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OBJECTIVES

The Class 2 Project at West Welch was designed to demonstrate the use of

advanced technologies to enhance the economics of improved oil recovery (K)R)

projects in lower quality Shallow Shelf Carbonate (S SC) reservoirs, resulting in

recovery of additional oil that would otherwise be left in the reservoir at project

abandonment. Accurate reservoir description is critical to the effective evaluation

and efficient design of K)R projects in the heterogeneous SSC reservoirs. Therefore,

the majority of Budget Period 1 was devoted to reservoir characterization.
Technologies being demonstrated include:

I. Advanced petrophysics

2. Three dimensional (3-D) seismic

3. Cross +vell bore tomography

4. Advanced reservoir simulation

S. Carbon dioxide (CGZ) stimulation treatments

6. Hydraulic fracturing design and monitoring

7. Mobility control agents



West Welch Unit is one of four large waterflood units in the Welch Field in the
Northwestern portion of Dawson County, Texas. The Welch Field was discovered

in the early 1940’s and produces oil under a solution gas drive mechanism from the

San Andres formation at approximately 4800 ft. The field has been under waterflood
for 30 years and a significant portion has been infill drilled on 20-ac density. A

1982-86 pilot CGz injection project in the offsetting South Welch Unit yielded

positive results. Recent installation of a CGZ pipeline near the field allowed the

phased development of a miscible CGZ injection project at the South Welch Unit.

The reservoir quality at the West Welch Unit is poorer than other San Andres

reservoirs due to its relative position to sea level during deposition. Because of the

proximity of a CQ source and the CGZ operating experience that would be available

from the South Welch Unit, West Welch Unit is an ideal location for demonstrating

methods for enhancing economics of K)R projects in lower quality SSC reservoirs.

This Class 2 project concentrates on the efficient design of a miscible CGZ project

based on detailed reservoir characterization from advanced petrophysics, 3 -D seismic
interpretations and cross wellbore tomography interpretations.

During the quarter, work continued on the simulation history match using only

the base geologic model generated from available wellbore data. Efforts to include

the cross well seismic and 3D seismic continue. Additional problems, with the cross

well seismic processing, were identified and correction methods are being pursued.

P~ROPHYSICAL ANALYSIS

Integration of cross well seismic and wellbore data with the available cross

well lines continued. Proper depth placement of the cross well signal is important to

get a good correlation to the wellbore data. Correlations, tying the wellbore data and

cross well data, showed the depths were not consistent across the interwell space.
The computed velocities show completely horizontal layering although the structure

dips to the south.

Cross well seismic velocity values show excellent correlation with the wellbore

sonic logs in the source wells. However, receiver wells do not show reasonable

correlations. Additional processing of the cross well data is continuing to try to

obtain consistent relationships between the cross well seismic, 3D seismic and

wellbore values.



Abstract

Several investigations have demonstrated that oxalate anion secreted by fungi is able
to mediate solubilization of Ieonardite, a highly oxidized lignite. During this reporting
period, we have used a biomimetic approach to study oxalate mediated solubilization
of several Argonne Premium Coals. Results showed that, relative to Ieonardite, oxalate
solubilized minimal amounts of these coals. Other studies showed that pH has a
dramatic effect on solubilization of Ieonardite by several Lewis bases. In general,
solubilization appeared to be a function of ionization of the Lewis base. Coal
solubilization is estimated by an increase in the visible spectrum of aqueous solutions
containing coal and a solubilizing agent. Because Ieonardite solubilization was
studied over a broad pH range, it was necessary to determine if pH has a substantial
effect on the absorbance of soluble coal macromolecule. Results showed that
absorbance at 600 nm increased by -56Y0 between pH 4.5 and pH 12.0. Clearly, this
increase must be considered when interpreting coal solubilization data. The
decolonization of soluble coal macromolecule in nutrient nitrogen limited cultures of
Phanerochaete chrysosporium was also stud ied. In stationary and agitated cultures,
respectively, 83.8% t 2.3% and 89.6% ~ 1.0% of the coal macromolecule was
decolonized during 8 days of incubation.
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Executive Summary

Research in our laboratory focuses on the metabolism of Ieonardite (a low rank coal)
by Iignin degrading fungi. A number of investigators have shown that oxalate ions that
are secreted by such fungi chelate metal ions in Ieonardite; thereby breaking ionic
bridges that link coal macromolecules. Once these ionic linkages are broken, the
relatively polar coal macromolecules are water soluble. A major objective of our
research is to determine if Ieonardite solubilization and its subsequent
depolymerization are distinct events. Evidence to date suggests that this is, indeed, the
case. While Ieonardite solubilization appears to be mediated by oxalate (and possibly
other metal chelators), its subsequent metabolism appears to be mediated by the
Iignin degrading system. The details of subsequent metabolism by Iignin degrading
enzymes are, however, unclear and a topic of continued investigation.
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Introduction

Our research efforts focus on the ability of Iignin degrading fungi to solubilize and
depolymerize a low rank coal. Previous investigations by others (1 ,2,3) have shown
that fungi solubilize Ieonardite by secreting oxalate anions which break ionic linkages
by chelating metals that link coal macromolecules. We have partially characterized
oxalate mediated Ieonardite solubilization using a biomimetic approach in which
sodium oxalate is used to solubilize Ieonardite. Briefly, we have shown that this
process is relatively slow and continues at a measurable rate for weeks. We have also
shown that, in addition to oxalate, phosphate and bicarbonate/carbonate ions are also
able to mediate solubilization of Ieonardite. Furthermore, solubilization was found to
be pH dependent. Much of this information has appeared in previous quarterly
reports.

A major objective of this research is to test the hypothesis that Ieonardite solubilization
and subsequent depolymerization of solubilized coal macromolecule are distinct
events in Iignin degrading fungi. Oxalate secreted by fungi has been shown to mediate
solubilization of Ieonardite. Indeed, this compound likely has an important role in this
process. It should be noted, however, that other common fungal metabolizes may, in
some species, be important in this process. For example, several Krebs cycle
intermediates have been shown to mediate solubilization of Ieonardite in vitro. This
could prove important in fungi that secrete high concentrations of such compounds.
There have been reports (4,5) in the literature suggesting that Iignin degrading
enzymes, primarily Iaccases, may have a role in low rank coal solubilization.
Subsequent investigations in our laboratory (unpublished) and by others (6) do not
support a role for Iignin degrading enzymes in Ieonardite solubilization. On the other
hand, Iignin peroxidase from Phanerochaete chysosporium has been reported to
depolymerize coal macromolecule that was chemically solubilized from a North
Dakota Lignite and a German Sub-bituminous coal (7). Furthermore, we have shown
that decolonization of soluble coal macromolecule occurs in nutrient nitrogen limited
(i.e., Iigninolytic) but not in nutrient nitrogen sufficient (i.e., nonligninolytic) malt agar
cu Itures of P. chrysosporium. It thus appears that Ieonardite solubilization and its
depolymerization are, indeed, distinct events in Iignin degrading fungi. Chelation of
metal ions by oxalate (or, possibly other metal chelators) appears to be the dominant
mechanism by which solubilization occurs while enzymes of the Iignin degrading
system appear to be responsible for further metabolism of coal macromolecule
solubilized from Ieonardite.

Although subsequent metabolism of soluble coal macromolecule appears to be
mediated by the Iignin degrading system, the details by which this occurs remains to
be elucidated. For example, although we have shown that Iigninolytic cultures of P.
chrysosporium decolonize coal macromolecule, we have also shown that relatively low
concentrations of soluble coal macromolecule from Ieonardite inactivates Iignin
peroxidase in vitro. How this occurs is one of the topics of ongoing research in our
laboratory. Current topics of research also focus on: 1) determining the extent to which
other coals are solubilized by oxalate; 2) further assessing the effect of pH on
Ieonardite solubilization by selected metal chelators; 3) developing a better method for
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assessing the molecular weigh range of soluble coal macromolecule and 4) continued
study of the decolonization of coal macromolecule by Iigninolytic cultures of F’.
chrysosporium.

Results and Discussion

Solubilization of Oxidized and Nonoxidized Argonne Premium Coals by
Sodium Oxalate.

Because Ieonardite is solubilized by oxalate ion, it was logical to ask if other coals are
solubilized by this natural chelating agent. The effect of oxalate on the solubilization of
several oxidized and nonoxidized Argonne Premium Coals is presented in figure 1.
Results show that, relative to Ieonardite, only very small amounts of these coals are
solubilized by oxalate ion.
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Figure 1. Comparison of oxalate mediated solubilization of Ieonardite with that of eight Argonne Premium
Coals. For each coal, a 10 mL suspension containing twenty mg of each coal and 10 mL of 74.6 mM
sodium oxalate was prepared and mixed for 24 h an aliquot was then centrifuged and the absorbance of

the sample at 600 nm was determined.

These results also suggest that only the most highly oxidized coals are susceptible to
substantial oxalate mediated solubilization.

Studies of oxalate solubilization of coal can be used as an investigative tool to partially
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assess the mechanism by which coals are solubilized by fungi. As a case in point,
Stewart and associates (8) showed that substantial solubilization of Pittsburgh #8
bituminous coal by Penici//ium sp. and Cunninghame//a sp. occurred only after

preoxidation of the coal by exposure to heat (1500C) for seven days. Of interest is the
fact that neither P. chrysosporium nor T. versico/or solubilized this material. Of further
interest is the fact that our studies show that oxalate solubilization of preoxidized
Pittsburgh #8 bituminous coal is, at best, minimal. Taken together these studies
indicate that certain fungi must possess a mechanism for coal solubilization that is not
based on the action of oxalate ion.

Effect of pH on the biomimetic solubilization of Ieonardite.

In our last quarterly report we showed that Ieonardite solubilization by several
chelators is pH dependent. In this experiment, Ieonardite was incubated for 24 hr in
selected buffers. Samples were then centrifuged, diluted with water and absorbance
at 600 nm was determined. This was an error in experiment design as samples should
have been diluted with the buffer in which they were incubated. We have, therefore,
repeated this experiment using appropriate buffers for sample dilution. Results were
very similar to those in which water was used as the diluent.
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Figure 2. Effect of pH on solubilization of Ieonardite in the presence of EDTA, sodium oxalate, potassium
phosphate, sodium bicarbonate/carbonate or sodium hydroxide. Twenty mg of Ieonardite was incubated
on a rotatory shaker for 24 h in 10 mL of 74.6 mM sodium oxalate, 75 mM potassium phosphate, sodium
bicarbonate/carbonate or sodium hydroxide at the indicated pH. After incubation, the absorbance at 600
nm was acquired.
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Effect of pH on absorbance

The extinction of a chromophore often varies with pH. Because coal solubilization
experiments have been carried out over a wide pH range, we found it necessary to
determine what effect pH may have on the absorbance of soluble coal
macromolecule. Results demonstrated that the absorbance at 600 nm of soluble coal
macromolecule increases with increasing pH between pH 4.5 and pH 10.0. A more
pronounced increase in absorbance occurred between pH 10.0 and 12.0. These pH
dependent changes need to be considered when interpreting coal solubilization
experiments.
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Figure 3. Effect of pH on the absorbance of solubilized coal macromolecule at 600 nm. Oxalate solubilized
coal macromolecule was dissolved in 10 mL of 75 mM potassium phosphate buffer at the indicated pH

values.

Molecular Weight Determination

The molecular weight of coal macromolecule is estimated by GPC-HPLC using
proteins of known molecular weight as standards. In these assays, coal
macromolecules elute as a relatively symmetrical peak. However, unlike the protein
standards, it is known coal macromolecule is a mixture rather than a homogeneous
entity and the retention time of the peak is only a rough estimate of the mean
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molecular weight of the coal macromolecules that comprise this mixture. In order to
estimate the molecular weight range of coal macromolecules that are present in this
mixture, a 20 @ aliquot of concentrated coal macromolecule was assayed by GPC-
HPLC and fractions were collected at one-half minute intervals. Aliquots (20 PI) of
these fractions were then individually assayed by GPC-HPLC.
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Figure 4. Estimation of the molecular weight range of soluble coal macromolecule. During GPC-HPLC of a
20 pL aliquot of solubilized coal macromolecule (2.1 mg/mL), fractions were collected every 0.5 min.
Aliquots (20 pL) of fractions containing material have UV absorbance at 280 nm were then reinfected into
the HPLC and average molecular weight of material in each fraction was determined. Inset graph.
standard curve used to estimate mean average molecule weight of soluble coal macromolecule. Molecular
weight standards used to construct this standard curve included sweet potato 13-amylase (MW 200,000),
yeast alcohol dehydrogenase (MW 150,000), bovine serum albumin (MW 66,000), chicken egg
ovalbumin (MW 45,000), carbonic anhydrase (MW 29,000), bovine pancreas trypsinogen (MW 24,000),
soybean trypsin inhibitor (MW 20,100), bovine 13-lactoglobulin (MW 18,400 (elutes as a dimer)) and
chicken egg white Iysozyme (MW 14,300).

Results (Figure 4) demonstrated that the molecular weight of solubilized coal
macromolecule ranged from about 14,000 (the molecular weight cut-off of the dialysis
tubing used to prepare the sample) to approximately 66,000.
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Decolonization of Coal Macromolecule in Liquid Cultures.

Previous investigations in our laboratory have documented the decolonization of coal
macromolecu Ie by F’. chrysosporium in malt agar cultures. Furthermore, in initial
investigations we have shown that coal macromolecule is decolonized in liquid
cultures. Decolonization might be useful as a surrogate assay for depolymerization.
However, these initial studies have been inconclusive as we have not yet been able to
conclusively correlate decolonization, measured at 600 nm, with a decrease in GPC-
HPLC peak area, measured at 280 nm. Thus, it may be that the absorbance of the
chromophore in coal macromolecule is reduced without a substantial accompanying
decrease in molecular weight. This possibility is still under investigation. Our most
recent experiments show that substantial decolonization occurred in stationary and
agitated nutrient nitrogen limited cultures of F’. chrysosporium during an eight day
incubation period. In stationary and agitated cultures, respectively, 83.8% ~ 2.3% and

89.6% ~ 1.0% decolonization was observed after 8 days of incubation at 390C. GPC-
HPLC analysis of these samples is in progress.

Conclusions

Studies to date indicate that coal solubilization and depolymerization by Iignin
degrading fungi are distinct events. It also appears that, in the case of F’.
chrysosporium, the nutritional state of the fungus is important for subsequent
metabolism as decolonization occurs in nutrient nitrogen limited (Iigninolytic) cultures,
but not in nutrient nitrogen sufficient (nonligninolytic) cultures. The details and
mechanism by which further metabolism of coal macromolecule occurs is unclear and
requires further study.
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