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Abstract

The purpose of this research is to develop a mathematical model
for seawater intrusion in ground water. By means of computer
simulation, the model analyzes the flow system of seawater intrusion
in Yun-Lin basin, and forecasts, Under the tendency of variation of
ground water, the location of seawater intrusion toe. So the model
can be used as a base for planning and management of ground water
resources in this.area or other areas subject to seawater .intrusion.

The mathematical model is boundary integral equation method.
This model is utilized to simulate the approximated value of the
location of seawater intrusion toe. First, the flow field describing
a uniform flow pass a circular cylinder is analyzed -and the - results
are then compared with theoretical values in order to show the
correctness of this method. Secondly, the model is used to simulate
saltwater intrusion patterns in a vertlcal plane of both the confined
aquifers and unconfined aquifers. The resunlts are compared with
those obtained form-a Hele-Shaw model.’ ‘Finally, numerical results
of the prescnt method are found to" be m good agreement with those _
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obtained by the single pontential theory for seawater intrusion in
confined aquifer and unconfined aquifer in horizontal planes. The

present model can be used as the base for the adjustment of real

pumping patterns in Yun-Lin area. It is hopeful that the over-
pumping in some part of the basin could be eliminated and that the

ground water resources in this basin could be utilized wisely and

permaugntly. v : :

The objective of this study is not only aimed at betterment of
ground water resources management in Yun-Lin area but also to
establish an example for areas with similar problems. It is also
expected that the boundary integral equation method may be introd-
uced into this counting for uses in the analysis of similar flow
problems as well as other problems to provide a new tool in advanc-
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-1.38125 1.00000 -1.35727 0.02398 -1.31723 0.06402 0.02398 0.06402 N
11.0 -1.44072 2.00000 ~1.,43096 0.00976 ~1.40447 0.03625 0.00976 0.03625
~1.46711 3.00000 -1.46228 0.00483 -1.44461 0.02250 0.00483 0.02250
-1.47966 4.000000 -1.47700 0.00266 ~1.46501 0.01465 0.00266 0.01465
-0.80000 0.60000 -0.76956 '0.03044 -0.74472 0.05528 0.03044 0.05528
. ~0.87609 1.00000 -0.85689 0.01920 -0.83340 0.04269 0.,01920 0.04269
10.5 -0.95151 2.00000 -0.94381 0.00770 -0.92619 0.02532 '0.00770 0.02532
-0.97549 3.00000 -0,97184 0.00355 -0.95974 0.01575 0.00365 0.01575
-0.98548 4.00000 . -0.98354 0.00194 -0.97528 0.01020 0.00194 0.01020
-0.32539 0.60000 ~-0.31512 0.01027 ~-0.30720 0.01819 0.01027 0.01819
-0.41195 1.00000 —0;40279 0.00916 -0.39303 0.01892 0.00916 0.01819
10.0 -0.47205 2.00000 ~0.46785 0.00420 -0.45918 0.01287 0.00420 0.01287
-0.48682 3.00000 -0.48486 0.00196 -0.47872 0.00810 0.00196 0.00810
-0.49424 4.00000 -0.49139 0.00103 -0.48718 0.00524 0.00103 0.00524
-0.18348 0.60000 -0.17837 0.00511 ~0.17431 0.00917 0.00511 0.00917
-0.24270 1.00000 -0.23742 ‘0.00528 -0.23190 0.01080 0.00528 0.01080
9.8 -O:2826§ 2.00000 -0.28011 0.00257 -0.27494 0.00747 0.00257 0.00747
-0,.29197 3.00000 -0.29077 0.00120 -0.28708 0.00489 0.00120 0.00489
-0.29541 4.00000 -0.29479‘ 0.00062 ~0.29225 0.00316 0.00062 0.00316
-0.00000 0.60000 ~0.00000 0.00000 =0. 00000 0.000000 0.00000 0.00000
-0.00000 0.60000 -0.00000 0.,00000 -0.00000 0.00000 0.00000 0.00000
1. =0.00000 1.00000 ) -0.00000 0.00000 -0.00000 0.00000 0.00000 0.00000
9.8 -0.00000 2.60000 ~-0.00000 0.00000 -0.00000 0.00000 0.00000 0.00000
-0.00000 3.00000 -0.00000 0.00000 -0.00000 0.00000 0.00000 0.00000
-0.00000 4.00000 -0.000Q0 0.00000 -0.00090 0.00000 0.00000 0.00000

Wi LRREREE (100m)




B~ BAARRBRRA NN

EfRNEGAAHERENTRFAAR » 1A
BREAKABEMPEEETRAZHRE a8
WK LIKET » BRIERS » LL Navier-
Stokes EE)HBERSiIT » EERRLHZT » B
R 2 AR MR » TS M S R S

e BB KERBRAXER _—SEHETH 2 HBRS

Ty ERAEREK (Laplace) Bl S8R » X

KABZ R » HiRBEBRE N o

6—1 FEAKR RS RAEH:

(@)ZERH 4 XF (confined aquifer) hiZRE
(interface) RWHABEATRRAH t=0(x,y)
BE2AE ERIEMRIASKE (unconfined
aquifer) WHRKHBRLRER AHKE (free
surface) HAMRMBLK t=02f1# » 8
HREESRGT—RBZAE  R0T ¢
OFEBEHHKE (nonlinear moving

free surface) LI¢EB B A liKE(moving

free surface)Z BEEK

Z=¢ (x, 5, t) (6-1)
F=¢, (x, 5y, t)-Z (6-2)
DF _ oF
Dt T (VoV)F (6-3)
Vat BiEikE (free surface) BE)ZHEE
T _V
(VG - _ﬁ'e_)
ne ! EHAKR
bt V=—Kvé (6-4)

1 (6-)RRA(6-3)R
8¢ (:;ty, ) 4+ (E¥or=0 (6-5)
n,

4 (6-5)HBRTR

6 _ K 06 9L , 96 0c _ 8
9t n, ' o0x 9x Oy oy

=0 (6-6)
%t*=£‘iau<64s)awmm
at‘* / (ﬂ-)w(a‘ 3+1(6-7)

BEE(6-1) » R _HEZRM
z=¢ (x,t) au (6-7) AT E&ﬁm

—g-‘x_= —tan B (6-8)

B: LRERAT LKA
e g /(08 B 6-9)
BT C=¢ (6-10)
51%(6—10)iﬁﬁl(6—9)ﬁﬂuk§ﬁ<%kﬁ&
k+1= k a¢ -
primgr- AL (B (e-la)
AR

¢k+l=¢k cos Bk[o ( )k
+(1-0) (3-3‘;—)*-11 (6-11b)
@#EBE¥ AT (nonlinear moving

interface)

O K, (06, 0  04: 0C
AR ot n, (ax ox t 8y oy

-5 (6-12)

o K. 66, O , 0, 0C
BRE5=0- ox ox T oy oy

—9
0. (6-13)
= l‘g__l(_ () = U'
K U, ’ Pe S U,
o= (6-14)

B et - Dl (2 )y

+(1-0) (3—:: )5

—c+ 2 Bter0 (28

+a-0 (G5 619

z TR LR EAE

Pt RRE LXK Z YK EBKE
¢, TRE XU ZRATEKH
0: E

k : intrinsic permeability
U, @ ek 2Rt

U, : Kz

Pt KZBE

Pt WKZHBE

K BkZMEEREN
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K : {88 (6-16)
(bRl (2RE6—2-6—3)
1§84 (Neumann condition)

_g%-o or _8?._::(1

on

n: E#RME (normal direction)
2. BB H (Dirichlet condition)
¢=¢(x,y,0) on boundary
6—2 #RY (singularity point) (Z2EMW
6—4) ZRE
FUHONRNEMZHEREESRELERA
o ETREMERRS MRS » THARER
AMRSHEY » L ARRESRY » TN
R0
A (conner flow)
w=¢+ip=Uz"=Ur e'm*
¥rh ¢=Ur™ cosm?
¢=U7r"sinm 6
e 6—4y 0=2n+ BTLK m=% ’ ¢ocy':_
¥ i—1ZFi REMzBETHR

m ) oot 1=y T

9 .
¥ R

H ml=n

(e)RBIE AR ¢

.................................................................

(b)FERR B & AR ¢

(6-17)

: .......... de1s
i Hu bon

96 _ /& 04
on Y 7 (o

+a-y/ Iygh,

0 y
B (5)i=0

04 3, ,0
Bn i,;- (%)l+l
¢ WMEY (stream function)
GlilEi-1 g
Oyt i BT i+ 1 B2 PR
6—3 R ARBIER
don F I ~M2Zoff
Bany E ! N Z4H
bg1s F ¢ N 2Z2oH
Psan B U~UZHHE
$u1 F: VZ¢ (interface)
b1 F:KZofE

Hof s = £ (Bu+(S—D2)

, 0u_—a ¢y
on S on

B (4—14) ARENABRERE S > RAOK
BERERES

(6-18)
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N

Hsyiy Hgiz: —Gsia =Gae =Gsis 0 .0

00‘0 0 0

_ Gsu Gus ‘Hsu "Hsu “Hsu 0
0o o0 0 0 0

RAREEHZEIBRARZ TBEBRRAE o
BRAZ2 BIEM #ER_fziEiK
(Laplace eq.) /8RR +» BEHRSTEBRHER
(poisson eq.) » {HFIiRAEREE » 1§ poisson
eq. Bl Laplace eq. B &3 BIEM
BZo ‘

K1 interface Z—g%&i]fﬁ%ﬁ&;kj:_.

R¥EY interface ZfIfE » M(6-11)RK o

6—4 fishH source I sink FFERFZRE:
& source = sink FEER » HHER

£ poisson eq. FJHK

vide= 2-Lox-x.0y-v) (619

Hu
"Gszl stz Hn/S

—‘Hsll Gs!l Hll

T

-Gn (¢su

E_G" a1z

22 )

2 )eu

QL OR
20
¢8!2
dll

SN

0o o ’(

2 )en

(il
( on

Po1s
Ps14
$a1s
P21

( g?l )s’n

)81’

+ (-sl——l)z

d:Dirac Delta function
(x.* y2)EMME source & sink ZHE&E o
¢G=¢h +¢p

dRHR (6-19) R2z®:

o B Vi, =02 %KM (Homogeneous
solution)

¢, B9 (particular solution) XM

1 0
Ta.r(?'

¢p=n§=':l Q. In(r—7.)

K

In(r-7.) (6-20)

g+ &
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Y(

200

e Q= J> 3 M (cm?/sec)
b=RE4T 2B (cm)

| Q/b=from 24.3 to 6.0853 cm’/sec
,//// / —_— KW

——ee-——_ BIEM

»

TR o =
B 6—5 REEKEEAARLRERBRABBHE LEE

r_Yﬁﬂ(cm)

X(cm)

~ ’ . Q@/b=from 46.02 to 27.022 em®/sec

Q(cc/sec)

FMX (cm)

# 6—6 JERHEKMEBAA B AERRABEHELKE

B 6—7 WAARBBES
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9¢q _

6¢ ‘
-t .=1 K (r—- 'rS 6n (6-21)

?{‘ In(r~r.)

TS 6-22)

8¢n 0dq _

on

£ Q. 1
a1 K (r—172) 3n

BREGZIR g‘i“ (#% R poisson eq.) B4l

WHRRA (6-22) RR (6-23) R WREKR
Laplace eq. Z#R¥H: » RAKERREPTHRR
2 EBHEBERA(6-20) K (6-21)R o
6—5 BUERBERKBLERLE

FEHELURBABRERERLE » RESBHEX
BRERFHEGKERE  B—H: BHeAR &
ErERER (steady) E¥ 5 Ll BIEM Biis
8o EHE—EE2EME (6-5) + HBEMEERLS
REORBRER » F8  EREESKE » A
EREERN» AR %E » HEREFE
BRE&KEX » IE(6-6) ©

LIS RS REREER » DURL SRS HEEE 8 InfE (6-7)
i B 80X (sensitivity) RS2 R
ZHRE ) B/ AABTRER » BREEE 3§
KACGRESREER » REWMMEBHE » QIEL
HzBBHERLR  EERVUHRRBEELER
Ko RHERERD  KBRESEERERS » R
BERMEBTEZKESR2S » REBRNK» T
BERANLHAB 2 HERS REM » BT
ABBREZRERE  HE0RIER B 6-7)R
PRBRURBEBERARNKACRESRMER »
FEDBBIEK o

(6-23)

A —

- BAABABEARRRHAGARZ
R

7—-1 ZEHHIBRZER

1.2 & (steady)

2.&m#: (isotropic)

™ (K::=K,,=K,,=K)

3AERBERIL o

4% RE (interface) RUBERBREEEI
« 5.4 7Rk (Dupuit Assumption) BR3Z o

6.5 A WLEH (Ghyben-Herzberg) &
A o

ERARERA—TER (- =ORB=H
SREER (Ko =K,,=K,,=K) RELBHS
ﬂﬁ%ﬁ%&&ﬁﬂﬁ ﬁ&ﬁﬁﬂﬁﬁ=

2-(Kgh) + 2 (K

*ox ’6y

a¢

o8
=83

8
az(K
08 _
R ot 0

—Kx=K1=K|=K
B =R
24,28
ax’
%E&%Eﬁfﬁ?&%ﬁﬁﬂ(lﬁfﬁﬁ ' ERH
BEE z=h, (x,y,t) » FERAHGRERRR
ARBAFNE—SEKDH LEH 2 EEXE (4)
BHS SRERRE A BEERERRBIARSE
715585 » BB I T B2 YK ERKE » TTREHR

KABLZREZIE ©

7—2 BWAABATHEZERREMNIEX
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LLLLLLY 2LLL 1,
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7—2—1 RBHEiaKkE(confined aquifer case).
EBRHaARAAR I < O O T o

dy 0x 0y

h;: BHEXEZTE
hs: BHeaXkEz L&
ho ! BEHEZMEAKEEL hy RELAE
H=RXEENETHEREKE
$y= KR LHETHEE KHE
B=&X@E2zRE

=RKZENER

=WXKzEER
Ar=7,7:
KV =0+ KV3¢;=0

0° 02 0
K J' a;:il ¢1 a¢;)d 0
ﬁﬁiﬂibﬁ)ﬁﬁ%ﬂ&?ﬁ?&%?&ﬂ’ﬁ?@'}‘ﬂ_ﬁ

—¢1,=B¢, + 1 AT B*—I>Bh, (7-1)

Single potential

— =K (4 — Lono+ LB (7-2)
toe fr @2 ¢} =32L B (7-3)
BéLR z*ﬁ}iﬁzmiﬂﬂ%ﬁﬂi&‘

—HRKE Vi fle=0 7-9

_BAE Vi dag=0 (7-5)

.
Hep Vi ay

7—-2—2 FERESKE — b ABAE

e
///
—

oSN ISR AU

7l 7 777 TV hy

RS ) " WA WD (8,) “'_/7; roE &*ﬁ{”ﬁ(sﬁ )
- ?*=—;-(¢§ :' h) (7-6)
3-.-‘ ”——- - ($1—ho)* | (7-7
toemzm* ¢2..---2— Le ?T h3 7-8)
Vi $3=0 7-9)
Vi $1y=0 (7-10)
7—3 i RBUEM '

KNG aWRs  ARRBEARLSOE (KEAR) - EFSHE » & HRIEM DB EREEE
EARE B 2R Il (7—1) o ’
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W71 FHEIKRBREHE
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E B 88 0 B 52 B ML AT
Oy =Dy, D =P;5 Dry=Di6
Ky (G20~ Ka(Z2)u 0 Ki (B2 )= —Ku( B2
Kz(acp)n"‘K ( )u
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-Hsu Gsa 0
= 0 0
0 0 0

¥ (7—13) ARAMEMZARARZ » TR
ARGz B4R BRES  BEA (-
6a) (4-6c) MATE—RZBE » LEFIASE

WLk MEABERRER & (7-3) X
& (7-8) ATRER B S A MEIER S KR EZ
Bk » BEE0 2 SEEBEE A 0 RN BT R R 10E
HoiE (nl 72, 4) » ERBUERTHS
R (F58) 2MAERES  REASEE » BABK
EREG » ATRHRKASKZMRE (NE7—3,
5 o
7—4 H®H

OFBaRBaKE (B 72, 3) °

x=2.0km,—1.0km<£y<1.0km, $=21.5m

x= Q0 km,-1.0km&y<1.0km,¢= 20m

ho=20m

B =18m

1=280m/day

K,= 70m/day

K;=140m/day

7,=1025kg/m?*

7:=1000kg/m?

X,=12km (HXHBEEE)

Y.=0m (HAHKEEE)

Q=0.0, 400, 600m?/day (=E#HxE)

@FBaERHaKXKE (UK 7—4,5)

x=2.0km,-10km<y<1.0km, ¢=21.5m

x= 0km,—-10km<€y<1.0km,d= 20m

he=20m

K.=200m/day

K:;= 70m/day

K;=140m/day

7,=1025kg/m?

r.=1000kg/m?

Xy, =12km CGhKHBEREE)
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