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ABSTRAK

Produksi hidrokarbon dari batuan serpih menjadi tantangan baru pada kegiatan eksplorasi dan 
eksploitasi minyak dan gas bumi dunia. Karakteristik batuan serpih sangat berbeda dengan batuan 
reservoir pada umumnya sehingga batuan reservoir serpih diklasifi kasikan sebagai unconventional 
reservoir. Permeabilitas yang cenderung sangat kecil (kurang dari 0,1 mD) dan porositas yang relatif 
rendah (kurang dari 10%) menjadi kendala utama untuk memproduksi hidrokarbon yang terakumulasi 
di batuan serpih. Namun demikian, teknologi pengeboran horizontal dan hydraulic fracturing terbukti 
efektif untuk menstimulasi aliran fl uida pada reservoir berpermeabilitas rendah seperti batuan reservoir 
serpih sehingga mendorong berkembangnya eksplorasi hidrokarbon pada batuan reservoir serpih. Oleh 
karena itu, pengetahuan akan karakteristik batuan serpih dan teknologi hydraulic fracturing menjadi 
sangat penting untuk manajemen unconventional reservoir. Tulisan ini mengulas teknologi yang banyak 
diterapkan serta tantangan yang ada dalam pengembangan unconventional reservoir.
Kata Kunci: batuan reservoir serpih, mekanika batuan, hydraulic fracturing

ABSTRACT 

Nowadays, shale plays a role as hydrocarbon producing rock. Due to its “unusual” properties as a 
reservoir, shale is classifi ed as an unconventional reservoir. Among these properties are the relatively low 
permeability (0.1 mD or less) and the relatively low porosity (10% or less). The relatively low permeability 
had been the main obstacle to extracting the hydrocarbon held by shale in the past. Nevertheless, the 
technologies of horizontal drilling and hydraulic fracturing have proven to be effective in stimulating a 
liquid fl ow in low permeability reservoirs such as a shale layer which has encouraged the hydrocarbon 
exploration in the oil shale industry. This paper is intended to provide an overview of technologies 
implemented in the current oil shale reservoir along with their challenges summarized from available 
sources in a concise manner. 
Keywords: shale reservoir, mechanical properties, hydraulic fracturing

I. INTRODUCTION 

Conventionally, shale is a source rock where 
hydrocarbon was “cooked” before being expelled to 
more porous and more permeable formation called 
reservoir rocks of sandstone or carbonates. It was 
then realized that the remaining hydrocarbon in 
shale which are not expelled to other more porous 
and permeable rock formations can produce oil by 
using the correctly implemented technologies to 

overcome the relatively low permeability of shale, 
namely horizontal drilling and hydraulic fracturing. 

As a reservoir, shale rock does not have a trap 
characterization as conventional reservoirs do but 
the hydrocarbons are held by the impermeable nature 
of shale. In other words, shale plays different roles 
usually assigned to different rock formations at the 
same time, i.e. : source rock, reservoir rock, and 
seal rock. In addition to that, a shale reservoir does 
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not have gas water contact or oil water contact as 
conventional reservoirs do. 

Normally, a shale reservoir extends in a wide 
area with relatively high heterogeneity compared 
with that of conventional reservoirs. Some parts 
of the shale reservoir that are more favorable in 
hydrocarbon production which are called “sweet 
spots”. Note that the geological sweet spots are not 
necessarily also the economic sweet spots (Ahmed 
2015). For instance, the reservoir parts that have 
favorable geological properties and unfavorable 
stress magnitude and direction are geological sweet 
spots but are not economic sweet spots because 
they cannot be produced economically despite their 
geological advantages. Therefore, a challenge in 
developing a shale reservoir is to identify its sweet 
spots. 

 Another challenge in developing a shale 
reservoir is how to accurately calculate its reserves. 
The traditional material balance reserves calculation 
usually applied to conventional reservoirs produces 
inaccurate results when applied to shale reservoirs 
with stress-sensitive behavior (Dou et al. 2015). 
However, due to the diffi culty to determine the 
average reservoir pressure, material balance method 
should never be used in reserves calculation of a shale 
reservoir (Holditch, 2006). 

II. METHODHOLOGY

Hydraulic Fractures Design 
Horizontal well technology is used in shale 

reservoirs to broaden the contact areas between the 
reservoirs and the wells. These contact areas should 
be broadened further by introducing the artifi cial 
fractures created by increasing wellbore pressure 
hydraulically in an operation called hydraulic 
fracturing. The obtained fractures which are called 
hydraulic fractures are then kept open after the 
wellbore pressure is lowered to the level before the 
hydraulic fracturing operation either with or without 
grained material called proppant. This proppant 
acts as a barrier to the hydraulic fractures aperture 
closing due to stresses in the formation. In many 
cases, proppant is simply sand or, in high pressure 
conditions, specially designed ceramic beads. 

In order for the shale to fail and for hydraulic 
fractures to be created, the hydraulic pressure 
should be higher than tensile strength of the shale 
at the corresponding stresses acting on the shale. 
Once the shale fails, the fracture is then propagating 
away from the wellbore, with shape determined by 

the mechanical properties of the shale, the stresses 
acting on the shale, and the occurrence of the natural 
factures in the shale. 

 The mechanical properties of shale can be 
described with Young’s modulus and Poisson’s 
ratio. Shale with relatively high Young’s modulus 
and relatively low Poisson’s ratio is a “brittle” shale 
while shale with relatively low Young’s modulus 
and relatively high Poisson’s ration is a “ductile” 
shale. Brittle shale translates the hydraulic pressure 
increase into cracks and fractures while ductile 
shale translates the hydraulic increase into plastic 
deformation. Brittle shale also tends to have fracture 
surfaces with relatively higher roughness in addition 
to less possibility of “proppant embedment”, a 
phenomenon where the proppant “adsorbed” into 
the fracture surfaces. The high roughness of the 
fracture surfaces results in a high conductivity of 
the fractures (Jansen et al. 2015). These advantages 
make the brittle parts  the geological sweet spots in 
developing the shale reservoir. 

 During hydraulic fracturing, hydraulic fractures 
are propagated with the direction perpendicular 
to the direction of the minimum stress orientation 
which is the least resisting force acting in the 
shale. Therefore, in order to obtain long hydraulic 
fractures, the perforation orientation should not 
deviate significantly from the maximum stress. 
The incorrect perforation orientation will force the 
fracture propagation to stop early which results in 
shorter hydraulic fractures (Sepehri et al. 2015). In 
some cases, the maximum stress can infl ict shear 
displacement of the two fracture surfaces which 
results in the fracture surfaces are against the parts 
that do not fi t with one another. The misaligned 
fracture surfaces do not need proppant to keep the 
fracture aperture open provided that the mechanical 
properties of the shale are suffi cient to prevent plastic 
deformation of the shale. 

 Naturally, shale can have fractures created 
due to tectonic forces or chemical dissolution. The 
occurrence of these natural fractures affects the 
direction and geometry of the hydraulic fractures. The 
least favorable natural fractures direction is parallel 
to the minimum stress because these natural fractures 
will act as barriers to the propagating hydraulic 
fractures which have the direction perpendicular to 
the minimum stress (Zhang et al. 2015). This will 
result in relatively short extension of the created 
hydraulic fractures which means the portion of the 
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shale reservoir covered by the hydraulic fractures 
will be less than originally intended (Figure 1).  

The natural fractures can have some degree of 
permeability which enable them to act as a fl ow 
path of hydrocarbon to the well provided that their 
apertures are not fi lled by materials which act as 
barriers to the fl ow. In this case, the higher the 
natural fractures concentration is, the easier the 
hydrocarbon fl ows. However, the direction of the 
natural fractures also plays a role in the success of a 
hydraulic fracturing operation as mentioned above. 
Therefore, in selecting the best parts of a shale 
reservoir to fracture hydraulically, the direction of 
the natural fractures must also be considered.  

In determining the hydraulic fractures spacing, 
the so-called “stress shadow” should be taken into 
account. Stress shadow is a condition where the 
stress around the hydraulic fractures has different 
magnitude and direction than those of the stress away 
from the hydraulic fractures. The hydraulic fractures 
can only form beyond the volume of rock with 
the stress shadow which means that the minimum 
hydraulic fractures spacing depends on the width of 
the stress shadow (Okahialam et al. 2015). 

 The hydraulic fracture conductivity, which 
is defi ned as the multiplication of the width of a 
hydraulic fracture and its permeability, should be 
optimized in order to avoid unnecessary cost related 
to the creation of unusable fracture conductivity 
(Jansen et al. 2015). This is because after a certain 
point, the hydraulic fracture conductivity increase 
will not add more production from the shale 
reservoir. The limit of the production increase due 
to the hydraulic fracture increase is related to the 
matrix permeability of the shale reservoir. 

III. RESULTS AND DISCUSSION

A. Hydraulic Fracturing 

In most hydraulic fracturing operations, fl uid 
used to transmit the pressure to break the formation is 
basically water with some additives added to modify 
the water properties so that they are compatible with 
the fracturing operations. Among the additives is the 
friction reducing additive. This additive, described 
by its name, reduces the friction experienced by the 
hydraulic fracturing fl uid so that it fl ows downhole 
and into the fractures with less pressure decrease. 
The water modifi ed by the friction reducing additive 
is called “slickwater”.  

Another common additive used in hydraulic 
fracturing operations is the gelling additive which 
thickens the hydraulic fracturing fl uid so that it is able 
to transport the solid proppant downhole and into the 
fractures while preventing the proppant settlement 
to the bottom of well. 

Generally, hydraulic fractures created instantly as 
the tensile strength of the formation at the prevailing 
stresses exceeded by the pressure transmitted by 
the hydraulic fracturing fluid. Nevertheless, the 
hydraulic fractures can also be created by applying 
pressure lower than the tensile strength of formation 
provided that the time during which the pressure is 
applied is long enough to infl ict the formation failure 
(Bunger et al., 2015). This kind of failure called 
static fatigue. 

The hydraulic fractures that are intended to 
drain a shale reservoir should not extend into an 
undesired formation. The undesired formation can 
be an aquifer which will create an environmental 
issue if the chemically-modifi ed hydraulic fracturing 
fl uid enters the aquifer, in addition to the problems 
during hydrocarbon production related to high 
water cut. Fracture localization principles should 
be implemented in order to prevent this undesired 
extension of the hydraulic fractures. Basically, 
the method to localize hydraulic fractures is by 
restricting the pressure transmitted by the hydraulic 
fracturing fl uid at a specifi c level, in accordance with 
the strength of the shale reservoir and the fracture 
barriers around the shale reservoirs. The fracture 
barriers can be formations with higher strength than 
that of the shale reservoir or formations with natural 
fractures (or cleats) which enable them to absorb the 
pressure transmitted by the hydraulic fracturing fl uid 
such as coal. 

Figure 1
Hydraulic fractures in different 
natural fractures orientations

(Source: Zhang et al. 2015)
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The fl uid used in a hydraulic fracturing operation 
will fl ow back into the well once the applied pressure 
is lowered at the end of the hydraulic fracturing 
operation. This fl uid backfl ow can bring various 
substances or particles into the well. The substances 
or particles can create a water treatment issue if the 
water cannot be injected back to the subsurface which 
is the simplest and easiest method in many cases. 
The only method to handle the water that cannot 
be injected to subsurface is by treating it before 
releasing it to the surface water body. In some cases, 
the proppant which is originally intended to stay 
inside the fractures fl ows back into the well along 
with the water backfl ow. To prevent this proppant 
backfl ow, some kind of resin is usually applied to 
the proppant grains. 

B. Stress-Sensitive Parameters 

Subsurface formations have what is termed 
effective stress which is the difference between 
the overburden stress and the pore pressure. The 
overburden stress is relatively constant because the 
overburden thickness is also constant. As the pore 
pressure decreases, for instance during production, 
the effective stress will increase. The increase in 
effective stress results in a change in pore geometry 
(Shaoul et al. 2015). As the pore geometry changes, 
the open spaces of the pores available for fl uid fl ow 
will also change, usually they shrink. Consequently, 
this will result in the decrease of the permeability 
of the formation in addition to the decrease in the 
porosity of the formation. 

 Another consequence of the increase of the 
effective stress is the closing of the horizontal 
hydraulic fractures which occur at the depth of less 
than 2,000 ft since the relatively thin overburden 
infl icts relatively little vertical stress (Jin et al. 2015). 
This closing of the hydraulic fractures also reduces 
the available spaces available for fl ow which in turn 
will reduce the permeability of the formation.  

The constantly changing properties of shale 
formations during production should be taken into 
account in calculating reserves and forecasting 
future production of shale reservoirs for instance, 
in analyzing and interpreting well test data of shale 
formations (Shaoul et al. 2015). 

C. Producing Hydrocarbon From Shale 

Due to the relatively expensive technologies 
required to develop shale reservoirs, the shale 
hydrocarbon reserves can only be economical 

at relatively high oil and gas prices. This also 
means that, generally speaking, the profi t of shale 
hydrocarbon reserves is relatively low compared 
with that of conventional hydrocarbon reserves. The 
common approach in producing hydrocarbon from a 
shale reservoir is by exploiting its sweet spots fi rst 
before moving to the less favorable parts of the shale 
reservoir. The sweet spots affect the economics of 
a shale hydrocarbon development due to its direct 
contribution to the cash fl ow. 

The rapid production decline of shale reservoirs 
should also be considered in developing a shale 
reservoir. The rapid production decline dictates that 
in order to maintain a relatively fl at production rate, 
new wells must always be drilled across the shale 
reservoirs. Additionally, not all hydraulic fractures 
contribute to the hydrocarbon production from shale 
reservoirs (Ahmed 2015).  

 Despite its “unfavorable” nature, shale reservoirs 
hold vast amounts of hydrocarbon which are 
technically producible. In line with the growing 
demand for hydrocarbon, shale reservoirs will play 
a more signifi cant role in the future. The challenge in 
developing shale reservoirs now is how to produce 
shale hydrocarbon reserves more cheaply and safely.  

IV. CONCLUSIONS 

Shale hydrocarbon reserves should be calculated 
by taking into account the difference between shale 
reservoirs and conventional reservoirs. The common 
approach in producing hydrocarbon from a shale 
reservoir is by exploiting its sweet spots fi rst before 
moving to the less favorable parts of the shale 
reservoir.

The shape of hydraulic fractures in shale 
reservoirs is determined by the mechanical properties 
of the shale, the stresses acting on the shale, and 
the occurrence of the natural fractures in the shale. 
The optimum fracture conductivity should be taken 
into account in designing the hydraulic fractures in 
order to avoid unnecessary expenditure. Pressure 
restriction is the key to localize hydraulic fractures so 
that they do not extend to the undesired formations.
Permeability and porosity are stress-sensitive 
parameters in shale reservoirs which change along 
with the reservoir pressure change during production. 

Shale reservoirs hold vast amounts of technically 
producible hydrocarbons and the challenge in 
developing shale reservoirs now is how to produce 
hydrocarbon reserves more cheaply and safely. 
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