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Abstract
Numerical simulation considering complex fractuesworks in tight oil reservoir becomes a hot
issue during these years. Recently, embedded téstracture model (EDFM) shows great
advantages over the DFM approaches in both cailenlefficiency and simplicity of simulation
workflow. EDFM has been widely used in tight oikgaatural energy or enhanced oil recovery
(EOR) development. If a large number of small-saed¢ural fractures exist in reservoir, the
calculation efficiency of EDFM method may decredsethis paper, a new hybrid simulation
model combining the EDFM and dual porosity (DP) eldd proposed. The large-scale fractures
are dealt with EDFM method while small scale fraetuare dealt with DP model. Considering
the low permeability of matrix, transient transfeetween matrix and natural fracture is
considered. The proposed hybrid model is validai@ehpared with the local grid refinement
(LGR) model and EDFM-MINC model, and the differenbetween transient transfer and
pseudo-steady-state transfer effect on product®orpresented. Finally, two test cases are
presented, and the sensitivity of some key parasate investigated. Result shows that the new
simulation model has higher calculation efficientyan LGR and EDFM-MINC models.
Meanwhile, it honors a good accuracy. The pseueadststate transfer between matrix and
natural fracture leads to big error in tight oilbguction performance analysis both in single
phase and two phases flow. Low matrix permeabditgl big matrix size increase the production
difference between pseudo-steady-state transfertrmmdient transfer models. The proposed
model can simulate reservoirs considering stoah@astimeability distribution.
Keywords
Numerical simulation; Discrete fracture model; Natly fractured tight oil reservoir; Transient
transfer; Stochastic permeability



1. Introduction

Advances in numerical simulation technology arenpbng global interest in unconventional
resources development such as tight oil/gas. HYidrénacturing is always employed for tight
porous media such as shale gas/tight oil to achheyteproduction rate [1, 2, 3]. Reasonable and
efficiency numerical simulation tool plays an imgamt role for hydrocarbon production design.
Various numerical models have been proposed tolatmoil and gas flow in subsurface [4, 5].
Generally, two approaches are used to charactenzke model naturally fractured system:
Dual-porosity/ dual-permeability (DP/DK) models agidcrete fracture model (DFM) [6].

Dual porosity model was proposed by Barenblatt Aimeltov (1960) firstly [7] and then widely
improved and used in simulation of naturally fraetl reservoirs (NFRs) [8, 9, 10]. DP/DK
model assumes the representative volume elemenE)(RXists and uses relatively uniform
properties to characterize matrix and naturallyctiree [11]. Low computational cost is an
important advantage for DP/DK model. The shapeofasta key parameter to calculate the flux
between matrix and fracture [12]. Various formadsd factors are proposed [9, 10, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 2Magsinalytical or numerical methods. Commonly,
there are two categories of shape factors: cldsaiwhtime-dependent shape factors [21]. The
classical shape factors are used widely in numlesioaulation software like CMG and Eclipse.
The classical shape factor assumes fracture andxn@nsfer arrives the pseudo-steady. This
assumption is validated only when the transientmmedast short. While for tight porous media,
transient transfer regime last long as the ultrapermeability of matrix. Transient transfer flow
should be considered between matrix and fract8eZ49, 30].

To overcome the disadvantages of DP/DK model, DEEhss a better way to characterize the
detail of complex fracture. Many scholars have das=arch on DFM [31, 32, 33, 34, 35, 36].
Unstructured grids always used in DFM model. BExplprocessing of fractures needs large
number of grids thus makes the simulation costlyrifiy these years, embedded discrete
fractured model (EDFM) shows great advantages ghttreservoir simulation. EDFM was
proposed by Lee et al. [37, 38]. This model is dbsd as a hierarchical approach to
characterize multiple length-scale fractures. Byparison with the grid size, the short fractures
are dealt with to enhance the matrix conductiviing analytical method. The boundary element
method is used to calculate the medium lengthdrastcontribution to matrix permeability. The

long-scale fractures are modelled as discrete Uraanodel. A tensor permeability simulator



should be used to simulate the enhanced matrix geitity tensor. Compared with DP model,
EDFM is adequate to represent high anisotropy drast [39]. Monifar et al. [40] extended
EDFM to simulate IOR processes in naturally fraetureservoirs fractures. In their work, three
connections are defined and explained in detaihnection between a fracture cell and its
neighboring matrix grid, connection between twoersécting fracture cells and connection
between two cell domains of an individual fractuiiéhe calculation rules for connection
transmissibility are determine&igure 1 shows the connections when using EDFM. Then the
EDFM is improved for the simulation of unconventbmwil/gas reservoirs [41, 42]. The natural
fracture and hydraulic fracture can both taken mbezided discrete factures. After defining
connections and calculating transmissibility in-precessing code, the simulation is simple to

performance using in-house simulators.
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Figure 1. Connectionsin embedded discrete fracture model
Much improvement has been performed on EDFM. Themgehanics was considered that
allows the simulation of stress-sensitive or fraetpropagation [43, 44, 45]. The compositional
model EDFM was developed for tight reservoirs [4@, 48]. Siripatrachai et al. (2017)
highlighted the effect of capillary pressure initr@mulation. The capillary pressure should be
considered in both flow and phase behavior cal@raf46]. Zuloaga-Molero et al. (2016)
analyzed the COHuff-n-Puff performance in Bakken Formation. Ditfat fracture geometries
effect on oil production are discussed [47]. The;EDR was evaluated in detail and its good
application prospect in tight oil development wasven [48]. When developing tight oil
reservoirs, a large fracture network is benefitiemaximize well performance, the EDFM is

widely used in hydraulic fracture simulation [4®ecently, it is extended to unstructured grids



including triangle mesh grids and coordinate grfi88, 51]. Another progress in EDFM is
coupling it with multi-continuum model [52, 53]. Bently, the EDFM incorporates different
porosity type media has been developed. Porospgstyincludes kerogen, inorganic matrix,
micro fracture, and macro fracture. The transfawben different media uses pseudo-steady
shape factor [52]. Wang et al. proposed a compshemodel in which the EDFM was coupled
with multiple interacting continua (MINC) [53]. Theame method was used by coupling the
DFM with the MINC [54].

After hydraulic fracturing, a complex hydraulic ¢tare system may exist. Fluids flow in
different space, i.e, hydraulic fractures, natdrattures, and matrix [55]. So the simulation
model must characterize the flow reasonable anddhee for the coupling of transfer between
different media.

Although many numerical models have confirmed tB&8FM is a good method to model
naturally fractured tight reservoirs [11]. Few hdween presented to investigate the transient
transfer behavior. Though MINC model can simula@gient transfer from matrix to fracture by
dividing the matrix, it increases the Jacobian Masize which is time consuming. This is the
basic motivation for our work. As porous flow happan multiple length scale fractures, the
flow coupling between different length scale spabeuld be modelled. The EDFM is used to
characterize the flow between large scale frachydraulic fracture and relatively small scale
natural fractures. On the other hand, the trarisféiween matrix and natural fracture also need to
be evaluated as the tight matrix permeability caudeng time of unsteady flow between them
[28]. To our best knowledge, the simulation modedl &imulation performance has not been
investigated when using the EDFM considering amadyttransient transfer formula. In this
paper, we will show a new workflow how to combire ttransient transfer between natural
fracture and matrix and EDFM to simulate the flowhhvior of naturally fractured tight
reservoirs with complex hydraulic fractures. Thealgs to combine the advantages of EDFM
and transient transfer shape factor and thus ingptbe computational efficiency of naturally
fractured tight oil reservoir. Moreover, we makemparison between transient transfer and
pseudo-steady-state shape factor and shows the when using pseudo-steady-state shape
factor in tight reservoir. The rest of this papeorganized as following. Section 2 describes the
proposed physical model we focus on in detail. phgsics significance is presented; Section 3

presents the mathematical model and the solutiorkfleay is also showed for the model;



Section 4 shows the comparison of different nunaérimodel to verify the new numerical
simulation method. Calculation efficiency studies eonducted for different numerical schemes.
Section 5 presents a number of test cases thatindtifferent fracture geometries to benchmark
the performances of the hybrid simulation method foultiphase flow. Some important
parameters are analyzed.

2. Physical model

___________________________________
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Figure 2. Schematic of physical model and transport between different media

Figure 2(1) shows the physical model. The green line indicéiteshorizontal well. Several
perforation points distribute along the well ands@the hydraulic fracture after fracturing fluid
is injected. The fracturing fluid is always non-Newian [56, 57]. The red lines present the
complex hydraulic fractures with high conductivityhe hydraulic fracture network will
dominate the flow dynamics in the production prgc@he blue lines are the natural fractures.
Natural fractures always exist with low conductibus leads to low permeability of formation
[55]. The natural fracture permeability is loweathhydraulic fractures. The zone with complex
hydraulic fractures is named as Stimulated ReseNalume (SRV) while the outer region is
un-Stimulated Reservoir Volume (USRV) [58Figure 2(2) shows the transport between
different media. Fluids first flow into the wellmifrom the SRV and then pressure spreads to
USRV which causes flow within it. Next, the hybritbdel will be established. In the model, the
hydraulic fractures are modelled with EDFM methedsle the matrix and natural fractures are
modelled with DP model. The new numerical modekstablished based on the following
assumptions: (1) three space system is consideoed fatrix to natural facture to hydraulic
fractures; (2) the fluid flow along the matrix-nedl fracture-hydraulic fracture-wellbore
successively; (3) the flow is under isothermal ¢bon; (4) flow is single or two phases. In the

production stage for the well, the flow obeys D& dsw; (5) the fluid is slightly compressible.



The viscosity and density change with the pressure.

3. Mathematical model

3.1 Two-phase flow

The two-phase flow is considered. The mass conservaquations for oil and water phases

respectively are followed for fracture:

. 0

— |:GlOOfVOf ) + (pouo)m + qmo :% (1)
. 0

~002 Ve ) + (Yo I * =@ )

Wheregis porosity; pis density; gdenotes the source and sink termsjs the transfer flux

between matrix and nature fracture;is the time. For hydraulic fracture, the transfem

between matrix and fracture is ignored. The phasecity can be expressed using Darcy’'s Law:

Vi = K U (3)
H;
While in matrix, oil and water flow obeys the foling equations:
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The transfer between matrix and fracture is given b

. k _k
u :M(pm_pf) (6)
U

If the pseudo-steady-state shape factor is coreidas discussed in thetroduction part, a lot
of shape factors can be chosen. Here, we use #pee $hctor proposed by Kazemi and Gilman
(1993) [15]:

1. 1 1
e 7
O =G ) ©

Wherek is the permeability;L,, L ,L,is the matrix size in X, y, z directiory is the viscosity

of fluids; k. is the relative permeability. The subscripts myf,0, respectively, denote matrix,

natural fracture, water and oil. If the transieansfer shape factor is considered, the shaperfacto
proposed by Zimmerman et al. (1993) is used [14]:
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The following equations are required to form thehmanatical model:
S S =1 )
Poowt = Pt ~ P (10)
S tSm=1 (11)
Peowm = Pom™ Punr (12)

where S is the saturation andp,is the capillary pressure. Also, the reasonablglrtondition
and boundary condition should be included.

3.2 Discretization method

The discretization method refers to conventionathkloil reservoir model. Time is discretized

using backward scheme. The fully-implicit discratian of the fracture and matrix are as

follows:
AT ARG + AT H(Pom = P WV, + Q= %[((ﬂfpofsof)"” ~(205Su)] (13)
BT OR AR PN Q= (@ S )™ (90 S ) (14)
=25 (Pom = PV, = %[(com%msm)“1 (PP o o | (15)
~A(Pom = P, = \A/—‘; (@PurSum)” = (Dl Sum) ] (16)
S +Si=L (17)
Plow = Pa = P (18)
Sn +Sin =1 (19)
Plowmn = Pom — P (20)
where
T = pNkA (21)




4= afekpy (22)
7]
V, is the volume of grids;Q denotes the source and sink terms of magsis the

transmissibility of fracture (commonly, the density and viscosity ¢ are arithmetic

KA
averaged;F is harmonic averagedk takes the value of up-wind).

3.3 Improvement of EDFM
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Figure 3. Improvement of EDFM

In general, EDFM always use Cartesian grid to éisoe reservoir geology. As shown in Figure
1, hydraulic fractures are discretized by the Gaate grid boundaries automaticalljigure 3
shows a model which includes four hydraulic fraetuthe red lines) and 185 natural fractures
(the blue lines). In the new model, the matrix avadural fractures are taken as dual porosity
media. The matrix and natural fracture grids aserdtized by Cartesian grid and the hydraulic
fractures are discretized as embedded discrettufesc As can been seen, compared with the
EDFM proposed before, the connection between hyidriacture and natural facture should be

defined and the transmissibility should be cal@datThis model is a hybrid model which



combines the EDFM (to deal with hydraulic fractyrasd DP (to deal with natural fractures and
matrix) models. The freedom degrees contain thespre and saturation for matrix cells, natural
fracture cells and hydraulic fracture cells. As mmprovement, there are three kinds of
connections to redefine: (1) connection betweeanrahfracture grid and hydraulic fracture grid;
(2) connection between hydraulic grid belonging different natural fracture grids; (3)
connection of hydraulic fracture grid belongingite same natural fracture grid.

Considering the hydraulic fracture segment, sonve cennections should be added to the mass

conservation equation for fractures:

00av )Y, +V, (o0, +Q, + 0y =Vb% (23)
whereq, is given by
qy =T, % p0p (24)
H
T, = AK (25)

dN

EDFM defined three Non-neighborhood connections].[F3or all three connections, the
two-point flux approximation (TPFA) scheme is uded all connections [11, 54]. In the new
model, the same method is used to calculate tnertrigsibility for the above three connections
when considering hydraulic fracture, natural fragfand matrix.

3.4 Solution

As shown inFigure 3, after the discretization of the geological modelmne procedures should
be obeyed as following:

(1) Define the matrix and natural fracture gridet&mine hydraulic fracture segments divided
by natural fracture grid boundaries;

(2) Prepare the connections for matrix, naturaittree and hydraulic fracture domain.

(3) Generate the connection list. Each list comstathe left domain, right domain and
transmissibility. The transmissibility is calculdtaccording to the method in section 3.3;

(4) Identify fracture segments intersected by alveeld calculate the well index of the
corresponding fracture control volumes; the Contmume Function Approximation (CVFA) is

employed to couple the well and hydraulic fact&@] [



The calculation procedure of the program is showRigure 4. The new numerical simulator
was developed based on the finite difference methmdl compiled on the basis of black-oil

model. The code of the framework is programed by.C+

Start
v

Input reservoir parameters (grid information, flpiarameters,
rock parameters, production control, calculate rmnt
parameters), generate connection lists

!

Initialize pressure and saturation

>
i 4

T'm? step Two phases
I_ _—————— * Initialize pressure and
I Iteration step II—’ saturation for each grid;
_——— —*— _— - + Calculate fluid
Update pressure and saturation for each grid parameters, rock
parameters;
¢ Calculate the Jacobian
Convergence and Residual matrix:

condition * A (p, S) =- Jacobian

YES ¢ matrix \Residual matrix

Next time step

NO

YES
STOP

Figure 4. Framework of the Improved EDFM
4. Validation
We show a simple example to illustrate how to use improved EDFM method for the

simulation of multiphase flow. As shown Figure 5(1), the reservoir model contains 100 matrix

blocks and one hydraulic fracture. The matrix ble@e is 1810x10 m and each matrix block is

surrounded by natural fractures. The proposed misdebmpared with three existing models.
Four simulation cases (four simulation models)sateas follows:



@ In the first simulation case, the local grid refiment (LGR) method is used for both natural
fracture and hydraulic fractures. The total grichoer is 17%171=29241. This model is treated

as the basic model and is fully resolvEthure 5(1) also presents the local refinement grids;

@ In the second simulation case, the MINC modebispted with EDFM [51]. Figure 6 shows
a 2D physical model when MINC model is used. Inriedel, the matrix block is discretized by
small volume element. Flux happens between thehbering elements. Five volume elements
of matrix block are divided in the simulation. Catesing the grid system in Figure 5, the total
calculation domain is 2657 including 11 hydrauliacture domain, 441 natural fracture domain

and 2205 matrix domain;
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Figure 6. MINC model modified from Jiang and Younis[51]



® In the third simulation case, the improved hyti&@FM is used. The total grid number is 893
including 441 matrix grids, 441 natural fracturadgr and 11 hydraulic fracture cells. The
pseudo-steady-state transfer between matrix anlatdtacture is considered;
@ In the fourth simulation case, the improved hyt©@FM is considered in which the transfer
between matrix and natural fracture obeys trangiexntmodel. The total grid number is 893.
The parameters used in the 2D synthetic modellaers inTable 1. The correlations for rock
and fluid compressibility, viscosity and densitynche found in the user manual of the
commercial simulator Eclipse. The associated P& dadead oil (PVDO) are shown Trable
2. Then, we use eclipse to run the basic model. &hié code of the framework programed by
C++ is used for simulation cases 2, 3, and 4. Timnmum time step is set to be equal to 0.1 day
and the maximum time step is 30 days. The convemgeriterion is set to be the summation of
all calculation domainy" (& p,Js)2 in each newton iteration step. A simple time-stegpi
update strategy is employed: if the Newton metlaild to converge, time step is reduced by half
until it converges, while the maximum newton itevatstep number should be less than 20.
Table 1. Specific of the base model

Parameter Value Unit
Reservoir length (NX/NY) 100/ 100 m
Formation thickness 10 m
Initial pressure 20 fra
Initial Matrix Porosity 0.1

Initial Naturally Fracture Porosity 0.00004
Initial Hydraulic Fracture Porosity 1

Rock compressibility 0.000855 feat
Rock reference pressure 20 °pa
Oil reference density 1000 kgim
Natural Fracture aperture 2.00x10% m
Matrix permeability 1.00<10™%° m?
Natural Fracture permeability ~ 3.33<10°° m?
Hydraulic Fracture aperture 1.00x10% m
Hydraulic Fracture permeability 8.33<10% m?

Production BHP 8 1Pa



Total simulation time 500 day [86400 s]

Figure 7 shows the oil production rates computed from ftifferent models. As can been seen,
the first simulation case, the second simulatiosecand the fourth model are identical. We
define the CPU time ratio as the simulation timeeath case divided by the simulation time of

the third case. The second simulation case showgsifisant difference with other three

simulation models. In the simulation cases, themahfracture permeability is 33300000°m?

(the equivalent permeability is 6&860'°m?). The model proposed has the same accuracy

compared with the LGR model and EDFM-MINC model. i&hhe CPU time is much lower
compared with the EDFM-MINC model. Here, the siniola time for LGR model was not
presented because it runs with Eclipse and nothes@rogram we develop. Actually, the CPU
time is much longer than the other three simulatiases for the scenario with large Jacobian
Matrix size. For the third simulation case, the Ciitbe is lower than other cases but it cannot
keep a good accuracy. At the early production stidgeproduction rate generated from the third
model is lower than those computed from the othezet models, while at the late production
stage, the production rate is higher. It can ba $leat it is not reasonable to employ the pseudo
steady state shape factor when the matrix is tight.

Table 2. PVT data of dead oil (part of data referring to Jiang and Younis[11])

P 10°pP FVF
ressure( 9 Viscosity(lO'3 Pa-s)

2.76 1.012 1.06
8.27 1.004 1.064
13.79 0.996 1.067
19.30 0.988 1.072
24.82 0.9802 1.077
30.34 0.9724 1.081
35.85 0.9646 1.085

38.61 0.9607 1.09
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Next, we change the natural facture permeability b® 1000« 10°m? (the equivalent

permeability is 0.0210"°m?) and run four simulation cases again. The prodnoatate and CUP

time ratio are shown ifigure 8. As can be seen, when the natural fracture hatatavely low
conductivity, the new model can keep accuracy coetpawith the LGR model and
EDFM+MINC model.Figure 9 shows the iteration number of three hybrid modétscan been
seen, the new hybrid model considering transiearisfier between matrix and natural facture
takes more iteration number than other two simafatnodels. Though the EDFM+MINC model
costs the most time, the iteration number is netlighest. Thus, most time is consumed to solve

the linear equation system for EDFM+MINC model.
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5. Case study
5.1 Multistage fractured horizontal well
Figure 10 shows the geological model of a multistage fradunorizontal well. Three hydraulic
fractures exist in the middle of the reservoir. AI0 large scale natural fractures distribute in
the reservoir. The hydraulic fracture and largeescatural factures are modeled with EDFM
method. The small scale natural factures are mddeith improved hybrid EDFM considering
transient transfer. The reservoir is 310 m botl and y directions. The grids are in according

with Figure 10. Other basic parameters refefTable 1.
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Figure 11. Effect of natural fracture per meability
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Figure 12. Pressure distribution of different models
Figure 11 shows the effect of natural fracture permeabitity production performance. The

natural fracture equivalent permeability is seb&510™°m? 0.5x10"°m? and 0.0310°m?

With the natural fracture permeability equal t618'°m? the oil production rate is high at the
early time. At the late time, oil production ratecbmes the lowest when natural fracture
permeability is equal to>X8.0°m?. Large natural fracture conductivity makes it easproduce

oil in the early time by decreasing the flow resigte.

Figure 12 shows the pressure distributions for the threeeisodt different times. After 1 day’s

production, the natural fracture and matrix pressigcreases rapidly for the case wke x
10%°m?. For the case witk=5x10"°m? the natural fracture pressure drop is larger tharcase

with k=0.5x10""m?. While for the case with=0.05x10"°m? the pressure spreads slowly and

the pressure decrease is smaller than the fornsesca lot of regions in the reservoir keep the
initial reservoir pressure both for natural fraetyaressure and matrix pressure. Natural fracture
permeability is a key parameter for the oil protuctrate at the early time. At the time of 1000

day, the reservoir pressure keeps higher for tise wathk=0.05x10"°m? than the other cases.

The pressure spreads slowly, but the productianisate highest at the late time stage. So it can

be commented that natural facture permeabilityeseficial for the rapid production of tight



reservoir.
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Figure 13. Effect of matrix size on production (dashed line: pseudo steady state transfer
model; solid line: transient transfer model)

Figure 13 shows the effect of matrix size on oil productidhree matrix sizes are set to be as:
L.=Ly=1, 10, 30 m andl,=10 m. The transient transfer and pseudo steaty stmsfer between
matrix and natural fracture are both consideredc#sbeen seen, the matrix size has great effect
on oil production rate. The early production ratdnigh when matrix size is small, while at later
time the rate is low. Wheh,=L,=1, the difference between transient transfer sseigo steady
state transfer model is not large after 1 day. ©due to the fact that when matrix size is small,
it costs short time to reach to the pseudo stetadg between matrix and natural fracture. While
when L,=L,=30, the difference is obvious at all productiomei between two transfer models.
Large matrix size makes it difficult to the psewgleady state and the unsteady transfer will last
longer. So if matrix size is big, error will happesing the pseudo steady transfer model.

Figure 14 shows the effect of matrix permeability on oil puation. The matrix permeability is

set to be 0.1, 0.001, 0.000a10™°m? When matrix permeability equals to 0.00800™°m? oil

production rate is small compared with other twsesaat early time. The rates have big

difference for the transient transfer and pseudadst state transfer models. Whiep=0.1x

10"°m?, oil rate is the biggest at the early time butlides rapidly. There is nearly no difference
between the transient transfer and pseudo steatly stnsfer models for this case. This is
because when the matrix permeability is big, iegkelatively short time to obtain pseudo steady
state between matrix and natural fracture, whiteaflow permeability, time will last long for the
transient transfer.
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5.2 Complex hydraulic fracture
Table 3. Specific of the base model

Parameter Value Unit
Reservoir length (NX/NY) 310/ 310 m
Formation thickness 50 m
Initial pressure 24.8 fpa
Initial Matrix Porosity 0.1

Naturally Fracture Porosity 0.00001

Hydraulic Fracture Porosity 1

Rock compressibility 0.000855 fpal
Water compressibility 0.0029 feal
Water viscosity compressibility Cvw 0.00018 et
Water viscosity 0.54 10°Pas
Water Reference Pressure 24.8 °PiD
Water reference density 1000 kg/m
Water volume factor 1.00341

Rock reference pressure 24.8 °na
Matrix size L=L~10,L=50 m

Oil reference density 1000 kg/m
Hydraulic Fracture permeability 8.33¢<10°8 m’
Initial pressure 24.8 fpa
Initial water saturation 0.3

Production BHP 5.5 fea



Total simulation time 2000 day[86400 s]

Table 4. Relative per meability curve

Saturation Ky Kro
0 0 1
0.22 0.0484 0.98
0.3 0.09 0.4
0.4 0.16 0.125
0.6 0.36 0.0649
0.8 0.64 0.0048
0.9 0.83 0.001
1 1 0
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Figure 15. Geological model for complex hydraulic fracture
Figure 15 shows the geological model of a multistage hotiabwell with complex hydraulic
fractures. In this model, the two-phase flow issidared and the stochastic fracture and matrix
permeability distribution are generated showiriigure 16. The basis parameters referTables
2, 3, and4. Figure 16 Shows the permeability of natural fracture andrixafhe developed
simulation workflow can be used in two-phase flomnsidering stochastic fracture permeability.
Figure 17 is the oil and water production rates of the trams transfer model and
pseudo-steady-state transfer model. The water amdtes have the same characteristics as the
single phase flow. The hybrid simulation considgripseudo-steady-state transfer has a low
production rate at early tim&igure 18 shows the pressure distribution of different mecdst



different times. As can been seen, the presswsedpreads around the hydraulic fractures. The
stochastic fracture and matrix permeability affeitte pressure spread in porous media. The
zones with higher matrix permeability have a higherssure decline.

6. Conclusion

In this paper, a new hybrid model combining thezadages of EDFM model and DP model for
numerical simulation of tight oil reservoir is paged and has been validated. The proposed
model can be used for tight oil production analgsissidering complex fracture networks. Some
important conclusions are:

(1) The new hybrid simulation model considers thavfin matrix, natural fractures, and
hydraulic fractures. Flow in three media are codpigth each other. The new hybrid simulation
model employs the EDFM method to deal with largaeles¢ractures while the natural fracture
and matrix are modeled using dual porosity model.

Lnk,,
: .
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310

y/m

-9

0 X/m 310

Figure 16 Stochastic fracture permeability and stochastic matrix per meability
(2) The model is verified by the case run and asslpf the well production rate. The new
hybrid model with reasonable accuracy is computatly more efficient than EDFM-MINC
model. The new model has decreased the calculdbomains compared with EDFM-MINC.
When considering pseudo steady state transfer batwatural facture and matrix in production
analysis for tight oil reservoir, the simulatiorsuéis can lead to large error. The early production
prediction rate is smaller than the real data druas larger value in late time. The transient
transfer model is more precise compared with tleaigs steady state transfer model. The LGR
simulation results also indicated the transientsfer model is more reasonable.



(3) Matrix size and permeability has great effetiod production. When the matrix size is small,
the transient transfer between natural fracture matrix lasts short. The difference between
pseudo steady state transfer model and transiansfér model is relatively small. The early
production rate is bigger when the matrix permeigtig lager. While in the late production stage,
the production rate is smaller. When the matrixvability is bigger, the difference between
transient transfer and pseudo steady state trapstemes not obvious.

(4) The model can be used in both single phasavemgbhase flow in tight oil reservoirs. Also, it
can be used considering stochastic permeabilityen\donsidering two phases flow, the fluids
(oil/water) production rates are different for @t transfer and pseudo steady state transfer

model. The stochastic permeability makes the pressigtribution complex both for matrix and
natural fracture.
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Highlights

» Established the hybrid numerical simulation method of naturally fractured tight oil reservoir.
» Coupled the EDFM and DP model considering transient transfer firstly.

» Validated the new model compared with some existing models.

» Effect of relevant parameters was modeled and analyzed.

» The new method has high calculation efficiency and good accuracy.



