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On account of low matrix permeability and porosity, the fluid phase behavior in tight oil reservoirs significantly differs from the
conventional plays, which increases the challenges of evaluating the well performance and providing reliable production
prediction. One of the most important efforts is to investigate the behavior of unconventional well gas-to-oil ratio (GOR). The
growth trend of GOR is always considered as a principal reference to modify the production strategies and enhance the well
productivity. In this paper, long-term GOR (20 years) behavior of an unconventional well model was evaluated by a set of
comprehensive sensitivity studies. This model’s dimensions and reservoir properties are based on information of the Altamont-
Bluebell field in the Uinta Basin. The simulation results established a general framework for interpreting the GOR behavior.
Key drivers such as completion designs, reservoir, and fracture properties are investigated. This study provides some key
insights into the GOR behaviors, such as the high sensitivity of the hydraulic fracture properties, including fracture
conductivity and effective fracture half-length. The GOR behavior could be considerably different on various conductivity
values or fracture lengths, resulting from the conductivity impact of phase movement and the pressure transition along the
fracture. The fracture design factors like drawdown scenario and cluster spacing also play indispensable roles in impacting the
GOR response, where a less aggressive drawdown rate can help to delay the GOR increase at an early stage; a widening spacing
also can mitigate the rise of GOR and keep it at low value during the whole production period. The impact from natural
fractures is also examined and discussed for the first time, including the effect of natural fracture numbers and conductivity,
where the latter variable is considered as a more effective contributor to the GOR prediction. The findings presented in this
work promote a better understanding of the GOR behaviors in tight oil reservoirs. Results and discussion in this paper allow a
more accurate forecasting production to improve the reservoir management efficiency and provide multiple valuable insights to
guide the field development in future projects.

1. Introduction

In view of the growing demand for hydrocarbons from
unconventional plays, increased consideration has been
given in modifying the production forecasts with more reli-
able approaches. It is well-known that the subsurface fluid
properties and multifluid phase significantly impact the well
performance, especially for the solution gas production in
tight/shale formations. Therefore, the gas-to-oil ratio
(GOR) profile has become one of the essential measures to

evaluate production conditions. More attention has been
given to unconventional GOR characterization to help to
predict long-term gas production trends and modify opera-
tion strategies.

Unlike conventional reservoirs with higher permeability,
the GOR behavior for shale shows a distinguished paradigm.
Whitson and Sunjerga [1] presented a numerical study find-
ing that the producing GOR for unconventional wells is
impacted by the flowing bottomhole pressure and the degree
of undersaturation, which is different from the conventional
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GOR profile that the average reservoir pressure is the main
driven factor. Yu [2] emphasized the importance of the solu-
tion gas production in tight formations, which intensely
affect the GOR increasing speed and longevity due to the
gas release. Jones et al. [3] proposed a framework for inter-
preting idealized GOR behavior in tight black-oil reservoirs;
four main GOR stages for unconventional wells were pre-
sented in detail: (1) constant GOR at the initial solution
GOR (Rsi); (2) rising GOR as bottomhole flowing pressure
(Pwf ) below the bubble point; (3) GOR plateau; and (4)
GOR changes during boundary-dominated flow.

Meanwhile, over the past decade, numerous authors con-
ducted the GOR case studies for unconventional wells from
various basins in North America ([4–6], Liu, [7]). Chaudhary
et al. [8] provided a numerical study of GOR sensitivities for
the unconventional Eagle Ford formation, discussed how the
various completion parameters impact GOR, and then empha-
sized the high sensitivity of the critical gas saturation on oil
recovery. Khoshghadam et al. [9] investigated the nanopore
proximity effects observed in the Bakken reservoir. The authors
discussed how this phenomenon could impact the producing
GOR due to bubble-point pressure suppression, critical gas sat-
uration enhancement, and permeability reduction. Jones et al.
[3] mentioned a GOR case study in the Woodford formation,
where the GOR curve showed a continuous increase without
a flattened plateau. The network-type fractures in the Wood-
ford source rock resulted in low conductivity and caused a
gradual rise trend of the GOR curve. Dutta et al. [10] studied
the GOR trends in the Delaware Basin, where the GOR
increased from the west to east along the basin. This study con-
cluded the connection between the GOR behavior and geother-
mal gradient, TOC, and maturity. Liu et al. [7] also delivered a
numerical analysis on the Bakken unconventional GOR by
evaluating the difference between historic sliding sleeve and
modern plug and perf completion wells.

However, in practice, fracture geometries and reservoir
conditions can be highly inconsistent due to the complexity
and uniqueness of each unconventional play, which has led
to a significant variation in GOR patterns. Despite this, the
published GOR studies for each reservoir are still limited;
more field case studies on unconventional GOR are required
to provide deep insights into GOR behaviors. In addition,
for shale/tight oil reservoirs, natural fractures also signifi-
cantly contribute to the well performance. However, most
traditional modeling approaches do not consider the exis-
tence of natural fracture networks in their models, which
could potentially cause variation in the GOR behaviors.
Thus, more in-depth discussions on the impact of natural
fractures are also expected.

In this study, a multifractured horizontal well model was
constructed to evaluate the unconventional well GOR
behavior. The hydrocarbons in the reservoir were character-
ized according to Altamont-Bluebell volatile oil area. The
related reservoir properties were also consistent with vali-
dated real subsurface data. Meanwhile, a powerful three-
dimensional embedded discrete fracture model (EDFM)
was introduced to handle complex fracture geometries in
the subsurface. By using the EDFM method, natural frac-
tures can be embedded in regular matrix grids through non-

neighboring connections (NNCs), which avoid the gridding
issues while keeping the model efficiency and accuracy [11,
12]. The impact of natural fractures on GOR behavior can
be analyzed thoroughly and fully comprehended. This study
aimed to identify the key impact factors of GOR behavior.
Therefore, a number of key parameters were analyzed
orderly and discussed rigorously. Furthermore, the impact
of natural fractures on the GOR trend involving the fracture
conductivity and fracture number was also investigated. This
study is the first attempt to demonstrate GOR characteriza-
tion using the EDFM method with consideration of natural
fractures. The learnings shown in this paper can help to
modify production strategy and improve production fore-
casting for future projects.

2. General Geology

The interest area of this study focuses on the Uinta Basin, as
shown in Figure 1, which is made up of naturally fractured,
tight oil sands with multiple pay zones. The Uinta Basin is
an asymmetric east-west trending basin with a steep flank
bounded at the north and a gently sloping flank. The
Altamont-Bluebell field, one of the largest developing oil
fields in North America, is located in the Duchesne and Uin-
tah counties, along with the north-central portion of the
Unita Basin [13]. Production of oil, gas, and associated
hydrocarbons is mainly from the upper Green River, lower
Green River, and Green River/Wasatch formations. The
tight oil reservoir of the lower Green River is the focus area
of this study.

The lower Green River formation is made up of highly
fractured sandstones, shales, siltstones, and dolomites [15].
The producing interval of the Lower Green River and
Wasatch formations ranges from 9,500 ft. to 16,500 ft, which
is deeper and thinner at the northeast of the Bluebell field
and thickens towards the extreme southwest portion of the
Altamont-Bluebell field. In this formation, natural fracture
networks are well developed and also impact the flow capac-
ity [16]. The average bottomhole temperature of this pro-
ducing interval is around 240°F, and the reservoir pressure
ranges from 7,000 psi to 9,000 psi.

3. Modeling Natural Fractures with EDFM

EDFM is an efficient solution to model complex fracture
geometries in numerical simulation. It has been imple-
mented successfully in various studies and proved its flexible
and reliable performance [17–20]. In this method, fractures
are embedded into the matrix grids by discretizing each frac-
ture plane into smaller segments based on the matrix-cell
boundaries [12, 21]. This approach avoids the gridding
issues of the traditional LGR approach and also improves
the model efficiency compared to the unstructured gridding
technique [19, 22]. By applying EDFM, nonneighboring
connections (NNCs) are introduced to mimic the flow com-
munication between the segments that are connected physi-
cally but not neighboring in the computational domain [11].

Generally, EDFM considers four types of connections
between well, fracture, and matrix. Except for the basic
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connection between matrix grids, EDFM also introduces
three types of NNCs to represent the fluid flow associating
with the fracture segments, as presented in Figure 2. The
NNCs consider the flow between fracture segments within
a single fracture, the flow between intersecting fracture seg-
ments within different fractures, and the flow between
matrix grid blocks and the corresponding fracture segments.
The following equation describes the NNC transmissibility
factor (TNNC) for the last three kinds of connections [11]:

TNNC =
kNNCANNC

dNNC
, ð1Þ

where kNNC is the permeability associated with the connec-
tion, ANNC is the contact area between the NNC pair, and
dNNC corresponds to the distance between the NNC pair.

In addition, the flow between fractures and wells is also
considered in the EDFM, which is presented as the perfora-
tion dots in both well and fracture segments, as shown in
Figure 2(b). An effective well index (WI) for the well-
fracture connection is employed by the modified Peaceman
equation as follows:

WI =
2πkf wf

ln re/rwð Þ , ð2Þ

re = 0:14
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L2 +W2
p

, ð3Þ

where kf is the fracture permeability, wf is the fracture
aperture, re is the effective radius, rw is the wellbore
radius, L is length of the fracture segment, and W corre-
sponds to height of the fracture segment.

4. Model Overview

4.1. Model Constructions. In this study, a multistage horizon-
tal well is built to investigate the effect of reservoir proper-
ties, fracture characteristics, and the completion designs on
GOR prediction. The subject well is set at 10163 ft vertical
depth with 9880 ft lateral length. There are 131 hydraulic
fractures with average fracture spacing of 75 ft. The effective
fracture length is assumed to be 150 ft with a fracture con-
ductivity of 100md-ft. The associated reservoir model is pre-
sented in Figure 3.

The relative permeability parameters used for the GOR
characterization are shown in Figure 4. Meanwhile, in order to
better describe the reservoir fluid properties, the model is
assigned to be a volatile oil type, which is mainly dominated
by the group C7-C10 and C11-C20 (Figure 5). Furthermore,
Table 1 lists the reservoir properties that were utilized in this
simulation study. All these reservoir properties in the numerical
model are based on real subsurface data from the Altamont-
Bluebell field in the Uinta Basin and then be validated and cal-
ibrated through history matching with the available production
records from the wells at the same production area.

4.2. GOR Behavior Analysis for the Base Model. Figure 6 dis-
plays the base case simulation results for bottomhole flowing
pressure and instantaneous GOR versus time. The GOR
curve can be divided into four stages, which are considered
as typical GOR behavior for unconventional wells, as men-
tioned previously [3]. It is clear to observe that at the begin-
ning of the production, GOR remains constant as long as the
bottomhole flowing pressure is higher than the bubble point.
During this period, only oil is flowing without increasing in
gas saturation. After the bottomhole pressure drops less than
the bubble point, the pressure gradient starts changing, which
results in a remarkable rise in gas saturation; thereby, the GOR
starts to rise. The rising trend could be stopped when the
bottomhole flowing pressure reaches the minimum and stay
constant. A “plateau” might occur and constrains the gas
movement, where the gas saturation is stabilized during the
stage of transient linearly flow at a constant bottomhole pres-
sure. In this base model, the GOR plateau can be clearly
detected and last for two to three years. At the middle to late
time of production (labeled as stage 4), the drainage area keeps
expanding, leading to the beginning of boundary-dominated
flow (BDF). During this period, the gas saturation develops
at the fracture surface, and GOR turns to rise again. It is noted
that the existence of each stage, the length scale of the stage
period, and even the shape and the rate of GOR rise are deter-
mined by multiple complicated factors from subsurface and
operation, which also explained the necessity of providing
more GOR characterization study because of its high com-
plexity and sensitivity.

5. Sensitivity Analysis of GOR Behavior

As mentioned in the previous section, GOR trends could be
highly influenced or even controlled by diverse subsurface
conditions or operation scenarios. The objective of this study
is to investigate the possible influential factors with their
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Figure 1: Map showing the study area of the Altamont-Bluebell
field in Uinta Basin [14].
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impact on GOR prediction and then to find out the logical
explanation behind different performances. Therefore, on
the basis of the GOR stages identified in the base model,
we examined multiple GOR trend drivers from various
aspects and provided in-depth discussions.

5.1. Impact of Reservoir Permeability. Reservoir permeability
is a determinant factor for evaluating the well productivity.
Compared to the base model with 0.001 millidarcies shown
as the red curve in Figure 7, a notable difference can be seen
from the other two GOR curves with lower matrix
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Matrix-matrix connection
NNC type I: between matrix and fracture
NNC type II: between fracture segments in asingle fracture
NNC type III: between intersecting fracture segments
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Figure 2: Explanation of embedded discrete fracture model (EDFM): (a) a physical domain with three matrix blocks, two fractures, and a
wellbore, and (b) a computational domain shows the connections within each discretized cell. The arrows show the different types of
nonneighboring connections (NNCs) [11].
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Figure 3: A tight oil reservoir model including a horizontal well with multistage hydraulic fractures. The red line represents wellbore, and
the blue rectangle represents hydraulic fractures.
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permeability (horizontal). It is acknowledged that higher
reservoir permeability can provide stronger support for pro-
duction, especially when the matrix starts draining into the
fracture networks. When it continues, the oil production

from the matrix will contribute more and, relatively, result
in a faster decrease in gas production rate. Therefore, reser-
voir with higher permeability always shows a slow-growing
trend of the producing GOR.
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Figure 4: Three-phase relative permeability curves of: (a) fractures and (b) matrix in this study for modeling unconventional oil reservoirs.
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Figure 5: Reservoir fluid properties of: (a) composition and (b) P-T diagram with marked initial reservoir condition and critical point.

5Geofluids



When it comes to unconventional reservoir study, the
anisotropy in permeability also needs to be taken into
account. In the numerical simulation, it is always set as a

multiplier value to represent the ratio of vertical to horizon-
tal permeability. Figure 8 displays the GOR trends under
three various vertical permeability multipliers. At the early
stage of production, higher vertical permeability gives more
robust matrix support and lowers the GOR rise, consistent
with the previously described. However, the trends start to
change in the mid- to late-term production because of the
gravity impact. When the gas saturation exceeds the critical
gas saturation, the gas begins to flow to the wellbore. At the
same time, the gas in the reservoir also moves vertically due
to gravitational forces. A larger multiplier value, which
implies a higher vertical permeability, will lead to more gas
produced through vertical movement and thus increase the
GOR gradually.

5.2. Impact of Completion Design. In addition to the impact
of reservoir properties, the design of completion and opera-
tion strategies also shows a critical importance on the trend
of well GOR. In this section, two of the biggest drivers are
selected and evaluated in depth: the pressure drawdown
strategy of the well and the designed cluster spacing of the
hydraulic fractures.

5.2.1. Effect of Drawdown Strategy. Figure 9 shows the GOR
prediction of three sequential drawdown scenarios in order
which were labeled as conservative, moderate, and aggressive
strategies. It can be seen that when the bottomhole pressure
falls below the bubble point, a more aggressive drawdown
leads to a quicker GOR rise, while the conservative draw-
down delays the GOR rise significantly. However, the con-
servative drawdown also gives a higher peak of the GOR.
The influence of these three cases is also negligible at the late
time of production. One of the potential explanations is that
a conservative strategy can keep bottomhole pressure above
the bubble point at the early stage of production for a longer
time. This type of strategy constrains the amount of fluid

Table 1: Basic reservoir properties used in the field-scale shale-gas
models.

Reservoir description Value Unit

Model dimension (x × y × z) 10240 × 800 × 275 Ft

Number of grid blocks (x × y × z) 256 × 20 × 9 —

Grid blocks dimensions (x × y × z) 40 × 40 × 25 Ft

Reservoir depth (top) 10025 Ft

Initial reservoir pressure 8200 Psi

Bubble point pressure 4330 Psi

Reservoir temperature 210 °F

Matrix water saturation 0.47 —

Matrix permeability 0.001 md

Matrix porosity 0.09 —
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Figure 6: Simulation results of the base model GOR behavior. Four
stages can be clearly observed, consistent with the pressure
drawdown profile.
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Figure 7: Simulated cases showing dependence of GOR on matrix
permeability (horizontal). Higher matrix permeability gives
stronger support and help to mitigate the GOR rise.
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Figure 8: Simulated cases showing dependence of GOR on matrix
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multipliers enhance the gas movement and then increase the
GOR rise in the late time production.
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produced so that the back pressure on the formation can
keep stable at a higher wf . Therefore, the GOR would not
rise as quickly as the aggressive drawdown due to the delay
effect from the formation. Nevertheless, when the pressure
reaches the minimum and keeps at constant, the drawdown
scenario no longer affects the change of GOR curves. For
long-term production, the GOR trends gradually become
similar if all other completion design parameters are kept
the same. It is also a good example to show the importance
of performing long-term production forecasts to allow a
more comprehensive understanding of well performance
and associated GOR prediction.

5.2.2. Effect of Cluster Spacing. As shown in Figure 10, the
determination of the cluster spacing is extremely important
to influence GOR. For all scenarios, GOR starts rising at

the same time. However, wells with more close-spaced frac-
tures show a steeper GOR rise with time. This is because
wider spacing could create a larger drainage area per frac-
ture, which will help to delay the production interference
between fractures. Hence, the well productivity can be
enhanced with a lower GOR curve.

5.3. Impact of Fracture Properties. As is well-known that
hydraulic fracturing is the most critical implementation in
unconventional reservoir development, the effectiveness of
fracturing will directly determine the success of well produc-
tivity. In this section, two principal sensitivities, fracture
conductivity and effective fracture half-length, are brought
to discussion separately to evaluate their influences on the
GOR performance.
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Figure 9: Simulated cases showing dependence of GOR on pressure drawdown strategy: (a) three drawdown scenarios from conservative
strategy to aggressive strategy and (b) GOR responses under different pressure drawdowns.
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Figure 10: Simulated GOR vs. time for various fracture spacings (50-100 ft). Widening cluster spacing can effectively mitigate the GOR
increasing rate.
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5.3.1. Effect of Hydraulic Fracture Conductivity. The first
simulation result to present is the GOR behavior based on
three cases with different fracture conductivities: 50md-ft,
100md-ft, and 200md-ft, as shown in Figure 11. The first
observation is the mitigation effect of GOR rise as the con-
ductivity becomes lower. This is because for fractures with
finite conductivity, the pressure in fractures is not uniformly
distributed. It will increase away from the wellbore from Pwf

. Therefore, fractures with lower conductivity can slow the
pressure transition and then relieve the rising rate of GOR.

The second key observation is that lower fracture con-
ductivity helps to mitigate the GOR “hump.” This hump is
commonly seen in the simulation with high conductivity
fractures, especially when the Pwf reaches to the minimum
value; the GOR curve might show a “hump” before it goes
to the transient GOR plateaus. In some cases, it can last for
a long time, so that in stage three, the GOR plateau will be
easily overlooked or even no longer exist. One explanation
for this phenomenon is that when the Pwf stops decreasing,

as a response to the pressure recovery, some of the gas will
be restricted by the sudden change of pressure gradient
and “held” in the fractures, resulting in the decline of gas
production.

5.3.2. Effect of Fracture Half-Length. Figure 12 reveals the
effect of effective fracture half-length on the GOR behavior.
Similar to the reason discussed in fracture conductivity, for
finite conductivity fractures, longer fracture has a greater
delaying effect due to the time cost of pressure transition.
However, the trend inversed at the late term of production,
which could be explained by the enlarged drainage area
caused by the longer fracture. Meanwhile, it is also worth
noting that the well with longer fracture length has no pla-
teau occurrence. This is because the time of initial GOR rise
lasts so long as it continues into boundary-dominated flow
obscuring the plateau, as discussed previously.

5.4. Impact of Natural Fractures. Natural fractures are always
distributed heterogeneously in the reservoir. In this reservoir
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Figure 11: Effect of hydraulic fracture conductivity on GOR rise versus time. Fractures with high conductivity lead to a steep GOR rise rate.
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model, as shown in Figure 13, one set of natural fractures is
embedded into the formation, with a striking angle that is
perpendicular to the wellbore direction. All these natural
fractures are generated randomly in the whole reservoir area.
The length of the natural fractures is assigned at 100 ft, while
the fracture height is fixed and assumed to be the same as the
reservoir thickness. The dip angles of all natural fractures are
assumed to be 90 degrees or vertical. In this section, sensitiv-
ity studies on the influence of natural fracture are conducted
by the EDFM approach. Case studies on the influence of nat-
ural fracture conductivity and numbers are conducted.

5.4.1. Effect of the Natural Fracture Conductivity (NFC). The
impact of natural fracture conductivity on well GOR was the
first factor to be investigated. For the three cases with 800
natural vertical fractures, the conductivities of fractures are
assigned at 0.1md-ft, 0.5md-ft, and 1.0md-ft, respectively.
Figure 14 shows the comparison results of the GOR predic-
tion among these scenarios. The base case without natural

fractures is also included in the plot. The result shows that
the GOR trend is highly susceptible to the natural fracture
conductivity for a long production term. As natural fractures
contribute to the production, the GOR trend also increases,
indicating a more active gas movement from the reservoir
to the wellbore. In addition, when the fracture conductivity
keeps increasing, the natural fractures will approach the infi-
nite conductivity. The relative contribution from natural
fractures thus does not change notably. Therefore, the differ-
ence between the GOR trends gradually decreases.

5.4.2. Effect of the Number of Natural Fractures. There is no
doubt that natural fractures could play a vital role in well
performance. As more natural fractures exist, the conductiv-
ity and connectivity between reservoir and well will be stron-
ger. Hence, the well productivity can be enhanced. In this
section, four sets of natural fractures with different numbers
(200, 400, 800, and 1600) are generated by using the EDFM
method. Meanwhile, each combination is simulated with
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Figure 13: 800 natural fractures are embedded into the base model. The green rectangle represents vertical natural fracture.
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Figure 14: Comparison of 20-year GOR prediction with different natural fracture conductivity (NFC) ranges from 0.1 to 1.0md-ft.
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both low and high natural fracture conductivity. The simula-
tion results for the well GOR are presented in Figure 15.
When the number of natural fractures increases, more natu-
ral fractures will start participating in the production, and
the gas phase will be easier to move under the pressure
decay. However, more natural fractures also mean more
time consuming for the pressure transition, which could
explain the steeper rise of the case with less natural fractures
at the very early stage. As the production process continues,
more gas could move through the passes between the
hydraulic fractures and natural fractures and then be pro-
duced from the wellbore. Therefore, the GOR curve keeps
rising and maintains a high value. However, this type of dif-
ference is strongly dependent on the conductivity of natural
fractures, which can be clearly investigated from the com-
parison between Figure 12(a) and Figure 12(b). For natural
fractures with lower conductivity, the contribution becomes
weaker, which leads to fewer differences between the GOR
behaviors. It can be concluded that conductivity is still the
primary factor for the natural fractures to influence produc-
tivity and GOR behaviors.

6. Conclusions

This study demonstrates an unconventional well model in
the Uinta Basin to conduct GOR sensitivity analysis by
applying the nonintrusive EDFM method along with a
third-party reservoir simulator. In this paper, a comprehen-
sive analysis and in-depth discussion of GOR behavior are
presented. The main conclusions can be drawn as follows:

(1) The unconventional reservoir GOR behavior is
highly sensitive to reservoir permeability. In general,
higher permeability helps to enhance the supporting
effect from the matrix and maintain the GOR at a
lower rate. Meanwhile, the anisotropy on the vertical

direction also needs to be considered as a principal
factor for the GOR prediction. The gas movement
due to gravitational force could change the GOR
trend notably, especially for long-term production

(2) The sensitivity study also illustrates several key
drivers from operation strategy and hydraulic frac-
ture properties, including drawdown strategy, frac-
ture/cluster spacing, fracture conductivity, and
fracture half-length. All parameters are simulated
under 20 years of production. The long-term predic-
tion clearly shows the GOR behavior changes from
short to long, which effectively improved under-
standing of the control factors for GOR behaviors
under different stages

(3) This study is the first time analyzing the impact of
natural fractures on GOR behavior by using EDFM,
which is a practical approach for simulating the flow
behavior under complex fracture networks. The
number of fractures directly influences the conduc-
tivity and connectivity between the reservoir and
well. Higher numbers show higher GOR trends for
long-term production. However, natural fracture
conductivity can severely affect the GOR difference
between GOR numbers, which is a key parameter
to impact the oil/gas phase movement from the res-
ervoir to the stimulated area. From the result in this
study, NFC is considered as the main controller
impacting natural fractures’ contribution on GOR
prediction

Nomenclature

EDFM: Embedded discrete fracture model
LGR: Local grid refinement
NNCs: Nonneighbor connections
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Figure 15: Comparison of 20-year GOR prediction with different numbers of natural fractures under 2 different settings of natural fracture
conductivity (NFC): (a) low conductivity at 0.1md-ft and (b) high conductivity at 1md-ft.
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TNNC: NNC transmissibility factor
kNNC: Permeability associated with the connection
ANNC: Contact area between the NNC pair
dNNC: Distance between the NNC pair
wf : Fracture width or fracture aperture
kf : Fracture permeability
re: Effective radius
rw: Wellbore radius
L: Fracture segment length
W: Fracture segment height
GOR: Gas-to-oil ratio
Pwf: Bottomhole flowing pressure
Rsi: Initial solution GOR
NFC: Natural fracture conductivity.

SI Metric Conversion Factors

ft×3.048 e-01: m
ft3× 2.832 e-02: m3

cp×1.0 e-03: Pa·s
psi×6.895 e+00: kPa
md× 1e-15 e+00: m2
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