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Abstract - The fracture system of fractured reservoir is complex, which largely affects the underground oil-gas seepage channel and 
the reservoir shows unconventional development characteristics. It has a great influence on the ultimate production of oil wells. In 
this paper, we take fractured reservoir as the research object, on the basis of hydraulic fracture morphology after it meets the 
natural fractures. Also we respectively study the influences of single and multiple symmetrically natural fractures to well 
productivity after fracturing, using the ECLIPSE reservoir simulation software. Then, we compare it with the case without 
influence of natural fractures and analyze the result. The result shows that natural fractures connected with hydraulic fracture 
make the daily production and cumulative production of wells decline which are the non-central on the diagonal of the well group. 
Moreover, natural fractures with certain length and density increase the daily production and cumulative production of wells 
which are central on the diagonal of the well group. 
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I. INTRODUCTION 

The greatest characteristic of fractured reservoir is the 
complexity of seam hole system [1]. Its complexity includes 
that the distribution direction is diverse from each other and 
the difference between fractures size is also obvious. 
Because of existence of natural fractures, it changes the 
underground flowing channel of oil-gas from a large extent, 
which seriously influenced the oil-gas production of the 
reservoir. 

The influence of natural fractures on hydraulic fracture 
propagation path is very complex in the low permeable 
fractured reservoirs. That makes oil-gas seepage channel in 
the reservoir is more complicated after fracturing. Therefore, 
many scholars have made a lot of investigations on fracture 
propagation path during hydraulic fracturing on fractured 
reservoir with lab experiment and numerical simulation. 
Daneshy etc. (1974) [2] studied that hydraulic fracture 
meeting natural fracture, hydraulic fracture remains original 
direction or propagates along the natural fracture. Through 
the research on hydraulic fracture propagation path under 
the condition of different stress difference and approaching 
angle, Blanton etc. (1974)[3] drawn a conclusion mainly 
consistent with Daneshy. Also his research shows that 
under the condition of low stress difference and low 
approaching angle, it meeting natural fracture, hydraulic 
fracture propagation may stop. 

Pater, etc. (2005)[4] studied the fracturing fluid in the 
process of fracturing using experiment and numerical 
method. He views that fracturing fluid with high velocity or 
viscosity can form a hydraulic fracture in the natural 
fracture reservoir, but fracturing fluid with low velocity can 
only open the natural fracture. Rahman, etc. (2009) [5 ~6] 
studied that hydraulic fracture crosses natural fracture and 
the propagation morphology of the opening natural fracture 
using the numerical methods. 

Summing up the above, when the hydraulic fracture 
meets natural fracture, its propagation morphology mainly 
shows: hydraulic fracture crosses directly natural fracture; 
the opening of natural fracture arrests the propagation of 
hydraulic fracture; hydraulic fracture occurs deviation after 
meeting natural fracture.  

In this study, we simulate and study the production of 
fractured reservoir after hydraulic fracturing with the 
interference of natural fractures. Then we evaluated the 
production correctly and mainly analyzed the influence of 
multiple natural fractures on production. 

 
Figure 0. Three common intersection cases between hydraulic and natural 

fracture 

II. ESTABLISHMENT OF THE MODEL AND PARAMETER 

SELECTION 

A. Establishment of the model 

According to the geological structure map in the study 
area, we select a well group whose area  0.6 km2 (1000 m x 
600 m) as the research object and set up geological model. 
The selected model of well group in the plane is a 
rectangular shape, Step length of each grid is DX =10m DY 
=10m, it is a small simulation layer longitudinally, layer 
thickness is 15 m, and this model uses the block center grid 
simulation. The artificial fracture direction is maximum 
principal stress direction, i.e., NE75°. For the convenience 
, fracture principal direction is located in the direction of 
maximum principal stress in the simulation process. The 
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original location grid rotates 15°clockwise  when we set 
up simulation model. As shown in figure 1. 

 
Figure 1. Schematic diagram of well group model distribution 

B.  Parameter selection  

(1) Selection of formation and fluid parameters 
For The formation and fluid parameters used in the 

simulation are as shown in table 1  

TABLE I   SIMULATION ZONE OF RESERVOIR FORMATION AND 
FLUID BASIC PARAMETERS 

Reservoir depth(m) 1267.5 Degassed oil 
density(g/cm3) 0.84 

Mean effective 
thickness(m) 15.0 Formation of crude oil 

viscosity(mpa.s) 2.03 

Initial formation 
pressure(MPa) 9.2 Initial oil saturation(%) 65.6 

Saturation 
pressure(MPa) 6 Crude oil volume factor 1.204 

Reservoir 
temperature(0C) 42 Initial gas-oil ratio(m3/t) 74 

Degassed oil 
viscosity(mpa.s) 4.52 The lowest bottom hole 

flowing pressure(MPa) 5 

 
(2) Relative permeability parameters 

 
Figure 2. Oil-water relative permeability graph 

The main consideration is oil-water two phase relative 
permeability parameters, and relative permeability curve is 
shown in figure 2. 

(3) Formation anisotropy and hydraulic fracture 
parameters Settings 

Considering the anisotropy of fractured formation，
the permeability of the I direction is set 3 times to the J 
direction, meanwhile, the permeability of the K direction is 
set 0.1 times to the J direction, fluid volume production is 
applied to the bottom of wells, injection-production ratio is 
1.5, The penetration rate of hydraulic fracture in oil wells is 
0.6 (fracture length 300 m), fracture diverting capacity is 25 

2μm cm . Based on the characteristics of low permeable oil 
fields, analog computation time is set as 5 years. 

III.  SIMULATION CALCULATION 

A. hydraulic fracturing production simulation without 
natural fractures 

We don't consider the effect of natural fractures in the 
process of hydraulic fracturing. Nine oil wells of a well 
group along the I direction are fractured open, injection 
wells inject water normally without fracturing. Figure 3 
shows that the distribution locations of Well OIL1 、
OIL2、OIL8、OIL9 in the whole well group are same with 
well OIL5,which can be seen as a location at the center of 
each well group and is influenced by four mouth edge 
injection wells. In the meantime, the distribution locations 
of Well OIL3, OIL4, OIL6, OIL7 are same, the influences 
of the injection wells on these wells are equal. Therefore, 
we mainly study daily production, cumulative production, 
and the change of formation oil saturation of Well OIL3 
and OIL5 in the process of simulation.  

 

 

Figure 3. Distribution of hydraulic fractures without natural fractures. 

Figure 4 is the distribution of oil saturation in the well 
group after producing five years. From the aspect of 
fractures in the case of the Well OIL3, oil saturation nearby 
one end of fracture oriented and close to the injection Wells 
(INJ1) is far lower than it away from the other end of the 
injection wells. This shows that the extraction degree of oil 
is relatively high near the bottom of oil well close to the 
injection wells under the influence of injection wells, and it 
is affected earlier by injection wells. This also shows that 
the water breakthrough time closing to the fracture is 
shorter than that far away from the fracture and the side 
back to the injection well (INJ1) affected by the injection 
wells INJ2, shows the same character with the side oriented 
the injection well(INJ1). 
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Figure 4. Distribution of oil saturation without natural fracture after 

producing five years 

Judging from the influence of  the injection wells on 
the producing wells, Well OIL3, OIL4, OIL6, OIL7 was 
mainly affected by two injection wells, and the well OIL5 is 
affected by four injection wells at the same time. Therefore, 
we can infer that the oil production of Well OIL5 is higher 
than Well OIL3, OIL4, OIL6, OIL7.That reason is that 
when injected water of four injection wells spreads along 
the direction of the Well OIL5 , some oil from OIL3, OIL4, 
OIL6, OIL7 OIL5 well block was swept into the Well 
OIL5. 

Because of  the presence of hydraulic fracture (along 
the direction I) in Well OIL3, OIL4, OIL6 OIL7, the impact 
of injected energy from wells INJ1, INJ4 on the oil well 
OIL5 forms certain shielding effect after the water 
breakthrough, to a certain extent, which affects the 
efficiency of injection wells. 

Figure 4 also shows that oil saturation high areas are 
distributed in a diagonal position in the well group. It’s 
difficult to mining oil in the vertical plane, which is the 
interface in front of injected water between two injection 
wells, and the production efficiency is low due to injected 
energy offset each other in this interface. Meanwhile, we 
can think oil well OIL5 is located in the joint in front of 
injected water of four injection wells. Because they 
converge to well OIL5 as a point, there won't be too much 
remaining oil near the well OIL5 which is different from 
Well OIL3, OIL4, OIL6, OIL7 with planar intersection on 
the diagonal. 

Figure 5 shows that the single well daily production of 
Well OIL3, OIL4, OIL6, OIL7 is basically equal, but the 
stable production period of well OIL5 is much longer than 
Well OIL3, OIL4, OIL6, OIL7. This shows that the water 
breakthrough time of well OIL3, OIL4, OIL6, OIL7 is 
shorter, and the moisture content of Well OIL5 after water 
breakthrough is higher relatively. 

 
Figure 5. Daily output per well changes over time without natural fracture 

after fracturing 

 
Figure 6.Well cumulative production without natural fracture after 

fracturing 

Figure 6 shows that the single well cumulative 
productions of Well OIL3, OIL4, OIL6, OIL7 are basically 
equal, but the cumulative production of Well OIL5 is much 
higher than Well OIL4, OIL6, OIL7 after the stable 
production period. What is more, the cumulative production 
of Well OIL5 grows straight over time on the whole. But  
the cumulative productions of Well OIL3、OIL4、OIL6、
OIL7 grow straight over time in the stable production 
period and their growth rate dropped significantly in 
declining production period. That is because the moisture 
content of production wells increase significantly after the 
stable production period and hydraulic fractures on the 
direction I in Well OIL3, OIL4, OIL6, OIL7 receive a great 
deal injection water from INJ1 and INJ4. 

 As a result, single well daily production and 
cumulative production of Well OIL3、OIL4、OIL6、
OIL7 is basically equal. That is consistent with the results 
of the analysis of the well group model at the beginning of 
the simulation (figure 3). We only analyze and summarize 
wells OIL3 and OIL5 in the following analysis. 

B.  The influence of symmetric natural fractures on 
hydrofracture production 

There are mainly several following situations when we 
study the production after fracturing under the influence of 
natural fracture on hydraulic fracture. 
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a. Hydraulic fracture penetrates two or more  
symmetrical natural fractures; 

b. Hydraulic fracture is arrested by natural fractures 
and propagates along two sides to the end of natural 
fractures.  

(1) Hydraulic fracture penetrates vertically two or 
more symmetrical natural fractures 

In this case, natural fracture may be still closed or open 
after hydraulic fracture penetrating natural fracture. We 
don't analyze the state natural fracture is closed, and there is 
no contribution to the flow conductivity of oil-gas seepage 
system when natural fracture is closed. 

 
Figure 7. Opening natural fracture while hydraulic fracture cross natural 

fracture 

As we known, the distribution of natural fractures in 
actual formation is very complex. The angle between the 
direction of natural fracture and maximum horizontal 
principal stress is 0~90. The minimum normal stress is on 
the plane perpendicular to the natural fracture when the 
angle is 0, which is equal to the minimum horizontal 
principal stress. The maximum normal stress is on the plane 
perpendicular to the natural fracture when the angle is 90°, 
which is equal to the maximum horizontal principal stress. 
Under normal circumstances, the direction of natural 
fracture is between 0°to 90°, so the value of normal 
stress on the natural fracture plane is between the 
minimum horizontal principal stress and the maximum 
horizontal principal stress, exceeding the minimum stress 
which keeps the hydraulic fracture propagating. Therefore, 
the minimum pressure that makes natural fractures open is 
greater than the pressure that makes hydraulic fractures 
propagating. Under normal circumstances, the natural 
fracture is difficult to open after hydraulic fracture 
penetrating the natural fracture. Because the injected 
fracturing fluid will flow to the end of fracture from the 
main hydraulic fracture where the resistance is least. Then, 
with the increase of fracture propagation distance, the flow 
path keeps extending forward. But in some cases, such as 
the propagation is blocked in the end of the fracture which 
causes that the pressure in the hydraulic fracture is greatly 
increased. Natural fractures open (figure 7) when the 
pressure is greater than the critical pressure for natural 
fracture opening. Natural fracture is still open after 
hydraulic fracturing. These natural fractures have diverting 
capacity and become the main channel for oil-gas flowing 
together with hydraulic fracture. 

In this study, we mainly analysis the influence of the 
open part in the natural fracture on the productivity of 

hydraulic fracturing after the hydraulic fracture penetrating 
the natural fractures. 

A. The hydraulic fracture penetrates two parallel 
symmetric natural fractures. The lengths of opened natural 
fractures are 100 m and the distances from natural fractures 
to the center of the wellbore are 50 m. The distribution of 
natural fractures is shown in figure 8. 

 
Figure 8. Distribution of layer oil saturation after producing five years 

 
Figure 9. Well production without natural fracture and condition A after 

fracturing 

As figure 9 shown ， Well OIL5 and OIL3 have 
basically the same stable production period in the condition 
A and without natural fractures. The stable production 
period of OIL5 and OIL3 is 450 days and 810 days 
respectively. This shows that the shortest distance between 
the natural fracture and oil-water front is longer than 
between the hydraulic fracture and oil-water front in the 
Well OIL3 with the condition A. So, water breakthrough 
occurs in hydraulic fractures sooner than in natural fractures. 
Varying degrees of water breakthrough also appear in 
natural fractures when water breakthrough appears in 
hydraulic fractures. That is why the production of Well 
OIL3 in the condition without natural fractures is slightly 
larger than it in the condition A after water breakthrough 
appears in natural fractures. That is also why the declining 
rate of production is less than it in condition A. For OIL5, 
the production in the condition without natural fractures is 
slightly less than it in the condition A, because natural 
fractures with a certain length offer more seepage channels 
for the subsurface fluid when OIL5 is affected by four 
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injection wells in four different directions. Therefore, the 
daily production of OIL5 is increased. 

B. The hydraulic fracture penetrates two parallel 
symmetric natural fractures. the lengths of opened natural 
fractures are 100 m and the distances from natural fractures 
to the center of the wellbore are 100 m. The distribution of 
natural fractures is shown in figure 10. 

 
Figure 10. Distribution of layer oil saturation after producing five years 

C. The hydraulic fracture penetrates four parallel 
symmetric natural fractures. The lengths of opened natural 
fractures are 100 m and the distances from natural fractures 
to the center of the wellbore are respectively 50m and 100 
m. The distribution of natural fractures is shown in figure 
11. 

 
Figure  11.Distribution of layer oil saturation after producing five years 

 
Figure  12.Production of Well OIL3 and OIL5 condition B and C 

In the condition B and C, Well OIL3 has a same 300-
days stable production period and well OIL5 has a same 
900-days stable production period. It means that water 
breakthrough time of Well OIL3 is mainly controlled by the 
natural fracture nearest oil-water front and there are more 
natural fractures in well OIL5 which means the number of 
seepage channels increasing. So, the production in the 
condition C is larger than in the condition B (Figure 12). 

(2) Hydraulic fracture is arrested by natural fractures 
and propagates along two sides to the end of natural 
fractures. 

D. Hydraulic fracture is arrested by natural fractures 
and propagates along two sides to the end of natural 
fractures The lengths of natural fractures are 100 m and the 
distances from natural fractures to the center of the wellbore 
are 50m. The distribution of natural fractures is shown in 
figure 13. 

 
Figure  13.Distribution of layer oil saturation after producing five years 

Judging from the condition without natural fractures 
and conditions A,B,C, the shorter the distance between the 
natural fracture and water-oil front is, the less the well 
production is in the well OIL3(Figure 14).It is the largest 
without natural fracture. Meanwhile, in the well OIL5, 
natural fractures largely improve the single well production 
before the water breakthrough completely appearing in the 
natural fracture . what is more, the natural fracture 100m 
away from the wellbore makes more contribution to oil well 
productivity than 50m. The well productivity will increase 
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when there are more natural fractures. Therefore, natural 
fractures in Well OIL3 increase the water content of oil 
well and that in Well OIL5 increase the oil-gas seepage 
channels in formation.  

 
Figure  14.Cumulative production of Well OIL3 

We can draw the following conclusions with the above 
analysis: 

a. Single well production and cumulative production in 
Well OIL3: No natural fracture > A > D > C > B; 

b. Single well production and cumulative production in 
Well OIL5: D > C > B > A > No natural fracture; 
When make the design of hydraulic fracturing, we should try 

to increase the water breakthrough time of production wells. 

IV.  CONCLUSION 

(1) If natural fractures and hydraulic fractures are 
connected in producing well near the injection well, the 
water breakthrough time of producing well will be 
shortened and the production of oil well will significantly 
decline. The longer the length of natural fractures is, the 
greater the cumulative production decline is. 

(2) For the well which is away from the injection wells 
but still affected by these injection wells, natural fractures 
with a certain length and connecting hydraulic fractures 
make the oil well production increase considerably. 
However, if natural fractures are too long, there will be a 

premature flooding in oil wells and the production of oil 
wells will decline. In addition, natural fractures with 
appropriate quantity make the ultimate recovery of the 
formation increase. 

Therefore, before implementing production 
transformation by hydraulic fracturing in oil fields, we must 
find out the distribution of natural fractures in formation, make 
reasonable development plans, optimize oil orientation  and set 
different fracturing reconstruction schemes for different 
production wells. 
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