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Fractal Model of Transient Flow in a Dual-porosity
Aquifer with Constant-head Upper Boundary
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: So far, several fractal models of fluid flow in a fractured aquifer have been developed. In this study,

a new fractal model is derived that considers transient flow in the dual-porosity aquifer with the fracture skin

between the fissure and the block, and the storage capacity and the wellbore skin on the pumping well.

Constant-head upper boundary is specified in the block. This model is a generalized one which comprises both

modified Hantush equation (1960) and Boulton-Streltsova equation (1978). Type curves are plotted for
different flow dimensions (0.5, 1, 1.5, 2, 2.5 and 3) with various values of the leakage factor and the fracture
skin. They show dimensionless drawdown in the pumping well and observation wells located either in the

fissure system or in the matrix block.
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Figure 1. Fractal model of transient flow in a dual-porosity a-
quifer with constant-head upper boundary.

a9

amm¥} Bidaux(1996)= fracture sking ¥ &3}
2 zehg w3 RS 0|33 zo
A3}tk Acuna®} Yortsos(1995)= #8 ¢
79 $5& FAReR BT,
L B
rstsichFigure 1).
529 0233 RAolA blocks] A
2] & 71\ (Boulton¥}  Streltsova,
g]ol-\;ﬂ_/_":%gl} %1-0] x1 210 7}.

T 0=

ox M
g oo dqu
© 1

et

o ¢

o
o3 OH

o
r J)
i
oX
f
o

IS

TSR e

U
2 35
v}
v 2
©
4
£ |

fr

o o
2

_,4
2

wo flo e 4

B3
EEE

od o

- mr&
=V
1R ox

2,

2
s
O

i

n

2

L

;2‘.—3

2

1978), Hantush(1960)2]

A TheEel dAEA 2

Jo
4

Aer= 749 /T4 (aperture)ol] ZA HE-HE 2
S 52 AMes AT
st} (Hamm¥} Bi-
FFAIZko] A3 7 EhHA

Hantush2]

daux, 1996).
23t 97t kA gl
(1956)°| v} Hantushe] 4
o, Hamm3¥} Bidaux(1994 )l
ARATE T8 5
gzel gAH Felde

Fe7are dzsed B8

i

)
aolé
R
4
)
®
ofj

Rl o] ol

ol

Boulton#} Streltsova(1977)9l ©]&+® blockwie] =98}l

2}3}

=] o
al u]'ﬂ:ﬁo}xé‘ﬂ'\:

9%, S/ 0s,

—Z = i 1
22 K ot 1)

7} 2tk o7]A4, K'E= blocke] 48] HEE(LTY), S,'& block<]
H) A 5-&(L"), s,= blocktle] F+A78HL), z= A8k /5%

3¢ we} blockuje} & HozRE gdel AAZAY A
(L), ti= F57 A 7HE o)t

A

96

%

3, FEuUle} e B v WA
K: 2 L 981 ds,

— | l— |=S;— + 2
mlor| or o Y (2)

z

o 2tk o714, Kis TR FHARE(LT), S 789
A5-& LY, sz AU FARBHL), 12 A8k FEwEs
el FFEPozRE FAUY & H7AXS AY(L), ve
block o 2 RE] FFHE D) AH G X &+=HT"), n& x5}
fE5A9e2M 0<n<39 oo AFgolnt. 17

fir o

B

gk

Ol
-

[—] o o) FAAY. oi7|A, bt #A=

0
= A8t 5o 2 blocke] ®gl= A
o322 TR A5 58] Dacyel W] G

oh s, ool wE $Elel AR e vake
s _| 9s4
e =Q + Kb O 3
W ot 0 f Ol [ar Jr=r 3
714, Qi F5F(LTY), Wsis F5A 9] AZASF(LY), s,
B dpARd A FHASHL), e FFAE ] ¥, be Ak
o x2o) Hzbtael #Ae] W (L)olt. 2215, o,- 207/
T(n/2)0]t}
gkl 2 B&Ao] Ea3thd, YA TS r=
r, ol A9 2] 2 743te} o & Aol
0
(1) = 510> ) — S¢1w —3571} (4)
A7NA, s FEE Aot}
27120€ FRHOZRE LE Azl oA
sw(r, Q) =5,(r, 0) =85(r, 0) =0 (5)
olm, AAZAL FrAFE Qoo Azt el a4
8362, D = 55000, 1) =0 (6)
ojt},
A7) Ago] the 22 Fakde] miPsE =YstAt
4Kt
tn=—m———— 7
DT St S @
Ip =1/Ty (8)
=1V ©)
K'r2
= » 10
o (10)
= (1)
Sy +Ss
2 3-n
S'_D:ﬂ_si (i:l’ 2, W) (12)
Qi



Ws
7203 (S + S)

ukhAd, (1), (2), (3), (4)4&

W=

P _ 4(1-0) Fn
dz} A dtp
1 i r“‘lﬁb— ds;p _2a dsyp
-l o, (P o oty oz, <0
W, 084D —14 1 9s;p
E 2M/2) | o, | _,

ds
Swp(tp) =81p(1, tp) —s¢ [Tarl_l) ]
D r,=1

(13)

(17)

3 ko] FHE . (14), (15), (16), (17)218 Laplace H kA7)
o,

d?s 4p(1-w) .

K i (18)

1 d _1 d8yp S2p
— |2 =4 -
2! dr, [rD dz;, ] P@S1p [ dzp ]Z -0 (19)
- 1 1 ds;p

W, ==

p sDSwD p + 21_(1’1/2) [ er Jr:l (20)

_ _ ds

Swolp) = SID(I’p)_Sf[ d ID] (2D

Ip =1

3} 7o) ¥}, Laplace domainof 4] (18)41¢] dulka)=

8 ,0(2p, p) = A cosh (1z,) + B sinh (11zp,) (22)
o} Zr}. o 7] A,

2. 4p(l-0)

= 2P (23)
ojth t>0 ul), z;, = 1o A

S,p=0 (24)
olth. 1B,

B=-Acoth(n) (25)
o]},

RFek, fracture skino] Exjgtrid(Moench, 1984),

os
8,=5; +b'SF[a—2] (26)
z=0

o]t}

b

714, F2k¢1€] fracture skin Sp=K'b,/Kb'e] 11, K9
747} fracture skin®] 2] AT = (LT)e} S (L)ot}. gtk

97

1323 d5FU ¥R B9 zZegny

fracture skino] Exj5}2] et=vhd, T E % blocke] 7 A ol A

5,=58

o]t}

Fracture skin& %%9»] A e 3pekA el
A wEolxE =

skin< block#} #OﬂA]- 1o

2o $HUAEES AAEE b
T

< ek OE‘.%L% JEP

Z )5t

< < dsyp
=5,p+S
S2p= Sip F[ dz, oo (28)
ojtt. 2&Hl, 2, =0 Y uf
d3qp
( az, ]ZB:O-——Ancoth(n) (29)
o]_,—_r_
Sap(zp=0)=A (30)
olm&,
_ S1p
" 1+Spncoth(n) (31)
I EE, (22), (25), (31) o2 EH,
_ S1p
Sipp= Tm[cosh(nzo) coth (17) sinh (nzp,)] (32)
==
. Sip sinh [(1 —zp)n]
S S coth(n)  sinh (1) (33)

olth. blocku) #9)8e] Witgke Tabr) UM (33)42
0<zp<1o tisir] HEL 31

v =2 hl

< Syplcosh(m—-1]

" 7sinh () (1 +Sp7 tanh (n)] .
o] Fct. gkek, fracture skino] EA|8}A] gFi=chH,
. Sipfcosh(n) -1
5, =pleosh(m—1] (35)

1 sinh (17)

o] ®u}. Laplace domainoll 4 k=4 3} FEUolA ) 738t
o] Yutal= Barker 2](1988)9] 4:9)8}74-2 Fote A
omg
-1
Swp={P| P Wip + = ! (36)
2MV2) KY_(0) +s



g A

_ 1 1
Sip= P[Pwsn*' IR2) Ky (0) +5;
oK ((0rp)
K/0) + 50K, (o) (37)
o] "t} &7)A,
_ A7 coth(n)
O = AP0t S coth (1) (38)
K(z)
K@= % @ (39)
v=1-n/2 (40)

(37)461 X S-EutRo] Fgiets 7HY
daux, 1996),

3tH (Hamm and Bi-

B 21+v KV(G)
P o

(41)

otk. (34), (36), (37), (41)21- Stehfest algorithm(1970)e) 2

- 2
A Asgeez waNZ 4+ Ao, K(2)E Amos ot
gorithm(1986)g o) &3}o] Ak}
1.0E+4 T T T T T T T T
F @n=05
§ 10Ee3 -
b =
: :
5 C
8 10Es2
< =
2 —
3 n
E C
'
g 10E41 -
£
C
1.0E+0 cod vl v v epd el e
1.0E+4 10E+5 10E+6 1.0E+7 1.0E+8 1.0E+9¢ 1.0E+10
1.0E+2 = LREMIU B R R AL R L R 1 L
c E 3
g c)n=15 § =0 a
g —
B 1.0E+1 =
[ - 3
é ]
o -
S
2 10840 -
[ =3 = |
Q !
E =
8 ]
1.0E1
1.0E+4 10E+5 1.0E+6 1.0E+7? 1.0E+8 1.0E+93 1.0E+1D
VOB T T T T TVIN T TV T T IT T
£ @n=25 S
o
o
$ 10Es0
8
3
w
8
s
K] 1.0E-1
c
o«
E
a
1082 Lt il 1 YYD RATIT AT WETYY IRRIR AT ! Ll
1.0E+3 1.0E+4 1.0E+5 1.0E+6 1.0E+7 10E+8 1.0E+R

Dimensionless Time

ST ARl
M

Figure 2¢] (a)oll Al (f7H<1E 242 522 (n)e] 0.5, 1, 1.5,
2, 2.5, 3o A FrAoA e FaAe FoshAIAE et
Wi et o)d), r,/B=0.1, A=0.01, ®=0.09102 133}
o, 2zt M fracture skin(S,)& 0, 1, 2, 3.5, 6, 100]t}. 1
PZo A FHPEe T2l A tp/1y 3, FAEL Fa}
o F9aAA sppolth. 2E oA fracture skin®] F&F
B, fracture skin®] IH Z4= block C 22X E]¢] A}
Fo) el wong £t AXA ot FEAkdd ut
£ fracture skin®] FIHE WA, Qo] FI1EFZE fracture
skin®] &7} ZopAw, 33 (FdH-5 )l M = AT FEol
fracture skinol] A 9] @S WA gholr] FdEo] A shlx
g vehA gt Azl g FHEE 2, 27)de ¢
B4 E942 A8 71&717F 191 Aade g vehs Azt
o] At w49 FII} vehdr] AlZsHE 971 b

of4 o dz

7] AT §F Aol }E FeUsE BE, A9e] 37}
G542 S L FokA A Bt
Figure 3(a), (b), (¢), (d), (¢), (= TR AHshe BH

Aol A zZ+t S521D 05, 1, 1.5, 2, 2.5, 39] 319 4=
a2 el 9leh. olw, r/B=02, Arp=1.6X 107,

T ||\||”| T T_‘”m] T ITIHTT] 1 |H||||1 TT WIII(l TTTITE
®)n=10 Wj

S =0

[ﬂﬁ

=

1.0E+3

1.0E+2

1.0E+1

1.0E+0 i

id [J.UJ LHH(HI eI
0 1 OE+3 10E+4 1.0E+5 1.0E+6 1.0E+7 1.0E+8 1.0E+9
1.0E+2 T TR
B
E {dyn=20 3
C N
1.0E+1 &= Se =0 —|
1.0E+0 =
1.061 ARTTT AT RN : A
1.0E+4 1.0E+5 1.0E+6 1.0E+7 1.0E+8 1.0E+9 1.0E+10
1.0EM 117 —,—,—mm
. Mn=30 s0 ]
1.0E+0 = ~ T
1.0E-1 | / -
- / n
1.0E-2 l 1 IHIll[ Lllllllll LIJIUIILI 1 lllllll il IHIII[ 11 Ll
1.0E+3 1.0E+4 1.0E+5 10E+6 1.0E+7 1.0E+8 1.0E+9

Dimensionless Time

Figure 2. Selected type curves for drawdown at the production well in the fissure with different values of Sy and various flow dimensions
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Figure 4. Selected type curves for drawdown at the production well in the fissure with different values of r,,/B and various flow dimentions

(W,=0.03, S;=0 and 0=0.091).
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Figure 5. Sclected type curves for drawdown at an observation well in the fissure and in the matrix block with different values of r/B and

various flow dimentions (W,=0, S;=0 and @=0.091}.
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