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1. Introduction
Recently, the global shale oil and gas exploration 

and development become more and more successful 
and commercial due to the technical improvement of 
hydraulic fracturing and horizontal drilling, especially 
in US. Experience over the past few years has proved 
that the production of shale oil and gas wells varied 
in basins, reservoirs, regions, pads, or even individ-
ual wells. Since the complexity and heterogeneity of 
shale formations, to understand the production per-
formance for this kind of reservoirs is difficult. The 
production is affected by both reservoir property and 
engineering parameters [1-3]. Most previous studies 
focused on sensitivity analysis of single parameter’s 
effect on production using analytical solution and 
numerical simulation, and it was seen that permea-
bility, porosity, initial pressure, thickness, fracture 
length and conductivity, fracture number have pos-
itive effect on production [1-3]. The influence of slip 
flow, threshold pressure gradient and gas desorption 
on production has also been studied [3-5]. Literature 
review showed that most research is based on the the-
oretical analysis [6-12] and there are few field cases 
for validation [13]. Production from different shale 
oil and gas basins probably have huge difference and 
the results from one basin cannot be used in others. 

Generally, the understanding of production influence 
factors of shale oil and gas reservoirs is unclear and it 
is still needed to investigate.

The current study focuses on investigating the 
impact mechanism of engineering parameters on shale 
oil and gas production using analytical modeling. For 
comparison, we have analyzed and discussed the pro-
duction characteristics of one shale oil and gas basin 
in US, aiming to reveal the production performance 
and influence factors for shale oil and gas reservoirs.

2. Production influence factors for shale oil 
and gas reservoirs 

Both reservoir properties and engineering parame-
ters play roles in production for shale oil and gas res-
ervoirs. The former is intrinsic and cannot be changed, 
including porosity, permeability, initial pressure, et 
al., while the latter is artificial and controllable con-
taining well length, stage, cluster, fracturing fluid, 
proppant and so on. Therefore, the optimization of 
engineering parameters play more important role in 
enhancement of shale oil and gas production.

As seen from the experiences in US, the success of 
shale gas development depends on following three 
mechanisms for production enhancement: 

a) increase the drainage area using horizontal drilling; 

Production performance of shale oil and gas wells is complicated due to the uncertainty of fracture 
geometry and heterogeneity of reservoir properties, et al. Especially, it is difficult to link the 
engineer parameters such as stage, cluster, proppant, fracture fluid to well production, which is 
significant for fracturing design and optimization. The purpose of this study is trying to find out this 
link and reveal the production performance and influence factors for shale oil and gas reservoirs. 
A large number of analytical modeling has done and the sensitivity of production influence factors 
has studied. Moreover, a field case of shale oil and gas basin in US is analyzed and compared 
with the theoretic study results. Sensitivity study showed that the production rate increases with 
fracture half-length, conductivity and horizontal well length increase, while declines with the 
fracture spacing increases. All of the engineering parameters have optimal values. Field case stated 
that the influence rules of engineering parameters on production are consistent with the theoretical 
modeling results, but it is more complicated. It is shown that production has positive correlation 
with horizontal well length, and has ascending trend with stage, cluster, fracture fluid, proppant 
increase although it is not obvious. However, the production contribution per increment of their 
values will decline when they increase. In most cases, the increase of engineering parameters could 
not lead to production decline, and will only add the operation cost and difficulty. So in order to 
design the engineering parameters, the optimal value should be determined based on economic 
indexes. The link between fracturing parameters and fracture characteristics is significant. 
Fracturing monitoring or fracture propagation modeling is required and necessary to understand 
well performance for shale oil and gas reservoirs.
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b) create high conductivity fractures by hydraulic 
fracture; 

c) increase matrix-fracture flow area and result in stim-
ulated reservoir volume by multi-stage hydraulic fractur-
ing [6-10], which is the most important mechanism. 

All these mechanisms are relative to engineering 
parameters. For example, well length reflects the drain-
age area, which increases with the well lateral enhance; 
Fracturing stage and cluster determine the number 
and spacing of induced fractures, which are relative to 
matrix-fracture flow area; Fracturing fluid and prop-
pant control the extension and conductivity of induced 
fractures. For theoretical study, all parameters includ-
ing lateral length, fracture spacing, fracture extension, 
conductivity should be investigated. while, for field 
case analysis, since the fracture network system is com-
plicated and hard to determine, the quantity of fractur-
ing fluid and proppant are discussed instead.

3. modeling and sensitivity analysis 
3.1. Model Construction
The software F.A.S.T. from IHS Company is used to 

model the production behavior. Figure 1 is the schematic 
diagram of multi-stage hydraulically fractured horizon-
tal well. The assumptions are shown as follows:

1. The reservoir is single porosity system, uni-
form thickness, and isothermal;

2. Rectangular linear reservoir, well is placed in 
the center of the reservoir; 

3. Multi vertical hydraulic fractures which are 
assumed to have equal length, equal conductiv-
ity, and the height extends the whole reservoir 
thickness with uniform spacing, and symmetri-
cal distribution around the wellbore;

4. Linear flow from fracture to wellbore, matrix 
to fracture;

5. Production is contributed by stimulated reser-
voir volume (SRV) region only;

6. Single phase fluid flows;
7. No skin and well storage, the wellbore pressure 

drop is neglected.
The input reservoir properties and fluid parame-

ters are from the actual shale oil and gas basin in US, 
which is shown in table 1. Also, a series of scenarios 
are established and running by varying several of key 
parameters over the ranges shown in table 2. Based on 
these work, the production sensitivity are analyzed.

3.2. Horizontal Well Length
Figure 2 shows expected ultimate recovery (EUR at 

30 year) and recovery factor (RF) with different cases 
of horizontal well length. It is shown that oil and gas 
production have positive correlation with well length. 
However, the RF decrease with well length increase, 
which will cause more flow friction and turbulent 
flow. Therefore, the well length can be optimized to a 
suitable value.

3.3. Fracture Spacing
The effect of fracture spacing on production 

is shown in figure 3. It is seen that EUR increase 

Fracture half-length Fracture spacing

Horizontal  well

Parameters shale 
oil well

shale 
gas well

Initial pressure, MPa 34.5 40.9

Thickness, m 105.5 125

Porosity, % 6.6 6.5

Oil or gas saturation, % 73.8 77.3

Rock compressibility, 10-4 MPa-1 0.838 0.843

fig.1. The schematic diagram of multi-stage hydraulically fractured horizontal well

Table 1
reservoir properties and fluid parameters

Parameters Base 
case range

Matrix 
permeability, 

md
10-4 10-6, 10-5, 10-4, 10-3

Lateral 
length, m 1800 1500, 1800, 2000, 2200, 2500

Fracture 
half-length, m 100 50, 100, 150, 200

Fracture s
pacing, m 100 50, 100, 150, 200

Fracture 
conductivity, 

md·cm
100 50, 100, 200, 300, 500, 1000

Table 2
Base case and range of sensitivity parameters

horizontal well

fracture spacingfracture half-length
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with fracture spacing decrease or fracture stage 
increase, and the characteristic is distinct when 
matrix permeability is in different range. In the case 
of fracture spacing is in the range of 50 ῀ 200 m, it 
has little effect on production when matrix perme-
ability is more than 10-3 md or less than 10-6 md, 
while it is significant and has considerable effect 
on production when matrix permeability is in the 
range of 10-5 ῀ 10-4 md. That is to say, it is necessary 
to optimize the fracture spacing when matrix per-
meability is in that range.

3.4. Fracture Length
Fracture length reflects the SRV area and has positive corre-

lation with production. However, the flow resistance increas-
es as fracture length enlarges. Figure 4a shows the relation 
between fracture half-length and production. With the fracture 
length increase, EUR raises, but the recovery factor decreases. 
The characteristic of this curve is related to hydraulic con-
ductivity. As shown in figure 4b, the influence of fracture 
half-length on recovery is significant when the conductivity 
is low, nevertheless, the influence decreases with conductivity 
increase. When the conductivity is larger than specific value 
(such as 200 md-cm), the influence can be neglected.

fig.2. The impact of lateral length on production and 
recovery for shale oil and gas well: a) Oil well; b) gas well

 fig.3. The impact of fracture spacing on production for shale oil and gas 
well in different cases of matrix permeability: a)Oil well;  b)gas well

fig.4. The impact of fracture half-length on shale oil production
a) production and recovery; b) in different cases of fracture conductivity
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3.5. Fracture Conductivity
Figure 5 shows the relation of fracture conduc-

tivity and production. It is seen that the production 
and RF increase with conductivity raise. And the 
influence is significant when the conductivity is less 
than 500 md·cm, at larger than 500 md·cm, the influ-
ence is limited.

4. field case analysis
To analyze the influence of engineering param-

eters on production for shale, one actual shale oil 
and gas basin in US is studied. The target research 
region is from the same geological area in this 
basin as the reservoir and fluid properties are sim-
ilar. Up to Feb. 2014, there were 268 wells with 3 
to 4 years of production history. Since both oil and 
gas are produced, the equivalent oil rate or volume 
is used. Figure 6 shows the relation between initial 
production (IP) and the first year cumulative pro-
duction. It is found that the cumulative production 
have the positive correlation with IP, which means 
that the IP can reflect the productivity. Therefore, 
through establishing the relation between IP and 
engineering parameters, the production influence 
factors can be revealed. 

4.1. Horizontal Well Length
Figure 7 shows the relation between IP and hori-

zontal well length. The Y-axis in figure 7b is IP/L, 
which means IP divides by horizontal well length. In 
general, the IP has positive correlation with length 
however, the IP/L decreases with well length increase 
although the data is not convergent like the character-
istic of conventional reservoirs. 

Since production is also influenced by fracture 
stage, cluster, the quantity of fracturing fluid and 
proppant, the initial production data of similar these 
parameters are selected to establish the relation with 
well length. As shown in figure 8, the IP does 
increase with well length enhances for four scenarios. 
However, the data is still dispersed. It cannot be inev-
itable as the shale rocks are heterogeneous.

4.2. Stage and Cluster
Fracture stage and cluster reflect the density of 

fracture. As shown in figure 9a, the IP has the trend 
of positive correlation with the fracture stage; how-
ever, the data is not convergent. Since the stage is 
affected by horizontal length, the relation of stage 
width and IP/L is established. As shown in figure 
9b, the stage width is around 90-120 m. The relation 
of IP and stage width is not obvious, but has a bit 
of decline trend. That means the production would 
increase with the enlargement of fracture stages 
when the well length is the same. Since the geome-
try of hydraulic fractures is complex, the number of 
induced fractures and the volume of stimulated res-
ervoir cannot be determined by the stage, however, 
the number of stage can reflect them. 

Figure 10 shows the impact of total clusters on IP. 
It is seen that the relation is similar to stage. The IP/L 
exhibits the trend of increase with the clusters per 
horizontal well length. 

 
4.3. Quantity of Fracture Fluid 
The quantity of fracturing fluid determines the prop-

agation of hydraulic fractures. In theory, more fluid 
makes fracture extension further and results in more 
production, however, the leak off of fracture fluid may 
block the pores and damage reservoir properties which 
will reduce the production. Figure 11a shows the influ-
ence of fracturing fluid on IP. It is seen that there are 
no obvious rules between them. Two possible charac-
teristics exist: 

a) with quantity of fracturing fluid increase, IP/L 
raises first and then reduce, as a result, there is a peak 
IP/L, which means a optimal quantity of fracturing 
fluid is existed; 

b) IP/L raise all the way. However, the increment 
rate of IP/L declines with the quantity of fracturing 
fluid increase, as shown in figure 11b. Therefore, 
generally, it is more likely that more fracturing fluid 
brings more production, but for maximum economic 
benefit, a optimal value still exists which requires 
engineers to design. 

 
4.4. Quantity of Proppant 
The quantity of proppant controls the number of 

effective hydraulic fractures and conductivity. Figure 12 
shows the influence of proppant on IP. It is seen that the 

fig.5. The impact of fracture conductivity 
on shale oil and gas production

fig.6. relation between initial production 
and the first year cumulative production
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  fig.7. relation between IP and horizontal well length:  a) IP; b) IP per well length

fig.8. The impact of horizontal well length on production under the condition of similar other parameters

fig.9. The impact of fracture stage on production
a) relation of initial production and fracture stage; 

b) relation of initial production per horizontal well length and stage width
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characteristics are mostly similar to fracture fluid. The 
proppant cannot be evenly distributed in fractures due 
to the complex of fracture network and limited prop-
pant carrying capability. Thus more proppant creates 
more chance to have more effective fractures and 
higher conductivity but it is not absolute. Moreover, 
the economic benefit should be considered and the 
optimal quantity of proppant can be determined.

5. Discussion
Through production analysis of field case, it is 

known that the production influence factors and their 
characteristics are very close to the results of theoretic 
modeling. However, the features from field case are 
more complicated and are shown as follows: 

1. Horizontal well length, it controls the drain-
age area and the flow cross section area between for-
mation and wellbore. According to production perfor-
mance from field case, the IP has positive correlation 
with length although the data is not convergent, but 
the trend is obvious. It is also obvious that the incre-
ment of rate of IP declines with length increase. All 
these results are coincidence with the conclusions of 

theoretical models. The optimal well length should be 
design combining the economic benefit.  

2. Fracture stage and cluster, which determine 
the number of induced fractures. According to pro-
duction performance from field case, their impact on 
shale production is not evident but have the trend 
of positive correlation. The relation between the 
increment of IP and stage or cluster is not obvious. 
In theory, more stage and cluster will cause more 
fractures, but in field case, fractures are complex and 
they are not only influenced by stage and cluster, but 
also effected by stress, natural fractures, fracturing 
velocity, etc. Therefore, the relation of fracture stage 
or cluster and IP is uncertainty for this case of shale 
oil and gas basin.

3. Quantity of fracture fluid and proppant, 
which control the length and conductivity of fracture 
in analytical solution. Although the increase trend of 
IP with fracture fluid and proppant is not evident, 
the increment rate of IP reduces with fracture fluid 
or proppant increase is obvious. It is concluded that 
there are optimal values for both fracture fluid and 
proppant quantity. 

fig.10. The impact of fracture cluster on production
 a) relation of IP and total clusters;  b) relation of IP/l and cluster per horizontal well length 

fig.11. relation between IP and the quantity of fracturing fluid
a) IP/l; b) The increment rate of IP/l
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6. conclusions
1. Sensitivity study showed that the production rate increases with fracture half-length, con-

ductivity and horizontal well length increase, while declines with the fracture spacing increases. 
All of the engineering parameters have optimal values. Well length is limited by wellbore flow 
resistance. Fracture spacing has significant effect on production when permeability is in the range 
of 10-5 ῀ 10-4 md, while in other ranges, the effect is limited. When conductivity is larger than 200 
md·cm, production can raise considerably with the conductivity increase. Conductivity has sig-
nificant effect on production when less than 500 md·cm.

2. Field case stated that the influence rules of engineering parameters on production are con-
sistent with the theoretical modeling results, but it is more complicated. It is shown that production 
has positive correlation with horizontal well length, and has ascending trend with stage, cluster, 
fracture fluid, proppant increase although it is not obvious. However, the production contribution 
per increment of their values will decline when they increase. In most cases, the increase of engi-
neering parameters could not lead to production decline, and will only add the operation cost and 
difficulty. So in order to design the engineering parameters, the optimal value should be determined 
based on economic indexes. 

3. Fracturing parameters including stage, cluster, fracture fluid and proppant influence the 
fracture characteristics containing fracture spacing, length, conductivity and the density of fractures, 
all these affect the production. However, the relation between fracturing parameters and fracture 
characteristics is not clear so far. As a suggestion of next study, fracturing monitoring or fracture 
propagation modeling is required and necessary. 

Acknowledgement:
This work is sponsored by the research project from Shale gas Standardization Technical Committee 
(NEA/TC26) (No. YeYan-2015020007).

fig.12. relation between IP and the quantity of proppant
a) IP/l; b) The increment rate of IP/l
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Влияние технологических параметров на добычу 
сланцевой нефти и газа: Теория и практика

Б.-X.Xу, Й.-Х.Баи, Г.-Х.Чен, Р.-Й.Фенг
(Новый энергетический исследовательский центр, 

Научно-исследовательский институт CNOOC)

Реферат
В статье, с целью изучения влияния технологических параметров на добычу сланцевой 

нефти и газа, приводятся результаты аналитического моделирования и сенситивный ана-
лиз на примере одного сланцевого нефтегазоносного бассейна США. Показано, что по мере 
увеличения полудлины трещины, удельной электропроводности и длины горизонтально-
го участка скважины дебит скважины увеличивается, а с увеличением расстояния между 
трещинами снижается. Результаты промысловых исследований закономерностей влияния 
технологических параметров на добычу хорошо согласуются с результатами аналитическо-
го моделирования. При этом показано, что добыча положительно коррелирует с длиной 
горизонтального участка скважины и имеет восходящую, но не очевидную, тенденцию к 
увеличению значений таких технологических параметров, как число стадий ГРП, количе-
ства жидкости разрыва и проппанта. 

Şist neft və qaz hasilatına texnoloji 
parametrlərin təsiri: Nəzəriyyə və təcrübə

B.-X.Xu, Y.-H.Bai, G.-H.Çen, R.-Y.Fenq
(Yeni Energetika Tədqiqat Mərkəzi, 

CNOOC Elmi Tədqiqat İnstitutu)

Xülasə
Şistli neft və qaz quyularının hasilat dəyişməsi dinamikası hidroyarılma konfiqurasiyasının 

qeyri mMəqalədə, şist neft və qaz hasilatına texnoloji parametrlərin təsirinin öyrənilməsi 
məqsədilə, ABŞ-nın şist neft-qaz hövzəsinin timsalında sensitiv təhlil və analitik modelləşdirmənin 
nəticələri təqdim edilir. Göstərilmişdir ki, quyunun debiti yarığın yarı uzunluğunun, xüsusi 
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