(

15 mas [ Bth T

16 EX 3 He2 | 32%%

17 ity Tk =5 @

" sem | gh 3% | Geus3h

9 MEE | gizd | 37

20 Ed#E AL R A PR X5

21 N BB R R E | AR % 7 7

n [sanm_ [exgd (JUOH A X %

23 #4050 LHH &K R

£ *BE  \absEe| % R K

25 R EX 20 CBp |19 24

26 B35 %%,,ﬁﬁa? 2B

330



My T okok 2 3 BRI HLHHRETRES

FZ g gﬁﬁﬁéf
—~g%%ﬁ:mm£595135 ()
CERF R A Fafe 4 329 K E
AR AR R

ﬂ\

= (1/4)

I

fu

LIRS B ﬂi“*?ﬂﬁﬁﬁﬁAﬁ‘i‘ ?kf&@%*é*@% R 3 TN
B FIL AP ?@%‘éﬁ*ﬁﬁﬁ Bl Fo

h=14 *i:),—;\ﬁ.l \@i,,fi,ﬁ fifﬁt

I gviﬂc&r{'

. hERANLICER f§FREE
(1) x5
(1) FWT R TIPREATEE C P e Sxd 20if-
37560 2 & o b ouk 29 iEpAR
R AL THE R DFIK

A T IER& 0 2
AJ\G\;___ Sp?ifﬂ}?,ﬂfy}%%mé ’%’?]9 » © Z""

(11)  ~ MR KEs%ke TIPE, T8 1 LT F IR K%k pF R 3
e s ' h 'xp v‘»| =4 “I%}}.‘Rl “é’.&@_gﬁﬂ;;’% o

1) ,@&;’%ﬁ 4‘4Eéquz-f‘—ﬂﬁ)‘/%g%ﬁﬁ?f“"iﬁ&/”\#'ﬂ F%EL ;ﬁf‘@

(i1) B -kEe T RRFA A 558 a ke HExd a5
«”ﬂgggﬁzﬁo
(111) SFEL2# FALATHELI (A HHWAIRE IR LA &
%#jW<ﬁmw*%$$ﬁ2&i%maao
(3) REAHEELAEHF I pw e R kP Fand 4 o> 53 9/23-28 27 -k
e 4 R e
(4) 2~y T k@M
(1) Gt < S8z 2 i* (EOF) : 2827 &* EOF #4947 » 2478 T ki 5
D pER e R R g X2 5 3008 25500 3 R K SR 2 ¥ o
(1) F T RAAEAFELR e g HLATHEEFHLIFER 47 &
BFRABEE L A BRI REES G PR EFRY
2 A T B R gl o
(1i1) WH TR %EE T RTRETRE I 2 2y TRERZZHFHE TR
2004~2012 # 2. T32E 41 £ (9 2. 14 )2 H-RE(H 2.04 BwE)E

w o
(iv)  WHT R Tk sty e
BoiER o
2. FAERIITIEP LS
(D #HLHEAAEL 5 BOOHEE B F AN I e R a
Ah PWE FRPIZAIFERAR- RO B TG B R
i d o FPr T R AHPIRETE AT B - (F ﬁi{)

= T R 2004-2012 & 2 p

331



2) WEFAEDE FEVARSITE LI TREFEF Tt T ApM e
%ﬁp;#%wmo
(3) £4 R d e kg TRORERIE RS > TR A2 RERFEPE K
Az £4 L ERGEFT FINES ERREMERKDEFERZL A -
TEFEP KFEHR (2 L)
(4) Sy ] R AL - B EF A 0 g R ROBE
(5) B (MR AEFLTARER):
() &#HEHT - DAGHFEv - p > H2 L wﬁmiﬁ 3 131> 5 Bkt
PR Xt E S FEL L E 44 25.,3{45;1;_ 517’5&&»4@ L3 A
FAEGED > o (ML)
> N RIRA N d KB
(i1)  Bpl2 ofLs- 07 Pk’ BRAAEREY oo w7 e E R
M F5 s st rﬁ;”ﬁ%%”
PERILITRLIGREEL
(1) g g k= p .
(1) (kppld min @ B3l GoR gipl? » & 5 ERIE K T RaG P
10 Fpt < 5 L REF AR Y o AT iR L m%%ﬂ o
(i) = FHFEF R pPo NG UT 6 vk @esRkizg gy 20
Bl A EERSAfeSFESF S NDF AL OF] o
(2) o2 T RAE/HIEDK:
U)p%z%%1¢1£ﬁ&a%&1§@%a#ﬁ’%zwﬁumﬁaw
%aﬂ’%g““—ﬁlﬁﬁp”¢@% AE ST A 02
FHLend o BREBREG LS AL EFREIIFED -
(1) EFREARA > FL A 2H EBRERAERS ~ 5 - FkARIZF
DF e NESE AN IR Y IRTE RIS kR ri’g)i;;}p
i) s w0 (GEBRA)RE e s B E AN ES RN s
M E R ERGIFLS FRIRFEL L g SRS BIH 0 & ngg"
BB TR
(3) ¢ 2 RFHERY DR S, 28 1 (FIFP 4o
(1) BRE # & 2 2 TORRFHREE S 47 (35 &)
(i1) T KRG HEA
(111) SFEk2HFALTHEIAEIFREZ A EAAFHTH HE®
}—‘%A}'}dgéfq’%ﬁ‘ad(?‘jfép}'} o
(4) st B E R L TR RS R R R AT R B (T IR T #
FedRiF 7 ‘f" |74 2 T E R o
AERIITIE P FE A

RS

(D #“*.fi?ﬁ“ﬂﬁg +ﬂ@ GRS FES 3T B el T EERT S
i N *°(i7fi

(2) #8615 %*“m&%ﬁﬁ*’%iﬁ*%%ﬁlﬁﬁpﬁﬁ€»#ﬁ%§%
Fwmig o (L 2E)

o (X ek)

‘-\m—

I

332



> REEFE 100 ¢ A

WTF AKX T RFBERXAR-HRECERRTRE L
(1/4)

BRI
—~BeeErl: 2013 £ 9 B 13 B (&) THHREE
Z o HEHE RBASEIARZIRL 2 ERE

CHEBEMARAER D

I

B 54
B P S E A E AT
E 34 E K )
ks SO E
F*}l#l%&« = y/\,
AL
i & I 9
YRR f%ﬁﬂ?ﬂ
P BA
R IEETE
EhBEEMNRARE
B 378 8 4 PE % A

333



RS

S350 A 76339%)

#18 i Yok
& A

AAER I T
%A B

F &4 HI% 7/yﬁ{
3P
R ﬂ[@”/‘;

3 BE S EﬁLfEQEZ
i R e
B F 3 #
PRk T
i M &y
ITH I74

| G A

Gy
AL 0.

334




SRt 38

5
IxXwH L@

AN 2

R

AL 4258 13
ik A
A 3 A
A
EXTY:3 ?ﬁ\ggm
B35 W5 5R
ﬁ%z
5 WA ;{i
/% =
Eon s At

335




kD Y HHEEHPFLEFTAEIAZ
AT hR

336



ﬁ‘»\»m Pl A 102 2 R AR
PR B FRAAENAYE —
HLRIREFTRE TR (4),

e HETEHPHELEIFAAAZAATE

CBERER 1102267 20p (Afpe ) P =9:30
S B EHE I ANT2WE 2 632
ERNET: B O L S ot PR
o~ A (F)) REZ AR e GDAE L H
I CARsIT I
R &3 BN R E
= S RPERF B IR e
N - = IR P
- PEEHMILZFALL
SFa¥h £ - Larh
VEERLA

*& % 102 ERATE GG E -
"h TRk e FTEAIESE L
LR MBI R AL
FoOREFERDESE o F BT
AR o A A A R
THEAATE B TORBARE o AR LR
LSRR ER L O
ma€4€mw£%ﬁW%GL? %

BRE ) AN B MRS
mﬁv»ﬁwmgaégﬁim%a
ERIHPHFLZPFEPF AT B
(L M

E#HE R ¥ T

337




P.342 3.2 Tk =F A EE
(R VR s ol SR R
TR 39 v TR A

Ayd s TR
PRY hx FHTH S L SR

AATE R LTS i Rk

1%’**'*‘ P Fp W

e ok FReEA R RD o d B 5 i
_ ) SRR A2v 2 5 Mgt
R A N S
AL R A F e
R N N Ll o [ ¥
ﬂﬁfj&»{%m’x*iécmw'}ﬁfg
ERIFLHHEER2 G o a Kk
e
L+ B2 enitd sk k1 F 57
_7“?"0
>l 4 _,«ﬂ T —\,L
j‘?"[—ii:"%iiﬂ»i‘]lﬁabﬁgg j‘v 0 F#‘iﬁ ﬁf *
L33 %mp“gkae,uzzia'gw
_!H_’ﬁpeig%}xp‘—é-J/PJﬂlh.rJ\ﬂ? b=
K 2 N R R |7 ERATH L ARG TR LEEE
¥ F win
3R % & 2 3
L‘/’a\f‘-’rrﬁ-t‘v&agyﬂ&ﬁ;—&’\‘ﬂ‘é’of_iA'&EL B L ALF R R
{O
TR RFL L BB FE L2
b b gz o LA KL F R W
T i LEEELEAEEL
BHPAFRE B EATRERAT AT F R RFLE PN R AT
HuzZRAAFTR  ETRIFRPRFEFHIFL A5 UEBQNTE
FoY Bkl s FRITHEERKRITHDEEN AT DEFELE SR
Fé‘% #L o II'F‘%L\ | %$ L Aé‘ﬁxi’ Z‘g_/ﬂ‘?vg%?‘m:i T _o

L F 0 5 R R RHE RO ABEe fI* 2
7 g e Bl AL & 3R E 2 gein EndNote i 7 v P g
ABRBEE LTy AR IR E (B T F M ARBLELTL
AL i * oo B AN Sy

L TR 2 LW/ MR
- o Blde TU1.1 & 0 v E oK Rk
(specific storage)# P.159 2 %k L RHEELD > L w ;A

GEET G- R F V2D
R TORFFREZPNFERT G AR
2. % & > 4o P.145 2
Fluctuation Method £ P. 145 2 Jz 4>
A T ok gEARGE (Healy Cook »2002)

L3k 55 R -

.
° ’

Groundwater

I L

2. A& P
(2006) 4% 2 3 T K FraE o & AR
PR F RN ALY %"'J% °

o

“ 2

A }@’H’ L %’ FL

=
oX
q

e
P
~ W

Pl #53 5 adas 7 ko
R 4,000 e sEr kR E K

U ER R R 4R

i

‘%&1
o

(7
o
e

s
&

Bk Bt 0 7 e 0 g3

338




§§22&@97$$w%1;x@§
£ 4,000 AR < gk kR
Loox SR TORET P BE
ek JE S X“T¢ﬁ&%®%
B L LY BN %2
fi it -

BESOE > %- 7> TWHE

Lok L A R edRA | 2
AR HRE 5 VES 74
¥R efRAE o AL o B 1.2-2
1.2-3~1.2-4 1 42¢ %57 > 4o
1.2-5- ® 1.2-7~1.2-8~1.2-9~
1.2-10 2 428 457 > 4o 1. 2-11 -
B3.21-1-B3.2.2-1>~FF &%
EAzd=m o B 3.2.1-2~3.2.1-3 ~
3.2.2-5~3.2.2-6~6.3-5 B3¢
R o

1.

BPERRLAWHETRAA Z K

R RAAT 1R RELF ke

KRR

Fin g RLAS L

LWL LR ETRTEE wdwipl
W%ﬂﬂ*mﬁ&@%%ﬂ%&%

AN

IR RAR A P B TR L

WHT Rk e F2 s 23
(e ZEE) iz r ;& 1.2-1
TE RS RLiTE TE A
£, o B 1.2-6 Buipl¥ =4y ch ATl
2 R o ’1—15 o

2. Lﬁﬁ{éﬁg S R XX IR
¢ 7 o
. RMEIERL L MNP riga
EHERAL e nWxyEL
pAED e

339




ERApVEIRGE W2 T R

T KA R \,/,lf&?f%/*ﬁ a8 -
o R R L S E Y B

r'g , U_Jiz'if#:—%:(“"; o

2o Rk B FFHEE LT EARLFERA
S5 2L LArh
k2 FEREA LT EA T
BTORFRA T E AR ST ,
REHEATL PARFLBE T
BEp s g ,i',lgi?y—r,k;igny—r,k
1 . op R EE Tk TR R P
FRRESOCH SRR IR . N
E oy TORERE R R
i 1?%%§¢, R chbd 14 o
- 4 2 LRI SR
BT RE S EREE 57 st i L B I
2 |®2 r B2 ke g e B SRR SUEE M A2
“~ 3’ \g@,__, 3_‘ ’
” | Pz FESEE B RFL
RI% AL T L
1= IEL"
o FER KT A 4T FL AL
o ﬂg R 35 = ERYY T T
e b B AL HE KR
3 ok LA L%kﬁg,maﬁﬂzlzjwpﬁ’ww¢
TL:E’ﬁJ Fl—\;}é J\’E""a—’!—_ﬂégll * - -
N TRk MY AELER
E_ o
RN NES A X
4 doo Bt P B TTORTRHY A F a2 AT ERELERE  FHT RS
o B HENaE 2GS s EEEFEP B TP TR
7}(”‘:17}’5"’:;\ °
WKL E 2R R EHLALL  #PHRATR
o |7 TR T RIS R A R TR R R 2 kT g R
”’Féﬁ?ﬁﬂaﬁgiﬁﬁﬁiészﬁ B2 R BN HA
o A s o I RN PBRIFLEE? TR
BT ORgMRA R E e LA R (R
¥ : EHEIALL B Asmgy 4
6 AN ERETT A FERRIR | ,
A (RAe) A TORFREEE A
HeB R AE o
kAIF 40 cRRlF Y o TR
(D~* W= ARCE)T B2 ) WL R Rl BER o HigH
FFECCz) P ®(Z)(2 )~ * LT Ry TR RERY TG DE
; COIEPREEES FIEN RSl SRRV Y SORE S o Ji8:=-1

P B A A ER SRR LK
SN E N RAT 2 BT B AT L2

EEESRIHAFL FR -

340



o
S

**éﬁ\iﬁﬁiﬂgﬁ
i FIok2 3 F AR B
1 W J °

‘P,»

=i =Y
34

|
T\

P45 &3 %E
BidhEien s iMi@—ﬁ&
=2

F%ﬁ?#"’ HF
A Gk B R ER

2 7.3 1 7] M B A i TE
#Fl 2 #2428 F22-KE% 5
FrE %R E R MR T R % T
SR ISP \-;,J,x:l',—*é‘yk%;uf,}_ o

"@"E’_@—ipi =~ % B

EMLRLL © #RLALH
FLEXBEHE G AR

10

‘fL&wﬁ:\*m§€M>ﬁa
SEAEER A g kA
BEREF A BE- (EF3 54
WASH 123D & g T 2 &% = %) >

+ =¥ E 4
ER 5T

EHELZALL  A®e +BLR
RN ER B R LR
REE S BERE R 2R AL R

2. m¥E TR ,4 s i,fg‘}o

11

B~ foREE R FF
w3 2003 & B A o

‘ﬁﬁ,ﬂwg%m@%%a\ﬁ¢\a

hrF kAt o o2 A
ERREEFRGREFTETRT HF
e B2 PR hgE R AT

E¥HE TAREOPEEDREET IR
Ef’éé‘ﬁ’kiﬁ'_?i}iﬂt‘ o

12

FE R S R

WFHAF M BB PR

E~w¢&“@ws%%@1%ﬁ-
P EEEEE BT A

EHE R+ o

- 1
%= ¥ 7 e

S5

FALA

TaAvh

R

37 #4150
200 2 ¢ &

BHE B L L o Tl TR s plRE
BE RIS ERER
NS BRTES AT
FHB] L B B
FERE RS

i B 2
TR RS KRR R A 2

341



B Ak E R T EERLER #2140
60 &% LAE o K kEILY EPIE
BoRE o B B M T i R
LIS E R > DL IRZIFRIFER

FEIFTEFAFTIFERLFRZE
1?_‘ °

v

=1

T

F

|

#

LiE o

=

o
=
[uxS
i
4

q
v
e

o

o4

A
o
o

X

=
=
-
\
=

BALILRL C BICRE gy

P = e TFEAT P2 40 G AL
§ﬁv\ y 11l ,»3,75 j;-ﬁ I'SA, o —K/mﬁ/?q
Hougizdle Pl EE o e EFRF AR
MEES R HFELE -

KRS 39:3}75119 ’ ﬁ J’E.»ijﬁ' = B
Lo T FRE ERF
BRI P NPT R LTERE

—']_
ﬁiﬁ&i gmmﬁ%%m
;F,
v
B J

2 6.2-1 2 ke gRtgE v
B4 o AR BT

IR S

SR PR e S ] BB
2 o b B kM- & iE T %

Pl Mo HcBEIS 2 15 A o

e SROCEABLFELL

KoL

- A

TAvE

PRLCEAL

Ry kI FEERHWHE LR
39 ¢ BRI X KT AN A R
BT A LSRR E R 2R
RIYEF B ETERF TR
WL Ry Tk 5 i BRAES > K
FIF R FFRET REFLBRL £
SRR NSRS £EL
o P AE A FS T
BokoRR o AT T B
BT R T A F RSN
kR R S

iﬂ‘éf /E 7‘5\'\/'
HPASEL P o

BnHTRIR

342




Mk Zh o FEEE TR A

AREY KL A S kP P B

By EELE S FhuyE o

p E PRSI RGERARTCEE e R
R E Rl T E B ABE O FAAALTEZ
B - o EFITL o
BLFRER ® 5Tk ﬁfs CHEEL RGN T
3 kokRE o £ A kok D FIEE LK
, WP RARL P o
Bad FrokE o ERT R RT o
L RIS AN P
SETWERERDAAAT 0 F P i
4 ¢§z?5;%éﬁai¢wi¢; DA LR AR S 2
&T%’ﬁdgbx&%¢%1¢ﬁmﬁﬁiﬁéﬂo
AR AE - B fE
O AL G OR Y RAT LS
5 B HERAN s BRAKTIEE B BE R
AEe R HHER -
6 P2 PRALETY TRk WP bR S AR
B8 e s
23 £4RAE2ZFAILR
i FLLA Livh
5 E4Rn4 ¢
Sy &8 ToRBEBIE S 2 HA
150 F oy Aotk 2o o F] AP EEF RJIF Ak
1 B TR R TR 2 AR BRI TR R P Rk E 4 B R
Fa R TR g BRFL| S A g - R A
e
T4 BRI BeE R FRILEE
s g s A,,ﬁm%%—ww%ﬁ%fﬂ%w‘?
gz#ﬁuj,u§%§4ﬁiﬂﬁ
2 ]64 Fap\’;i%‘&%‘ffﬁ%

M A BRAEPFTHRRE A
T (doP ) s

343




B-Aeitdh o BH A ENHERET
PSR- ST gy gl 1) EAPAR I 4

GHE S RRCEERBIRSE|

NERLE K Rt I T e
;452%@ T EREEFLEREMLE

L4 RERTHLETR  ERE
Tk BT R R A e (]
4.2-3 T B 4.2-T) o ¥ b > 20 3

2 THE S o R RP PR G

ERP mgRE L] pF
BR-Z o rERIEHMEN B2 4L
FIPE R F 0 0 g R
Blost b E 4 FplgRid i 16~20 /) pFe
ETim, v LR AZERP B HE
*@’Bﬁiﬂﬁbu+%zaﬁ%ﬁ
BRI g BRI 2 2 iE
L S SNSRI N IS

B
E‘.

4 RE VT fr Sy &
Vo TORAEARGE e BT
f%)}" o

s

~

i
=]
x ¥ 2

._f

E#EAER A3y rE£4 2

RIS R S R A
4 BRI F R F g
.

344



WA E ABFEDPRL I ELL
2 RATH

345



SRR AT 102 & R L PR

B TRk B FEALEAEY —
HAFHRETRE =6 (1U4),
PARETH*FLIF2LL2L07vE

- ~BRepRRF 102 & 117 (8- ) T=2:00
SRR AT 2 6RE
.‘:‘.Lfrgi‘i{;r\‘éj Soh L T I
A (F)) RE=Z2 AR e GD)RE L HE
I ~ARalE e
Aoy A PEE ol
S RFERE AR %
N SFE R
1 ~EZRFEEA R
- PEEHMILZFALL
S5 $ain 1Lv 5
FEERLL
AR RERREFERE TR
&ﬁpw’ﬁF%mkﬁ# v % w3
BN AR B RR Y B TR
g2k Tgeads o fppeniih b B#tt R oen¥ 2o
Fié'ﬁpimﬁwa’lmmﬁ?
T opd R A kAR R
’a@iaiﬂz}bg Lo
BHY oM 6.4-16 5k B EF A BHEAALL 7 Mz as -k Gk
i B > ** 15m ~ 30m ~ 45m £7 60m 2 A fE i ¥ 23 Agit o N 6. 448250 6.4-5 ¢
Bl o Sfl% 5% 644855 6,45 A ¥ 4t 2 206 F
g M08 T RN e Aok R PSRRI L
'**%??vﬁi’l\?/ FHNEE B R:26.5 &« ai L B8R0 23313 E
T E HERE - Gk 2- TR TR LG
B¢ B4 1-8IW41-15° T R E > A 2 RERGEFTRE
FOORAAE LB TS AL PEL SNBSS R S HE SRS




o 234 o

T2 Ko %5 058 Slicil 22 A4 B
PSRN E R

EHMLAILL R 418
A1-11 ¢ 4% ¢ BHASE L2 TRk
)% 600-800 ohm-m ; B 4.1-13 I B
4.1-15 7 X F ¢ BRHT R A2 TrEF A
/] % 100-150 ohm-m ° © & :x & B @) & &
FP 2.

o

ES
=L

i)

-L;.Z:L fen

7
~

o

v - HREFZLAFELLE Y
WP YR G A S R R

o

R
o

EELBSELE

AR TR E 2B T 2Rk
AT B~ PR T3 T R RA AT
A T

AERB TRGPEBBERT 2 G o

55

#ﬁf&%ﬁ 15 72 T AR A 3
#8.3-3z2 Tws#1g  TAHEMPF > 5#

FRA o WH RAFL P R

ER

Feein T At

-

Y OWEF 5L TEMEF IR, A TR 2 ARG LA
AR 0 £8.3-3 2 THMAE  NZE it rBdLe iz B E T EMILE
%8312 TEAFLIE | BREEAFE 2 2R Tw AL EE T kA -BLE
FI3EX 9 WH TR HFAE6062ZRfr sta THIE I ME L FAR
T3 225 5191 FoFRimEaEa o
fe i f e el o WHT R+ T kEReff i 359.38 E
B R Pk ff 5 HE 0 KT AR
Pigt o kP ATHEY § B imEehied
s fE -
MBERERIR- v ERE LS

R f,,;ﬁ;_# * e o ?‘;%—,f‘fu— VR NE=
AR 5 A 3 14 R TR kR
pokqlE

5

SRR A GFREA DR &
’miﬁp%i R W

KA E

=

F

ERLEAEUE

347



T S N N

FEZAR L I N

Ko FLLA LArh
PR ARERT GEL
R#E A& REOF 4& 542
F1% EOF ek & {7 % R o2 230 % SRl o
~ 2 sy e s L ST M AP SRR AU E
BiokEEGFHERLE vEERER B
I , , R R S R TR e Wi
EEELN L I R R R ,
; W7 BREMA T R R L EIE o GE
E »
6.2.2 &
EAC AL NN S o A IR S
FEE S EAEE KRR TR R
POTORBCEHGN R TR TRT R ORI SRR E T L L 2R KT 0 RE T
—g_;fa—_f—é PRAS rgj,uigéc 10% ~ i%-3F % %«J"_I'j 4\35\};'}(3\2/';#@771(—:%_ , gy]fz?,,’z Wy - ;p#g,,]\—g_
o R TORE A FF MR TR B Tk st TR E
o2 Il%ﬁ{]"}‘?"ﬁ]ﬁ"‘—‘-ﬁ FHREE T ZT R RE R KET ONT ook
EH M 10%2- & & 5 P 2% 4e A3 28 % SRR B TPV d RN RE
m oo MO RS E 2 MR R A 10% A
AL RSB TR mARP K E 0 TR
FuE2Z & -
Flfg T 2t k2 B Rk i
G s SRR REAE S 33
%-J?f’%l],‘%'d\?f‘;%&%:ﬁgt#ﬁ%’u&#&j\ Fl o B g\l}%"?"ﬁr:\\xirr"‘
LT Rw st B FRE D B RN R Sl WAETFL A4
3 ‘%ﬁ%%f°éﬁ*«“T*%&rS%%z%@’&ﬁwwuﬂ%%m:#@L%%a
B PREEs T RET RPN RTRAGFLEe R Sz £ - B
@ﬁ'ﬁ‘lé‘? 2l TR BRALERE ML REZ IR AR
FHAE R WA S BCE S 2Z fTRT o e
T SRl B4 B ET o
BM7.1-228 7 1-6 2 %8 EHE
i WotdR A Y BRI T.1-2 2R
RS S N a2 M
EUATERNT 33 T2 AR SR
S |F—%" @ AT etal. o 40 217 E
4 . - EEETP = S-S TR T'E‘—%‘ o ¥ i
2139140145 % ;189 F 5 = ¥ o .
. N o ; specificyield f£ & vt -k & » Teem gt
b RRR 7 7J<éiispec1f1cy1eld A e
. . . QQ'}" o
s BER Gl R e
5] BT

MAF L o (= %

348



g TE | 2P 2R

EAE = IPA T-

 E R AR

FRl & r‘}lJi"

2 %7 g2 el

Ple R ENAE -

B frisi- kot o bl4e 190.2 F
WE 0 26, 8% % o B TR EFAR A YriE R 0 Y
AA(REAR IR AT > 22T E

7.._

W R L TP RN LR

;i,éwﬁmu§,+ggﬁyaiﬁﬁﬁxﬁ,ﬁﬁ;i¢ggwyaﬁ§¢éta&»@
EAE EN S

F AR L TRz B TR AR T
BACRE)H > AL Eile BN
&O

FRALA

¥ @ e

FARERBREEFES L

B o flEDt S R TR 2 8

o I L L o I

B

o

FLEPWERAY B

et Ae P oo - U THHE TR

TR % '1:7"7&/—"

7

/B’Ti ﬁ B o e u} rIfﬁ g]
w\éﬁim’iﬁ—éﬂﬁﬁ°

)"
>
-h_\\
W

s

B 2R EAEME S

A T REAT R > Rk T IR L

ERNCERE ] B RO 8 SR ]
SEo A HIIRCE BB T TR L

BEAALERER AR A

G 1L FEETIIYR o P oW D M T
AL FR > vy FREFA o X
OB AT R g & dofe g R

VEEEEE R E

fezx =

F%ﬁd‘

%',é sy 1

AF IR 2

BHEL AL o B IR 2GR E 2

%ﬁ%&@ﬁw%%—ﬁ#’ﬂﬁﬁi&

AR M AT AR 0 R e g v ST iR
BET T HAewpe s MRS H G H

ﬁﬁ%ﬁ’uﬁﬂ?%i AL
}'l» °

RILE EREV T MEIRRG B R
R 27 RPN U S S LR
Lo B FRE R EE] A R
AT H> NPT 2 SRR G

PE R

349



2w BIRCEAAR2ZFALL

5L

FELA

Lairh

PRAEAS

A HEEE IR % > AR T

FE I

IR -

BTOREREI G E

EWR ﬁﬂ

2 BB IHAEIRAT 5.3 @S- ) & 0 A

Mg IR

PTORE R G Ry 0 &
B R G AEER -

FiIH* Bz F A

LA ARG o

BT AL 1;‘]?7@“,1 v 5B LSRR

AELARIABDE L

pkokizi Br R
GRS S K
GRERC S O3 WL A
FEA'} %ﬁil]"l’ﬁgy‘

‘z\rr’rﬂwf%
koo LLp"iIRJE]
B kYR
RN O

REE KR AT kg FERR 2
% B % //superspace. moc. gov. tw : R <
4o TUREE KRR TORBA W IEK
2o Rnok s iR R R R TR

’ﬁéﬁﬁﬁiaﬂﬂ&’sﬁﬁﬁﬁ
br R v EmEG 2EHLE 1
Faar oo #é7kﬁ%#ézfjd>;7k;b poog
W E A LA REFELRLY B

#r oo

B LRI KRR E A 0

@ s Ry =Bk
A JEBE ,Fﬁ—:, V]

L
£ 23 LAk

[0 AN

gk BB E G2 Ak R R

30 R FS PR

o

gk B R ARG T i

CEpg

1\4\’“’7 128 F‘ ﬁ&
g LR Y (el B

a§ 'B‘P’T J\m_

“f' A TEIE A

W) EEFFLLEEF L8P TP
ik o ot o E R i R

ARG FREEOERI LML TF
(RAGF ) > kP ER > HTRER
(B EHRRE) Bi™ > #RERE 4
Bofe 5T BRI 4o L S EH-

~+»

D T TR
F)F Ak~ BERGV
e R LR AR

2 (2N AR

divE 2 Eir3

EERRERE R A R G

350




ANhzRHERA

A TORFE B At b
WPV EREFRHE S R KR
FAEE B

T A
W FRAA  AAvE
£E4R4
eardpd ¢ 0wk 4 2-1 WP &k
HT’J(T:"_%TLEE?E‘_J %@g{@_oy—r,kﬁ%
TAORIE R o B T RR X .
W$ﬁ*€“$%%®\%?mm$%ﬁo
I iz @i > st - RBP4 %
FEOk e E S S o HHA K T AR M
Ll ,u«fqﬁ}f{;’,}i&—%ﬁ % o
'f’i’#‘g-ﬁ*v':‘ﬁgf it X i@?ﬁ%ﬁ]ﬁ"z«iljﬁ{@
VR fﬁtﬁo
crERFEYT G EHEAARCE
TAERDESF o R E B t I (h
) 6.4-17) » M &4 BPI =% > fe &= T k%
2 ogmA kAR o R FE T , _ y
6o 0 FAE R BT R
PIL - ©
KR e g B TORECA] 0 B B0 e
Az >t 258 4.2-3 ¢ > feit g R
AT WD RN S Y TS
e o £ 4 BRREGRI T E S B
3 Sy H Y 35100 F o5t 4.2-3 Az
: H ek v e fT ﬁk%ﬁ»%QW¢ZF
AW B 2R
GiE 4 R F2 i
u’%ﬁ;‘i%TLﬁ”Faﬁ"} %ﬂ%ﬁd’%ﬁj-
A FE O REBTRENFE TR ST R
< FEzdh 4 #ho T % TE % B ARSI
FHEAS RIme 2z Dok E BRHCPS 2o FHE T R 5% B AR
f{é— > M B =X 4 P E a.f';i:l
4;3:?%2’3?5 beE R RS 0 A H 5 -12mm/year> @ A X € 4 BB E X3
,‘H 2 L hD 1’ ] E;,_é;gg ’}_:‘J_'—eo
i?%%&#.&ﬂi %w,ua;ﬁ]zm%ﬁgl(;o:k HRMgRY LR FELS S
._’7: ﬁ-,}),l__%,l 1’7‘ ‘_‘l
> F 400 &7k GPS FERY B 7% it 4B w F ¥ R AR &5 F
}"a}‘:ﬁ//_?i@ ‘;_ ""Jn,l«g;_%',»g;bb
ISR L TR CPI T, gﬁjfmﬂwéi¢ %2
oy 2 gy >3 4 4 L s 4
£ BB 5 R R e g T R A BERE R B

&gﬁ%gﬁﬁfaw$%mf{$é%
Lo TORE A GuE B B E 4 P & e
A\)f%'# ’ {ié‘*%ﬁﬂi‘éf‘?’* e v]:gl_o

R#E Rk g iilicd  FIE
F Ak B

351



e R ERVEDNRFY P AEL

352



AL BB Ay %4 2013# European
Geoscience Union General Assembly

PRAAS R R il < §
EBAL R D R

RALR RO B (. )

gHP Y 1102& 47 07p 2 47 127P

353



P &

(9]

< <

(Tp]

i

’

354



&

B L8 # ¢ (European Geoscience Union General Assembly) = 2 3 44
?”\”ﬁféﬁk* PIRIRPBEERZ - P FEY G A S FERDARE T
» QBT 2013 EF AT AL 2 AL £ 5 1280 e 0 HY @ g
4684&, v EF ff 3% 0 8207 i S ff 3F Fs?iﬁdzlp 95 % 7 I B 7o £ 4 11,167
RRE RS AR ERE R F‘"’“‘ﬁxé kPSR JF 112
R O T 1

d&lﬁlrr“ EGU20I3 # 2 2 23~ K EP T K i A3 32 % =
0 FZ R AUEFL S K L AFEFL > H42p ~ % 5 Tintegrating Water
Table Fluctuation Method and Groundwater Numerical Modeling on the Estimation
of Regional Recharge Quantity of Pingtung Plain ; ~ " The Definition of Groundwater

Recharge Area Using GIS Approach —A Case Study of Choshuihsi Alluvial Fan,
Taiwan ; ~ T Estimation of hydraulic conductivity using one dimensional electrical

resistivity survey ; ~ " Applying Model Simulation to Identify The Importance of

Protecting Groundwater Recharge Area - A Case Study of Choshuihsi Alluvial
Fan,Taiwan ;2 " The Flood Effects on Infiltration Rates in a Disconnected Stream | -

" Integrating Water Table Fluctuation Method and Groundwater Numerical
Modeling on the Estimation of Regional Recharge Quantity of Pingtung Plain ; &_F
PERY B TORRERZ BRI E LT KT g4+ 5 T The Definition of
Groundwater Recharge Area Using GIS Approach —A Case Study of Choshuihsi
Alluvial Fan, Taiwan | B _& 77§ -KiZ f 5% 1 & 4L % 04]K 5 T Estimation of
hydraulic conductivity using one dimensional electrical resistivity survey ; f] ¥ & »%

BEPTRESFERTFAN RS SR GERTFAF 245 5 T Applying
Model Simulation to Identify The Importance of Protecting Groundwater Recharge
Area - A Case Study of Choshuihsi Alluvial Fan,Taiwan | & 47 3¢ T -k iF3£ % $-K
Fekg 2 50 TThe Flood Effects on Infiltration Rates in a Disconnected
Stream ; RIEFF3HP ' > B & $HE TR SRR .

355



bl

N TR

o k18 & € (European Geoscience Union General Assembly) & 3+ zf 4
FRBPE D2 RERRERL - > F 2GR A S P ERDIRRE
ﬁ»P?ﬁWZM3&%aﬁvﬁﬁ%*£ﬁ$$4ﬁﬁ12%1%%@,ﬁaég
4684 v ST 47 0 8207 jy AR AF 0 HAFF KA 95 B A kB G £ 11,167
,ﬁpiﬂxrﬁa,um[&] 431];];—}:,,@ /gn ﬁ";,j\gr/?m’/‘—g ])3112
hoo B PﬁQNﬁiﬁ’JM”‘Wﬁ 2o e

EGU 2013 sz 48 1 & ¥ & 5 “Atmospheric Sciences”, “Biogeosciences”,
“Climate: Past, Present & Future”, “Cryospheric Sciences”, “Earth Magnetism &
Rock Physics”, “Energy, Resources and the Environment”, “Earth & Space Science
Informatics”, “Geodesy”, “Geodynamics”, “Geosciences Instrumentation and Data
Systems”, “Geomorphology”, “Geochemistry, Mineralogy, Petrology &
Volcanology”, “Hydrological Sciences”, “Isotopes in Geosciences: Instrumentation
and Applications”, “Natural Hazards”, “Nonlinear Processes in Geosciences”, “Ocean
Sciences”, “Planetary and Solar System Sciences”, “Seismology”, “Stratigraphy,
Sedimentology & Palacontology”, “Soil System Sciences”, “Solar-Terrestrial
Sciences”, “Tectonics and Structural Geology” ¥? “Great Debates in Geosciences” %

R

4 & ¥ & »M“Climate: Past, Present & Future”, “Geodesy”, “Geodynamics”,

“Geomorphology” “Hydrological Sciences”, “Natural Hazards”, “Nonlinear
Processes in Geosciences”, “Soil System Sciences” £2 “Tectonics and Structural

Geology” & 3% 4 -

Hw2m3&%ﬁw%f-’é%ﬁr1$%f #h < B E T
S E T ARE AR XTI o X Bk AR 0 @ 7 g Hren s
F AR AR LR > A B X DA

AR g R A A ET lysimeter (F S E ORI R T AR > Ap ¥ & & 2 lysimeter
BRIK A D rm o MAKEF G A IFEH oA RRE L2 MBS
FRy A (soil matrix) et 7 > 7 2 AL AL R iE R o AL JGF S
Ay Fm ﬁwpﬁi*%%@ué%ﬁaTﬁﬁaﬁiﬁ,a?ﬁ%iﬁ
BAES R MR K P Ao i) o A3 B R © T K PEEE Rl
lysimeter 2k # » B~ 3 Y R FL2 22 Ik d e ~ ZkEI R -
BRI G ERFRREFTH ML EGe 3 AE30E 2 TRFTR o TR
ﬁa%ﬂ’?%é%4%~nm\£§%%€ﬂﬂﬁn%@@$,é;nka
iﬂ%£°ﬁwpiﬁuéﬁﬁﬁééﬁﬁéééﬁﬁﬁa’éiwki%*
ARFEFEET o eRFARF L FLEFHIEL LA IREFEF
FEATHEAL A A 3T 33 O g 4 iﬂ§°

356



PR TORERR Y DT RE 0 M OREFE S KT e
MR RET A 0 BE > U EEFEREok b B8
EEDFT Mo S HFP e BilaE 2 TOREPBIRE T S RFEBIE
Foo kit > ARk EEd 23258585 B DR LELER

4 AEHBHERW 2 0ZE 2B VERPME 7 S4B AE 0k
lysimeter i {7 £ pFip 2 3 £ » B E RIEA S -

BN g R TR

EGU2013 et A g3k PH 247 7p 147 12p %
Fh ARG B KRB I BB FER 0 §H TG A ES
fri- o ABFFAERE S X040 9 p 4R o

\\\?{r

‘lf’E‘P\ 2

i\@ll’r“ EGU20I3 # £ 2%~ +x3 - K HP T R i +*3F277 =
¥ 032 hAUERE SR SAFREL > AP LB rIntegratlngWater
Table Fluctuation Method and Groundwater Numerical Modeling on the Estimation
of Regional Recharge Quantity of Pingtung Plain ; ~ " The Definition of Groundwater

Recharge Area Using GIS Approach —A Case Study of Choshuihsi Alluvial Fan,
Taiwan ; ~ T Estimation of hydraulic conductivity using one dimensional electrical

resistivity survey ; ~ " Applying Model Simulation to Identify The Importance of

Protecting Groundwater Recharge Area - A Case Study of Choshuihsi Alluvial
Fan, Taiwan ;22T The Flood Effects on Infiltration Rates in a Disconnected Stream | -

" Integrating Water Table Fluctuation Method and Groundwater Numerical
Modeling on the Estimation of Regional Recharge Quantity of Pingtung Plain ; &_F
BERY B TOKRERZ BB E LT KT g4 7+ 5 T The Definition of
Groundwater Recharge Area Using GIS Approach —A Case Study of Choshuihsi
Alluvial Fan, Taiwan | B| Z_& 77§ -Ki%i* 4 % 1 & 481 % <033k ; T Estimation of
hydraulic conductivity using one dimensional electrical resistivity survey ;| f] ¥ & »%

BEETESFELFFRAN RS GE AT FAF 2425 5 T Applying
Model Simulation to Identify The Importance of Protecting Groundwater Recharge
Area - A Case Study of Choshuihsi Alluvial Fan, Taiwan | & 47 3¢ 7 K iF3E % $-K
Frekg 2 50 TThe Flood Effects on Infiltration Rates in a Disconnected
Stream ; RIEFF3HP " > BB HHE TR R o & AorF it o

B NN 5"1‘ Fiﬂ

EGU 2013 é)ﬁx{ﬁ’ﬁm‘ I;E]Kﬂgﬁ‘i; Jﬁu’i o1 tATE A gy o oa g
ERA GBI e TRE IR IRPE AL L gk - B e 74

357



3
’%*'i"f‘i%‘gzﬁrs = :;LE. p * %ﬁqﬁ%i_ ’r“r’ﬂ‘;/\;{:/ﬁ%k_& 0
A#tn e 2y 2575 0 %p}#ﬁg‘l‘%g B AR A H - RAATA
~“Fpiimﬂ%Jﬁ%ﬁ%&’ﬁﬁéﬁﬁ%ﬂﬁf% R - A
FuARRE GRE VAL A F 2 ®a v -
CARTS &




ALE B %4 2013F AGU Fall Meeting

RABH R LA E
TS S E
MRALR RS ER(E & L)

g:kp 1 102& 127 08p 2 127 15p



=g

E

C§

14



# &

& E0E4 LEFaE R ok 128 B (American Geophysics Union)#t %
€ 3% (AGU Fall Meeting) > 7 3+ fL&73s T K438 23 B X PRE €382 - > & &
PIARE-FALEFE L SRS g A E R(Q013)F 46 B g EE LD
siMoscone ¥ s B (T 0 g P T A e BRAR L 2 ASR L AR 22,000 Km0 @
HATRERR > oA ERERNERE? A BF A LR > ¢ () F ik F:E3R
#4564 #2013 & A% % % s Mauna Loa LRt g c R P T30 §F CRUE
B AZiE 400ppm TR AL 0 R R E A sl A eng 1k RiBRAL o ()% BBIE
BRI e FE TN 0 S P IR IR < F RPIPE T A i A P Fr LF] G B
AR -EQR)BR A EAEFEZE FHEY D BATRINCARETHE S
P TR EER S EAMN BB B TR L ATy wEL DR IFE
FEREFRFLRAL . Y HFE e g e E(E) 2 TR kB E RF
R FREFY o

ABBRAZF LD FE? FAVE 2y AR R A T Er AR T
B2 B et e A AR o K oK ES 2 -k 2 $dic ) (Estimating the
hydrogeological parameters with the time-lapse resistivity imaging method during the
pumping test in the unconfined aquifer) » # @ f2 %2 -k 2 $#cs F5-k4 B H 2
(Hydraulic conductivity) ~ #-k % #(Hydraulic Transmissivity) ~ 12 % & d-k
(Specific yield) -



F R R AE €k (AGU Fall Meeting) #3+ #1473 23 B &£ & ¢ &
%ﬁa%g&7—’4ﬁ*4ﬁ§g&m%?§iﬂﬁ’Aﬁﬁm%%ﬁ¢iﬂ
%ﬁdj’yﬁQM$@¢mﬂrw$*i«V$ﬁﬂdx’déﬁwﬂ8m05 X £ 3
421 22,000 2 0 A E B F AR AE R 0 £ 5 Union ~ Atmospheric Sciences .
Atmospheric and Space Electricity ~ Biogeosciences ~ Cryosphere ~ Earth and Planetary
Surface Processes ~ Earth and Space Science Informatics ~ Education and Human
Resources ~ Geodesy ~ Geomagnetism and Paleomagnetism ~ Global Environmental
Change ~ Hydrology ~ Mineral and Rock Physics ~ Natural Hazards ~ Near-Surface
Geophysics ~ Nonlinear Geophysics ~ Ocean Sciences ~ Paleoceanography and
Paleoclimatology ~ Planetary Sciences ~ Public Affairs ~ Seismology ~ SPA-Aeronomy -
SPA-Solar and Heliospheric Physics ~ SPA-Magnetospheric Physics ~ Study of Earth's
Deep Interior ~ Tectonophysics ~ Volcanology -~ Geochemistry and Petrology % & 4

A o

AGU Fall Meeting #. + chird 2 - » Sop 0 v sfdpd 2 bl j « R ajadp B
T AR E T € Aﬁffwéx [EAh o Flh < Beyadp o 8 76 kg
S A R Sk A G R RS ELE LS S
ARG o | R %ﬁd «E’fﬁi’;#}:/ e R IEECAVE 3 2o S



o gk

2013 # AGU Fall Meeting «hx ;8 ¢32p & 5 127 09p 3 12 13 p » ¥
2127 09 p jRFFEE FIHmehE R B LIS gk B E
HHEOFHFER R B HU I RB TSR T3 ARk L RE L
LERFEEROEFHE P B LR EF A B FEF o e F AR
T A TARA o

2013-12-00 (8 —) — 2013-12-12 (B (540
T2 (8 ) 12N (8 ) 1271 (=) 127 (B



ﬁﬁﬁ]rr“EGUZOlB’:éz\;m ’ﬁ~ggﬂ Thsrrd2P7 2%
PR ATEEEL A K LAERL  Hmp A ul i rIntegratlngWaterTabIe
Fluctuation Method and Groundwater Numerical Modeling on the Estimation of
Regional Recharge Quantity of Pingtung Plain ; ~ T The Definition of Groundwater
Recharge Area Using GIS Approach —A Case Study of Choshuihsi Alluvial Fan,
Taiwan ; ~ [ Estimation of hydraulic conductivity using one dimensional electrical
resistivity survey ; ~ T Applying Model Simulation to Identify The Importance of

Protecting Groundwater Recharge Area - A Case Study of Choshuihsi Alluvial
Fan,Taiwan ; ¥# T The Flood Effects on Infiltration Rates in a Disconnected Stream ;| °

" Integrating Water Table Fluctuation Method and Groundwater Numerical
Modeling on the Estimation of Regional Recharge Quantity of Pingtung Plain | Z_f= &
et B TOREAE S EEREYE LT KT g 47+ 5 T The Definition of
Groundwater Recharge Area Using GIS Approach —A Case Study of Choshuihsi
Alluvial Fan, Taiwan | B &_8 77 # -K /2@ # % 1 & 472 % 4% ; [ Estimation of
hydraulic conductivity using one dimensional electrical resistivity survey || ¥ & >+ %

RIS R B RFEAN TSRS BEGRZFAF 2425 5 " Applying
Model Simulation to Identify The Importance of Protecting Groundwater Recharge
Area - A Case Study of Choshuihsi Alluvial Fan,Taiwan ;| & 47 3F# T K 3£ & $-K
Fe-k & F 2 8% TThe Flood Effects on Infiltration Rates in a Disconnected
Stream | P E4F37 " 2 B EHE TR KNP o R o2 o

ABFF AT AT ERY o IR B IR I iTR o A PRI L AT A A
N N RS Ll Ll s AN T

Estimating the hydrogeological parameters with the time-lapse resistivity imaging
method during the pumping test in the unconfined aquifer

*Chang, Ping-Yu!; Chang, Lian-Cheng?; Chen, Wen-Fu®; Chen, Yu-Wen? ; Lu,
Hsueh-Yu®

!National Taiwan Ocean University, Keelung, Taiwan. *Email: pingyuc@mail.ntou.edu.tw
2National Chiao-Tung University, Hsinchu, Taiwan.
3Chia-Nan University of Pharmacy and Sciences, Tainan, Taiwan.

“National Chung-Cheng University, Chia-Yi, Taiwan.



ABSTRACT

We had conducted the time-lapse resistivity imaging during the pumping tests in
order to examine the feasibility of estimating the hydrogeological parameters with
resistivity variations. The Pengtsuo test site is located in Pingtung County and in llan
County in Taiwan. We found that the resistivity differences to the pre-pumping
background are able to show the changes due to the dewatering of pumping activity.
We also observed that the maximum resistivity increase took place at the locations in
the vadose zone instead of the groundwater surface in the time-lapse images. Core logs
from both sites reveal that the subsurface is mainly consisted of thick gravels and sand,
hence we utilized the distance-drawdown equation for unsaturated aquifer to estimate
the hydraulic conductivity and transmissivity. Contours of resistivity variations and
recorded water levels in pumping well are used to depict the bottom of the drawdown
cone. The estimated transmissivity and the specific yield are 1.20 m2/min and 0.12,
respectively at the Pentsuo site. These values are close to those calculated from the
measured groundwater level variations in multiple wells(1.45 m2/min and 0.13). The
results suggest that the time-lapse resistivity imaging methods is still able to provide a
alternative way to verify the parameters from the pumping test in the unconfined
aquifer.



. HYDROGEOLOGY AND SETTINGS

The Pengtsuo site is located in the Pengtsuo elementary school in Pingtung
County of southwestern Taiwan. Two observation wells, O1 and O2, were installed in
1997 here for long-term groundwater level monitoring. The core logs show that the
sediments within 250m deep are consisted of thick gravel layers. The gravel layers
serve as an unconfined aquifer in the Pengtsuo area. Our research team finished two
new shallow wells, P1 and W1 recently for further testing the hydraulic properties of
the unconfined aquifer with different pumping test strategies. The test is executed in
three phases, including the background, the stepwise pumping, and the continuous
pumping phase. In the stepwise pumping phase, three different pumping rates in an
increasing order were utilized for pumping groundwater from P1. In the continuous
phase, groundwater was pumped with the maximum pumping rate used in the stepwise
phase from P1 for 72 hours.

—— — — — ——— — —
— Irrigation Channel — — ———

Concrete Wall

,‘o 8” Pumping well P1

The Schlumberger
survey line

“
17.5m "N
om 10m
“a#48

z

Figure 1. Satellite image of thl?‘P‘ETTgTSU’d pumping test site located in the
Pengtsuo elementary school and the schematic diagram of the pumping
test site in Pengtsuo and the configuration of the electrical resistivity
survey line.



Phase 0: Background Phase 1-3: Stepwise 3 stage pumping

date time total min. date time total min.
Test started on:  05/20/11 15:13:17 0|Teststarted on: ~ 05/24/11 15:28:06 5774
Test stopped on: 05/23/11 15:08:37 4315|Test stopped on:  05/24/11 23:59:51 6286

pumping rate= 0 cmh pumping rate= 145.63~205.95 cmh
Phase 1-1: Stepwise 1°' stage pumping  |Phase: Recovery

date time total min. date time total min.
Test started on:  05/24/11 09:07:33 5394 |Test started on:  05/24/11 23:59:51 6286
Test stopped on: 05/24/11 10:47:17 5494 |Test stopped on:  05/25/11 08:49:12 6815

pumping rate= 83.15 cmh pumping rate= 0 cmh
Phase 1-2: Stepwise 2™ stage pumping  |Phase: Continuous

date time total min. date time total min.
Test started on:  05/24/11 10:47:17 5494 |Test started on: ~ 05/25/11 09:04:41 6831
Test stopped on: 05/24/11 15:13:43 5760 Test stopped on:  05/27/11 09:26:48 9733

pumping rate= 11741  cmh pumping rate= 205.95 cmh

Table 1. Setting for the stepwise and Continuous
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Il. ELECTRICAL RESISTIVITY IMAGING (ERI) MONITORING RESULTS

1. The difference of resistivity to the pre-pumping background during the
stepwise pumping phase
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Figure 3. The resistivity differences of Inverted ERI images to the pre-
pumping background collected during stepwise pumping test.



2. The difference of resistivity to the pre-pumping background during the
continuous pumping phase

Continuous: 6870-6812 min. Continuous: 7322-7360 min.
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Figure 4. The resistivity differences of Inverted ERI images to the pre-
pumping background collected during the continuous pumping test.

10



[1I.RESULTS

1.The drawdown cone imaged with the time-lapse ERI method
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Figure 5. Variations of the of 140 Ohm-m resistivity-difference in (a) the
stepwise pumping, and (b) the continuous pumping phases.
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2. The estimated hydraulic parameters with the ERI results

(1) The estimation of the parameters
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Aguifer Test at Fengtsu, Pingtung County, Taiwan
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Figure 6. The calculation of the hydraulic parameters at 6870-6912 min.
during the continuous pumping phase with the distance-drawdown
equation for the unconfined aquifer (provided by Halford and

Kuniasky (2002).
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(2) A comparison of calculated and estimated parameters

1.9355

250

0.008

T(m"2/min) Top_aquifer Bottom_aquifer K(m/min) Sy
PreviousTest tin O1 1.4629 0 250 0.00585 0.129
PreviousTest tin O2 1.4317 0 250 0.005724
0.3806 0 250 0.0015
P1well_Stepwise_5572-5619 0.5097 0 250 0.0021
0.9032 0 250 0.0038
1.9355 0 250 0.008 0.116
0
0

1.5484

Table 2. A summary for the hydraulic parameters calculated at difference

pumping stages.

IV.CONCLUSIONS

We collected time-lapse electrical resistivity (ERI) images during a multi-phase
pumping test. The results show that the resistivity are sensitive to the pumping activity.
The shape of the region with resistivity increasing for over 140 Ohm-m varies with

250

0.0063

pumping activities and shows different pattern for the stepwise and continuous

pumping. We tried to estimate the hydraulic parameters with the bottom curve of the
region and the distance-drawdown equation for unconfined aquifers. As shown in table
2, the estimated Hydraulic conductivity and the transmissivity is much less than the
value calculated from the water level measurements in the stepwise pumping test. On
the other hand, the resistivity-estimated hydraulic conductivity and specific yield is
consistent to that calculated from the water level measurements in the continuous

pumping phase.
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