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Abstract:

In the middle of the 20th century Birkhoff et al.
published the first theory of shaped charge jet formation and
penetration and calculated other parameter like wvelocities,
pressures and jet diameters.

Oil well perforation problems present extremely difficult design
problems due to the minimal amount of allowable space available in
the well, the short stand of distances required and the hostile
environment within the well.

This article aims to study effect of shaped charge parameters
on penetration depth by using simulation and experimental work.

We study the effect of explosive charge type and material
confinement type and thickness and compare the simulation results
with experimental results to validate our work.
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1-INTRODUCTION:

A cylinder of explosive with a hollow cavity and metallic liner in
one end and a detonator at the opposite end is known as a
shaped charge as shown in figure 1.
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Figure 1: The shaped charge

This shape causes the gaseous products formed from the
initiation of the explosive at the end of the cylinder opposite the
hollow cavity to focus the energy of the detonation products to
creates an intense localized force, when concentrated this force
directed against a target, its capable of creating a deeper cavity
than a cylinder of explosive without a hollow cavity, figure 2
illustrate shaped charge penetration. [1]
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]
Figure 2: Penetration mechanism

The main shaped charge influencing parameters are shaped
charge liner (material, wall thickness, apex angle and
geometrical shape), explosive charge (type and density),
confinement (material and wall thickness) , standoff distance
(distance between liner and target) ,and target characteristics
(material, density and thickness). [2, 3]
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The o1l well perforating is process of creating a holes or
channels through the wall of the casing and cementing layer to
allow oil flow from the reservoir to the wellbore , the first
perforating tool which are still in use were bullet guns , the
most modern perforating tools use shaped charges that are
generally more adaptable to oil field perforating than the bullet
guns because second one literally fires the projectile through
the casing wall and can damaged it while the shaped charge
can focus the energy of an explosive in a point, as shown in
figure 3.[4]

Casing Cement Perforation
Wellbore \ Damage Zone

- Reservoir

Perforation
Diameter

Perforation
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Perforation
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Figure 3: Perforation in oil well

The design philosophy between oil well perforator and
conventional shaped charge is quite different. For designing an
oil well perforator must consider the stand-off is small since the
space is limited inside the gun pipe, high explosive should be
able to survive in a harsh environment, the cost of the
perforator should be low, good perforator requires varied
thickness along the length of the liner, penetration into the
surrounding rock should be as deep as possible, target is non-
uniform type and the fragment produced has less affect on
system.[5,6]

2-SIMULATION:
To simulate models a conical shaped charge was chosen to
evaluate the effects of explosive charge type, confinement
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material and oil well perforation. The conical liner was
composed of copper, had a 45° cone angle.

The explosive used was hexogen (RDX) with an 8.39km/s
detonation velocity for material having a density of 1650 kg/m?
which i1s 99% of RDX and 1% wax, composition B (60%RDX &
40%TNT) with an 7.98 km/s detonation velocity for material
having a density of 1660 kg/m? and TNT with an 6.930 km/s
detonation velocity and 1650 kg/m3 density.

Three types of confinement material were used such as
Steel with density 7800 kg/m3, Aluminum with density 2770
kg/m3 and Teflon with density 2200 kg/m? with outer diameter
356mm and 1.5mm thickness. Figure 4 illustrate the shaped
charge simulation model.

Steel target with thickness 100 mm was built to
calculate penetration depth for three different types of
explosives and confinement material as shown in figure 5
while down hole oil well simulated with steel tubel2.5mm
thickness surrounded by 100 mm cementing layer and 300 mm
concrete layer with similar rock density to perforated by 1.5
Aluminum confinement thickness and RDX explosive charge |,
figure 6 illustrate the perforation model.

Figure 4: Shaped charge model

—— I

Figure 5: Shaped charge and steel target

EUROPEAN ACADEMIC RESEARCH - Vol. V, Issue 12 / March 2018
6675



Ali Mohammed Ali Mohammed Zain, Eimad Alden Elhadi Musa- Optimization of
Shaped Charge Parameters for Oil Well Perforation

- — Bl

l T o I N,

Figure 6: The perforation model

3-Experimental work:

3.1- Penetration depth:

A 12 square steel plate 240X240 mm and 12.5 mm thickness
were putted horizontally as penetration target and the shaped
charge model was shouted vertically with electrical detonator
as shown in figure 7.

Figure 7: Penetration test

3.2-Perforation depth:

To calculate perforation depth we made a similar model of tube
cementing layer and surrounding rock by using 1.3 meter tube
with outside diameter 245mm and 12.5mm thickness, this tube
surrounded by 100 mm cementing layer and 300 mm concrete
layer with similar rock density, to evaluate perforation depth
three different sample were shouted horizontally inside the
tube by electrical detonator, as shown in figure 8.
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Figure 8: Oil weil modl
4- RESULTS:

4.1- Simulation Results:

4.1.1- Penetration:

As shown in figure 9 after simulation finished, the penetration
depth for three types of explosive RDX, Comp. B and TNT was
tabulated in table 1, while penetration depth for three types of
confinement materials tabulated in table 2.

ALMTE

COPPER

RO L . "'vl ‘.
RHA iy

Figure 9: Penetration simulation

Tablel: Penetration depth for different explosive type (Steel case)

NO. | Exp.Charge | Penetration
Depth(mm)
1 RDX 98 ! - e,
2 Comp. B 75
3 TNT 67
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Table2: Penetration depth for Confinement material

NO. | Confi. Mat. | Penetration
Depth(mm)
1 Steel 60 ;ﬂ; _
2 Aluminum 44 _
3 Teflon 34 E":u,

4.1.1- Perforation:

The total perforation depth when jet breakup occurs at time
175 micro second is about 150 mm throw well case, cementing
layer and reservoir rock, figure 10 illustrate perforation
mechanism in oil well down hole model .

CONC-35MPA

Air
SAND

2d_sc_5runl1

Cycle 63586 ;t
Time 1.750E-001 ms

Units mm, mg, ms

Figure 10: Perforation mechanism in oil well down whole model

4.2- Experimental Results:

4.2.1- penetration:

After 36 shaped charge models shouted the penetration depth
occurs in steel plates as shown in figure 11 was measured and
the average penetration depth for each case was tabulated in
table 3.
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5‘¢1
Figure 11: Steel plates before

_ .

and after penetration test

Table 3: average penetration depth

Test Confinement Confinement Explosive Number of | Penetration
No. Type Thickness Charge Type Tested Depth (mm)
Samples
1 Steel 1.5 RDX 3 93.75
2 Steel 1.5 Comp. B 3 81.25
3 Steel 1.5 TNT 3 62.50
4 Aluminum 1.5 RDX 3 81.25
5 Aluminum 1.5 Comp. B 3 58.50
6 Aluminum 1.5 TNT 3 43.20
7 Aluminum 2.5 Comp. B 3 67.25
8 Aluminum 3.5 Comp. B 3 87.50
9 Aluminum 4.5 Comp. B 3 69.50
10 Teflon 1.5 RDX 3 62.50
11 Teflon 1.5 Comp. B 3 47.00
12 Teflon 1.5 TNT 3 36.50

4.2.9- perforation:

24 shaped charges were shouted inside oil well model to
perforate casing, cementing and concrete, the perforation occurs
in figure 12 measured and average value for each model was
tabulated in table 4.
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Figure 12: perforation test

Table 4: average perforation depth

Test Confinement Confinement Explosive Number of | Perforation
No. Type Thickness Charge Type Tested Depth (mm)
Samples
1 Steel 1.5 RDX 3 180
2 Teflon 1.5 RDX 3 123
3 Aluminum 1.5 RDX 3 157
4 Aluminum 1.5 Comp. B 3 148
5 Aluminum 2.5 Comp. B 3 215
6 Aluminum 3.5 Comp. B 3 305
7 Aluminum 4.5 Comp. B 3 230
8 Aluminum 1.5 TNT 2 087

5-DISCUSSION:

5.1-Effect of explosive type:

For Steel confinement we got maximum penetration when we
used RDX charge, it’s about 98 mm for simulation and 93.75
mm for experimental test, this value decreased when we
changed explosive charge to Comp. B or TNT, table 5 and figure
13 illustrate this phenomenon.

Table 5: Effect of explosive on penetration depth (Steel confinement)

NO Explosive Penetration Differences (%)
Charge Type Simulation Experimental

1 RDX 98 93.75 4

2 Comp. B 75 81.25 8
TNT 67 62.50 7
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Figure 13: Comparison between simulation and experimental
penetration for different types of explosive (Steel confinement)

5.2- Confinement Material:
Confinement material have a big effect on shaped charge
penetration , as tabulated in table 6 the biggest penetration
depth occurs with Steel confinement for different types of
explosive , and penetration depth decrease with Aluminum and
the lowest value for Teflon confinement .

Same behavior occurs in experimental test for different
confinement materials and TNT explosive charge as shown in
figure 14.

Table 6: Effect of Confinement material on penetration depth

Confinement Penetration Depth (mm)

Material RDX Comp. B TNT
Steel 93.75 81.25 62.50
Aluminum 81.25 58.50 43.20
Teflon 62.50 47.00 36.50
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Figure 14: Comparison between simulation and experimental
penetration for different types of confinement materials (TNT)

5.3- confinement thickness:

Effect of confinement thickness occurs in penetration of Steel
target and perforation of oil well down whole model, as shown
in table 7&8 and figure 15&16 the penetration depth increase
with increasing of confinement thickness till 3.5 mm and start
to decrease with increasing of confinement thickness.

Table 7: Effect of Confinement thickness on penetration depth

Test Confinement Confinement Explosive Number of | Penetration
No. Type Thickness Charge Type Tested Depth (mm)
Samples
1 Aluminum 1.5 Comp. B 3 58.50
2 Aluminum 2.5 Comp. B 3 67.25
3 Aluminum 3.5 Comp. B 3 87.50
4 Aluminum 4.5 Comp. B 3 69.50
versus thickness Confinemet)
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Figure 14: Effect of Confinement thickness on penetration depth
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Table 8: Effect of Confinement thickness on perforation depth

Test Confinement Confinement Explosive Number of | Perforation
No. Type Thickness Charge Type Tested Depth (mm)
Samples
1 Aluminum 1.5 Comp. B 3 148
2 Aluminum 2.5 Comp. B 3 215
3 Aluminum 3.5 Comp. B 3 305
4 Aluminum 4.5 Comp. B 3 230
Perforation versus confinement thickness (Aluminum Confinemet)
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Figure 15: Effect of Confinement thickness on perforation depth

7. CONCLUSION

In this work we used Autodyn-2D to simulate the effect of
explosive type and confinement material and thickness on
penetration and perforation depth.

Two types of experiments were done to validate the
simulation work.

The results of simulation show good agreement with
experimental results, so we can use Autodyn to simulate other
different parameters.

Software simulation can use to design shaped charge
and solve many kinds of problem because it’s very economic and
safe and faster than experimental tests.

The RDX charge gave the best result with Steel
confinement and 3.5 mm thickness.
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