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Methods to determine drainage area in shale 
formations produced by stimulated horizontal wells 
using reservoir simulation modelling

The paper presents an analysis of the drainage area generated by a single horizontal production well completed in 
shale gas formations. The analysis was performed with the use of numerical simulation models of the formations 
and stimulated wells with parameters in the range found in Polish formations and the wells drilled in them. Practi-
cal definitions of the drainage area were proposed. Their sizes and some other characteristics were studied for their 
dependence upon the reservoir parameters and completion characteristics.

Key words: shale formations, drainage area, reservoir simulation models.

Metodyka wyznaczenia wielkości obszaru drenażu w formacjach łupkowych przy pomocy 
złożowych modeli symulacyjnych
W pracy przeprowadzono analizę wielkości obszaru drenażu pojedynczego odwiertu horyzontalnego udostępnia-
jącego formację łupkową nasyconą gazem. Analizę tą przeprowadzono przy pomocy symulacyjnych modeli złożo-
wych o parametrach złożowych i charakterystykach udostępnienia obejmujących wartości typowe dla formacji kra-
jowych. Zaproponowano praktyczne definicje wielkości obszaru drenażu i zbadano jej zależność od wartości głów-
nych parametrów złożowych formacji i parametrów ich udostępnienia.

Słowa kluczowe: formacje łupkowe, obszar drenażu, symulacyjne modele złożowe.

The determination of production well spacing is one of 
the basic problems of hydrocarbon reservoirs’ development 
optimisation [3, 17, 19]. It is particularly important in the situ-
ation of unconventional reservoirs, such as shale formations, 
for which the process of drainage is of transient type through-
out the entire period of production. Contrary to conventional 
reservoirs, for which the reservoir breakdown into drainage 
zones of individual wells is determined in a very short time 
after a change in extraction conditions (well numbers and 
location, their production rates), this fact, combined with low 
drainage effectiveness, means that proper development of an 
unconventional reservoir can decide the economic viability 
of the considered formation production [1, 2, 4–7, 10, 11, 15, 
18, 20]. In terms of recovery effectiveness, unconventional 
reservoirs (shale gas [12], tight gas [14] and other formations), 

to a much larger degree than conventional reservoirs, depend 
on: (i) geological-petrophysical parameters, including systems 
of multiple porosity and permeability characterized by large 
variation of their values, (ii) the method of completion – 
borehole stimulation in those formations is indispensable to 
obtain even a minimum output. Therefore the analysis of the 
size and effectiveness of the recovery of wells’ drainage areas 
in such reservoirs is a very complex issue and cannot only 
rely on the measurement data, which is necessarily limited in 
domestic practice. Hence, a need originates to apply simula-
tion reservoir models that ensure the possibility of analysing 
a broad spectrum of both reservoir conditions (geological 
parameters) and of completion methods for unconventional 
reservoirs. The reservoir simulations were carried out using 
the Eclipse simulator [13].

Introduction



artykuły

993Nafta-Gaz, nr 12/2015

Synthetic models of shale formations and methods for their 
completion were constructed. The general structure of such 
models was implemented in the form of the diagram presented 
in Figure 1 [16]. These models describe the drainage zone 
of a single horizontal well, which was subject to stimulation 
treatments in the form of multiple hydraulic fracturing caus-
ing the origination of a (regular) system of hydraulic fractures 
and generating the activation of secondary fractures creating 
the system of Stimulated Reservoir Volume (SRV) [9]. The 
remaining reservoir volume was marked as XRV (External 
Rock Volume – Fig. 2). Hydraulic fractures [8] were modelled 
in the form of discrete objects. The system of active secondary 
fractures was modelled by a system of multiple porosity. A 
constant reservoir thickness and height of the fractured area was 
assumed. A widely used description of shale formations was 
applied, in which the primary fractures are ineffective and are 
activated as a result of stimulation in the SRV area. Therefore 
the SRV area was modelled as a double porosity area.

The presence of gas consisting of 100% methane and water 
of standard properties was assumed in the models. Water was 
an immobile phase in the considered models. As a result, the 
effective porosity was taken as entirely gas saturated. The 
pressure Pres,ini = 310 bars and the temperature Tres = 100°C 
were assumed as the initial reservoir conditions.

Shale formations simulation models

Models parameters

The following first set of data describing the reservoir and 
completion parameters was taken for these models.
Reservoir parameters:
•	 effective matrix porosity (saturated with gas): ϕm= 4.76%,
•	 fractures porosity: ϕf = 3.08%,
•	 matrix permeability in the SRV and XRV areas:  

km = 10÷1000 nD,
•	 fractures permeability in the SRV area: kf = 0.1÷10 mD,
•	 the matrix-fractures coupling coefficient: σ = 0.05 m-2,
•	 the gas desorption (Langmuir isotherm) parameters: 

–– Langmuir volume: VL = 0.0, 6.0 Nm3/t (0%, 50% of 
resources – values of adsorption parameters were ta-
ken for extreme situations),

–– Langmuir pressure: PL = 30 bars,

•	 diffusivity: D = 0.0059 m2/d.
Completion parameters:
•	 well horizontal section length: Lh = 776 m,
•	 number of fracturing sections: nf = 4, 8, 16,
•	 length of the fractured area: lf = 250÷550 m,
•	 width of the fractured area: df = 2÷122 m,
•	 hydrofracture transmissibility: Tfh = 200 mD × m,
•	 bottom hole pressure: Pbhp = 35 bars.

A constant irreducible water saturation was assumed, 
Swir = 20%.

The structure of double porosity (fracture + matrix) and 
of single permeability (only fractures) in the SRV area, and 
of standard single porosity and permeability (matrix only) 
in the XRV area were assumed.

Production conditions

The control of production by the fixed bottom hole pres-
sure was assumed as Pbhp = 35 bars. The following conditions 
were assumed for production termination: (a) maximum period 

of time: tf = 30 years, (b) minimum rate: qg = 1 SCm3/‌min 
(1440 SCm3/d). The effective condition was considered the 
one that occurred sooner.

Fig. 1. The structure of shale formation development model. 
Top view

Fig. 2. The structure of shale formation simulation model. 
SRV and XRV areas
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The drainage zone of a single producing well was defined 
in two ways:
1)	 via the boundary of production disturbances,
2)	 via the minimum average recovery coefficient. 

The first of the two methods consisted in the determina-
tion of the total production Gp as a function of the model 
area size Amodel (Fig. 3). For small model sizes one straight 
line has been fitted, while for large models a second straight 
line has been fitted, and the intersection of the determined 
straight lines projected on the horizontal axis determines the 
drainage zone Adrain.

Attention should be drawn to the fact of the external 
boundary application when defining the model size. The 
drainage area may not be basically compact (may include 
internal undrained elements). However, such a situation has 
no direct importance in the practical use of this analysis to 
determine the production well spacing. 

The average recovery coefficient of the XRV (drained 
part) area depending on this area size was determined in the 
alternative method (Fig. 4), which allowed the definition of 
the size of the drainage area for the assumed limiting recov-
ery coefficient within XRV, as a sum of the SRV area and 
the XRV part defined in this way. The following example 
shows the methodology for determination of the drainage 
area size for the given recovery coefficient, which utilises 
the curve of the average recovery coefficient of XRV area 
depending on the model size.

Definition of the drainage zone size

Analysis of the drainage zone size

The drainage zone size for variable reservoir and comple-
tion parameters was analysed for the first of the above defini-
tions, in the following ranges of the parameters:
•	 matrix permeabilities in the SRV and XRV areas: km = 10, 

100, 250, 500, 750, 1000 nD,
•	 fractures permeabilities in the SRV areas: kf = 0.087, 

0.87, 8.7 mD,
•	 SRV area widths around each hydrofracture: df = 2, 22, 

42, 62, 122 m,
•	 length of the fractured area: lf = 250, 350, 450, 550 m,
•	 presence/absence of the adsorbed gas.

The remaining parameters were determined for the previ-
ously given values.

A strong dependence of the drainage zone size on the ma-
trix permeability km was confirmed both for the case without 
the adsorbed gas shown in Figure 5 and for the case with the 
gas desorption presented in Figure 6.
The results show that:
•	 the drainage area substantially exceeds the SRV area,
•	 this area depends significantly on the matrix permeability, 
•	 its dependence on the fractures permeability in the SRV 

area is less significant, 
•	 the presence of the adsorbed gas reduces the effective size 

of the drainage area. 
The drainage area defined above shows a much more com-

plicated dependence on the width df of SRV areas in individual 
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A rectilinear relationship between the gas total produc-
tion Gp and the model area size A was found, for small and 
large A values (Fig. 3), which allowed a clear and effective 
specification of the intersection point as the method for the 
drainage area Adrain determination.

Fig. 3. Determination of the drainage zone via the relationship 
between the total production and the model size

Fig. 4. Determination of the drainage zone via the relationship 
between the average recovery coefficient of the XRV area and 

the model size
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fracturing sections. With increasing SRV resulting from the 
increase in df initially a linear increase in the gas production 
total is observed (due to no interference of individual areas 
in each section), and then the effect of saturation appears 
(Fig. 7) caused by partial overlapping of those areas.

As a result, the drainage area defined by the external 
boundary only slightly depends on the width df (Fig. 8), 
i.e. an increase in the SRV areas width in each section has 
a small (disproportionate) impact on the effective (external) 
drainage area. The influence of the length of the SRV area 
(length of hydrofractures lf ) on the drainage area size is dif-
ferent. A roughly proportional growth of this magnitude is 
observed, i.e. the Vdrain/SRV ratio is practically independent 
of the length of hydrofractures lf (Fig. 9). 

Fig. 5. The relationship between the drainage area size 
Vdrain (expressed as the ratio: Vdrain/SRV) and the matrix 

permeability km for various fracture permeabilities kf 
(cases without desorption)

Fig. 6. The relationship between the drainage area size 
Vdrain (expressed as the ratio: Vdrain/SRV) and the matrix 

permeability km for various fracture permeabilities kf 
(cases with desorption)

Fig. 7. The relationship between the production total Gp 
and the volume of SRV modified by df

Fig. 8. The relationship between the drainage volume Vdrain 
and the volume of SRV modified by df

Fig. 9. The relationship between the drainage volume Vdrain 
and the length of fractures lf (cases without desorption)
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The reservoir completion via additional fractures, as-
suming a constant size of the SRV area, does not result in 
a significant increase in the drainage area (Fig. 10). However, 
the fact that a smaller number of fracturing treatments usually 
means a smaller SRV area should be considered.

The analysis of SRV and XRV (in the part covered by the 
drainage) areas recovery coefficients was performed for the 
analysed model, which resulted in a constant value of the 
recovery coefficient (approx. 87%) independent of the matrix 
permeability for the SRV area. For the XRV area, within the 
matrix permeability from 100 to 1000 nD, a nearly constant 
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recovery coefficient was also obtained, around 72%. This 
coefficient had a smaller value of 11% only for the matrix 
permeability of 10 nD (Fig. 1). The lack of the recovery coef-
ficient dependence on the matrix permeability in the drained 
XRV area occurs together with the increase in the drainage 
area size for growing matrix permeabilities. Figure 12 il-
lustrates the latter relationship, showing the drainage area 
size vs. the matrix permeability for a fixed average recovery 
coefficient in the XRV area.

Fig. 11. The average recovery coefficient in the drainage area 
vs. the matrix permeability km for the fractures permeability kf 

from the 0.1÷10 mD range

Fig. 12. The size of the drainage area with a fixed average 
recovery coefficient (in the drained part of XRV) vs. the 

matrix permeability

Summary

The paper presents an analysis of the drainage area size 
in shale formations using single-phase simulation reservoir 
models for such formations. The definition of the drainage 
area size was assumed as the basic value used to determine the 
production well spacing. The relationship was studied between 
the drainage area and (i) a group of parameters describing the 
reservoir properties of shale formations, (ii) parameters char-
acterising the method and effectiveness of those formations 
completion by a fractured horizontal well. The possibility of 
the occurrence of the drainage area (Vdrain) clearly enlarged 
(up to 170%) as against the fracturing area (SRV) was found, 

where the non-fractured part (XRV) can reach a significant de-
gree of recovery. A significant relationship between Vdrain/‌SRV 
and the matrix permeability was found at a clearly smaller 
dependence on secondary fractures permeability. In addition, 
the presence of adsorbed gas limits the drainage area size. 
A proportionality between the drainage area and the SRV area 
size was confirmed. It should be emphasised that the above 
conclusions refer to the drainage area size and not to the gas 
production total from the shale formations, which through the 
factor of production time may result, in the case of this time 
being reduced, in the need to apply reduced drainage areas.
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Fig. 10. The relationship between the drainage volume 
Vdrain and the number of fracturing sections (cases without 

desorption)
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