OB R ¥ R
1989 4 ACTA GEOLOGICA SINICA EER

http://www.geojournals.cn/dzxb/ch/index.aspx

AERKBED# T REHFEFHIFEE
MENBATF TR
k¥R WAL 4T

(B = K %)

AXRRT NABRTEETHEALOIERERITETE. R
B PBE G R— RS R A A, R B R
RN R, BEEABER S HEOLERE. KXHNRE
B A AR TCER G . RITSH THEMAFETORER 7 152
REAHBERERBANER. AACHTERTHENRBE e
B R FTR G AT B N, 3 B 5T AE MRS N a0t SIS R
B H T AKK B TEIEERERS.

EESKBEFAHFRZNOERERTERAMRFEP—ITERERORE, &
s T KB EFERRG LK FLRRET L L F B, ZFEER HiRTE # ke
J. A. Liggett fl P. L-F. Liu (1983) & A& A2 #uk B8 T TKIERUE 3 8
BRTTMED, M. Radojkovic F1 J. Pearic (1984) 33 T REH WA BR Mo AX
R IIRRN% BH B R G RE R, R A AT Rk BT 1R ke

— . dERASETR 30 75 R A hL BT AR ML

AET R SRR E & KB RO RE AT B

SOH w
T 20t (1
R S BRIEAKRE, T REAKRY, HEAKL, W BEEH A LA AR(RHER), o
RALHHET,
BREERRER 1 fo BRFEFAHIT:
' H=H, I EY%:>0/ (2)
T 4 ELE,%e>00 (3)

On

* AXAERERANEESE RSRLIRE,
A3 1988 45 2 FUKE, 5 B K1 hE 8 5 o



266 i & =4 k(54

1989 4E

B BRI

Fig. | The soepage domain

S Tg-fl’ds,-=gi jem 1,2, ym
i

RE
Z”Tri.a_fll =Q€ i==1,2,--.,m
;

)

)

R » ZIBRHAAINELT W, 4 RIGHEZT MNER, s, & 1 SHOFERE, 0,

i BHARKE, r; BIRIEE R
P& BER

R B2 e
H= r He™%dt

IR (1)—(6) FT fe 25 I T HIIRIRE (A):

AH—ip}_I==——S-‘Ho—~E’-
T T T
— H,
. H=T Z‘Erl_t
(4) oH q
T — = Z‘EF:_’:
On

ZwTri-a-;=—t;; Es; ks 1=1,2,---,m

R H 238Kk HOREE, ¢ AR SRR E S S 3, ERIEH.
FIRE (A) B B 25 B A& R, 7T DL R iR o
B Mo(x0, y0) RIXI% 0 FPRIREIE ST M(x,y) H305,% B TR &2

AH — 2 pH = 6(x — x)6(y — )
K 8 = SRR, AT Y B BT F o
HBR2)ERER— B E SRR REE, RER T
SO,y = ~ K, [(£) phrun]

(6)

()

(®)

(9)

(10)

(11)

(12)

(13)



%33 REBR%E: RESKBERHTKEFRERERDIILR TS

267

MM, = x/(x — )+ (y "“f ¥)?

HH K BRENNE - RBERENNERER. FARKEZAR, TURBE—~S M

LHIREBHREY

. 7 0G _ - OH s 74
= [ (158 = Byas [[ (1 F)
au H(M,) Sr Han‘ G 57 )ds+ || G (5 Ho+ o) dxdy

(14)

Kb o, BTE M, SBRHF o 10 My ARSI 22, EHBHBRLN xa 5

BRODBEREY HULRRS H R

Z. HBRIGLF cHEAR TR
MR EEHBRAL,FBR(ONERE T REWT:
750G _ g OH, _( (596 _ ol
§'<H—6_n~ ¢ 811"'>d VSFI(H‘ On G'an )ds

+ jr,(ﬁ% -6 -g?)dg

-+ Z j ’( 6G. . —Z—Hj)ds.

n

AELRNT BT BRR(5)WEE—To Hrh-

S:,-G gg ds = —K; [(;)i pirMoM.] J -gﬂd o
() ] 2
() ]
B BB b R H SRR, R, 2 B
j” H-gf ds = H, j 2 B ((%)i p%r@ )] dsy
() ) (2) 2
—HK, [(—;—)%'?%ruoui] (_;9_:)% P%J:u r;cos 0d6 =0

2

Kb K, B—P S SRR BN SRR . 0 %5 E MM, f1 MM % e

KHBERAOMANRAFTER(14)F(15), 85

auH(M,) = j ‘ (H 9G_ 6H> ds + ” G (i H, + 1’) dxdy
r,+r, aﬂ afl [ T 11

(15)

(16)

(17}



268 i R 2 5] 1989 4E

o

-2 on )

i=1

P%fu,,u,-] (18)
BRERMEE

i) = = [ £ [(£) o] (5 11+ Z) sy

~(S\Z 4 2 . 1 .
+ L‘,-{-r, {H (%)2 2K, [(%) PanMDJ cos(n, M\M)

T n
- ';T g QKo [(%)é'P%fMMO] (19)

REYUEEE TRAHNNBRATHEATER, Rb
2 R M, SR TREBAE
au, = 4x MR M, A TRBHBRE
BRGEA WmE M, AEDBRLE, T HRREE
—HATETEHREH p, Y
~Jf % [(5) #ruse] (£ Ho ) dvay
HHAEHRFAARE . WRRIANRENSHE P i, RITTLURBE—E M, LG
RERREH H(M,,p)0 IREHH—HASH
Dis P25 5P
WZE M, SATE3]|—EAFE% B AR Fk
H(Mo,pi) = 1,2,---,N
RARKMA BRI i E %

= 8 ERE
HBRA)—(SMMETLR 1 TR MRS F:

N
H(x:ys’) = H,(x, }’) . Z aiexP(_bit) (20)

A H,(x,y) BEEAR M(x,y) IREKL, o T b N R EOES
X7 B3 o W 6, BE L, RATX (20)R AT B BT £, 3 Ak
b= bi (’ = 192""9N)
Hing .
= H/(x, o a;
H(x,y,p) =_(;_y_)_+ E';:‘; (21)
ﬁﬂ%ﬁfﬂ?ﬂ%ﬁ\ (x59) BAEAR Mo(x0530) L,#EWRHY



%34 KREBE: RESKE T T AUHABERERODRTA 269

P= Pis P?,"'SPN
SR P H,BAUBHOQDR, BN ENIH RIS BH, TR

» N
H, (x5 90) + S a;

H(x ) =
( 02 Yos P1 y T

N
Fa] Y H (x65%) . a; -
H(xo,y0,p0) = w220d 4 57 8
(x Yo Pz) . o (22)

. . )
— H . |
H(xo’)’o,PN)_ == M + Z a;
\ Py . =1 Pi F PN

IMRAB(22)REM MR BB R TR RGOREIE H(xosy0,00) G = 1,2,
N) R, U5 R4 (22) REIRABAUL S a:(i = 1, 2, -+, N), RNAS HEIK
FR AN B R F A s RATRE B85 — e — e
‘g; (1="1,2,-++,N)
B ZME— R Mo(x0,0) ZERTIA] 2 BOHL T KA SLEERUE ™ TR &

H(oy¥052) = H.(x0,%0) + 27 aiexp (—pit) (23)

i=1.

B R AIE(1)—(6) i o

M, & Bl

SBRATHE T AE, B RRTOEROBATRMALR. 51 Wit KRR~
4 X 4km® WIEN T, BRTHE 2% AHKEY 2000m'/d, LKAB 0.001; Fok
RAY 400m?/d, BRWRET REW BEFENBMEE. HRTHERORITRLG
PR FRRIER 3 o MK WML 1 WBERR 10m, EIMIFL 4 WHEEE 100m, B’
FMFL 7 FIBE B R S00mo MBI PUE th» LR TRAR TR ZHAFEN, BRAWMIA
§/J\:'f 12cmo ‘

NEREREe. =}
16y R

. Re[EJ2

15y 61 7 (&3

14§ N8 [o7]4

() ST — 9 {=e=]5

12 11 10

2 #1 iR
Fig. 2 Confiluration of éxample |:

LEKK@ A H=Ho; 2.REKAFR; 3.5KH; 4R 5. B4



270 ‘ ﬁl, iiid =3 tic8 1989 4

0 2 4 6 8 10 12 14 16 18 " 20 RHE (d)

L T T T T T e
., No.7 N
; o No.4
o— Q
3&3 |
4—
° ) No.1 .
Y
B =11 [F]2
(m)

B3 1R ERTEN LR
Fig. 3 The comparison between BEM results and analytic solutions, example 1

LA RS 2 R

1 2 FOMENX BRI 1 HE, R4 X 4km?, HARFHEERT, FAENDFBE
Bk KRS TS AR MK R ARG 1 HFo  DF RIS RAE
PRI RN EEE 4 B o A RILEL B 1 45, BRMIRZENT 7om, RE B R RER
W /NT 3cmo V

2 4 6 ) 10 12 14, 16 .18 20 ®AE(4)

o 1 1 T 1 1 T ¥ A 1
1 . ,\._ . No.7
2 f\‘\,\ No
3. .
&r No.1
4 v *
£37
(m)

B4 P2 sk R RIS RO

Fig. 4 The comparison between BEM andlanaly[ic sdiu'nons, example 2

BORRAURTRE, RENFRTR
%
A SCRI AR BT T A TR R KA AR RS ERE RN T #o

BHIEA, TR RENLRETERTBITRES 8. UFPE—aERERNGR
ZRBADERERNERIFS,



%34 RERE: KESKBHMTKAEFRERERHOLRTHT 271

X M5 ¥ A B %Ti&"l‘ﬂ‘ﬁﬂﬁﬁ%ﬁ’ﬂ%‘ilﬂ@ IR VR, W T BRI A
KERIERE G Ho

& F X M|

{11 Liggett, James A. and Liu, Philip L-F., 1983, The boundary integral equation method for po-
rous media flow. pp. 171—183, George Allen & Unwin, London.
[2] Radojkovic, Miodrag and Pecaric, Josip., 1984, Boundary element analysis of flow in aquifers,

proceedings of the fifth internationai conference on finite elements in water resources. pp.
723—736, CMC, Southampton. ’

[3] Brebbia, C. A., 1951, Progress in boundary element methoeds. Vol. 1, pp. 45—70, Pentech Press,
Londoa.

.BOUNDARY ELEMENT ANALYSIS (LAPLACE TRANSFORM
METHOD) OF GROUNDWATER UNSTEADY FLOW TO A
WELL SYSTEM IN A CONFINED AQUIFER

Zhu Xueyu, Xie Chunhong and Zou Zeyuan
(Nanjing Unigersity)

Abstract

The calculations of unsteady flow to a multiple well system are of great impo-
rtance to groundweter supply and drainage. This paper-discusses the application of
the boundary element method in solving this problem.

The mathematical model of unstrady well flow is

w. S OH
AH 4+ —= = —— Jo 5 3 0 F
T T B oW, Y >0

H*=Hh Erl_t,%t>0HTj‘

(A),T%’«%—q ET E% e >0 R
7
8H .
J':iT or d""‘Qi 1= 1’23"'am

where H is the groundwater head, A is Laijlacian, § is the coefficient of storage, T
is the transmissibility, W is the recharge and Q; is the pumping rate of well No.
7.

By means of Laplace Transform the time variable is eliminated. Then the au-

thors derive the basic equation of the boundary element method of the transformed
variable H as follows

> \

)=~ [, () ] (3 2
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— = Z 0K, [(—) P"M,,M] ¢)

T =1

where K, and K, are modified Bessel functions.
2z if M, is inside the domain
ay, = qn if M, is located at smooth boundary

Interior angle of the boundary if M, is located at unsmoothed boundary.

p is the parameter of transformation.

By equation

H(M,,p) = + Z} (2
i=1 Pi + 14

constants a@; can be determmed, where H, is the solution of steady state. Finally
the groundwater head H éan be. given by

H(Mo,1) = H.(M,) + Z} a;e”Pit 3

i=1

~ Two examples are cited to compare the results of the boundary element method
with analytic solutions. They are in good agreement.
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