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ABSTRACT fluid in the reservoir and is often or low porosity and
pelrneability whereas the ~tures have a low storage
capacity and high pcnncability.A simple approach/or matrix block size evalualion in dual

porosity reservoirs using a unified derivative type curve is
illustrated with the aid cf simulated and field examples under
different weUbore conditions.

The fr.:wres vary considerably in pauan, size and
geometry. In addition to this complexity, sealed and displaced
fnM:lW'eS. deposition of minerals such ~. calcite and
anhydride, doIomitizatjon, dissolution of d1e matrix aIxI d1C
formation of cavities and vugs inbOOucc coosidaable
diffICulties into d1e ~ription of me inlemal SUUctDre of

such ~irs.

The effect of wellbore storage on dual porosity
characteristics is discu.ssed. The relationship for maximum
weUbore storage conditions for obtaining lllldisturbed values
of the dJIal porosity system parameters ((I) and ). ) are
presented. It is shown that wider certain wellbore storage
conditions the true values of (I) and ). cannot be obtained. This is why idealized models soch as cubical. cylindrical

and strata have been used over the JmSt 3 decades in
analytical and numerical models to predict the future behavior
and 10 estima&e ultimaae ~overies. The ~uracy of the
m<xlel in prtdicting reservoir perfonnance depends on how

close the model COITespoods to the reservoir.

The unified deri~ve type CIIn'e approach is used to
evaluate matrix block sizes in two Iranian naturally fracture
reservoirs. The results are compared with other available
sources if IrVJtriz. block size for these reservoirs.

The analytical models are based on the c~ of double
porosity systems whicl1 was rust introdoced by Barenblatt et
all. The fIrSt complete solution for a wen of finite radius
producing at a coostant flow rate was publi~ by Wanen
and R~2. They showed that under pseudosteady state matrix

INTRODUCTION

A na1uraIJy fract1ued fonnalion is generally represented by
a light mabix rock fragmented by a spatial fracture network
as a ~It of tectonic activities. The matrix store most of the



FLOW EaUA TIONS IN DUAL POROSITY SYSTEMSto fnK:bue fluid b'ansfer the pressure bebavU at the
prodoction well was controlled by two c~teristic
parameters only, va. (I) and).. They also showed lhatthe plot
of the wellbore pesswe vers~ logarithmic of time reveals
two par3llel straight lines. The unsteady-state flow from
matrix to fnK:mres was fust stOOioo by Kazemj' in a
numerk:al radial model assuming oonzontal slabs SCJ8r3ted
by fractures. He concluded that Warren and Root's model
was valid in reservoirs with uniform fnK:ture disbibution and
with large contrast between mabix and fI¥ture flow
capKities. Laaer de Swaan' presented analytical unsteady state
solutions and Najuriela' fW'ther advanced de Swaan's theory
by presenting approximate line sotD'Ce solutioos for strata and
spherical models. StrellSOva' and Serra et aI.' independently,
by using de Swaan's model, reoched the conclusion lhat the
transition period yielded a straight line with a sl~ equal to
one half the slope of the early and late parallel straight lines
for small values of (I). The concept of skin on the surface of
matrix was presented by Moench' who showed that the
interporosity skjn povides dlCaetical j~tiflCaUon for the
pseudosteOOy state flow approximation.

The geoolal differential equation (fr a radial frxture fk>w
in dual porosity systems may be written as:

(1)a'Pt 1 apt tlbCtfl apt 1--aiI+r' -ar x;-' -a;t- Kn,' G.,

where 0',., is the only intelporosily flow dependent variable.
The process of fluid transfer belween mabix and fnM:tures is
lhe poinl al which lbe various models differ. The differences
were found in die ttansitioo period and in lhe dm'ation of lhe
inilial fra:lW'e flow. By using the dimensionless ~etm
given in Appendix A, the generdl solution La Eq. 1 in Lapl~
space beccxncs:

(2)+ BKo(rD{&,r(&,).'P,;; . AIe [rD".r-(.I')

where z is Lapl~e variable and f(z) is given in A~ A
for the pseudosteady state interporosity flow conditions. The
bottom hole dimensionless pressure in Laplace danain for a
weD prodocing at constant flow rate from infinite reservoir is
written as:

The eff~t of welloore storage and damage was
investigated by Mavor and Cinco'. They used Warren and
Root's model to prepare type curves similar to &he ones
published by Agarwal et al.'o for homoge~ reservoirs.
The authors indicated that because four variables, i.e. Co, S,
0), and x. were involveAi, &he nwnber of type curves required
for log-log analysis would be prOOibitive and coocluded that
the two parallel semilog straight lines were needed for
obtaining 0), and ).. Bourdet and Gringarten" used Mavor
and a.x:o's ~lution and developed type curves for the
transition period. Then by superposing Gringarten et al.'s type
curvel2 for hOOlogeneous reservoirs, they constnx:tcd a new
type curve. Bourdet et a1. I' combineAi Bourdet and

Grinprten's type curvesll with the pressure derivative of the
psewk>steOOy swe transitional period and obfaineAi a new set
of type curves and Bourdet et al.'4 developed a similar set of
type curves for the ttansient interporosity conditions. Stewart
and Ascharsobbi1s ~blished a new unified derivative type
curve fo- the pseuOOsteady state model based on a new
definitim of dimensionless time group. A detailed sbJdy of
weD feSt analysis in naturally fra;tured reservoirs may be
found in Ref. 16.

(3)

The inverse of Ibis soluoon provides the sandf~e
dimensionless pressure. The numerical inversion technique
presenteAi by Stehf~7 may be ~ 10 ttansform the solution
from i.apJa::e into real SI*C- The derivative of dimensionless
pressure with respect 10 logarithm of dimensionless time
versus block dimensionless time, ~ = 10)./4, is shown in Fig.
1 on a log-log pIotr, fa' different values of co and ).. Ea::b
curve is chanK:terizoo by a value of co. This t~ curve may
be ~ in the usual manner 10 calculate penneability , co ad

)..

WELL BORE STORAGE EFFECT

The dimensionless pessure at d1e weUbcxe including
wellbore storage and damage may be written as:

(4)
This ~ discusses the eff~t of weUbore storage 00 dual

porosity chanK:terlsUcs and presents a simple appro~h for
mabix block size determination. The matrix block sizes in
two huge nabU3l1y frxtured reservoirs located in Southwest
of Iran are evaluated. The comparison between the calculated
block sizes with other available source are also presented.

The pressure behavior for me pseudos~y-stale mc:xiel
under me influence of welloore storage is shown on a log-log
graph in Fig. 2 for different values of dimensK>nlcss suxage
coefficient It can be seen that as weUb«xe storage ~~



b"anSient period soowcd the pseL~~-SIaIc bebavior.
Wells with high productivities (q>2CXXX> STB/D) exhibited
homogeneom type behaviC6.

the dual porosity behavior will be obscured. as a result the
derenninatioo of dual porosity parameters ~ome irnJX)ssible.
Fig3 shows the similar behaviors of homogeneous and dual
JX}rosity systems both under the ioflueoce of the same amount
of wellbore storage. The effect of wellbore storage on (J) is
depicted in Fig. 4. It can be seen that dualJX}rmity systems
with different values of (J) exhibit similar behaviours.

In cases w~ wellbore storage is significant the bUe
value of (J) canoot be obtained by semi-log or type cmvc
analysis. An estima1e of the fracture width may be obIaiD«'
from correlatioos between penneability and ftxture width for
idealized mcxlet.25. In such cases, since the point of inn~don
and the uansidoo curve are di~ there is 00 simple
procedure 10 calculate A.

Further investigation of weUbore storage effect has shown
that in ~r to obtain W1disturbed valoos (I) and A. the
dimcmkJD)ess wel~ saolage. Co . shoWd be less than
0.0011).. Further for values of Co<.Ot/ A. the value of).. may
be obtained by the derivative type curve. MATRIX BLOCK SIZE DETERMINATION

WEll TEST ANALYSIS One of the most irnJ)(Xtant lJIlaInetelS in simuJalion study
of fIaC~ reservoirs which has a major role in tesen'Oir
estima1ion is the mabix block size.The early work on well test analysis of naturally fractmed

rcsecvoirs bas been reported by PoUardl1 in 1959. In 1961
Piroon and Pirson" extelxied Pollard's method to evaluate
mabix and fr-=t\D'e pore volume. Kazemi' by using the results
of his nwrerical m<xiel repatoo a considerable emx' in
Pirson 's method.

The derivative type curve, Fig. 1, presented by Stewart and
AscharsobbiJ' has been found very useful in the evaJuation
of ). for the psc~teady-state interporosity flow m~l.

Thjs type curve is given as the logaridlmic derivative of
pressure drawdown versus to.).I4. Ea:h curve is characterized
by a minimum whkh depends 00 co and a unit sWpe ~tion
between the minimwn itself and the final perlOO of constant
derivative colTesJX>nding to the total system straight line on
the semi-log graph. If the definitioo of to and ).. are
substituted in the new time group. yields:

~~ . n Cn + 2) x.t (5)
4 ctce) ...t'~h~

A breakthrough in die pessure transient analysis of
nabJrally fractW'ed reservoirs w~ provided by Wanen and
Roar. They showed that a standard semi-Jog plot of pressure
versus lime exhibits two parallel sb'aight lines with a
transition period in between.

Most practical methods for interpretation of pressure
drawoown and buildup data are 00sed on the existence of the
two parallel semi-log straight lines.

The new dimensionless time is called bk>Ck dimenskmless
time is denolCd by ~ An inlCresting feabue of the new type
curve is that the toIal system behaviour starts at r..= 1 fCK
0><0.1. This corresponds to d1e beginning of the second
parallel straight line.

In cases where the two J:8rallel straight lines are fully
developed. the calcuJa1ion of (a) is sb"aight forward. The
vertical ~oo between die two straight lines may be used
to calculate (a). Many theoretical techniques have been
developed 10 evalUa1C )... The procedures for pseuOOsteOOy
state model ale based on the point of inflectioo'JO.11 and Ihc
time of intersection of a horizontal line drawn through the
middJe of die lransitioo curven. For lransicnt inlerp(¥osity
flow model the point of inteJ'seCtion of the second and third
lines» and the beginning of the third stJ3ight line6.1A have
been used 10 evaluate ).. for strata.

This type cW'Ve may be used in the ~ manner. The
logarithmic derivative of test data is ploued verses £1t on a
log-log graph of the same size as that of the type C18'VC and
matched with one of the curves. This yjelds a value for 0).
The penneability thickness product can be calculated frmn the
pressure match:

The inspection of a large number of pressure buildup tests
from many nabJrally fractured limestone reservoirs in
Southwest of Iran reveals lhat the number of possible
behavior types is limited. Wells prodocing with low
prodoctivities. q<5<XX> 5TB/O. show weUbore storage. Very
few cases exhibired the tWo parallel sb'aight lines. In most
cases the first straight line has not been recorded but the

(6)
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and ).. may be obtained from the time march have been st1XIied. The <krivative type cW'Ve has been used
to calculate the matrix block sizes in these reservoirs. Table
3 shows the matrix block sizes at 20 locations in ~oir A.
For canpleteness the ~i-iog analysis is presented in table
4. The distribution of the mabix block size with depth is
presented in table 5 and table 6 compares the present mabix
block ca1cula1ions with other available SOmt:eS. The results
from the derivative type curve matching technique for
reservoir B ale given in table 7. The matrix block size in this
reservoir has been estimated to be in the range of 15-45 f~t
by simulation studies.

:7)
-~

For ~= I, i.e. the beginning of the second parallel sbaight
line, the mabix block size becomes:

h. = A ~~:i~;~~!~ (8)

where t...,.a in hours may be ~~ frtXn the time match at
~=1 from the derivative type curve or from semi-log plOL
Conslant A is equal to 0.02813 for Sb'ala. 0.04593 f(X'
cylinders and 0.06289 for spbeIes.

CONCLUSIONS

The effect of weUbore storage on dual porosity systems
under pseudosteady Stale interporosity flow is investigated
and limiting values of dimensionless weUbae storage for
oblaining b'Ue values of co and ). are presented.The procedure is illustrated by two generaled examples aOO

two field pressure buildup daaa. The fIrSt example is a
drawOOwn test generated by die PSS dual porosity model for
Co=lO', CI)= 0.005, K=I00 Old. and ).;::10-7. The derivative
match is shown in Fig.5. From the derivative type curve
match the values K= 101.4 md, CI)= 0.005 and ).;:: 0.97xl0-7
are obtained. It can be ~ that wellbore stmage ~
disbJrbed the early time data but the minimum point of the
derivative which corresponds to the inflection point on the
semi-k>g plot is undisturbed. Tha'ef<X' the matching curve has
prodoced the b'ue value for co. The second example is a short
time buildup lest following the drawdown of example 1. The
flowing wellbore pressure at the time of shut-in( r, = 3033.75
hours) was 2721.84 psi. The derivative of the pressure data
with respect to the effective time function has been
cal(;JJlatoo.. The ~rivative match is shown in Fig.6. The
matching parameters are K = 98.25 md, CI)= 0.005, and
)';::o.98xl0-7.

A simple procedure fm- the evaluation of the matrix block
size is illusb'aled by generated and field examples. A
correlation for mabix block size calculation using the
beginning of the second paIal1e1 straight line for the
pseuoosteady state mooel is also pre.~nted

Two huge natmaIly fractured ~oirs from Southwest of
Iran has been analyzed by the aid of the derivative type
curve. Results of analysis as weD as comparisons widt other
available soun:es are given.

NOMENCLATURE

The third example is a buildup test conducted on well 72
in reservoir B. The Homer plot is depicted in Fig. 7. The
derivative match is shown in Fig. 8 and finally the
comparison between PSS dual-porosity malel and the buildup
data is shown in Fig. 9. The analysis results are given in table
1. The fourth example is a buildup test obtained from well 76
in die &an d1e same reservoir. The Homer plot for this test
is shown in Fig.9. The derivative match and the comparison
between PSS dual-porosity model and die buildup data are
depicted in Figs. 10 through 12. The analysis results are given
in table 2.

FIELD EXAMPLES

The JX'essure buildup tests from two huge naturally
fractured reservoirs, A and B, located in Southwest of Iran

A =area
bbl = barrel(oil field, 42 U.S.gallons-per barrel)
c = compressibility
Cot = co.u..-~bility or rractwe
Cm = compressibility or fluid within the mabix
c; = total compessibility
c. = oil compressibility
cp = centipoise
Co = dimensionless welloore storage coefficient
d = darcy
D = day
h = thickness
II. = mam block dimension
hr = hour
K = permeability
~ = bulk flSSlDe penneability

K,... = bulk matrix penneability
md = miUi-darcy
n = number of D<Xmal sets of fissure planes
psi = pounds per square inch

4
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Table 1
Well Test Analysis Results for Well B- 72

Table 4
Semi-log Results fc:.- Reservoir A

Analysis
Semilog
Derivative
Simulator

K,..h
26.99
27.25
26.99

).. WElL No. Kb, d-fL SKIN FACTOR(J)

0.08

S
-4.47

-4.47

4xlo-'
4xlo-'

A-64

A-83

A-8S

A.87

A.88

A-90

A-94

A-99

A-IOS
A-lOB
A.II0

A.114

A.117

A-l23

A-l2S

A-127

A-l28

A-lS7

A-161

16.8
742
3.02
98.53
48.16
4.6
36.1
0.4
47.38
47.2
51.47
13
1'.51
63
1.27
7.18
2.97
4.86
1.58

- S.26
-S.73

.239

.S.32

-S.77

-6.62

-5.02

-6.29
-S.69

-4.92

-6.sS

-5.09

-5.76

-4.32

-4.67

Table 2
Well Test Analysis Results for Well B- 76

Analysis
Semilog
Derivative
Simulator

~
3.77
4.2
3.77

S
-3.86

-3.86

(a)

0.01

).

4.8xlo.t
5xl~

Table 3
Matrix Block Size in feet for Reservoir A

WElL No. SLABS CYLINDERS a.JBES

A-64
A-83
A-8S
A-87
A-88
A-90
A-94
A-99
A-1M
A-I08
A-IIO
A-114
A-117
A-I23
A-I~
A-127
A-I28
A-IS7
A-I60
A-161

SO.18
71.12
37.70
17.45
48.67
83.82
54.23
122.1
32.00
72.66
31.86
53.32
51.40
62.11
87.10
117.5
35.10
59.34
63.19
11.60

73.77
112.6
S9.68
27.63
77 .OS
132.7
88..54
193.3
53.10
115.0
50.42
84.40
81.27
98.33
142.2
186.0
57.30
93.93
100.0
18.41

101.02
14S.52
77.14
3.5.70
99.ro
171.47
121.24
249.80
72.70
148.67
6S.18
109.10
10S.OS
127.09
194.68
240.43
78.43
121.41
129.30
23.80

Table 5
Distribution of Mabix BJock size widt Depdi. ReZ'VOir A

WELL No. WElL COMPLE"nON
m,D

2190-22SS

2270-2310
23 30-244 S

2S 20- 2S6S

2275-2290
2470-~
2420-2S1S

24SS-2S40

2440- 2S 1 0

2280-234S
243S-2SS8

BLOCKSrzE
feet
11.6
17.47
32.0
48.67
.19.34
62.11
71.12
72.66
83.82
87.1
122.1

A-161
A-87
A-I0S
A-88
A-lS7
A-I23
A-83
A-I08
A-90
A-I25
A-99
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Table 6
Comparison or Matrix Block Size in reel wich ocher sources ror Reservoir A

SECTOR STRATA CYLINDERS CUBES SOURCE 1. SOURCE 2-

Nl SO-81 74-142
N2 17-37 28-00
N4 12-32 18-SO
51 32-118 53-186
52 54-84 89-133
53-4 49-122 77-193. NationaJ Iranian Oil Com~y an;hive

101-19S
36-77
24-6S
13-240
121-171
1 00. 2SO

45
2S
SO
33
23-53
26

22-56
17-33
30-70
37-73
22-56
17-47

Table 7
Mabix Block Size for ReselVOir B

SECTOR AVERAGE MATRIX
BLOCKS IZE, reel

No. of Wells No. of Tests

2
3
4
S
6
7
8

13.1
22.5
29.7
15.6
93.5
13.4
25.3

1
6
5
2
2
4
6

1
IS
11
6
2
13
IS
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