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Abstract: Hydraulic fracturing is common method of shale gas
recovery. Due to environmental, economical and technological
problems many alternative technologies have been developed.
One of the most promising group of technologies is based on per-
forating systems. This paper describes theoretical and practical
aspects of best known technologies used to create perforations.
New perforating/fracturing technologies which can replace hy-
draulic fracturing in some water sensitive natural gas reservoirs
are also considered.

1. Introduction

Explosives are used in hydrocarbon recovery for almost 150 years. Already in 1865,
Roberts has applied black powder to the first stimulation of oil wells (Roberts, 1865).
In some holes, production increased by 1200%. This started a new era in the oil and
gas recovery. Development of modern methods for the oil and gas recovery began in
1949, when the method of hydraulic fracturing started to be used. This method is
based on injection (under high pressure) of large amount of fracturing fluid containing
water, some chemical additives and proppant into the well-bore, in order to stimulate
the reservoir (Howard and Fast, 1970; L, 1989). Before each hydraulic fracturing
operation, well pre-completion is carried out and the perforation of a well has to be
performed. Explosive charges are used to create a perforation tunnel through the
pipe, the casing and a small length of the reservoir. There are many methods of
performing this operation.

The simplest and also the least effective technology of a well pre-completion is
called a perforating gun. It consists of directional detonations of high explosive charges
in order to give a short perforation channels. The principle of the operation is similar
to shooting a gun, where the high pressure gases create perforations. A prime example
of this technology is FracGun - the classic method of perforation near the pipe area.
The perforating device is composed of a pipe with evenly arranged explosives, divided
into intervals. It is equipped with an ignition system. This method is simple and
well known, usually applied in common boreholes, which do not exhibit geological
problems.

Perforating gun technologies have been known for many decades (Howard, 1971)
and they are still improved. Currently available technologies in industry mainly differ
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in construction of perforation device (Black and Anthony, 2012; George et al., 1989;
Rong Xu et al., 2002). As for the explosive charges themselves, the differences are
mainly observed in the composition, geometry and way of placing the explosive into
the carrier (Sampson et al., 2013; Werner and Grove, 2002; Yang and Behrmann,
2011).

2. Improved technologies

Although technologies using both explosives and rocket fuels (propellant) in order
to stimulate conventional and unconventional shale formations have been used for
over 30 years, only dozen are being used with greater success (Gilliat et al., 1999).
Stimulation with high pressure gases derived from multistage burning propellant has
been also known for over ten years (Page and Miskimins, 2009). A few combined,
perforating-fracturing systems based on low and high energy explosive materials al-
ready exist on the market and are used in the pre-completion stage of unconventional
oil and gas recovery. The best known and the most promising ones are StimGun and
GasGun technologies. They both combine perforating and fracturing with propellant
stimulation technology. They have much greater range of perforation than other sys-
tems and also these two methods are best for the rock formation with high content
of water sensitive illite and smectite.

The StimGun perforator is composed of explosive charges encased in layer of solid
propellant and connected to detonator (Snider et al., 1998). There is a two stage
perforation. First, high explosive is ignited, making perforation. Next, propellant is
ignited, instantly producing a burst of high pressure gases. The resulting pressure
causes the formation of fractures. During this process, dislocations of the fractures
made by very fast increase of pressure in reservoir occurs but also blocking of fractures
results by fragments of rocks formed during fracturing. This allows free gas flow in
spite of noproppant application. The StimGun has been used also with great success
in a variety of applications ranging from both soft and hard rock perforating and
perforation breakdown, near well bore stimulation, acid stimulation and many others.
The technology is still being developed, by applying changes in charges geometry,
perforation tools, explosive ingredients and ignition systems, to reach greater length
of perforation (Snider and Zierolf, 2007). Unfortunately, at this stage of development
of these techniques, perforation hardly exceeds 0.7 m, reaching 1.6 m under some
conditions with generated slip type fracture length between 5 - 40 m, whereas for
comparison hydraulic fracturing achieves 100 - 200 m or longer. Such a short range
of obtained perforations is the main reason for the above mentioned techniques not
being able to fully replace the hydraulic fracturing method but only support it.

There are many advantages of using StimGun (Snider and Zierolf, 2007):

1. Improved connectivity to the reservoir via the creation of micro fractures.

2. Lower breakdown pressure and a reduction in horsepower required at location.

3. Improved stimulation of near-wellbore on zones that are threatened by nearby
gas cap or water contact cannot be treated conventionally with acid or hydraulic
fracturing.
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4. Improved stimulation in carbonates and fractured reservoirs by creating micro
fractures to enhance deeper acid penetration.

GasGun is the most advanced technology of pre-stimulation of reservoirs using
solid propellants. It is based on the ballistic U.S. military technology, designed to
perforate hydrocarbon bearing rocks. It is much more effective compared to other
known perforation technologies due to creation of multiple radial fractures, removing
skin and cleaning up the well-bore damaged by perforators, drilling fines, cement,
paraffin, mud cake, etc. The principle of operation of GasGun is based on three step
rocket fuel combustion and has no shape charges. Both, the perforation as well as the
fracturing are done by high pressure gases. In the first stage of StimGun, the pressure
increase is slower than in the case of high explosives use in the classical methods, but
lasts longer and gives much better results. According to literature length of the
perforation can reach from 0.3 up to 3 m. Therefore, it is a potential method, which
is worth developing as an alternative to the hydraulic fracturing. Unfortunately, for
this moment, there is not enough data to determine how often a maximum range of
perforation can be achieved. In addition, the effectiveness of GasGun and StimGun
oscillates around 5 - 10 %, due to the ineffective flow control of gases, generated during
the perforation.

Fig.1 presents time profiles for three stimulation methods: hydraulic fracturing,
GasGun fracturing and high explosive fracturing. During the perforation, with the
use of technologies based on combustion of propellant, much greater pressures are
observed than in the case of hydraulic fracturing. It lasts from a few to few hundred
milliseconds, about 10 000 times more than in the case of explosive fracturing, but
also 10 000 times less than during the hydraulic fracturing. It is presumed that too
long creation of a high pressure in the reservoir, gives only one or two fractures like
in the case of hydraulic fracturing. It is argued, that this pressure time is responsible
for multiple fractures and reduction of the stress cage damage.

In latest solutions concerning the stimulation of the reservoir before hydraulic frac-
turing, the emphasis is on generation of pressure pulses during the combustion of the
propellant by the selection of a suitable geometry of charges and their arrangement.

Fig. 1. Pressure-time profiles for three stimulation methods (Shmidy and Ashley,
2011)
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Control of the pressure pulse may also be achieved by changing the seal, density,
shape and size of individual grains of an energetic material, which then results in dif-
ferent effects in combustion (Smart and Grigar, 2012). Also, development of initiating
systems of charges, has been noted (Brooks et al., 2008).

3. EPS

There is a novel technology, using both low and high explosives, used in order to
completely replace hydraulic fracturing method. It is called the Explosive Propellant
System (EPS) - a proposal of the Gdansk University of Technology (Rogala et al.,
2013). The EPS has some basic features of StimGun and GasGun technologies with
dramatically improved performance, such as:

• fracture length at given wellbore depth and bottom hole stimulation pressure
are subject of semblance monitoring in micro seismic system;

• energized, dual, cumulated detonation;

• prolonging tip of perforation tunnel into the fracture;

• classic cumulated propellant impact and all-direction fracture development;

• new concept of shock reduction;

• system allows to perform Limited Entry Hydraulic Fracturing;

EPS is a combination of high explosive, shaped charges and a progressively burn-
ing, solid propellant. It consists of two stages: detonation of high cumulative charges
and immediately after multistage propellant combustion. The additional low explo-
sive propellant is used in order to generate high pressure gas at very high rate to
create multiple fractures slippage radiating over 10 - 50 m in Sweet Spot from the
well-bore, regardless shale Least Principle Stress orientation.

Although, the range of fractures is significantly smaller than in the case of hy-
draulic fracturing, but when the entire length of the well section is perforated with
such method, the overall natural gas production from the shale formation is expected
to be the same. Therefore, the EPS technology can be a very economical alternative,
as it requires much less on-site, specialized equipment and, in addition, it resolves
many of the environmental problems associated with shale gas production in Europe.

Dry fracturing EPS concept resolves some of the problems associated with water-
based hydraulic fracturing process that may damage some of the water sensitive shales
or other gas-bearing formations. A brief comparison of hydraulic fracturing with dry
fracturing - EPS method is given in the Tab. 1.

4. Summary

Currently used perforation Trade Mark systems are Stimgun, StimTube, Gasgun,
Pulsefrac etc. and combined perforation/propellant, and propellant only for specific
applications. They are commonly used for initiation of fracture in all perforation for
HF.
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Tab. 1. Comparison of fracturing technologies (Rogala et al., 2013)

Consideration Water Based EPS

Environmentally friendly N Y

Fluid availability ? -

Fluid recycling Y -

Chemicals used Y N

Reservoir compatibility ? Y

Fracture creation Y Y

Proppant carrying Y ?

Recovery to pipeline N N

Heavy metals flowback Y N

Frac cost 1 <<1*

Fluid left in formation Y -

Well clean up Y Instant production

Frac geometry predictability N Y

Tilting stress development Y N

Zone water in flux risk 1 >>>1*

Fracture length 1 >>1*

Active flow frac perforation ? Y

Fraced well performance 1 >1*

Local road damage risk Y N

Environmental risk Y Y

NOx and CO2 in pumping Y N

Return on investment 1 <<<1*
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Existing perforation technologies are currently not able to completely replace the
hydraulic fracturing technology, due primarily to the very short perforation channel.
Further research is needed to develop new technologies.

Recently, a new technique has been developed - the Explosive Propellant System.
It is used to stimulate the unconventional shale rock formation, without usage of
water-based hydraulic fracturing technique, that may not be sufficient in some cases.
The Explosive Propellant System may be a solution to some water sensitive natural
gas reservoirs.

Dry fracturing Explosive Propellant System eliminates problems such as compat-
ibility between fracturing fluid and reservoir, wettability of shales, light and heavy
metals leaching, expanding smectite and illite swelling, increase of stress in fractures,
and also fractures and perforations clogging.
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