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Abstract: An experimental study has been conducted to analyze the damage to the
potential oil and gas reservoirs due to the invasion of drilling fluid during drilling
operation. Two types of rock samples representing low and high permeability were used to
simulate the petroleum reservoirs. Sea water based drilling fluids were used in this study.
Detail observations to the rock samples were analyzed using scanning electron microscope
(SEM). The results of both permeability restoration and SEM observation showed that
severe permeability impairments were obtained for high permeability rock. These results
indicate that the relative size of the barite particles and the pore size distribution and
characteristics of the formation play an important role in determining the damage caused
by the drilling fluids.

Introduction

This paper highlights the use of SEM in analyzing the damage to the petroleum
reservoirs during drilling operation. The invasion of the drilling fluids into porous and
permeable rock results in the blocking or plugging of solid particles in the pore spaces of
the rock. These fine particles and minute pore spaces cannot be seen by our own eyes or
by using ordinary microscope. Therefore, the exact phenomenon of the plugging is
difficult to determine and analyze. SEM helps to determine the plugging of these fine
particles so that necessary precaution and diagnosis can be taken.

The application of SEM in determining these behaviors and other petroleum related
areas has been used by many researchers.1"5 They found that the observations by SEM are
very helpful in evaluating the degree of the damage imposed by fine particles. SEM is also
useful as a tool to remedy many problems involved in their research areas.

Evaluation of Rock Damage

The damage of the rock due to the drilling fluids can be evaluated in two ways. The
first method is to evaluate the damage ratio (DR) which is given by:

k. rock permeabUity after damage
— —

k original rock permeability

The original permeability of the rock is measured after it is fully saturated with brine.
After the rock sample is exposed to the drilling fluid, the rock sample is backflushed and
the permeability is measured for the second time. The later permeability is referred as
damaged permeability. The smaller value of damage ratio indicates that the rock is
severely damaged. The second method to evaluate the rock damage is to observe the rock
with the aid of SEM that give high magnification of rock structure. The pictures obtained
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from SEM will help to identify the damage as a result of drilling fluid invasion into the
rock.

Rock Samples

Two types of rock samples representing low and high permeability have been
selected in this study. The permeability for low and high rock samples is in the range of 10
- 40 milidarcies and 1,800 - 2,300 milidarcies respectively. Figures 1 and 2 show the cut
face of the two rock samples used in this study. It can be seen that the low permeability
rock has very small grain size and pore openings with reasonably uniform structure
arrangement (Figure 1). The high permeability rock, however, has larger particle size and
pore openings with more or less uniform pore size distribution (Figure 2).

Drilling Fluids

Sea-water based drilling fluid containing sodium hydroxide, drispac, XC-polymer,
potassium chloride and barite was prepared. Barite is used as weighting materials to
increase the density of drilling fluids. The uniform size of barite will acts as a plugging
material that will invade into various pore throat sizes of the rock.

Experimental Apparatus and Procedures

The experimental apparatus consists of rock sample holder that is placed in the oven
to simulate the reservoir temperature. The rock sample of 1 inch diameter and 1 inch long
is inserted in the teflon sleeve and then mounted in the rock sample holder. The hydraulic
pump is used to seal the sleeve to simulate the overburden pressure of the formation. The
rock samples were saturated with brine before it was placed in the rock sample holder.
The sample is allowed to stabilize at a constant reservoir temperature before the original
permeability of the rock samples is measured.

The drilling fluid is then exposed to the rock face at various overbalance pressures
(100, 200, 300 and 400 psi). The pressure will cause some of the liquid phase of the
drilling fluid to enter in the rock. Some amount of fine particles will also penetrate some
distance into the rock sample. The filtered liquid is called 'filtrate' or 'fluid loss' and its
volume is collected and measured. The solid particles will form a 'filter cake' near the
surface of the rock sample. A filter cake is a thin layer of particles that is sticked to the
face of the rock sample. After a specified period of exposure time, the rock sample is
backflushed to simulate the production and the permeability after the damaged is
measured.

Results and Discussion

The damage of the rock samples caused by the drilling fluids is analyzed by both
damage ratio and SEM observation. The effect of pressure on filtration is presented in
Figure 3. This figure shows that fluid loss increases as pressure increases. The rate of
filtration at the beginning of the filtration is higher. This behavior is called 'spurt loss'
effect.
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Figure 4 shows the filtration behavior when different types of rock sample were

subjected at a constant pressure of 300 psi. Results show that the low permeability rock
appeared to have higher fluid loss. This behavior occurs because the low permeability
rock has smaller pore openings to permit barite particles to pass through it thus providing a
uniform external filter cake. The high permeability rock, however, has larger pore
openings that permits some barite particles to enter the pore spaces near the rock face to
form internal bridging. This provides additional resistance to the fluid loss. This
phenomenon is supported by the results of the damage ratio shown in Figure 5 that
indicates that higher permeability restoration is obtained for low permeability rock. The
smaller openings inside the low permeability rock prevent particles to enter the pore
channels of this rock. However, for high permeability rock, the pore openings are bigger
that permit some particles to enter and plugged the rock. During backflushing, these
particles are rearranged inside the pore channels that resulted in the low permeability
restoration.

Figure 6 shows that for low permeability rock, many openings can be observed as the
rock sample is backflushed. On the other hand, the high permeability rock is observed to
have many pluggings as shown in Figure 7. It is also expected that the internal particle
bridging suffers most of the plugging that reduced that damage ratio. These observations
support the earlier argument on particle plugging.

Conclusions

The following conclusions can be derived from this study:

1. SEM is very useful because it helps to identify and evaluate the formation damage
caused by drilling fluids.

2. The cumulative volume of fluid loss is increased as the overburden pressure increased.

3. The relative size of pore openings and plugging materials will determine the amount
of fluid and particle invasion into the formation.

4. Both permeability measurement and SEM observation showed that higher rock
permeability will be subjected to severe damage when exposed to the drilling fluids
which contain small size of solid particles.
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Fig. 1 - The cut face of the low permeability rock samples.

Fig. 2 - The cut face of the high permeability rock samples.
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Fig. 3 - The effect of pressure on fluid loss.
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Fig. 5 - The effect of drilling fluid damage on different rock permeability.
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Fig. 6 - I ,ow permeability rock sample after damaged and backflushed.

Fig. 7 - Low permeability rock sample after damaged and backflushed.
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