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Stress Around Perforation

‘ Dr. Ariffin Samsuri
Petroleum Engineering Department

Abstract

This paper presents the results of a study into the stress around the perforation
system. Finite element models of the main factors associated with a borehole and
perforations were generated and subjected to various load regimes. The resuits show the
effects of main parameters on the overall stress around the perforation system,

Introduction

It is known that a reservoir rock 1s int equilibrium between overburden and pore
fluid pressure. When borehole and perforations are created in the produciive zone, the
reservoir rock stresses are redistributed around the borehole and perforation. According o
several invertigators, (1-4) the borehole wail appears 1 be the weakest area. Therefore,
when there is a perforation tunnel within the rock mass, rearrangement of the stress akes
piace and the surrounding rock must carry the redistributed load. This produces a stress
concentration around the perforation tunnel, with maximum on the perforation wall, which
corresponds to Jaeger's conclusion on a holiow cylinder. {(5.6) This may exceed the peak
strength of the rock, causing failure within the rock. This process may produce crushed
material on the perforation face or the perforation may totally collapse, causing 2 reduction
in perforated well productivity or sand production.

When that phenomena cccurs, the perforating job performs no useful function.
The method of approach fo the problem is finite element method for determining the sxess
distribution around the perforation, so that the perforation ¢reated is stable.

There is an assumption that rock generally behaves elastically, and the problems
in elastic rock, such as a stability study of long horizontal tunnel(6) and borehole (3.5,
generally can be solved by considering two dimensional stresses with plane strain
conditions. Therefore, in this study, two dimensional models have been generated with the
assumption that the rock is linear elastic, homogeneous, isotropic and the problem
encountered is a plane strain condition. In addition; there are alse models with the
assumption that the rock is elasto-plastic. The isoparametric element has been used {0
model the preforation system. Compression is negative and tension positive.
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tModel Description

The study examined the following materials and siructural properties

Preforation length
Perforation diameter
Shot density
Phasing a.nd pattern

Rock material properties

I I

Rock stresses, including pore pressure

The finite element method was used to model the perforation system and an
extenisive material testing programme provided data for the models, '

Before the final model geometry was chosen, a number of preliminary models
were tap to ensure realistic of the resuits, The models were two dimensional: a section
along the length of the perforation from the borehole into the reservoir, and a section
across the diameter of the perforation. The diametral sections were modeiled by octahedral
and circular profiles.

The model represented a. vertical section of 12 in. and a depth from the borghole
into the formation of 15 in. The perforation length ranges from 3 in. to 12 in. with shot
densities varied from 1 to 6 shots per foot, phasing angle of 0° and 90° with inline,
inplane and spiral patterns. The perforation diameter was varied between 0.15, 0.5, 3.75
and 1 in.

The pore pressure within the formation and completion fluid pressure within the
perforation was modelled. This altered the effective stress around the perforation. The
borehole was cased and cemented.

Results and Discussion

The stress distribution around the perforation depends on the rock properties,
perforation length, shot density, pressure differential, phasing angle and pattern. and
perforation diameter, It appears that the critical area around the perforation always occur
around the perforation tunnel wall, particularly at the centre of both side walls of the
entrance hole or at the intersection between the cemeni-rock interface and perforation tunnel
or at the section of the perforation tunnel where the greatest redistributed stress is located,
depending on the combination of those parameters,

The stress around the perforation tunnels is greatest at the tunnel wall, decreasing
with distance from the perforation and down to normal levels within 0.5 in. from the
perforation tip. In general, stresses begin to increase a¢ about 0.875 in. ¢ 3 in, from the
perforation centre, but drastically increase within the first 0.75 in. to 0.875 in. from the
perforation centre {thickness of 0.5 in. to 0.625 in.). The 0.5 in. thickness of significant
stress redistribution around the perforation corresponds to the average thickness of the
perforation damage.(7-13}
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Figures 1. 2 and 3 show typical stress distribution along the perforation and across the
diameter.

FIGURE 1
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FIGURE 3

MAXIMUM SHEAR STRESS DIST. ALONG X&Y AXES
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This stress distribution corresponds to the conclusions of Jaeger et. al. (6) and is
in agreement with the results on stress distribution around the borehole from previous
investigators in borehole stability (24.14, 15) and around a circular tunnel (16} The centre
of both side walls of the perforation tunnel appear to be the weakest or critical point from
whete local fracture or failure will be initiated. These correspond to Terzaghi's rock load
classification. (5-6) .

The deformation around shot densities greater than 4 shots per foot indicates the
development of a plastic zone, The extent of 0.423 to 0.625 in. depends on the stress
concentration which is greater for perforations in closer proximity, that is the iniine and
inplane geometries.

Effect of Rock Properties

The results show that stress distribution around the perforation is independent of
the rock mechanical properties but the value is dependent; i.e., distribution would seem o
be geometrically dependent. Fig. 4 clearly show that the maximum shear stress around the
0.5 in, diameter, ! shot per foot perforation is independent of the rock mechanical
properties but the maximum shear stress at the critical point depends on the rock
mechanical properties.

In general, the maximurm shear stress at the critical point decreases as the
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modulus of elasticity decreases, and as Poisson's tatio aad density of the rock increases.
These results are understandable since different rock will respond differentdy to the applied

load.

FIGURE 4
EFFECT OF ROCK PROPERTIES ON STRESS
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In addition, the stress distribution around the higher shot density perforation
(greater than 4 shots per foot) also depends on the behaviour of the rock; i.e., elastic or
elasto-plastic, as shown in Fig, 5. The stress around the perforation within the elasto-
plastic rock is generaily slightly higher than that around the perforation within the elastic
rock.

Fig. 5 also shows that there is a plastic zone around the higher shot density
perforation. The thickness of this plastic zone depends on the phasing angle and pattert:
0.425 inches for the 0° phasing angle, infine perforation, and 0.625 inches for the 90°
phasing angle, spiral perforation or in other words, the thickness of plastic zone increases
within the more stable perforation pattern.
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FIGURE 5

STRESS DISTRIBUTION ALONG X-DIRECTION
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Effect of Perforation Length

Tt can be seen from Fig. 6 that the stress and strain around the perforation,
particularly at the critical point increases as the perforation length increases. This is
because the surrounding rock undergoes more load as the perforation length increases. The
effect of perforation length on the stress distribution around the perforation becomes more
significant as the shot density increases.

Effect of Shet Density

Generally, the stress around the perforation increases as the shot density increases,
depending on the phasing angle and pattern. For the shot densities greater than 4 shots per
foot, inline perforation, the stress around the top perforation is slightly higher than the
lower perforation. The shot density effect on the stress around the perforation becomes

significant as the perforation length increases.

Fig. 7 shows a typical piot of stress around the perforation for various shot densities.
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Effect of Pressure Differential

Generaily, the stress around the perforation, particularly at the critical point
increases as the pressure differential increases, as shown in Fig. 8. The effect becomes
more significant as the perforation length and/or shot density increase. in addition, there
is a minimum point at around a pressure differential equal to 1000 psi, regardless of the
perforation length, shot density, diameter, phasing angle, pattern and rock properties. This
is because the surrounding rock around the perforation undergoes more effective overburden

load as the pressure differential increases.

FIGURE 38
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HEffect of Phasing Angle and Pattern

In general, the stress around the (¢ phasing angle, inline perforation is almost the
same as for 900 phasing: inplane perforation. They are slightly higher than stress around
the 90¢ phasing angle, spiral perforation. It appears that stress around the spiral
perforation is lower than around the intine or inplane perforation. The stress around the

top perforation of inline or spiral pattern is slightly greater than that around the lower
perforation since the lower perforations are in a zone of redistributed stress caused by the
upper perforation, But, the stress around the inplane perforation is the same, since all
perforation are in one horizontal line perpendicular to the applied load, therefore they
sustain the same magnitude of effective overburden load.

Effect of Perforation Diameter

The stress around the perforation is slightly increased as the perforation diameter



increases. Fig. 9 shows the relationship between stress arcund the perforation and

perforation diameter. From this figure, it can be seen that the diameter effect on the stress
around the perforation is less compared with the effect of other factors, particularly
perforation length or shot density.

FIGURE 9
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Conclusion

The results from the perforation system finite element models have revealed several
characteristics of the stress around the perforation.

1.

The stress around the perforation is almost constant after 2 in. from the
perforation tip and begins to increase at about 0.8375 in. to 3 in. from the
perforation centre. The high stress zone always occur around the first 0.5 in,
thickness with the highest occuring at the perforation wall, particularly at the
¢criticat area, from which failure is always initiated.

The critical area always occured at the intersection between the cement-rock and
perforation roof, centre of both side walls, perforation roof tip or at the middle of
the roof.

The stress distribution and the critical area within the perforation wall depend on
rock properties, perforation length, shot density, pressure differential, phasing
angle and pattem, and perforation diameter.

The stress around the perforation increases as the perforation length, shot density,

diameter and pressure differential increase. The stress around the spiral perforation
is less than around the inplane and inline perforation.
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3. The weaker rock generally undergoes more severe deformation than the stronger
rock. '

6. The effect of diameter is less dominant compared with the other factors,
particularly the perforation length and shot density.

7. The shot density effect of the stress around the perforation is more dominant than
the perforation length,
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