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Dual-Porosity Models with Linear Flow Pattern
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Abstract : This study deals with linear flow pattern in steady-state or transient dual-porosity media with a vertical geo-
logic structure such as fault, fracture zone, etc. A pumping well is located in the vertical structure of infinitesimal or
finite width with high hydraulic conductivity and negligible specific storage. Selected type curves on a pumping well
and observation wells in the fractured system and the matrix block are provided. The type curves on the pumping well

considers both wellbore and well-loss effects.
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Figure 1. Pseudo-steady state dual-porosity model with vertical
structure.

Szl FATRUYECT Hzt Weo g AdLe MY &
2@ 58] YojubA dokFigue 1) FIFRUHY F
& Zalaol Ak (Jenkins and Prentice, 1982), fr3tst %& 7}
AThSen, 1986). FAFRNY] VA2 Fstz, olFFF &
gisle 9d JES doi PR fAFEAY e
AxvE 2asty, FRAWdME Aeg: 589 vhaa gl
itk 7138}, Cinco-Ley and Samaniego-V.(1981)& F2F
Zoe] IHFELETH 2o Fol ik THEFER FEY
gAke] wke) Fo] 3008 ool £ FIulY FdER
= releiya 7pskgol ez AFASE ool ot
g4 pRYJYeIME FFEEeR 380 gl olFeFF &
Aol PHoz Fafolw, wdsta, FAleltt. =8, ¢
e AL HE e $EAFEAG FEEERAE
7} cHHamm and Bidaux, 1996, 1994).

AR olFES AUl ARt EAT Wel 7
Asp HFYE

ds,

azs‘—s 1
-~ s'é—{'{"v ()

ar’
gt gt} o7, Ke #ge) FUARRERD, S& 499 ¢
AfEL), s FEY FAEHL), 2 A FEEFS
w2t 25PN FHFEUAA Y AHLL), ve HEHS
203 R THHE WAAAT S@ANTT ASEEHT)0)
% 2P E, v=-S@syanet 2ok AnA, se PEHE &
Euie) ARSI,

mjEgs BRouRe R 580 PYFOIER, v=kK
{s,— spolch =k,

ds
KK'(s,—5)) = 8,57 @

K

—

lo

t

m

3714, v WEHS B2 715183 Qi (geometry factor,
#elrt.
wa oprol WE 2ol Al Wik

98, sy
WS = Q+2KDb(-aT)r:rw 3)

o

A%

o714, QF SFFHALTH, Wi SRy AHARLY, s&
oppAol e £917EkL), re YrAY R, be FEue
Z7(L), D te3e e 29 ¥HLEM F BERT
A Atolel Agielt(Figure 1).

grok gl oigStel] viAaTAL] $EEHe] ExdcH,

P FHgehe r=rolM e WFFe) fAdsel BE

Rojrt,

o) = syt 0 s3] @
A7), st $BEU ROl

2727e FFPoEREe] 2E Al deiA

So{r, t=0) = g (r, t=0) = s,(r, t=0) = 0 (5

oliL, AARAL UFAAE Qo] Ak ol hEM

S;{r=e0,1) = sy{r=o00,t) = 0 (6)

i=g
A7} Ao gd e T Wdss =UstAh
4Kt

tp = ———s )

(5,48,

Iy = 1/1, &
KK'ri,

b= ®

S;

CsEs o

~_ 4n”KDb L

Sip = s =12 w {11)

WsD = Wg (12)

b7 (S, +8.)
b, (1), (2), (3), @Ae TR 422 JAA Laplace ¥
A7

4%,

]
drg,

= 4pwip + 4p(1 ~®)8,p (13)

4p(1 - @)5zp = MS;p~ Sap) (14)

1 J._(E‘ilz)

- p 2»}{1/2 er rD=1
; . dsip
Supl(p) = 510(1,P)"‘5f(‘a‘;9‘)rnsl

3} zre] €t} o714, pE Laplace ®Selth
(4Hoz2RE WEeds B8 Ug ke

PWosup {15)

(16)

- ASp
S0 % I~ @)+ &

o 2,

Laplace domainojA] %5} $9A7shS-EA3 A} 8
4538 FHhs pgdile) FAEREGEAREAS &
224892 zeishd €8yl YW #E Barker (19889
FHs7E e 3 donz

a7n



e {"["Wm*iﬁxﬁg;@3+sj} |
rp K, n(rp4/4p) (19)
Kyn(n/4p) + s;/4pK 1 p(rp /4p)
3} 7}, o7)A,
o = 4pl4po(l — @) +1] 20)

4p(l-w)+ A
B3 K(z)= 2% vAl 3| A4 (modified Bessel function
of second kind and order v)°]iZ,

K,,(z)
Ko - Koo

K_x(2) @

o]t}

(192104 el $ERATI} $BEATAE FAE)
X, FFAY SEA HiEiM S S Abelg) g
7b 23 2 W, (1942 tEF 2ol A8 (infinitesimal
source solution)® L&A 4 Ytk
ng — EKUZ(’\/@)

p (4p)]/4
olt}, o] wj, 27} HAL M= AL A=A FH 8}
 welBE AR WA FrAe wiERge B2
FFR A(ME ZEshs Aol ¢ v uebd, T
| (D), (9), A<

(22)

ty = .i(f_z 23)
(S;+S)r
«K'r’
A= K (24)
_ 4n'”KDb .
Sip = -——Qr——s (i=1, 2) 25)

2 FRE = 3k (17), (18), (19), 2222 Stehfest(1970)
algorithme]] 93X HAFPFo s HIAANZ F 3loH, K, (2)
= Abramowitz and Stegun(1972)& o]-&3}e] AAE L),

B 2doa 78 $24 w7/¥4E KDb, S.Db, KDb,
S,Db, W& AZAIF, L), s EELASF, HA), ME
23 FE cross-flowAls, &), oFds £=9 v
F&) 3o i 2L WA K& v)olth. vk, D7F 4
Jobd FFFAF Kb AFATSb7H TR,

BEIM

BRe) o 2TH BYe) A9 YA FARHTALS
BR, Fr2rl1aele SEALETY $2EA T o
A Gl 349 718717 12 ey, ofolA]
o}35% 292 REe] Nak Fo] Yol Tk (Figure
2. A7k ZAsEN BERNERY A TR0 Sl
WA 249 712717 27] BARYG o SukiE Aole

[T

I_TIIIITI IITITI'IT I"I_ITllll, T

Transient

1E+4 — — —  Pseudo-steady state P

1E43

1E+2

Dimensionless drawdown

1E#+1

HIIHI' J_LIIIIIIL 1 IIIJIIII LIl

vl vl gl vl
1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E+8

Dimensionless time
Figure 2. Pseudo-steady and transient dual-porosity models with vertical
structure: influence of the interporosity flow coefficient A on the
drawdown response at the pumping well (©=0.01, Sg =0 for transient
dual-porosity model).
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Figure 3. Pseudo-steady and transient dual-porosity models with vertical
structure: influence of the interporosity flow coefficient A on the
drawdown response at an observation well in the fissures (® = 0.01¢ Sg
=0 for transient dual-porosity model).

QAN o7l HZ, 3dAM e 2R} 2T}
she] S AsrAlZ AFEA HBA FAY lerle o
AAEEEAFFF) 54 7171 058 JYehliA € &
QI BEAQ A dshe FETEAHe AsERd
GA (1A, AolGA|QEA), & AskrA DAGEANZE +
Bt (Figure 3). £F FFolt 2E€THY] BFHAM = A
&) 45 FHEe dhEez FA vz itk

BE2 MEANE JIXE oS 2204 o

ST EY U(RER HD)

o|2% H{A
A7 o]FFF R (Kazemi, 1969: Boulton? Streltsova,



$49 -

1977, Hamm and Bidaux, 1996)% A4He] o223 wuz}
2ol 58 F4gd 9 HARES e 280 e =
F&3 HAFES 7R EYAR BEoR o]Ro7
HFeg BA38E ZolAg, njegx B2dA gd8 37
He FF Ve E5UY 5 het #E-EE29 AAnozy
B WEg2 B2 Y29 A3z 29] 71-27](Bhy/dz)el Hd
Sch(Figure 4). WEY 2 B23 FIu) Alold] FFAF
(fracture skin)o} EX|sh= 47} ok P27 B2og
e ¢8R 3L waFgowA, 9 $907 o "ol
AA e AAE ALt #9408 FEo JAn) 5
A9 widaAL oY FYT 5 Uk

Boulton®} Streltsova(1977)] 2)5tH wlEl A~ BEy)e 2=
Azl B3 HPAN e

=0
33

2
852
Z

3 2o 9714, Ke mlEA B2 FRIATELTY, Si=
HEZ 2 B2 UKL, s;= MEYA 2249 59
L), z= EZE B2 3 Jonvy weEgs HE
I 289 AARAR Y AAL), 5 FFAANS v)sh)

T, FSdY FAEIALe (A 2Tk 714, vE ma-
rix258 FHEE GAAAD A FEHTHCZAM, v=(K/
b') (0s,/07),x%+ 7Tt

Fol w2 %—LH«I Al dahe )2 P e
HA hpF el v AL $EEA0) &R, ok
Wl fe7kshe r=rw°ﬂ*1«l e FH7%se gE Ao)
oA @), 271233 AAZRAL (5), 6)3 2}

471 A Sl FaHe] WARES (7), (8), (10), (11), (12)2]3}

S,'ds,
a— (26)

Nm

p =1/t 7
2
K'r,
"o =

2 ol8std (1), 26), (3), WAL TAYHLE upRw, of
2ES Laplace WEHAFIE (19), 2004 2

Geological structure

Pumping well Piezometer

e

E Impermeablel | boundary

NN ‘ /
v& L Ty x Oy /0z
[ AT Ma L N
/.K S /\\ Fracture skin
T AN

SFracture
>r=x/ |

! boundary

o e o

F——— Impermeable '

Figure 4. Transient dual-porosity model with vertical structure and
impermeable upper boundary of matrix block.

qag
d’sp  4p(l - ).
SiD - L(-)\’—QQSZD (29)
dzp
a’,p ds,p
= 4pw X( ) 30
dr2D POSip = dzp /o =0 G0
9} 7o} At} Laplace domainoA (29)21¢} Ynt =
$3p(Zp, P) = Acosh(Nzp) + Bsinh(Nzp) [€2))]
o} 7}, A7)A,
112 - 4p(1 - w) 32)
A
ojty. ME™ X BE NRAA BESAAEE, > 02
'IH, p= 10}]/\']
dzD
olt}, 2HEE,
B = —Atanh(n) 34)
=3
ok FE2710] EA)3HA (Moench, 1984),
0s,
S, = SI“’SF(azl:o (33)

oltt. 971X, FAe] FY27) (fracture skinye Sp= K'b/K.b'
°lx, K& b 71zt #92719 AT FAL)
ot} utek, g@2zlo] EAlsIA] Yevid, #d¥s e~
E&9 AANA

(36)

8 = 8

ojt}.

dEETL FEFE) I =& 3839 WA AE
oA THEoIR = Fgo] ¥e REolt) ofd, #dAg]
< MEYL BE3 FYAlolo] EA)stH ujEYA BES 4
AT B SRS /X B njegda
Y #¥8%o29 38& Wk 48 ) 3538 &
2l A oF FX I Laplace WIA)F|H

==

f

HEZ0O
E__

) B ds

Sip = SlD+SF(d~ZZ;D)zD=0 (37
3 7o) v}, 28, 20 =0 u

(dsi’) = Amtanh(n) (38)

ip Jry =

011,

Sin(zp = 0) = A 59
oleg,

Sip (40)

1+ SeNtanh(n)



IHEZ, (31), (34), Q0o ZHE],

& = Sip
W71 4 Spntanh(n)

oty MiEY A RS FAsge Bae Tl AdA

[cosh(nzp) — tanh(M)sinh(nzy)] (41

@BHES 0< z, < 19 Ui ARG &9,
- §;ptanh(n)
" = AT+ Spntanh(m)) “2)
o} ¥t}

Laplace domaino* e FASHS-EATELYG S
EE4RA0E HEthd Ui sHAHEEAG R}
FEEERFdE 2R E9)9 Gt e A (18), (194
# 2 o71A,

Antanh(n)

2
= dpg+ —2Atanhm)
O = POF IS Nanh(n)

43)
olth, (1941 FFAe) SEAZEHS SESHATNE F
Alsta, g el B sl A 5 Alole]
A7t F83 9, 19AE v 2ol 2247 7o) A
Y8l (infinitesimal source solution)® A 4 Ut} (18), (19),
(22), (42y2)2 Stehfest(1970) algorithmel] <sjA H=gdo=
HBAZ F 9Jow, K,(z)e Abramowitz and Stegun(1972)
& o) &8l Aatdt)

E nddx 28 23 9piHss KDb, S.Db, KDb,
S,Db', W59 AAAE, LY, s¢SESWAF, T34, ME
23 #9719 cross-flow AlF, FAHY), o@FEad 229 1)
A& Fol ok #29) NA{-ES) v)ho|nt. Bk, D7 &
UG FeEAlREbSF AFATSH FRT B o
3t EEo| dgd2ao] EAY A= Sy A, T3
47t AR = ojof gt

olFFT i YA SRR AR
9 B} vz (1Al SEALESY

S aze) oA FuiiReRe 249 712710 1
Rz, Ajztel o AHsiEs BEEHRRE A& 3EFF
o] At golvbdA FAgl 71&7|7} ehitsixle AoldA|(2
@A) Soj7HA 3, 3G E St BEEELt
3hte] B ABKRAR ATEA HRA F49 72Ve o
AREE] EAQ 71%7] 055 JEMA @} (Figure 2). &
A #2AY Attt @l ARy
dAQEA), o)A, B RerA dAGEHANE
Edoh(Figure 3). 28U, B35 o153 Y9 ¥
#E2Ao HMolgAlY e 7i&rle BAFY g H &
g nr} o Fak, 2% AE5A| dAelE A2 dx)st
A B}y, T3 It DAY FEPAME Aglel &
F2 907k Ao g A dofvm k. =y, 7
< Agtell dsiMe ZAFe o|FFF Rde] RFF AL
2o @ & #9878 HAFa ok

ojFFH =2d

YHSE MHAAE TN o|ZSIulRof
SETEL EY BEER H)

o2y ujy

YT ARAAE T FEFY o15FF 2 ((Boulion
3} Streltsova, 1978y FEPHHNTZ2] o5z Rdo)A of
EYX B9 ARAA} QAFFA A FAEHAY, 7
& Y FS(Hansh, 1960)7} 720} AFAEE 7= 7145
o A9 AFHUGE o Exsls 7ol (Figure
5). MEY: £82 gl HsiA ddldoez 3¢
o) wgho) wiokgl HRoTA FEES AA0 ol o
FHo2Me d8S A Bt 4SS FYAEE
£ 7o 7ivA@perture}l] 2A FHSHog dhMo) £&
F83% dgdle A3E {52 Auishe slpAdo] Be e
dEESE EYH2 B89 9%E Fh(Hamm?t Bidaux, 1996).
wEhA, B REE FFAIZtel 9] ARetEA Askrsvt
gt gEl e dulsSY 5A4TE Hantush?](1956)°1
Hantush®] 482](1960)Ht} A 33] 4H&E 4 9lon, Hamm
Z Bidaux®) 21(1994)d) H)A J1tE e MEYA BE9
AFAFE & 5 e ofde] it

HAF olFFI3uAY WEYL =9 AHEAA I 4A
TEAAZ Hol Udg o

5p(t=0,2p=1) = 0 (44)
olt}, adE=E,

B = —Acoth(n) (45)
olct,

Tk, #9237 (fracture skin)e] 2R | 7z, =0 off

d§,p _

('&;;)ZD o= —Ancoth(n) (46)
o)l

S:p(zp =0y = A 47)

) Geological structure
/'lPumpmg well Piezometer

constam-headJ E boundary

- . : L
T \/4\11\\\ DMarix Ve s /dz A

- l —

Fracture skin
Nt

E__}Fracture {
S '<\<

! boundary

E=——— Impermeable !

Figure 5. Transient dual-porosity model with vertical structure and
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Figure 6. Transient dual-porosity models with vertical structure and
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