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OBJECTIVES

The goal of this work is to evaluate the potential for MEOR in carbonate
reservoirs. Specific objectives include: review of the literature pertinent to MEOR in
carbonate reservoirs, a study of the microbial ecology of carbonate reservoirs,
isolation of microorganisms from these environments, examination of the effect of
microorganisms and their end-products of metabolism on carbonate pore structure,
the recovery of residual oil from carbonates in model core systems, and development
of models to examine and predict MEOR processes in carbonate reservoirs.

SUMMARY OF TECHNICAL PROGRESS

Effect of Bacterial Treatment on Carbonate Pore Structure

An assessment of the effects of microbial activity on the pore structure of
carbonate cores is being carried out. Core plugs from rock samples of the Bethany
Falls formation, an oolitic grainstone to packstone with oomoldic porosity, have been
analyzed before and after incubation in a dual flask growth chamber similar to the one
used by Jenneman, Mcinerney, and Knapp (1985). The bacterial strains being utilized
include: GSP-1, Clostridium acetobutylicum , Bacillus licheniformis strain JF-2, a
surfactant producer, and SP018, a polymer producer. Incubation of each strain in the
core plugs was generally ten days. Analytical methods used to study the rock pore
structure included: electrical conductivity, absolute permeability, porosity, centrifuge
capillary pressure and pore size distributions.

Results from these experiments showed that reduction or enlargement in pore



throat sizes is possible in carbonates depending on the metabolic activity of the
selected bacterial strain. Reduction in the pore throat size due to microbial plugging
resulted in higher post-treatment residual water saturation, Figure 1, and higher pore
entry pressures as well as reductions in porcsity and absolute permeability values.
incubation of the core plugs with GSP-1, an acid producer, resulted in an enlargement
of the pore throat sizes as evidenced by lower post-treatment values for the irreducibie
water saturation, Figure 2, and pore entry (threshold) pressure. A slight increase in
porosity and permeability was also observed.

An abstract for this aspect of the work entitied “Assessing the Effects of Microbial
Enhanced Oil Recovery on Pore Structures of Rocks”™ has been accepted as SPE
Paper 22846 and will be presented at the SPE 66th Annual Technical Conference and
Exhibition in Dallas, Texas, October 6 - 9, 1991.

Oil Recovery from Carbonates

Experiments designed to study oil recovery mechanisms likely to mobilize
residual oil from carbonates under varying wetting conditions are in progress.
Residual oil saturation was obtained by mimicking the saturation history obtainable in
reservoirs for different wetting conditions. Table 1 lists the characteristics and
treatment conditions for the Viola limestone chip packs utilized for oil recovery
experiments. A water-wet system with hexadecane, core PV-1, underwent four nutrient
treatments after the initial inoculation treatment with GSP-1. The pressure versus time
data given in Figure 3 indicates a build-up of cell mass in the core system with
additional nutrient treatments. No oil was recovered from core PV-1, and it was
dismantled after the fifth treatment. Modification of the core matrix was indicated by the
presence of calcium in the core effluents and significant amounts of carbonate fines
found in the dissected core, presumably caused by metabolic acid dissolution of the
carbonate matrix

The other packed Viola limestone cores, PV-2, PV-3 and PV-4, were set up as
oil-wet systems using a 34 API gravity crude oil. Core PV-2 was inoculated with GSP-
1: core PV-3 was set up as an uninoculated control. Core PV-4 was shut-in with a cell
free supernatant of GSP-1, pH 4.70, to examine the effect of end-products of
metabolism on the core matrix in the absence of cells. Cores PV-2 and PV-3 have had
two treatments, PV-4 has had one end-product treatment. Preliminary results from
these early treatments indicate that significant amounts of oil can be recovered from
these oil-wet systems.

REFERENCES
1. Jenneman, G.E., M.J. Mclinerney, and R.M. Knapp. 1985. Microbial

Penetration through Nutrient Saturated Berea Sandstone. Appl. Environ.
Microbiol. 50 : 383 - 391.



Drainage Capillary Pressure (psig)

—

Figure 1. Capillary Pressure Curves of Bethany Falls Limestone
Core BF-16 Treated with SP018.

30
20 -
—e—— Pre-treatment
—a— Post-treatment
10 + - 1
O ¥ | v 1 1 v I M 1 v 1 ] v M $

T —T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1.0

Water Saturation (frac)



——

Drainage Capillary Pressure (psi)

Figure 2. Capillary Pressure Curves Of Bethany Falls Limestone
Core BF-3 Treated with GSP-1.
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Table 1. Characteristics and Treatment Conditions of Packed Viola Limestone Chip
Cores Utilized in Oil Recovery Experiments.

PV-1 PV-2 PV-3 PV-4
Waettability@ wWw ow ow ow
Oil hexadecane crude crude crude
Pore Volume (ml) 282 196 170 166
Porosity 35% 52% 45% 44%
Abs. Perm (K) 219D 212D 178D 38.4D

a \WW = water-wet, OW = oil-wet.
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