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Abstract

Numerical model simulation technique has become a powerful tool
for analyzing groundwater problems. Although several numerical
methods, such as the finite difference method (FDM), the finite element
method (FEM) and the finite:volume method (FVM), are widely used
for numerical model development the. EDM has the advantage of easy
implementation and high‘computation efficiency. However, because the
FDM requires a rectangular grid, “solving problems with irregular
boundary is difficult, thus limiting its practical application. Unlike the
FDM, grid shape of the FEM is flexible and easily applies to solve
problems with irregular boundary. However, the FEM is more
complicated and computationally less efficient than the FDM. Easy
implementation and computational efficiency for the FVM lies between
the FDM and FEM. The FVM advantage is its guaranteed solution to
satisfy conservation conditions. Regarding the previous discussion, this
research proposes a novel numerical method, easy to implement, with
high computational efficiency and a flexible grid shape for high
practical application.

The current study adopts the grid for the proposed groundwater

numerical mode that applies the VVoronoi diagram and the Computation



geometry algorithm library (CGAL) to generate the VVoronoi grid in the
model. For each Voronoi cell (grid), the mass conservation of water and
other relevant physical laws form the relationship between a cell and its
neighboring cells. The proposed model applies iteration methods for
computing solutions cell by cell. Using the proposed model to verify
model capability solves several hypothesis problems. Solving problems
with point source demonstrates that applying the irregular VVoronoi grid
uses only one tenth of that using the rectangular grid for similar solution

accuracy.
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SEEFEET Y SR SRR E T IR S
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3.2.2 & AR\ Hpag i

B 3.22-1 ittt B C-E~-W-N&ZSkiz-5 58, 7
PR CERLACHEARZEEY Bo T R R LBk
Tt e 328 ¢ %2 2 3N E a2 A0 S Aede (Y 3.2-1a
%1 3.2-1b) » GRS WS EERE 2 i 0 R F R
AR A ARERFRF 2B RS E S IR AR EPFR L TARRE
(43¢ 3.2.2-1 #7751 ) o F - M Bff A 2 ARV IR (7 YA 5 T RS
322-1:%xH 53743222 F5 -3V UITS L EREL c+ A B
B Biflhidca » K7D F2 1 E - Fa B3 1o BIR LR 227
%) r 2 Fed) 0 7r 5 @ 22 &g o 2 (explicit method) 5 & o 300 7Y
N 2L PR c+Ac 2 Pt L B sz % > 2 (fully implicit
method) -

T+ATaS T+AT
[Beq-f [ZQQ,CWC] .......................................... (3:2.2-1)

jea

Sé+Ar _ Sé —
Nurm, i N, S (3.2.2-2)
O{ZQQ/C +QC] +(1_a{ZQCj/c +ch At
Jea jea

708223 L d 2530 (3¢ 3.2-2)2 BTl 0 kA B R iR IR

SF AR A LT B ET SR CE SR E L Sk
FRA B AR, H S R R AP Bho k4 BE GEINL P
FEELFRGS - G AFEARG SN 3 BT
(5% 3.2.2-4a) ~ & i T 35(5% 3.2.2-4b) 27 A oL $5(3.2.2-40) % » H ¢ §
Fox vV AL ER FAIEZ BB NEd 2N Y gk BEGE(K)S
 FRx T L okS BEGHE(K) B RS BE RS ER D
oo (Fzt g o Vb PRV IEL Y BilicEde 2 AH



RTEE RS w2 B, BH PR R REITSE Y BREE o

Qcerc = Py ,CEVdarcy,CE Areace Neg ¢

he —Ne 3.2.2-3
Vdarcy,CE = _KCE CL = ( )
CE
Xep = 2C ;XE ........................................................................ (3.2.2-4a)
Xog = A/ XCKE +reereeseermersensenseasessesseaseassesessestesbesbeaseese e e e e e e nas (3.2.2-4b)
2
ey e LT T TSRS (3.2.2-4c)

FrAld s CELFARM R G KN R (pro) » ETinid
(Vguroyce) © 7 A5 ik (Areage )27 =% v (il Neg o) 5P ff o itk & i
E A B I UGEBEAGECELDL > HPY N, &3 w ik
%ﬁ%ﬁ’ﬂwiﬁuﬁ?ﬁiﬁmﬂaw” %W% L
fo e AL R L CE R R E LY

S
AR B2 % B#(Ng,)” clE Al B 5 AR R e A C 2

S

Bl 3.2.2-1 %7 LB

3.2.3 i g gk
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2 R4 CREEPISE R I E 2 S A0S AN 2 Bk L3 T KR o
Bl 3.2.3-1 2 p 2 R T OARR o ek TORVERAEY o B4 RE
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LR d A N BN 3 R RS AR T A R
FTRAdedE0F 8L AL A AR A CRER T S A B 2

AN E Y o S RS RS EAP A E B2 B R - B
L

=
NFARRE 0 BB AN o LA e R T AR BRI

R E e F A RS R A A REOTHE A S L EELez - Ik
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M AR AL BS

BAF 8RB (1] 2 An 649 F A
P n=0

StHTFERE
e(P™)

£ TR EMNSA
,__0¢ -
oP™

< RBTHARMRE > puh — pt o

= P(”),n:n+1

M 3% AL 8L

B 3.2.3-1 P 2% AR

3.2.4 ¢k gL S
PR AR R S T A SR - B A LRR

B E g ficlE S E AR R EE G BB R iE & 2 % 2 (Dirichlet



B.C.) » * Vrr= H Hcid 52 & Fx o F]pt » i N A2 4B 3.2.
ook R LEEEE MR FF S AT R
A F@iT  § S EfkEs T2 2N e gy > 2 H % E

b R BT RS i A T

1 i w52 i 253 fifi 26n |
ik ik M ik A M 3% 4K

3 T RESEEBREERE
RN TIPSR T

<

oh i ARG

B 3.2.4-17FFzE 1N S A2 B

3.2.5 R HciE kR A

B BB BB AR AT ) 3.25-1 0 R RN R w4 0 r
ZEPHAAM TR ke s Tl FRGEEERAEERT R
BFR R B AR R AR S R TR B
BT Hst o AR Qg b AR acts c RIBE AR EFT - pE
Z R B E R R A e FARLA N 2 R b R
— = F YRR 2 WO R R dpAcAe R g PR R R
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FLAEE B 46

h 4
B A ER(as P RXHE
S8 ERMGRHRTRAESSE)

h 4

AL 46 B 2|

h 4

I3 A RAR <
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—

cz::j;}gé I8 46 iﬂ%%[jﬁ:::} B> 8% = B AT B ] LAk R 9B

Z
v
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o~ T R TR EE R

AE B D2 P 2 e - e ToREE R o it
FoE e G SR R f 0 AR B AP
CERIELE STl i I BRI R R N S
R SN B R e B R E YR A T REEES SR
BEREELTIMEAZ BINA AN Y AL S22 RN
RS ERETEE TR S S T TR SR

AR o TP L AR AT 2 R g

1. Func_Character_PS (# %8 F & £ & 2% F i 3% £ )
7V 4-1 & 12 van Genuchten(1980) #7#% 41 2. JR 4 -k Ef &2 ke fr & cgF
M S TR B i T EE &%é&frbﬁé\é@vfm BOTORGRRRE o A

4

e Y VT EERAKEEI B IR R P BEE R &
ferifE ¢ o H i E0 2 e e R TS SR E SRR E L

B0 At 5 & BEEE A 2 2 AR5

0, +6, (IO)(n 0)

S,
{ [1+(ah)ﬂ] 7 for h<O0
for h>0
Be S, stvfrk O amBZRE 05327 kE ~naitl
FopERIKFa poyRlE I E A
2. Func_Calc_Water_Density
42V ik o RMATRA REFEFEFER G EFIRL KR

Roo k@ BB A
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VA (1+C6T)
(Co+CT+C,T2+C, TP +C,T* +C.T")
C, =0.99998396,  C, =18.224944x10°, C, =-7.92221x10°°,
C, =-55.44846x10"°, C, =149.7562x107", C, =-393.2952x107",
C, =18.15x10"°

A =3.2891-2.391x107°T +2.8446x107*T* - 2.82x10°T > +8.477x10°T*

A, =6.24x107° —~3.913x10°T —3.449x107°T? +7.942x107°T
~3.299x10 7 T*

B =19654.32 +147.037T — 2.21554T * +1.0478x107°T* —2.2789x10°T *

3. Func_Set Temperature_Const ( #° 2 = #£ ;1)
NS H UK T TORGVER o d AR R TR TR R
o At T MR R R ES 2090 0 A R FPAAH 0 F AR 2R TR

FOER A R B e R L R 2 S AR

4. Func_WaterCapacity
AR R EER B LI N DERTE A
PR BRI S AR o kS L E T2 2 AR

SU=(104NS3) V0L it (4-3)

5. Func_DarcyLaw_Flux
A4 E ARBEET 500k PR B Rk @%—fﬁ‘ﬁﬁz%ﬁ
RETR FARIRE O BAE R ARG G Rk R AR RS
2FARREE o A G Bl 2Rt o

M = dearcy Area

- +72)=(p. +z.) (4-4)
Viarey = —K (p. +Z.)Ax(p, +Z‘) where i j
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6. Func_Calc_Porosity _T20

—\.45’#11Laﬁ§7& }\Pr}i-’iﬁl‘% Y S S N TV A S 1
W2 Bigid e A {r Y » REEFH T 8 v LY > A
Kgf}i% i%'4ﬂl:ﬁ %f{l\:k:"_igﬁ’ 4y o j\‘:}.,;\. ;‘% Z—fjg‘!;, ﬂ'J? = %E“\l o

o
n=n,[1+—(P-P for P>0

ol (PR e (4-5)
n=n, for P<0

7. Func_Interpolate Density
ASFEERG2 AR RTRRE N E KT GE Y
gk A o HEET KAl A G LR RAR o ASN SR

i R

8. Func_InterporlateDensity "UpWind
AN EER S ARG RRE > L b2 AR
B Az kMR REHEET NRAEH A G P ORI BRAE o AN S

(_%;

I‘J- \FT ‘J _7\ _—% ﬁi ’\l o

9. Func_InterporlateK
ASEEE S A REF Rk BEGE A eIl g
L2 kA BEGE HEcE v A Al de P avk 4 BE G

A st G SR 2 AR .

10.Func_InterporlateMoisture
AN B R A BE S KE > N E R TIOHGHEY L2

CHEET R APl A P RE o ASV R

IS

1y
-

Ik
ﬂ\\-

/Z'\ 7]( \FI- 'J

7
-~
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%Ei‘k o

11.Func_InterporlatePorosity
AN FEB L2 A R RIS, N T ng e

s - N2 2. AN < > + - 'z - N2 =2, _\ ¥
L2 GBI B EEY A AFI A G P F RV F o A G

12.Func_Continuity_Universal

A AR TR 2 T N AT A LR
BT s A 2 22 WA ¥ %558 T 2 (explicit
method) ~ %= 2 *£ 7 ;% (fully implicit method)£2 /2 & *£ 77 ;=

7

(Crank-Nicholson method) » & 2 Al 5 f¥ 78 2. gL > 5% o

~

&ﬁ&ﬁﬁF’@ﬁ A2 e 46 1T o BT ARE BRI

“F&ﬂff').%é i& ’ "ED_, =T @’,ro
Num;
ZMCj/C +0c =0 il (4-6)
jea
AT 0 S AN At 47 SRS B I

ST 2 BB AT 2 SR EET R o
A
575 =
Num; r Num, T+AT (4_7)
a(ZMCj/C"'qc] +(1_a{ZMCj/C+qCJ At
jea jea
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Func_Interpolate_Density £ Func_InterporlateDensity_UpWind % Bt
R BRZZEEE I SRR PN IRIL D 2R 2 Ty
FlLV ik g K- & ot #bs 2 48 38 Func_Character_PS % van
Genuchten #73& d1 2. d RHEA] > Flpt A k77 FIEF 2§ Ko

o OH W M SRE 0 6]4e Brook & A otk A1z
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e e TORIRERAZFE e o T B E
A2 TR R FERE B P AT a2
RGEARE > 2 SRR e 7 R e L3 227 ki
BFG T EH LB R VDRSS R EFFLAITRBA D

BT PR AR e 10T A 3B R IR R HRE S A MR A

5.1 &L ALR] e ¥ % IS 3 2
iﬁéﬁﬁ%%i%:’%ﬁﬁw%%%ﬁﬁw@rﬁ@%ﬁ

B3Fkeox 0 5.1-1 5 iR IE BB RaR T HA 2 BT R R D

Pl Al B iF Ak b s A AT B SA-3 R ¢ha e B K

2 5 % 1 B Rt (source) B\ A i 8 (Sink) 5 % ] 5.1- AR H g

TR R Y Bh i T PRl S

1. % ] 5.1-1
X bl

5 )
R R T B 4cB 5.1-1 977 0 5 1l ek 13 2% 2t -

':LL

@A EE o R o RERREE 12 Rl - BE
2L > 1% iF Voronoi Diagram 7 12 & 4 A5 4k 2. 11x13 4835 2 » 7]

AREGFTLLLIA A HEF 0 0 FHT \*J\Lﬁ}fﬁp‘?'hl?ﬁ
Hoe 13V 3R 5 038 k4 B E K 0.01(m/day) -

1,\1‘(
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Flow Boundary) » ] & % &) -k d-d = L& B4 2Rps 0 75 Tokon
TR ARG e AR ARENE 2R A BT
=

ERR A L ETRALR LE D H PR

5 100(m) + ek AT HAES

BYpE R IEE 2R LE 0 A et w2 KA -
NEGIREEET P2 b SR RO s R 2 B

B 0T L B AR b N T aTIE 2 L 110 ~ 1x10° ~ 1x10° ~ 1x107
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P 1x10° PFAR (TR T o
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WS SRR £ LB R PR ek A
AT B RR T - - PR AT SRR P
SorifE | 1T S M e agiP - P e Lt R
B B aehd M plgrp I hE ey gl TS EEL o T L (8

s etk o

Bl 5.1-2 5 ¥okepz 3 s B R AR5 5 R KEEd v+ iF
WP PHFTERALS TIPS > o AR AR AR E R - B 5.1-3 5
B4 CREEZ WIRE ER 0 d RS LV;'&EE#PMF‘ R oKER S B
AL o d 2t R G R iE Kt
=@ 3R 2 7 AR
EOALFRIAS AT RE R TR FERIERA -
A-1 5 R e it =+ A F‘JL%E‘%L AR E LR A
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ETTRS
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X
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Moo g b TR S Ix107PF 0 H BB A © 7% £0.01%2
%fo
Febo £ 51-2% BT A e b e AR BT 0 H b g
TEEA S o P At B ¢ 4 &g E(cpu) 2 AMD
Opteron™ Processor 246 - =& %8 (ram) 2 2GB (i £ 7 "ad (7 ficsd o1
R o AP BT F AR M BER SR S
TERER O HE L e B R BB R > B BRRHEY
‘e BRARAR A B APARERE € FIE kA A AR F AR E 0 A
b

e
G
-—)6-

)

EEAER o BEEAL HREL T ERL Ay T
Wi Rt T LG HEL S BT A Wl LR LK
W2 T3 s R L Pedt i iE s

B 5.01-4 235 prl RS L T 2 W) 0 WG A
TREFE B TR BB R ORI R K AR ARG A
Fo R HETEFRLOIAM HAFR Lo c F I REART R
BLk 5 o %k 4o B (cost) 1 £ g 4c £ (benefit) v re -k g i
PFRME T T RS 2 b AR B2 o

AT AR L Ix107 0 FIt S R G- 0 S AR o

EHEET o G 2 FARRE eI RIER LR AR aEkiE R
e

\

% 51-1 fEirfar i =40 Pl h 7 A R A

i o aciR | = RE R 5k E (kglday) | + R)E R ok £ (kg/day)
1x10™ 452.4700(95.847%) | -491.3430(104.081%)
Wit iz 1x10° 470.1291(99.587%) | -474.0252(100.413%)
1x10° 471.8834(99.959%) | -472.2711(100.041%)
1x107 472.0580(99.996%) | -472.0970(100.004%)
1x10° 472.0753(99.999%) | -472.0790(100.000%)
R E £ 472.077(100%) -472.077(100%)
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% 5.1-2 b (ST iR 3

BIBEFLEEE

& 5
5
S

3T _:"
i»

R aR | P ME(S) |t PEEFA | BT EFL
1x10* 12 79 2.71841x10™ -0.57
1x10° 16 134 2.725x10" -1.56
1x10°° 19 188 2.711x10° -2.57
1x107 23 243 2.716x10™ -3.57
1x10°® 47 297 2.9x107° -4.54

h=120(m) ~ h=80(m)

| |
12- ° @ @ B a @ e ° . o
10- @ ° £l © © ° ® ° . °
8- ° ® ° ° ° o @ ° ° ® =
6- ® ° ® = ® L] @ L] ® °
4- ® ° El ® @ ° ® ® @ o B
2- © ° £ ® ® @ ® © . ° -
04 @ ° ° ° @ ° @ ® e ° =
0 ' 4 6 g 10

2
Bl 5.1-1 % 5] 5.1-1 2 ;N e & B
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h=80(m)
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5.2 BTy PR X b|HREE B

A & PE T 7 (transient) & &) > T e B F 0% GE (T
A H o T 52-1 85 - B I ERR I 2 H
FHBHT AR HET o2 6)51-3fE4pkF ?"?%f)’"J"f T AR TE
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