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Summary. Two problems are used
to compare fractured reservoir
models: (1) a simple single-block ex-
ample, and (2) a more complicated
cross-sectional example developed
to simulate depletion, gas-injection,
and water-injection cases. In selec-
tion of the problems for this Com-
parative Solution Project, some
aspects of the physics of multiphase
flow in fractured porous media were
considered. The influence of fracture
capillary pressure on reservoir per-
formance has been addressed by
cases with zero and nonzero gas/oil
capillary pressure in the fractures.
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Introduction

In recent years, interest in the simulation of
naturally fractured petroleum reservoirs has
increased. For this SPE Comparative Solu-
tion Project, reservoir test problems were
designed to illustrate some aspects of the
physics of multiphase flow in fractured
reservoirs and modeling techniques to ac-
count for capillary and gravity forces. The
approach to the solution of the problems has
been limited to dual-porosity models.

An important element in simulating a frac-
tured reservoir with a dual-porosity tech-
nique is the proper calculation of the fluids
exchange between the matrix blocks and the
fractures. In the conventional approach, the
transfer term for a particular phase is direct-
ly related to the shape factor, ¢, fluid mo-
bility, and potential difference between the
matrix and fracture.! Shape factors have
been developed based on first-order finite-
difference approximations? and by match-
ing fine-grid multiphase simulations of
matrix/fracture flow.3

In most dual-porosity models, the matrix
block heights are assumed to be at the same
depth as the corresponding fracture blocks,
and therefore, gravity has no explicit effect
on the fluid exchange between the matrix
and the fracture. Pseudo capillary pressures
have been used to account for the effect of
gravity.3 The gravity-segregation concept
has also been used to compute the fluid lev-
els in the matrix and fractures to account for
the gravity contribution.4> An alternative
approach has been presented in Ref. 6 (see
the second option) to account for gravity
effects.

Dual-porosity models also must account
for the saturation distribution in a matrix
block. Because the saturation is evaluated
at the center of a grid cell, it represents an
average value for that cell. The pseudo-
capillary-pressure concept has been used
to account for both gravity effects and
nonuniform saturations within a matrix
block.3.7-8 The method of subdomain dis-
cretization has also been applied to this prob-
lem.%-10 In that approach, the matrix is
divided into a number of grid cells and pres-

*Now with Reservoir Engineering Research Inst.
Copyright 1990 Society of Petroleum Engineers

sures and saturations are calculated for each
grid cell. The subdomain approach can also
take care of transient effects. These effects,
however, may not be important in field-scale
problems.

Although fracture capillary pressure is
assumed to be zero in most dual-porosity
models, a recent paper!! questions the va-
lidity of this concept. In selection of the
problems for this Comparative Solution
Project, the influence of fracture capillary
pressure on reservoir performance was ad-
dressed by including cases with zero and
nonzero gas/oil capillary pressure in the
fractures. The nonzero fracture capillary
pressures are not based on any actual meas-
urements, but are intended as a parameter
for sensitivity studies. The variation of
gas/oil interfacial tension (IFT) with pres-
sure has also been incorporated in the prob-
lems. Gas/oil capillary pressure is directly
related to IFT, and therefore, the gas/oil
capillary pressure should be adjusted accord-
ing to the ratio of IFT at reservoir pressure
divided by IFT at the pressure at which
capillary pressures are specified.

Problem Statement

We selected two problems to compare frac-
tured reservoir models: a single-block ex-
ample and a more complicated cross-section-
al example developed to simulate depletion,
gas-injection, and water-injection cases.
Basic PVT data for the above cases were
taken from Ref. 3. The rock/fluid data, with
the exception of the matrix water/oil capil-
lary pressure, were also taken from Ref. 3.
Table 1 gives the matrix water/oil capillary
pressure data. Matrix-block shape factors
have been specified for use in simulators that
directly enter this variable (see Table 2).

Single-Block Studies. The single-block
simulation is a study of gas/oil gravity
drainage at 4,500 psig [31.0 MPa] for a cu-
bic matrix block with dimensions of
10x 10X 10 ft [3.05%3.05%3.05 m]. One-
cell, dual-porosity runs were made for this
case. Two runs were reported: the first with
a zero fracture capillary pressure and the
second with a constant fracture capillary
pressure of 0.1 psi [0.69 kPa). These runs
were terminated at 5 years.
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TABLE 2—MATRIX-BLOCK
SHAPE FACTORS*

TABLE 1—MATRIX WATER/OIL
CAPILLARY PRESSURE DATA
PCWO

Sy psi kPa
0.20 1.0 6.89
0.25 0.5 3.45
0.30 0.3 2.07
0.35 0.15 1.03
0.40 0.00 0.00
0.45 -0.2 -1.38
0.50 -1.2 -827
0.60 -4.0 ~-27.0
0.70 -10.0 ~68.9
0.75 -40.0 -275.0

Water/Oil
Block Size Shape Factor
ft m ft—2 m-2
5 1.52 1.000 10.76
10 3.08 0.250 2.69
25 7.62 0.040 0.43

*Ref. 3 gives the basis for selection of the
shape factors. Participants were given the
choice to use a single shape factor for a
given block size for both water/oil and gas/oil
cases or different values for the two cases.
Some techniquss do not use shape factors.

Cross-Sectional Studies. The layer descrip-
tion for the cross-sectional studies is given
in Table 3. In all studies, the injection well
was at /=1 and the production well at /=10.
Input data for each study are given below.

Depletion. Depletion runs were carried
out to a maximum of 10 years or whenever
production declined to less than 1 STB/D
[0.16 stock-tank m3/d]. The production
well has a maximum rate of 500 STB/D [80
stock-tank m3/d] and was limited by a
maximum drawdown of 100 psi [689 kPa].
This well was perforated only in the bottom
layer.

Two runs were made: the first with zero
fracture capillary pressure and the second
with fracture capillary pressure data from
Table 4. These data are reported at the bub-
blepoint pressure of 5,545 psig [38.23 MPa]
and were adjusted for the effect of pressure
on IFT.

Gas Injection. For these runs, 90% of the
gas produced from the previous timestep
was reinjected. The injection well was per-
forated in Layers 1 through 3. The produc-
tion well was perforated only in Layers 4
and 5 and was constrained by a maximum
drawdown of 100 psi [689 kPa]. A maxi-
mum rate of 1,000 STB/D [160 m3/d] was
set. The minimum cutoff rate was 100
STB/D [16 stock-tank m3/d].

Two runs were made: the first with zero
fracture capillary pressure and the second
with fracture capillary pressure data from
Table 4 adjusted for the pressure effect.

Water Injection. In this run, water was
injected at time zero at a maximum rate of
1,750 STB/D [280 stock-tank m3/d] and
was constrained by a maximum injection
pressure of 6,100 psig [42.06 MPa]. The
production rate was set at 1,000 STB/D [160
stock-tank m3/d] of total liquid(s) (water
and oil). The injection well was perforated
in Layers 1 through S5, and the production
well was perforated in Layers 1 through 3.
A run time of 20 years was reported.

The following data were specified for the
two problems to contro} timestep sizes: max-
imum saturation change=0.1, maximum
pressure change =500 psi [3.45 MPa], and
maximum saturation pressure change =500
psi [3.45 MPa]. Maximum timestep incre-
ment for the gas- and water-injection cases
was set to 0.25 years. Maximum timestep
increment for the depletion cases was set to
0.1 year to minimize time truncation error.

Reporting Results

For the single-block gas/oil gravity drainage
runs, oil recovery vs. time at 0.25-year
increments was reported. The following re-

¢, . .reservoir test
problems were
designed to illustrate
some aspects of the
physics of multiphase
flow in fractured
reservoirs and
modeling techniques to
account for capillary
and gravity forces.”

TABLE 3—BASIC DATA

Az, ft [m]
Initial reservoir pressure (1,1,1), psi
z-direction transmissibilities

1
0.29

0.01

10

1

5

200 [61]

1,000 [305]

50 [15.2]

6,000 [41.37]

multiply calculated values by 0.1

[MPa]

Layer Data
Effective Fracture .
Permeability Block Height Jr
Layer (md) ft m (res bbl-cp)/(D-psi)
1 10 25 7.62 1
2 10 25 7.62 1
3 90 5 1.52 9
4 20 10 3.05 2
5 20 10 3.05 2

*q={kJ)(Bw)Ap, where Ap is in psi, u in cp, B in RB/STB, and g in STB/D.
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TABLE 4—FRACTURE CAPILLARY
PRESSURE DATA"

P cfgo

Sy psi kPa
0.0 0.0375 0.258
0.10 0.0425 0.293
0.20 0.0475 0.327
0.30 0.0575 0.396
0.40 0.0725 0.500
0.50 0.0880 0.607
0.70 0.1260 0.869
1.0 0.1930 1.331

*Fracture water/oil capitlary pressure is equal
1o zero. Fracture relative permeability curves
are straight lines with zero residuals.

**At the bubblepoint pressure of 5,545 psig
{38.23 MPa].
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Flg. 1—Recovery vs. time: single block, zero P .

sults were reported for the cross-sectional
runs.

1. Oil production rate, GOR, and pres-
sure at Gridblock (5,1,1) each year for the
depletion and gas-injection runs.

2. Fracture and matrix gas saturations at
2, 5, 10, and 20 years for the column of
blocks at /=5 and K=1 through 5 for the
gas-injection case with the nonzero fracture
capillary pressure.

3. Oil production rate and water cut each
year for the water-injection run.

4. Total number of timesteps and global
iterations for all runs.

Description of Models

The 10 organizations that participated in the
Sixth SPE Comparative Solution Project
used the models described below.

Chevron Oil Field Research Co. Chevron
used their naturally fractured reservoir simu-
lator, NFRS, to solve the problems of the
Comparative Solution Project. This simu-
lator, based on the methodology outlined in
Ref. 12, avoids the use of shape factors by
using cylindrical matrix blocks that may be
discretized in the r and z directions.® Fluid
exchange between fracture and matrix is al-
lowed through top, bottom, and side faces
of the matrix blocks.

Two cells were used to solve the single-
matrix problem: one cell contained a gas in-
jector at 0.5 PV/D and the other cell con-
tained a producer at 4,500 psig [31.0 MPa].

A sensitivity analysis showed that vertical
discretization of matrix blocks had a strong
effect on oil recovery. This effect was
strongest in the gas-injection example with
zero fracture capillary pressure. As a resuit
of the sensitivity analysis, four matrix-block
layers were used in the single-block prob-
lem for the depletion and gas-injection cases
and the water-injection case was run with
undiscretized matrix blocks.
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Computer Modelling Group (CMG).
CMG used the IMEX model, which is both
a single-porosity and a dual-porosity/dual-
permeability, four-component, adaptive-
implicit reservoir simulator. For the dual-
porosity option, IMEX allows the discreti-
zation of the matrix blocks into subblocks
either in the nested format,10 for the
representation of transient effects, or in the
layer format, for the representation of gravi-
ty effect. 13

For the problems of this project, the dual-
porosity option with the subdomain ap-
proach was used to represent the matrix/
fracture fluid-transfer calculations. In this
model, the matrix block dimensions are
entered directly and no shape factor is
required. Because the matrix block is dis-
cretized, the fluid transfer between the
matrix and the fracture is believed to be rep-
resented properly by difference equations.
Within a given gridblock, gravity segrega-
tion is assumed in the fractures. All runs
were performed with five subdomain blocks
per grid cell. A five-point differencing
scheme with single-point upstream-weighted
mobility was used.

Dancomp A/S. Dancomp A/S used its
DANCOMP/RISO simulator for the test ex-
amples of the project. This is a three-phase,
3D, isothermal model that can run in either
black-oil or compositional modes with a
dual-porosity/dual-permeability option.

Space discretization is performed by the
integral finite-difference technique to avoid
reference to a specific coordinate system.
The time-integration method is fully im-
plicit, and the timestep is adjusted automat-
ically to maintain a specified accuracy. The
resulting nonlinear system of equations is
solved by the Newton-Raphson method. The
system of linear equations is solved either
by a direct band solver or by an iterative
sparse matrix solver.

Fig. 2—Recovery vs. time: single block, nonzero P .

In the DANCOMP/RISO model, the satu-
ration gradients within the matrix blocks for
an imbibition process are taken into account.
The imbibition is modeled as a diffusion .
process with capillary pressure as the driv-
ing mechanism. 14 The corresponding diffu-
sion equation is solved either numerically
or analytically. Recovery from gas/oil gravi-
ty drainage is found by considering (1)
matrix blocks above the gas/oil contact
(GOC), (2) matrix blocks in the GOC zone,
and (3) matrix blocks below the GOC. In
water/oil cas€s, a capillary continuity be-
tween adjacent horizontal matrix blocks in
the same grid cell is assumed.

Exploration Consultants Ltd. (ECL).
ECL used the ECLIPSE model in dual-
porosity mode. This model required two
simulation cells to represent each grid-
block volume; one each for the rock matrix
and the fracture properties. In the dual-
porosity mode, the shape factor in the trans-
fer function term was computed from Eq.
5 of Ref. 1.

ECLIPSE is a fully implicit program and
reinjects a fraction of the phase production
or reservoir voidage from the current
timestep to model pressure-maintenance
schemes. This approach has been used in the
gas-injection runs rather than reinjecting gas
from the previous timestep.

In all the runs, the ECLIPSE iterative so-
lution techniques of nested factorization for
the linear equations and Newton’s method
for the nonlinear equations were used.
Drawdown control in ECLIPSE was simu-
lated by converting the maximum drawdown
to a maximum liquid rate that may not be
exceeded. This target liquid rate was updat-
ed at each nonlinear iteration. Limiting the
number of iterations for which the target is
updated would reduce the number of itera-
tions at the expense of accuracy.

Franlab. Franlab used FRAGOR to simulate
the test examples. This model is a three-
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Flg. 3-—0il rate vs. time: depletion, zero P .

phase, 3D, black-oil, pseudo- and fully-
compositional simulator with a dual-
porosity/dual-permeability option. Ref. 6
outlines the main features of the model.

The matrix/fracture flows are computed
through the six faces of the central block of
each cell. Gravity, capillary, and viscous
forces are included in the dual-porosity op-
tions. Numerical solution schemes, such as
fully implicit and adaptive implicit tech-
niques, are available in FRAGOR.

In using the FRAGOR model, Franlab
made no attempt to introduce any correc-
tion factor or pseudofunctions to correct the
effects of an undiscretized matrix block.

Japan Oil Engineering Co. (JOE). JOE
and Japan Natl. Oil Corp. jointly developed
this model. The runs were performed with
the fracture/matrix fluid transfer of Ref. 1.
The model uses a finite-difference spatial
discretization in which flow terms are
weighted upstream and applies a fully im-
plicit backward Euler method for the time
discretization. Nonlinear iterations are per-
formed with the Newton-Raphson tech-
nique. Various options for the matrix/
fracture transfer function are currently being
tested.

Marathon Oil Co. Marathon’s fractured
simulator is a fully implicit, three-phase, 3D
model. Matrix/fracture fluid-transfer func-
tions for each phase are based on the trans-
missibilities of Ref. 1 with upstream mobili-
ties. In the example problems of the proj-
ect, Dy was assumed to be equal to D,,,,.

In this simulator, pseudo-capillary-
pressure curves were used to simulate the
gravity forces.8 For the gas/oil system, a
pseudo fracture capillary pressure was found
for each block size that would allow a dual-
porosity, single-node model to match oil
recovery from a vertical, dual-permeability,
fine-grid model. This match was obtained
at a constant pressure of 4,500 psig [31.03

JPT e June 1990

MPa]. Matrix capillary pressure was un-
changed. For all other pressures, the matrix
capillary pressure (adjusted by the IFT ra-
tio) was integrated to determine an equilib-
rium gas saturation for each block height.
Pseudo-IFT ratios for the fracture were cal-
culated at each pressure for each block size
such that, when multiplied by the maximum
base fracture pseudo capillary pressure, the
matrix and fracture capillary pressures
would be equal at Sgr=1 and Sgma=Sge.
Sge is the equilibrium matrix gas saturation
determined by integration of the capillary
pressure curve at each pressure and for each
matrix block height. This procedure was
used for both the zero- and nonzero-fracture-
capillary-pressure cases.

For the water/oil case, pseudo fracture
capillary pressures were developed for each
matrix block size at 6,000 psig [41.37 MPa]
such that a dual-porosity model would give
the recovery as determined from fine-grid
simulations.

For both water/oil and gas/oil cases, the
matrix shape factor was computed from
o=12/L2,.

Phillips Petroleum Co. Phillips’ simulator
is a fully implicit, 3D, three-phase, single-
or dual-porosity model. For dual-porosity
simulations, primary flow in the reservoir
occurs within the fractures with local ex-
change of fluids between the fracture sys-
tem and matrix blocks. The matrix/fracture
transfer term is based on an extension of the
equation developed by Warren and Root13

and accounts for capillary pressure, gravity,

and viscous forces. Matrix unknowns are
implicitly evaluated as a function of fracture
unknowns. The matrix/fracture flow equa-
tion accurately matches detailed simulations
of multiphase flow processes.

Provisions are included for modeling the
gravity term, for properly calculating rela-
tive permeabilities as a function of both up-
and downstream conditions and hysteresis,

Fig. 4—GOR vs. time: depletion, zero P .

and for evaluating the appropriate shape fac-
tor depending on the environment of the
fracture system.

Simulation and Modelling Consultancy
Ltd. (SMC). SMC’s three-phase, 3D
GENESYS simulator is designed to model
both fractured and unfractured petroleum
reservoirs.

In addition to the viscous and capillary
forces, the matrix/fracture exchange terms3
handle gravity forces with different results
depending on matrix. block size or matrix
block connections. The exchange terms and
gravity forces within the exchange terms
simulate the behavior of a single matrix
block surrounded by fractures that might
contain different fluids. Gravity forces were
internally calculated as functions of satu-
ration. 5

Several different choices of discretized
time-solution techniques are available in
GENESYS. Various sequential and implicit
pressure, explicit saturation solutions are ob-
tained as simplified versions of the fully im-
plicit technique. Ref. 16 provides the details
of the conservation equations and the solu-
tion techniques.

Scientific Software-Intercomp (SSI). SSI
used SIMBEST II for this project. This simu-
lator was designed to expand traditional
black-oil simulation to include dual-porosity
and pseudocompositional behavior. In the
dual-porosity option, the fluids-transfer flow
is currently modeled through a formulation
described in Ref. 1.

SIMBEST II allows automatic accounting
of phase pressure differences between the
matrix and fracture when the matrix is sub-
jected to capillary equilibrium and the frac-
ture is in vertical equilibrium. Well
unknowns are normally treated fully im-
plicitly at all times in SIMBEST I, but for
expediency of implementation of the
constant-drawdown constraint specified for
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Flg. 8—Pressure vs. time: depletion, zero P ;.

this project, they were modeled explicitly
at each nonlinear iteration. As a result, more
than twice as many nonlinear iterations were
required than would have been the case for
other well operating constraints.

SIMBEST II uses both fully and adaptive-
implicit nonlinear formulations. For solving
the sets of linear equations within each linear
iteration, either D-4 Gaussian elimination or
a conjugate-gradient iterative solution pack-
age can be selected.

SIMBEST II does not have a pressure-
dependent gas/oil capillary pressure option.
Gas/oil capillary pressures at 4,000 psig
[27.60 MPa] were used for the gas injec-
tion and depletion runs.

Comparison of Results

In line with the tradition of previous SPE
Comparative Solution Projects,!7-21 a

Fig. 6—0il rate vs

minimum of commentary is presented on the
results submitted by the 10 participants of
this project.

Single-Block Results. Figs. 1 and 2 show
the results of single-cell, dual-porosity simu-
lations by all 10 participants and the results
of a fine-grid, single-porosity simulation.
Fine-grid simulations give a recovery of 40
and 44% when P;=0 and 0.1 psi {0 and
0.69 kPa], respectively, at the 5-year ter-
mination. Note that at the end of 5 years,
the results of the dual-porosity simulations
for all the participants are close to the single-
porosity fine-grid simulation.

Cross-Sectional Results. Depletion. Figs.
3 through 5 present oil production rate, pro-
duced GOR, and pressure as a function of
time for the run with zero fracture capillary

. time: depletion, nonzero P,.

pressure. Figs. 6 and 7 show oil produc-
tion rate and GOR plots for runs that used
fracture capillary pressures based on the ad-
justed data of Table 4 (SSI used gas/oil capil-
lary pressure data at 4,000 psi [27.58 mPa]).
With few exceptions, most models show
similar trends in the reported resuits. Com-
parison of the results for zero and nonzero
fracture capillary pressure clearly indicates
that capillary continuity has a major influ-
ence on the produced GOR and reservoir
pressure (reservoir pressure plot for the
nonzero-fracture-capillary-pressure run is
not shown).

Reinjection. Figs. 8 and 9 show oil pro-
duction rate and produced GOR as a func-
tion of time for the gas-injection case when
90% of the produced gas is reinjected. These
figures are based on the assumption of zero
fracture capillary pressure. Figs. 10 and 11
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Flg. 8—0OIl rate vs. time: gas reinjection, zero P .
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show results for the case of nonzero frac-
ture capillary pressure. As in the depletion
runs, a noticeable variation exists between
the results of the nine participants.

The reinjection runs also indicate a strong
influence of fracture capillary pressure on
the results. Table 5 presents the fracture and
matrix gas saturations for all layers at /=5
for the run with nonzero fracture capillary
pressure. Note that a substantial variation
of fracture saturation exists in the top layers
at 2 years.

Water Injection. Fig. 12 shows the oil
production rate and water cut as functions
of time for the water-injection test example.
Unlike the previous runs, the results from
all participants are in general agreement.

Timesteps and Iterations. Table 6 lists the
number of timesteps and global iterations

reported by the nine companies who partic-
ipated in the cross-sectional runs.

Concluding Remarks

The two problems for this comparative so-
lution project for dual-porosity models of
fractured reservoirs were selected to illus-
trate specific aspects of multiphase flow in
fractured porous media. The conventional
dual-porosity concept, however, does not
model processes such as reinfiltration. 22,23

The comparison of solutions from vari-
ous participants indicates that for some ex-
amples, there is a noticeable difference in
the results. Different formulations for
matrix/fracture exchange is the main reason
for this difference. The difference between
the cases with zero and nonzero fracture
capillary pressure indicates the need for fur-
ther development of the physics and numer-

Flg. 10~—O0il rate vs.

time: gas reinjection, nonzero P .

ical modeling of naturally fractured petrole-
um reservoirs.

Most of the current techniques in dual-
porosity simulation are represented in the
results of the participants of this project. We
believe that resulits based on various tech-
niques will be of value in further enhance-
ment of fractured reservoir simulation
technology.

Nomenclature
B = FVF
Dy = depth of fracture
D,,, = depth of matrix

I = gridblock index in x direction
J = gridblock index in y direction
k = permeability

kp = effective fracture permeability

(To Page 762)
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TABLE 5—CROSS-SECTIONAL GAS REINJECTION NONZERO-P RESULTS*®

Time Phillips CMG

SMC

Marathon

Franlab

ECL

Chevron SSi Dancomp

(vears) Layer Sy Sy Sy Sgma

S gf S gma

S

gf sgma ng nga

S gf S gma

sgf sgma ng nga sgl nga

2

0.566 0.284
0.514 0.255
0.407 0.151
0.021 0.009
0.014 0.007

0.820 0.436
0.791 0.413
0.718 0.334
0.025 0.004
0.008 0.002

1.000 0.513
1.000 0.508
1.000 0.464
0.527 0.173
0.007 0.001

10

20

NHWN= RN DB WN-S OO =

*Saturations at (5,1,1 through 5).

0.194 0.094 0.384 0.111 0.245 0.111 0.617 0.102 0.249 0.090
0.174 0.083 0.212 0.061 0.210 0.094 0.519 0.080 0.145
0.146 0.048 0.100 0.034 0.175 0.044 0.144 0.063 0.087
0.022 0.014 0.019 0.041 0.026 0.025 0.004 0.060 0.010
0.017 0.012 0.017 0.039 0.020 0.024 0.003 0.05S 0.008

0.650 0.273 0.573 0.290 0.679 0.249 0.665
0.595 0.229 0.520 0.261 0.625 0.221 0.610
0.454 0.137 0.418 0.168 0.470 0.165 0.453
0.049 0.037 0.025 0.012 0.023 0.095 0.025
0.038 0.037 0.015 0.011 0.014 0.095 0.015

0.805 0.413 0.873 0.433 0.809 0.396 0.853
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0.027 0.023 0.007 0.003 0.012 0.055 0.010
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0.040 0.013 0.059 0.001 0.060 0.032 0.093 0.003

0
0.068 0
0.065
0.030

0.028

0.251
0.225
0.169
0.039
0.034

0.387
0.370
0.410
0.032 0
0.011 0

0.468 1
0.464 1
0.453 1
0.309

0
0

0
0
0
0

0
0

0

.282 0.124
.218 0.094

0.145 0.041

.017 0.031
.013 0.031

.603 0.295
.5631 0.256
379 0.144
.023 0.023

0.014 0.022
0.871 0.429

.829 0.412
791 0.403
.083 0.011
.008 0.007

.000 0.485
.000 0.481
.000 0.465

0.570 0.279

.027 0.002

0.065 0.093 0.697
0.078 0.097 0.649
0.135 0.058 0.344
0.008 0.047 0.009
0.007 0.045 0.007

0.679 0.268 0.789
0.652 0.263 0.754
0.493 0.156 0.505
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0.023 0.035 0.011
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0.868 0.416 0.867
0.285 0.019 0.282
0.009 0.015 0.010

0.995 0.466 0.970
0.994 0.464 0.964
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0.619 0.276 0.760
0.008 0.076 0.062
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0.062
0.029
0.035
0.034

0.191
0.172
0.113
0.059
0.058

0.301
0.286
0.400
0.064
0.056

0.400
0.393
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0.290
0.047
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0.109 0.042
0.009 0.031
0.007 0.030

0.580 0.270
0.536 0.231
0.393 0.142
0.020 0.027
0.013 0.026

0.843 0.428
0.773 0.409
0.681 0.365
0.032 0.021
0.013 0.014

0.966 0.522
0.962 0.519
0.956 0.530
0.410 0.140
0.023 0.008
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Appendix—Participants in
the Sixth SPE Comparative
Solution Project

Chevron Oil Field Research Co.
P.O. Box 446
La Habra, CA 90633, U.S.A.

Computer Modelling Group
3512-33 St. N.W.
Calgary, Alta., Canada T2L 2A6

Dancomp A/S
Bregnerodvej 132
DK-3460 Birkerod, Denmark

Exploration Consultants Ltd.
Highlands Farm
Henley-on-Thames, England

Franlab

Rue Albert Einstein

Sophia Antipolis

P.O. Box 14

06561 Valbonne Cedex, France
Japan Oil Engineering Co.
Riccar Bldg., 2-1

Ginza, 6-Chome, Chuo-ku
Tokyo, Japan

Marathon Qil Co.

P.O. Box 269

Littleton, CO 80160-0269, U.S.A.

Phillips Petroleum Co.
141 Geoscience Bldg.
Bartlesville, OK 74004, U.S.A.

Scientific Software-Intercomp
1801 California St., 3rd Floor
Denver, CO 80202-2699, U.S.A.

Simulation and Modelling Consultancy Ltd.
Crown House, 9th Floor, London Rd.
Morden, Surrey SM4 5DX, England

$1 Metric Conversion Factors

bbl x 1.589 873 E-01 = m?

cp x 1.0% E-03 = Pa-s
md x 9.869 233 E-04 = pm?
psi X 6.894 757 E+00 = kPa

*Conversion factor is exact.

Provenance

Original SPE manuscript, Sixth SPE Com-
parative Solution Project: A Comparison
of Dual-Porosity Simulators, received for
review Feb. 6, 1989. Paper accepted for
publication March 16, 1990. Revised
manuscript received Feb. 12, 1990. Paper
(SPE 18741) first presented at the 1989 SPE
Symposium on Reservoir Simulation held in
Houston, Feb. 6-8.
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voirs, phase behavior, and gas engi-
neering. He previously was senior
researcher and manager of the EOR Re-
search Center at the Natl. Iranian Oil
Co., a petroleum engineering faculty
member at Stanford U., and research
adviser with Norsk Hydro A/S. He holds
a PhD degree in gas engineering from
the lllinois Inst. of Technology.
Firoozabadi was a member of the 1989
Forum Series Committee and the 1989
Reservoir Simulation Symposium pro-
gram committee. He has been a mem-
ber of the Editorial Review Committee
since 1986. L. Kent Thomas, manager
of production sciences in the Drilling &
Production Div. of Phillips Petroleum
Co. in Bartlesville, OK, has written
numerous papers on reservoir simula-
tion and engineering. He holds a PhD
degree in chemical engineering from the
U. of Michigan. Thomas was a member
of the Textbook and Meetings commit-
tees during 1983-86. He served on the
1989 Reservoir Simulation Symposium
program committee and has served on
the Forum Series Committee since
1988, chairing it during 1988-89. Tho-
mas is currently a member of the Lester
C. Uren Award Committee.
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