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Abstract

Many groundwater simulation models have been developed for Chou-Shui
River alluvial fan, one of the most important groundwater area. However, the
exchange between Chou-Shui River and the groundwater system of the alluvial
fan is much less studied. This exchange is evaluated using a river package in
the groundwater simulation model. Several critical parameters used in the river
package are determined using the relationship between the river water level and
the area of river flow surface. This relationship is evaluated by satellite image
technology. The river package is calibrated using the monthly average water
level data and the monthly average flow data of year 2008 at Chang-Yun Bridge,
Xi-Bin Bridge, Chi-Chiang Bridge and Si-Jou Bridge. The field measurement
of the cross-section in December. 2007 .is used in the river package. For
calibration of satellite’ image technology, the FORMOSAT multispectral
satellite images of January, July, and November in 2008 are used. The Infrared
light is used to identify the river channel.

The results show that the water level differences between wet and dry
periods are 1.4m and 2.0m for Xi-Bin Bridge station and Chang-Yun Bridge
station respectively. Specifically, 0.3m during dry period and 1.7m during wet
period at Xi-Bin Bridge station and 0.2m during dry period and 2.2m during



wet period at Chang-Yun Bridge station. The identified areas of the braided
channel in Chou-Shui River using the satellite image technology are 18.95,
31.08, and 17.51 km? in January, July, and November of year 2008 respectively.
The area during the dry periods is about 60% of the area during the wet periods.
The exchange rates between the river and the groundwater system are 526
million cubic meters and 112 million cubic meters for flowing out and into the

river. The total recharge is 20.23 million cubic meters. The pumping rates is
19.3 million cubic meters.
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B3 I e o p (2008) 5 i -
B R enfEk B ifo SR R Gl A B ) LA hiER B
e F £ i 422 45 % (Normalized Difference Index, NDVI)» #-R # F 4 % -k
for BT~ AR RE R A A o R(2009) 45 5 ¢ Fw st A g 2 0 Y
ok 2 ¥A A NE GCLCM RILZ 4 = a5 0 22 4 Eiv 2
2§85 (2010) U ¥ L it4E A a‘ﬁ%ﬂl(NDVI) FERC K fardE A p g & AT
it =B c BMILFEE BRIt e Bt TS R R B FEo

s B Uk 2 PaEsE 2 G o0 Lina Zhu(2006) 1 * s iRl B (& il
i g8 3 G srenjp el . P B FALA o 9R(2008) 14 B gk < AR T
PELO R R SRR PR RSSO R e A R A R o
AR A% RO5 E Y R ERPR RS TR E L T R
dE R Bt ARF o SRR GEF R R TR B mE o F (2008)
& AT B R e IR R - 2T B0 R AT S
PUR BT R SR RS R P e Btk LR 2000 # (PR f8)
2004 = (FE- Bk 18)00 22006 £ (Vv Heh ~ ek R (8) g R T
AT EEE A RE R LA B B & 7 Ed RPN
TP P B e R )
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=¥ Bk

A LR AR FE B SRR 2 P i kR B (HEC-RAS) & 3=
K EHCS MODFLOW £ & » 22 = 10 ToR@iciE 050 o 10T 3.1 & s
ToRkBERG 032 &5 33 8L A w8 HEC-RAS Fig T B RS 2 G

“‘1!’ - l‘g\[ﬁ’ lg ‘*‘R"‘)Jﬂ o
31 3 Tk felt B AR T

Ay st MODFLOW 437§ -KiE 4 5 i (73 8 -REc B 10358
Sk T * 5R(2011)E 2o p B I Sl BB RN S LT A B T
KBCE R 5 Sl B ROk SR RPN e

3.1.1 MODFLOW z_77 "' 2 i* (River package) i it

A7 AT 2 MODFLOW #5-5% i d #ic @ & * (package)#re= - &
& ELd e (module)re s o & % EF T AL ERRT 2

P AR R BRI AR LR T e 8RR o A 2 MR R
B3 Tok¥ciE R @ * 5 Discretization file (DIS) ~ Zone array (ZONE) ~
Basic Package (BAS) -~ Output Control Option (OC) ~ Layer Property Flow
package (LPF) ~ Well Package (WEL) ~ Preconditioned Conjugate-Gradient
Package (PCG)% River package(RIV) % ~ B % 2 o ¥ MODFLOW 34 {7 p& >
MODFLOW i ik 4 7 ¥ 2o % 8 2 G B 57 4p 2 8y » b o 10 7 #4034
River Package w { #F-imz 3P0 o

MODFLOW p =3 River package 2 & * »>ficfgie "0 % 38 7 K& »~
2 e Ao Bl 31-1 9 0 hgy, &P TORTEB 0 b R BRSPSl TR

i* » RBOT & i@k K F B 4% o
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B 3.1-1 ;7 " » %47 7 B
PHRCESE TMA AR SR - BT oA EE 2 op by Y
# R R e/& 28(RBOT) 5 4 4675 815 chiB R o Rk ymins 1 i g d
BREL - BB rB o FLE e R pA G B4 > d REER S
Bk drk A B G S p e e T ERBERADS o
A3ldedm rpRati ATz ET Y X812 4% 7 o

P Ilbti i%;?,"r }\F"* b T }\/”L-%ra,gljdallj\lﬂb"i/\ %

w

BFEZABHETET  HBRR TS s g kS RS
LRk s Ak okl § ki~ Ik B

B2 EIAME > m BRIl o k2 o 3P R FE KRB A 8 &G

<k

%

PR ERAER D P RET D KR ITa g KR P
ToRRd FeREGED DR o F]P o ptEEand d o B 2V R I e st
3.1-3> ;4 313 tip kg MNP kKR B AR KT { A ENE Y o
COND,,, = =W Kats
D (3.1-1)
Quv =CONDy, -(hay —h, 1) (3.1-2)
Quy =CONDy,, - (hy, — RBOT) (3.1-3)

CONDgy 7 % /& B i 8+ [L2T-1]
L 7# & R[L]
W #»"ER [L]
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oA ke S EeRK M 0 BFH A T LY MODFLOW o
MODFLOW % = ¥ T -Rim kg 15 #p T -k imdim & ASCI 258 2 #h % o
T BRI B Rk LT RJE B HETE A R 2 BB g K 2 3R
I(MTHIRCGFL)LTH I NFFFL 4 F - A R LR GFLAARE
FHd o BN ASEER B L A B AP T 0 & 5K E

=

TEMBERE GG 0 BT RERAR AR B R
SLikfp Ao E P 2P & & (rules) s # 3 pR 432 8 (inference engine) 2 & F

EF AL 7 MODFLOW » 228 &) § 37 5dicis b ToRito L d & o
gL R H T E A R i TR A A BN F IR A > F AR R E Sic

LR R AR R Bk d BT ke A
1 # * CLIPS(C Language Integrated Production System)zZ * 3= T -k $i73% %
Both T E F i CLIPS 2 - = 4% # 2 o frh > ¥ w2 2 & Foh i
23 B e GRFLY BTN AR AR AR - BAE
L - Bt A CLIPS @ p)rizE = F bl(instance) s ;N g * 4~ 2 o 2
Lot BRI 2)Y 05 FFBEGIO)E A LA F o e KE -

R AR AR K R K RS RRIK IR 2 & R R HGY B
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BPp o B TR 2 R Rk AL 7 BB E R TOREN S Bk T2 A R R
AR 2 Bk 2 Geahdg i 2 R0 (Rule) & #-2_ 13 2t dr gk B (Knowledge
Base) » ¥ B i SEHE KK A 7 R U R B R B 2
Hw ¥ i 18 48 32 # (Inference Engine)¥taras & o 2 4L i (7 2L 423 (Rule

Inference) - H & 3Lg % I 5w~ BT F R o

AiE > B RS2 0 AP RHE T2 SBk R i o d Y AT

Py BIRZ R R A G IR A e 2 B R HR RS
B 0 UTE SRR

L SR L B i bk S P T S A T B s
£ HTIRHR @ T AR R R SRR o Bl S
§ AL PERR 4 AT 5 B o

1LV d Ay 7T kB T o d A BAAE 0 ) HIT R kA
POREFRMEOPL FILRELA LRI LF ¢ L FRA D KIG

LB L &RAALT KEFRRERT -

2. ‘l%s%hf'"fHs—;\lfﬁ’*é'#g‘h*n*“‘\iﬁ"’%gi‘al}‘é’p%ﬁi
ﬁi’l%i&\%ﬁﬁpﬁ‘i ﬁj

E%Pdﬁﬁ’%Fzéé RIRE 0 R G S { R e S

2. B R GBI 0 S 9 o BRDK 4O R K R LT
BRI WHAORE L F BRIK ] T HEROK SR LR e
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4.5 5 A F o S LR g EE ] 0 RA FE AR FFERD
o m g X psr R E PR REARE G G B3R TER
A PP R TERERE > LA RAFER TS BRI - TRk

FA B RIALEFIS RIS FARTELS T REAFEAQ-
Z (B ERFHEAE  AQIE 1IFRAL 53 B, SfEHALRIEL T - =
SEDIE 5L o AL FRIEF AL DAQ . AR RE T E #
9%%@°ﬁ“’ﬁﬁ@rﬁ%g«ﬂ—@AQ74,&gg; B
BB BETRE G ROTRERE R R AL S o AN H K

000 IR et oK B (R AL R)Q" ek ndiih dienA Q" 0 @ AT K
B(AAZB)Q™ s det 311 F2 R fETRL SR KE R
BB TP E LR I AR R B AR QR e
FHAQ" A E @I KB AL E Q™ 4ot 3120

Q™ =Q"+AQ" (3.1-1)

Q™ =Q"-AQ" (3.1-2)

3.2 HEC-RAS imif & /nis &

~ 5 37 11 HEC-RAS #ic5¢ (River Analysis System):& {77 ip -k 327 &
HEFRMBI1 s ®-k=afe? w7 E-HEC-RAS ¥V 27—~ A% & &8
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TR P K E W E o FE o B E % 4 E 2 (Standard Step
Method) 4 f# it & = #25° » & B2 i 244 A1 & % 2 5 (Manning

Equation):* & -
HEC-RAS #st 2 44l Azt ¢ s Azt i £ 28 68 f2

PR REANEFEE SN AT

® i 4 = f2.;% (Continui
Q=AxV
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and T e . h
g __________
l bl
R Ly e
== (Energy Grade Line) | V7
k@g 2g
¥ i (Water Smface Line) [h-""‘"‘m
fik )
h (Flow) YI
B R
(Channel Bottom)
Z, Zl
£
(Datum)

m=La+c'2
g (3.2-3)

Ho > Likdip ) b T pksre 2 pege(m) o 4o 3.2-2 417 o

St e 1T G Y2 T B o
C i 4 e sk ic BIF 4 fhdic» dod 32-1 %57 o

R A P
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— I_LOBQI_EB + LCiQCH iLROBQROB
QLOB + QCH + QROB

(3.2-4)
for o bk 2 BT e ere B aEd .
Quoe (% 2 2 A 1 T pxied BF ehii B o
Low % 4 4 48 b T p5ETE B eEEAE o

Qow & 2 4 4 1 7 25455 B i B e
Lros (% % 2 BB T P2 EG I OREE o

B, J S = I
QROB I‘\“ S Jf’ )%__l’ * /gj—lyﬁ_m Fkll& m/n“—E_ o

A 1T 2SO]
X Right of Bank(ROB) X

Bl 3.2-2 7" F T AFYTG BREEZ TR

HEC-RAS #38 st 8 T 3oa £ 5 (S, B » 1 7 v 58 > 4o 7
2o
(1)= i’aﬁi%] -k & Biert *% £ (Average Conveyance)
S _ ( Ql + QZ jz
B 2
K, +K,

(2) & =T 323 *% ;= (Average Friction Slope)

(3.2-5)
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(4)# fo-T 24 7% 2 (Harmonic Mean Friction Slope)

_ 23f1 ’ sz
Csuvs, SR BREENNY (32-8)
% 3.2-1 kg wHok il
2P i &5 5
(Contraction) (Expansion)
L7 o 4F £ (No transition loss) 0.0 0.0
br-5 £ (Gradual transition) 0.1 0.3
% A5 AR BRET O
0.3 0.5
(Typical bridge section)
% % < (Abrupt transition) 0.6 0.8

® # ¥ > 4% ;% (Momentum Equation)

AR Ak > IR E 2 R R R GF g 2L TTRA R A
Tt im0 B H AR TRR T B I TR R R ROl 0 51 g iRk
RN 3 HEC-RAS ' g P R #E 3 BN B FFY o B
£ f28 Fd 24 % - i@ H ¥ 32 (Newton’s second law of motion) % v @ % »
% 5T AT

P, —P +W, —F; =QpAV,

PS4 T Ari A2 B
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Wi %2 X 3 b chym il £ 4 ;

F ll“ ot 'E_g/n i MT}% 4 gl @

N A .
Q ll“ = /HL'E_,

Pixdindls i,

AV i 2 3 g5

Bl 3.2-3 & = 425 77 & B
® & =& - 47 ;% (Manning’ s Equation)
P ARNE RN AR TR ERERY & o o RO R  T R R

CERETRE LTS AR e

........................................................................... (3.2-10)

ns & Bre4 % fic(Mannings roughness coefficient) » ¥ kg £ 4.2-1 4c
A
R4 k4 X2 (Hydraulic radius) » R=A(R% %o f)/P(CRY &)

S, & LD BHE 0 s =h (i R4 4 RE)/L (4 FEYE) -
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*RBEER NI BT E o ik METIRPIE CE

bR R E R R A MR a PRI o AR A it 2 R 5 BB
Ra 7w EFEN )I*wsbﬁ%i’* ARt D2 B > TE RGP o (i
RIAF B g S B A TR 2 G AR B e By AT
hif RIS 3N 0 e A S e e T Aed o U e s dp Pt ) ) e

R GRS R R N RORBIE TR FAR L TR
Ao oo T ZRBR KBS FALE A o X R ST Rk s bk T it
Ao R (L & 3.340)

% 3.3-1 TRk H

i £ (B :um)
X % 0.03-3.0um
b 0.03-0.4um
Ak 0.4-0.7um
iF i 7} 0.7-1.3um

¢ it 1.3-3.0um
# i o 3-5,8-14um
iig): 8 0.1-30cm
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AR RELFE - 5Ll & BRI EE S A 2 a8 T T (near
real-time)srferk B2 gl oo s 3 = 1 S BRG] ;B E - 0
S ,fiﬁp;z N ﬁig Ky F PRz R4 2 %J?’l’r % o W/‘I,}g/', Fh - 5
e SuFRIPE o L - BEEMRRE MG T 2
BHRFRHE AR B FES BLE P SEF T 14 Bl ¥ o5 i
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12 | 4810.7 | 3.2 | 3.4 |3.42|3.41|3.44|353|3.77| 4 |3.86|4.26|3.83|3.44|3.46
13 | 5263.0 | 2.2 |3.49|3.53|3.51|3.56|3.73|4.19 |4.63|4.39|5.05|4.32|3.55|3.59
14 | 5689.3 | 29 | 3.5 |3.54|3.52|3.58|3.77|4.25|4.73|4.46|5.19|4.39|3.57 | 3.61
15 | 61232 | 4.2 |4.43|4.45|4.44|4.45|451|4.61|4.87|4.66|5.32|4.65|4.46|4.47
16 | 6636.9 | 3.4 |4.56|4.58 |4.58|4.62|4.73|5.02|5.28|5.13|5.59|5.08| 4.6 |4.63
17 | 70103 | 4.2 | 4.61|4.64 |4.63|4.68|4.83|5.18| 5.5 |531|5.82|5.26|4.66 | 4.7
18 | 7437.8 | 3.9 | 4.63 |4.66|4.65| 4.7 |4.87]5.26|5.63 |5.41|5.99|5.35|4.69|4.73
19 | 7842.8 | 45 |4.63 | 4.68 |4.66 |4.72| 4.9 |533|575| 55 |6.15|5.43 |4.71|4.75
20 | 82899 | 4.2 (4.73|4.76 |4.75| 4.8 |497| 54 15.86{558| 6.3 |551|4.79|4.83
21 | 87245 | 5.2 |5.47]5.49|5.48| 5.5 [5.61|5.74 |5.94| 5.8 |6.44 |5.78|5.49 | 5.54
22 | 92279 | 4.6 |5.55]5.58|5.57(5.61(5.73|6.02|6.35|6.15|6.72|6.09| 5.6 |5.63
23 | 9748.1 | 4.4 |5.56|5.59 |557|562|5./6|6.11| 6.5 (6.26|6.92| 6.2 | 5.61|5.64
24 | 102434 | 4.9 |5.5/7| 5.6 |558|564|581| 6.2 |{6.65|6.38|7.17| 6.3 |5.62|5.66
25 | 10696.7 | 5.4 |5.74|5.76 | 5.7/5|5.77|5.86 | 6.27 {6.78 | 6.47 | 7.32|6.39 | 5.76 | 5.78
26 | 111545 | 54 |6.47|6.54 | 6.51 |6.82|16.96 | 6.98 | 7.26|7.08 | 7.58 | /.04 | 6.85 | 6.9
27 | 11633.8 | 6.2 |6.84|6.92|6.89|7.19|733|/7.72|8.15|7.91| 86 |7.85|7.19|7.22
28 | 120614 | 6.8 |7.07|7.12|7.09|7.26|7.41| /.83 |8.33|8.03|8.82|7.96|7.25|7.29
29 | 125515 | 7.6 |7.76 | 777 \7.77| 7.8 [7.83|7.9918.54| 8.2 |9.02|8.12|7.79|7.79
30 | 13258.8 | 7.7 |8.27 | 8.32 |8.29 | 8.37 | 8.6 [9.08 |9.47|9.21]9.799.15|8.35|8.42
31 | 13740.7 | 8.3 | 8.52|8.57[8.55|8.62 | 8.83 [ 9.32 | 9.93 | 9.53{10.43/9.44 | 8.61 | 8.66
32 | 142623 | 8.4 | 89 1893|892 |8.97| 9.1 |9.53|10.16| 9.75 |10.75| 9.65 | 8.96 | 8.99
33 | 14707.8 | 9.6 |9.86|9.889.87| 9.9 | 10 [10.31/10.64/10.43|11.03(10.38| 9.89 | 9.92
34 | 15166.0 | 9.0 [9.96 | 9.99 (9.98 |10.03| 10.2 {10.65[11.21]|10.86|11.77|10.78|10.01{10.06
35 | 15588.7 | 9.3 |9.96 | 10 [9.98 10.04{10.22/ 10.7|11.310.93(11.91|10.84/10.02|10.07
36 | 16138.7 | 10.4 |10.55/10.57|10.56{10.59(10.68/10.93|11.56/11.13(12.25/11.02|10.58|10.61
37 | 16734.1 |10.4 |10.85/10.89/10.87|10.93| 11.1 |11.59|12.16| 11.8 {12.83|11.72/10.91/10.96
38 | 17286.7 |10.6 |10.99(11.03|11.01|11.09/11.31(11.83|12.41|12.04/13.09|11.96|11.07(11.14
39 | 17816.4 |11.7 | 12.6 |12.66|12.64|12.76|12.95| 13.4 |13.72|13.53|14.08|13.47|12.72|12.83
40 | 18386.4 |11.0 |12.67|12.74|12.71|12.84| 13.1 |13.63|14.14/13.82| 14.7 (13.74| 12.8 | 12.9
41 | 18943.1 |11.0|12.67|12.74|12.71|12.84| 13.1 {13.64|14.18|13.84|14.75(13.76| 12.8 | 12.9
42 | 19391.3 |12.5|12.74/12.77|12.75|12.82| 13.1 {13.67|14.25|13.88|14.85| 13.8 |12.77| 12.9
43 |19892.7 |12.2 |13.17|13.21| 13.2 |13.25|13.39|13.87|14.55|14.15|15.14/14.03|13.25|13.27
44 | 20434.0 | 13.4 |13.68|13.71|13.69|13.73|13.94(14.45| 15 |14.69|15.53| 14.6 |13.72|13.75
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