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Abstract

This thesis aims to establish a numerical model calibration method for groundwater
flow near infiltration gallery, and apply this method to an in-situ case of infiltration gallery
in Lin-Bien River; in order to highlight the usage of the method had built.

The numerical model calibrating method established by this thesis includes
calculating groundwater balance near infiltration gallery, building numerical model and
formulating optimization model for parameter verification. First, by calculating system
groundwater balance, we will realize the ground surface boundary recharge, upstream
inflow quantity, downstream outflow quantity and water intake of infiltration gallery. The
method computes the quantity of recharge through every system boundary, the rate of
change of system water storage and calculates river and rainfall recharge by continuity
equation. Second, build a numerical model and its optimization model for parameter
verification; solve the best combination of soil parameter, depth/infiltration recharge of
river and rainfall infiltration proportion. Above-mentioned optimization model for
parameter verification will solve by iterative method with a more efficient trial and error
method, until objective function is minimum. On the other hand, delete the mesh to
simulate the space in the infiltration gallery, and conceptualize it into a form of open
channel, the right, left hand and bottom side are concrete material, and top side is decide
as different filter layer. Given head condition are set up in the concrete region to simulate
the gravity controlled condition, after the simulation is finished, summation the flux on
each node to get the infiltration gallery discharge.

This thesis was applied to the process to groundwater system near infiltration gallery
of Lin-Bien River. According to calculating system groundwater balance result, during

2010/01/01~2010/09/05, the total recharge is 41.9 million tons, river and rainfall
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infiltration recharge are 98.9% among them, upstream boundary recharge are 1.1% among
them. Total out flow is 41.3 million tons, downstream outflow are 35.6% among them,
water intake of infiltration gallery are 64.4% among them.

According to the result of calibrating groundwater flow model near infiltration
gallery of Lin-Bien River, during dry and rainy season in 2010/01/01~2010/09/05, RMSE
of observing well C are 0.17 m and 0.08m respectively, CE are 0.98 and 0.998 respectively,
CC are 0.99 and 0.999 respectively. RMSE of observing well D are 0.27 m and 0.14m
respectively, CE are 0.89 and 0.98 respectively, CC are 0.98 and 0.99 respectively. RMSE
of observing well E are 0.112 m and 0.114m respectively, CE are 0.98 and 0.99
respectively, CC are 0.98 and 0.996 respectively. RMSE of observing water intake of
infiltration gallery are 5,465(cmd) and 2,958(cmd) respectively, CE are 0.94 and 0.99
respectively, CC are 0.97 and 0.995 respectively. The total recharge is 4.28 million tons,
river and rainfall infiltration recharge are 99.2% among them, upstream boundary
recharge are 0.8% among them. Total out flow is 42.9 million tons, downstream outflow
are 41% among them, water intake of infiltration gallery are 59% among them.
Keywords: Lin-Bien river, Infiltration gallery, Horizontal pipe, Water balance,

Finite element method, Unsaturated soil, Steady state, Transient.
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3+ £ (2013)7 FEMWATER ¥ e & 451t 0 ¢ F s 2 L3 R > Seaped =

\\\

SIS TR S P S EF R R D N ATy k- e

HoRFERNE A R RADFEH RS R AR U BRI HY - BN

A
LRI # HRAE (BRORIE) ¢ g kR KR R KRR R
ke oag ’E;_' %TL ;¥ - iﬁ_gjlju %fp—;éﬁlfﬁ % ﬁ—%ﬁ%/%ﬁﬁt B8 }‘f\:jéé it i\“i% g

© (SRIZ) 2% k= 3 sk FR BB -

“~

-



2.4 < }fk?}&ﬁ.ﬁ&.%é—

Pandtsr 2 defod RS FH 2 e FRINREE R R EHRRSS 2
PIEGF NR R AT R 2 FR B RFIFIRE 2 E AR R T
ELRFEEREP BT L5y o H30 e fo-7 o TR R B 0SS hid

ZFARE e
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FoREERSNFE g2

FERDF2E AT BAoB 31 T 0 LB A G E K
B NG LT RE L R AN TSRS Tk LR ke s
oAl B = Be @SS % o B 2 IR R TR KSR A it i R H E kR
FEAR g E N Bk KR A R T » AR o 230G
BEWR 222 f RN R RS R e B R 2 - Sk BE

U e Sliclk 2 0k d 0 de W] 31 4T e

6]\/7&{‘11‘ TR ookl B a2 F59

v
| P REEATREE |

[ _=ver 1

v

|| smewaps | ]

Ckimz fokB#LT )

|| s msrwanws ||

CEEE TS TXEETS)

6]\' Reif MpiTe TR B 2 %}

Bl 3-1 B KRR b+ TR IR B N A R 2 AL
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3.1-k+ ¥ FiEs KR

de 11 9tk o BoRRRE - MIBRTLRF BN T Ak R AT 0 AoR] 32
AT 0 BB e 2 B ORRREE AT TR TR BN 2 W F AR A

FORLEC B > F LR AR kY B AR T LR TR A R 2

W g A TR R T R BN

& KR E
TR AR R
&K

Bl 32 L %P SN 2 PR HE TR R

[
[

3.1.1 07 B ff & FEs

— R R AR BORE Y R TREAD P AR Y 2 Tk h g
Bk AR TORBCE RS T A BT R L THHER L PR S B AR
BLip) 2K FALR R BRI E TR PR RR R ke B

12



B

PR R AR R Aw o BRI PR R A T BER R
L AAPM A FoR R P e 2 G i 4 O S ik B R b
PPERE RER R BEGRERE > 2 FEX RS RER P IREY

Bk pyz A E L SME M3 k4 B GHR MRS RRE 0~ BR

3.1.2 3 ToR kBl R rs

§}‘Lu+ it ¥icE ﬁ_;\ﬁ_ﬁ‘i%mﬁ’gﬁﬁ MERfrx 2L 455 L FEen

-
1=

—
®

HEZA G A7 @B RES B R iR @ F A 5 e FkE e don

ek

fea B 2R L @ AvREE o BEEEET 0 FAD B R S » FA GRS

)

RPFRIFD SRR L RPN LT PN TORERRY TR SRR

3.2 ¥ TR kBRI A 45

BoRRrig spiTd TR E M2 RTEA T ARERSZE Y F T ER D4

FAF - 62 BRAIERE TR AR E KRR IR L ER AR E
RN AT A - PR B T RIS TR A
g~ enfles o

*FE T %E Bear (1979)2 kT A 452 £ 10 R ARk ] 4] 3% 5% #7(2010)

FEZRRE AT AR IR AR TR S SRT A4 2 0 F AP E Bk

%ilﬂfﬁ\( \_ /§%§%/” )\ E ZL T/“’]"é%/” :l ‘E‘ ’#‘%‘%“?/EIJB’\%E%IJ(EKL‘E%IJ(E ’&%;

RrB@F AN TGP ELS »FE o TR ARG AN A(B1)N AT

LM~ MR A AR 3-3 for
13



ﬂ:QU —Qp +Qr — Qs

At (3-1)
. Yo ‘AV Sy L %
“P;\é ’V]—;‘%’](‘E‘, At —51\51!!_{);&[5& %'Lﬂ Qu ﬁh_/‘%é%?nl)‘ﬁy
Quia ™A E s QiéPhLwe »3E 5 Qs B kA k2 -
Qu Qy
A
Ur B
0r
Cay, C
D
E
' F
ﬁ
ﬂ33#~—r}\f,b7‘ 7};;‘12@3—1:5‘_“*m]; Mook A\f#ﬁ%rﬁfl

32,1 B-kE 2 B F

Pyt B (e 240k 0 1985)] A & B TR HEBRN T

N2z dl e A Ao B 3-4 7o o Tfe &R R

BkEF A7 40(3-2)5 ¢

14
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V(®)= Y nAh(t) (3-2)

F
i=A
PRV EFRREINGIHEALZE- FELAEB NG H M) 5 - R
B2 v ok B R o

KEVE) 1 T REABEFPN SRR ® 0 F 4330 A

AV V(t+At)-V (1)
At At

(3-3)

AV . ) ) -
t = AUPERE P Bk s V(t+AL) 5 t+AtB$2111—5,};§ o

X e,

‘-1—
Y

B 3-4 % KA E 7 L
302 R AR TR AR N A SRR
i E TR E S B g T kR B Ae(3-4) N T

Q =Ki(Bh) (3.4)
15



I QAR ERFZRE KRS BEGE I A RFL A HRIBRRR
AR R TR
Yol 3-3 f7F 0 E AR RB BOKRUE TR TR A R Az nd £

. _H,-H
HATHLKS BEREC AR CBEL kS PRI =—" 5 L ig R A

AC
2P R R TR R Ao B R AP 40(3-5) 7 HT T
H,—H
Qr =K, ( BAhA)A—C (3-9)
XAC

AP QR A IR Ky AR RS B GE h, S ERE A
Bz Aok R H, S EBIE A ok He SEBIY C 23 TR Xy
SHLRIY A C 2 pEHE .

P, v @5 A BAWAEQ 2 TR F i Qp A 44r(3-6)5% %
(B-7)s% #777

)HB_HC

QB = KB (BBhB X

(3-6)

BC

He —H

Qe =K (Bche ) == —F (3-7)

Trabz R F AR 32 A SRR RIER R R AN
B -

=5

323 At »BEH#G

#(3-3)7 ~ (35" ~(36) ~(B-T7)iE Bk g Bk E A AGBDN o TE

Pk Ee ~ %R 4o(3-8)5 AR
AV
Q=" " Qe +Q: Qe (3-8)

R Quaim ke 2B E Qg b R kR BRE
16



33 WiEH 22

Bear (1979)#& 3lif o = -2 3
v!ir'(3-9) PO

Vvd
Re = % (3_9)

FRPOReEFHEI L SR FA[MIL] IV S8 T ok ni [LIT] B
Ay 2 RIZAFE A0t F SR 10% 3 2 il [L] 5 4 5k 2 ehde 4 2R Gk
[M/LT] -

d AR ARG RS ©T(2010) T3 B B 5 T eV 6 &0 2.6(m/d) 5 1245
kAU E (2011) 22 AT g B KT R R R 2 dyg E 7 B~ 0.178(m); £ 2 B3 25°C pE
%) 997.08 (kg/m®) ; M z_ & %) 76.896 (kg/m-d) » #-12 F #74 fcim &~ (3-9)5% - K F
PR LT FEE 338 HERe<102 iR VY E T R EES
PRGN X PEFHE RS 2 cE 2 £ o 4o B 35 AT
HAFTFAGRE- T REREEOE 3 o e TR AR .

) 3-555‘}%;&*%%%51,1(5\]/#%%@

17



3.3.1 &F 5

K B ]S AR s Rl K B Ak B R

i%]\fm\gltﬁ.é}luil 2 PEL TV iEAR o
— ;E';#lj"& ﬁi;\

B B KRG TP R R LM TR TR T B AR TRk

S R St SRR IR il S B 1 NE RS R

ol

Bear(1979)2 44 » ¥ 1§ &¢fr-7 &rfrir ]S 21N 4o(3-10) 2 17

L(h) = Saa—h_v-[K-V(h+z)] (3-10)
S= pg(a9+ﬂ9j+j—§ (3-11)

58P o LS e~ 38 B 4~ 5 (Differential operator) 5 S & #&-k i #c(Storage coefficient)
[L/L) s pika g [MILC]: hamdkep[L] s tamm[T] K3 k4 @

g3k £ [LIT] 5 2 5 =80k

=

[L] 5 95 &4 st 2 [LIT?] > 5%
7.32x10°(m/d?) © @ 5 3 4§ 2 B 5 % #i(Medium compressibility) [LT?/M | :

B & k2 B &5 % dic(Water compressibility) [LTZ/M} ;0 & 2327 k& (Water
content) ; N & 3t M 5 (Effective porosity) °

(3-10) 5% e & ¥+ T -k Jk Xz 8 F 1% ¢ (Boundary condition) 2 4~ 45 i% i (Initial
condition) > ¥ G — B T oRn k SLenBicE £ 7 N 0 Rw o 3RS RN G - LA
M A AR 0 B R R R 0 R BB S KR o AR fE(3-10)5 BF o
AT ZEBEY HE £7 T2 £ 2 (Galerkin finite element methods):& i7 34z >

PR 3 "L & 2 (Finite difference methods) & 7 g -
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—~ Ahrdrd E2 R4 FE

_:IV
=9

Cﬂ
——A-\
QE»
mh—x’?
”ﬁf
>3
(‘rﬂ'
by
hd
-
el
5
=l
-
(w
.
et
IS
&
_a(
i)
J4=
et
v
e

KEFE D8 TokiG R A e o R R A BRI RE
gk B GRC§EF RS R0 R o(3-12) 50 4T
K(h) =K K, (3-12)

58P K G 3 osok 4@ 3 7% die(Effective hydraulic conductivity) 5 K, & 4p ¥ 18 % %
# (Relative conductivity) ; K, % & {4 3 2 -k 4 @& 3 % #)c(Saturated hydraulic
conductivity) °

BRFR(3-10) 7 P E 5 2R L0 R R TR Rl S 2 B0 d (3110 T Ao
SETFI M kB L e FP o B AT IR REERS kg2 b
P ;];«b R A A fod Y R g PREK B HES o

Mualem (1976)#& ¥ 1 4p 4t B E 28k K 2 2 3 5 kB 9B+ kEEh2 M % »

A ) he(3-13) 3 2 (3-15) 5% w7

K, = @{joe’h(lx)dx/j:h(lx)dx}z (3-13)

0-06
0= L -
56 (3-14)
PP 9 R M FRE S 6 5 A4 E -k E (Residual water content) 5 6, 3 4¢

fr % -k £ (Saturated water content) ; © % 4p ¥t 7 -k £ (Relative water content) °

o=| Lt (3-15)
]

rvdsasn 2ma A fic; h S BARER o
van Genuchten(1980):#~(3-13) ~ (3-14) % (3-15);Vi&E - H 4 » ¥ £ 7 5 - &

19



B2 )50 4o (3-16)58 ~ (3-17) 5% % (3-18) 5% #m o H ¢ (B-17)E 5 2 -k H4F o 4 (Soil-

water retention curve)

K, @5[1[1@)"1*}12
- (@) e (ap) ]}
1+ (ahl)' ]

2 (3-16)

0,-0 1
0=0+—2"% _m-1-=
r ek 3-17
[1+(afn])'] n (3-17)
1 1\™
46 _am(0.=0) gul1_gn (3-18)
dh 1-m

A2 0,0 ~azmz2 £FEF A4ed 3-1(Linetal 1979, Thoma et
al. 2014)#77 -

2 317 Pagald e 4 oRiRdE Y R

B £50 6, 0, a(m?) m
44 (Clay) 0.38 0.068 0.00008 1.09
# 4 (Loam) 0.43 0.078 0.00036 1.56

© 2 (Silt) 0.46 0.034 0.00106 1.37
# 4 (Sand) 0.43 0.045 0.00145 2.68
7% 7 (Gravel) 0.14 0.03 0.0028 151

= ArgpiE iR

bR RS 2N (3-10)N T 0 T M - R A RE k(T 52 KA A A

f# 0 FL o BN 2 A7 iR 1 o B A T 3 4e(3-19) 50 1T
h=h,(x,y,z) inR (3-19)

PP OR AT TR R N, B w2 Ak RER ) - T BRI D -

20



1 S RS E R R B B I T 1 A A B e
ERE R TR L AR R E AT £ D~ (346)R 2

A RSN R 0 3 T e KR AT L 2 Bk R BB et R R

[EIRAC T

%z kEg# B i (Dirichlet boundary conditions) » it %4% %_& g:(Node) t
% 2 4rehii R EE(Total head) » # * Aok 2 h fba iipin ~ 4 1 okt @

AILE R ARE BB E T N 4e(3-20)58 T
h= hd (Xb’ Yo Zb,t) on Bd (3_20)

e, (Xb'ybazb)ﬁi,%ﬂjﬁfg‘?\%hbii]—?@ﬁ%;t L mER hd

ETTRN

- o Ak
[L] 5 By 5 b ks & -

R RS TG R RV YO RER R e C R SN

B 4r(3-21) 5% #7

hy =hg + 24 (3-21)
—}5\4\:‘ ’ hRé#}*%%a;g\L—}&/a”'7k/;g;ZR:‘%‘#‘QL*%%;F%‘!;L%%EO

kN T R SRR 40(3-22)50 41T 0 BRIP A B 2 86 de

B 3-6 #7177 o

Q = AV = — R2/3SOJ/2 (3_22)

21



A=sy’ (3-23)

e (3-24)

P 2J1+5?

PR QAR LR S Ee MEAT D AL PRV AR L
ik S Ng B R BAER G¥c 2 RBoRRZ 47 Edcdk 3-2(F240R 0 1992)477 5 R A

KA EE I PARE S A ARRE o

22



% 32 % BHEA Bk

FE AN g =(ny+n +n,+n,+n,)m,
ki iE 2 Biw

4 0.02

b 1 . 0.025

KE +14 —— Ny 0.024

FB P T 0.028

e 0.00

Vite 0.005

R PIAE R ¥ n, 0.01

&3 P 0.02

P 0.00

5 & 1 e n, 0.005
il B 0.010~0.015

v s 0.00
. e 0.010~0.015
FReier WE & 0.020~0.030
Z 0.040~0.060
[ 0.005~0.010
i 4 i 0 0.010~0.025
E 3 % 4 0.025~0.050
1§ < 0.050~0.100

Vi'e 1.00

bl AR B MY my 1.15

Py 1.30

() dza @Rz
& oxad £ ¥ R % 2 (Flux boundary conditions) » &t #4% @~ % (Element):# %

2 e Friiid £ (Flux) > * 3t e o &7k~ 7% 1 /7 i &K (Bottom sediments) & /%
BIE AT AT DR AP TR R R A 2RI A2 R

BB 47 1 40(3-25) 1

—n-K-V(h+2)=0,(X, Yy 2,t) on B, (3-25)

)=

o (X Y Zy) PER R TRDZ 2 F ARt AEF NS LE SR

28 KEkd BERER h iR kg z 58429 5mB[L/T]
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Ln g R oo
(Z) ®dFRhixi

% 6> 1§ Bt 0% 2 (Variable boundary condition)2. " 6> | 2H4p "g F R @ £y &
- 2 BREPFESF AR R AR ST - FERAREE L AN T L

d *3—} F] 72 'J L;’x_})g}l,—-r L’ BF§}‘L|I+ % g L/n 13§}‘L|r+ =

Bokir o B R 2 ARy foo B4 CREEAREZ P E Pl A 2R 2

2.t € &2 - #-kiFA (Pondingdepth) » i b » X M enff R € 1 L iZhw
THESBE O FRFRATAAEN A - B RE RN EE R T ¢
NI ARG > T RBFRHGFRRER FAFR BT & 4(3-26)
P PF R T - SIS fOKIFER B P S BE2 R4 ORER S T - foRE

BRI € p Rk B 5 S TR N 4e(3-27)58 7o o 2 B H & Sl £ (Darcy

flux) [ >~ % > plasge r RASERER > 25 3 Bl4oB 3-7 47

—n-K-V(h+2) =0, (X, Y5, Z,,t) ON B, (3-26)

o

h=h (X, Y, 2,,t) on B, (3-27)

TR0 (XY ) A SR FRBD LI F ARt AFF NS EE NG
28 Kak4 BERER[L/IT] h 5B4 Rz 284 s »BwA

[L/T]; pnﬁx ﬁp /#)i BRn%f”ﬁﬁ

24



B 37 fHFR 27 0ie i~ 37 LW

j\ﬁﬂz":l:&—ﬁbijgﬂnixi'#;« ?F&izalﬁ)‘/%ﬁﬁi‘@i’ i’»ﬂ%—EPﬁEP\ =il
BRAERAAB2)N 0t Er 2 BB kT B RS FRFR O HLNIRES

2@ MR e

o

iy
W
Z

Ub it AR R RAE A S D R AP E P R

4ol 3-8 47 0 AHGIFES 2L TR, BREERI 2 TG, BF ) THEA T4 L

ek

AUERGZFPENBEALRE R 2 BFAR A F T L FRLe B R
AETEREY A LA S AP E R AP RS TR 38 L LR

EUEERANIR L PRSI FES A0 A DS VG2 AR T

2 PP KR Bk BEGETEATRRET AR o
PERBAC RGO P2 IR GFERLE TR FE FHLE FEF
IREBERFELL TR FE »BRAE R FTER NG TRFERE T L I FPERRE
M2 ERE RBR S TAEERFERLETEER N FRR o
PENZHABEEER 20 BFA IR ER I ARRI A B2 e 2 i
AEHF P EAAFER 2B L E e £ E AR > ¥ 2 Mass and Stiffness

Matrix € 374 e 3 % &8 > Bofs A |83 B $ g

o
~ /*

e

2,0 2z
e B B1E o

Ao e e BV Rz s tHh A A Ee AR

=)

IJ;L, _§ ’—%ré,y;_ié
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& it 4o(3-28) 4 #7 (Yeh » 1979) :

V=—K~( y (VN,)h +Vz] (3-28)

Bl 3-84 4414 2 P B2t w2 7 A B

B Bk ELERER LA

<

2 b AR kA BRRENRT 0 AT MR KRE R 5 - B8R
S N E R R = S TR S

TR W - Ot R RRE 2 2 B0 O AAcB 3-9 Ao Bk

e

RR g 3R 2 Ti%_,"lﬁ“l",f‘%ﬂé’}%fﬁ% BB R RRIE YRR 2 ;.;—/%.PIIJK$ s X8 F 3T

5.(Renumber)#7F & 82 A% > T & BoRRRiE O B ot A2 RRPERE R
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R4l 3-92 Ak TREIFREAS B ENEKARELFETRE FEIFR o
FEPMEFLET IR o 4wB 39 A2 TC,RE > Z4A 52 Re 2 d 3
RS HE 24 3 L35 (Isotropy) ok 4 B E i - &) B9 0.03(2 % /P )
BI2ER T HETR TR R LA AR NP AR LT A
B399 4fd 2 TLy % demgmf 2o k) BERgaLF |30

A

& KB
R

Pl
g

Im

S
Feh S
e

o

Lz

& KRR 8
A
B 3-9 -kAuges = s &
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d B RRE BoR R AT DR R AR P RER b TR A Bk R AR
AREAHmE S K AFT AR 397 TC, RBRAIMTAF2LPMINER G2
TR R FE LT R ORREEL 0 doB] 3-10 FTT 0 dopt 0 B TR ;ﬁ“g;

A AN Bk o B AHF KA B

B 3-10 & kR B R iF 2P A 17 &R

Bk R RN T F (TR =0) 0 ¥ d 4% 13 425 (Bernoulli equation)
@8 5k E 4o(3-20) 58 #

h:hT(Xb’yb7Zb):ZT (Xb’yb’zb) on Bg, (3-29)
PR (XY Z) EA Y DB AR h Bk ARE I AkEE R B
K Rrig TR ¥Rz R 4 -k Eg (Pressure head) 5 z; 5 B -k Rrig 7B IR 2 i+ ¥ -k £ (Elevation
head) ; By & B -k Ruif v R o

B B R R N kR R iR Y L BKIRAE R 0 BB KRR R IR ALK BF 4o
(3-30)3 #77 :

h=hg (X, ¥y 2, t) = Dg () + 25 (X,, ¥, Z,) ON Bgg (3-30)
PP (X Y Z) R b B At SR hy 5Bk AR oK

55 Dy b kA ATURIE 2 5 Bk R B RS Bop b Bk AUE A
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IER o

Bk RICRIFERED B Rt N A - A RiF Bt iEE T d i
B Bk B ~B2) » P RfEE - kiE s X E R R E o dopt kR
B Flyear o %kiFETE Dy

BEHERR NS KRR R CPRIER P SRR R E A T

BBk R 2 Bk R -
332 FEH

BEN 2 EE A LN U F R EF TS DAy G VL L 2T

PR I8 gt 2 GRS 2SN 2 KB 2 300 0 A e
— AR R R

3 A F e A & 5 % 4% (Variational approach) 2 1 £ 2 £ % (Weighted
residual approach)® #& » # ¥ 4 2 g2 R cH b ande B S Bt e T3 AR
AR AR ERRY AR A A1 AR EEALE S REL Sk
(Weighting function)iE B~ 2 en7 e & S #cfi > AF7 7 T B9 chE {4
% (hE F 5 2015) -

Y G A A R T KRR AT RS A B £ T <4 (Element)
% & 8h(Node) 2+ 2 2.4 (Mesh) » & 2 % B ~ % 2 & 8Ldp T § i MEFE
H3HE o Lin(1997)#%-= Mz~ %2558 2 5 = 5 %8 (Hexahedron)~ 7 & %8 (Prism or
Wedge) % = & %8 (Tetrahedron); & B3 SLR L EREEE-2 d T @ 2 R Rldp o 4o

B 3-11 “5% o
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q £
A‘r—Z3 2

> R AC S X )

/

g i g2

Bl 3-11 a7y ch~% 2 8 & B 52 4p TS
Bk & ok k sk EE B h(X,y,z,t) 2 3% & fie(Trial function) ﬁ(x,y,z,t)? %

PABEP A - & Eoksg & h () 22 A & S50 dic(Basis function) N, (x,y,z)
e g, 4e(3-31) 7 A

n

h(x,y,z,t)~ ﬁ(x, y.z.t)=> h(t)N,(x,y,2)  (3-31)

i=1
SR N RSP 2B

#(3-31)F &~ (3-10) 7 7 8 H Aac s 4e(3-32) 4
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L(h)=z%0 (3-32)

+ 3¢ s & 5 A& A (Residual) -

B helFAEMALE LT 'L 29 0 ST ERARZZ B EY G

F_&

iﬁéﬁ ﬁé‘\a‘mﬁkw,m,g@i f%/ﬂ\ff'iéﬁ
jWL( )dR 0i=12,. 333)

PREE W B ARASHEN  TEER £ A A

#-(3-10) 5% * > (3-33) 5% I 1 * # 4k 2 IZ (Green’stheorem) B F > # & :

Zn:MNiSdeR}%+JZn;M(VNi)-K-(VNj)dR h,

j=1

(3-34)
=—[(VN,)-K-(Vz)dR+ [n-K-V(h+2)N,dB,i=12,..,n

FAYRE - A F ke E EhY(X Yy, z,t) 2 33 8 (Trial function)¥ % 3 (3-35)

h*(x,y,z,t)~ h’ (x,y,2,t)= Zhje (N (x,y,2)  (3-35)

PP NT() R A A EB KT 0t AR F AR NP (XY.2)
FEAZB A B F 0 B3 i 2 (Continuity) 2 = £ 1% (Completeness) » ¥ &
AR E - A Ez H S frit s B o & (Assemble) S - N A BB R_& B a0

e = 42 5% (Global matrix function) » T+ #+3-34):% % 5 73 ~ & Bfr2 354

T
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j=1\ Rre

Z(j N°SN edR]

I']

+ [J (VN)-K®-(UN, )dR}h

i i= =0 (3-36)
T (VNS)-KE - (V2)dR
e
~[n-K*.v(h+2)NdB=Q",i=12,..,n
-
AP o MEEERY 2 AENE B3) AT TETAE- A E 2 HmaEE o
¥ £ 40(3-37)50
n dh®
N,*SN °dR |—]
£ oy
3 VN) K- (VN ¢)dR |h ¢
5 [(oncpct (e

PR QBT

AFTEY A FERE BER D 50

+[(VN#)-K*-(Vz)dR

~[n-KeV(h+2NdB=Q",i=12,..n
Be

~Z2e2 BRI E

G BERA P iR

XY - a i A F 2 AR IEN (XY, 2) #H i E-n-¢ Bt

7 oo Ao 312 A 0 A

32
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(1-&-m)(1+<) | £(1+S) | n(1+S)

#-(3-37)5% B =L A5 F 1F(3-38) 50 -

M k)=o) (2] e99

: dh°® e v o x W ke _ . dh _
tate { }1‘?{*1 ISR, B 7kga%@%ﬁzafr@4 k&
hz e g ; [Me] % 7 % k¢ k4B (Element capacitance matrix) ; [Ke] E Ak

«& ' (Element conductance matrix) ; {G°} £ 7 22 £ 4 » &5 (B} s 22 4 f R

A R FEE > T @ P RAAETE S 258 4o(3-39) 50

%_{‘;
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MG+ KT - (F) 59

dh

AP, I
dt

v 4 sk . dh by
+ 3 }‘f‘“{h}%i‘«ﬁ”ﬁ!—?é’«liﬁ“"Fﬁ%ﬁ%ﬂtafrﬁ4’kﬁﬁhiﬁvi;
[M] % ‘& 48 t% -k 42+ (Global capacitance matrix) ; [K] % ‘& 48 @ @& 4+ (Global

conductance matrix) ; {F} % §% & » £ (Load vector) °

S VLA R PR R DERAT

. e fdnl ) .,
(3-39)5% 5 2§ /x4 fkggrﬁa*%&@ﬁ{a}i FHOA S AR 4R LA

dh
2B TR B 2 3 J Hiof 4 32 1E 232 (Istok, 1989) 0 7 ::zu{ ™ } 2T 4o(3-40)5¢ ¢

{ﬁ} _ {h}g _{h}t _ {h}t+At _{h}t (3-40)
. t

dt At

P SR tE At R - Y o

£—
At

, t , . , .
¥4 o= » EpElz R ke B {0, T s B e(3-41) 5

{h}, = (L-o){h}, +oih} (3-41)
P2 1€ e 7T 45T 4e(3-42)50 ¢
{F}. =(1-o){F} +of{F}_, (3-42)

8¢ o w5 36 F] S (Interpolation factor) » 2 7 &% w=1 > T L &
(Backward difference method) ; & 5 tE&2rt+ Atz FF % - 3l

#(3-40) 3 ~ (3-41) 5 2 (3-42) 5 & » (3-39) % T T AE N i L (3-43) 7

([M]+at[K]){h},, , =[M]{h} +At{F} , (3-43)
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N

[C(h)]=[M]+at[K] (3-44)
{A}=[M]{h}, +at{F] (3-45)
Botsare sk R R e o~ A} TF 8 B f 5 A2t deT 5 (3-46) ¢

[C(h)J{h}={A} (3-46)

ETTRN

dxe s [C(h)] s e airgems s {h} 5 Ko £ 5 {A)
=~ aEEfetz Kz

(3-46)5% 2 4B 25t o 2 H ¢ 2 [C(h)] A R4 kefh2 Sl g - 2
MAE 2 e 0 Rt bR S 4750 AT T Y Picard 3 N iE > A K4
e Ji Lﬁ_{h(’}t R Or (3-44)58 5 18 (3-46)38 1t B T RFRZ A AR 5 4o(3-47) 58

T .

|:C (h h ):|t+m {h k }t+At - [M ]t+At {h}t +At { F }Hm (3-47)

FP kRt ke
AFT g H* E R R (Pointwise iteration)z. = 2 KR (3-47):% A 2 2 MRS R
fotdppalnt) e (N LmAATRLERN RRLEA; FR

+At
Lo plslr - £5 thdico (Relaxation factor) 17 ¥ #7enipl i (W} 4e(3-48)
RO 0 HATERRR] B 8 ¥ (3-4T)E 3 fCRr 0 TR R ARAUMAE S dE s B A2 Bk

ﬁ;’ {h}t+AI °
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{hku }I+At - a){hk }HAt + (1 B a)) {hkil }HAt (3_48)

FRUELF AT AR WL REA AR 8 LA E R T RES
B Fig i enfz > 2w % 3 R o (2 (Anisotropy) ~ £ 1% (Heterogeneity) ik & 0 7 X
MG R PP E I T AR FD P RARF L FREZ AR R R SRR H

SR ZHRAEE B R R B EL PR -

3.33 i A2 Nkt

Yeh(1987)% & 21 ¢ % 71 HgEs T -k ch SDFEMWATER 2 fk i3 127 4 4
@ 3% 677 BDLEWASTE 2 3 T -k jit #fc i3 FEMWATER » # #7412 425 4o(3-49) 3¢

S

ﬁS@—V .(Vh+£V2j +'0—W (3-49)
po Ot Po Po
3% > S % RE-k ik dic(Storage coefficient); P 53 A kR 5 OPFFZ B AR
Por AP ERLZOFLZRMBAR p A SR N2 2MB R W 5 PRt
Ja(Point source) & 2k % (Point sink) o
FAYRFAPEREFIZRHBPARE AR LY 2 B 07 #(3-49)
RN N <SR o 1 Il Al < B 10) IR S A I S ol ¥l A
FEMWATER #7417 #2582 4561 » F]pt A8 7 2 £+ FEMWATER #ciE 155" 2 42
BBIEA Ay BN 2 AN B TR GMS 1T 5 o fad@ & 18 B 2 ARF 14T 5o
Foobo kR gt MATLAB 4233 3 1A 2 FEMWATER 2 8 » 4 & e i2

FEMWTAER uﬁ] Dk MR TECE RO 2 Sl Te
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3.4 ¥t TR EHNE 2

BEERNEE RN AN 2

\\\Xr

Bt Lo G S - Rk
(Decision variable) ~ 5] 1z g TR A ok RREE B R R 5 K A % #i(State variable)
#-S Bt T2 W 4% 2 5% 1 (Formulation) » B = — &% 53¢ (Optimization model)2. =
Vo HY uBEEREE R P EZ LT S {ob] 5 P 30 #c(Objective function) 5 &

gi,;-l » B £ I g FIRAR 5 BE 050 2 P340 74 (Constraints)

340 SR LBERS 24N

- BRENEERESFS FARSE P RS Z R 2D A
MoK ORRAE AT T ORI 2 g~ Sl R g Bl st o B S RS
24 R AR T

— > R

AP 2 5B T RERSE TS RN E sk BEGRBE BN
2 RREE Gl 22 A il TR B ARETHE B kR 2 B
56 R VAR VE R N B B o A W4T L
(-) k4 @ik

ARG B PR A Y 2B TR kT ol d 2 B0 k4 B G

T 40(3-50) 5 “ o

K XX Xy XZ K XX ' 0 O
K=|K, K, K,|=| 0 K, 0 |(350)
K., K, K 0 0 K,

Xz yz z 7z

YK K 2 K au i X YRz e k4 @G K~ K 2

Xz
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KoRIA B AXY ~ X22 Y23 p2 k4 @t K~ K "2 K, 'Aw 5 g s
A e e X~ Y2 23 w2 ok d B G-
kA BEGEREE TS TR EHAESR AL B EE gt )3

*
SRR PR ET RN L SR T I FER TR T T SR

2 B Rl K2 Ko g i 0 TR e BB kI BF2 8 R 85K,
22 K, P 23 e THFGER 0 B 5 BoRARE Az B K, 4k

Bl G KRR -k EARL » B Bl TARER EARM /P Rk K 2 R4 B E G ach

RELE o 2o M L EREKd KA BIPRVRAY 28R EEA
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=
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e
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Il
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9
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g
=¥
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Pl ~ B oK RRig R £

24 Bk B AR H A T2 B TR RN e

A

Foeg o e - k2 K

N

SR GRS R L DR i R SR R
(=) 48 4 2 R e

d 332 2 FYEAATT 0 Bk BESARL o BRI S TR LR R

, oy L de
BFGLF 2P kRS 2 A7 3 B @R T o N0 R s
I b fr 2B AEA L k2 REAKST R LE > HE
5.89x107% (m-day’/kg) » g1 2 B 4 F2 Rl (T LR R EGE TA K

A B R E RGO R R BERR TR AR 2R o
EOEE-ALEE EREISTE- LI FS S

o33 il A Arfrd M2 ORI R SHS T AT BEAZ M ez ok E
O, 112 4R KRB0, EFTE S B oo A Aok ¢ 2ok BEGEK 2 G

KBES gL R R AR BRI A
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L34 2 kR R 2 B kRE B kB L 0 £

P Sz B
o1 & = o
AR R BTk gk g jﬁ.—%ﬁ,,v%
B NEPE R
/F‘H‘M’;ﬁ)@} E L Tl
kA Bl | PR Tl T -
%7}{ﬁ&3§ » T F L _|1' LL 3
iﬁﬁ?@ﬁﬁ& : - —
’gg’ﬁﬂ L’J\ “F‘J—i”m oL i -
2l > v 0 -
e | ke | e
'/T"f;j)\}?»?ﬁg‘}i hat T Yy
R A 2 . _

MY SR CRERG L P RS BGR A R R EERG EOR E2 FE
TA3fesidb ] d e T RPEBREERREZE TR &G /»\wjfuﬁlim
BenT 3, i g ¥k i (Dimensionless) © & 4 |3k b - 4o 4 515 (Weighting

factor) » 4-(3-51);% #rF

SR i i N - S O
j=1] i=1 hjobs Qobs

BT A AR h SRR SRR I PR gk i h T 5
PSS ) J 2 B ORI b T ok Q% B Bk RUE 2 B ok £ LRl

B QM A HANERL Bk kR a i HERE AN 0B 1T A

PAE S B 2 TR L R B E AR > AT Bg=05> T KHEEP- 7 o

SR LT T SRR UED SR Y 1 SRR T
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R ERPR . f ek Bl 32 o ddics 2 LR g i

THEERM G RORFFTIBE P K FE AN BB IE FE R BB A e

() 73 B Bl R
PR ST 2 G RN, T 9 R FRE46) T B3] 4o 313 2 7 L

AR 0 R AR AraE 2 2 BelE B S U - e

BRIz —

(f%%{) - BEIE -Q Eﬁgﬁ

Bl 3-13 35 50 b 2 "L 7 £ B
PRS2 BokAGE Bk B QMR ML w A AR S
Br2# e fFred»E LR > T2 Mass and Stiffness Matrix £ #74 fie 1 & &
B B S B F o gt R B AR G st - o

Podd e BV RZL BN R A E AN FRAFER LS 2

et

#F i 40(3-52) 5% #7o7 (Yeh 0 1979) ¢

i=1

V=-K -Li(VNi)hf‘m + VZJ (3-52)

() k4 B GK

-drm 0 K, % Kyyp K,o22Z2 B cm @ths®fd> ez k4 B G oy

T4 IR - TS TR 0 4o(3-53)5 T
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Kmin < K = Kmax (3'53)
PR KRk BEGE[L/IT] K 28 a k4 B GET
KE"\[L/T]’ Kmax7"5‘*33-")(i i%'i7](¥ @%-f,/‘f@:_* Kl"'\[L/T]OW e 4 iggj;fj(ﬂi f@%:.ffaﬁj:

4 52 B &3 FleM 3-14 (Bear » 1979)475 -

K{(m/s) 1 107! 102 10° 10 107 10°6 107 10°® 10° 10710 1071 1012 1077
BE el if Fiis Bk ik
KRB 1 x &
By ¥ ‘ SR B R TG HrbaE) R~ HE L
BER
R kg TAE - x

HMY e LRSS FEE - AR E

BRE B
2z P sy T
N - o o SET e

B 3147 232 k4 B GRS B2 H LR
(2) 2 AT R e

Fisher (2008)#-% f8 2 3 /1 F2 B 4g thfica L g 74 d 35 #17 » & »

(3-11) 7 {8 -k R ¥ S o
£ 35 LAl RN REF AR i

., e 3 1.34x107° ~1.34 %107
o ch\ %E e ¥l 1.34x107Y ~1.34x107"
@ (m-day’/kg) #T 1.34%x10%® ~1.34x10%

d 4 35 VAl AT RGHEaFIIREFBHL ARG 3 FOELER
7 4 77 4(3-55) 5% o
X Sago{ma\x (3'54)

SR e ERA AT LRGAE[LTIIM] S a, s B RAFLR
AT ULTHIM] S @ 5 BRI B4 2 Rigtites LT IM] -
() *4pfrk 2o 2 K B35 8 S S Hc

- Hd g o ey kR 6,2 BEAIHF N H 44 i deFl 3-15(Bear > 1979)

SEon 0 T OB S ] 3N 4e(3-54) 0
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O, =n (3-55)
60%
LHFE— — —
50% | T~ T~ AR — - — - —
h N T~ 2o
40%
30%
20%
10%
0% -
107 1072 107! 1 10! 10
fidnis ok w #T #4975
4 3E R 4% (mm)

Bl 3-15 £ #p Al 2 2 I M F 44 &

SERAT BT RRG FRAITRERAEL A E AL 2T 40(3-56)5

Z, <h,?"<Z, (3-56)

2.

L N ) SIS LS ST [N

)
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B 3-16 T i B 2 B XK E T E 5N T AW

(=)@ "ok
W] 48 ¢ LA A AR A r (B22)AT RE LA e ok mh L TR
4P §E B 4o(35T) 5 A
0<h, <h,,., (3-57)
s s h s e kL] e
(=) P ~ B R

BB FIN 2 Tk g B AP BAAR R TR K

B
o
0

FREPERERZ G R A TR 5 Oy = Qrna /A B 2P LFI 0 F

s
=

42(3-58) 3¢ :

0 Gs < Gp (3-58)
PR QbR P B LHA[LIT]
(N) A B2 B

A SRS (199227 0 BRG - B B2 A ko RIS AT
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T- 2RSS AT 40(3-59) 58 Hin

I, =i(P-0.7E) (3-59)
P a2 rBEAR[LIT] i E%a » B 6] Pia Bakirpli@2

A A[L/IT]  ESf g her@ple oA [L/T] -

342 $¥ci TBE S R

AP ERAE SR T RER L RfEF NI AT MR TR

Bl R WO AR 2 35 B i e S
— ]‘\ﬂﬂs e

FRFREFNLE G FUAARRENELRGE P EEE REDRER
%1% (Dynamic programming > DP) ~ #5423 B 4 F 32 84 ff3 5 iR fz onid
# 7 & ;= (Genetic algorithm > GA) ~ W FH R+ s 2 L irgp ¥ B H TR I
hE T PER N PIOF 7B SR fF R 5T 0 2 (Simulated annealing © SA) 2 %

& %tz e g R AT AR g (Trial and error) o 20 & #7 i 5% 2 4 ~

=

Bh i aagies 2 REHU TR PRSP EAIRRER D F D A3 2R

\\\Xr

oo LR o AR E Y R kT RR

i LR Sk R E RN AR 31T AR A S AR F -
PEELE R Sk 4 BE G 2 A feded 3 )~ BRI HITE TR
GEART gAY AR R R kA BB R R PAES  THER G
KERT 3L E " & ~ 2 v B) R g 2 B oRRRGE T TR AR R BB S
FoORERMSEAFIRA T L RG Ao R A B AEFT L

LR g 2 KRR TR TR RS o W2 PEELE R B AR AT
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BB R RS LR T A IREA 1 R T R SR T
PR RSB R R AR R TR L B 2 B L S P

BERS S 2 HALR -
ZRELEEHE

B - BRSNS R L E AR F 6 R R R E R B 4

F_*

oy adar s 353 3% 4 (Root mean square error, RMSE) ~ 4p R % #ic
(Correlation coefficient, CC) 14 2 »x 5 i% #c(Coefficeint of efficiency, CE) & ¥ & -

PRS2 BRR o BRL 2 AT RRA WA BT
(-) = RFEL

PR R L R IR A TS OERRAR AR EF B LT AR
HF > FT3RAEL O FETNRERFOFLESNY FRET IR AL(RE

3 93 A 2000) 0 B 2 R 4r(3-60) 3 Fr A

RMSE = \/ﬁi(q -s) (3-60)

t=1

F34¢ o RMSE 23273 49384 5 N S Fla a8 O St miplie 5 S 5 tpr
B2 dife (o
(=) ApBE T2 dc

d(3-6L)s T A dAM GBcE * AT BB F 2 AR 0 BB 412
12 B &vd p Rl B de e @R 2 Ap R 1 > AP B Chlic @ 43T 1 RIS 4 05

RRELg R o AL AR TG B LR AR L A -
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CC= \/it(;t _§)2 \/i<0t _6)2 (3-61)

F5P o CCLAPM thlic; O RBIEZ T340 S Ll B2 T
(=) »cF thdk

4 (3-62):8 ¥ Av o F ok iz B4 4RT 1 PF o 0 S IR B2 2 R0
BR 2 B RGO WA HHROHAER 3 0 & AE L G FHE B2 F
AAPKBREZ REELTPH -

CE=1-° (3-62)

VP CE G2 o
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N 42 14
AR | K | REERE
% | (m/d) | (m/d) a o | 6 a m
(m-d/kg) ¥
Al 42 | 126 0 0.14 0.14 | 0.045 | 0.0028 | 1.51
B | 30.5 | 10.15 0 0.14 0.14 | 0.045 | 0.0028 | 1.51
C| 88 | 264 0 0.14 % [0.14 | 0,045 | 0.0028 | 1.51
D| 64 | 1.92 0 0.14 % [0.14 | 0.045 ] 0.0028 | 1.51
E | 21.2 | 6.36 0 0.14 0.14 | 0.045 | 0.0028 | 1.51
F| 212 | 6.36 0 0.14 0.14 | 0.045 | 0.0028 | 1.51
L1 ARG R HcHh U A A B2 2 M A
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R 5
e | K| Ko | FIRE s o
(mid) | (/) | (g | e 0| 0 a | m
)
A 42 | 126 | 10 0.14 0.14 | 0.045 | 0.0028 | 1.51
B 305 |10.15| 10 0.14 0.14 | 0.045 | 0.0028 | 1.51
C 90.0 | 30.0 | 107 0.14 | @ |0.14|0.045 | 0.0028 | 1.51
D 300 | 100 | 10 014 | % |0.14|0.045 | 0.0028 | 1.51
E 1350 | 27.0 | 10 0.14 0.14 | 0.045 | 0.0028 | 1.51
F 1350 | 27.0 | 10 0.14 0.14 | 0.045 | 0.0028 | 1.51
|, %] 100 | 043 | 10 0.43 0.43 | 0.045 | 0.145 | 2.68
i A 240 | 043 | 107 0.43 0.43 | 0.045 | 0.145 | 2.68
_’f o %[ 120 [oa3 | 10 0.43 0.43 | 0.045 | 0.145 | 2.68
§ | | %] 300 043 10 | 043 ,, | 043]0.045| 0145 | 268
2 lo %] 30 [o043 ] a0 043 | |043|0.045| 0.145 | 2.68
17 a | 120 | 043 | 107 0.43 0.43 | 0.045 | 0.145 | 2.68
g |%| 60 | 60 | 10 0.43 0.43 | 0.045 | 0.145 | 2.68
T |al| 250 | 250 | 10 0.43 0.43 | 0.045 | 0.145 | 2.68
w4 | 003 | 003 i 038 | - |0.38| 0.03 | 0.008 | 1.09
S RS TR
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47,865(%F/ P )% 48552(%/P); * EH I E KB U EPIE KB 2 TE A B 4
184,369(7f/ P )% 186,598(%f/P ) % ¥ & £ £ A w5 RMSE A %] 4 15,827(+f/
)% 8971(#/p)~CE~ %3 0.83% 072~ CC 4 %5 096 % 0.85 > %% F3%4
fat o Huw b vt 2 A R o B 4-43 7 AT Rl L BT 4 S fFas
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BRI WmTioe RMSE cc | cE
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BElZ D | % 115.43(m) 115.64(m) 0.27(m) | 0.93 | 0.67
BTk | @ 117.32(m) 117.35(m) 0.14(m) | 0.94 | 0.87
P ERAE 101.35(m) 101.60(m) 0.33(m) | 0.97 | 0.83
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