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Introduction

Throughout history, two main methods were used
for drilling wells, which included impact drilling and
rotary drilling. The basic drilling technology currently
used by the oil industry was developed more than
100 years ago when rotary drilling surpassed cable
drilling as the standard method for reaching oil and
gas formations [1]. Conventional drilling, in turn,
has many defects that lead to many drilling problems
during the operation. Reducing costs and preventing
common and well-known problems in the drilling
industry can be a great strength in increasing the
productivity of the oil and gas industry [2,3]. During
the years of extensive research on the effect of high
thermal stress of high power laser on the mechanical
properties and resistance of stones, experiments have
been designed. From the results of the tests, it appears
that the temperature-dependent modulus of elasticity
such as conductivity, diffusion and heat capacity, as
well as other properties in the rock, undergo drastic
changes. The results show a sharp increase in porosity
and permeability in sandstones due to the high thermal
conductivity of sandstone compared to other samples,
which is lower in carbonate rock due to thermal
conductivity. But the resistance of the stones showed a
significant decrease in all samples due to the formation
of cracks [4-8]. In 2020, Bazargan, Chamankhah and
Foruzandeh took an important step in the field of
solving operational problems of drilling with the help
of laser and by analyzing the development of cracks in
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the rocks and the change in the fracture pressure of the
formation, using the managed pressure drilling method
to control the drilling conditions using this technology
[9]. As it was reviewed in the above documents and
articles, all the efforts made in the direction of the
growth and development of the nascent thinking of
using laser in drilling operations are only in the form
of laboratory studies and non-field applications, and
the researches made are only in the direction of form
that the mentioned knowledge base has been done.

Materials and Methods
Pressurized Chamber
Construction

The built pressurized chamber has unique capabilities
to simulate the conditions of the bottom hole in drilling
for laser radiation on the rock and checking and
recording its effects. This chamber enables us to create
the conditions of pressure and temperature of a drilling
well in such a way that the laser beam can pass through
it and reach the stone trapped inside. The ability to
place any type of drilling fluid under pressure and the
ability to circulate the drilling fluid inside the chamber
are among other features of this chamber. It is worth
noting that so far all the tests performed by different
lasers on different samples were performed only under
atmospheric pressure conditions and without the
presence of temperature and pressure conditions at the

bottom of the well, and therefore, there was never



any effect of temperature and pressure in the conditions
of laser radiation and fracture. The rock and the
presence of pressurized drilling fluid have not been
investigated.

This chamber contains several components and
accessories including body, location of stone sample
and sealing O-ring, compartment cover, temperature
and pressure sensors, safety valve and drain valve,
glass for the window to pass the laser beam, glass
retaining flange, O-rings and glass gaskets, connecting
nut and bolts, accordion base for holding and adjusting
the stone sample and data logger.

Result and Discussion

As it can be seen from the process of work, the first
step in performing the tests under pressure is the
initial comparison between these tests with the usual
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tests performed at atmospheric pressure, so that the
difference in the results obtained by applying pressure
can be extracted. Therefore, we have based the tests
on this difference. Therefore, in the first test for each
sample, we have performed a test at atmospheric
pressure without the presence of a main cap. The time
required for sample failure was investigated in these
tests. During this test, only the stone sample was placed
on the adjustable stand inside the chamber and after
setting the appropriate focal distance under the laser
collimator, the laser device was started and the sample
was exposed to laser radiation. The rock breaking time
was calculated from the moment the laser radiation
started, and it was observed that the dry carbonate rock
breaks and collapses within 17 to 20 seconds (Fig. 1).
The marked area on the graph indicates the laser
irradiation time on the stone (Fig. 2).

Fig. 1 Right) Intact Limestone dry sample. Left) Lased Carbonate dry sample.

Temprature (°C)

Sample#2LSS Laser Test

Pressure (psi)

Temprature (°C)

= Pressure (psi)

Fig. 2 Pressure & Temperature Vs. Time Chart extracted from Data logger during test.
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As shown on the diagram, the chamber is pressurized
according to the test procedure. After raising the
pressure to the desired range (about 220-230 psi) and
preparing the test conditions, the laser is irradiated into
the chamber and the rock surface. This radiation for the
sample of dry carbonate rock at atmospheric pressure
was estimated to be between 17 and 20 seconds, and
by repeating the test under pressure, this value was
estimated to be about 5 seconds more for the conditions
under pressure (Fig. 3). According to the numbers
obtained from the graph above, an increase in about 24
degrees Celsius has been recorded for the temperature
inside the chamber and an increase equal to 10 psi for
the pressure inside the chamber. After performing the
above tests and in order to determine the extent of
laser effect on rock resistance and also to determine
the compressive moduli of rock before and after laser
radiation from triaxial stress tests in order to measure
the considered parameters and also to draw the stress
to strain diagram. At this stage, the basic level was

considered to analyze and measure developments. The
base surface in this part of the changes is drawn from
an intact rock sample before irradiation to the sample
subjected to radiation and thermal stress. Therefore, an
intact stone sample that is in harmony with the irradiated
sample in terms of material and specific dimensions
is considered as a measuring criterion. Therefore, the
physical and mechanical parameters of the stone were
performed in the rock mechanics laboratory for both
intact and irradiated samples by triaxial stress test
(Table 1). As expected, the change and reduction in the
compressive moduli of the rock after laser irradiation
and the reduction of the compressive strength, which
can lead to an increase in the penetration rate of the
drilling and a significant reduction in the drilling time,
have occurred. In other words, a decrease in these
parameters includes a decrease in the rock's resistance
to impact and pressure, in which case the drill bit will
encounter an unconsolidated rock, which will be much
easier to crush.

Fig. 3 Right) Intact Limestone dry sample. Left) Lased Carbonate dry sample under Pressure.

Table 1 Mechanical Properties of Limestone sample before and after laser irradiation.

Type Lateral  Press. Test Time Elast. Modulus | Poisson’s | Bulk Modulus K/Ig dlill?xsg s Length Diff. | Vol.  Diff.
P (MPa) G (MPa) Ratio (v) X) (mm) (mm’)
E (MPa)
Limestone | 30 Before| ¢ 0.22 1799 2800 0.499 538
Radiation
dA,fte.r Ra- 11035 0.22 1525 2532 0.506 520
1ation
Conclusions

1. One of the most important shortcomings of
past studies is the ignoring the effect of pressure,
temperature and type of drilling fluid and their effect on
the final results. By designing a pressurized chamber
for the first time, these defects will be solved.

2. Experiments at this stage were conducted only using
air as drilling fluid and on selected rock samples of
Sarvak Formation carbonate type, and low pressures
were used due to some limitations.

3. The first step in carrying out the tests under pressure
is the initial comparison between these tests with the
common tests conducted at atmospheric pressure, so

that the difference in the results due to the application
of pressure can be extracted. Therefore, we have based
the tests on this difference.

4. Based on the designed tests, the carbonate rock
sample was placed inside the chamber and subjected
to laser radiation without the cap and at atmospheric
pressure. The rock breaking time was calculated
from the moment the laser radiation started, and it
was observed that the dry carbonate rock breaks and
collapses within 17 to 20 seconds.

5. During the main test, the sample was placed in
the chamber under pressure and laser radiation was
performed on it. This radiation for the sample of dry
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carbonate rock at atmospheric pressure was estimated
to be between 17 and 20 seconds, and by repeating
the test under pressure, this value was estimated to
be about 5 seconds more for the conditions under
pressure. Therefore, the sample of dry carbonate rock
reached the breaking stage within 25 seconds.

6. The initial charging pressure for the chamber was
about 220 psi. According to the results obtained from
the data logger, an increase of about 24 degrees Celsius
was recorded for the temperature inside the chamber
and an increase equal to 10 psi for the pressure inside
the chamber.

7. After performing the radiation tests and in order
to determine the extent of the laser effect on the
rock resistance and also in order to determine the
compressive moduli of the stone before and after the
laser radiation from the triaxial stress tests in order to
measure the considered parameters and also to draw
the stress diagram It was used for strain.

8. The lateral pressure applied to the samples was
considered to be 30 Mpa, and the results of triaxial
tests were performed based on it.

9. Ultimately, as expected, the change and decrease
in the compressive moduli of the rock, such as about
270 MPa in the Young's modulus or a decrease of 230
MPa in the modulus of elasticity after laser irradiation
and a decrease in the compressive strength, which
can increase the penetration rate of the drill and
significantly reduce the time to pursue excavation, it
has taken place.
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