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Abstract . For the complicated problem of groundwater flow to a partially penetrating well in a rectangular con-
fined aquifer, a mathematical model describing the groundwater flow to a partially penetrating well pumped at a
constant rate in a rectangular leaky-confined aquifer, was established. The analytical solutions of the 3D steady
flow in the Cartesian coordinate system under different boundary conditions, were derived through the finite
Fourier transform and the inverse transform. After the verification of the analytical solution of drawdown, the
number of calculation items satisfying the calculation accuracy requirement was given, based on the analysis of
the calculation accuracy of the analytical solution and the characteristics of the groundwater flow to a partially
penetrating well. Moreover, the effects of orthotropy, well integrity and well location on the drawdown and
seepage fields, were discussed. The engineering examples demonstrate the applicability of the proposed analyti-
cal method.
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Fig. 1 The calculation model for the partially penetrating well in a rectangular leaky-confined aquifer
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PRI AR (A1) —(AS) A EH KGR shfd 52 (1) , RIVT A3 2045 FR Fourier 435% 254 J5 1 3l /K 3 g 45 4l O
(7).

MR B HHERH HEESCHUART®RSH

SRR, FRAEME RS B BRI R A G, AR BN 26 AF T AR s AR (R, T, R e S RO U L
% BL.
% Bl RSB AT AFEAE R B AR RO BB S5

Table Bl ~ Characteristic functions, eigenvalues, norms and transformation parameters under different boundary conditions

coordinate transformation
boundary condition eigenvalue characteristic function norm
axis parameter
m L
sloco=sl,2p=0 O = e, (a,x) = sin(a,x) M(e,) :7(’"?]) me[1,0)
x
ds 2m + 1 L
—| =sl.=0 q, = DTy (a0) = cos(an)  M(a,) = (m>0) me[0,®)
9% |, 2L 2
nw . B
$lyeo=sl,p=0 Bo=" B =By NGB = LGz aelle)
ds s ™ B(n =0)
y | =] =0 B, =" b8 = entB) M) = | we [0,%)
Y ly=0 Y |y B B/2(n=1)
ds 2n + 1)w B
= =sl =0 B, = U™y gy =eos(By) NGB = (n20)  nel0m)
Y ly=0 2B 2
s a k M(k =0)
z ol =2 =0 A, = X, (Az) = cos(A,z) K(A,) = { ke [0,0)
0z 0z |-y M M/2(k=1)
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xR C1 BT (case 1~3)

Table C1  Analytic solutions of the drawdown( case 1~3)

case boundary condition schematic plan s(x,y,z)
i
____________ -
| |
4 & o O
| SR l)
: well : BIM |/ =,=4 82, L B
B | O (Xw,Vw) | § 0
1 4 fixed-head boundary : : 2 Z Z Z LZ ™ sin(mwx) (7) (@) ]
| | h=ln=1m=1 B L M
- oy
0} | = mx nwy
‘ L 0., = sm( w) sin( B’}w)
fixed-head boundary
Y Q - — 0,1 mmx nmy
s = —— 2 Zé‘mn > cos(*) cos(*) +
BIM | =00 =0 ™ B2, L B
© ® = X ) k
well M N AW nay\ kz
© (xu,ye) 212‘1 ’;)zosm" 2 cos( I )cos( B ) cus( M) ]
2 4 impermeable boundary mmx nwy,
o 0, = (‘OS( ) cos( )
B
x
1, m=0,n=0,
ST77777 7777777
impermeable boundary o =12, m=0,n=1 or m=1,n=0,
4, m=1,n=1
0 m'rrx) (m‘ry)
cos| —=
n=0m=1 o L B

2 fixed-head boundary ( parallel)

2 impermeable boundary

| (
|
well I - v &0 | (mmx nay kmz
o (rvr) | EDIPIPIH - Sm( I )"“S(T) “05(7) ]
|
|
|

N mmw 2 nw 2 k) 2 K. ) mmw 2 nw 2 K
ke = K\ =) + K\ +K|\7-) B =K ) tK o)t
L "\'B M MM L "\ B MM

R C2  [RIRMANTHE(case 4)

Table C2  Analytic solutions of the drawdown( case 4)

case boundary condition schematic plan s(x,y,z)
y
_____________ - 40 i & Oon ((2m+1)1’rx) ((2n+1)1Ty) .
s = —< , 08
T = 2L o8 2B
11
2 fixed-head boundary v;e(x )

555 () (200

mnk

2 impermeable boundary

(2m + 1)7er) ] ((Zn + l)w},“)

0, = C()S(
x 2L 2B

) (2m + 1)m\ 2 (2n + 1)\ ? kw2 KL (2m + 1)\ 2 (2n+ w2 K|
=K |————— +K [——) +K |—) + , =K |———) +K [——| +
B 2L ’ 2B \m mm * 21 y 2B MM’
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R C3  [FIRMANTHRE(case 5,6)

Table C3  Analytic solutions of the drawdown( case 5,6)

case

boundary condition schematic plan s(x,y,2)

2Q = - 0, 2m + 1) Y
s = 7[’2 E En 5 005(7( oL ) x) cos(L )) +
well

|
|
| 2 & &0 (2m + 1) mx nary k
:Umn 'y Tz
0 (X, Vw) : 22 2 Zs" > cos( 2L ) COS(?) cos(ﬁ) ]
|
|
|
).

-
1
l

1 fixed-head boundary om=0 Bk

((Zm + l)ﬂxw) (m'ryw)
0,, = cos| —————— | cos
2L B

3 impermeable boundary

_____________ 4 & = O 2m + 1
- s = % [’2 2 cos(%) sin(%) +

ey P 0
&S il 2m + 1) ; k
22 2 2 AZ CUS(( n )TW) Sin(@) cus(E) ]
b=tn=1m=0 B 2L B M

o 0 ((Zm + l)wx“) ) (n‘n‘yw)
,,,,,,,,,,,,, = cos| ———— = | sin
A mn S oL S B

well

3 fixed-head boundary o ( )
Xws Vw

1 impermeable boundary

) 2m + 1)\ 2 nw\ 2 k) 2 K > 2m + 1)\ 2 nw 2 K
ok = Ko | ——7——] +K |- ) +K |- + B KN K| 5) *
2L "\ B M MM’ 2L "\ B MM’
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